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PREFACE 

This manual describes the troubleshooting, adjustment and setting method related to the servo 

amplifier and servo controller in NC equipment employing a digital AC servo system. 

The models covered by this manual, and their abbreviations are: 

AC SERVO AMPLIFIER 

Names TYPE OF AMPLIFIER 

FANUC AC SERVO AMPLIFIER l-axis and 2-axis amplifiers 
C series (200V input type) 

FANUC AC SERVO AMPLIFIER l-axis, 2-axis, and 3-axis amplifiers 
S series (200V input type) 

Large amplifier 

FANUC AC SERVO AMPLIFIER l-axis amplifier 
L series 

FANUC AC SERVO AMPLIFIER l-axis, 2-axis, and 3-axis amplifiers 
S series (185V input type) 

DIGITAL SERVO ROM 

Series Latest edition Use Name 

9000 S General Series 10, 11, 12, O-A 
9001 N 

9002 I High-speed positioning Series O-PA 

9010 G General Series 10, 11, 12, O-B 

9020 L General Series 10, 11, 12, O-B, O-C 
(16 bit) 

9022 D High-speed positioning Series 0-PB, O-PC (16 bit) 

9030 N General Series 15, O-C (32 bit) 

9032 C High-speed positioning Series O-PC (32 bit) 

9039 A Automatic adjustment Series 15, O-C (32 bit) 

9040 C Serial pulse coder Series 15, O-C (32 bit) 

The 9050 series digital servo ROM chips for Series 16 are described in Part Ill of this manual. 
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I. AC SERVO AMPLIFIER 



1. GENERAL 

1 l GENERAL 

This manual describes the troubleshooting, adjustmefit and setting method related to the servo 

amplifier and servo controller in NC equipment employing a digital AC servo system. 
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2. CONFIGURATION 

2. CONFIGURATION 

The digital AC servo consists of the following. 

The position command data from the NC machining program, for example, is processed by the NC 

controller, which turns it into position command data for each axis. The position command data of 

each axis is transmitted to a high-performance microprocessor mounted within the NC controller. 

In this microprocessor, the position, velocity and current are all controlled on the basis of this data, 

and it outputs a PWM control signal. 

The PWM control signal is fed to a separate servo amplifier, which amplifies this PWM control 

signal to the required power level for the AC servo motor. 

The motor driving current from the servo amplifier, and the motor position data and velocity data 

passes from the pulse coder, are both fed back to the NC controller. 

Position command PWQl signal 
. . 
- I . . Main 1 Microprocessor I . _ I . . 
; 1 controller [ 

: . . . 

controlling 
position, 
velocity, and 

. . 

. . 
: 

u 

coaer motor 

7 
. . 
i NC controller VELOCITY Position feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ 

Fig. 2 Configuration of Digital AC servo 

(Note) In this manual, X appearing in a Series 0 servo parameter number represents the axis 

number as follows: 

First axis x=1 

I 

Fourth axis X = 4 
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3. STARTING UP DIGITAL SERVO 

3. STARTING UP DIGITAL SERVO 

This chapter explains how to set the digital servo parameters used to start up the digital servo. 

Be sure to set 0 in the parameters whose setting procedures are not specified here. 

During parameter setting, an alarm may request that the power be turned off, however, continue 

setting without turning off power until all parameters are set. 

When setting the parameters, keep the system in the emergency stop state. In the excitation state, 

setting values on the menu can be updated, but the internal data cannot be updated; the 

parameters are not actually updated. 

Before setting a closed loop system (using a separate position detector), the user should check the 

operation of the machine in a semi-closed loop system (using the pulse coder on the motor). 

3.1 Initializing Digital Servo Motor Parameters 

Set the servo parameters after connecting the NC system, motor, and servo unit. The method of 

servo parameter setting depends on the series of NC system and the type of pulse coder. Follow 

the flowchart shown below. 

Series 16 Series 15 

I Series 0 

See Part Ill. See Section 3.2. See Section 3.3. 

Among the setting flowcharts covered by Section 3.2 and Section 3.3, the setting procedures listed 

below are detailed separately in Section 3.4. See Section 3.4 as required. 

(1) AMR setting 

(2) CMR, DMR, and reference counter setting 

(3) Setting of the flexible feed gear function 

(4) Servo software for serial pulse coders (See Sections 3.2 and 3.3 for the setting flowcharts.) 

(5) Motor type numbers 

When a servo menu is provided on the service menu or parameter menu of the NC, setting can be 

facilitated by using the servo menu. When using the servo menu, see Section 3.1 .l. 
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3. STARTING UP DIGITAL SERVO 

3.1.1 Setting procedure on servo menu 

The servo menu facilitates digital servo parameter setting. This menu also provides diagnostic 

information. 

The servo menu is provided on the parameter menu or service menu. It consists of a servo setting 

menu and servo adjustment menu. (A servo menu may not be provided, depending on the NC 

system, and NC software series and edition.) 

(1) Servo setting menu 

The servo setting menu is used for servo parameter setting. According to the setting flowchart for 

each parameter, desired values are to be set in sequence on this menu. 

Servo set 

INITIAL SET BITS 

Motor ID No. 

AMR 

CMR 

Feed N gear 

(N/W M 

Direction Set 

Velocity Pulse No 

Position Pulse No 

Ref. counter 

(Value SETTING) 

01000 NO000 

X axis Z axis 

00000011 00000010 

47 47 

00001001 00011111 

2 2 

1 0 

5 0 

111 111 

4000 8000 

4000 8000 

8000 8000 

Fig. 3.1.1 (a) Example of setting on servo setting menu 

INITIAL SET BITS 

Bit initially set 

Motor ID No. 

AMR 

CMR 

Feed gear 

(N/M) 
Direction SET 

Velocity pulse No. 

Position pulse No. 

Ref. counter 

N 

M 

[Series 0] [Series 15) 
. . No.8XOO No.1 804 
. . No.8X20 No.1874 
. . No.8XO1 No. 1806 
. . No.100 to 103 No. 1820 
. . No.8X84 No. 1977 
. . No.8X85 No. 1970 
. . No.8X22 No. 1879 
. . No.8X23 No. 1876 
. . No.8X24 No.1891 
. . No.570 to 573 No. 1896 
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3. STARTING UP DIGITAL SERVO 

(2) Servo adjustment menu 

The servo adjustment menu is used for servo parameter adjustment and alarm cause analysis. 

This menu is also used for the automatic digital servo adjustment function (using a dedicated 9039 

series ROM). See Section 8.1.3 for detailed information about the servo adjustment menu. 

Func. bit 

Loop gain 

TUNING ST. 

Set period 

Int. gain 

Prop. gain 

Filter 

Veloc gain 

Alarm 1 

Alarm 2 

Alarm 3 

Alarm 4 

Loop gain 

Pos ERROR 

Current (%) 

Speed (rpm) 

Servo adjustment 

X axis 

01000 NO000 

Func bit 00000000 Alarm 1 00000000 

Loop gain 3000 Alarm 2 00000000 

TUNING ST. 0 Alarm 3 00000000 

Set period 0 Alarm 4 00000000 

Int gain 113 Loop gain 3000 

Prop gain -1015 Pos error deviation 4444 

Filter 0 Current (%) 5 

Veloc gain 100 Speed (rpm) 1000 

(Value SETTING) 

Fig. 3.1.1 (b) Example of setting on servo adjustment menu 

[Series 0] [Series 15) 
. . No.8X03 No. 1808 
. . No.51 7 No. 1825 
. . No.8X09 bit 1 No.1 953 bit 1 
. . No.8X79 No. 1972 
. . No.8X43 No. 1855 
. . No.8X44 No. 1856 
. . No.8X67 No. 1895 
. . Load inertia ratio is indicated by percentage. 

For motor unit, 100% is indicated. 

No.8X21 No. 1875 

DGN : No.720 to 723 No.3014 + 20 x (X-l) 

DGN : No.730 to 733 No.3015 + 20 x (X-l) 

DGN : No.760 to 763 No.3016+20x(X-1) 

DGN : No.770 to 773 No.301 7 + 20 x (X-l) 

(X: Ordinal axis number) 
. . Actual servo loop gain is displayed. 
. m Error of each axis is indicated. 

DGN : No.800 to 803 No.3000 
. . Current value of each axis is displayed as percentage of 

rated current. 

No.8X86 No. 1979 
. . Actual motor speed is displayed. 
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3. STARTING UP DIGITAL SERVO 

3.2 Setting Series 0 Digital Servo Parameters 

This section explains how to set Series 0 digital servo parameters. 

The setting procedure depends on the series of the NC system (Series O-A, O-B, O-C (16 bit), O-C 

(32 bit)) and the type of pulse coder (standard, high resolution, serial pulse coder A or B). 

Follow the setting flowchart described below after checking the series of the NC system and the 

type of pulse coder. 

If the servo menu is provided on the parameter menu or service menu of the NC, setting can be 

facilitated by using the servo setting menu. When using the servo setting menu, see Section 3.1.1. 

Standard 
(2OOOP to 3OOOP) 

To Subsection 3.2.1 

No 

Serial pulse coder 

High resolution 
(1OOOOP or higher) Serial pul 

Y coder C 

1 OOOdP and 
. 

1 -pm control? 

Yes 
Serial pulse coder 
A or B 

Series 9030, 
Series To Subsection 3.2.2 9031, 
Series 9040, 

To Subsection 
3.2.4 

edition P and later editions 
edition H and later editions 
edition D and later editions 

To Subsection 
3.2.5 

To Subsection 3.2.3 
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3. STARTING UP DIGITAL SERVO 

3.2.1 Initialization flowchart when standard pulse coder is used 

No.8XOO Bit initially set 

No.8X20 Motor No. 

No.8XO 1 AMR 

No.100 to 103 CMR 

No.004 to 007 DMR 

No.8X22 Travel direction 

No.570 to 573 Reference counter 

No.8X21 Load inertial ratio 

I Emergency stop state, NC power ON I 

Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting) 

See Section 3.4.5. (Number 39 and up for 9040 series servo ROM) 

See Section 3.4.1. 

See Section 3.4.2. 

Bits 4 to 6. (See Section 3.4.2.) 

Bits 4 to 6 are 1 when flexible feed gear is used 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

See Section 3.4.2. 

(Alternatively, Nos. 004 to 007, bits 0 to 3. Refer to NC manual.) 

Start with 0 when machine inertia is unknown. (See II 2.9.2) 

Closed loop Machine system? 
Semi-closed loop 

No.8X23 Number of velocity pulses 4xNp 

No.8X24 Number of position pulses 4xNp 

I have separate detectors I 
Fourth axis Bit 3 1 I I 

No.8X23 

No.8X24 

No.8X53 

No.8X54 

No.8X56 

No.8X57 

No.8X74 

No.8X76 

MJ;~%J;;;~~;;~ I”,:“” 1;; : NumberofPufsecoderpulses 

: Number of feedback pulses from scale per motor revolution 

Not O-C (32 bits) 

Series of NC system? 
I . 

Standard parameter vlaue x NpI2000 1 
Series O-C (32 bits) 

Standard parameter value x 2500/Np 

Standard parameter value x 2OOO/Np 

I 

v 
Used 

Flexible feed gear used? L 

See Section 3.4.3.4 

Standard parameter value x 2500Mp 

Standard parameter value X 25OO/Np 

Standard parameter value X 25OOMp 

Parameter setting completed f-- 

No.8X84 Numerator of DMR 

No.8X85 Denominator of DMR 



3. STARTING UP DIGITAL SERVO 

3.2.2 Initialization flowchart when high-resolution pulse coder is used 

A high-resolution pulse coder may be used in the cases listed below. 

(1) Control resolution of 0.1 fl is required. (The optional parameter for 0. l-pm control is 

required. This control cannot be set for each axis separately.) 

(2) A high-resolution pulse coder is used but control resolution is 1 pm. 

(3) The larger servo motors @OS, 6OS, and 70s) are used. 

The parameter setting varies from case to case. Follow the setting flowchart described below. 

Emergency stop state, NC power dN 

No.8XOO Bit initially set 

No.8X20 Motor No. 

No.8XO 1 AMR 

No.100 to 103 CMR 

No.004 to 007 OMR 

No.8X22 

No.570 to 573 

No.8X21 

Travel direction 

Reference counter 

Load inertial ratio 

Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting) 

See Section 3.4.5. (Number 39 and up for 9040 series servo ROM) 

See Section 3.4.1. 

See Section 3.4.2. 

Bits 4 to 6. (See Section 3.4.2.) 

Bits 4 to 6 are 1 when flexible feed gear is used 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

See Section 3.4.2. 

Start with 0 when machine inertia is unknown. (See It 2.9.2) 

Closed loop Machine system? Semi-closed loop 

First aXis Bit 0 No.8X23 Number of velocity pulses 4 xNp/lO 

1 if the corresponding axes I No.8X24 Number of position pulses 4 xNp/10 

have separate detectors Fourth axis Bit 3 L 

No.8X23 Number of velocity pulses 4xNp/10 NP : Number of pulse coder pulses 

N0.8X24 Number of position pulses NsIlO Ns : Number of feedback pulses from scale per motor revolution 

1 

I 

0 
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No. 
Normal 

WI 

8X43 No change 

8X44 No change 

8X47 No change 

8X53 +A 

8X54 XA 

8X56 XB 

8X57 XB 

8X74 xB 

8X76 xB 

0.1 &dTl/p Least input increment? 

- Series of NC system? 
& 

1 Series O-A, B , 

A = 20001Np 

B = 2500/Np 

C = lOOOO/Np 

. , 

3. STARTING UP DIGITAL SERVO 

Large motor 

(*2) _____ ~~ 
No change 

No change 

No change 

+C 

xc 

xc 

xc 

xc 

xc 

1 Series O-C , 

Normal 

(*V 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

xB 

xB 

Large motor 

(*2) 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

xc 

xc 

Series of NC system? 

I 
ISeriesO-A, 7 

Normal Large motor 

WI (*2) 

+10 SlO 

SlO il0 

x10 x10 

+A +C 

xA xc 

XB xc 

xB xc 

XB xc 

xB xc 

Normal 

W 

IlO 

+10 

x10 

x10 

G-10 

HO 

+10 

xB 

xB 

Large motor 

(*2) 

30 

+10 

x10 

x10 

G-10 

30 

+10 

xc 

xc 

USed 
Flexible feed gear used? 

1 1 . See Section 3.4.3. 
Not used 1 I I I 

Np : Number of pulse coder pulses No.8X84 Numerator of DMR 

Power OFF/ON w No.8X85 Denominator of DMR 
(* 1) Normal : ACS-0 to 4OS/2000 - I . 
(+2) Large motor : ACSOS to 70s 

Parameter setting completed 
4 

(Note) If the following trouble occurs, change the setting value of No.8X47 to 0. In this case, 

note that the observer function cannot be used. 

@ When 0.1-pm control using a high-resolution pulse coder is set, the following alarm is 

raised: 4X7 SERVO ALARM X AXIS DGTL PARAM (X = names of first to fourth axes) 

@ The value of No.8X47 after modification exceeded 32767. 
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3. STARTING UP DIGITAL SERVO 

3.2.3 Initialization flowchart when l-pm control is applied with a lOOOO- 
pulse pulse coder 

When 1 -pm control is applied with a lOOOO-pulse pulse coder, servo parameters can be easily set 

with the servo ROM of the following series and editions: 

Series 9030, edition P and later editions 

Series 9031, edition l-l and later editions 

Series 9040, edition D and later editions 

No.8XOO Bit initially set 

No.8X20 Motor No. 

No.8XO 1 AMR 

No.100 to 103 CMR 

No.004 to 007 OMR 

No.8X22 Travel direction 

No.570 to 573 

No.8X21 

Reference counter 

Load inertial ratio 

I Emergency stop state, NC power ON I 

Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is set to 1.) 

See Subsection 3.4.5. (No. 39 and after for the servo ROM of series 9040) 

00001001 

See Subsection 3.4.2. 

Bits 4, 5, and 6. (See Subsection 3.4.2.) 

When a flexible feed gear is used, bits 4, 5, and 6 are set to 1. 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

See Subsection 3.4.2. 

Set zero when the machine inertia is not known. 

Ciosed loop Machine system? Serni-closed loop 

the bit corresponding to the axis 

Number of velocity pulses 

Number of position pulses 

No.8X23 Number of velocity pulses 10000 

No.8X24 Number of position pulses Ns/4 Ns : Number of feedback pulses from scale per motor revolution 

I 

. 
No.8XlO Bit for setting 10000 pulses bit 0 = 1 

Is a flexible feed gear used? Yes J 

No See Subsection 3.4.3. f 

Power OFF/ON 
. 1 

Parameter setting is completed. 
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3. STARTING UP DIGITAL SERVO 

3.2.4 Initialization flowchart when serial pulse coder A or B is used 

(To next page) 

Is least input increment 0.1 pm? 

No 

No.8XOO Bit initially set 

No.8X20 Motor No. 

No.8XOl AMR 

No.100 to 103 CMR 

No.004 to 007 DMR 

No.8X22 Travel direction 

No.570 to 573 

No.8X21 

Reference counter 

Load inertia ratio 

See Section 3.4.4 for description of 

9040 series servo ROM for serial 

pulse coder. 

Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting) 

Number 39 and up (Velocity loop period: 1 msec standard). See Section 3.45 

See Section 3.4.1. 

See Section 3.4.2. 

Bits 4 to 6. (See Section 3.4.2.) 

To be set when required for closed loop system. In other cases, bits 4 to 6 are 1. 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

See Section 3.4.2. 

Start with 0 when machine inertia is unknown. (See II 2.9.2) 

Closed loop Machine system? 
_ 
Semi-closed loop 

Set No. 0037 bits 0 to 3 to First axis - 
B’t O 1 for axes with separate 

+ 

I 

detector installed. Fourth axis Bit 3 

Set conventional DMR or See Subsections 

flexible feed gear. I 3.4.2 and 3.4.3. 

No.8X23 Number of velocity pulses 8192 

I I 

Ns : Number of 

No.8X24 Number of position pulses Ns scale per n 

No.8X23 I I Number of velocity pulses 8192 

No.8X24 Number of position pulses 12500 

feedback pulses from 

lotor revolution 
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No.8XOO Bit initially set 

No.8X20 Motor No. 

No.8XOl AMR 

No.100 to 103 CMR 

No.004 to 007 DMR 

No.8X22 Travel direction 

No.570 to 573 

No.8X21 

Reference counter 

Load inertial ratio 

3. STARTING UP DIGITAL SERVO 

I Setting 2 I 

Bit1=O,BitO = 1 

Number 39 and up (Velocity loop period: 1 msec standard). See Section 3.4.5. 

See Section 3.4.1. 

See Section 3.4.2. 

Bits 4 to 6. (See Section 3.4.2.) 

To be set when required for closed loop system. In other cases, bits 4 to 6 are 1. 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

Set (reference counter value x 0.1). See Section 3.4.2. 

Start with 0 when machine inertia is unknown. (See II 2.9.2) 

Power OFF/ON 

Closed loop Machine system? 
Semi-closed loop 

Set No. 0037 bits 0 to 3 to 

1 if the corresponding axes 

have separate detectors. 

First axis ’ 
B’t * I 

Fourth axis Bit 3 

0 A B 
Set conventional DMR or See Sections 3.4.2 No.8X23 Number of velocity pulses 819 
flexible feed gear. and 3.4.3. No.8X24 

l 

Number of position pulses 12500 
. 

A,B , 

N0.8X23 Number of velocity pulses 819 Ns : Number of feedback pulses from 

N0.8X24 Number of position pulses N&O scale per motor revolution 

I 

I Parameter setting completed I 

(Note) The optional parameter for 0%em control is required. This control cannot be exercised 

for each axis separately. 
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3. STARTING UP DIGITAL SERVO 

3.2.5 Initialization flowchart when serial pulse coder C is used 

A motor with serial pulse coder C can be driven with the servo ROM of series 9040, edition D or 

later. With this servo ROM, servo parameters are set in a different manner from that with the servo 

ROM of series 9050 for Series 16, 18, and Power Mate-C. 

No.8XOO Bit initially set 

No.8X20 Motor No. 

No.8XO 1 AMR 

No.1 00 to 103 CMR 

No.004 to 007 DMR 

No.8X22 

No.570 to 573 

No.8X2 1 

Direction of traveling 

Reference counter 

Load inertial ratio 

Emergency stop state, 

NC power ON 

. 
For the sewo ROM of series 9040 for 

serial pulse coder, see Subsection 3.4.4. 

Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is set to 1.) 

No. 39 and after (Standard velocity loop period: 1 ms) See Subsection 3.4.5. 

00000000 (Bit 7 is set to 1 only for the AC5-0.) 

See Subsection 3.42. 

Bits 4, 5, and 6. (See Subsection 3.4.2.) 

Set only when required in a closed loop system. Otherwise, bits 4, 5, and 6 

are set to 1. 

Ill (clockwise when viewed from detectorj 

-111 (counterclockwise when viewed from detector) 

See Subsection 3.4.2. 

Set zero when the machine inertia is not known. 

/ 
Closed loop Machine system? Semi-closed loop 

No.8X23 Number of velocity pulses 10000 

No.8X24 Number of position pulses 10000 

1 with a separate detector to 1. 
I 

z I 

No.8X23 Number of velocity pulses 10000 Ns : Number of feedback pulses from 

No.8X24 Number of position pulses NsI4 scale per motor revolution + 
I 

See Subsection 3.4.3 Set a value for the flexible feed gear. 

No.8X84 (N) Numerator bf DMR 

No.8X85 (M) Denominator of DMR 

I No.8XlO I Bit for setting 10000 pulses I bit 0 = 1 I 

No.8X74 (Set value)/4 

I No.8X76 (Set value)/4 I 

Set zero when the current set 

value is zero. 

Power OFF/ON 

I Parameter setting is completed. I 
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. . . - 

3. STARTING UP DIGITAL SERVO 

3.3 Setting Series 15 Digital Servo Parameters 

This section explains how to set Series 15 digital servo parameters. 

The setting procedure depends on the type of pulse coder (standard, high resolution, serial pulse 

coder A or B). Follow the setting flowchart described below after checking the type of pulse coder. 

If the servo menu is provided on the parameter menu or service 

facilitated by using the servo setting menu. When using the servo 

menu of the 

setting menu 

NC, setting can be 

, see Section 3.1 .I. 

Standard 

(2OOOP to 3OOOP) Serial pulse coder 

To Subsection 3.3.1 

High resolution 
(1 OOOOP or higher) Serial pulse 

coder C 
l . 

1 OOOOP and 

No 1 -pm control? 
1 Serial pulse coder 

A or B 

To Subsection 

3.2.4 

edition P and later editions 

To Subsection 

3.2.5 

1 

To Subsection 3.3.2 
Series 9031, edition H and later editions 
Series 9040, edition D and later editions 

To Subsection 3.2.3 
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3. STARTING UP DIGITAL SERVO 

No.1 804 

No. 1874 

No.1806 

No. 1820 

No.1816 

No.1 879 

No.1 896 

No.1 875 

4 
Bit initially set Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting) 

Motor No. See Section 3.4.5. (Number 39 and up for 9040 series servo ROM) 

AMR See Section 3.4.1. 

CMR See Section 3.4.2. 

DMR Bits 4 to 6. (See Section 3.4.2.) 

Bits 4 to 6 are 1 when flexible feed gear is used 

Travel direction 111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

Reference counter See Section 3.4.2. 

(Alternatively, Nos. 1816, bits 0 to 3. Refer to NC manual.) 

Load inertial ratio Start with 0 when machine inertia is unknown. (See II 2.9.2) 

1 
l 

Closed loop Semi-closed loop 

1 -- 
Machine system? 

f 

No.1 876 Number of velocity pulses 4xNp 

No. 1891 Number of position pulses 4xNp 

3.3.1 Initialization flowchart when standard pulse coder is used 

t 
Emergency stop state, NC power ON 

1 NP : Number of pulse coder pulses 

Ns : Number of feedback pulses from scale per motor revolution 

No. 1865 

No. 1866 

No. 1868 

No.1869 

No. 1967 

No. 1969 

I Power OFF/ON 

Series 10, 11, 12 
1 

1 ’ Series of NC system? 
v 

Standard parameter vlaue x NpI2000 
‘1’ 

Standard parameter value x 2000/Np 

Standard parameter value x 25OOINp 

Standard parameter value x 25OO/Np 

Standard parameter value x 25OO/Np 

Standard parameter value x 25OO/Np 

Flexible feed gear used? 
Used 

See Section 3.4.3. 

Parameter setting completed 
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3. STARTING UP DIGITAL SERVO 

3.3.2 Initialization flowchart when high-resolution pulse coder is used 

A high-resolution pulse coder may be used in the cases listed below. 

(1) Control resolution of 0.1 pm is required. (The optional parameter for 0.1 -pm control is 

required.) 

(2) High-resolution pulse coder is used but control resolution is l,~m. 

(3) The larger servo motors @OS, 6OS, , and 70s) are used. 

The parameter setting varies from case to case. Follow the setting flowchart described below. 

Emergency stop state, NC power SIN 

No. 1804 

No. 1874 

No.1 806 

No. 1820 

No.1816 

No.1879 

No.1896 

No.1875 

Bit initially set 

Motor No. 

AMR 

CMR 

DMR 

Travel direction 

Reference counter 

Load inertial ratio 

Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting) 

See Section 3.4.5. (Number 39 and up for 9040 series servo ROM) 

See Section 3.4.1. 

See Section 3.42. 

Bits 4 to 6. (See Section 3.4.2.) 

Bits 4 to 6 are 1 when flexible feed gear is used 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

See Section 3.4.2. 

Start with 0 when machine inertia is unknown. (See II 2.9.2) 

Closed loop Machine system? 
Semi-closed loop 

No.1 807 

No.1815 

bit 3 = 1 

bit 1 = 1 

No.1876 Number of velocity pulses 4 x Np/lO 

No.1 891 Number of position pulses 4xNp/lO 

. 
No.1876 Number of velocity pulses 

No.1 891 Number of position pulses 

4xNp/lO ;; : Number of pulse coder pulses 

NW0 
: Number of feedback pulses from scale per motor 

revolution 

I 
+ 

A 

A 
Q 
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No. 

1855 No change No change 

1856 No change No change 

1859 No change No change 

1865 +A ic 

1866 xA xc 

1868 X6 xc 

1869 X6 xc 

1967 XB xc 

1969 XB xc 

0.1 pm/p Least input increment? 1 ICWP . 

I 
- Series of NC system? 

I c---i Series 10 11 12 

t 
Normal 

(*V 

v 
Large motor 

(+2) 

Normal 

(*A) 

3. STARTING UP DIGITAL SERVO 

A = 2OOO/Np 

B = 2500/Np 

c= 1oooo/Np 

Np : Number of pulse coder pulses 

t 
Large motor 

(*2) 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

xB 

XB 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

xc 

’ Series of NC system? 
b I . 

Series 10 11 12 k v 
Normal 

(+V 

t 
Large motor 

(+2) 

30 

30 

x10 
+A 

xA 

XB 

XB 

XB 

XB 

+I0 

+10 

xl0 
+_C 

xc 

xc 

xc 

xc 

xc 

used 

ISeries 15 , _ 

Normal 

(+V 

+10 

G-10 

Xl0 

Xl0 

ilO 

+ 10 

+10 

xB 

Xf3 

Large motor 

(*2) 

e-10 

30 

x10 

x10 
+10 

ilO 

30 

xc 

xc 

Flexible feed gear used? 
. I See Section 3.4.3. 

I Not used 

(*l) Normal : AC50 to4OS/2000 

(*2) Large motor : AC5OS to 70s 

Parameter setting completed 

(Note) If the following trouble occurs, change the setting value of No.1859 to 0. In this case, 

note that the observer function cannot be used. 

@ When O.l-pm control using a high-resolution pulse coder is set, the following alarm is 

raised: SV27 X ILL DGTL SERVO PARAMETER (X = names of first to fourth axes) 

@ The value of No.1859 after modification exceeded 32767. 
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3. STARTING UP DIGITAL SERVO 

3.3.3 Initialization flowchart when l-pm control is applied with a lOOOO= 
pulse pulse coder 

When l-pm control is exercised with a 1 OOOO-pulse pulse coder, servo parameters can be easily 

set with the servo ROM of the following series and editions: 

Series 9030, edition P and later editions 

Series 9031, edition H and later editions 

Series 9040, edition D and later editions 

No.1 804 Bit initially set 

No. 1874 Motor No. 

No. 1806 AMR 

No. 1820 CMR 

No.1816 DMR 

No. 1879 Travel direction 

No.1896 

No.1875 

Reference counter 

Load inertial ratio 

Emergency stop state, NC power ON 

Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is set to 1.) 

See Subsection 3-4.5. (No. 39 and after for the servo ROM of series 9040) 

00001001 

See Subsection 3.4.2. 

Bits 4, 5, and 6. (See Subsection 3.4.2.) 

When a flexible feed gear is used, bits 4, 5, and 6 are set to 1. 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

See Subsection 3.4.2. 

Set zero when the machine inertia is not known. 

Closed loop Machine system? Semi-closed loop 

No. 1807 

No.1815 

bit 3 = 1 

bit 1 = 1 

. 

No.1876 Number of velocity pulses 10000 

No. 1891 Number of position pulses 10000 

No. 1876 Number of velocity pulses 10000 

No.1891 Number of position pulses Ns/4 Ns : Number of feedback pulses from scale per motor revolution 
I 

Power OFF/ON 

, 
No. 1954 Bit for setting 10000 pulses bit 0 = 1 

l 

No. 1967 

I 

(Set value)/4 

I 

Set zero when the current set 

No. 1969 (Set value)/4 value is zero. 

Is a flexible feed gear used? 

I Parameter setting is completed. I 
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3. STARTING UP DIGITAL SERVO 

3.3.4 Initialization flowchart when serial pulse coder A or B is used 

I Emergency stop state, NC power ON I 

(To next page) 

Is least input increment 0.1 pm? 

No. 1804 Bit initially set 

No. 1874 Motor No. 

No. I 806 AMR 

No. I 820 CMR 

No.1 816 DMR 

No. 1879 Travel direction 

No. 1896 

No. 1875 

Reference counter 

Load inertial ratio 

See Section 3.4.4 for description of 

9040 series servo ROM for serial 

pulse coder. 

Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting) 

Number 39 and up (Velocity loop period: 1 msec standard). See Section 3.4.5. 

See Section 3.4.1. 

See Section 3.4.2. 

Bits 4 to 6. (See Section 3.4.2.) 

To be set when required for closed loop system. In other cases, bits 4 to 6 are I. 

I 11 (clockwise when viewed from detector) 

-1 I1 (counterclockwise when viewed from detector) 

See Section 3.4.2. 

Start with 0 when machine inertia is unknown. (See II 2.9.2) 

Closed loop Machine system? Semi-closed loop 

Set flexible feed gear. 

No.1977 (N) Numerator of DMR 

No.1978 (M) Denominator of DMR 

No.I 876 Number of velocity pulses 8192 

No.1 891 Number of position pulses 12500 

Power OFF/ON 

I Parameter setting completed I 
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No.1 804 
No.1 874 

No. 1806 

No. 1820 

No.181 6 

No.1 879 

No. 1896 

No. 1875 

Setting 2 Li 
Bit initially set Bit 1 is 0 (bit 1 is 1 upon completion of setting). Bit 0 is 1. 

Motor No. Number 39 and up (Velocity loop period: 1 msec standard). See Section 3.4.5. 

AMR See Section 3.4.1. 

CMR See Section 3.4.2. 

DMR Bits 4 to 6. (See Section 3.4.2.) 

To be set when required for closed loop system. In other cases, bits 4 to 6 are 1. 

Travel direction Ill (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

Reference counter See Section 3.4.2. 

Load inertial ratio Start with 0 when machine inertia is unknown. (See II 2.9.2) 

. . 

3. STARTING UP DIGITAL SERVO 

Power OFF/ON 

Closed loop Machine system? 
Semi-closed loop 

No.1807 bit 3 = 1 

url 

Set flexible feed gear. 

No.1815 bit 1 = 1 See Section 3.4.3. No. 1977 (N) Numerator of DMR 

No.1 978 (M) Denominator of DMR 
, . 

Set conventional DMR or See Sections 3.4.2 

flexible feed gear. and 3.4.3. No. 1876 Number of velocity pulses 819 

No.1891 Number of position pulses 1250 
. 

No. 1876 Number of velocity pulses 819 Ns : Number of feedback pulses from 

No. 1891 Number of position pulses WlO scale per motor revolution 

I 

Parameter setting completed 

(Note) The optional parameter for 0.1 -pm control is required. 
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3. STARTING UP DIGITAL SERVO 

3.3.5 Initialization flowchart when serial pulse coder C is used 

A motor with serial pulse coder C can be driven with the servo ROM of series 9040, edition D or 

later. With this servo ROM, servo parameters are set in a different manner from that with the servo 

ROM of series 9050 for Series 16, 18, and Power Mate-C. 

\ , 
Emergency stop state, For the servo ROM of series 9040 

NC power ON for serial pulse coder, see 

Subsection 3.4.4. 

No. 1804 Bit initially set 

No.1 874 Motor No. 

No. 1806 AMR 

No. 1820 CMR 

No.1816 DMR 

No.1879 

No. 1896 
No. 1875 

Direction of traveling 

Reference counter 

, Load inertial ratio 

Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is set to I.) 

No. 39 and after (Standard velocity loop period: 1 ms) See Subsection 3.4.5. 

00000000 (Bit 7 is set to 1 only for the AC50.) 

See Subsection 3.4.2. 

Bits 4, 5, and 6. (See Subsection 3.4.2.) 

Set only when required in a closed loop system. Otherwise, bits 4, 5, and 6 

are set to 1. 

111 (clockwise when viewed from detector) 

-111 (counterclockwise when viewed from detector) 

See Subsection 3.4.2. 

Set zero when the machine inertia is not known. 

Power OFF/ON 

Closed loop 

. 
Machine system? Semi-closed loop 

No.1 876 Number of velocity pulses 

No.1 891 Number of position pulses 

T 
No.1 876 Number of velocity pulses 10000 See Subsections 3.4.2 and 3.4.3. 

No.1891 Number of position pulses Ns/4 

Ns : Number of feedback pulses from 

scale per motor revolution 

Power OFF/ON 

See Subsection 34.3. Set a value for the flexible feed gear. 

No.1 977 (N) Numerator of DMR 

No.1 978 (M) Denominator of DMR 

No.1954 Bit for setting 10000 pulses bit 0 = 1 

No. 1967 (Set value)/4 Set zero when the current set 

No. 1969 (Set value)/4 value is zero. 
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3.4 Information Required to Set Digital Servo Parameter 

This section explains the following information required to set the digital servo parameters: 

(1) AMF? setting (Section 3.4.1) 

(2) CMR, DMR, and reference counter setting (Section 3.4.2) 

(3) Setting of the flexible feed gear function (Section 3.4.3) 

(4) Servo software for serial pulse coders (Section 3.4.4) 

(5) Motor type numbers (Section 3.45) 

3.4.1 AMR parameter setting 

(1) Setting parameters for conventional pulse coders (including the high-resolution type) are used 

Set the AMR parameter according to the number of pulses of the pulse coder built in the motor 

as follows: 

AMR7 AMR6 AMR5 AMR4 AMR3 AMR2 AMRl AMRO 

AMR7 AMR6 AMR5 AMR4 AMR3 AMR2 AMRl AMRO 

87 B6 B5 B4 B3 B2 Bl BO 

AMR Number of pulses of pulse coder built into motor 

7 6 5 4 3 2 1 0 (before multiplied by 4) 

0 0 0 1 1 1 1 1 2OOOP 

0 0 0 1 I 0 1 0 25OOP 

0 0 0 1 0 0 0 1 3OOOP 

0 0 0 0 1 0 0 1 1 OOOOP 

0 0 0 0 0 0 0 1 125OOP, 15OOOP 

0 0 1 1 1 1 1 1 2OOOOP 

0 0 1 1 1 0 1 0 25OOOP 

0 0 1 1 0 0 0 1 3OOOOP 

1 0 0 1 0 0 0 0 (1OOOP 5-O) 

0 0 0 1 0 1 0 1 (2OOOP 3-OS, 4-PS) 

(Note) Serial pulse coder setting differs from the setting described above. For serial pulse 

coder values, see the items (2) and (3). 
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(2) Setting the AMR parameter for serial pulse coder A or B 

With the 9040 series, when a motor including serial pulse coder A or B is driven, AMR 

parameter setting depends on the motor. 

The 9040 series D or later allows a servo motor including serial pulse coder C to be driven. 

With 9040 series/edition A, motors (AC3-OS, 4-OS, 5-0, and so forth) incorporating serial pulse 

coder cannot be driven. 

The 9040 series/edition B allows servo motors other than AC50 to be driven. 

The 9040 series/edition C and later allow all FANUC servo motors (AC70S to 5-O) to be driven 

as before. 

A servo motor with serial pulse coder C can be driven with the servo ROM of series 9040, 

edition D or later. 

(3) Method of setting for serial pulse coder A or B 

Set the AMR parameter (bits 0 to 7) according to the type of the motor as follows: 

AMR (bit 0 to 7) 
Name of motor 

7 6 5 4 3 2 1 0 

1 0 0 0 0 0 1 0 AC 5-O 

0 0 0 0 0 0 1 I AC 4-OS, 3-0s 

0 0 0 0 0 0 0 0 AC 70s to 2-0s 

J 
This motor can be driven 
with 9040 series/edition C 
or later. 

/These motors can be driven 
with 9040 series B or later. 

N Only this setting is allowed 
with 9040 series/edition A. 

Set the AMR parameter (bits 0 to 7) according to the type of motor with serial pulse coder C as 

follows: 

No. 8X01 (Series 0), No. 1806 (Series 15) 

I AMR (bit 0 to 7) 
4 Name of motor 

7 6 5 4 3 2 1 0 
. 

1 0 0 0 0 0 0 0 AC 5-O 

0 0 0 0 0 0 0 0 AC 7% to 4-0s 

(Note) If a motor containing a conventional pulse coder is replaced with a motor containing 

a serial pulse coder, the 9040 series must be used and the axis control board must be type for 

serial pulse coder and AMR setting should be changed according to the table above. If the 

AMR values for a conventional pulse coder are not changed, an alarm (such as an excessive 

position deviation) will occur. 
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3.4.2 CMR, DMR, and reference counter setting 

(1) Setting of CMR, DMR, and flexible feed gear 

CMR means command multiply, and DMR means detection. multiply. By setting CMR and 

DMR, the actual travel distance or angle are matched with the weight of detection pulses. 

If a flexible feed gear is available, it can be used for DMR. Fig. 3.4.2 shows the relationships 

between CMR, DMR, and a flexible feed gear. 

Command unit: 

’ Ctm 
O.? pm 
l/l 0000, etc. 

0 

3 , 
Detection unit: feed gear 

mm/P 

, 

v X mm/rev or O/rev 4 

I d A 

Fig. 3.4.2 

Here, the detection unit can be calculated as follows (NV: Number of pulse coder pulses per 

motor revolution): 

Detection unit (mm/P or O/P) = 
X (mm/rev or O/rev) 

Nv(P/rev) x n x DMR (flexible feed gear) 

TO operate the system as specified, the command unit must be related with the detection unit 

as follows: 

Command unit (mm or “) 
= Detection unit (mm/P or O/P) 

CMR 

CMR and DMR (flexible feed gear) must be set so as to satisfy this expression. Several 

combinations of CMR and DMR (flexible feed gear) are possible. In general, however, DMR 

(flexible feed gear) is set so that a simple value (such as 1 pm, 0.1 pm, and l/l OOOO) can be 

specified for the detection unit. 

See Section 3.4.3 for detailed information about the flexible feed gear function. 
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(2) Setting the CMR and OMR parameters 

( ) a Method of CMR parameter setting 

Servo setting menu CMR 

No.1 820 (Series 15), 100 to 103 (Series 0) 

(A CMR parameter setting value is 2 times greater than a calculated value.) 

(b) Method of DMR parameter setting 

No.1816 (Series 15), 004 to 007 (Series 0) bit 4 to 6 

bit 6 bit 5 bit 4 DMR 

0 0 0 l/2 

0 0 1 1 

0 1 0 3/2 

0 1 1 2 

1 0 0 512 

l 0 1 3 

1 1 0 7/2 

1 1 1 4 

When a flexible feed gear is used, set DMR to 4 (bits 4 to 6 are 1). 

Example 1: To exercise l-pm control with a linear axis, ball screw of 10 mm/rev, direct connection 

(gear reduction ratio of 1 : 1 ), and pulse coder of 2500 P (NV = 2500 P/rev) 

For a detection unit of 1 pm, 

10 
DMR = X4= 4 

10000wx0.001 

CMR = 
0.001 

=1 
0.001 

So CMR and DMR must be set to 2 and 4 (or flexible feed gear = l/l) respectively. 
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Example 2: To exercise l-pm control with a linear axis, ball screw of 

ratio of 2 : 1, and pulse coder of 2000 P (NV = 8000 P/rev) 

4 mm/rev, gear reduction 

For a detection unit of 1 pm, 

4 
Flexible feed gear = x4= 1 

8000 x 2 x 0.001 

CMR = 
0.001 

= 1 
0.001 

So CMR and DMR must be set to 2 and 4 (or flexible feed gear = l/l) respectively. 

Example 3: To exercise l/l OOOO control with a rotational axis, gear reduction ratio of 100 : 1, and 

pulse coder of 3000P (NV = 12000 P/rev) 

For a detection unit of l/l OOO”, 

360 3 
Flexible feed gear = =- 

12000w00w/1000 10 

l/1000 
CMR = =l 

l/1000 

So CMR and flexible feed gear must be set to 2 and 3/10 respectively. 
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(3) Setting the reference counter 

The reference counter is used for grid-method reference operation. In grid-method reference, 

when axis feed is started, a motor or scale 2 phase signal is detected. With this point used as 

the reference, grid points are created at intervals of a set reference counter capacity. Then, 

each time a deceleration dog is pressed, deceleration occurs. After such a deceleration dog is 

passed, operation stops at the next grid point; this point is used as the zero point. 

Reference position I 
return mode 

Motor speed $ FL speed 1 

2 phase signal 
(one-revolution signal) 

Reference counter 

Reference 
counter 
capacity 

Grid point is created by detecting 2 phase signal at this point. 

Grid point 

Deceleration dog 

I I 
t 

This point is set as zero point. 

I 

I 
REF 

So if the motor one-revolution signal is used as the 2 phase signal, the 2 phase signal is 

generated each time the motor makes one revolution. This means that the point of 2 phase 

signal detection depends on the location where reference operation is started. In the example 

above, the Z phase signal of point @ is detected to create a grid. However, the Z phase 

signal at point @ may be detected next, 

To create the same grid and produce a fixed zero point even if the Z phase signal is detected 

at different points, the reference counter must be set to the same number as the number of 

position pulses oer one revolution of the motor, or such a number divided bv an integer. 

When all strokes include just one Z phase signal as in the case of a linear scale, for example, 

the reference counter can be set to an arbitrary number. (However, it may be desirable to 

consider the number of semi-closed loop pulses so that normal reference operation can be 

performed even if trouble occurs with the scale, for example, and the loop is changed to a 

semi-closed loop.) 
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(4) Setting parameters for reference counter capacity 

(a) Setting the reference counter capacity (bit type) 

No.1816 (Series 15), 004 to 007 (Series 0), Bits 0 to 3 

Reference counter capacity 

bit 3 bit 2 bit 1 bit 0 Least input increment Least input increment 

‘c’ 0.1 &f 

0 0 0 0 1000 10000 

0 0 0 1 2000 20000 

0 0 1 0 3000 30000 

0 0 1 1 4000 40000 

0 1 0 0 5000 50000 

0 1 0 1 6000 60000 

0 1 1 0 7000 70000 

0 1 1 1 8000 80000 

1 0 0 0 9000 90000 

1 0 0 1 10000 100000 

1 0 1 0 11000 110000 

1 0 '1 1 12000 120000 

1 1 0 0 13000 130000 

1 1 0 1 14000 140000 

1 1 1 0 15000 150000 

1 1 1 1 16000 160000 

(b) Arbitrary reference counter capacity (word type) 

If an arbitrary reference counter capacity is used, a reference counter value other than 

those listed in the table above can be set. In this case, however, values greater than 

32767 cannot be set. If the least input increment is 0.1 pm, set a reference counter value 

multiplied by 0.1. 

An arbitrary reference counter value is to be set in No.1 896 (Series 15) or 570 to 573 

(Series 0), or in the reference counter field on the servo setting menu. 

Example 1: Reference counter capacity setting with motor pulse coder of 25OOP, lead of 10 

mm/rev, and DMR = 4 (flexible feed gear l/l) 

The number of position pulses per motor revolution is 10000 P/rev because DMR is 4. 

So a reference counter capacity of 10000 is to be set. Since the detection unit is 

0.001 mm/p, the grid interval is 10 mm. 

A reference counter capacity of 5000 can be set instead. In this case, the grid 

interval is 5 mm. (Two grid points are generated per revolution.) 
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Example 2: 

Example 3: 

Reference counter capacity setting with motor pulse coder of 2OOOOP, lead of 4 

mm/rev, and DMR = 2 (flexible feed gear l/2) 

The number of position pulses per motor revolution is 40000 P/rev because DMR is 2. 

So a reference counter capacity of 40000 is to be set. (In this case, a least detection 

unit of 0.1 pm is used. When an arbitrary reference counter capacity is used, 4000 is 

to be set.) Since the detection unit is 0.0001 mm/p, the grid interval is 4 mm. 

A reference counter capacity of 20000 can be set instead. In this case, the grid 

interval is 2 mm. (Two grid points are generated per revolution.) 

Reference counter capacity setting with motor pulse coder of 25OOP, gear reduction 

ratio of 108 : 1, and 0.001 O specified for rotational table 

In this example, when a flexible feed gear of l/3 is used, the detection unit is 0.001 O. 

In this case, however, the number of pulses per motor revolution is not an integer but 

3333.3333 ( = 10000 x l/3). So, the reference counter cannot be set correctly, thus 

producing no fixed zero point. 

So, in this case, a flexible feed gear of l/l (or DMR =4) and CMR = 6 (calculated 

value: 3) need to be set. With this setting, the number of pulses per motor revolution 

is 10000. Accordingly, when a reference counter capacity of 10000 is set, normal 

reference position return operation can be performed. 

3.4.3 Setting the flexible feed gear fuktion 

So far, pulse coders with- various resolutions have been prepared by the user to match a least 

command increment of 1 pm according to ball screw pitches or gear reduction ratios. 

This function extends the conventional DMR to make the resolution of the pulse coder variable. 

With this function, a pulse coder with a single resolution can be set very easily to match various 

ball screw pitches or gear reduction ratios to the least command increment. 

Fig. 3.4.3 shows the configuration of the flexible feed gear. 

Move 
command 

PG 1 Velocity control 

Position gain 
Position feedback 

Pulse coder, 
separate scale 

Flexible feed gear 

Fig. 3.4.3 Configuration of flexible feed gear 
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As seen from Fig. 3.4.3, this function is an extension of the conventional OMR; a feedback pulse 

signal from the pulse coder or scale can be decreased by a factor or n/m. 

Additionally, when a motor with serial pulse coder is driven in a semi-closed loop system (with the 

9040 series used), a flexible feed gear must always be used. However, the method of setting 

differs from cases where the conventional pulse coders are used. For detailed information, see 

Section 3.4.3(2). 

(1) Setting the flexible feed gear parameter for 

resolution type) 

conventional pulse coders (including the high- 

(a) Applicable servo ROM series/editions 

Edition 9030/0013 and later 

Edition 903VOOlH and later 

Edition 9032/001C and later 

(W Parameter setting 

The parameters for n and m are as follows: 

n 8X84 (Series O-C), 1977 (Series 15) 

m 8X85 (Series O-C), 1978 (Series 15) 

In n and m, an arbitrary integer up to 32767 can be set. So the setting values of n/m can 

be: 

n 
= 

Desired number of pulses per motor revolution 
or reduced value 

m Number of feedback pulses per motor revolution 

(2) Setting the flexible feed gear parameter for a serial pulse coder 

( ) a Applicable servo ROM series/editions 

Edition 9040/001A and later 

(b) Parameter setting 

When a serial pulse coder is used, a flexible feed gear must always be specified in OMR 

setting in a semi-closed loop system. Otherwise, an alarm is raised. 

For serial pulse coder A and B, the parameters and setting ranges for n and m are: 

n (No.8X84, 1977) - 

m (No.8X85, 1978) - 

Desired number of position feedback pulses per motor revolution 
Sl 

1 ,ooo,ooo 
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For serial pulse coder C (9040/001 D and later editions), the parameters for n and m are: 

n @0.8X84, 1977) Number of position feedback pulses per motor revolution 
= 

m (No.8X85, 1978) 40,000 

(Note 1) The maximum set value is 32767 for both the numerator and denominator. So, reduce 

the fractional expression and use the smaller valves. 

(Note 2) When serial pulse coder B (with the T series motor used) is used, obtain the reduction 

on the assumption that the setting range of n (No.8X84, 1977) does not exceed 250,000 and m 

(N0.8X85, 1978) is 1 ,OOO,OOO. 

(Note 3) For DMR setting in a closed loop system, use the conventional DMR or a flexible feed 

gear. When a flexible feed gear is used, use the value of the following expression or its reduced 

value. 

n (No.8X84, 1977) Desired number of pulses per motor revolution 
= 

m (No.8X85, 1978) Number of position feedback pulses per motor revolution 

(3) Examples of setting the flexible feed gear function 

Example 1: Setting for 1 -pm detection using a pulse coder of 2000P (DMR can also be used for 

setting.) 

Ball screw lead 

(mm/rev) 

Desired number of pulses/ 

feedback pulses 

1000/8000 I/8 (DMR= l/2) 1000 

2000/8000 l/4 (DMR= 1) 2000 

3000/8000 3/8 (DMR = 2/3) 3000 

4000/8000 l/2 (DMR=2) 4000 

5000/8000 518 (DMR = 512) 5000 

7000/8000 7/8 (DMR = 7/2) 7000 

8000/8000 l/l (DMR = 4) 8000 

Setting value Reference counter 

l-31 



3. STARTING UP DIGITAL SERVO 

Example 2: Setting for 1-q detection using a pulse coder of I OOOOP 

Ball screw lead 

(mm/rev) 

2 

3 

4 

5 

6 

8 

Desired number of pulses/ 

feedback pulses 

2000/40000 

3000/40000 

4000/40000 

5000/40000 

6000/40000 

8000/40000 

Setting value 

l/20 

3140 

l/10 

118 

3120 

l/5 

(DMR = l/2 

Example 3: Setting for 1 pm detection using serial pulse coder A in a semi-closed loop system 

10 10000/40000 l/4 (DMR = 1) 

12 12000/40000 3/l 0 

Reference counter 

2000 

3000 

4000 

:) 5000 

6000 - 

8000 

10000 

12000 

Ball screw lead Number of feedback pulses/ 
Setting value Reference counter 

(mm/rev) 1000000 

6 6000/l 000000 31500 6000 

8 8000/l 000000 11125 8000 

10 10000/1000000 l/100 10000 

12 12000/l 000000 31250 12000 

Example 4: Setting for 0.001 O detection using a pulse coder of 3000P and rotation axis with a 

gear reduction ratio of l/l 60 

Desired number of pulses per motor revolution : 360 x 1000 x (11160) = 2250P 

Number of pulse coder pulses per motor revolution : 3000 X 4 = 12OOOP 

So the flexible feed gear setting value is 2250/12000 ( = 36/l 92). 

The reference counter value is 2250. 

(4) Notes on setting the flexible feed gear function 

( 1 a 

(b) 

(c) 

If either flex feed gear parameter is set to 0, the conventional DMR is applicable. 

When using a flexible feed gear, set DMR to 4. 

After the parameters for this function are set, be sure to turn the power off, then on again. 

When using a high-resolution coder, set this function after completion of servo 

parameter setting. 

For the number of position feedback pulses (1891 (Series 15), 8X24 (Series O-C), 1024 

(PMA)), set the number of position feedback pulses (after multiplied by 4) per motor 

revolution as before. 
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The flexible feed gear setting limits are indicated below. 

@ lSnS32767, lSmS32767 

@ For a system using a conventional pulse coder or 

pulse coder, the following expression is satisfied: 

a closed-loop system using a 

PG 4 1 
X 

No. 1876, 8X23 
n/m2 655 X X x 

2000 No.1 891, 8X24 DMR 32767 

For a semi-closed 

must be satisfied: 

loop system using a serial pulse coder, the following expression 

PG No. 1876, 8X23 1 1 
n/m > 655 X -x X -x 

2000 No. 1891, 8X24 10 32767 

PG: Position gain parameter value (No.1 825, 517) 

When a conventional pulse coder is used, the following expression must be satisfied: 

n/mS 
32767 X 60000 (or 30000 when velocity loop period is 2 msec) 

Number of pulse coder pulses x 4 x maximum speed (rpm) 

Example: When the number of pulse coder pulses islOOOOP, the maximum speed is 

3000 rpm, the velocity loop period is 1 msec, and the position gain is 30 

(parameter value: 3000), the allowable setting range of n/m is as follows: 

0.031 n/mS 16.38 

If the expressions above are not satisfied, the alarm for incorrect parameter 

occurs. When the alarm is issued, the following action must be taken: 

@ Change the setting of CMR and flexible feed gear. 

Q Use the function for enlarging the position gain setting range. (See Subsection 

7.5.1 (b).) 

(g) When a semi-closed loop system is controlled, a flexible feed gear ratio must be selected 

so that the number of position feedback pulses per motor revolution becomes an integer. 

This helps to keep the reference position consistent when the machine is returned to the 

reference position. 

Example: Motor pulse coder of 25OOP, gear reduction ratio of 108:1, rotation table, and 

0.001 O command 

When a flexible feed gear is used and the gear ratio is set to l/3, the unit of 

detection becomes 0.001 O. However, the number of pulses per motor 
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revolution becomes a non-integer (10000 X l/3 = 3333.3333). The reference 

counter cannot be set correctly and the reference position becomes 

inconsistent. 

To prevent this, set the gear ratio of the flexible feed gear to l/l. 

(Alternatively, set DMR to 4.) Then, set the value of CMR to 6 (although the 

calculated value is 3). 

With these values, the number of pulses per motor revolution becomes 10000. 

When the value of the reference counter is set to 10000, the machine can be 

returned to the reference position correctly. 

(h) If the gear ratio of the flexible feed gear is set so that the number of position feedback 

pulses per motor revolution is 640 or less, the software disconnection alarm may occur. 

When this occurs, change the level for detecting the software disconnection alarm. (See 

Subsection 7.3.2.) 

3.4.4 Servo software (series 9040) for serial pulse coder 

The servo ROM of series 9040 is used to drive a servo motor with a serial pulse coder. 

It can be used for the following serial pulse coders: 

Pulse coder type 
Maximum number of pulses that 

can be detected 

Absolute value 

communication 
Applicable motor 

Serial pulse coder A 

Serial pulse coder B 

1 ,OOO,OOOP/rev 

250,OOOWrev 

Possible 

Possible 

S-series motor 

T-series motor 

Serial pulse coder C I 4O,OOOP/rev I Impossible I S-series motor 

( ) a In a semi-closed loop system, a flexible feed gear must be used. 

When a serial pulse coder is used in a semi-closed loop system, DMR must be set 

according to the flexible feed gear. If a flexible feed gear is not used, an alarm will occur. 

For the setting of the flexible feed gear, see Subsection 3.4.3 (3). 

(b) The servo ROM of 9040/001D and later editions can be used to drive a servo motor with 

serial pulse coder C. 

Motors with these serial pulse coders are driven with the servo ROM of different editions: 

Serial pulse coders A and B : Series 9040, edition A and later 

Serial pulse coder C : Series 9040, edition D and later 

(1) Precautions in setting 
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A conventional dummy connector (AOZB-0083-Doll) can be used as a dummy connector 

for an axis to which a motor with the serial pulse coder is connected. If activation is 

attempted before changing the parameter, the alarm for incorrect parameter setting may 

occur. When this alarm is issued, change the gear ratio of the flexible feed gear of the axis 

to which the dummy connector is connected to O/O. 

Use motor number 39 and up. 

Use a motor number with a velocity loop period of 1 msec (regardless of the type of pulse 

coder used). When a motor with a velocity loop period other than 1 msec is used, an 

alarm occurs. So the motors (Nos. 1 to 38) with 2 msec set in the velocity loop period 

parameter must be changed to those with a velocity loop period of 1 msec. The method of 

converting the velocity loop period from 2 msec to 1 msec is described below. 

Motor with serial pulse coder used? Yes 

No 

(I-msec period) 
No Enter parameter by using conventional method. 2 msec 

currently set in velocity loop period parameter (motor type 

’ &zz 

numbers 1 to 38)? 

No.8Xo4 

No.8X43 

No.8X45 

No.8X46 

No.8X47 

No.8X50 

No.8X51 

+ 
Yes (2-msec period) 

No.1 809 01000110 

No. 1855 Value for 2-msec period x 519 

No.3 857 32768 - (32768 - value for 2-msec period)/2 

If 0 is set currently, leave it as it is. 

No. 1858 Rewrite - 16471 to - 8235. 

No. 1859 Value for 2-msec period X 112 

No. 1862 Rewrite 1677 to 956. 

No.1 863 Rewrite 1788 to 510. 
I 

J- 
Setting completed 

Instead, motors (from Nos. 1 to 38) with the standard parameters set can be initialized 

again using motor numbers 39 and up (standard velocity loop period: 1 msec). 
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3.4.5 Motor type numbers 

The digital servo ROM holds the standard parameters for each motor model. By setting a motor 

number in the motor type parameter (No.8X20 (Series 0), 1874 (Series 15)) and setting the 

initialization bit (bit 1 of No.8X00, 1804) to 0, the standard parameters are set when power is turned 

on. For detailed information about standard parameter setting for each motor model, see the 

parameter table provided in Section 2.16 in Part II. 

(1) Notes on setting 

(a) The range of motor numbers stored in a servo ROM depends on the servo ROM series 

and edition. 

9000E,9001B and later editions: 3 to 14 

9q00H,9001E and later editions: 3 to 25 

9000L,9OOlH, 9010A and later editions: 3 to 26 

90O0N,9001K,9002J,9010B,9020A and later editions: 3 to 36 

90OOP,9001L,9002K,9010C,9020B,9022A and later editions: 3 to 38 

9010F,9020E,9022B,9O30A and later editions: 3 to 41 

9010G,9020F,9022C,9030B and later editions: 3 to 67 

902OK, 903OG 9031A, and later editions: 3 to 72 

90305 9031D, and later editions: 3 to 73 

9030K,9031E and later editions: 3 to 78 

9031F,9040A and later editions: 3 to 83 

90300,9031H,904OD and later editions: 3 to 84 

If a value out of the stored range of motor numbers is set, a servo alarm occurs. 

(b) A motor type number is determined by a combination of a motor and servo amplifier, and 

also depends on velocity loop control period setting. See the flowchart below. 

9040 series servo ROM for serial pulse coder used? 
Yes 

2 msec 

1 msec 

Motor numbers 3 to 38 Motor numbers 39 and up 

A velocity loop control period is determined by the parameter of an odd-numbered axis; two 

axes are paired in such a way that the first and second axes are paired, the third and fourth 

axes are paired, and so on. So, if the first axis is selected from the standard Darameters 
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(39 or later) with l-msec velocitv control, the second axis must also be selected from the 

standard parameters (39 or later) with I-msec velocitv control. 

(c) The motor type numbers of SP motors are the same as for ordinary motors. (For example, 

the same motor type number as for 1 -OS is used for l-OSP, and the same motor type 

number as for 2-0s is used for 2-OSP.) If a high-resolution pulse coder (1OOOOP) is used, 

standard parameter modification is required. 

(d) Motor type numbers 74 to 77 are special for piston lathes. 

(2) Motor type numbers based on combinations of a motor and amplifier 

The table below 

servo amplifier . 

fists the motor type numbers determined bY combinations of a 

(a) Motor type numbers with a velocity loop control period of 2 msec (3 to 38) 

@ 185 V input type and 220 V input types 

@ 230 V input type 

0 Combination of 220 V input unit and 230 V PCB 

(b) Motor type numbers with a velocity loop control period of 1 msec (39 to 84) 

@ 230 V input type 

a 185 V input type 

@ 230 V input type (T series motor) 

[C series Servo Amp] 

(c) Motor type numbers with a velocity loop control period of 2 msec (3 to 38) 

(d) Motor type numbers with a velocity loop control period of 1 msec (39 to 84) 
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3. STARTING UP DIGITAL SERVO 

(3) Motor type numbers with a velocity loop cdntrol period of 2 msec 

@ 185V input type and 220V input type 
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Motor model 

Motor number 

A0 GB-XXXX- 

I 

+ ,H015 isi0 
HO06 0670 
HO07 0670 
HO08 0670 
HZ01 0680 
pH202 0680 
,H203 0680 
HZ04 0680 
,H205 0680 
H301 10280 i 

,H402 0670 
H403 0670 
2 2 0 V input 

A06B-6058- PCB 
HZ01 0720/0661 
HZ02 0720/0662 
H203 0720/0663 
HZ04 0720/0664 
H301 0220 
H302 0220 
H303 0220 
H304 0220 
H301/3005 0 2 2 0 
_H301/J004 0220 
H301/J003 0220 , 

22 
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22 2: 
22 2: 
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3. STARTING UP DIGITAL SERVO 

@ 230V input type 

4 3 
I I 
0 0 

Motor model s s 

Motor number o o 
5 5 
3 3 

AOGB-XXXX 2 3 

2 3 0 V input type 

(H222 101 
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0 Combination of 220V input unit and 230V PCB 
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I I I I ISSS 
0 0 0 0 0 
s s s s s Motor model p 

P 
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I I21 I I I I I 
Motor number 00000000 

33333333 
1 7 1 1 7 1 1 1 

AOGB-XXXX 01122345 

I I I I 

H301h005 0 2 8 0 29 30 30 
H301/J004 0280 29303031 32 , 
H301/J003 0 2 8 0 29 30 30 31132 
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(4) Combination of 220V input unit and 230V PCB 

@ 230V input type 

Motor model 

Motor number 
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Q 185V input type 

1 

5 30 40 o 5 6 7 10 0 5 6 7 
I / L L L LL L L L L 
0 2 /i/i 

Motor model I 0 3 3 3 3 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 

Motor number 

0 ii 6 6 6 7 
61 12 4 12 12 41 

A06B-6057- PCB 
HO01 0430/0410 42 
HO07 0670 54 , * II I 
HO08 0670 55 
H401 0670 68 68 
H402 0670 69 70 69 70 
H403 0670 71 72 71 

@ 230V input type 

Motor model 

Motor number 
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3. STARTING UP DIGITAL SERVO 

(5) Motor type numbers with a velocity loop control period of 2 msec 

Standard parameter setting for the C series servo amplifiers 
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(6) Motor type numbers with a velocity loop control period of 1 msec 
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3. STARTING UP DIGITAL SERVO 

(Note 1) The numbers in the tables indicate motor type numbers to be set in No. 1874 (Series 

15) or 8X20 (Series 0). 

(Note 2) When using or replacing a 2-0s motor, carefully check the motor specification (031 0, 

0311). 

(Note 3) When the model 2-0s (0310) is used with a 220 V amplifier, change the setting of the 

current dead zone compensation ‘parameters (PPMAX, PDDP) as follows: 

Motor type number No.1 874, 8X20 = 37 

PPMAX No.1865, 8X53 -30 

PDDP No. 1866, 8X54 -+ 12500 

(Note 4) Compatibility between 220 V and 230 V types 

Unit t . * Unit 

There is an upward compatibility between 

the two types. 

However, when a PCB marked with * is 

changed, the current dead zone 

compensation parameters (PPMAX, PDDP) 

need to be altered. 

PPMAX No.1 865, 8X53 

PDDP No.1866, 8X54 

(Note 5) When a 2-0s or OS motor is used for 2000 rpm and 3000 rpm, the same motor is used 

but the parameter and amplifier are changed. 

(7) List of printed circuit boards 

AC-1 85V Number of axesApplicable motor 

A20B-1001-0430 1 5-O 

A2OB-1002-0500 1 4-OS, 3-0s 

Al 6B-1200-0670 1 2-O to 40 

Al6801200-0680 2 4-0s to 5 

A20B-1002-0280 3 0 to 5 

AC-220V 

Al 6B-1200-0720 2 2-0s to 1 OS 

Al 68-l 100-0220 3 2-0s to 10s 

AC-230V 

A20B-1002-0730 1 4=OS, 3-0s 

A2OB-1003-0030 1 2=OS, l-OS 

A20B-1003-0090 1 OS to 3OS, 2-S (3000), 5S/3000, lOS/30 

A16801 100-0300 1 50s to 7OS, 20S/3000,30S~3000 

A16B-1200-0800 2 2-0s to 10s 

Al6B-2201-0020 2 5S/3000 to 30s 

Al 6B-1100-0280 3 2-0s to 1 OS 

Al6B-1100-0330 3 2-0s to 1 OS, 2-S (3000), OS (3000) 
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3. STARTING UP DIGITAL SERVO 

(Note) The printed circuit boards for the 220V and 230V types differ from each other in the 

specification and standard parameters. With the modified editions (A06R-6058-0003 to 0005) of 

the 220V type (2-0s to SS), the resistance of RMl in the unit is changed. 

1-44 



4. AC SERVO UNIT MAINTENANCE 

4. AC SERVO AMPLIFIER MAINTENANCE 

4.1 Types and Configurations of Servo Amplifiers 

(Note) Make correct connections between a servo amplifier and motor used. If a wrong 

combination of an amplifier and motor is used, a malfunction such as motor vibration can occur, 

thus causing a failure. 

Table 4.1 (a) 185V input type 

Motor to be applied Drawing number Drawing number of PCB 

L-axis M-axis N-axis of PCB PWM controller Power controller 

l -axis 5-O A06B-60570HO01 A20B-1001-0430 A20B-1001-0410 

amp. See Fig. 4.2 (a) 

4-OS, 3-0s A06B-60570HO02 A20B-1002-0500 A20b-1000-0600 

See Fig. 4.2 (b) 

2-0, 1-o A06B-60570HO03 Al 6B-1200-0670 - 
r 
0, 5 A06B-60570HO04 See Fig. 4.2 (c) 

10 A06B-6057-HO05 

2os/1500 A06B-60570HO15 

2os, 30 A06B-6057-HO06 

30/2000 A06B-60570HO07 

40 A06B-60570HO08 

OL A06B-60570H401 

5L, 6L’ A06B-60570H402 

7L, 1OL A06B-6057-H403 

2-axis 2-0, 1-O 2-0, 1-O - AOBB-60570H201 Al 6B-1200-0680 - 

amp. 2-0, 1-o 0, 5 - A06B-6057-H202 See Fig. 4.2 (d) 

0, 5 0, 5 - A06B-60570H203 

3-axis 0, 5 0, 5 0, 5 A068060570H301 A20B-1002-0280 - 

amp. 0,5 0,5 10 A06B-60570H302 See Fig. 4.2 (e) 

0, 5 10 10 A06B-60570H303 

10 10 10 A06B-6057-H304 
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4. AC SERVO UNIT MAINTENANCE 

Table 4.1 (b) 200V input type (2OOV/22OV) 

Motor to be applied Drawing number Drawing number of PC6 
, 

L-axis M-axis N-axis of PCB PWM controller Power controller 

2-axis 2-0s 2-0s - A06B-6058-H201 Al 68-l 200-0720 A20B-1002-0661 

amp. 1-0s 1-0s See Fig. 4.2 (f) 

2-0s OS - A06B60580H202 A20B-1002-0662 

1-0s 5s 

OS OS - A06B-60580H203 A20B-1002-0663 

5s 5s 

OS A06B-60580H204 A20B-1002-0664 

5s 10s 

3-axis OS OS OS A06B-60580H301 Al 68-l 100-0220 - 

amp. 5s 5s 5s See Fig. 4.2 (g) 

OS OS A06B-60580H302 

5s 5s 10s 

OS A06B-6058~H303 

5s 10s 10s 

10s 10s 10s A06B-6058-H304 
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4. AC SERVO UNIT MAINTENANCE 

Table 4.1 (c) 200V input type (2OOVf23OV) (l/2) 

Motor to be applied Drawing number Drawing number of PCB 

L-axis M-axis of PCB PWM controller Power controller 

l-axis 4-OS, 3-0s A06B-60580HO02 A20B-1002-0730 A20B-1002-0740 

amp. See Fig. 4.2 (h) 

2-OS, 1-0s A068060580HO03 A20801 003-0030 - 

See Fig. 4.2 (i) 

OS, 5s, 5-r/2000 A068060580HO04 S20B-1003-0090 A20B-1003-0140 

OS*, 1 OS, 2OSl1500 A068060580HO05 See Fig. (j) A2OB-1003-0081 

1 OT/2000, OT/3000 

2os, 30s A06B-60580HO06 A20B-1003-0080 

2OS/3000 A068060580HO07 Al 6B-1100-0300 - 

3OSI3000, 4OS/2000 See Fig 4.2 (n) 

2-OS-A A068-60580HO23 A2OB-1003-0090 A2OB-1003-0141 

l -os/3ooo See Fig. 4.2 (j) 

5s/3000, 1 os/3ooo A06B-60580HO25 A2OB-1003-0084 

5T/3000, 1 OT13000 

50s A06B-6058-H 10 1 Al 6B-1100-0300 - 

6OS, 70s A06B-6058-H102 
See Fig. 4.2 (n) 

2-axis 2=OS, l-OS Z-OS, l-OS A06B-60580H221 Al 6B-1200-0800 A20B-1003-0271 

amp. 1 -o/3000 1 -o/3000 See Fig. 4.2 (kl) or 

2-os* 2-OS-A and (k2) A2OB-1004-0881 

2-OS, 1-0s OS, 5s A06B-6058-H222 A20B-1003-0272 

1 -o/3000 5T/2000 Or 

2-os* A20B-1004-0882 

OS, 5s OS, 5s A06B-60580H223 A20B-1003-0273 

5T/2000 5T/2000 or 

A20B- 1004-0883 

OS, 5s lOS, os* 

5T/2000 OTI3000 

1 OTf2000 

lOS, os* IOS, os* 

OT/3000 OT/3000 

1 OT/2000 1 OTi2000 

5s/3000 55/3000 

5T/3000 5Tf3000 

os*, 5s 5s/3000 

OS, 10s 6S/3000 

OT~3000 5TI3000 

5T/2000 

1 OTI2000 

A06B-60580H224 

A06B-60589H229 

A068060580H230 

A06B-60580H23 1 

A20B-1003-0274 

or 

A20B-1004-0884 

A2OB-1003-0830 

A20B-1003-0960 

A20B-1003-0961 

OS* and 2-OS* mean when using OS and 20s respectively at 3000 rpm. 
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4. AC SERVO UNIT MAINTENANCE 

Table 4.1 (c) 200V input type (2OOV/23OV) (212) 

Motor to be applied T Drawing number 1 Drawing number of PC6 1 
of PCB I PWM controller Power controller 

2-axis 

amp. 

A20801 004-0671 A06B-60580H251 AI 6B-2201-0020 

See Fig. 4.2 (k3) 

A20801 004-0672 10s I os/3ooo 

2OS/I 500 2os, 30s 

A06B-60580H252 

10s 

2OS/I 500 I 2OS/I 500 

A06B-60580H253 

A2OB-1004-0673 

Table 4.1 (d) 200V input type (2OOV/23OV) (l/2) 

Motor to be applied Drawing number Drawing number of PCB 

L-axis M-axis N-axis of PCB PWM controller Power controller 

OS, 5S OS, 5S OS, 5s A068060580H321 AI 6B-I 100-0280 - 

See Fig. 4.2 (I) OS, 5S 1 OS, 5s 1 IOS 1 A06B-60580H322 

OS, 5S 1 10s 1 IOS 1 A06B-60580H323 

10s 1 10s 1 10s 1 A06B-605844324 

2-0s 2-0s 

I-OS v I 

2-0s A06B-6058-H325 

I-OS 1-0s 

2-0s 2-0s OS 

I I 

A06B-60580H326 

I-OS I-OS 5s 

2-0s OS 

I I 

OS A06B-60580H327 

I-OS 5s 5s 

2-0s 2-0s 

I I 

10s A068060580H328 

I -0s I-OS 

2-0s 10s 

I-OS I_ I 

10s AO6B60580H329 

I 

3-axis 

amp. 
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4. AC SERVO UNIT MAINTENANCE 

Table 4.1 (d) 200V input type (2OOW23OV) (2/2) 

3-axis 

amp. 

(Note) 

Mote 

L-axis -- 
2-0s 

1-0s 

1 -OS/ 

3000 

2-0s 

1-0s 

1 -OS/ 

3000 

2-0s 

1-0s 

l-OS/ 

3000 

OS 

5s 

10s 

OT/3000 

5T/2000 

1 OT/ 

2000 

p to be aF 

M-axis 

2-0s 

1-0s 

1 -OS/ 

3000 

2-0s 

1-0s 

1 -OS/ 

3000 

OS 

5s 

10s 

OT/3000 

5TI2000 

1 OT/ 

2000 

OS 

5s 

10s 

OT13000 

5T/2000 

1 OT/ 

2000 

plied 

N-axis 

2-0s 

1-0s 

1 -OS/ 

3000 

OS, 5s, 

10s 

OT/3000 

5T12000 

1 OT/ 

2000 

OS 

5s 

10s 

OT/3000 

5TI2000 

1 OT/ 

2000 

i OS 

~ 5s 

10s 

OT/3000 

5T/2000 

1 OT/ 

2000 

A06B-60580H332 A2OB-1003-0862 

A068060580H333 A20801 003-0863 

A06B-60580H334 A2OB-1003-0864 

rber of PCB 

Power controller 

A20B-1003-086 1 

(Note) The 2-0s and the OS can be used up to 3000 rpm. 
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Table 4.1 (e) 200V input type (2OOV/23OV) (C series servo amplifier) 

Motor to be applied Drawing number Drawing number of PCB 

L-axis M-axis of PCB , PWM controller Power controller 

l-axis 4=OS, 3-0s A068060660HO02 A20802900-061 0 Al 6B-1200-0911 

amp. (Xl) 

2-OS, 1 -OS, 1-0sP/3000 A06B-6066-HO03 A20802900-0620 Al 6B-1200-0910 
(Xl) 

o-OSP, OS, 5s, lOS, 

2OS/1500, OT/3000, 

5-F/2000, 1 OT/2000, OL 

5s/3000, 1 os/3ooo 

2OS, 3OS, 5L, 6L, 

5T/3000, 1 OT/2000 

2OS/3000, 3OS/3000 

4OS/2000, 7L, 1OL 

A20B-2900-0630 
A06B-6066-HO04 

(Xl) 
A20B-1004-0851 

See Fig 4.2(r) 

A06B-6066-HO06 A2OB- 1004-0850 

A06B-60660HO08 A20B-2901-0200 A20B-1005-0210 

A20B-2901-0240 A20801 005-0220 

A20B-2900-0630 

2-axis 4-OS, 3-0s 4-OS, 3-0s AO6B-60660H222 A20B-2900-0610 A20801 004-0866 

amp. (Xl) 

4-OS, 3-0s 2-OSP A06B-60660H223 A20B-2900-0620 A2OB-1004-0865 

l-OSP (X2) 

1-0sP/3000 A20B-2900-0630 

4-OS, 3-0s o-OSP, OS, AO6B-60660H224 
(Xl) 

See Fig 4.2(r) 
A2OB-1004-0864 

5s 

OT/3000, 

lOS, 

51/2000, 

1 OTI2000 
. 

2-OSP 2-OSP A06B-60660H233 A20801 004-0863 

l-OSP l-OSP 

1=0sP/3000 l-osP/3ooo 

2-OSP o-OSP, OS, A06806066~H234 A20B-1004-0862 

1 -0SP 5% 

1 -OSP/3000 OTi3000, 

lOS, 

5T/2000, 

1 OT/2000 

o-OSP, OS, o-OSP, OS, A06B-6066-H244 A20B-1004-0860 
* 

5s 5s 

OT/3000, OTi3000, 

lOS, 1 OS, 

5T/2000, 5Ti2000, 

1 OT/2000 1 OTi2000 
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4. AC SERVO UNIT MAINTENANCE 

Table 4.1 (f) 200-V Input Type (2001230 V) (C Series Servo Amplifier) 

I Applicable motor 

I L-axis I M-axis 

2-axis 

amp. 

2-OS/3000 W3000 

I-OS 

l -os/3ooo 

0-OSP, 10F W3000 

OS, 5S, 5F 

os/3ooo 

I55/3000 1 W3000 

Drawing number 

of servo amplifier 

A068060660H236 

A06B-60660H246 

A068060660H266 

r Drawing number of PC board 

Control unit 

A20B-2900-0610 

o(l) 

A20B-2900-0620 

o(2) 

A20B-2900-0630 

(x1) 

Power circuit unit 

A20B-1004-0872 

A20801 004-0871 

A20B-1004-0870 
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4. AC SERVO UNIT MAINTENANCE 

4.2 Maintenance Parts Location on PCBs 

0 HV 

0 HC 

0 LV 

0 OH 

0 DRDY 

8 0 
cy IS 

0 
c3-l IR 

6 0 
c-Y *pw 0 MF 
oi *cw 
4 ME 0 

CH *PWM 

2 0 CII *PMM3 
1 0 
*Pm&A 

CNl 

1 5 10 15 20 25 

CN3 

AZOB-lOOl-0430/ - 

cl 
Fl 

CN2 1 

Fig. 4.2 (a) l-axis amplifier for model 5-O (AZOB-1001-0430) 
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@ 
DRDY 

CHl3 0 
+24V 

CHl2 
-15V 0 
Ctill 0 
+15v 

WOO 
+5v 

CHQ ov 

. CH 
80 IS 

CH70 
IR 

CH60 
*PWMF 

CH50 
*PWME 

cwO 
SPWMD 

CH30 
tPWMC 

CH20 

$PWMB 

CHIO 

tPWMA 

4. AC SERVO UNIT MAINTENANCE 

6 6 
v v v 

@ 03 GiB ’ CN3 
A208-1002-0500/m 

0 FUSE 

\ . 

\ 
FR2 

1 
FRI 

0000@ CN2 

Fig. 4.2 (b) 1 -axis amplifier for model 4-OS/3=OS (A2OB-1002-0500) 
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I 
0 Clfl L 

0 Cll2L 

0 Cli3L 

0 Cl11 E 

. 
0 C112E 

2 0 CH3E 

I 0 CHlC 

> 0 CIi2C 

iii 0 CH3C 

0 

i g 0 (:1ilA 

- 

a113 
+24 V 0 
Y’: : 0 
ct I 11 
f15V 0 
ClllO 
+sv 0 
et19 
ov 0 
Cl 18 Is 0 
Cli7 
IR 0 
Ct16 

?WM P 

ctts 
0 PWME, 

ct 14 
'WM ID 

r 

ct 13 
Q ‘W MC 

w2 
PWM D 
cti 1 0 PWMA 

CNl 
ON2 

Fig. 4.2 (c) l-axis amplifier for model 2-O-40 (Al 6E3-1200-670) 

l-axis amplifier for model OL-1OL 
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Fl 

k-1 cl 

Cl1 
13 

Q t 4V 
(‘1 I 
12 0 

A16B-1200-0680/B 

CNlO 

r 

-L 

--I- 
(TN9 

l- 

r 

Fig. 4.2 (d) 2-axis amplifier for model 2-O-5 (Al SB-1200-0680) 
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P OP 

OB 

0' i 

Of 

0 FI 

-- 

Fig. 4.2 (e) 3-axis amplifier for model O-1 0 (A20B-1002-0280) 
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I 
Al 68-l 200-0720 

oc2ov s2 

0915v73 

LEDs 

o+I5V 
0+5v 
@OV 
oISM 
oIRM 
OISL 

@ DRDY 
Setting terminals 

oIRL 
\ o*PWMAM Check terminals 

o+PWMAL 
1 \ 

- 

0 
Z 
GJ 

CNIM( ) \ 
CNlLl 1 s’ + 000 

52 d , 

0 
7 
P 
3 

J- 
I 

Fig. 4.2 (f) 2-axis amplifier for model 2-OS-1 OS (Al SB-1200-0720) 
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Al 6B-1100-0220 

r) 
Z- 
-P r 

LEDs 

0+2ov 
o-I5V 
o+lSV 
0+5v 
eov \ 

Check terminals 

db 
eov 
OISL 
CCRL 
o*PWMAL 

OOV eov 
oISM oISN 
oIRM oIRN 
o+PWMAM o*PWMAN 

Sl@ @32- Setting terminals 

c-l 
Z 
-P 
Z 

Fig. 4.2 (g) 3-axis amplifier for model OS-1 OS (A166-1100-0220) 
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CN3 I 

Check terminals 

Setting terminal 

Fig. 4.2 (h) l-axis amplifier for model 4-OS/3-OS (A20B-1002-0730) 
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terminals 

Setting terminal 

Fig. 4.2 (i) l-axis amplifier for model (2.OS/l-OS) (A20B1003-0030) 
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A20B-1003-0090 

CN4 

- 

Check terminals’ 

o-I5V / \ s 
0+15v DRDY I I 
0+5v 
OOV 
01s 
oIR 

u 
o*PWMA \ b,rr:,, &rr-:-rlr nI 

Fig. 4.2 (j) l-axis amplifier for model OS=3OS, 2-0s (3000 rpm)-lOS/3000 (~06-1003-0090) 
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~ ~ ~ 

Al6B-1200-0800 

rl 

= HV 
8 HC 

1 I 

z LV 
0+2ov s2 LEDs r%DC 

o-JBV’73 
g OH 

\ I r-L 
o+l5V 
0+5v \ \ I 1 
aov s 5v 

oISM \ 
oIRM 
OISL \ 

oIRL \ 
Setting terminals 

\ 

s DRDY 

o *PWMAM ’ Check terminals 

o*PWMAL 

Fig. 4.2 (kl ) 2-axis amplifier for models 2-OS-1 OS (Al 6B-1200-0800) 
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Al6B-i200-0800 
, 

- 

c-l 
Z 
-b 
r 

- 

l 

oeov s2 

cH5vLp 

o+I5V 
0+5v 
Geov 
oISM 
oIRM 
OISL 

LEDs 

s 5v 

8 DRDY 
s HV 
R HC L 
,-HCM 
R LV 

8 86 

Setting terminals 

- 

c-3 
Z 
GJ 

Check terminals 

Fig. 4.2 (k2) 2-axis amplifier for models 2-OS-l OS (Al 6B-1 ZOO-0800/02) 
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_J- 
Al6B-I lOO- 

$j$ DRDY 
I 

8 5v 
0+2ov 
o-15v 
o+ISV 
0+5v 
eov 

\\ 
Check terminals 

tlbov / 
OISL 
oIRL 
o*PWMAL 

WV 9ov 
oISM CCSN 
oIRM oIRN 
o*PWMAM o*PwMAN 

SIN BS2 Setting terminals 

1 CNIM 1 piG7-j 

-L 

L 

_-J- 

-L 3 

c-l 
Z 
-b 
Z 

- 

Fig. 4.2 (I) 3-axis amplifier for model 2-OS-l OS (Al 68-l 100-0280) 

1-64 



4. AC SERVO UNIT MAINTENANCE 

cl 
Z 
chl 

- 

Al6B-1100-0280 

1 

- 

c 
7 
a 
r 

- 

4 

m L-l r 
< 

Check terminals 

eov / WV dsov 
OISL oISM oISN 
OIRL oIRM oIRN 
o*PWMAL o*PWMAM o*PWMAN 

Sl4 Bs2 Setting terminals Ll 

Fig. 4.2 (m) 3-axis amplifier for model 2-OS-l OS (Al6B-1100-0330) 
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0 
CH18 

0 
CH17 

0 
CH16 

0 
CH15 

0 
$B4 

IQ c 3 

CH7 
0 

&6 

Pa 
iHS 

F 

PQ l ME 
CH4 

Pi? l MD 
CH3 

Ps? l MA 

Al6B-110-0300 

I DC 

I 
FlA 

I I 

+sv Q 
% HV de- x 

HC -+a- 
H 

DC -)8- 

x 
LV -i+ 

DRDY 

FIB 

I 

FlC 

FlD 

I 
FlE 

I 

FlF 

I 

0 -L 
. 

i 

110 
/ 
I r 
CN3 

u 0 15 

CN4 
c 

CNl ’ CNS 

T-4 Sl s2 S3R s3s 

Fig. 4.2 (n) 1 -axis amplifier for model 5OS, 6OS, 7OS, 2OS/3000, 3OS/3000, 4OS/2000 

- (Al 66-l 100-0300) 

l-66 



4. AC SERVO UNIT MAINTENANCE 

~ 
FANUCMA~ IN JAPAN Al6602201-002mjw 

Fig. 4.2 (p) models 2-axis amplifier (A20802201 -0020) for 

1 OSl3000, 2OW500, 2OS, and 305 

5s/3000, 
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A06B-6066-HO08 

A I R OUT (Be careful of the hot air.) 

a%aa i 
i 

AIR IN 

Weight: 12 kg 

4. AC SERVO UNIT MAINTENANCE 

I- * 

t 
Direction of 
mounting 

N.F.B 

TERMINAL 

J BLOCK 

Width of 
terminal: 
SCREW M4 

& 
CNI 

TI 

PEG) 
LI (RI 
L2(S) 
L3(T) 
I OOA 
I OOB 

MCI 
MC2 

U 
v 
w 
G 

10 mm 

Fig. 4.2 (9) Components on C Series Servo Amplifier (One-Axis: AOBB-6066~H008) 
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a I 

LL W d - 

m I 
LL 
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4. AC SERVO UNIT MAINTENANCE 

4.3 Servo Amplifier State Indication 

The LED indicators on the printed circuit boards of a servo amplifier indicate states of the servo 

amplifier. With these LED indicators, servo amplifier trouble can be easily detected. 

4.3.1 S series servo amplifiers 

(1) PC6 of controller 

Symbol Color Contents 
r 

5V Green SIGN FOR CONTROL POWER ON 

“SV” indicates the state of power source applied on the board. 

DRDY Green SIGN FOR PWM SIGNAL AVAILABLE 

“DRDY” indicates the ready state of servo amplifier. 

The condition of DRDY is no alarm and “MCON from NC being low. 

HV Red HIGH VOLTAGE ALARM 

“HV” occurs when the DC link voltage has exceeded the limited level. 

HC Red HIGH CURRENT ALARM 

“HC” occurs when excessive current has crossed the DC link. 

LV Red LOW VOLTAGE ALARM 

“LV” occurs when the DC link voltage is excessively low or regulator 

circuit has a malfunction. 

DC Red DISCHARGE ALARM 

“DC” occurs when the capacity of discharge circuit has been 

exceeded. 

OH Red OVERHEAT ALARM 

“OH” occurs when a normally closed thermostat contact which is 

mounted either in servo amplifier, on separate discharge unit, or in 

power transformer has opened. 

FAL Red In case of fuse alarm NFBI-3 and trip of F4/F5 (or blow-out) 

(Note 1) Dynamic brake acts to stop the motor immediately when any alarm occurs. 

(Note 2) LED “5V” is on S Series 200 to 230V type amplifier except for early version of Al6B- 

1200-0800. 

(Note 3) LED “DC” and DC ALARM are not on the following PCBs. (A20801001-0430, A20B- 

1002-0500 and A2OB-1002-0730) 
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(Note 4) The LED “FAL” is on the PCB Al 6B-I 100-0300. 

The PCB Al6B-1100-0300 is used for the servo amplifiers A06B-60580HO07 and A06B-60580HlOl 

and -HlO2. 

With A06B-6058.HO07, when circuit breaker NFB trips, the LED “FAL” is turned on. With A06B- 

6058.HlOl and -H102, when NFBl, NFB2, or NFB3 trips, or fuse F4 or F5 blows, the LED “FAL” 

is turned on. 

This PCB has fuses Fl, F2, FDC, and FIA to Fl F. Fl and F2 are placed on the primary side of 

the control power supply on the PCB. 

If an overvoltage is applied, varistor ZNRl can be conductive and burn. FDC is the fuse that is 

connected to the discharge circuit to prevent the PCB from burning. 

If the regenerative transistor is faulty, check this fuse as well. FlA to Fl F are the fuses that are 

connected to the transistor driver circuit to prevent the PCB from burning. 

If the main transistor is faulty, check these fuses as well. 

(2) Power circuit PCB 

Symbol 

LED 

Color Contents 

Red Indicates that the electrolytic condenser of the DC link circuit is 

charged. 

This LED is displayed on the A06B-6058-H)~-] series servo amp. 

(Note however, that it is not displayed on A06B-60580H002, H003.) 

(Note 1) When this LED indicator is on, a hioh voltaoe is beino applied to the components of the 

servo amplifier. Never touch anv internal part. 

(Note 2) With the servo amplifiers A06B-6058.H007, -HlOl and -H102, the LED indicator for DC 

link charging indication is provided on the amplifier plate. 

4.3.2 C series servo amplifiers 

(1) Seven-segment LED indication 

With the C series servo, amplifier states are indicated using a 7-segment LED indicator. An 

alarm occurs if the module PCB (38 X 112) is not securely inserted into the connector. 

See Fig. 4.2(r) for the locations of the 7-segment LED indicator, circuit breakers, and fuses. 
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Type 

Overvoltage 

alarm (HV) 

Table 4.3.2 (a) Alarm state indications and meanings (l/2) 

LED indication Description 

If DC voltage of main circuit power supply is abnormally 

high, overvoltage alarm occurs (HV level: 430V DC). 

Alarm occurs when regenerative discharge resistor is 

disconnected. For 200V AC input, main circuit voltage is 

283V DC (200 x 1.414). Discharge operation is started at 

voltage of main circuit voltage plus 60V. 

Control power 

supply 
undervoltage 

alarm (LV5V) 

DC link 

undervoltage 

alarm (LVDC) 

Alarm occurs if control circuit power supply voltage ( + 5 V) 

tl 

is abnormally low (LVW level: 4.6 WC). 

. 

Alarm occurs if DC voltage of main circuit power supply is 

!I 

abnormally low (LVDV level: 120V). 

Causes may include power supply voltage ( + 15V) being 

1 OV or lower and driver module PCB not inserted normally. 

Regenerative 

control circuit 

abnormality 

alarm (DCSW) 
Y 

Alarm occurs when short-time regenerative discharge 

energy is too high. Cause may be disconnection of 

regenerative discharge resistor. If IGBT for discharge is 

continuously on for 1 second or longer, cause may be short 

circuit between C and E for IGBT for discharge. 

Excessive 

regenerative 

discharge alarm 

(DCOH) 

Servo amplifier 

overheat (OH) 

Alarm occurs when average regenerative discharge energy 

5 

is too high. Causes may include operation of thermostat for 

regenerative discharge resistor or thermostat between (15) 

and (16) on terminal block Tl; this operation results from 
. too frequent acceleration/deceleration operations. 

Alarm occurs when thermostat in amplifier operates (when 

6 

thermostat contact on PCB opens). Check if motor load 

exceeds rated current. 

. 

Magnetic 

contactor 

welding alarm 

(MCC) 

Overcurrent 

alarm (HCL) 

Alarm occurs when magnetic contactor contact welds. 

Check for contact welding immediately after use of 

magnetic contactor is specified. Causes may include short 1 circuit of 3-phase diode bridge. Usually, replace amplifier. 

E 

Alarm occurs when abnormally high current flows in main 

circuit of l-axis amplifier or in main circuit of L axis of 2-axis 

amplifier. Causes may include faulty IC, abnormal PWM 

signal, faulty motor, and grounded wiring. 
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Table 4.3.2 (a) Alarm state indications and meanings (212) 

Type 

Overcurrent 

alarm (HCM) 

Overcurrent 

alarm (HCLM) 

LED indication 

b 

Description 

Alarm occurs when abnormally high current flows in main 

circuit of M axis of 2-axis amplifier. Causes may include 

faulty IC, abnormal PWM signal, faulty motor, and grounded 

wiring. 

Alarm occurs when abnormally high current flows in main 

circuits of L and M axes of 2-axis amplifier. Causes may 

include faulty IC, abnormal PWM signal, faulty motor, and 

grounded wiring. 

(Note) If an alarm is raised, the motor is stopped by the dynamic brake. 

Table 4.3.2 (b) Normal state indications and meanings 

Type LED indication Description 
. 

Amplifier not Magnetic contactor in amplifier is dropped out; preparation 

ready for driving motor is not completed. 

(Ready signal from controller (NC) is not available.) 

Amplifier ready 

0 

Magnetic contactor in amplifier is picked up; preparation for 

driving motor is completed. 

(This state represents normal operating state.) 

Table 4.3.2 (c) Tripping of circuit breaker 

Type I State indication I Description 

Circuit breaker 

___ ~~ 

Circuit breaker 

trips. 

Circuit breaker trips if abnormal current exceeding rated 

current of circuit breaker flows. DC link undervoltage alarm 

(LVDC) may be turned on as well. 

Type 

Blown fuse on 

PCB 

Table 4.3.2 (d) Blown fuses 

State indication Description 

%segment LED 

indicator 

provides no 

indication. 

Fuse on PCB blows if abnormal current flows. 

If fuse blows, power is not supplied to servo amplifier 

control PCB, so all operations of servo amplifier are 

disabled. 

(Fuse check location: Near 7-segment LED indicator. 

Open terminal block cover to check.) 
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4.4.1 S series servo amplifiers 

4. AC SERVO UNIT MAINTENANCE 

Check pin Check procedure 

+ 20V or + 24V Check the voltage between check pin 0 V and check pin + 20V by using 

circuit tester. Measured voltage value should be + 20V +, 2V or + 24V +, 2V. 

(Note) This check pin is not mounted on A20B-1003-0090. 

-15V Check the voltage between check pin OV and check pin - 15V by using 

circuit tester. Measured voltage value should be - 15V t OXV. 

+15v Check the voltage between check pin OV and check pin + 15V by using 

circuit tester. Measured voltage value should be + 15V 2 0.75V. 

+5v Check the voltage between check pin 0 V and check pin + 5V by using 

circuit tester. Measured voltage value should be + 5V 2 0.25V. 

IS# 

IR# 

Check the voltage between check pin 0 V and check pin lS# by using 

oscilloscope. S-phase motor current of # axis can be measured. Refer to 

table 4.4.3 (a) for the ratio of voltage at check pin and motor current. 

Check the voltage between check pin 0 V and check pin IR# by using 

oscilloscope. R-phase motor current of # axis can be measured. Refer to 

table 4.4.3(a) for the ratio of voltage at check pin and motor current. 

*PWMA# Check the voltage between check pin 0 V and check pin *PWMA# by using 

Display of oscilloscope. The PWM waveform (negative logic) of A-phase of # axis can 

amplifier HO03 be measured. 

For 1 axis is CHl 

ov Reference voltage 

(Note 1) The # means axis name (L, M, N, etc.) of amplifier. 

(Note 2) Motor current IT# of T-phase is shown by IT# = - (IS# + IR#) 

(Note 3) Don’t touch the amplifier except at check pins, since a high voltage is supplied. 

(Note 4) The motor speed signals and torque signals other than the signals listed above can be 

observed using a check board. See Section 6 for detailed information. 
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4.4.2 C series servo amplifiers 

Check pin 

IRL 

WM) 

Check procedure 

Check the voltage between check pin 0 V and check pin IS# by using an 

oscilloscope. S-phase motor current of # axis can be measured. See Table 

4.4.3 (a) for the ratio of voltage at check pin and motor current. 

ISL 

USM) 

Check the voltage between check pin 0 V and check pin IR# by using 

oscilloscope. R-phase motor current of # axis can be measured. See Table 

4.4.3 (a) for the ratio of voltage at check pin and motor current. 

+5v Check the voltage between check pin OV and check pin + 5V by using circuit 

tester. Voltage measured must be + 5 5 0.25V. This voltage does not 

appear if fuse on PC6 has blown. 

ov Reference voltage 

(Note 1) For a I-axis amplifier, signals are not applied to IRM and ISM. 

(Note 2) When checking a signal, be careful not to cause a short circuit. 
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4.4.3 Motor current 

Table 4.4.3 (a) Ratio of motor current to voltage (14 

Drawing number 

Type 
Ratio of current to Maximum current 

= Axis name 
S series C series 

voltage (A/V) amps peak (A) 

For 1 axis A06B-60570HO01 0.5 2 

A066-6057-HO02 A06B-6066-HO02 1.0 4 

A06B-6058-HO02 

A06B-60570HO03 A06B-6066-HO03 3.0 12 

A06B-60580H003, HO23 

A06806057-H004, HO05 A06B-6066-HO04 10 40 

A06B-6057-H015, H401 

A06B-6058-H004, HO05 

A06B-6057-H006, H402 A06B-6066-HO06 20 80 

A06B-6058-H006, HO25 

A068-60570H007, HO08 25 100 

A06B-6057-H403 

A06B-6058-HO07 A06B-6066-HO08 32.5 130 

A06B-6058-HlOl 55.6 200 

A06B-6058-H 102 83.3 300 

For 2 axis A06B-6066~H222 UM 1.0/l .o 414 

A06B-6066-H223 L/M 1.013.0 4/l 2 

A06B-6066-H224 UM 1.0/l 0 4140 

A06B-6057-H201 A06B-60660H233 UM 3.013.0 12/12 

A06B-6058-H201, H221 

A06B-6057-H202 A06B-6066-H234 L/M 3.0/l 0 12/40 

A06B-6058-H202, H222 

A06B-6057-H203 A06B-60660H244 UM lo/lo 40140 

A06B-60580H203, H204 

H223, H224, H229, H253 

A06B-6066-H236 L/M 3/20 12180 

A06B-6066-H246 L/M 1 o/20 40/80 

A06B-6066-H266 L/M 20120 80180 

A06B-6058-H231, H252 L/M 1 o/20 40180 

A06B-6058-H230, H251 UM 20120 80180 

For 3 axis A06B-6057-H301 to H304 L 10 40 

A06B-6058-H301 to H304 
M 10 

A06806058-H321 to H324 
A06B-6058-H334 N 10 

A06B-6058-H325 L 3.0 12 

A06B-6058-H331 M 3.0 

N 3.0 

A06B-6058-H326 L 3.0 12 

A06B-6058-H328 M 3.0 

A06B-6058-H332 N 10 40 
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Table 4.4.3 (a) Ratio of motor current to voltage (2/2) 

Drawing number 
Ratio of current to Maximum current 

Axis name 
S series C series 

voltage (A/V) amps peak (A) 

f=or 3 axis A06B-6058-H327 L 3.0 12 

A06B-6058-H329 M 10 40 

A06B-6058-H333 
I I I N t 10 I 

(Note) C series servo amplifiers for three axes are not available. 

Fig. 4.4.3 (b) Ratio of motor current to voltage 

185V input type 200V input type (2OOW22OV23OV) 

5-o 0.5m 

49OS, 3-0s 1 .oAN 4-OS, 3-0s 1 .OAN 

2-0, 1-o 3.oNV 2-OS, 1-0s 3.oAN 

I-os/3ooo 

0, 5, 10 

2ow 500 

OL 

2os, 30 

5L, 6L 

1oAN 

2oNV 

OS, 5s, lOS, 2os/1500 

OT/3000, 5T/2000 

1 OT/2000, 2-OSP, 8L 

5Sl3000, 6S/3000 

10s/3000, 2os, 30s 

5T/3000, 1 OT/3000 

5L, 6L 

1oAN 

2oAN 

30/2000 25NV 

40 

7L, 1OL 

2OS/3000, 3OS/3000 32.5NV 

40/2000, 7L, 1OL 

50s 55.6AN 

6OS, 70s 83.3AN 
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4.5 Setting Terminals for Printed Circuit Boards 

4.5.1 Setting terminals for S series servo amplifiers 

Terminal I Setting I Content 

L I The external thermostat signal is connected to J4 or CN2. 

I The external thermostat signal is not connected to T4 or CN2. 

If use a separate discharge unit 

I If no separate discharge unit 

Setting Terminals S3R, S3S (Set at “H” side without fail.) (Only A1 6B-1100-0300) 

S3R 

s3s 

H 

L 

If S series amplifier 

Not used 

Set at “H” side 

4.5.2 Setting terminals for C 

The C series servo amplifiers have no 

Set 

series servo amplifiers 

setting terminals. 

at “L” side 
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4.6 Amplifier Interchangeability 

4.6.1 S series 2-axis amplifier interchangeabil 

(1) Interchangeability between A06B-6058.H200 and A06B- 60580H22n 

Amplifier : 
A06B-60580H220 

Control PCB 

I Al 6B-1200-0800 or 

* Al 6B-1200-0800/02 I 

-O- Means there is interchangeability. (It is possible to exchange.) 

- x --) Means there is no interchangeability. (It is impossible to exchange.) 

(* means servo parameter changing is necessary.) 

@ There is high order interchangeability at servo amplifier level. However, it is necessary to 

change some of the servo parameters. (See to Note 4 in subsection 3.45) 

@ There is high order interchangeability at control printed board level. However, it is 

necessary to change some of the servo parameters. (See to Note 4 in subsection 3.45.) 

(2) Interchangeability between A06B-6058-H200, H220, H230 and A06B-6058-H250 series 

A06B-60580H25n 

r 

Amplifier: I -x I Amplifier: 
A068060580H20U 

H220 
H230 

Control PCB 

Al 68-l 200-0720 

Al 6B-1200-0800 

Al 6B-1200-08OOiO2 

x------_, 

Control PCB 

X Al 6B-2201-0020 

X 

The servo amplifiers and control printed circuit boards are not interchanqeable. 

If a wrono control printed circuit board is used, a failure can occur. 

l-79 



4. AC SERVO UNIT MAINTENANCE 

4.6.2 S series 3-axis amplifier interchangeability 

(1) Interchangeability between A06B-6058-H300, A06B-60580H320 and AO6B-60580H33n 

n 

I 
c I 

A06B-60580H30n *O* o A068060580H32C] 

* 
l -x+ . 

Control PCB 
Q 

Control PCB 

Al 6B-1100-0220 M--O* Al 6B-I 100-0280 rll 
x 

0 

Q 

+-O--i A06B-60580H330 

-x--, 
Control PCB 

0 Al 6B-1100-0330 

---X-b 
, ‘ 

-O- Means there is interchangeability. (It is possible to exchange.) 

- x + Means there is no interchangeability. (It is impossible to exchange.) 

(* means servo parameter changing is necessary.) 

There is high order interchangeability at servo amplifier level. However, it is necessary to 

change some of the servo parameters. (See to Note 4 in subsection 3.45.) 

There is high order interchangeability at control printed board level. However, it is 

necessary to change some of the servo parameters. (See to Note 4 in subsection 3.4.5.) 
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4.7 Connection of the Discharge Unit 

(1) S series servo amplifiers 

When using the discharqe unit, connect as follows. . 

@ Take the short bar which is between T2 (4) and T2 (5) out of T2. (Don’t use the shorting 

bar.) 

@ Connect a cable from the discharge unit between T2 (4) and 12 (6). 

@ Connect a cable from the thermostat that is mounted on the discharqe unit to T4 or CN2. . 

6%) Set Sl at “L” side. Set S2 at “H” side. 

Gil 0 0 Shorting bar 

Servo amplifier 
Discharge unit 

Fig. 4.7 (a) Connecting the separate type discharge unit 
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C series servo amplifiers - 1 

When using the discharge unit, make the following connections: . 

Remove the shorting bars between (17) and (18) on terminal block Tl and between (15) 

and (16) on terminal block Tl. (The short bars should not be used.) 

Connect the cables from (1) and (2) on terminal block T3 for the discharge unit to (17) and 

(19) on terminal block Tl for the amplifier. 

Connect the thermostat signal cables from (3) and (4) on terminal block T3 for- the 

discharge unit to (15) and (16) on terminal block Tl for the amplifier. 

A06B-6066-H500 AO6B-6066-Hooo 

Remove and connect a 
shorting bar between E-16. 
Remove and connect a 
shorting bar between 17-l 8. - 

c 

= : 
. 

- . 

- . 

- . 

- . 

r 

- 

r 

cl 3 c 

A 

I 

L 

Fig. 4.7 (b) Connecting the separate type discharge unit 
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(3) C-series servo amplifier - 2 

When using the discharge unit, connect it as shown in Fig. 4.7 (c). 

Remove the straps between terminals 17 and 18 and between 15 and 16 from terminal 

block 11. (Straps must not be used.) 

Connect the cables of terminals 1 and 2 on terminal block T3 of the discharge unit to 

terminals 17 and 19 on terminal block 11 of the amplifier. 

Connect the thermostat signal cables of terminals 3 an 4 on terminal block T3 of the 

discharge unit to terminals 15 and 16 on terminal block Tl of the amplifier. 

Connect the fan motor supply cables of terminals 5 and 6 on terminal block T3 of the 

discharge unit to terminals 24 and 25 on terminal block Tl of the amplifier. 

A06B-6066-HO08 _b 
UP e 0 

0 0 

r---’ 

I 

I 
I ==-=: 
I 

I 

I 

ii 

L- -< 

TERMINAL 
BLOCK TI 

Direction of 
mounting 

IO06 

MCI 

MC2 
I I 

\ 
FUSE 

to motor 

\\ 

FUSE 

Fig. 4.7 (c) Connecting a Separate Discharge Unit 
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4.8 Kinds of Separate Type Electric Discharge Unit 

Drawing number Resistor Resist capacity Remark 
_ 

For A06B-6057-H403, 7L, 1OL (20axis 

integrated type, forced air cooling) 

A06B-60420HO53 12Q+12Q 12oow + 1200w 

A06806042-HO55 12s2+12Q 750w + 705w For AO6B-60570H403, 7L, 1OL (20axis 

integrated type, natural air cooling) 

A06B-60470HO50 2452 4oow For A06B-60580H223, -H224, etc. 

A06B-60500HO50 16CJ 4oow For A06806058.H005, -H006, -H229 

to -H231, etc. 

A06B-60500HO52 1oCI 4oow For A06B-6058-H234, H33u, etc. 

A06806050-HO53 l6fi 800W For A06B-60570H403 7L 

A06B-60500HO54 1652 16OOW For A06B-60570H403 1 OL 

A06806058-H 191 3.652 2ooow For A06B-6058-Hl Ol, OH102 

(With forced air cooling fan) 

A06B-6058-H 192 800W For A06B-60580H007, -H251, -H252, 

-H253 

A06B-60660H500 * 4oow 16sZ For A06B-6066-HO04 to -H006, -H222 

to OH244 

-Cr: For forced air cooling with air 

speed of 2m/s 

800W A06B-6066-HO08 

For forced air cooling 

A06B-60660H711 

1200w A06B-60660H712 A06B-60660HO08 

For forced air cooling 

A068060660H713 For forced air cooling 16s2 800W 

A06B-60669H714 For forced air cooling 
i 

1200w . 
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4.9 When One or More Axes are not Used in a Two-Axis or Three-Axis 
Amplifier 

When only one axis of a two-axis amplifier or one or two axes of a three-axis amplifier need to be 

used, a dummy connector shown in Fig. 4.9 (a) or (b) must be attached to connector CNl* of each 

axis that is not to be used. FANUC input connectors can be used for this purpose. 

(I) S-series servo amplifier 

Strap pins 12 and 13 of connector CNI *. 

r \ 

,ooooooo 
0 80 0 0 0 ailclu,,7 0 

140 0 0 0 0 0 02, 

Fig. 4.9 (a) 

(2) C-series servo amplifier 

Strap pins 08 and 10 of connector CN1 *. 

12 000cm3~0l 

I110 0 0 0 0 191 

Input connector 
AO6B-60580K205 
(Solder connector) 
A06B-60580K206 
(Crimp connector) 

Input connector 
A068060660K205 
(Solder connector) 
A06B-60660K206 
(Crimp connector) 

Fig. 4.9 (b) 

(Note) An asterisk (*) indicates the axis which is not used. 

When a dummy connector is attached, the motor of the corresponding axis is not excited. The 

dynamic brake of the motor is also released and the motor becomes free. 

If the motor of the vertical axis is set free, the axis may drop. 
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4.10 Leakage Current 

This section describes the leakage current of the servo amplifier. 

4.10.1 Leakage current and selection of the ground fault interrupter 

(1) High-frequency leakage currenl and the ground fault interrupter 

If the power supply voltage at the installation site conforms to the input specifications of the 

amplifier, such as 200V AC to 230V AC, AC servo motors and AC spindle motors manufac- 

tured by FANUC can be directly connected to the power supply without using a transformer. 

In this case, a high-frequency leakage current will be drawn by the motor and the power cable. 

Alternatively there will be a stray capacitance between the amplifier and the ground. This is 

because the motor is driven by a PWM inverter using the power transistor bridge. 

This high-frequency leakage current may unnecessarily activate some types of the ground fault 

interrupter or leakage protection relay installed in the power supply circuit. 

To eliminate this problem, manufactures of ground fault interrupters specially designed for use 

with inverters have been attempting to reduce the sensitivity to high-frequency currents without 

impairing the efficiency of the inverter or general safety. With the increasing use of inverters, 

these improved ground fault interrupters are now used as standard. 

The following table lists examples of the ground fault interrupters that are compatible with the 

inverters. 

Table 4.10-l Examples of the ground fault interrupters 

Manufacturer Model No. Application status 

Fuji Electric Co., Series EG-A and SG-A Fully compatible with inverters after July, 

Ltd. 1983. 

Hitachi, Ltd. Types ES1 OOC and Fully compatible with inverters after July, 

ES225C 1984. 

Matsushita Electric Leakage current breaker, Fully compatible with inverters after 

Works, Ltd. type C November, 1984. 

Leakage current breaker, 

type KC 

(2) Installing a ground fault interrupter 

Ground fault interrupters and leakage-protection relays protect against electric shock or fire that 

may result from a leakage current. 
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(3) Selecting a ground fault interrupter 

The effects of high-frequency currents can be reduced by using-a ground fault interrupter 

compatible with the inverter in the power supply circuit of a machine. However, some leakage 

current is inevitable. This is because of the capacitance between the ground and the filter that 

is provided for suppressing the noise transfer to the circuit in the power supply side, and 

because of the above-mentioned stray capacitance. Therefore, when multiple motors are used, 

the leakage current wilt accumulate and eventually reach the sensitivity level of the ground fault 

interrupter. 

Therefore, when using an AC servo motor or amplifier 

following guide when selecting a ground fault interrupter. 

(4) Leakage current for AC servo amplifier series S 

4. AC SERVO UNIT MAINTENANCE 

As for safety, Section 333 of the “Work Safety Standards and Health Regulations” stipulates 

either connection to a ground fault interrupter for preventing electric shock or grounding of 

metal part in the motor. The section also specifies a rated sensitivity current of 30mA for 

ground fault interrupters. 

These regulations apply to relocatable or 

rather than machine tools. However, the 

current. 

portable machines, which may have multiple motors, 

regulations are a standard for selecting the sensitivity 

bY FANUC, to the 

Commercial frequency component of the leakage current for AC servo motors series S and the 

amplifier is approx. 1mA if one-wire grounding is used (S phase grounding). Accordingly, a 

greater value may be observed during measurement, depending on the type of measuring 

instrument used. See the Section 4.9.2 and subsequent sections for these points. 

At present, no particular value is specified for the high-frequency sensing characteristics of the 

ground fault interrupter. However, in view of the frequency characteristics of a ground fault 

interrupter compatible with an inverter, listed above in Table 1, sensitivity at 2 kHz is less than 

0.05 in commercial frequency range. 

By this means, the effects of high-frequency leakage current can be reduced to a satisfactory 

level. Therefore, when selecting a ground fault interrupter, a maximum ieakaae current of 2 

mA per axis for the AC servo motor of series S can be used as a guideline for calculation. 

However, the value slightly differs depending on the length of the power cable, the model of 

the motor, and so on. 

Examples: 

l When using a high-sensitivity, high-speed ground fault interrupter with a rated sensitivity 

current of 30mA, the non-activating current is 15mA. 

l if two units of AC servo motor model 10s and two units of OS are used, the total current 

for the motors, 2mA multiplied by 4 units equals 8mA, which is less than the non-activating 

current of 15mA. 
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Therefore, it is judged that the ground fault interrupter compatible with the inverter would not be 

activated in this case. 

(Note 1) When an AC spindle motor is used, it is necessary to add the leakage current for the 

motor. in addition, it is necessary to take the leakage currents of the auxiliary equipment into 

consideration. 

(Note 2) A ground fault interrupter with an appropriate rated sensitivity current needs to be 

selected depending on the size of the system. In particular, be sure to ground the type 3 machine. 

This is to ensure that a dangerous voltage is not generated at the machine or the control panel if 

the ground fault interrupter fails. 

4.10.2 Measuring the leakage current when the AC servo motor series S is 
operating 

AC servo motors of series S are driven by the PWM method using a 2-kHz chopper frequency 

signal. As a result, a higher harmonic current with a fundamental frequency of 2kHz is drawn 

through the stray capacitance between the motor and the power cable, and ground as a part of the 

recirculating grounding wire current (transmission current of machine) to the grounding wire of the 

input power for the equipment via the grounding cable of the motor and the conductive part of the 

machine. 

For leakage current measuring instruments (hereafter referred to as leakage testers), only the 

commercial frequency component is specified. Therefore, the frequency characteristics of the 

testers differ depending on the manufacturer. Some are affected by frequencies above 2kHz while 

others are not. 

Therefore, FANUC has selected leakage testers with representative characteristics and has used 

them to measure leakage. The results are shown in Tables 4.10.2 (a) and 4.10.2 (b) below. 

For models with substantial capacitance or with long cables, the leakage currents for the 

commercial frequency (measurement by characteristics A) increase slightly above the values in the 

tables as the stray capacitance increases. 
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Example 1: AC servo motor model 10s 

This example shows when a model 10s motor of series S and a one-axis amplifier are used. 

The cables specified in 31s 3312C were used to supply power to the motor. The cable were 

five meters long unless otherwise specified. 

Table 4.10.2 (a) Examples of leakage current measurements (1) 
(Unit: mA) 

Measurement conditions 

When an AC line filter 

(FANUC A81 L-0001 -0083) is used 

Characteristics of the leakage tester 
Motor speed - 

A 8 C 

0 RPM 0.8 1.7 5.0 

2000 RPM 0.8 1.3 3.4 

When a general-purpose AC line filter 
(FHF-T30 made by Fuji Electric Co., 
Ltd.) is used. 

When an isolating transformer (FANUC 

0 RPM 1.2 1.9 5.1 

2000 RPM 1.3 1.6 3.6 

0 RPM 0.1 0.2 0.4 

A80L-0024-0006) is used 
2000 RPM 0.1 0.1 0.3 

When no AC line filter is used 0 RPM 0.8 1.6 4.8 

2000 RPM 0.8 1.3 3.4 

When no AC line filter is used with a 0 RPM 1 0.8 1 2.2 1 7.1 

cable 14 m long 
2000 RPM 0.9 1.7 5.0 

instruments used: Ail the leakage testers are grip-type leakage ammeters. 

Characteristics A: Model 2413F (Kyoritsu Denkikeiki), 50/60Hz range 

Characteristics B: CLM-40AD (Midori Anzen Corp.) 

Measurements were taken at the filter mode (fc = 707 

Hz) of the frequency characteristics based on the 

standard for installing the line filters for computers. 

Characteristics C: CLM-40AD Ordinary mode 
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Example 2: AC servo motor model 30s 

The measurements were taken using a model 30s motor of series S and a one-axis amplifier. 

The cables specified in JIS 3312C were used to supply power to the motor. The cables were 

14 meters long. 

Table 4.10.2 (b) Examples of leakage current measurements (2) 
(Unit: mA) 

Measurement conditions 

When an AC line filter (FANUC A81 L- 

0001-0083) is used 

When an AC line filter (FANUC A81L- 

0001-0101) is used 

When no AC line filter is used 

Characteristics the leakage 
Motor speed 

RPM 4.1 13.0 

1200 RPM 1.0 2.8 9.1 

0 RPM 1.1 4.3 13.4 

1200 RPM 1.1 3.0 9.7 

0 RPM 1.1 3.9 12.9 

1200 RPM 0.9 2.8 8.9 

Instruments used: Characteristics A: Model 2413F (Kyoritsu Denkikeiki), 50/60Hz range 

Characteristics B: CLM-40AD (Midori Anzen Corp.) Filter mode 

Characteristics C: CLM-40AD Ordinary mode 

In addition to those listed above, BT6001 (Matsushita Electric Co., Ltd.) is available. This 

tester has characteristics A. 

CLM-650X (Midori Anzen Corp.) is also available and has characteristics C. 

Various types of leakage testers are available other than those shown above. When confirming 

the functions of a given grounding fault interrupter for the inverter, it is recommended to use a 

leakage tester having characteristics A, which best matches the grounding fault interrupter. 
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5. AC SERVO MOTOR MAINTENANCE 

5.1 AC Servo Motor Maintenance 

As a rule, the AC servo motor does not require periodic maintenance because there are no wearing 

parts. But AC servo motor contains a precision detector, so misoperation or damage in transit 

might cause failure or trouble. It is recommended to check the motor referring to this manual 

periodically. 

51.1 Acceptance and storage of AC servo motor 

(i) Check that servo motor is the specified one (Check the motor and detector specifications.) 

(ii) Check that there is no mechanical damage. 

(iii) Check that the rotating part can be easily and smoothly turned by hand. 

(iv) Check if it is a motor with brake, if so check that the brake is normal. 

(v) Check for any loosened screws or play. 

Every servo motor undergoes strict inspection before shipment, therefore a special receiving 

inspection may not be required as a rule. When a receiving inspection is required, it is 

recommended that the user refer to the AC servo motor specifications for information about servo 

motor and detector wiring, currents, and voltages. Don’t leave the servo motor outdoors, but store 

it indoors. Avoid storing it in the place with an extremely high or low humidity, radical changes of 

temperature, or dust. 

5.1.2 Mounting AC servo motor 

Note the following points when mounting the servo motor. 

) The servo motor is not waterproof. If cutting oil, lubricating oil, etc. penetrate into the inside of 

the motor, it may break down the insulation and short-circuit the coil. Therefore, due care 

should be taken so that liquids such as cutting oil will be kept from the motor. 

) When mounting the servo motor on a gear box where liquid lubrication is performed, if the lip of 

the oil seal is always exposed to oil, there is a possibility that the oil may penetrate into the 

inside of the motor in the course of time. Therefore the height of the oil level must be lower 

than the oil seal lip. When the servo motor is mounted with the output shaft upward, mount 

another oil seal at machine side which will divert any oil which has passed through the first oil 

seal. The oil seal used for each motor model is listed in the following. 
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Motor model 
Oil seal specification Oil seal specification 

(Standard motor) (Motor with brake) 

1 -OS, 2-0s AB0598EO (SB type) 

OS, 5s A98L-0004-0249/Al188R AB1314FO (SB type) 

OL, 5L, 6L AB1314FO (SB type) 

10s to 40s A98L-0004-0249IA1189R AB2057GO (SB type) 

7L, 1OL AV2057GO (SB type) 

50s to 70s AB3220EO (SB type) 

The SB type oil seals are the products NOK Co., Ltd. 

The A98L type oil seal is an exclusive oil seal supplied by FANUC. 

When the servo motor is coupled to the load through gears, timing belt, etc; or the force 

exerted on the motor shaft must not exceed the values shown in the following table. Therefore 

due care should be taken for the operating condition, mounting method, and mounting 

precision. 

Motor model I Permissible radial load I 

l-OS, 29OS, others ~~ -1 ~~ ~~ 25kg I 

OS, 5S, OL, 5L, 6L 70kg 

10s to 4os, 7L, 1OL 45Okg 

3-OS, 4-0s 8kg 

5-o 4kg 

50s to 70s 9OOkg 

The values of permissible radial loads are the ones when the load is imposed at the end of 

the shaft. The values in this table indicate the maximum permissible loads which are the 

sum of the constant force always exerted on the shaft owing to the mounting method (e.g., 

the force given by the tension of the belt when the belt coupling is used) and the force 

generated by the load torque (e.g., the force transmitted from the gear or pulley outer 

diameter). 

As a rule, axial load to the shaft should be avoided. Servo motor contains a precision 

detector, and excess axial shock may damage the detector. 
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Make the wiring between the servo motor and the control circuit without any mistake, just a& 

specified in the FANUC AC Servo Motor Series Descriptions (B-65002). (See the connection 

diagram of the machine.) A mistake made in the wiring may cause runaway or abnormal 

oscillation and may damage the motor or the machine. When the wiring is completed, measure 

the insulation between the power line and the motor frame before turning on the power. The 

measurement should be make with a SOOV megger. Further, check the insulation between the 

signal lines and the motor frame with a multi-tester. Be sure not to use a megger for 

measuring the insulation or the signal lines for the pulse coder. 

5.1.3 Replacement of pulse coder 

This section describes how to replace a pulse coder and how to check the phase-relationship 

between the AC servo motor and the pulse coder. If possible, re-check the phase-relationship after 

replacing it. 

(1) The method being described here is applicable to AC servo motors of model types OS, 5S, 1 OS 

to 70s and L series. Regarding replacement of the pulse coder, although it is possible to 

separate and exchange the pulse coder in model type 2-0s and l-OS, it is not recommended. 

The pulse coder in models 3-OS, 4-0s and 5-O cannot be replaced because it is directly 

assembled on to the motor. 

(a) Remove defective pulse coder. (see Fig. 5.1.3(a)) 

@ remove rubber cap. 

@ remove bolt (m5). 

@ remove the 3 screws (m4). Be careful not to drop the screws. 

@ remove pulse coder ( + attachments) from the motor shaft. 

(b) Mount new (good) pulse coder 

mount pulse coder ( + attachments) on the motor shaft. Notice that both a tooth of 

coupling and a groove of pulse coder mesh together. Care should be taken, for fitting 

length is short. 

replace the bolt (m5). 

adjust marking-off line between attachments of pulse coder and motor housing. 

replace the 3 screws (m4). Be careful not to drop the screws. 

(2) The way of checking the phase-relationship 

to the pulse coder, and check signals of Cl to C8. Correct pattern is as 

The method written here is applicable to all AC servo motors. 

@ connect V to W. (see Fig. 5.1.3(b)) 

@ excite motor at rated DC current from U to V & W. (U: + , V & W: - ) 

@ supply DC 5V 

follows. 

Cl C2 C4 C8 

1 1 1 1 

or 1 1 1 0 (1: High 0: Low) 

Change position of *C8 is accurate. 
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M otor shaft 

Attachment Bolt (M5) KUDDW Cap 

Coupung Screw (M4, rnree) 

Fig. 5.1.3 (a) 

Layout line \ 

*The DC excitation current when performing the phase-related check is as shown in Fig. 5.1.3 

Motor model DC electric current 

3-OS, 4-0s 1.2A 

1 -OS, 2-0s 3.OA 

OS, 5s 6.OA 

10s 1 O.OA 

OL, 5L 15.OA 

30/2000, 20.OA 

20s to 70s 

Fig. 5.1.3 (b) 
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5. AC SERVO MOTOR MAINTENANCE 

5.2 Connecting the Phase C Signal for a Separately Installed Pulse Coder 
(Only for Series 0) 

With series 0, a phase C signal for detecting the rotor position is connected between the 

connectors for detecting feedback from the built-in pulse coder and the separately installed pulse 

coder. (See Fig. 5.2.) 

When constructing a fully closed system using a separately installed pulse coder, the system may 

shift from its mountings, vibrate, or an alarm resulting from disconnected wiring may be generated 

if the cable have not been connected satisfactorily. 

Therefore, it is necessary to use a cable that does not have the phase C signal of the separately 

installed pulse coder connected to the 10 to 13 pins of the connector for detecting feedback from 

the separately installed pulse coder. 

Series 0 printed circuit board 

1 

10 
to 
13 

10 
to 
13 

i 
Motor 

, 
Phase A03 

Phase Z . 

Phase C 

Phase A/B 

Phase 2 

I Phase C is not connected. 

Fig. 5.2 Connecting a separately installed pulse coder with the Series 0 board 
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6. CHECK BOARDS 

6. CHECK BOARDS 

6.1 Configuration 

The checkboard receives the digital value used for control inside the digital servo as numerical data 

and converts it to an analog form. This makes it possible to observe the analog voltage using an 

oscilloscope, brush recorder, etc. 

The data sent to the checkboard from the digital servo CPU differs according to the series of the 

digital servo, the version number, the type of motor and the number of pulses of the pulse coder. 

In the checkboard, in addition to the function to transform the data from the CPU to voltage, there 

is a function to transform (F-V transformation) the pulse array from the motor pulse coder to a DC 

voltage. 

Furthermore, there is a function (multiply function) which decreases the number of pulses from the 

pulse coder by l/2, l/5 and l/10 making it able to respond to a high-resolution pulse coder. . . 

(NC control unit) 

Servo motor Pulse-coder 

. . 

:IpGjq. 
I J 

(Checkboard) 

pulse 

Fig. . 

signals listed in table below output to check board. 

6.1 (b) Output signals 

GND I used as for I _ 

CHI, 

I 

TSAL, produced by converting (F/V) output signal from 

coder built motor to voltage. speed is indicated. 

(These signals are not applicable when serial coders are used.) 

the check board, speed signal the first (L axis) output to and the 

signal of second axis axis) is output TSAM. When serial pulse is used, 

conversion (F/V) is impossible of different scheme used. TSAL and 

cannot be For this reason, similar signals are produced by servo software output 

to and CH6. 

and conversion of of the terminal signals (CHl, CH2, CH4, CH5, 

CH7, and depend on servo series/edition and rotary switch 
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6. CHECK BOARDS 

6.2 Types of Unit and Designated Specifications 

With Series 16, a check board signal is mixed with an analog signal used for spindle control, and 

output through the same connector. So, specify an adaptor as well as a check board for Series 

16. 

Series 0 and 15 do not require such an adaptor. See Section 6.9.4 in this part and Section 5 in 

Part Ill for detailed information. 

Table 6.2 (a) Designated specification of unit 
\ / 

Designated 

specifications 
Remarks 

1 

A06B-6057.H602 Check board (Keyed connector type) 

A02B-0120-C211 Adapter (necessary only for Series 16) 

There are two kinds of connectors between the checkboard and NC, the keyed type connector and 

the old IC socket connector. The keyed type is used on most the 32 bit CNCs. 

All FSlO, FSl 1 and FS12 machines and old FSO, FSI5 use the IC socket connector therefore 

make sure to specify AO6B-6057.H601 (with IC socket connector) when using these machines. A 

more detailed table is given in Section 6.9.4. 

Detailed specifications of the two configurations are shown in the table 6.2 (b). 

Table 6.2 (b) Configuration of unit 

Designated 

specifications 
Items included in the designated specification 

A06B-6057-H601 Printed board Al 6B-1600-0320 

Cable A66L-2040-0007 

(The cable uses an IC socket (DIP) type connector at each end.) 

A06B-6057.H602 Printed board Al 6B-1600-0320 

Cable A660-2001 -T998#16A0400 

(The cable has a keyed connector at each end to prevent wrong 

insertion .) 

A02B-0120-C211 Adaptor board configuration. For details, see Chapter 5 in Part Ill. 

(for Series 16) Adaptor board A20B-1004-0940 

Adaptor cable A660-20240T007#Ll OOROB 
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6. CHECK BOARDS 

6.3 Checkboard Connections 

The connection between the checkboard and the master P.C.B., or between it and the additional 

axis P.C.B., is made using the back-to-back IC socket cable (14 PIN) supplied with the checkboard 

or with the keyed connector flat cable (16 PIN). 

Before connecting the checkboard, turn the NC power off. 

For Series 16 adaptor board connection, see Chapter 5 in Part III. 

Connect the cable so that the blue 
cable is on the upper side. 

Confirm that the No. 1 PIN Mark is matching. 

i Blue Line 

No. 1 PIN Mark 
I I i Take care about reverse insertion! ! 

Master board or 
axis control board Checkboard 

Fig. 6.3 (a) Connection of connector IC socket type 

Blue Line 
Connect the cable so that the blue cable 
is on the upper side. 

Master board or axis control board Checkboard 

Fig. 6.3 (b) Connection of connector to prevent wrong insertion 
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6. CHECK BOARDS 

6.4 Output Signal 

(1) When conventional pulse coders (other than serial pulse coders) are used 

Table 6.4 (a) indicates output signal locations. 

Table 6.4 (a) Output signals (when serial pulse coders are not used) 

RS location TSAL TSAM CHl CH2 CH3 CH4 CH5 CH6 CH7 CH8 

0 TSA/L TSA/M VCMD/LTCMD/L VCMD/M TCMD/M - - - - 
_~~ ~~- ~_~ 

L axis M axis L axis L axis M axis M axis 

(Note) The earlier editions of the servo ROM have a different signal output format. For detailed 

information, see Section 6.9.2. 

Applicable ROM series/editions: 9000 series/edition L or earlier 

9001 series/edition H or earlier 

9002 series/edition C or earlier 

(2) When serial pulse coder A, B, or C is used 

As indicated in Table 6.4(b), the TSA signals differ in output location between the conventional 

pulse coders and serial pulse coders. 

Table 6.4 (b) Output signals (when serial pulse coders are used) 

RS location TSAL TSAM CHl CH2 CH3 CH4 CH5 CH6 CH7 CH8 

0 - - VCMD/LTCMD/LVCMD/M TCMD/M TSAIL T3AlM - - 

L axis L axis M axis M axis L axis M axis 

TSALCHl CH3 CH5 CH7 GND 
000000000000 

GNDTSAMCH2 CH4 CH6 CH8 

DSl 

Dip switch 

Rotary 
switch 
RSl 

Connector (II) Connector (I) 

Standard setting 

Sl selects the 2.5 MHz clock 

I I S2 Shorts the ON side 

I I S3 Shorts the ON side 

Fig. 6.4 External view of checkboard 
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6. CHECK BOARDS 

6.5 Digital Servo Block Diagram 

Fig. 6.5 shows the block diagram of the digital servo, and the relationships between the VCMD, 

TCMD, and TSA signals. 

VCMD TCMD TSA 

Fig. 6.5 Digital servo block diagram 

6.6 VCMD Signal 

The VCMD (Velocity Command) signal means the motor velocity command. 

However, because there is a simultaneous relationship of (position gain) X (position deviation), it is 

possible to check position deviation during operation. 

(Note) When the feed forward function is used, VCMD does not include its signal and so is less 

for a given motor speed. 

The velocity command rotations and VCMD magnification rates corresponding to the numbers of 

pulse coder pulses are indicated below. 

Table 6.6(a) VCMD signal conversion table 

Velocity command rotation @pm/S/) 
VCMD magnification rate (No.1 956, 8X1 2) 

Pulse coder pulse count (pulse) (VCMD magnification rate: 1) bit 5 0 = wits=1 bit 5 1 = 

bit 4 = 1 bit 4 = 0 bit 4 = 1 

2000 480 1920 7680 30720 

2500 384 1536 6144 24576 

3000 320 1280 5120 20480 

10000 96 384 1536 6144 

Including serial pulse coder C. 

12500 76.8 307.2 1288.8 4915.2 

15000 64 256 1024 4096 

20000 48 192 768 3072 

25000 38.4 153.6 614.4 2457.6 

30000 32 128 512 2048 

1048576 0.9155 14 234 3750 

Including serial pulse coder A, B 
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6. CHECK BOARDS 

VCMD magnification rate 

The weight of VCMD output can be made variable using a parameter. This capability is 

available with the software indicated below. By changing the weight of VCMD signal, an overall 

waveform measurement and fine measurement can now be made. 

Applicable servo ROM: Edition 9030/001 K or later 

Edition 9040/00IA or later 

No. 1956 (Series 15) 8X1 2 (Series O-C) Magnification rate for conventional VCMD output 
1 

bit 5 bit 4 Conventional pulse coder Serial pulse coder A, B 
, 1 

0 0 I (as before) 1 (as before) 

0 I 4 I6 

I 0 16 256 

I I 64 4096 

(The same magnification rates as for the conventional 

pulse coders apply to serial pulse coder C.) 

(2) In a closed loop system with serial pulse coder A or B, the VCMD signal is converted as shown 

in the table below. (This table does not apply to a system with serial pulse coder C.) 

No.1 956 (Series 15) 8X12 (Series O-C) VCMD signal conversion in a closed loop 

bit 5 bit 4 system with a serial pulse coder @pm/5 V) 

0 I 0 I 468 

0 I 1875 

I 0 7500 

(3) The actual VCMD waveform is a _ +5V foldback waveform as shown in Fig. 6.6 (a) and 

therefore when the calculation value exceeds 2 5V, add or subtract IOV, put back the 2 5V 

and compare the waveforms. 

At high speeds, the signal is looped back at 5V. So the entire waveform may not be observed 

easily during rapid traverse acceleration/deceleration or when a high-resolution pulse coder is 

used. In such a case, modify the VCMD magnification rates described in Item (1) above. 
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6. CHECK BOARDS 

output 

For 2000P pulse coders voltage 
t 480RPM 1440RPM 

Fig. 6.6 (a) VCMD waveform 

(4) In general, VCMD (motor speed at 5V) conversion is to be performed according to the number 

of pulses of a pulse coder used as follows: 

VCMD = 960000/P x M [rpm/SV] 

P : Number of pulse coder pulses 

M : VCMD magnification rate (See Item (1) above.) 

Example I: If a 2000 P pulse coder is used when bit 5 is 0 and bit 4 is 1 for No. 1956 and 

8X12, VCMO signal 5 V corresponds to the following: 

480 x 4 = 1920 (rpm) 

Example 2: If a 30000 P pulse coder is used when bit 5 is 1 and bit 4 is 1 for No. 1956 and 

8X12, VCMO signal 5 V corresponds to the following: 

32 x 64 = 2048 (rpm) 

(5) The positioning deviation can be calculated from the VCMD signal as described below. 

The relationship between the velocity and positioning deviation is represented by the following 

expression: 

V (pulse/s) = E (pulse) x PG (l/s) 

(V: Velocity, E: Positioning deviation, PG: Position gain) 

If the number of position feedback pulses per motor revolution (after flexible feed gear or DMR) 

is Np, the weight of the VCMD signal (rpmN) is WV (see the conversion table in Section 6.6), 

and the position gain (l/s) is PG, the following relationships apply: 

V= 
Np l WV 

[ (pulse/s)/5v] 
60 

V Np- W 
& =-- [ pulse/5v] 

PG 60 l PG 
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The voltage per pulse of positioning deviation is calculated as follows: 

60 l PG 
I/& = X 5 [V/pulse] 

Np l W 

Example 1: 

Example 2: 

Example 3: 

Example 4: 

2000 pulses, DMR = 4, PG = 3OS-1 , semi-closed loop system 

Weight of the VCMD signal of 2000 pulses: WV = 480 [rpmlfi V] 

As DMR is 4: Np = 2000 X 4 = 8000 [pulse/rev] 

The voltage per pulse of positioning deviation is calculated as follows: 

60 l 30 l 5 
= 0.00234 [V] = 2.34 [mV] 

8000 l 480 

10000 pulses, flexible feed gear of l/4, PG = 40s - 1, semi-closed loop system 

Weight of the VCMD signal of 10000 pulses: WV = 96 [rpm/fi V] 

As the gear ratio of the flexible feed gear is l/4: 

Np = 10000 X 4 X l/4 = 10000 [pulse/rev] 

The voltage per pulse of positioning deviation is calculated as follows: 

60 - 40 - 5 
= 0.0125 [V] = 12.5 [mV] . 

10000 - 96 

Serial pulse coder A, flexible feed gear of l/l 00, PG = 3OS- 1, semi-closed loop 

system 

Weight of the VCMD signal in a semi-closed loop system with serial pulse coder 

A: WV = 0.9155 [rpm/5 V] 

As the gear ratio of the flexible feed gear is l/l 00: 

Np = 1000000 x 1 /lOO = 10000 [pulse/rev] 

The voltage per pulse of positioning deviation is calculated as follows: 

60 l 30 l 5 
= 0.983 [V] = 983 [mV] 

10000 l 0.9155 

Serial pulse coder A, scale provided, 10000 position pulses per motor revolution, 

flexible feed gear of I/l, PG = 3OS-1 

Weight of the VCMD signal in a closed loop system with serial pulse coder A: 

WV = 468 [ rpm/fiV] 

As the gear ratio of the flexible feed gear is 1P l I . 

Np = 10000 X l/l = 10000 [pulse/rev] 

The voltage per pulse of positioning deviation is calculated as follows: 

60 l 30 - 5 
= 0.00192 [V] = 1.92 [mV] 

10000 l 468 
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6. CHECK BOARDS 

To check minute vibrations, monitor the entire vibration on the DC coupling of the oscilloscope, 

then enlarge and monitor the desired range on the AC coupling. The irregularity of positioning 

deviation can be obtained by reversing the calculation. 

DC coupling AC coupling 

Measurement of the velocity command Q Measurement of the positioning deviation 
irregularity 

Fig. 6.6 (c) Measurement of the Velocity Command and Positioning Deviation Irregularity 

Example: When DMR is set to 4, PG is set to 30, 1 pulse is set to 1 pm, E is set to 10 mv in 

Fig. 6.6 (c) - @, 

10/2.34 = 4.27 

The vibration of the motor (or table in a closed loop system) is about 4 pm. 
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6. CHECK BOARDS 

6.7 TCMD Signal 

The TCMD (Torque Command) signal commands the motor generated torque. 

It is the current command value of each of the R, S, T phases. . 

Table 6.7 TCMD signal conversion table 

Maximum 
current I 

Signal output for 
maximum current I 

Current / 1 V 
I 

Applicable servo motor 

2AP 4.44v I 0.45Ap 5-O 1 

4AP 4.44v 0.9Ap I 3-0, 4-O (185V INPUT) 

4AP 4.44v 0.9Ap I 3-OS, 4-0s (200V INPUT) 

12Ap 4.44v 2.7Ap I l-0, 2-0, l-OS, 2-0s (310), I-os/3ooo 

4OAp 4*44v gAp I 0, 5, 10, 0-OSP, OS, 5S, 1 OS, 2OW500, 

OL, OT/3000, 51/2000, 1 OT/2000 

76Ap I 4.22V 
I 18Ap I 30, 2OS, 3OS, 5L, 6L 

80Ap 4.44v l8Ap W3000, 6S/3000, 1 OS/3000, 5T/3000, 

1 OT/3000 

90Ap 4v I 22.5Ap I 30/2000 

IOOAp 4.44v I 22.5Ap I 40, 7L, 1OL 

130Ap 4.44v 29Ap I 2OSl3000, 3OS13000, 4OS2000 

200Ap 4v 50Ap I 50s 

300Ap 4v 75Ap I 6OS, 70s 

(Note 1) The signal is the peak value. In order to convert to the RMS value, multiply by 0.71. 

(Note 2) Maximum current is the current limit of the servo amplifier. Thus the signal output for 

maximum current is the torque limit value. 

For example, in the case of AC Model 30/2000 

Limit current = 90 [Ap] 

Torque limiter (TQLIM) = 6554 TQLIM: No. 1872, No.8X60 

Output voltage when maximum current = 4.44 x 
TQLIM 

7282 

6554 
= 4.44 x = 4.0 [V] 

7282 

Output voltage when maximum current = maximum current 

4 [VI = 90 [Ap] 

Each 1 [V] will become 22.5 [Ap]. 

(Note 3) In high-speed rotation, the back electromotive force of the motor has considerable 

influence and the value of TCMD may be different from the actual current value. 
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6.8 TSA Signal 

When a conventional pulse coder rather than the serial pulse coders is used, a TSA signal is 

produced by converting (frequency-to-voltage) an output pulse signal from the pulse coder of a 

motor to voltage. The conversion output indicates the speed (actual speed) of the motor. 

When a serial pulse coder is used, conversion from frequency to voltage is impossible because of 

a different output pulse scheme used. So similar signals are produced by servo software for output 

to CH5 and CH6. 

Usually it is easier to calculate the position deviation backwards from the VCMD signal, but when 

using full close systems etc., it is possible to check the difference in movement between the motor 

shaft and table by comparing the position deviation of both signals. 

(1) When a conventional pulse coder rather than the serial pulse coders is used, the TSA signal is 

output to TSAL and TSAM. 

Table 6.8 (a) TSA signal setting and conversion table 

DSl-2 

(03-4) 

DSl-5 

(DSl-7) 

DSl-1 

(DSl-3) 

DSl -6 

(DSl-8) 
Conversion Multiply setting 

X I 2.4V/l OOOrpm I l/l 0 2OOOP X X 

X I 2.4V/l OOOrpm I l/l 2500P X X X 

0 1 2.4WlOOOrpm I l/l 3OOOP X X X 

1 OOOOP 0 0 X I 2.4Wl OOOrpm I l/5 X 

X I 2.4Wl OOOrpm I l/5 0 125OOP X X 

0 1 2.4V/lOOOrpm I l/5 15OOOP X X 

2OOOOP X I 2.4Wl OOOrpm I l/10 0 

X 
I 2.4V/l OOOrpm I l/10 0 25000P X 

0 1 2.4WlOOOrpm I 140 0 0 3OOOOP X 
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(2) When serial pulse coder A, B, or C is used, the TSA signal is output to CH5 and CH6. 

Table 6.8 (b) TSA signal setting and conversion table 
A 

Conversion 3750 rpm/SV (Serial pulse coder A, B) 

3840 rpm/W (Serial pulse coder C) / v 

(Note 1) DSl-1 to DSl-8 represent switch positions 1 to 8 of DIP switch 0%. The switch 

numbers are marked on the surfaces of the DIP switch and PCB. 

(Note 2) “0 n shows the dip-switch is ON; “ x n show it is OFF. 

(Note 3) Inside ( ) is the switch name for the M axis case. 

(3) Multiply setting 

Multiply setting enables the ISA signal to be reduced by a multiply ratio before it is output. In 

particular, when a high-resolution pulse coder is used, multiply setting prevents the ISA signal 

from saturating at highest speeds, thus facilitating measurement. 

The setting of the DIP switches is shown in Table 6.8 (c). 

Table 6.8 (c) Multiply setting table 
* 

Multiply setting inside ( ) is DSl -5 DSl-6 

M axis case (OS1 -7) (DSl-8) 

X X 

l/2 0 X 

115 X 0 

l/10 0 0 

(Note 1) Motor movements during stop are not shown accurately except at a multiply of I/I. As 

a result, when it is necessary to closely observe the small movements during machine stop or 

conditions at low speeds, the multiply should be set at l/l for best results. 

(Note 2) In a closed-loop system, the TSA signal is output from the pulse coder built into a 

motor. 

(Note 3) Method of determining motor operation from the TSA signal 

In the full close system, it is possible to compare position movement of both the table and motor 

shaft from the VCMD signal and the TSA signal. 

When measuring the TSA signal, it is possible to check the smallest of vibrations by looking at the 

DC coupling of the oscilloscope as a whole and then the AC coupling and then enlarging the range. 
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GN* piL____~___~___~_“__~____~____ 
DC coupling 

@ TSA measurement 

AC coupling 

@ Position deviation irregularity measurement 

Fig. 6.8 (a) Measuring the TSA and position deriation irregularity 

In @ in Fig. 6.8 (a) velocity deviation Vv (V) and vibration frequency f (Hz) is measured. If the 

checkboard has standard settings, it is 1 OOOrpm when TSA = 2.4V and therefore 

Vr (rpm) = 
vv (v) 

x 1000 

Changing the unit 4 x (1160) gives 

Vp = 
4WOOOxNp 

(V) 
2.4 60 

Here is the coder pulse count (pulse/rev). 

If the velocity (Vp the oblique @ in fig. (a) is is possible 

the position (pulse)) deviation in between. Assuming waveform to 

a sine the is 

I/(21) 

(pulse) = I 4MOOOxNp 
x Vv (V) xsin2nft - dt 

2.4 X 60 
0 

= 8.842 x 
Np WV (V) (As the sine wave is assumed, if the vibration 

f (Hz) frequency width is measured a more accurate 

value can be obtained.) 

(f is the vibration frequency.) 

(Example) If the checkboard at pulse coder pulse count = 20000 pulses, has standard settings 

and TSA signal vibration frequency width is Vv = 2mV and vibration frequency is 

f = lOOHz, then the position deviation P (pulse) becomes 

2oooox2Wo-3 
P (pulse) = 8.842 x 

100 

= 3.54 (pulse). 

If 1 pulse = 1 e, then deviation is approximately 3.5 pm. 
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6.9 Reference Data for the Check Board 

6.9.1 Old’ checkboard (Al 6B-1600-0210) output signal 

The output signal from old checkboard are shown in Table Referenced. 

Table 6.9.1 (a) Output signal 

GND The common of other signals is OV. 

Cl-H, CH2, CH3, CH4 The internal control information is output according to the digital servo 

software. 

TSA This is the signal that transforms (F/V) the output pulses of the motor 

encoder to voltage. (It shows the RPM of the motor.) 

In the old checkboard Al 6B-1600-0210 select either the 1st axis (1 axis) or the 2nd axis (M axis) 

by the toggle switch TSI and output the speed signal to TSA. 

(1) ISA signal 

Table 6.9.1 (b) Table of TSA signal setting and conversion . 

Pulse coder s2 s3 Conversion 
Maximum number of rotations 

possible to output 

2OOOP H L 2.4Wl OOOrpm 3750rpm 

2500P L L 2.4Wl OOOrpm 3OOOrpm 

3OOOP L H 2.4Wl OOOrpm 2500rpm 

1 OOOOP H L 2.4W200rpm 750rpm 

125OOP L L 2.4W200rpm 600rpm 

15OOOP L H 2.4W200rpm 500rpm 

2OOOOP H L 2.4W OOrpm 375rpm 

25OOOP I_ L 2.4W OOrpm 300rpm 

3OOOOP L H 2.4W OOrpm 250rpm 
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The meaning and conversion of the signals at each terminal CHl, CH2, CH3 and CH4 differ 

according to the digital servo ROM version number and the rotary switch RSI setting. 

The output signals are as shown in the table 3. 

Furthermore, regarding the ROMs in the digital 

ROM 9000 series L version and earlier 

9001 series H version and earlier 

9002 series C version and earlier 

refer to Section 6.9.2 because the locations of 

Table 6.9.1 (c) 

servo 

the signal output differ. 

Output signal 

RS position CHl I CH3 I CH4 

0 1 VCMO (L) 1 TCMO (L) 1 VCMO (M) 1 TCMO (M) 

GNOTSACHl CH2CH3CH4GNO 
0000000 

Sl 

Illlo 
52 s3 

la 
Rotary switch 

I I 
Connector (I) Toggle switch 

Sl is normally set to short. 

Fig. 6.9.1 External view of old checkboard 

(2) VCMO signal and TCMO signal 

Because the conversion of the VCMD signal and TCMD signal in the old checkboard is the 

same as the conversion in the new checkboard, please refer to Table 6.6 (a) and Table 6.7. 
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6.9.2 Old ROM version number output signal 

The output signal of the digital servo with the new check board 

ROM 9000 series L version and earlier 

9001 series H version and earlier 

9002 series C version and earlier 

is as shown in the table 6.9.2 (a). 

Table 6.9.2 (a) Output signal 

RS position CHl CH2 CH3 CH4 CH5 CH6 CH7 CH8 

0 
VCMD TCMD VCMD TCMD 

0-J ((4 (Ml (M) 

Furthermore, in the old checkboard it is output as shown in the table 6.9.2 (b). 

RS position 

0 

1 

Table 6.9.2 (b) Output signal 

CHI CH2 CH3 CH4 

VCMD (L) TCMD (L) - - 

VCMD (M) TCMD (M) - - 
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6.9.3 Socket exchange periods 

There are two kinds of connectors between the checkboard and NC, the keyed type connector and 

the old IC socket connector. The following table lists all NC machine types and compatible 

connectors. 

Series of NC 

Series 16 

Series O-A, B 
Series O-C (16 bit) 
Axis control PCBs 
Al 68-2200-0220, 0221, 0330 

Series O-C (32 bit) 
Axis control PCBs 
Al 68-2200-0360, 0361, 0371, 
0380 

A06B-60570H602 
A06B-60570H602 A06B-60570H601 

A02B-0120C211 (keyed type) (IC socket type) 

0 (*I) X X 

X X 0 

X 0 X 

Series 15 axis control PCBs 
Al 6B-2200-0080 to 81 
(up to editions OlA to 05B) 
Al 68-2200-0090 to 93 
(up to editions OlA to 05A) 

Series 15 axis control PCBs 
Al 6B-2200-0080 to 81 
(edition 06B or later) 
Al 6B-2200-0090 to 93 
(edition 06A or later) 

Power Mate A, B 

Series 10 

Series 11 

Series 12 

X X 0 

X 0 X 

X 0 X 

X X 0 

X X 0 

X X 0 

(al) See Chapter 5 in Part ill for detailed information. 

l-112 



. . 

7. TROUBLESHOOTING DIGITAL SERVO DEVICES 

7. TROUBLESHOOTING DIGITAL SERVO DEVICES 

Troubleshooting and fault recovery Of servo problems (alarms) are described in this chapter. 

(For problems relating to vibration or precision for which no alarms occur, see Chapter 8. DIGITAL 

SERVO ADJUSTMENT PROCEDURE.) 

7.1 Digital Servo Alarms 

Digital servo alarms are detected by the servo amplifier and servo software. Common alarm codes 

are then sent from the servo software to the NC, where corresponding error messages are 

displayed. (See Fig. 7.1 (a).) 

Serial pulse 

coder 

Detection of : 
CSAL alarm 

BLAL alarm 

PHAL alarm 

RCAL alarm 

BZAL alarm 

CKAL alarm 

Servo motor 

Detection of : 
MOH alarm 

Servo amplifier 

Detection of : 
DCAL alarm 

HVAL alarm 

HCAL alarm 

LV alarm 

OH alarm 

Servo software 

Detection of : 
OFAL alarm 

FBAL alarm 

OVC alarm 

Composition of : 
OVL alarm 

(with MOH and OH alarms) 

Detection of: 

SPH alarm 

DTERR alarm 

CRCERR alarm 

STBERR alarm 

I Zlarm code 
\ r 

NC 

I 
I I---l- 

Because this portion is common to all NC’s regardless of type, 

troubleshooting and fault recovery for all are described 

together. 

Alarm code can be checked with 

diagnosis function. 

Alarm code sent from servo to NC 1 

OVL LV ovc HCAL HVAL DCAL FBAL OFAL 

The OVL and FBAL 
7 6 5 4 3 2 1 LSB 

alarms can be 
subdivided further. 

Amplifier 

Lzl 
MOH Motor 

cl 
STAL Detection of 

overheating overheating software 

disconnection disconnection 

Fig. 7.1 (a) Digital servo alarms 
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Alarm codes are classified into those detected by the servo amplifier and those detected by the 

servo software. Causes and countermeasures for the two groups are different. In particular, 

alarms detected by the servo amplifier can be checked directly with the LEDs on the amplifier in 

addition to checking with error messages. 

Alarms detected by the servo amplifier 

DCAL alarm 

HVAL alarm 

HCAL alarm 

LV alarm 

OH alarm 

Alarms detected by the servo software 

OFAL alarms 

FBAL alarms 

OVC alarms 

MOH alarms 

The OVL and FBAL alarms are further classified into detailed alarms. When either of these 

alarms occurs, detailed alarm data can be checked on the diagnostic screen (DGNIdiagnostic 

information) or Alarm 2 on the servo adjustment screen. 

/Diagnostic ALDF EXPC 

7 6 5 4 3 2 1 0 

3-bit alarm code data 

3VL alarm 

Detailed alarm data 
7 bit 4 bit 

ALDF EXPC 

Motor overheating 1 0 

Amplifier overheating 0 0 

Disconnection of pulse coder 

(detection of hardware 

disconnection) 
1 0 

(In Series 15, 10, 11, and 12, 

hardware disconnection of built- 

in pulse coder is detected.) 

FBAL alarm 
Disconnection of pulse coder 

(detection of software 

disconnection) 

0 0 

Disconnection of separate type 

pulse coder (hardware 

disconnection) 1 1 

(Only in Series 15, 10, 11, and 

12) 

(Note 1) Detailed alarm data is available in the following servo ROM Series/Editions 

Servo ROM Series/Editions : 9OOO/OOlS or later 9022/001B or later 

9001/001 N or later 903O/OOlA or later 

901 O/O01 E or later 9032/001A or later 

9020/001 D or later 9040/001 A or later 
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(Note 2) When Series O-C is used, whether a built-in or separate pulse coder is 

disconnected (hardware disconnection) can be checked by using the servo ROM of series 

9040. 

(3) For the following servo ROM series or later, the data area for alarm codes is expanded and 

consequently alarm data for serial pulse coder C or C series servo amplifier are added. Refer 

to Chapter Ill-4 for details. 

Servo ROM : 9050 Series, Edition 001 B or later 

(4) Classification of alarms 

Alarm 
detected 
by NC 

7 

OVL LV ovc HCAL HVAL DCAL FBAL OFAL 

I , 
‘I 

For alarms detected by the NC, 
refer to the manual for the NC 
being used. Only alarms 
directly related to servo 
problems are described in 

Data area for alarm codes is 
expanded for Series 9050, 
Version OOlB or later. Refer 
to Chapter Ill-4 for details. 

NC alarm or servo 

Alarm detected by servo 

1 One of the alarm code bits is 1 

Section 7.5. 

Detected by servo software 

Alarm detected 
by servo amplifier 

YES 

1 Alar; classificyon 1 ~ ~ 

n I f- 
MOH OH HCAL HVAL LV DCAL FBAL DAL OFAL 

Alarm detected by 
servo software 

7 
HOVC 

I I I 

Described in Section 7.4. Described in Section 7.3. 

Fig. 7.1(b) Classification of alarms 

I 
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7.2 Classification of Error Messages 

7.2.1 Error messages of Series 0 

Table 7.2.1 Alarm list of Series 0 

No. Description (Message) Remarks 

400 Overload signal bit is on. 

4x4 

4X6 

4x7 INCORRECT SETTING OF SERVO PARAMETERS (DGTL PARAM) 

(1) 

(2) 

(3) 

DEFECT IN DIGITAL SERVO SYSTEM (DETCT ERR) 

Details are output in Nos. 720-723 of DGN and Alarm 1 on the servo 

adjustment screen. 

DEFECTIVE ON-POSITION DETECTOR (DISCONNECTED) FBAL alarm 

This alarm occurs when the signal from the position detector is faulty See Item 

(in a semi-closed system) or when no feedback pulse is returned from 7.3.2. 

a separate-type position detector such as INDUCTOSYN (fully closed See item (2) 

system). below. 

OVL alarm 

See Item 

7.4.5. 

See item (1) 

below. 

See Item 

7.5-l. 

Detailed contents of digital servo alarm No. 4X4 are displayed in Nos. 720-723 of DGN. When 

the servo adjustment screen is available, the same is displayed for Alarm 1. (See Item 8.1.3.) 

-1 OVL LV OVC HCAL HVAL DCAL FBAL OFAL 1 
l 

7 6 5 4 3 2 1 0 

For Series O-C, detailed alarm data for the OVL and FBAL alarms is displayed as No. 730-737 

of DGN. The same is displayed for Alarm 2 on the servo adjustment screen. (See Item 8.1.3.) 

EXPC 

7 6 5 4 3 2 1 0 

To obtain detailed data on the OVL and FBAL alarms in Series O-A and O-B, connect the LOAD 

pin to GND on the master PCB and check the following addresses in DGN. 

@ Servo ROM 9000 and 9001 Series @ Servo ROM 9010,902O and 9022 Series 

1st axis : 7818 2nd axis : 7824 1st axis : 7830 2nd axis : 7848 

3rd axis : 7A18 4th axis : 7A24 3rd axis : 7A30 4th axis : 7A48 
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7.2.2 Error messages of Series 15 (including Series 10, 11 and 12) 

Table 72.2 Digital servo alarm list for Series 10, 11, 12 and 15 

No . Description (Message) Remarks 

SVOl EXCESS CURRENT- IN SERVO OVC alarm 

Overcurrent (overload) alarm occurred in the digital servo controller. See Item 

7.3.3. 

SV03 ABNORMAL CURRENT IN SERVO HCAL alarm 

High-current alarm occurred in the servo amplifier. See Item 

7.4.3. 

SV04 EXCESS V TO MOTOR HVAL alarm 

High voltage alarm occurred in the servo amplifier. See Item 

7.4.2. 

SVO5 EXCESS DISCHARGE I FROM MOTOR DCAL alarm 

Regenerative discharge alarm occurred in the servo amplifier. See Item 

7.4.1. 

SV06 POWER V TOO LOW LV alarm 

Low voltage alarm occurred in the servo amplifier. See Item 

7.4.4. 

SVI 1 LSI OVERFLOW OFAL alarm 

Overflow alarm occurred in the digital servo controller. See Item 

7.3.1. 

SV15 PULSCODER DISCONNECTION 

Pulse-coder-disconnection alarm occurred. 

FBAL alarm 

See Item 

7.3.2, (I), (2) 

and (3) 

SV23 SV OVERLOAD OVL alarm 

Overload alarm occurred in either the servo motor or servo amplifier. See Item 

This alarm in the servo amplifier results from overheating of the servo 7.4.5, (l), (2) 

amplifier, separate discharge unit or power transformer. and (3) 

SV27 DILL DGTL SERVO PARAMETER See Item 

An invalid value is set in parameters for the digital servo controller. 7.51. 
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(1) To obtain detailed data on OVL and FBAL alarms in Series 15 (Series 10 or 1 1 ), check the 

following addresses in the CONTENT OF MEMORY screen. (For operation of the CONTENT 

OF MEMORY screen, see item (3) below.) When the servo adjustment screen is available, the 

same contents are displayed for Alarm 2. (See to subsection 8.1.3.) 

0 Servo ROM 9000 and 9001 Series 

1 st axis : F50018 2nd axis : F50024 

3rd axis : F50218 4th axis : F50224 5th axis : F50418 

@ Servo ROM 9010, 9020 and 9022 Series 

1st axis : F50030 2nd axis : F50048 

3rd axis : F50230 4th axis : F50248 5th axis : F50430 

8 Servo ROM 9030 Series 

1st axis : 10200030 2nd axis : 10200048 

3rd axis : 10200230 4th axis : 10200248 

5th axis : 10220030 6th axis : 10220048 

IDiagnosis] LDF 

7 6 5 

EXPC 

4 

* 
3 2 1 0 

(2) To check alarm codes in the Series 15 multi-axis system, check the following addresses in 

DGN. When the servo adjustment screen is available, the same contents are displayed for 

Alarm 1. (See Item 8.1.3.) 

1st axis : 3014 2nd axis : 3034 

3rd axis : 3054 4th axis : 3074 

5th axis : 3094 6th axis : 3114 

7th axis : 3134 8th axis : 3154 

-Diagnosis OK t_v OVC HCAC HVAL DCAL FBAL Of=AL 

7 6 5 4 3 2 1 0 

To obtain detailed data on OVL and FBAL alarms, check the following addresses in DGN. The 

same contents are displayed for Alarm 2 in the servo adjustment screen. (See Item 8.1.3.) 

1st axis : 3015 2nd axis : 3035 

3rd axis : 3055 4th axis : 3075 

5th axis : 3095 6th axis : 3115 

7th axis : 3135 8th axis : 3155 

IDiagnosis ALDF - EXPC 

7 6 5 4 3 2 1 0 
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(3) How to check alarms in Series 10, 11 and 12 (Operation of the CONTENT OF MEMORY 

screen) 

@ Pressing the SERVICE menu key changes the screen in the following sequence. 

@ When the CONTENT OF MEMORY screen is displayed, enter an address. For example, 

enter data for the 1st axis as follows, 

F 50030 

INPUT No. 

8 After step @ is performed, the following is displayed. 

F50030 n n n n oooo 0013~ on00 nouu uouo ouno 00~0 
000O q oou 0000 0000 u000 0000 ocKJr 0000 
ouac3 oocl0 oooo 0000 0000 0000 ooEKi 00clO 
0000 0000 000fJ 0000 ooocl oooo otJoc3 0000 

c 

F50070 0000 c3oclo q oclu !Ilooo ooocl 0000 0000 0000 
0000 0000 0nolJ 0uDrJ IJUOO oaou OOOD 0000 
on00 0000 ocllJcl 0000 OOtxJ q 0lJu 0000 0000 
ooou cl000 0000 ouclo 0000 on00 ouclo 0000 

Repeat step @. Data from the required address is displayed in n mmm l 

@ Check the last 8 bits of the contents of mmmm (particularly bits 7 and 4). 

(Example) 8 3 w Sexadecimal number 

I 1 c 
1000 0011 - Binary 

, 
number 

7654 3210 f--- Bit position 

Data in bits 7 and 4 indicate that ALDF = 1 and EXPC = 0. Provided that FBAL = 1 

(disconnection alarm), the cause of the alarm is a disconnection in the built-in pulse coder 

of motor. This alarm is detected by hardware. 
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7.3 Alarms Detected by Servo Software 

Servo software checks the following bits (OVC, FBAL and OFAL) of the alarm code to detect 

alarms. 

OVL LV 

7 6 

ovc HCAL HVAL DCAL FBAL OFAL 
. 

5 4 3 2 1 LSB 

w OFAL (See Item 7.3.1.) 

* FBAL (See Item 7.3.2.) 

w OVC (See Item 7.3.3.) 

7.3.1 Troubleshooting for the OFAL (overflow) alarm 

When servo software causes an overflow during calculation, an OFAL alarm is caused. Incorrect 

setting of servo parameters may be the cause of the alarm. Check the setting. 

7.3.2 Troubleshooting for the FBAL (disconnection) alarm 

The digital servo controller detects an error in the position feedback signal using the following two 

methods, (1) and (2). The FBAL alarm occurs when either the disconnection alarm circuit for 

hardware detection or software detection is faulty, or when both are faulty. 

(1) Check phase A and phase B of the position feedback signal. (Disconnection alarm detected by 

hardware) 

Signals A and li the figure are logically complements. If a cable is disconnected, both signals 

A and A are set to high. This relation between the signals is monitored using XOR (exclusive 

OR) to detect when disconnection occurs. 

XOR Buffer (with filter) 

A 

Ii *FBAL 

Fig. 7.3.2(a) Phase A and phase B signals of position feedback 
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7. TROUBLESHOOTING DIGITAL SERVO DEVICES 

Check the phase C signals (Cl, C2, C4 and C8) of pulse coder. (Disconnection detected by 

software) 

Pulse coder outputs signals from two independent systems; phases A and B, and phase C. If 

phase C is not operating, phases A and B should not be operating either. If the phase C is 

operating, phases A and B should also be operating. Phase operation is monitored by software 

in the following way to prevent the motor from going out of control. 

Criterion for judging non-operation of the phase C : 

Whether the change in the phase C signal is equal to or less than one bit 

(Normally, one bit of phase C is equivalent to 1164 revolution of the motor.) 

Criterion for judging non-operation of phases A and B : 

Whether the increment signal has gone below the value P specified below. 

When the phase C signal is disconnected, the motor cannot theoretically become out of control, 

because the phase change in the three-phase current of the motor power line is not 

synchronous with the rotation angle of the motor. Due to this reason, only disconnection of 

phases A and B (or disconnection of phases A and B of the scales, in the case of a fully-closed 

system) are monitored. 

Checking the number of position feedback pulses returned when the motor rotates N/32 times, 

the servo software issues an alarm if the number is less than or equal to P. (For N and P, see 

the description below.) 

C8 

I - l/4 revolution of motor --+ I 

I 

c4 I I I 

c2 I I I 1 I 

+H_ I/64 revolution of motor 

Fig. 7.3.2(b) C phase signal of the 

This function differs depending on servo ROM Series and 

specified by P and N) 

(a) 9000/E and F P = 1 (pulse) 

9001/B and D N= 1 (time) 

(b) 9000/G and H P = 10 

9001/E For TGALRM = 0 ; N 

For TGALRM = 1 ; N 

pulse coder 

Editions as follows. (Alarm sensitivity 

= 1 
= 4 
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= 10 

For TGALRM = 0 ; N = 1 

For TGALRM = 1 ; N is variable as specified by parameter 

No. 1892 or 8X64 (initial setting = 4) 

(c) 9000/J or later 

9001 /F or later 

9010/F or later 

9020/A or later 

9030/A or later 

9031/A or later 

9032/A or later 

In a fully-closed system for the editions in (a) above, a disconnection alarm may occur, 

depending on the amount of backlash of the machine, even when the position feedback is 

normal. Upgrading to the editions in (b) and (c) is done to correct this. 

FBAL (disconnection) alarms are classified into hardware disconnection and the software 

disconnection of the pulse coder (and further classified into hardware disconnection of a 

built-in pulse coder or of a separate pulse coder in Series 10, 11, 12 and 15). For details, 

see Sections 7.1 and 7.2. 

[Check items] 

1. Frequency of the alarm (constant or intermittent) 

2. Hardware disconnection or software disconnection (See Sections 711 and 7.2.) 

3. Semi-closed system or fully-closed system 

4. Disconnection of feedback cable 

5. Backlash of machine 

6. Number of position feedback pulses per motor revolution 

[Adjustment procedure] 

A. Check the disconnection alarm in detail.. (See Sections 7.1 and 7.2.) 

- For software disconnection, go to A-l. 

- For hardware disconnection, go to B. 

A-l Check the machine system. 

- For a fully-closed system, go to A-2. 

- For a semi-closed system, go to A-4. 

A-2 Check the NC system. 

- For any Series other than 0, go to A-3. 

- For Series 0, check the interface for the signal of the separate-type detector. 

(See Section 5.2.) 

- If interface is faulty, go to Cause 3. 

- If interface is correct, go to A-3. 

A-3 If backlash is excessive, lower the detection level (parameter No. 1892 or 8X64). 

- If the disconnection alarm no longer occurs, go to Cause 4. 

- If disconnection alarm still occurs, go to Cause 1. 
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A-4 Turn the motor using JOG at the lowest speed. 

- If a disconnection alarm occurs for a specific location during the motor rotation, go 

to Cause 2. 

- If the disconnection alarm still occurs, go to A-5. 

A-5 If the number of position feedback pulses per motor revolution is 640 or less, lower 

the detection level (No. 1892 or 8X64). 

- If the disconnection alarm no longer occurs, see Cause 9. 

- If the disconnection alarm still occurs, see Cause 1. 

B. Check the machine system. 

- For a fully-closed system, go to B-l. 

- For a semi-closed system, go to B-2. 

B-l Check for disconnection in the separate-type detector. 

- If a disconnection alarm is occurring in the separate-type detector, go to Cause 5. 

- If a disconnection alarm is not occurring in the separate type detector, go to 6-2. 

B-2 Exchange the motor with another on an axis that is operating normally, and operate 

the machine. (See the figure below.) 

- If a disconnection alarm still occurs on the same axis, go to Cause 6. 

- If a disconnection alarm occurs on the axis from which the motor was taken, go to 

B-3. 

B-3 Replace the cable and operate the machine. 

NC 

[Causes] 

- If a disconnection alarm occurs, go to Cause 7. 

- If no disconnection alarms occur, go to Cause 8. 

1 Motor 1 (in alarm) 

1st axis 

(in alarm) 

2nd axis 

(normal) I 

Motor 2 (normal) 

(1) - Malfunction is caused because the phase C signal of the pulse coder is being affected 

by noise. Shield the signals from noise. 

- Cables may be incorrectly installed. 

- When the motor model is AC50, bit 7 of parameter No. 1806 or 8X01 may be set to 0. 

(2) There may be dust accumulated on the glass of the pulse coder or scale. 

disassemble the pulse coder and blow off dust. 

In this case, 

l-123 



(3) 

(4) 

7. TROUBLESHOOTING DIGITAL SERVO DEVICES 

When a fully-closed loop is employed in Series 0, the signal from the separate-type 

detector may collide with the phase C signal, resulting in a disconnection alarm. It is 

necessary to pay close attention to the signal interface of the separate-type detector. 

In practice, the phase C signal should not be connected to pins 10 to 13 on the fully- 

closed feedback side. 

Pins 10 to 13 must be left open. (For details, see Section 5.2.) 

It is possible for the machine not to work even when the motor runs. This occurs when 

backlash is so excessive that no position pulse is returned. In this case, the backlash of 

the machine must be reduced. 

Or, lower the detection level of the disconnection alarm level (by setting bit 4 of parameter 

No. 1808 or 8X03 to l).lf backlash is too great, it may be necessary to increase the set 

value in parameter No. 1892 or 8X64 in addition to lowering the detection level of the 

disconnection alarm. 

The separate-type pulse coder is not functioning or the cable is disconnected or 

connected incorrectiy. 

The PCB for the axis or master PCB is defective. 

The built-in pulse coder in the motor is defective. 

The cable is disconnected. 

When the flexible feed gear is set so that 640 or fewer position feedback pulses are 

returned per motor revolution, the software disconnection alarm may be detected even if 

no disconnection occurs. 

To prevent this, the level for detecting the disconnection alarm must be lowered by setting 

bit 1 of parameter No. 1808 or 8X03 to 1 and increasing the value of parameter No. 1892 

or 8X64. 
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7.3.3 Troubleshooting for the OVC (overload) alarm 

Below is an example of the case when heat is generated by a motor. 

R : Thermal resistance of the motor 

C . . Thermal capacity of the motor 

T : Temperature rise of the motor 

caused by ambient air 

Pm : Heat source Pm = Ra x lm2 

Ra : Resistance of the motor 

winding 

Im : Motor current 

Fig. 7.3.3 (a) 

In this Fig. 7.3.3(a), C and R are a constant. Because motor current Im is always measured in the 

servo software, it is possible to predict the rise in temperature (T) of the motor by calculating the 

heat generation (Pm) of the motor. 

The OVC alarm occurs due to the following two conditions. 

(Condition 1) 

Motor Im 

An OVC alarm occurs if the maximum current Ip (limitation 

depending on the capacity of the amplifier) flows into the motor 

continuously for three seconds. 
current Im 

I limit 

(Condition 2) 

To allow a longer period of time to pass before an OVC alarm 

occurs, set the value Ilimit (the rated current of the motor 

multiplied by a margin (1.4 or 1.7)) as the limit. (No alarm will 

occur as long as the current is lower than Itimit-) 

Time t 

Length of 
w time before 

OVC alarm 

Fig. 7.3.3 (b) 

The operation principle of the OVC alarm is described in 7.3.4( 1) “Details of the operation principle 

of the OVC alarm”. 
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Because motor current is directly monitored for the OVC alarm, this alarm system is suitable for 

protecting the motor winding and transistors in the amplifier from rises in temperature within several 

seconds, within which the thermostat cannot function properly. 

However, monitoring the rise in temperature for a long period of time may not be accurate since 

ambient temperature cannot be detected by the servo software. To make up for this weak point, 

this alarm is set in a protective harmonization with the signal from the built-in thermostat of the 

motor. 

For details, see 7.3.4(2) “Relationship between OVC, OVL, and HC”. 

[Check items] 

1. Waveform of IR and IS of the servo amplifier 

2 Cutting conditions 

3. Machine load 

[Adjustment procedure] 

A. Observe the waveform of IR and IS of the servo amplifier. 

- If the observed current is less than 1.4 times of the rated current of the motor, go 

to A-l. 

- If the observed current is 1.4 times (1.7 times for motors of 20s or larger models) 

or higher than the rated current of the motor, go to A-2. 

A-l Check the servo ROM Series/Edition. 

- If the servo ROM Series/Version is 9000, 9001, 9002 or 9010/001 A, go to Cause 

2. 

- Otherwise, go to Cause 6. 

A-2 Calculate the torque required for acceleration and deceleration of the motor, and 

check if this torque is equal to the actual current. 

- If equal, go to Cause 1. 

- If not equal, go to A-3. 

A-3 Check the servo parameters. 

Check parameters PKl, PK2, EMFCMP and PVPA. For an NC of Series O-A, O-B, 

10, 11 or 12, be sure to check parameters EMFCMP and PVPA to see if they are 

calculated in accordance with the number of pulses from the built-in pulse coder of 

the motor. 

For an NC of Series O-C or 15, check EMFCMP and PVPA to see if they are set at 

the standard parameter value. 

- If parameters are correct, go to A-4. 

- If not correct, go to Cause 3. 

A-4 Replace the axis PCB or the master PCB. 

- If an OVC alarm still occurs after replacement, go to Cause 4. 

- If an OVC alarm does not occur after replacement, go to Cause 5. 
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[Causes] 

(1) 

(2) 

(3) 

(4) 

(5) 

7. TROUBLESHOOTING DIG I’ 

Since it is possible that load of the machine may exceed 

must be upgraded to the next higher model. 

However, if an OVC alarm occurs not during the constant 

acceleration/deceleration cycle is repeated, increase the 

constant. 

. . 

TAL SERVO DEVICES 

the motor capacity, the servo 

speed feed, but only when an 

acceleration/deceleration time 

Because the OVC alarm detection level is much higher in the digital servo than in the 

analog servo, it must be noted that an OVC alarm may occur in the digital servo even 

though it may not always occur in the analog servo in the same machine for the same 

operation. 

For the Series/Versions covered in this manual, OVC alarms are detected by current 

commands. Even within the rated current, there may be a gap between the current 

specified by the command and the actual current in the motor while&the motor is running 

at high speed. An OVC alarm is caused 

current loop gain parameter PKl by 1.5 

voltage. 

accordingly. In this case, increase the value of 

times or compensate the counter-electromotive 

The servo parameters are set incorrectly. 

If the values set in parameters PKl, PK2 and EMFCMP are too small, an OVC alarm may 

occur. If the value in PVPA is not correct, invalid current increases and an OVC alarm 

may occur. 

The motor is defective. 

The axis PCB or master PCB is defective. 

(6) Parameter settings for POVCl, POVC2 and POVCLMT for the OVC alarm are incorrect. 
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7.3.4 Reference data on alarms 

(I) Details of the operation principle of the OVC alarm 

(a) Heat generation model of the motor 

The model shown in Fig. 7.3.4(a) below is used to explain the generation of heat by the 

motor. 

R : Thermal resistance 
of the motor 

C . . Thermal capacity 
of the motor 

Fig. 7.3.4 (a) 

Differential equation @ below applies to Fig. 7.3.4(a). 

. dV 
- = (-l/CR)V + (l/c) Im . . . . . . . . . . . . . 0 
dt 

Solving differential equation @ gives the following : 

w = exp( - t/CR)V(O) + R( I - exp( - t/CR))Im 

Replacing ts with the sampling time ts, and V(0) with V(n), converts the above general 

equation to a specific solution. 

V(n+l) = exp( - tJCR)V(n) + R( 1 - exp( - tJCR))lm 

Multiplying the solution by current lm gives the following. 

Q(n+l) = KlxQ(n)+K2xlm* . . . . . . . . . . @ 

where, 
Kl = exp( - t&R) . . . . . . . . . . . . . . . . . . . . . . . . . . @ 
K2= R(1 -exp(-t&R)) . . . . . . . . . . . . . . . . . . . . @ 

Therefore, the heat generated by the motor can be estimated by equation @ above. 
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Relationship between the alarm parameters and the heat generation model 

The servo software treats Kl and K2, as used in the equations @ and @ in (a), and Qfimit 

as fundamental motor parameters as shown in the table below. 

Table 7.3.4(a) Relationship between equations and parameters 

Parameter No. Code used in the Symbol used in the 

Series 0 Series 10, 11, 12, 15 parameter table equation @ 
L 

No. 8X62 No. 1877 POVCI Kl 

r _~ ~~~ 
8X63 1878 I POVC2 I K2 

I 

8X65 1893 POVCLMT Qlimit 

In this way, motor-current Im is detected, and the value Q(n) calculated each time with 

equation @I is compared with the alarm level Qlimit. If Q(n) 2 Qlimit is satisfied by the 

comparison, an alarm occurs. 

In general, the relationship between the time and the current in equation @ will be as 

shown below. 

Current Im 

lP 

I limit 

Ip : Limit current of the amplifier 

himit : Current level corresponding to . 
the alarm level Qlimit. 

In general, the value is set to 1.4 

times or 1.7 times the rated 

continuous current. 

3 set Time t 

Fig. 7.3.4 (b) 
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(c) The OVC parameter is calculated as follows, where 

lmax : Maximum current (A) 

Ir : Rated current of the motor (A) 

OVCr : OVC rated current ratio 

lmax 
BB = ( ) 

2 

Ir X OVCr 

Table 7.3.4(b) Parameters and Formulas for Calculating the Parameters 

Parameter No. 
Parameter symbol 

Formula for calculating the 

Series 0 Series IO, 11, 12, 15 OVC parameter 

No. 8X62 No. 1877 POVCl exp ( - O.l/SBB) X 32767 

8X63 1878 POVC2 409600 x (1 - PoVc1/32767) 

8X65 1893 POVCLMT 4046OiBB 

Example: For servo motor lOS, the OVC parameter is calculated as follows: 

lmax (Maximum current) = 40 A 

Ir (Rated current of the motor) = 10.795 A 

OVCr (OVC rated current ratio) = 1.7 

lmax 40 
BB = ( ) Z= ( 1 

2 

lr X OVCr 10.795 x 1.7 

POVCl = exp ( - O.l/3BB) X 32767 = 32539 

POVC2 = 409600 x (1 - POVW32767) = 2864 

POVCLMT = 40460/BB = 8515 
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(d) Motor models and OVC alarm levels 

Motor model 

0531 IO532 IO533 I0521 IO522 I0513 I0512 I0501 ( 0505 Motor drawing No. 

OVC rated current ratio 

Motor model 20 1 30 (30/2000 

Motor drawing No. 0502 0503 I I 0506 

1.7 I 1.7 I 1.7 OVC rated current ratio 

S Series) 

Motor model 4-0s 1 3-0s 1 2-0s 1 2-0s 1 l-OS 1 OS 1 5s 1 6S 1 -10s 

Motor drawing No. 0532 0533 0311 0310 0312 0313 0314 0316 0315 I I I I I I I I 
1.4 I 1.4 I 1.4 1 1.4 1 1.4 1 1.4 I 1.4 1 1.7 I 1.7 OVC rated current ratio 

Motor model 2OW500 1 20s 1 30s 130/2000 1 40 1 

Motor drawing No. 0505 0502 0590 0506 0581 

1.4 1.7 1.7 1.7 1.4 

~~ _ ~_ 

OVC rated current ratio 

Motor model 0-OSP 2-OS/3000 1 -OS/3000 OS/3000 5S/3000 65/3000 

Motor drawing No. 0.374 0310 0309 0313 0514 0320 

OVC rated current ratio 1.4 1.4 1.4 1.4 1.4 1.4 

Motor model lOS/3000 I2OS/3000 I305/3000 1405/2000 1 50s 1 60s 1 705 

Motor drawing No. 0317 I 0318 I 0319 I 0583 1 0331 1 0332 1 0333 

OVC rated current ratio 1.4 I 1.4 I 1.4 I 1.4 11.411.4) 1.4 
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L Series) 

Motor model OL 5L 6L 6L 7L 1OL 7LM 

Motor drawing No. 0561 0562 0563 0564 0571 0572 0573 

Motor type 56 57 17 58 59 60 20 

Motor model OL(3000) 5L(3000) 6L(3000) 7L(3000) 

Motor drawing No. 0561 0562 0564 0571 

Motor type 68 69 70 71 

OVC rated current ratio 1.4 1.4 . 1.4 1.4 

(T Series) 

Motor model OT/3000 5T/2000 51/3000 1 OT/2000 1 OT/3000 

Motor drawing No. 0381 0382 0383 0384 0385 

OVC rated current ratio 1.4 1.4 1.4 1.4 1.4 

(2) “Relation between OVC/OVUHC”. 

This item explains the purpose of the OVC alarm, OVL alarm and HC alarm, and describes the 

differences between them. 

Code Meaning 

OVC Over Current 

OVL Over Load 

Table 7.3.4 (b) OVC/OVUHC alarms 

Meaning Detector 

Overcurrent alarm Servo software 

Overload alarm The rmal switch built into the 

motor 

Thermal switch built into the 

amplifier 

Thermal switch of the separate 

regenerative discharge unit 

HC Abnormal Current Abnormal current alarm Servo amplifier 

(a) HC alarm (abnormal current alarm) 

The power transistor or rectifier diode is likely to fail, or the intensity of the motor magnet 

field is likely to drop when the power transistor is subjected to a high surge in current due 

to noise or malfunctioning of the control circuit. 

This alarm is used to prevent this from occurring. 
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(b) OVC and OVL alarms (Overcurrent and overload alarms) 

These alarms prevent the motor winding from burning out, and the transistors in the 

amplifier and the separate regenerative discharge resistor from being damaged due to 

overheating. 

The OVL alarm is designed to occur when a specific temperature is detected by the thermal 

unit built into each unit. This alarm alone, however, cannot completely prevent the motor 

from burning out or the transistor or the regenerative discharge resistor from being 

damaged due to overheating. 

For example, consider the case when the motor is started and stopped very frequently. 

The thermal time constants for the motor and the thermal unit differ depending on the 

differences in their material, structure and dimensions. In general, the thermal time 

constant of the motor is larger because its weight is greater. 

In the case that the motor is started and stopped very frequently as shown in Fig. 7.3.4(c), 

the temperature rise of the motor will exceed that of the thermal unit. The thermal unit 

does not detect this change in temperature, resulting in the motor burning out. 

To make up for the above weak point, the OVC alarm continuously monitors the motor 

current, with the aid of the software, to estimate motor temperature. Using this method, the 

motor temperature can be estimated fairy accurately, eliminating the problem occurring from 

frequent starting and stopping. 

Temperature 

Temperature 
at which the 
motor 
winding is 
burnt out 

Start ) Stop ; Start ; Stop ; Start : 
-~-;-;f--f;-; Motor temperature 

I I I I 
/ 

Thermal constant is larger. 
I I I I I 

Thermal switch temperature 

Thermal constant is smaller. 

Fig. 7.3.4(c) Relationship between the motor temperature and the thermal 
unit temperature in repeated start/stop cycles 

In summary, double protection against overcurrent is provided; the OVC alarm provides 

short-term protection and the OVL alarm provides long-term protection. This relationship is 

shown in Fig. 7.3.4(d). 
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Protection area 
for the motor 
and the 

\ 
\ \ 

Protection by OVL 

Protection 
by OVC 

ti Time t 

Fig. 7.3.4(d) Relationship between the OVC and OVL alarms 

(Note) The OVC alarm has been set based on the relationship shown in Fig. 7.3.4(d) 

above. Therefore, the level of protection should not be reduced by changing the parameters 

even if an alarm is caused when the motor is not overheating. 
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7.4 Alarms Detected in the Servo Amplifier 

The servo amplifier detects alarms with the alarm codes that correspond to the following bits. 

4 
OVL LV ovc HCAL HVAL DCAL FBAL OFAL 

7 6 5 4 3 2 1 LSB 

,DCAL (See Item 7.4.1.) 

*HVAL (See Item 7.4.2.) 

>LHCAL (See item 7.4.3.) 

*LV (See Item 7.4.4.) 

,OVL (See Item 7.4.5.) 

The alarm codes above correspond to the alarm displays of the servo amplifier shown below. 

Alarm code 
Alarm displays of the servo amplifier 

S series servo amplifier C series servo amplifier 

DCAL DC alarm (indicated by LED) DCSW and DCOH alarms 

(indicated by LEDs 4 and 5) 

HVAL 

HCAL 

HV alarm (indicated by LED) 

HC, HCL, HCM and HCN alarms 

(indicated by LEDs) 

HV alarm (indicated by LED 1) 

HCL, HCM and HCLM alarms 

(indicated by LEDs 8, 9 and b) 

LV LV alarm (indicated by LED) LVSV and LVDC alarms 

(indicated by LEDs 2 and 3) 

OH OH alarm (indicated by LED) 

MCCALM (Note 1) Not applicable to S series 

OH (indicated by LED 6) 

MCC (indicated by LED 7) 

None (Note 2) I FAL, and circuit breaker tripped I Circuit breaker tripped 

(Note 1) Secause the alarm code MCCALM is stored in the expanded alarm code area, it is not 

applicable to all servo applications. See Chapter Ill-4 for details. 

In the case of a conventional servo application which does not use the MCCALM bit, both the LV bit 

and DCAL bit are set to 1 simultaneously when an MCC alarm is caused. 

In the case of a C series servo amplifier, it must be noted that an MCC alarm may occur when a LV 

alarm and a DCAL alarm are displayed on the alarm message screen of the NC at the same time. 

(Note 2) When the circuit breaker is tripped, no alarm code is issued. (Although an LV alarm 

may occur incidentally.) 
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7.4.1 Troubleshooting for the DCAI alarm 

[Check items] 

1. Setting S2 for the S series 

2. Machine load 

3. Check according to Section 4.7, Connection of Separate Discharge Unit. 

[Adjustment procedure] 

A. Check amplifier setting S2. 

- If the setting is incorrect, go to Cause 1. 

- If the setting is correct, go to A-O. 

A-O Check whether a separate discharge unit is being used. 

- If it is being used, go to A-1. 

- If not being used, go to A-2. 

A-l Check the connection of the separate discharge unit. 

- If connection is incorrect, go to Cause 2. 

- If connection is correct, go to A-2. 

A-2 Check the acceleration/deceleration frequency. 

- If the frequency is too high, go to Cause 3. 

- If the frequency is low enough, go to A-3. 

A-3 Replace the servo amplifier. 

- If a DCAL atarm no longer occurs, go to Cause 4. 

- If a DCAL alarm still occurs, go to Cause 3. 

[Causes] 

(1) If the setting S2 of the S series servo amplifier is incorrect, a DC alarm is caused. 

(2) If the separate discharge unit is connected incorrectly, a DC alarm occurs. 

(3) Compared to the regenerative power of the amplifier, the regenerative energy of the motor 

is too large. (The inertia is too large or the acceleration/deceleration frequency is too 

high.) In this case, try to decrease the acceleration/ deceleration frequency or install a 

separate discharge unit. 

(4) The discharge transistor (QI) in the servo amplifier is defective. 

[Note] 
DCAL alarm in the C series servo amplifier 

The DCAL alarm code (code indicating discharge circuit alarm) in the conventional S series servo 

amplifier represents two alarms in the C series servo amplifier; the DCSW alarm and DCOH alarm. 
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(1) 

(2) 

The DCSW alarm occurs when the discharge transistor is on continuously for one second or 

longer. 

[Causes] 

@I The discharge circuit of the amplifier is defective. 

+ Replace the amplifier. 

@ Too much energy is produced in a short period of time (about one second). 

+ Increase the time constant, decrease the frequency of motor acceleration/ 

deceleration, lower the motor maximum speed, or lower the inertia load. 

The DCOH alarm is caused when the regenerative resistor overheats and is sensed by the 

thermostat. 

When the thermostat of the power transformer for the servo system is connected to terminals 

15 and 16 of the C-series servo amplifier, the transformer overheating may cause the DCOH 

alarm. 

[Causes] 
@I Average regenerative energy is excessive. This alarm occurs when the acceleration/ 

deceleration frequency is high or regenerative energy of the vertical axis is large. 

+ Relax the operating conditions. 

@ The thermostat is incorrectly wired or is defective. 

-+ When a separate discharge unit or power transformer for the servo controllet 

used, check the wiring for the thermostat according to the description manual 

is 
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7.4.2 Troubleshooting for the HVAL alarm 

[Check items] 

1. Three-phase input voltage 

2. Machine load 

3. Connection of a separated regenerative discharge unit 

[Adjustment procedure] 

A. Check the three-phase input voltage to the amplifier. 

- If the voltage is higher than 1 .l times the rated voltage, go to Cause 1. 

- If the voltage is equal to or less than 1 .I times the rated voltage, go to A-l. 

A-l Check the parameter for the acceleration/deceleration time constant. 

- If the parameter value is too small, go to Cause 2. 

- If the parameter value is large enough, go to A-2. 

A-2 Check according to Section 4.7, Connection of Separate Discharge Unit. 

- If connection is incorrect, go to Cause 3. 

- If connection is correct, go to A-3. 

A-3 Check the resistance of the built-in regenerative resistor of the amplifier or that of the 

separate discharge unit; see Section 4.8, Types of Separate Discharge Units. 

- If resistance is incorrect, go to Cause 4. . 

- If resistance is correct, go to A-4. 

A-4 Replace the servo amplifier. 

- If an HVAL alarm no longer occurs, go to Cause 5. 

- If an HVAL alarm still occurs, go to Cause 6. 

[Causes] 

When the machine is accelerated or decelerated rapidly when the three-phase input 

voltage to the amplifier is higher than 1 .l times the rated voltage, an HVAL alarm may 

occur. In this case, lower the three-phase input voltage within the rated voltage. 

When the acceleration/deceleration time constant is not appropriate for the machine load, 

an HVAL alarm may occur even if the three-phase input voltage is within the rated voltage. 

In this case, further increase the acceleration/deceleration time constant. 

(3) When the separate discharge unit is connected incorrectly, an HVAL alarm may occur. 

Because the specification of the motor and amplifier is not appropriate for the machine 

load, the discharge resistor may be damaged. Or, the resistor may have been defective 

from the beginning. 

The servo amplifier may not be functioning. 
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(6) Specifications for the motor and amplifier are not appropriate for the machine load. 

7.4.3 Troubleshooting for the HCAL alarm 

[Check items] 

1 Conditions in which an HCAI alarm occurs (before excitation, at the instance of excitation, 

during excitation or rotation, at acceleration, or at deceleration) 

2. Whether the module board is correctly inserted in the case of the C series 

3. Power lines 

4. insulation of the motor windings 

5. Parameter settings (motor model, variations from the standard parameters, and NC 

parameters) 

6 Remove the PCB from the servo amplifier and check the transistor module. 

7. Waveform of IR and IS of the amplifier 

[Adjustment procedure] 

A. Check the parameters. 

- If the current loop gain (in the parameters PKl and PK2) is several times larger 

than the standard value, go to Cause 1. 

- If Series 15 or O-C (32 bit) is used and parameter No. 1809 or 8X04 is set to a 

conventional value, see Cause 9. 

- If the parameter settings are correct, go to A-l. 

A-l The transistor module must be checked even after the cause is determined in the 

following adjustment. (The adjustment may cause a defect in the transistor module.) 

A-l-l Remove the power lines from the amplifier terminals and check the continuity 

between GND and each of U, V, and W. 

- If either pair is connected, go to A-l-l -1. 

- If all pairs are disconnected, go to A-l-l -2. 

A-l-l-l Remove the power lines from the motor terminals and check the 

continuity between GND and each of U, V, and W. 

- If either pair is connected, see Cause 3. 

- If all pairs are disconnected, see Cause 4. 

A-l -1-2 Remove the power lines from the amplifier terminals and check the 

resistance between U and V, V and W, and W and U using an instrument 

that can measure minute resistances. 

- If the three resistances are equal, the power lines and the motor have 

no defects. 

- If the three resistances are different, go to A-l -1-2-l. 
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A-l-l-2-1 Remove the power lines from the motor terminals and check the 

resistance between U and V, V and W, and W and U using an 

instrument that can measure minute resistances. 

- If the three resistances are equal, see Cause 4. 

- If the three resistances are different, see Cause 3. 

A-2 Check the transistor module of the servo amplifier. 

- If the transistor module is not defective, go to A-3. 

- If the transistor module is defective, see Cause 5. 

A-3 Replace the control PC board of the amplifier and turn the power on. 

- If no alarm occurs, see Cause 6. 

- If an alarm occurs, go to A-4. 

(Note) For a C-series amplifier, replace the amplifier. 

A-4 Check the shielded ground. 

- If the ground is not provided, see Cause 2. 

- If the ground is provided, go to A-5. 

A-5 Replace the master PCB. 

- If an HCAL alarm no longer occurs, go to Cause 7. 

- If an HCAL alarm still occurs, go to Cause 8. 

[Causes] 

(1) Because the current loop gain is too high, the current loop oscillates and an alarm occurs. 

When adjusting, the maximum allowable current loop gain is about double the standard 

value. 

(2) Check IR and IS of the amplifier. If shield grounding is not provided, the feedback current 

contains noise which may cause an HCAI alarm. 

(3) The motor is defective. 

(4) 

(5) 

The power line to the motor is defective. 

The transistor module of the servo amplifier is defective. 

(6) The control PC board of the servo amplifier is defective. 

(7) The master PCB is defective. 

(8) The pulse coder may be defective. 

(9) The parameter setting in Series O-C and 15 is different from that in Series 0 (16 bit), 10, 

11, and 12. A wrong parameter may result in a wrong current. The values selected in 

servo parameter initialization must be used. For details, see Subsection 1.3.1.4 in Part II. 
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7.4.4 Troubleshooting for the LV alarm 

[Check items] 

1. Three-phase input voltage 

2. Type of servo amplifier 

3. In the C series servo amplifier, an LV alarm may occur if the contact of magnetic contactor 

is welded (indicated by LED 7). 

[Adjustment procedure] 

A. Check the three-phase input voltage to the amplifier. 

- If the voltage is lower than 0.85 times the rated voltage, go to Cause 1 l 

- If the voltage is equal to or higher than 0.85 times the rated voltage, go to A-l. 

A-l Replace the servo amplifier. 

- If an LV alarm no longer occurs, go to Cause 2. 

[Causes] 

(1) The three-phase input voltage needs to be adjusted to within FANUC specifications. 

(2) The servo amplifier is not functioning. 

[Note] 
In the C series servo amplifier, the LV alarm issued as the alarm code is the logical sum of LVSV 

alarm and LVDC alarm. The LV5V alarm is equivalent to the LV alarm used in the conventional S 

series servo amplifier. The LVDC alarm is the newly added alarm described below. 

(LVDC alarm) 

This alarm occurs when the DC voltage in the main power supply is lower than the specified level 

even though the built-in magnetic contactor in the amplifier is on. 

Causes: 

0 Input voltage is insufficient. 

- Check whether three-phase 170 VAC or higher is being input. 

0 The amplifier is not functioning (built-in magnetic contactor is defective). 

- Replace the amplifier. 

@I If a circuit breaker trips, an LVDC alarm will occur incidentally. 
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7.4.5 Troubleshooting for the OVL alarm 

[Check items] 

1. Overheating of the motor (MOH) or amplifier (OH) 

2. Servo amplifier settings 

3. Cutting conditions and machine load 

[Adjustment procedure] 

A. Check the overload alarm in detail. 

- If the motor is overheating, go to 6. 

- If the amplifier is overheating (indicated by the red LED OH on the amplifier, or 

alarm display 6 for the C series), go to A-l. 

A-l Check the servo amplifier Sl setting. (No setting is provided in the C series servo 

amplifier.) 

- If the setting is incorrect, go to Cause 1. 

- If the setting is correct, go to A-2. 

A-2 Check the heat sink. (Be careful, because the heat sink may be hot.) 

- If it has overheated, see Causes 2 and 9. 

- If it has overheated, go to A-3. 

A-3 Check the thermostat of the servo amplifier (after letting it fully cool down). 

- If the continuity is broken, see Cause 4. 

- If it has continuity, go to A-4. 

A-4 Check whether a separate regenerative discharge unit or power transformer is used. 

- If either of them is used, go to A-5. 

- If neither of them is used, see Cause 5. 

A-5 Check the separate regenerative discharge unit or power transformer. 

- If the separate regenerative discharge unit has overheated, see Cause 3. 

- If the power transformer has overheated, see Causes 2, 7, and 9. 

- If neither of them has overheated, go to A-6. 

A-6 Check the continuity of the thermal switch of the separate regenerative discharge 

unit or power transformer (some time after the alarm has occurred). 

- If the continuity is broken, see Cause 6. 

- If it has continuity, see Cause 5. 
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6 . While the motor is overheating (the surface temperature of the motor may be around 100 

C), remove the feedback connector cable from the motor and check the continuity 

between R-S (for incremental pulse coder) or between R-S (for absolute high-resolution 

pulse coder) of the Canon connector. 

While the motor is overheating (motor is hot) : 

- If they have no continuity, the motor has actually overheated. 

- If they have continuity, go to Cause 10. 

After the motor has completely cooled down : 

- If they have no continuity, go to Cause 8. 

- If they have continuity, the motor is normal. 

[Causes] 

(1) If the Sl setting is incorrect, the amplifier gets overheated by just turning on the power. 

Check according to Section 4.7, Connecting a Separate Discharge Unit. 

(2) The 

load. 

(3) The regenerative discharge transistor (Ql) of the servo amplifier is defective. 

(4) The thermostat of the servo amplifier is defective. 

(5) The alarm detector circuit of the PC6 of the servo amplifier is not functioning. 

(6) The thermostat of the separate regenerative discharge unit or power transformer is 

regenerative capacity is insufficient for the cutting condition and machine 

defective. 

The power capacity of the transformer may be insufficient. 

need to be selected. 

(8) The thermostat of the motor is defective. 

(9) 

A different transformer may 

The cutting condition and machine load exceed the specifications of the amplifier or motor. 

A different servo needs to be selected. 

(10) The OH signal line of the motor feedback cable is normal. It is likely that the OH signal 

process circuit on the NC is faulty or that the alarm indication is incorrect. 
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[Note] 
The detector for the OH alarm has been changed for the C series servo amplifier. 

In the S series, the OH alarm was used to monitor overheating of the servo amplifier, power 

transformer and separate discharge unit. In the C series servo amplifier, however, the OH alarm is 

used only to monitor heat generation (heat sink) of the servo amplifier. Monitoring of the power 

transformer and separate discharge unit is covered by the DCOH alarm. 

signal receiver . \ , 
Y 

C series servo amplifier 

DOCH alarm 
Tl(l5) THl 

h 

detector circuit 
and overheat ’ m _ TlPI6) TH2 

Separated regenerative 
discharge unit 

TW) 

7 Contact b of 
the 

1 thermostat , 

TW) 

Contact b 
of the 
thermostat 

Fig. 7.4.5 Example of connection of the separate 
discharge unit and the power transformer 

7.4.6 Troubleshooting for the MCC alarm 

The MCC alarm has been added to the C series servo amplifier and later series. It is used for 

detecting contact welding of the built-in magnetic contactor of the amplifier. 

If the contact of the magnetic contactor is already closed when the contactor is turned on, this 

alarm circuit regards the contact as welded and an MCC alarm occurs. Actual detection of welded 

contacts will begin the next time the magnetic contactor is turned on. 

For NCs which do not have the MCC alarm function, the 1V alarm and DCAL alarm are displayed at 

the same time. (For detailed indications of the MCC alarm, see Chapter W-4.) 
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7.5 Servo-Related Alarms Detected by the NC 

In general, refer to the NC manuals for servo-related alarms detected by the NC. 

The following lists the servo-related alarms that are closely related to the digital servo. (These 

alarms are not included in the servo alarm codes described before.) 

\ 
Subsection Description 

I 1 

7.5.1 Alarm for incorrect servo parameter setting 

7.5.2 Excessive position deviation 

7.53 APC alarm 

7.5.4 Alarm related to serial pulse coder A and B 

7.51 Alarm for incorrect servo parameter setting 

(4X7 INCORRECT SETTING OF SERVO PARAMETERS: Series 0) 

(SV27 ILLEGAL DIGITAL SERVO PARAMETER: Series 15, 10, 1 I, and 12) 

[Check items] 

1. Parameter setting 

(Motor model, variation from the standard parameters, and NC parameters) 

2. Pulse coder type and system (high-resolution or normal, equipped with or without serial 

pulse coder) 

3. NC model 

[Adjustment procedure] 

A-l Check whether the motor number set in the motor model parameter is within the 

setting range (No. 1874 or No. 8X20). (Depending on the servo ROM version and 

series, the setting range for the motor number is different. For details, see 

Subsection 3.45) 

- If set correctly, go to A-2. 

- If not set correctly, go to Cause 1. 

A-2 Check whether values set in the parameters for the rotation direction of the motor 

(No. 1879 or No. 8X22), for the speed feedback pulse count (No. 1876 or No. 8X23), 

and for the positional feedback pulse count (No. 1891 or No. 8X24) are correct. 

- If set correctly, go to A-3. 

- If not set correctly, go to Cause 2. 
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Check whether the parameter setting for POAI (No. 1859 or No. 8X47) satisfies the 

following inequality. (Np is the pulse count of the pulse coder.) 

NP 1 
32767 > POAl x -X 

2000 (1 + LDINTI256) 

- If the setting satisfies the inequality, go to A-4. 

- If the setting does not satisfy the inequality, change the setting to POAl = 0 and 

go to Cause 3. 

Check the model of the NC. 

- If it is Series 15, go to A-5. 

- If it is Series 0, check axis selection parameters No. 269-274. 

- If set correctly, go to A-5. 

- If not set correctly, go to Cause 2. 

Check the type of the pulse coder and system. 

- If it is a serial pulse coder with a semi-closed system, go to A-7. 

- If it is a standard (including high-resolution) pulse coder (of any system) or a serial 

pulse coder with a closed system, check whether the following inequality is 

satisfied. 

PG 
(No. 1825, 517) 

No. 1876, 8X23 4 
32767 Z 655 x x X- 

2000 No. 1891, 8X24 DMR 

- If inequality is satisfied, go to A-6. 

- If inequality is not satisfied, go to Cause 4. 

Check whether a flexible feed gear is used. 

- If not used, go to A-9. 

- If used, check whether the following inequality is satisfied: 

No. 1977, 8X84 PG No. 
2 655 

1876, 8X23 
x -X 

No. 1978, 8X85 2000 No. 1891,8X24 

- If inequality is satisfied, go to A-9. 

- If inequality is not satisfied, go to Cause 4. 

4 1 
x- X 

DMR 32767 
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A-7 In the case of a serial pulse coder with a semi-closed system, check whether a 

flexible feed gear is being used. 

- If used, go to A-8. 

- If not used, go to Cause 5. 

A-8 In the case of a serial pulse coder with a semi-closed system, check 

setting for the flexible feed gear satisfies the following inequality. 

whether the 

No. 
I> = 

1977, 8X84 
2 

PG No. 
655 1876, 

8X23 1 1 
x -X X -x- 

No. 1978, 8X85 2000 No. 1891, 8X24 10 32767 

- If inequality is satisfied, go to A-9. 

- If inequality is not satisfied, go to Cause 4. 

A-9 If the control employs the minimum detection unit of 0.1 pm, check whether the 

high resolution bit (bit 7 of No. 1804 or No. 37) and the optional parameter for O.l- 

pm control are set. 

- If both are set, go to A-IO. 

- If one is not set, go to Cause 6. 

A-IO Set the parameters again. 

Set the parameters while the NC is in emergency stop mode. Make sure to turn 

on the power again carefully. 

[Causes] 

(1) If the motor model parameter is set to a motor number out of the setting range, an alarm 

occurs. 

(2) 

(3) 

tf incorrect values are set in these parameters, an alarm occurs. 

If this inequality is not satisfied, an alarm occurs. In this case, change the setting to POAl 

= 0. (After this change, however, the observer function will no longer be available.) 

(4) If this inequality is not satisfied, calculation of PG overflows and an alarm occurs. This 

alarm is likely to occur when position detection is controlled with an accuracy of 1 pm and 

speed detection is controlled with an accuracy of 0.1 pm in a fully-closed system. 

If this occurs, use the function for enlarging the position gain setting range described in 

Subsection 7.5.2. 

(5) 

(6) 

When a serial pulse coder is’ used in a semi-closed system, the parameter 

feed gear must be set. 

for the flexible 

If these parameters are not set for control with a minimum detection unit of 0.1 pm, an 

alarm occurs. 
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(Remark) 

A specific cause of the alarm for incorrect parameter setting can be determined by checking the 

following addresses. 

[Series 0] 

When 4X7 XAXIS DGTL SERVO PARAM is displayed on the NC screen, set bit 4 of parameter 

No. 64 to 1. Then check parameters No. 88A9 to 88AC on the DGN screen. 

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 
l 

No. 88A9 to 88AC AXIS OVF 8X22 8X24 8X23 8X20 

When bit 0 is set to 1: 

Bit 1 

When bit 2 is set to 1: 

When bit 3 is set to 1: 

When bit 4 is set to 1: 

When bit 5 is set to 1: 

When bit 6 is set to 1: 

Bit 7 

Parameter No. 8X20 is invalid. 

Parameter No. 8X23 is invalid. 

Parameter No. 8X24 is invalid. 

Parameter No. 8X22 is invalid. 

An overflow occurred while calculating the parameter. 

Check the parameter value and bit 0 of parameter No. 

8X00. 

The axis selection parameter is invalid. 

If all parameters described above are set to 0, check bit 4 of alarm 4 on the servo adjustment 

screen. 

Bit 4 is set to 1 when either of the following occurs: 

- Parameter No. 8X84 or 8X85 is set to 0. 

- The velocity loop period is 2 ms (bit 1 of parameter No. 8X04 is set to 0). (Only for a serial 

pulse coder) 

- The flexible feed gear is defective (parameter Nos. 8X84 and 8X85). Alternatively, the values 

of parameter Nos. 8X23 and 8X24 are invalid. 

[Series 151 

When SVO27 ILL DGTL SERVO PARAMETER is displayed on the NC screen, check bit 4 of 

alarm 4 on the servo adjustment screen. 

Bit 4 is set to 1 when either of the following occurs: 

- Parameter No. 1977 or 1978 is 0. 

- The velocity loop period of the serial pulse coder is 2 ms (bit 1 of parameter No. 1809 is set 

to 0). 

- The flexible feed gear is defective (parameter Nos. 1977 and 1978). Alternatively, the values 

of parameter Nos. 1876 and 1891 are invalid. 

Bit 4 is set to 0 when either of the following occurs: 

- Parameter No. 1874 is invalid. 

- Parameter No. 1876 is set to zero. 
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- Parameter No. 1891 is set to zero. 

- Parameter No. 1879 is invalid. 

- An overflow has occurred during calculation of the parameter. Check the parameter value 

and bit 0 of parameter No. 1804. 

7.52 Function for enlarging the position gain setting range 

When a great difference is found between the number of velocity feedback pulses and the number 

of position feedback pulses, the position gain may overflow. If the overflow occurs, the alarm for 

incorrect servo parameter setting is raised. 

PS4X7 SERVO ALARM 0 AXiS DGTL PARAM (Series 0) 

SV27 0 ILL DGTL SERVO PARAMETER (Series 15) 

4X7 0 AXIS DGTL PARAM (Series 16, 18, Power Mate-MODEL C) 

The function for enlarging the position gain setting range can prevent the overflow in the position 

gain. 

(1) Series and editions of applicable servo ROM 

Series 9030, edition 0 and later 

Series 9031, edition H and later 

Series 9040, edition D and later 

Series 9050, edition B and later (The parameter setting 

that with other series.) 

(2) Parameter setting 

with series 9050 is different from 

Series O-C I Series 15 I Setting I 

No. 8X11 

No. 8X24 

No. 1955 bit 5 = 1 The function for enlarging the position 

gain setting range is validated. 

No. 1891 Conventional value x 8 Number of position feedback pulses 

Series 16, 18 Setting 

No. 2000 bit 4 = 1 The function for enlarging the position gain setting 

range is validated. 

With the servo ROM of series 9050, only the bit above needs to be validated. 

(3) Sample setting 

1 -OSP/l OOOOP, reduction ratio of l/20, ball screw of 10 mm/rev, 1 -,u scale, position gain of 30 

The, number of velocity feedback pulses per motor revolution, NV, is: 10000 X 4 = 40000 

The number of position feedback pulses per motor revolution, Np, is: 10 X 1000/20 = 500 

655 x30/20 x40000/500 = 78600 > 32767 

The position gain overflows. 
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To prevent the overflow, set the parameters as follows: 

Series O-C Series 15 

No. 8X10 No. 1954 bit 0= 1 : Bit for a IOOOO-pulse pulse coder 

No. 8X1 1 No. 1955 bit 5 = 1 : Bit for enlarging the position gain setting range 

No. 8X23 No. 1876 10000 : Number of velocity feedback pulses 

No. 8X24 No. 1891 1000 : Number of position feedback pulses (500/4x 8) 

7.5.3 Excessive positional deviation 

[Check items] 

1. Parameter settings and the nameplate on the amplifier (motor model, variation from the 

standard parameters, and NC parameters) 

2. Type of pulse coder (standard or serial) 

3. Connections of the command cable and feedback cable 

4. Three-phase input voltage to the servo amplifier 

5. DGN positioning error pulses 
6. TCMD waveform during acceleration 

[Adjustment procedure] 

A. if a serial pulse coder is causing a motor alarm, check the setting of AMR. (Setting is 

different from that for a standard pulse coder.) 

- if setting is correct, go to A-l. 

- if setting is incorrect, go to Cause 1. 

A-1 Check whether an excessive deviation alarm occurs at the time when the machine is 

stopped or moving. 

- if alarm occurs during motion, go to A-Z. 

- if alarm occurs in stop mode, go to B. 

A-2 Check whether the torque command is saturated during acceleration. 

- If it is not saturated, go to A-6. 

- If it is saturated, go to A-3. 

A-3 Check the setting of the current loop gain in the servo parameter, and also check 

whether the speed-dependent current loop gain, back electromotive voltage 

compensation and phase-lead compensation are set in accordance with the pulse 

count of the built-in pulse coder. 

- If settings are correct, go to A-4. 

- If settings are incorrect, go to Cause 2. 

A-4 Check the torque commands are the same for the two directions of the motor 

rotation when the machine is fed at a constant speed. 

- if different, go to A-5. 

- if the same, go to Cause 3. 
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A-5 Check the axis. 

- If horizontal, go to Cause 4. 

- If vertical or slanted, go to Cause 3. 

A-6 Check the parameter settings (No. 1828 or No. 5040507), CMR and DMR settings, 

and position gain setting. 

- If settings are correct, go to A-7. 

- If settings are incorrect, go to Cause 5. 

A-7 Check the three-phase input voltage to the servo amplifier. 

- If the voltage is equal to or higher than 0.85 times the rated voltage, go to A-8. 

- If the voltage is lower than 0.85 times the rated voltage, go to Cause 6. 

A-8 Replace the servo amplifier. 

- If an alarm still occurs, go to A-9. 

- If an alarm no longer occurs, go to Cause 7. 

A-9 Replace the motor. 

- If an alarm no longer occurs, go to Cause 8. 

- If an alarm still occurs, go to Cause 11. 

B. Check the parameter settings (No. 1829 or No. 593-596). 

- If settings are correct, go to B-1. 

- If settings are incorrect, go to Cause 5. 

B-l Check the connections of the command cable and feedback cable. 

- If connections are correct, go to B-2. 

- If connections are incorrect, go to Cause 9. 

B-2 Check the settings of the speed loop parameters &DINT, PKW, and PK2V) and 

dead zone compensation parameters (No. 1865 and 1866, or No. 8X53 and 8X54) of 

the servo. 

- If any of the settings is too high, go to Cause 10. 

- If settings are correct, go to Cause 8. 

[Causes] 

(1) For the serial pulse coder, the AMR setting differs depending on the number of poles of 

the motor. An excessive deviation error is caused if this setting is incorrect. 

(2) If these settings are set incorrectly, the torque of the motor during high speed rotation 

becomes insufficient, and a significant delay occurs between execution of a command and 

actual motor operation. This delay causes excessive deviation during machine motion. 

(3) The acceleration/deceleration time is insufficient for the machine load; set a larger time 

constant for the acceleration/deceleration. 
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(4) There may be phase shift of the mounted pulse coder. Remove the motor cover and shift 

the pulse coder phase by lmm and see how operation changes. 

(5) If these parameters are set incorrectly, the cumulative positioning error exceeds the set 

value and an alarm occurs. 

(6) If the three-phase input voltage to the servo amplifier is insufficient, the torque becomes 

insufficient (as in Cause 2, above), resulting in excessive deviation during machine motion. 

(7) The servo amplifier is defective. 

(8) The motor is defective (due to demagnetization, etc.) or the pulse coder is defective. 

If the phase C signal for the pulse coder is connected to the wrong phase, the motor 

operates out of control as soon as it is magnetized, resulting in excessive deviation when 

the machine stops. 

(9) If the command cable and feedback cable are connected incorrectly, the motor operates 

out of control as soon as it is magnetized, resulting in excessive deviation when the 

machine stops. 

(10) If values set to these parameters are too high, the motor vibrates heavily when stopping, 

resulting in excessive deviation when the machine stops. 

(11) The machine load is 

selected. 

too heavy for the motor capacity. A different servo needs to be 
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7.5.4 APC alarm 

[Check items] 

1. Connection of the feedback cable 

2 Content of the alarm and its frequency 

[Adjustment procedure] 

A. Check the alarm in detail. 

- If the message “NEED ZERO RETURN” for Series 10, 1 I, 12, and 15, or any 

battery-related message for Series 0 is displayed, go to Cause 1. 

- For any APC alarms other than the above, go to A-l l 

A-l Check how frequently this alarm occurs when the power to the NC is turned on and 

off several times. 

- If the alarm occurs every time, go to A-2. 

- If the alarm occurs occasionally, go to Cause 2. 

A-2 Check whether the DMRl/S function is enabled. 

- If enabled, go to Cause 3. 

- If disabled, go to A-3. 

A-3 Check the connection of the feedback cable. 
- If connection is incorrect, go to Cause 4. 

- If connection is correct, go to Cause 5. 

[Causes] 

(1) Check the battery voltage. If the battery has run down, replace it while the power to the 

NC is on. 

(2) Noise may affect the pulse and cause malfunctions. Shield the signals from noise. 

(3) The DMfWS function is not supported by the absolute pulse coder. Disable the DMR1/5 

function, and set the parameter for the flexible feed gear. 

(4) An alarm occurs if the feedback cable is connected incorrectly or disconnected. 

(5) The pulse coder is probably defective. 
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7.6 Alarms of the Serial Pulse Coder 

When any of the following alarm messages is displayed on the NC screen, refer to the items listed. 

No. Alarm message NC model 

3x9 SPC ALARM SeriesO-C 

4x7 NEED ZRN 

SVllO DATA ERROR (SERIAL PCDR) Series1 5 

CT032 NEED ZRN 
v 

If any of the alarm messages below is displayed on the NC screen, see Alarm 3 and Alarm 4 in the 

servo adjustment screen. 

[Servo adjustment screen] Alarm 3 

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 

SRFLG CSAL BLAL PHAL RCAL BZAL CKAL SPHAL 
c 

SRFLG : This is not an alarm bit. 

This bit is set to 1 when a serial pulse coder is connected, and to 0 when a 

conventional pulse coder is connected. 

CSAL : The serial pulse coder 

BLAL : Battery voltage is low. 

PHAL : The serial pulse coder 

cable. 

RCAL : The serial pulse coder 

BZAL : The power has been 

is faulty. Replace the pulse coder. 

Replace the battery. 

or feedback cable is faulty. Replace the pulse coder or 

is faulty. Replace the pulse coder. 

turned on to the pulse coder for the first time. After 

checking that the battery is connected, turn on the power again and return the 

machine to the zero point. 

CKAL : The serial pulse coder is faulty. Replace the pulse coder. 

SPHAL : The serial pulse coder or feedback cable is faulty. Replace the pulse coder or 

cable. 
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Alarm 4 [Servo adjustment screen 

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 

OTERR CRCERR STBERR 

DTERR : There is a communication failure of the serial pulse coder. 

It is caused by failure of the pulse coder, feedback cable, 

receiver circuit. 

or feedback 

Replace the pulse coder, feedback cable, or NC axis board 

CRCERR : There is a communication failure of the serial pulse coder. 

It is caused by failure of the pulse coder, feedback cable, 

receiver circuit. 

or feedback 

Replace the pulse coder, feedback cable, or NC axis board. 

STBERR : There is a communication failure of the serial pulse coder. 

It is caused by failure of the pulse coder, feedback cable, 

receiver circuit. 

Replace the Dulse coder, feedback cable, or NC axis board. 

or feedback 
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8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

8.1 Configuration of Digital Servo Parameters 

Subsection 8.1.1 lists the symbols, parameter numbers, and rank of servo parameters used for the 

digital servo adjustment procedure. See Subsection 8.1.1 when setting parameters for the digital 

servo adjustment procedure. 

Subsection 8.12 has a block diagram (for 9030 Series) showing how servo parameters are used 

for control. See Subsection 8.1.2 for servo parameter adjustment. 

Subsection 8.1.3 explains the servo adjustment screen that displays parameters frequently used for 

digital servo adjustment, and data for each parameter. 

8.1.1 Symbols, parameter Nos., and rank of digital servo parameters 

Symbol Series 0 Series 15 Rank 

PLCO1 No. 0037 bit7 No. 1804 bit0 *A@ 

SPTPx(x:X,Y,2,4) 0037 bity (y = 0,123) 
AMR 8X01 1806 

PFSEL 1807 bit3 

OPTX 1815 bit1 

MTRID 8X20 1874 

LDINT 8X21 1875 

DIRCTL 8X22 1879 

PULCO 8X23 1876 

PPLS 8X24 

TGALRM 8X03 bit1 

OBENBL 

PIENBL 

1 PSPRS 

BLENBL 

OVSCMP 

VOFST 

TIBO 

FEEDFD 

BRKCTL 

FCBLCM 

PKVER 

8X03 bit2 

8X03 bit3 

8X03 bit4 

8X03 bit5 

8X03 bit6 

8X03 bit7 

8X04 bit1 

8X05 bit1 

8X05 bit6 

8X06 bit0 

8X06 bit2 

MODEL ACCFB 8X06 bit4 

1891 *A@ 

1808 bit1 *B@I 

1808 bit2 *B@ 

1808 bit3 *B@ 

1808 bit4 *B@ 

1808 bit5 *B@ 

1808 bit6 *B@ 

1808 bit7 *B@ 

1809 bit1 *B@ 

1883 bit1 *So 

1883 bit6 *BO 

1884 bit0 *B 

1884 bit2 *B 

1884 bit4 *B 

Description 

High-resolution bit 

Separate detector enabled/disabled 

AMR setting for pulse coder 

Separate detector enabled/disabled 

Separate detector enabled/disabled 

Motor Model 

Load inertia ratio 

Motor rotation direction 

Number of speed detection feedback 

pulses 

Number of position detection feedback 

pulses 

Alarm detection level for software-caused 

disconnection 

Observer function 

Changeover between IP and PI 

One-pulse suppression function 

Backlash acceleration function 

Overshoot prevention function 

VCMO offset function 

Velocity loop control cycle 

Feed forward function 

Vertical-axis brake control function 

Closed loop backlash bit 

Velocity-dependent current loop gain 

variable function 

1 -ms acceleration feedback function 

1-156 



Symbol Series 0 Series 15 

DCBEMF No. 8X06 bit6 No. 1884 bit6 *B 

ADBLSH 

BLCUT 
BLSTP 
SPBIJ 

BLJEN 

PGEXPD 

8X09 bit2 

8X09 bit6 

8X09 bit7 

8X10 bit0 

8X10 bit3 

8X1 1 bit5 

DPFBCT 

MSFEN 

VCMDl 

VCMD2 

PKlV 

PK2V 

PK3V 

BLCMP 

8X1 1 bit7 

8X12 bit1 

8X12 bit4 

8X12 bit5 

8X43 

8X44 

8X45 

8X48 

1953 bit2 *B 

1953 bit6 *B 

1953 bit7 *B 

1954 bit0 *B 

1954 bit3 *B 

1955 bit5 *B 

1955 bit7 *B 

1956 bit1 *B 

1956 bit4 *B 

1956 bit5 *B 

1855 *B 

1856 *B 

1857 *B 

1860 *B 

DPFMAX 8X49 1961 

TGALMLV 8X64 

PK2VAUX 8X66 

FILJER 8X67 

FALPH 8X68 

VFFLT 8X69 

ERBLM 8X70 

1892 *B 

1894 *B 

1895 *B 

1961 *B 

1962 *B 

1963 *B 

PBLCJ 8X71 1964 

AALPH 8X74 1967 

MODEL 

WKAC 

OSCJPL 
DPFCHl 

8X75 1968 *B 

8X76 1969 *B 

8X77 1970 *B 

8X78 1971 *B 

DPFCH2 8X79 1972 

DPFJC 8X80 1973 

DPFZW 8X81 1974 

BLENDL 8X82 1975 

MOFCTL 8X83 1976 

SDMRl 8X84 1977 

SDMR2 8X85 1978 
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Rank 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

Description 

Bit for back electromotive force 

compensation during deceleration 

New backlash acceleration function bit 

Bit for backlash acceleration during cutting 

Backlash acceleration stop function 

Bit for a lOOOO-pulse pulse coder 

Tenfold backlash acceleration function 

Function for enlarging the position gain 

setting range 

Dual position feedback function 

Machine velocity feedback function 

VCMD output variable bit 

VCMD output variable bit 

Velocity loop (integration) gain 

Velocity loop (proportion) gain 

Imperfect integration coefficient 

Backlash compensation acceleration 

parameter 

Maximum amplitude of dual position 

feedback 

TG alarm level 

Compensation torque command 

Torque command filter 

Feed forward coefficient 

Velocity loop feed forward coefficient 

Backlash compensation acceleration 

parameter 

Backlash compensation acceleration 

parameter 

Velocity-dependent current loop gain 

variable 

1 -ms acceleration feedback gain 

Overshoot prevention counter 

Conversion coefficient for dual position 

feedback (numerator) 

Conversion coefficient for dual position 

feedback (denominator) 

Time constant for dual position feedback 

Zero width for dual position feedback 

Backlash acceleration stop amount 

Vertical-axis brake control timer 

*B@I Flexible feed gear numerator 

*B@ Flexible feed gear denominator 
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Symbol Series 0 Series15 Rank Description 

TCPRLD 

MCNFB 

BLBSL 

ONEPSL 

TIAO 8X04 bit0 

TRW0 8X04 bit2 

TRW1 8X04 bit3 

DLYO 8X04 bit6 

DLYl 8X04 bit7 

PKl 8X40 

PK2 8X41 

PK3 8X42 

PK4V 8X46 

POAl 8X47 

POKl .8X50 

POK2 8X51 

PPMAX 8X53 

PDDP 8X54 

PHYST 8X55 

EMFCMP 8X56 

PVPA 8X57 

PALPH 8X58 

EMFBAS 8X59 

TQLIM 8X60 

EMFLMT 8X61 

POVCl 8X62 

POVC2 8X63 

POVCLMT 8X65 

PTCURR 8X86 

DEPVPL 8X98 

8X87 

8X88 

8X89 

8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

1980 *B 

1981 *B 

1982 *B 

1992 *B 

1809 bit0 *C@ 

1809 bit2 *C@ 

1809 bit3 *C@ 

1809 bit6 *C@ 

1809 bit7 *C@ 

1852 

1853 

1854 

1858 

1859 

1862 

1863 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1877 

1878 

1893 

1979 

1991 

*c@ 
*c@ 
*CO 

*c 
*c 
*c 
*c 
*c 
*c 
*c 
*C 

*c 
*c 
*c 
*c@ 
*c 
*c 
*c 
*c 
*c@ 
*c 

Rank *A : Parameters set or changed by machine tool builders 

Backlash acceleration torque offset 

Machine velocity feedback gain 

Base pulse for backlash acceleration 

One-pulse suppression level for serial 

pulse coder A 

Current loop gain 

Current loop gain 

Current loop gain 

Velocity loop gain 

Velocity control observer parameter 

Velocity control observer parameter 

Velocity control observer parameter 

Current dead-zone compensation 

Current dead-tone compensation 

Current dead-zone compensation 

Back electromotive force compensation 

Current phase control 

Current phase control 

Back electromotive force compensation 

Torque limit 

Back electromotive force compensation 

Overload protection coefficient 

Overload protection coefficient 

Overload protection coefficient 

Rated current parameter 

Phase shift compensation during 

deceleration 

Rank *B : Parameters whose standard values are set by the system and changed as required 

Rank *C : Parameters which must not be changed 

@ : If the value set for the parameter is changed, the power must be turned on again. (Common 

to Series O-C (320bit) and Series 15) 
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0 : If the value set for the parameter is changed, the power must be turned on again. (Only for 

Series O-C (32.bi t )) 

(Note 1) bity (y = O-7) indicates the bit position. 

(Note 2) Consider PPMAX, POOP, EMFCMP, and PVPA as rank *A for other than Series O-C 

(320bit) and Series 15. 

(Note 3) The description and symbol name of parameters No.8X04 (Series 0) and No.1809 

(Series 10, 11, 12, 15) for Series O-C (320bit) and Series 15 are different from other Series. See 

Sections 11-l .3 and 11-1.4. 

(Note 4) For ROM 9040 Series corresponding to the serial pulse coder, consider the rank of the 

flexible feed gear parameters (SDMRI and SDMR2) as *A. 
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8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

8.1.3 Digital servo adjustment using the servo adjustment screen 

The servo adjustment screen is accessible from the PARAMETER screen and SERVICE screen. 

The servo adjustment screen is a screen that displays parameters frequently used for digital servo 

adjustment and data for each parameter. Use this screen for digital servo adjustment and alarm 

analysis. This screen can also be used for the digital servo automatic adjustment function (using 

dedicated ROM 9039 Series). 

Servo adjtistment 

X axis 

01000 NO000 

Func bit 

Loop gain 

Tuning st 

Set period 

Int gain 

Prop gain 

Filter 

Veloc gain 

(Value Setting) 

00000000 Alarm 1 00000000 

3000 Alarm 2 00000000 

0 Alarm 3 00000000 

0 Alarm 4 00000000 

113 Loop gain 3000 

-1015 Pos error 4444 

0 Current (%) 5 

100 Speed (rpm) 1000 

Fig. 8.1.3 Example of setting on servo adjustment menu 

This section expiains each parameter on the servo adjustment screen. 

(1) Function bit No. 8X03 (Series 0) No. 1808 (Series 15) 

VOFST OVSCMP BLENBL IPSPRS PIENBL OBENBL TGALRM 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 0 

TGALRM : 

OBENBL : 

PtENBL : 

The detection level of the position detector disconnection alarm is: 

0 : Set to standard 

1 : Reduced to a sensitivity specified separately 

(See Subsection l-7.3.2 for details of the function.) 

Velocity control observer is: 

0 : Not used (Standard setting) 

1 : Used 

(See Subsection 11-2.3.3 for details of the function.) 

Velocity control is: 

0 : Set to IP (Standard setting) 

1 : Set to PI 

(See Subsection H-2.9.1 for details of the function.) 
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IPSPRS : One-pulse suppression function is: 

0 : Not used (Standard setting) 

I : Used 

(See Subsection H-2.2.2 for details of the function.) 

BLENBL : Backlash acceleration function is: 

0 : Not used (Standard setting) 

I: Used 

(See Subsection 11-2.5.2 for details of the function.) 

OVSCMP : Overshoot compensation function is: 

0 : Disabled (Standard setting) 

I : Enabled 

(See Subsection 11-2.4.1 for details of the function.) 

VOFST : VCMD offset function is: 

0 : Not used (Standard setting) 

I : Used 

(See Subsection 11-2.6.1 for details of the function.) 

(2) Loop gain No. 517 (Series 0) No. 1825 (Series 15) 

Displays the position gain of the digital servo. 

(3) Adjustment start bit No. 8X09 bit I (Series 0) No. 1953 bit I (Series 15) 

(4) Setting period No. 8X79 (Series 0) No. 1972 (Series 15) 

Items (3) and (4) are used by the digital servo automatic adjustment function (using dedicated 

ROM 9039 Series). For details, see Section 11-2.7, “Automatic Adjustment Function.” 

(5) Integration gain No. 8X43 (Series 0) No. 1855 (Series 15) 

(6) Proportion gain No. 8X44 (Series 0) No. 1856 (Series 15) 

Items (5) and (6) are velocity loop gains, PKIV (integration gain) and PK2V (proportion gain). 

Although determined specific to the motor, they can be adjusted if necessary. 

(7) Filter No. 8X67 (Series 0) No. 1895 (Series 15) 

This is a torque command filter (FILTER) for eliminating high-frequency noise from the torque 

command. See Subsection 11-2.3.3 for details of the function. 
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Velocity gain 

The velocity gain displays the conventional load inertia ratio LDINT (No. 8X21, No. 1875) as a 

percentage to make setting easier. 100% is displayed for the motor alone. 

lnput the following: 

(Inertia of machine + rotor inertia of motor) 
x lOO(%) 

Rotor inertia of motor 

or the following is displayed: 

Load inertia ratio LDINT(No. 8X21, No. 1875) + 256 

256 

x lOO(%) 

Multiplying the velocity gain by velocity loop gains PKlV and PK2V makes the characteristic of 

the velocity loop in loaded state the same as for the motor alone. 

Alarm 1 

OVL LVAL ovc HCAL HVAL DCAL FBAL OFAL 

b7 b6 b5 b4 b3 b2 bl b0 

OFAL : An overflow alarm occurred in the digital servo. 

FBAL : A pulse coder disconnection alarm occurred( 

DCAL : A regenerative discharge circuit alarm occurred in the servo amplifier. 

HVAL : An overvoltage alarm occurred in the servo amplifier. . 

HCAL : An abnormal current alarm occurred in the servo amplifier. 

OVC : An overcurrent (overload) alarm occurred in the digital servo. 

LVAL : An insufficient voltage alarm occurred in the servo amplifier. 

OVL : An overload alarm occurred in the servo motor or servo amplifier (*l). 

(* 1) Alarm 2 indicates the details of FBAL and OVL. 

Alarms related to the servo amplifier can be checked with the LEDs on the amplifier PC board. 
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ALDF EXPC 

b7 b6 b5 b4 b3 b2 bl b0 

Alarm 2 indicates the details of OVL and FBAL in alarm 1. 

OVL 

FBAL 

Alarm details 
bit7 bit4 

ALDF EXPC 

Motor overheating 1 0 

Amplifier overheating 0 0 

Pulse coder disconnection by hardware 1 0 

Pulse coder disconnection by software 0 0 

Separate pulse coder disconnection by 1 1 

software 

Bits other than bits 4 and 7 are not alarm bits. 

(11) Alarm 3 

SRFLG CSAL BLAL PHAL RCAL BZAL CKAL SPHAL 

b7 b6 b5 b4 b3 b2 bl b0 

SPHAL : The serial pulse coder or feedback cable is abnormal. 

CUAL : The serial pulse coder is abnormal. 

BZAL : Power was supplied to the serial pulse coder for the first time. Confirm that the 

battery is connected and then turn on the power again to return to the zero point. 

RCAL : The serial pulse coder is abnormal. 

PHAL : The serial pulse coder or feedback cable is abnormal. 

BLAL : The voltage of the battery is low. 

CSAL : The serial pulse coder is abnormal. 

SRFLG : This is not an alarm bit. This bit is 1 when the serial pulse coder is connected. 
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(12) Alarm 4 

DTERR CRCERR STBERR PRMALM 

w 

b7 b6 b5 b4 b3 b2 bl bQ 

PRMALM : A setting error was detected in a digital servo parameter related to the serial 

pulse coder. 

STBERR : A communication error occurred in the serial pulse coder. 

CRCERR : A communication error occurred in the serial pulse coder. 

DTERR : A communication error occurred in the serial pulse coder. 

(13) Loop gain 

Displays the actual servo loop gain. 

(14) Positional deviation DGN No. 800-773 (Series 0) No. 3000 (Series 15) 

Displays the degree of error (positional deviation, cumulative positioning error) for each axis. 

Degree of error = F / (A x 60 x PG) F : Feedrate (mm/min) 

A : Minimum setting unit (mm) 

PG : Value set for the position gain 1 100 (s-1) 

(15) Actual current (%) 

Displays current being used as a percentage (%) of the rated current. 

(16) Actual speed (RPM) 

Displays the actual speed of each axis. 
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8.2 Parameter Adjustment for Each Fault 

Digital servo faults and measures to be taken are described below. The measures are explained in 

the order of most effective ones and ones not influencing others. Take the measures in the order 

and use them jointly unless otherwise specified. 

To increase (decrease) a parameter value according to instructions, set the parameter to l20%, 

150%, 200%, then 300% (80%,60%,40%, then 30%). 

Set a proper parameter in consideration of a change in status fault such as improvement or bad 

influences such as vibration. Then change the feedrate and confirm that no other harmful 

influences occur. 

Some parameters and 

edition and its function 

later. 

functions may be invalid depending on the ROM edition. Check the ROM 

before use. For more information on the adjusting procedure, see Item 1 or 

8.2.1 Vibration during motor stop 

If the motor shaft vibrates during motor stop or the servo error rate is not stabilized to 0, the 

following causes are assumed: 

(1) Too high a value is set for LDINT due to incorrect load inertia calculation. 

(2) A low-rigidity portion or resonance system exists in the coupling between the motor and 

machine. 

If the load inertia is calculated correctly, take the following measures: 

Set one-pulse suppression function 1 PSPRS to 1. 

Decrease velocity loop gain PK2V (absolute value). 

Set compensation torque command function PK2VAUX to about 5OOOOO/Np. 

(NP = Pulse count of motor built-in pulse coder) 

Set acceleration feedback function MODELACCFB to 1 and torque command filter FILTER to 

about 100 Hz. 

Set observer function OBENBL to 1. 

Change the velocity loop control period to 1 ms. 

8.2.2 Hunting during movement 

Increase velocity loop gain PKlV for I-P control. 

Set PI control validity PIENBL to 1. 

Change the velocity loop control period to 1 ms and increase velocity loop gain PK2V. 

Set I-ms acceleration feedback function MODELACCFB to 1 and set acceleration feedback 

gain WKAC to 50 through 70 (normal pulse coder), 10 through 15 (high-resolution pulse coder), 

or 200 through 300 (serial pulse coder). Set torque command filter FILTER to about 1100 Hz. 

Then, increase velocity loop gain PKl V and PK2V. 

If the hunting is not corrected, lower the position gain or increase the time constant. 
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8.2.3 Non-coincident positioning error 

If the servo error does not coincide with 

correctly), the following cause is assumed: 

a calculation value (the position gain cannot be set 

0 CMR, DMR, velocity feedback pulse count PULCO, position feedback pulse count PPLS, or the 

flexible feed gear ratio, SDMRl and SDMR2, is set incorrectly. 

In the digital servo system, a value corresponding to the loop gain multiplier in an analog servo 

system is calculated from the parameters above. 

8.2.4 Overshoot during stop 

0 
Q 
0 _ 
@ 

@ 

@ 

0 

Set PI control validity PIENBL to 1. 

Increase velocity loop gain PK2V. 

Change the velocity loop control period to 1 ms and increase velocity loop gain PK2V. 

Set overshoot prevention function validity OVSCMP to 1 and adjust incomplete integral PK3V in 

the range of 32,000 to 20,000. 

If there is a drift during stop after the adjustment of step 4, set overshoot correction clamp 

OSCTPL to about 50. 

Stop the overshoot prevention function and_ adjust incomplete integral PK3V in the range of 

32,767 to 32,000. 

Increase velocity loop gain PKlV. 

8.2.5 Erratic movement 

Check that there is no overshoot. If an overshoot occurs, remove the overshoot in accordance 

with the procedure in 8.2.4. 

Set PI control validity PIENBL to 1. 

Increase velocity loop gain PKlV. 

Validate Vcmd offset function VOFST. 

Change the velocity loop control period to 1 ms and increase velocity loop gain PKW. 

8.2.6 Slow response 

Set PI control validity PIENBL to 1. 

Increase velocity loop gains PKlV and PK2V. 

Change the velocity loop control period to 1 ms and increase velocity loop gain PKIV. 

Set l-ms acceleration feedback function MODELACCFB to 1 and set acceleration feedback 

gain WKAC to 50 through 70 (normal pulse coder), 10 through 15 (high-resolution pulse coder), 

or 200 through 300 (serial pulse coder). Set torque command filter FILTER to about 100 Hz. 

Then, increase velocity loop gains PKlV and PK2V. 
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8.2.7 Disconnection alarm malfunctions due to large backlash in a fully 
closed loop system 

@ Set disconnection alarm variable function TGALRM to 1 and set disconnection alarm level 

TGALMLV to the backlash level. (Set 1 per l/64 revolutions.) 

8.2.8 Quadrant protrusion 

Increase velocity loop gain PKlV. 

Validate the backlash acceleration function. For this adjustment, see the backlash acceleration 

function description. (see Subsections II-252 and 11-2.5.3.) 

Set PI control validity PIENBL to 1. 

Change the velocity loop control period to 1 ms and increase velocity loop gains PKlV and 

PK2V. 

8.2.9 Bad cut surface 

If a bad cut surface occurs and has a periodic stripe, change the feedrate, taper angle, and spindle 

rotation so as to check the cause. If there is a problem in the feed axis, check the irregular 

movements of the feed axis per revolution and the frequency. After that, take the following 

measures: 

A. 

B. 

C . 

0 

@ 

0 

@ 

24 irregular movements per rotation 

Check to see if dead zone correction parameters PPMAX and POOP are set correctly. If a 

parameter is set incorrectly, set them again. 

If the frequency is IO Hz or lower 

Same as the adjustment guide in Subsection 8.2.6. 

If the frequency is 100 Hz or higher 

Decrease velocity loop gain PK2V (absolute value). 

Set l-ms acceleration feedback function MOOELACCFB to 1 and set torque command filter 

FILTER to about 100 Hz. 

Set observer function OBENBL to 1. 

Change the velocity loop control period to 1 ms. 

8.2.10 Dispersed positioning 

0 Observe the position deviation during stop. If the deviation is 0, no measures can be taken in 

the servo system. Adjust a backlash or posture difference. If it is a fully closed loop, adjust 

the scale installation. 

Q If an overshoot occurs just before stop, remove the overshoot according to the procedure 

8.2.4. 

0 If the position deviation is dispersed during stop, set parameters in accordance with steps 4 

8. 

in 

t0 
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Increase incomplete integral PK3V in the range where there is no overshoot. 

Set PI control validity PIENBL to I. 

Increase velocity loop gains PKl V and PK2V. 

Change the velocity loop control period. to 1 ms and increase velocity loop gain PKIV. 

Set I-ms acceleration feedback function MODEL ACCFB to 1 and set acceleration feedback 

gain WKAC to 50 through 70 (normal pulse coder), 10 through 15 (high-resolution pulse coder), 

or 200 through 300 (serial pulse coder). Set torque command filter FILTER to about 1100. 

Then, increase velocity loop gains PKIV and PK2V further. 

8.2.11 Unusual sound in rapid traverse 

@ Decrease velocity loop gain PK2V (absolute value). 

@ Set rms acceleration feedback function MODEL ACCFB to 1 and set torque command filter 

FILTER to about 100 Hz. 

@ Set observer function OBENBL to 1. 

8.2.12 Vibration cause by low gain due to long ball screw 

The long and thin ball screw functions as a spring between the motor and machine. The entire 

system may be then resonated. The frequency at that time is 50 to 200 Hz. The motor corrects 

the vibration using a disturbance torque of the resonant frequency. However, if an integrator is 

very effective, the servo system amplifies the vibration due to the phase delay of the integrator. 

Set parameters in accordance with the procedure below. 

Set PI control validity PIENBL to I. 

Decrease velocity loop gain PKlV and increase velocity loop gain PK2V. 

Change the velocity loop control period to 1 ms. 

Set I-ms acceleration feedback function MODEL ACCFB to 1 and set torque command filter 

FILTER to about 100 Hz. 

If the vibration cannot be stopped by changing the parameters above, use a high-resolution 

pulse coder. 

8.2.13 Vibration when stop due to large backlash 

The large backlash makes a large free portion between the motor and machine. No velocity loop 

gain corresponding to the calculated value may thus be obtained. A problem takes place at system 

start or in the surface precision when the frequency is lowered to the level in which the motor will 

not vibrate. The frequency when the motor vibrates in a backlash is usually several tens Hz. Set 

parameters in accordance with the procedure below. 

@ Set PI control validity PIENBL to 1. 

@ Decrease velocity loop gain PKIV and increase velocity loop gain PK2V. 

@ Change the velocity loop control period to 1 ms. 

@ Set I-ms acceleration feedback function MODEL ACCFB to 1 and set torque command filter 

FILTER to about 100 Hz. 
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6) if the vibration cannot be corrected by changing the parameters above, use a high-resolution 

pulse coder. 

8 Backlash acceleration can be effectively used for a quadrant protrusion. 

8.2.14 Gain is low because load inertia is much larger than torque of motor 

A motor may vibrate if LDINT is set according to the calculation value when the load inertia is very 

large (more than four times as large as torque of motor). The motor does not operate smoothly 

when the gain is lowered. In this case, a velocity loop gain must be increased to ensure a good 

response with the velocity loop being vibration-free and stable. 

Set PI control validity PIENBL to 1. 

Increase velocity loop gains PKlV and PK2V. 

Change the velocity loop control period to 1 ms and increase velocity loop gains PKlV and 

PK2V. 

Set 1-ms acceleration feedback function MODEL ACCFB to 1 and set torque command filter 

FILTER to about 100 Hz. 

If the gain cannot be increased by changing the parameter above, use a high-resolution pulse 

coder. 

8.2.15 Bad cutting shape due to high cutting resistance 

in a machine with high cutting resistance, the motor is vibrated by a disturbance torque. The 

cutting shape may then deteriorate. When the motor is vibrated by the disturbance torque, if the 

frequency is relatively low and an amplitude (absolute value of force) is large, to suppress the 

vibration in the servo system, enhance the robustness for disturbance by increasing the velocity 

loop gain. Set parameters in accordance with the procedure below. 

Increase velocity loop gains PKlV and PK2V. 

Change the velocity loop control period to 1 ms and increase velocity loop gains PKlV and 

PK2V. 

Set I-ms acceleration feedback function MODEL ACCFB to 1 and set torque command filter 

FILTER to about 100 Hz. 

If the cutting shape cannot be improved by changing the parameters above, use a high- 

resolution pulse coder. 
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8.3 Adjustment Procedure for Vibration 

8.3.1 Vibration during stop 

[Check items] 

1. Vibration amplitude : Check it using the DGN positioning error, the VCMD and TSA 

signals in a check board. 

2. Vibration frequency : Check it using the VCMD and TSA signals in a check board. 

3. IS there sound? Does the table vibrate? 

[Adjustment procedure] 

The table is moved mechanically when it vibrates without motor activation. Set parameters in 

accordance with the procedure below when the motor is activated together with a machine. 

For the very low-frequency vibration (drift) during stop, see Section 8.4. 

A. If motor rotates 

A-l Parameter check 

- Check that the load inertia ratio is set correctly. 

- Check the dead zone compensation parameter of a current loop. 

- Check the parameter when a position loop is set to 1 pm and a velocity loop is set 

to 0.1 pm. 

A-2 Validate the one pulse suppression function 

- If the vibration stops, go to cause 1. 

- If the vibration does not stop, go to A-3. 

A-3 Decrease the velocity loop proportional gain (PK2V) by half. 

- If the vibration stops, go to A-4. 

- If the vibration does not stop, go to A-5. 

A-4 Inspect an oscillation limit and move velocity loop gain PK2V to 70% to 80% of the 

oscillation limit. 

- If there is no problem in the movement and cutting shape, go to cause 2. 

(Acceptable) ’ 

- If there is a problem in the movement or cutting shape, return to the original gain 

and go to A-5. 

A-5 Perform each function in the following order: 

- Compensation torque command function 

- Velocity loop control cycle of 1 ms 

- Acceleration feedback 

- Use an observer or torque command filter when vibration frequency is high. 

The vibration stops using any function, go to cause 3. 

If the vibration does not stop, go to A-6. 
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B. 

A-6 Examine the use of a high-resolution pulse coder. Go to cause 4. 

If motor does not rotate 

B-l If the machine table vibrates when the motor does not rotate, it is considered that the 

machine vibrates by an external force other than the servo system. Check the 

causes below and take corrective measures. 

- Oil pump vibration 

- Vibration on floor 

- Spindle vibration 

[Causes] 

(1) If a motor vibrates within +/- 1 pulse the movement is reflected in a velocity feedback. 

The motor vibration may not be attenuated because PK2V amplifies the feedback pulse. 

The one-pulse suppression function is used to prevent this state. The function specifies 

that a pulse not exceeding one pulse is not reflected to PK2V when the velocity feedback 

direction is reversed in a pulse. The one-pulse suppression function also can prevent a 

minute vibration during stop. 

(2) If the velocity loop vibrates during stop, the cause is primarily due to a proportional term. 

Therefore, the vibration during stop can be reduced by lowering velocity loop gain PK2V. 

(3) These functions can be used to make the system much less likely to vibrate, while 

maintaining the response speed of the velocity loop. However, note that the 

compensation torque command function and acceleration feedback should not be used 

together. 

Acceleration feedback detects motor acceleration and compensates a motor’s torque 

command using the acceleration. The compensation torque command function detects 

velocity feedback from the motor every 250 ps and compensates torque minutely in the 

direction opposite to movement unless the velocity feedback value is 0. 

If the vibration frequency during stop is lower than 150 Hz, the system stability is improved 

proportionally by a shorter velocity loop control period. If the vibration frequency is higher 

than 150 Hz and the velocity loop is updated every 2 ms; the vibration component is 

rounded and the vibration may be suppressed to some degree. In this case, when the 

velocity loop control period is changed from 2 ms to 1 ms, the response to velocity loop 

instructions is improved, and the reaction to disturbance is also enhanced. Consequently, 

the degree of vibration may be less. 

(4) A high-resolution pulse coder can detect velocity more precise. This can raise the 

oscillation limit. 
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8.3.2 Vibration in low-speed feed 

[Check items] 

1. Vibration amplitude : Check it using the DGN positioning error, the VCMD and TSA 

signals in a check board. 

2. Vibration frequency : Check it using the VCMD and TSA signals in a check board. 

3. Does the frequency change when the feedrate is changed? 

[Adjustment procedure] 

A-l Parameter check 

- Check that the load inertia ratio is set correctly. 

- Check the parameter when a position loop is set to 1 pm and a velocity loop is set 

to 0.1 pm. 

- Check that the position gain is set correctly. 

A-2 Vibration frequency check 

- If the frequency is low (ten Hz or lower), go to A-3. 

- If the frequency is higher than 30 Hz, 90 to A-5. 

(When the vibration frequency is about 10 to 30 Hz, it is sometimes difficult to judge 

whether you should go to A-3 or A-5. In this case, observe the TSA and TCMD waveform 

in the AC range in the check board. 

- If the phase difference is less than 90 degrees, go to A-3. If it is more than 90 

degrees, go to A-5. 

- You can also do the method of trial and error. 

If you can find no effect when you went to A-3, for example, go to A-5.) 

A-3 increase velocity loop gains PKlV and PK2V until the velocity loop oscillation stops. 

- If the vibration stops, go to cause 1. 

- If the vibration is left yet, go to A-4. 

A-4 Perform each function in the following order: 

- Compensation torque command function 

- Velocity loop PI 

- Set the velocity loop control cycle to 1 ms and increase the velocity loop gain. Go 

to Cause 2. 

A-5 Decrease velocity loop gains PKl V and PK2V by half. 

- If the vibration stops, go to cause 3. 

- If the vibration does not stop, go to A-6. 

A-6 Use a torque command filter or observer when the vibration frequency is very high (100 

Hz or higher). 

Go to cause 4. 
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A-7 Perform each function below. 

- Set velocity loop PI and decrease velocity loop gain PKlV to the level in which no 

vibration occurs. 

- Set the velocity loop control cycle to 1 ms. 

- Set acceleration feedback 

Go to cause 5. 

A-8 Examine the use of a high-resolution pulse coder. Go to cause 6. 

Check that there is no problem in the movement and cutting shape for final set parameters. 

[Causes] 

(1) 

(2) 

(3) 

0 

(5) 

(6) 

A vibration at very low frequency is often caused by a disturbance. Increase a velocity 

loop gain to resist the disturbance. For more information, see Subsection 8.4.2, “Erratic 

movement at low speed feed.” 

Setting velocity loops PI or a velocity loop control cycle of 1 ms can strengthen a velocity 

loop against disturbance. The velocity loop gain can be further stabilized by setting the 

velocity loop control cycle to 1 ms. 

An excessively high velocity loop gain causes a rapid vibration. In this case, it is effective 

to decrease a velocity loop gain. However, if the velocity loop gain is decreased 

excessively, the cutting shape will deteriorate or an erratic movement is caused. If the 

fault above occurs when the velocity loop gain is decreased until the vibration stops, keep 

the velocity loop gain high in some extent and suppress the vibration according to Item A- 

7. 

An observer eliminates high-frequency signals in the high-speed feedback. Therefore, the 

observer can be effectively used to suppress the vibration of very high-frequency only. 

A torque command filter filters the torque command that is calculated by a velocity loop. A 

high-frequency vibration can be suppressed using the torque command filter. 

If vibration is caused due to a time lag of the integrator in a velocity loop, set the velocity 

loop to PI control and decrease the integral gain to reduce the time lag. If the vibration 

frequency is lower than 160 to 200 Hz, setting the velocity loop to 1 ms may sometimes 

reduce the vibration level. 

Using a high-resolution pulse coder, the velocity information can be detected more precisely 

and the velocity can be controlled accurately. This enables vibration suppression. 
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8.3.3 Vibration in rapid traverse 

[Check 
1. 

items] 

Vibration amplitude : Check it using the DGN positioning error, the VCMD and TSA 

signals in a check board. 

2. 

3. 

Vibration frequency 

Does the frequency 

. . Check it using the VCMD and TSA signals in a check board 

change when the feedrate is changed? 

. . . . 

8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

[Adjustment procedure] 

Check to see if the vibration in a rapid traverse is caused by a velocity loop or position loop 
vibration. The position loop vibration appears as hunting. Lower the position gain to correct the 

position loop vibration. Go to A for velocity loop vibration. Go to B for position loop vibration. 

A. If the velocity loop vibrates 

A- 1 Parameter check 

- Check that the load inertia ratio is set correctly. 

- Check the parameter when a position loop is set to 1 pm and a velocity loop is set 

to 0.1 pm. 

A-2 Set the velocity loop to PI and decrease the velocity loop gain to about 70% of the 

original value. 

- If the vibration stops, go to cause 1. 

- If the vibration does not stop, go to A-3. 

A-3 If the vibration frequency is high (150 Hz or higher), validate the torque command 

filter or observer. 

- If the vibration stops, go to cause 2. 

- If the vibration does not stop, go to A-4. 

A-4 Perform the procedure below. 

Acceleration feedback and a velocity loop control cycle of 1 ms 

Velocity loop control cycle of 1 ms 

- If the vibration stops, go to cause 3. 

- If the vibration does not stop, go to A-5. 

A-5 Decrease the velocity loop gain until vibration stops. 

- Hunting occurs due to too slow velocity loop response. Go to A-6. 

A-6 Decrease the position gain until hunting stops. Go to cause 4. 
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if the position loop vibrates 

B-1 Perform each function below to enhance a velocity loop response. 

- Set the velocity loop to PI 

- Increase velocity loop proportional gain PK2V in the range where vibration does 

not occur in velocity loop PI. 

- Velocity loop control cycle of I ms 

- Decrease the velocity loop integral gain PKIV in velocity loop PI. 

If the vibration stops, go to cause 4. 

If the vibration does not stop, go to B-2. 

B-2 Use a mechanical velocity feedback function for the fully closed loop. 

- If the vibration stops, go to cause 5. 

- If the vibration does not stop, go to B-3. 

B-3 Decrease the position gain. Go to cause 4. 

[Causes] 

(1) Vibration and oscillation occur if a velocity loop gain is 

proportional gain PK2V amplifies a high resonant frequency 

too high. A velocity loop 

that the mechanical system 

has. An integral gain PKIV becomes easy to surge at 20 to 30 Hz if it is set high. 

Therefore, both PKlV and PK2V should be decreased if vibration occurs due to PK2V. 

The integral gain must also be decreased at the same time. A velocity loop response 

deteriorates if the gain is decreased excessively. To prevent the response deterioration, 

set the velocity loop to PI. 

When vibration does not stop even if the velocity loop gain is decreased to about 70%, 

filter only a high-frequency signal as described in cause 2. 

(2) An observer eliminates high-frequency signals contained in the velocity feedback signal. A 

torque command filter filters the torque command (final result data) calculated by a 

velocity loop with a primary low-pass filter. 

When the mechanical system has a strong resonance point, the observer and torque 

command filter prevent the amplification of the resonance of the mechanical system in the 

control system by making a control system unresponsive to the signals in which the 

frequency is higher than the resonance point. 

The two functions are effective when the resonant frequency is high (150 Hz or higher). 

When the resonant frequency is lower than 150 Hz, the cutoff frequency of a filter must be 

set low. This affects badly upon the actual velocity control. The lower limit of an 

observer’s band frequency is 30 Hz (1.5 times velocity loop bandwidth (standard)), and 

that of a torque command filter’s band frequency is about 80 Hz (4 times the velocity loop 

bandwidth). The torque command filter is valid when the cutoff frequency is set to lower 

than a half of a vibration frequency. 

When the vibration frequency is 300 Hz, set the cutoff frequency of the torque command 

filter to lower than about 150 Hz. For the relationship between the cutoff frequency and 

parameter, see Subsection 11-2.9.1. 
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(3) An acceleration feedback function suppresses vibration by calculating acceleration from 

the motor’s velocity feedback and compensating a torque command in accordance with 

the calculated data. The function is valid when a high-resolution pulse coder is used. 

When the velocity loop control period is changed from 2 ms to 1 ms, the velocity loop 

stability is improved. This may suppress vibration. However, the high-frequency gain for 

the velocity feedback is increased when vibration is higher than 150 Hz. Notice that this 

may enhance vibration. To control one axis at 1 ms, set the other axis controlled using 

the same CPU to 1 ms. 

(4) If the velocity loop response to the position gain is slow, the position loop becomes 

unstable and easy to surge. 

To eliminate the surge, there are two methods described below. 

- Enhance the velocity loop response. 

- Decrease the position gain. 

Decreasing the position gain is the last method. At first improve the velocity loop 

response. Decrease the position gain when hunting cannot be improved even if the 

velocity loop response is improved by various methods 

(5) The position loop often becomes unstable in a fully closed loop machine that has a weak 

rigidity. A mechanical velocity feedback function improves the stability by using the 

mechanical velocity as part of the velocity feedback. This function is valid for 9030-l J 

edition or later. 
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The relationship between a vibration frequency and vibration suppression method is shown Mow. 

10 20 50 100 . 200 [H 1 z 

Vibration frequency 

PKlV up PKIV down (Note 1) 

PK2V up (IP) Acceleration feedback 

PK2V up (PI) PKZV down (IP, PI) 

Compensation torque command function (valid only 
during stop) 

TCMD FILTER 

Observer 

Velocity loop control cycle lmsec 

Mechanical velocity feedback (fully closed loop only) 

2msec 

High-resolution pulse coder 

(The relationship between functions and frequencies somewhat varies depending on the 
model and mechanical system configuration.) 

(Note 1) Observe the ISA and TCMD signal. If the phase difference is 90 degrees or 
more, set the velocity loop to PI control and decrease velocity = loop gain PKl V. 
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8.3.4 Vibration at specified frequency 

[Check items J 

1. Vibration amplitude : Check it using the DGN positioning error, and the VCMD and 

TSA signals from a check board. 

2. Vibration frequency : Check it using the VCMD and TSA signals from a check board. 

[Adjustment procedure] 

if a machine vibrates at the specified frequency, the natural vibration in a mechanical system is 

amplified by a servo system or the vibration cannot be suppressed by the servo system. 

Set parameters in accordance with the procedure below. 

A. Parameter check 

A-l 

A-2 

A-3 

A-4 

A-5 

A-6 

- Check that the load inertia ratio is set correctly. 

- Check the parameter when a position loop is set to 1 pm and a velocity loop is set 

to 0.1 pm. 

Vibration frequency 

- Low (lower than 20 Hz). Go to A-2. 

- 20 to 100 Hz. Go to A-5. 

- Higher than 100 Hz. Go to A-6. 

Decrease the position gain by half. 

- If the vibration degree is not improved or deteriorates, go to A-3. 

- If the vibration stops, go to B-l. 

(With the position gain returned to the former gain) 

Increase velocity loop gains PKlV and PK2V to the level in which the velocity loop 

does not oscillate. 

- If the vibration stops, go to cause 1. 

- If the vibration is left, go to A-4. 

Using a velocity loop control cycle of 1 ms, acceleration feedback, and similar 

measures, increase the velocity loop gain to a suppress the oscillation. 

- If the vibration stops, go to cause 2. 

- If the vibration is left, go to A-8. 

Set the velocity loop to PI control, decrease velocity loop gain PKlV, and check that 

the vibration stops. If the vibration stops, set velocity loop gain PKlV to about 70% 

to 80% and increase velocity loop gain PK2V as high as can without vibration. 

- If the vibration stops, go to cause 3. 

- If the vibration is left yet, go to A-7. 

If the vibration frequency is very high (150 Hz or higher), use a torque command 

filter or observer. Go to cause 4. 
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A-7 

A-8 

Perform each function below. 

- Velocity loop control cycle of 1 ms 

- Acceleration feedback 

Go to cause 5. 

Examine the use of a high-resolution pulse coder. 

Check that there is no problem in the movement or cutting shape for the final set 

parameter. 

B-1 Suppress the position loop hunting referring to the adjustment procedure in Section 

8.2.3, 6, “If the position loop vibrates.” 

[Causes] 

When a machine and motor vibrate at the specified frequency and the frequency does not 

change if the feedrate is changed, there are two cases. One is that the mechanical system has 

its natural frequency and a part of it appears as disturbance. The other is that the control 

system’s characteristic root exists in the position near an easy-to-vibrate right-half plane. 

The operation in the servo system against disturbance significantly varies depending on the 

frequency. The velocity loop band is usually about 20 Hz. The disturbance in which the 

frequency is lower than a half of 20 Hz is suppressed by the servo system. However, a high- 

frequency disturbance cannot be suppressed by the velocity loop. The velocity loop sometimes 

may amplify a part of the disturbance. For this reason, if the motor vibrates or resonates at a 

specified high frequency, eliminate the high-frequency element contained in a TSA signal using 

an observer or decrease the velocity loop gain. 

(1) 

(2) 

(3) 

(4) 

(5) 

Increase the velocity loop gain to suppress a low-frequency disturbance. 

The velocity loop becomes more stable when a velocity loop of I ms and the acceleration 

feedback function are used. The velocity loop gain can thus be stabilized using these 

functions. 

If the velocity loop vibrates at 20 to 60 Hz, the cause is mostly due to the lag in the velocity 

loop integrator. To reduce the integrator lag, set the velocity loop to PI and decrease the 

integral gain. When the velocity loop is set to PI, no problem is caused even if the velocity 

loop integral gain is decreased to about l/2 or I/3 of the standard value. It is effective to 

increase velocity loop proportional gain PK2V in the range where no vibration occurs 

because the velocity loop integrator lag is reduced relatively. 

It is also effective to set the velocity loop control period to 1 ms. 

Use a torque command filter or observer to eliminate the high-frequency element contained 

in a ISA signal. 

A velocity loop period of 1 ms is effective against vibration of 160 to 200 Hz. Acceleration 

feedback is effective for about 100 Hz. 
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8.3.5 Vibration only during deceleration 

[Check items] 

1. Vibration amplitude : Check it using the DGN positioning error and 

the VCMD and TSA signals from a check board. 

2. Vibration frequency : Check it using the VCMD and TSA signals from 

a check board. 

3. Current waveform during deceleration : Observe it at the check pin of a servo amplifier. 

4. Supply voltage 

5. Torque command during deceleration 

[Adjustment procedure ] 

A-l Does a current oscillate during deceleration? 

- If the current oscillates, go to A-2. 

- If the current does not oscillate, go to A-5. 

A-2 Decrease current loop gain PKl and PK2 to about 70%. 

- If the oscillation stops, go to A-3. 

- If the oscillation does not strop, go to A-5. 

A-3 Is the torque in the high-speed band sufficient? (Does an excess error occur in rapid 

traverse?) 

- If the torque is sufficient, go to cause I. 

- If the torque is not sufficient, go to A-4. 

A-4 Use the variable speed-dependent current loop gain. Go to cause 2. 

A-5 Return the current loop gain to the former gain and validate the counterelectromotive force 

compensation during deceleration. 

- If the vibration stops, go to cause 3. 

- If the vibration does not stop, go to A-6. 

A-6 

[Causes] 

(1) 

The velocity loop itself may vibrate. 

Set the velocity loop parameter referring to Sections 8.3.2 through 8.3.4. 

The current loop parameter does not oscillate for an input voltage of 110% of rated 

voltage. However, the current loop becomes easy to oscillate when the supply voltage 

rises abnormally (especially during deceleration). 

In this case, decrease the current loop gain. If the output torque in the high-speed band is 

sufficient, the current loop gain setting causes no problem. 
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(2) 

(3) 

8.3.6 

[Check 

1. 

2. 

3. 

If the torque in the high-speed band is insufficient and the current loop oscillates during 

deceleration and velocity loop gains PKl and PK2 should be decreased. The current loop 

gain must be increased in the high-speed band during acceleration and in the stationary 

state. 

This can be performed using the speed-dependent current loop variable function. 

The counterelectromotive force compensation is a software function that compensates the 

counterelectromotive force generated by motor rotation. The compensation is only done 

during acceleration and in the stationary status, but not during deceleration. When a 

torque command becomes almost 0 in the large-friction axis or vertical axis, the sign of the 

torque command is continuously reversed near 0. The counterelectromotive force is thus 

compensated irregularly. This disturbs pulse-width modulation (PWM). The current and 

velocity loops may then oscillate. In this case, validate the counterelectromotive voltage 

compensation during deceleration to eliminate the oscillation. 

Vibration occurs after move command entry, but not after 
energization only 

items] 

Vibration amplitude 

: Check it using the DGN positioning error and the VCMD and TSA signals from 

a check board. 

Vibration frequency 
. . Check it using the VCMD and TSA signals from a check board. 

How many pulses are included in the move command which causes vibration? 
. . Enter the move command using a manual pulse. 

[Adjustment procedure] 

If the motor operates with vibration when a move command is entered, go to A. 

If the motor vibrates and then stops halfway when a move command is entered, go to B. 

A. If the motor operates with vibration when a move command is entered 

If the velocity loop vibrates when a move command is entered, adjust the velocity loop 

referring to Subsections 8.3.1, “Vibration during stop,” 8.3.2, “Vibration in low-speed 

feed”, and 8.3.3, “Vibration in rapid traverse.” 

B. If the motor vibrates and then stops halfway when a move command is entered 

This is not due to a parameter adjustment error, but a pulse coder fault, its disconnection 

error or power line fault. Check that the phase C signal in pulse coder is output correctly, 

the feedback cable is not disconnected, or the motor power line is connected correctly. If 

faults are found, replace. Go to causes 1 and 2. 
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[Causes] 

(1) If the phase C signal in pulse coder is not output correctly. 

If phase C is shifted 90 degrees or more, the motor runs out of order when energized and 

stops when an excess error occurs. 

If low-order bits Cl and C2 in phase C are twisted, the motor rotates, but 64 torque ripples 

per revolution appear. 

If phase C is shifted 90 degrees or less, the torque in the high speed range is reduced. 

The motor may vibrate and stop when a move command is entered. 

(2) If a power line is removed or broken, or the power line is twisted, there will be a position 

every 90 where the motor cannot move. 

The motor vibrates and stops in the corresponding position when a move command is 

entered. Hunting occurs when the motor is accelerated rapidly. In any case, check the 

power line or motor winding. 
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8.4 Adjustment Procedure for Drift (Erratic Movement) 

8.4.1 Drift during stop state 

[Check items] 

1. Drift amplitude . . 

2. The number of drift vibrations : 

3. Machine backlash 

4. 

Check the amplitude using the dial indicator or by 

referring to DGN position deviation. 

Check it by referring to the TSA waveform or VCMD 

waveform of the check board. 

Is a disturbance source such as a fan or hydraulic pump located nearby? 

If yes, what is its frequency? 

[Adjustment procedure] 

1. Place the velocity 

A-l 

A-2 

A-3 

A-4 

B-1 

under PI control to set the velocity loop integral gain PKlV to 0. 

- If no drift is observed, go to A-l. 

- If the level of drift remains unchanged or becomes worse, go to B-l. 

Place the velocity loop under PI control to set the velocity loop integral gain to about 

a half of the original value. 

- If no drift is observed, go to cause 1. 

- If a drift still remains, go to A-2. 

Enable the overshoot compensation function (See Section II-2.4), and set PK3V to a 

value from about 32000 to 20000. 

- If not drift is observed go to cause 2. 

- If a drift still remains, go to A-3. 

Enable the incomplete integral function after disabling the overshoot compensation 

function, and make an adjustment by setting PK3V to a value from about 32760 to 

32000. 

- If the cumulative positioning error during the stop state is close to one pulse, go to 

Cause 3. 

- If the delay during stop state is large, go to A-4. 

Increase the velocity loop integral gain PKlV. 

If a vibration occurs at this time, increase the value of PKlV to a maximum extent 

according to Section 8.3. Go to cause 4. 

Increase the load inertia ratio (LDINT) to the highest value that does not cause 

velocity loop vibration. 

- If no drift is observed, go to cause 5. 

- If a drift still remains, go to B-2. 
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B-2 Set the velocity loop control cycle to 1 ms, and further increase the velocity loop gain 

without causing velocity loop vibration. 

- If no drift is observed, go to cause 5. 

- If a drift still remains, go to B-3. 

B-3 Consider 

cause 6. 

a countermeasure for the vibration source or mechanical system. Go to 

[Causes] 

The word “drift” used here represents a drift with a velocity loop frequency lower than about 20 

to 30 Hz. For a higher-frequency, see Section 8-3. 

A machine drift during stop state can occur due to two major causes. One cause is the velocity 

loop integrator; in this case, a drift is caused by the control system itself. The other is a large 

disturbance that cannot be suppressed by the motor to prevent a machine drift. In the former 

case, decreasing the velocity loop gain during stop state is generally useful to prevent a drift. 

In the latter case, however, the velocity loop gain must be increased to make the velocity loop 

more immune to disturbance. 

So it is most important to identify the cause of a drift. One way is to remove the integrator from 

the velocity loop. If a drift is eliminated by doing so, the cause lies in the control system. In 

this case, a drift is closely associated with an overshoot, so closely examine [Causes] in 

Subsection 8.5.1. 

(1) 

(2) 

(3) 

(4) 

(5) 

A smaller integral gain under PI control decrease the value of the integrator during the 

stop state, thus reducing the level of drift. 

Overshoot compensation can reduce the position deviation to 0, and can also decrease 

the value of the integrator of the velocity loop toward 0. So with the torque command 

being 0 when the position deviation is 0, the machine can stop in that position by friction 

force. 

When an excessive overshoot occurs, the position deviation may become 0 only 

momentarily, thus theoretically disabling overshoot compensation. In such a case, no 

means are available except incomplete integral throughout the entire area. 

When incomplete integral is used, velocity loop control is similar to analog servo control; 

some position deviation always remains at stop time. The position deviation value is 

inversely proportional to the value of PKlV if the value of PK3V is constant. So increase 

the value of PKlV to a maximum extent without causing vibration. 

When the machine drifts due to external force even if the servo system attempts to 

suppress the drift, the velocity loop gain needs to be increased to make the machine 

immune to disturbance. In this case, the velocitji loop must be stable and free from 

vibration. See the description of the adjustment procedure in Section 8.3 to increase the 

velocity loop gain without causing vibration. 
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(6) When a disturbance such as from a hydraulic pump is extremely strong, the servo system 

may not be able to fully eliminate its effect. in such a case, consider a countermeasure 

for the vibration source and mechanical system. 

8.4.2 Drift low speed feed 

[Check items] 

1. Drift amplitude : Check the amplitude using the cutting surface or by 

referring to DGN position deviation. 

2. The number of drift vibrations : Check it by referring to the TSA waveform or VCMD 

waveform of the check board (to see if it is proportional 

to the velocity). 

3. Pitch if a scale is provided 

4. Effect of the cut surface 

[Adjustment procedure] 

A-l When a scale is provided, does the drift cycle match the scale pitch or a half of the pitch? 

- If there is a match, go to cause 1. 

- If there is no match, go to A-2. 

A-2 Place the velocity loop under PI control. 

- If the drift is reduced to an allowable level, go to cause 2. 

- If a drift still remains, go to A-3. 

A-3 Set the velocity loop interrupt period to 1 ms, and further increase the velocity loop gain 

without causing vibration. 

- If the drift is reduced to an allowable level, go to cause 2. 

- If a drift still remains, go to A-4. 

A-4 In very low speed feed, check whether the irregularity of drift matches the irregularity of 

NC distribution? 

- If there is a match, go to cause 3. 

- If there is no match, go to A-5. 

A-5 Check the number of irregularities per motor revolution. 

- If irregularities dependent on motor rotation are observed, go to A-6. 

- If irregularities are observed regardless of motor rotation, go to A-7. 

A-6 Make the same adjustment as described in Section 8.7. 

A-7 Disturbance is probably the cause. Suppress disturbance by increasing the velocity loop 

gain to a maximum extent without causing vibration. 

[Causes] 

A machine drift at low speed feed can occur due to two major causes. One is a command 

irregularity or position detection system irregularity, which affects a velocity command itself. 
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Without eliminating this cause, no velocity loop parameter adjustment can solve the problem. 

The other is a motor torque irregularity or machine system irregularity. This cause is regarded 

as disturbance for the velocity loop, so a velocity loop adjustment can be made for 

improvement to some extent. 

(1) If an irregularity exists with a fully closed loop system due to a poor adjustment, the 

machine also makes an erratic movement. The DGN position deviation is stable in very 

low speed operation because the machine fully catches up with the scale. However, the 

machine actually makes erratic movements. As the velocity increases and the scale 

irregularity frequency exceeds the position loop range, the DGN position deviation begins 

drifting. In addition, the VCMD waveform begins rolling accordingly. In any case, a poor 

scale adjustment can adversely affect the cut surface quality, and no parameter 

adjustment can solve the problem. The scale must be provided by its supplier with a 

manual for adjustment. Make an adjustment according to the manual or ask the MTB to 

make an adjustment. 

(2) If a machine drift occurs for a cause such as a disturbance (or motor torque irregularity), 

the drift can be reduced by improving the response of the velocity loop and thus 

enhancing immunity to disturbance. For this purpose, place the velocity loop under PI \ 
control and set the velocity loop control cycle to 1 ms. Set the velocity loop gain to the 

highest possible stable level; however, a margin must be left to prevent vibration. 

(3) When extremely slow feeding is required on a taper surface, for example, along the axis in 

question, an NC distribution irregularity may directly cause a feed drift. In such a case, 

there is no fundamental solution other than setting a much finer detection unit and 

minimum setting unit. 

8.4.3 Drift in rapid traverse acceleration/deceleration 

[Check items] 

1. Drift amplitude : Check it by referring to the DGN position 

the VCMD waveform from the check board. 

deviation or 

2. Drift duration : Check it by referring to the TSA waveform or VCMD 

waveform of the check board. 

3. Frequency of a drift when it lasts : Check it by referring to the TSA waveform or VCMD 

waveform from the check board (to see if the frequency 

is proportional to the feedrate). 

4. Any sound 

[Adjustment procedure] 

First, see Subsection 8.3.3. As described in the section, check whether the vibration (drift) is 

caused only by the velocity loop or by the position loop. 

The adjustment procedure described in Subsection 8.3.3 is applicable here. 
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8.5 Adjustment Procedure for Overshoot 

8.5.1 Overshoot in l-pulse feed and lo-pulse feed 

[Check items] 

1. Overshoot in 1 -pulse feed 

2. Overshoot in IO-pulse feed 

3. Movement after overshoot 

- Does the machine immediately return or does a drift occur? 

- If a drift occurs, how long does it last? 

4. Waveform of the torque command when 1 -pulse feed and 1 O-pulse feed are performed 

[Adjustment procedure] 

Before making an overshoot adjustment, the mechanism of the servo system in l-pulse feed 

and IO-pulse feed operation must be first understood. Section U-2.4 is useful to understand the 

mechanism. 

A-l Place the velocity loop under PI control. 

- If no overshoot is observed, go to cause 1. 

- If an overshoot still occurs, go to A-2. 

A-2 Increase the proportional gain of the velocity loop (by about 1.5 times) without causing 

vibration. 

If no overshoot is observed, go to cause 2. 

If an overshoot still occurs, go to A-3. 

A-3 Set the velocity loop control cycle to 1 ms, and increase PK2V. 

If no overshoot is observed, go to cause 3. 

If an overshoot still occurs, go to A-4. 

A-4 Return the gain to the original value, and enable the overshoot compensation function. 

(When using the overshoot compensation function, adjust PK3V within a range of about 

32000 to 20000.) 

- If no overshoot is observed, go to cause 4. 

- If no overshoot is observed, but a drift during stop state is unsatisfactory, go to A- 

5. 

- If no overshoot appears to occur, but an overshoot actually occurs somewhere or 

sometimes, go to A-6. 

A-5 Use the improved version of the overshoot compensation function (which holds the torque 

command halfway instead of dropping it to 0 in overshoot compensation). Go to cause 5. 
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Use the incomplete integral function without performing overshoot compensation. when 

using the incomplete integral function, adjust PK3V within a range of about 32760 to 

32000. 

- If the positioning error level during stop state is allowable, go to cause 6. 

- If the positioning error level during stop state is not allowable, go to A-7. 

increase the velocity loop integral gain PKlV. 

When vibration occurs at this time, perform setting to maximize PKlV while suppressing 

vibration according to Section 8.3. Go to cause 7. 

[Causes] 
In general, the maximum static friction of a machine observed when it begins moving from its 

stationary state is always greater than its kinetic friction. In l-pulse or 1 O-pulse feed, the initial 

state is the stop state, and the value of the velocity loop integrator gradually increases. Then 

when the torque command has exceeded a maximum static friction level, the motor begins 

rotation. With a digital servo system, the value of the integrator is preserved without 

modification. 

When the motor output torque corresponding to the value of the integrator is greater than the 

kinetic friction of the machine, the machine (motor) cannot stop, resulting in overshoot. This 

means that to eliminate overshoot in 1 -pulse feed and 1 O-pulse feed, a large difference must be 

provided between the torque command value immediately before the machine moves and the 

torque command value immediately after the machine moves. (For detailed information, see 

Section 11-2.4.) 

(1) 

(3) 

When the velocity loop is placed under IP control, the torque command value immediately 

before the machine moves is the value of the integrator itself. On the other hand, when Pi 

control is used, the value is (value of integrator + forward proportional). The torque for 

starting a machine is constant regardless of the control system. So if Pi control is used, 

the motor starts operation when the value of the integrator is smaller. For this reason, the 

torque command value immediately after the machine moves becomes smaller, resulting 

in less overshoot. (See Subsection 11-2.4.1.) 

When a larger proportional gain is used under PI control, the contribution of the 

proportional to the torque command value before the machine moves becomes larger; on 

the other hand, a smaller integrator contribution results. So less overshoot occurs for the 

reason described above. 

When the velocity loop control cycle is changed from 2 ms to 1 ms, less overshoot occurs 

even with the equivalent gain. In addition, a shorter control cycle raises the oscillation 

limit, so that the response of the velocity loop can be improved in a stable manner. 
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The overshoot compensation function performs a complete integral calculation with the 

integrator as usual when the positional deviation is not 0. When the position deviation is 

0, the overshoot compensation function performs an incomplete integral calculation. With 

this function, when the machine or motor has reached a designated position, the value of 

the integrator decreases toward 0, thus reducing overshoot. This function, unlike the 

ordinary incomplete integral function, applies incomplete integral only to the stop state. So 

the value of PK3V can be decreased, and overshoot can be reduced without affecting cut 

surface quality. 

As explained in Item (4) above, the overshoot compensation function ultimately reduces 

the torque command value at stop time to 0. This means that when disturbance is applied 

to the machine or motor, a drift occurs within a range of + 1 pulse as detectable by the 

detector. In some cases, such a drift is felt as vibration. In such a case, use the 

improved version of the overshoot compensation function, which does not reduce the 

torque command value beyond a certain point. (See Section 112.4.) 

When an excessive overshoot occurs, such a state where the position deviation becomes 

0 can occur only momentarily, thus theoretically disabling overshoot compensation (from 

the viewpoint of probability). In such a case, no means are available except incomplete 

integral throughout the entire area. 

When incomplete integral is used, velocity loop control is similar to analog servo control; 

some position deviation always remains at stop time. The positional deviation value is 

inversely proportional to the value of PKlV if the value of PK3V is constant. So increase 

the value of PKlV to a maximum extent without causing vibration. 

[Note] 
As described above, making the effect of the integrator smaller is theoretically useful for reducing 

overshoot. However, such a situation as explained below may occur. 
With a machine that has a larger backlash, when its motor overshoots, no machine overshoot 

occurs as long as the motor overshoot lies within the backlash. In this case, if even a slight motor 

overshoot occurs, the overshoot can be compensated immediately with the velocity loop by using a 

higher integral gain. Thus machine overshoot can be eliminated. 
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8.5.2 Overshoot at rapid traverse or cutting positioning 

[Check items] 

1. Overshoot at positioning : Check with the positioning error and the VCMD 

waveform from the check board. 

2. Torque command at overshoot : Check with the check board. 

3. Position gain and time constant : Check the parameters. 

[Adjustment procedure] 

A-l Check the parameters. 

Check whether parameters such as the velocity loop gain, position gain, and 

acceleration/deceleration time constant are correct. 

- If a parameter is incorrect, go to cause 1. 

- If the parameter are correct, go to A-2. 

A-2 Check whether the torque command is saturated. 

- If it is saturated, go to A-3. 

- If it is not saturated, go to B-l. 

A-3 Increase the acceleration/deceleration time constant. 

Go to cause 2. 

B-l Make an adjustment by using the same procedure as A-l to A-7 of Subsection 8.51 to 

eliminate overshoot at positioning time. 

- If overshoot cannot be eliminated, go to B-2. 

B-2 Increase the acceleration/deceleration time constant. Go to cause 3. 

[Causes] 
If an overshoot occurs at rapid traverse, the cause is a position loop request (that is, velocity 

command (i.e., position gain x position deviation), not satisfied by the velocity loop, which is a 

minor loop of the position loop. The response of the velocity loop or the saturation of the 

torque command prevents the velocity loop from satisfying the request. 

(1) 

(2) 

(3) 

If position gain setting or velocity loop gain setting is incorrect, an overshoot can occur 

even when no vibration is produced. 

When the torque command is saturated, the system response is determined only by the 

acceleration or deceleration capability of the motor regardless of the velocity loop control 

system (parameters). To prevent overshoot in such a case, available means are limited. 

An increased rapid traverse time constant must be used, or a model with a larger motor 

must be employed. 

Overshoot may not be eliminated even by improving the velocity loop response as 

described above. In such a case, available means are limited. 

traverse time constant must be used, or a model with a larger motor must be employed. 

An increased rapid 
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8.5.3 Overshoot in positioning with manual pu 

acceleration function is used 
ses when the back ;lash 

[Check items] 

1. Overshoot measured with a dial indicator or other instrum tnts 

2. Overshoot examined by referring to the DGN position deviation 

[Adjustment procedure] 

A-l Disable the backlash acceleration function. 

- If no overshoot is observed, go to A-2. 

- If an overshoot still remains, go to A-l of Subsection 8.3.1. 

A-2 Enable the backlash acceleration function only for cutting. Go to cause 1. 

However, the following servo ROM series/version is needed: 

901 O/OOlG or later 

9020/001 J or later 

9030IOOlF or later 

904O/OOlA or later 

Note that this function cannot be used for NC or Series IO. 

[Causes] 

(1) The backlash acceleration function is used to eliminate quadrant protrusions in arc cutting 

and so forth. Usually, this function is activated even when no cutting operation is 

performed. So a problem may arise with positioning using the handle. To prevent such 

trouble, the backlash acceleration function is enabled during cutting operation only. For 

Series 10, however, this function cannot be used. This is because the NC does not 

indicate to the servo system whether cutting operation is being performed or not. 

For detailed information about setting, see Subsection 11-2.5.2. 
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8.5.4 Overshoot when feedfotward is appl 

[Check items] 

1. Overshoot when feedforward is applied : 

2. Torque command when overshoot occurs : 

3. Position gain and time constant . . 

[Adjustment procedure] 

A-1 Check the parameters. 

ied 

Check with the positioning error. 

Check with-the check board. 

Check the parameters. 

Check whether parameters such as the velocity loop gain, position gain, and rapid traverse 

time constant are correct. 

- If a parameter is incorrect, go to cause 1. 

- if the parameters are correct, go to A-2. 

A-2 Check the positional deviation. 

Check whether the positional deviation when feedforward is applied conforms to a 

calculated value. 

- if it does not conform to a calculated value, check the feedforward coefficient 

(Subsection 11-2.5.1). 

- if it conforms to a calculated value, go to A-3. 

A-3 Is the torque command saturated? 

-\ if it is saturated, go to A-4. 

- if it is not saturated, go to A-5. 

A-4 increase the cutting feed time constant, or decrease the feed forward coefficient. Go to 

cause 2. 

A-5 Apply velocity loop feedforward (with the 9030/i version or later or the 9040/A version or 

later). 

- if no overshoot is observed, go to cause 3. 

- If an overshoot still remains, go to A-6. 

A-6 improve the response of the velocity loop according to the adjustment procedure 

described in Subsection 8.52. 

- If no overshoot is observed, go to cause 4. 

- if an overshoot still remains go to A-7. 

A-7 increase the cutting feed time constant, or decrease the feedforward coefficient. Go to 

cause 5. 
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[Causes] 

As in the case of rapid traverse, overshoot occurring when feedforward is applied is caused by 

the inability of the velocity loop to satisfy a position loop request. So the servo parameter 

adjustment as described in Subsection 8.5.2 must be made. However, there is one exception; 

for the type of overshoot described in this section, the method of adjustment when the torque 

command is saturated involves the cutting feed time constant and feedforward coefficient. 

(1) If position gain setting or velocity loop gain setting is incorrect, an overshoot can occur 

even when no vibration is produced. 

(2) The torque command becomes saturated when feedforward is applied, while the torque 

command is not saturated when feedforward is not applied. In such a case, increase the 

cutting feed time constant or decrease the feedforward coefficient so that the torque 

command will not be saturated. In any case, however, a larger cutting shape error is 

introduced. So perform setting by using information in Subsection 11-2.5.1. 

(3) Applying velocity loop feedforward improves the response of the velocity loop to 

commands, thus eliminating overshoot. 

(4) Even if the torque command is not saturated, overshoot can occur due to slow response 

of the velocity loop. In such a case, overshoot can be reduced by improving the response 

of the velocity loop. 

(5) If an overshoot still remains after improving the response of the velocity loop to a 

maximum extent just before oscillation starts, increase the cutting feed time constant or 

decrease the feedforward coefficient. 

1 - 194 



8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

8.6 Adjustment Procedure for Erratic Movement 

8.6.1 Erratic movement in l-pulse feed 

[Check items] 

1. Actual machine movement in l-pulse feed : Check with a dial indicator or other 

instruments. 

2. Position deviation change in 1 -pulse feed : Check with the DGN. 

3. Torque command change in l-pulse feed : Check with the check board. 

[Adjustment procedure] 

A-l 

A-2 

A-3 

A-4 

A5 - 

A-6 

A-7 

When an erratic movement occurs, is the position deviation in l-pulse feed O? 

- An erratic movement occurs even when the position deviation is always 0. Go to 

A-2. 

- A position deviation remains, depending on how an erratic movement occurs. Go 

to A-4. 

Check whether an overshoot occurs. 

- if an overshoot occurs, go to A-3. 

- If no overshoot is observed, go to A-4. 

By referring to Subsection 8.51, eliminate any overshoot, and enable the VCMD offset 

function. Go to cause 1. 

When using the incomplete integral function, increase PK3V (close to 32767) as long as 

no malfunction occurs. 

increase the velocity loop gain PKlV without causing vibration. 

- if no erratic movement occurs, go to cause 2. 

- if an erratic movement occurs, go to A-6. 

Set the velocity loop control cycle to 1 ms. Then, by using a function such as the 

compensation torque command function, increase PKlV to the highest value that does not 

cause velocity loop vibration. 

- if no erratic movement occurs, go to cause 2. 

- if an erratic movement occurs, go to A-7. 

it appears that erratic movement cannot be eliminated by servo parameters alone. 

Consider a machine adjustment. 
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[Causes] 

When no erratic movement is observed with the DGN position deviation, l-pulse commands 

actually move the machine by 0, 2, 0, 2 in some cases. Assume that the machine is stopped 

near an end of a unit of the l-pulse grid of the detector. When the machine moves to the 

nearer grid by 1 pulse, a shorter time is required for acceleration. This means that the machine 

movement is decelerated by friction force immediately after the machine passes to the next unit 

of the grid at low speed. For this reason, the machine appears to have moved by almost no 

distance (from 2 to 3 in the figure below) even if the positional deviation is 0 both before and 

after the machine moves. 

On the other hand, when the machine moves to the farther grid by 3 pulse, a longer distance 

must be covered. This means that machine is accelerated too far by the motor, so that the 

machine stops at a point in the next unit farther than the previous point (for example, from 1 to 

2 in the figure below). In some cases, the machine may overshoot, then return. I such a case, 

the machine stops at a farther point than the previous point (for example, from 3 to 4 to 5 in the 

figure below). 

So the machine appears to have moved by two pulses even if the positional deviation is actually 

0 both before and after a move command in entered. This tends to occur when an overshoot 

occurs, so make an adjustment to remove overshoot. 

Detector grid 
* Machnie position when moved by l-pulse feed 

The VCMD offset function adds a 0.5 pulse to the normal velocity command (VCMO). When 

the position deviation is 0, the VCMD offset function gradually moves the machine in the 

positive direction. When the machine moves into the next grid unit, the position deviation 

becomes -1, and the velocity command functions to provide -0.5 pulse move, moving the 

machine in the negative direction. 

Thus the VCMD offset function shifts the positional deviation from 0 to 1 or 1 to 0. However, a 

position closest to the grid position is eventually reached due to mechanical friction. In this 

case, the DGN position deviation is unstable, that is, shifting between 1 and 0, but the actual 

movement is very small. One-pulse feed operation performed in this state can move the 

machine one pulse at a time precisely. 

(1) The machine may make an erratic movement, and position deviation may not become 0 

accordingly. To suppress such an erratic movement, increase the torque command 

caused by a l-pulse position deviation, by increasing the velocity loop gain. 
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8.7 Adjustment Procedure for Cut Surface 

Classification of unsatisfactory cut surfaces 

Unsatisfactory cut surfaces can be classified into several groups. Each group requires a 

different set of check items and countermeasures. 

[Classification] 

1. Which feed operation is used for straight cutting, single-axis linear feed or two-axis linear 

feed? 

Go to Subsection 8.7.1 if an unsatisfactory cut surface occurs only with two-axis feed. 

Go to Subsection 8.7.2 if a poor cut surface occurs with both single-axis feed and two- 

axis feed. 

8.7.1 Cut surface occurring only with two-axis linear feed 

Most unsatisfactory 

the feed system. 

cut surfaces occurring only with two-axis feed are due to a malfunction in 

[Check items] 

1. In general, unsatisfactory cut surfaces caused by a feed system malfunction are related to 

a machine position. 

2. 

To confirm that an unsatisfactory cut surface is not caused by 

feedrate within such a range (up to 20%) that there appears 

movement. (If the work is fed every minute, change the feedrate. 

rotation, change the feed amount.) 

vibration, change the 

no change in work 

If the work is fed per 

If the feed system malfunctions, the cut surface pitch does not change with a small 

change in feed. 

occur even with 

If the pitch changes, it may be an unsatisfactory cut 

single-axis feed described in Subsection 8.7.2. 

Regard the stripes of a cut surface as contour 

calculate the interval between adjacent contours. 

from one of the axes, 

that can 

Example: Stripes occurring at intervals of 1 mm appear in the case of cutting with an 

inclination of 15 degrees (X = 1, Y = tan( 12)). 

The stripes can be viewed as contour lines along the X axis occurring at intervals of about 

0.97 mm (= 1 mm x cos( 15)) or as contour lines occurring at intervals of about 0.26 mm 

( = 1 mm x sin( 15)) along the Y axis. 

Whether stripes are occurring along the X axis or Y axis can be determined by checking 

whether the stripe interval is enlarged or reduced when the inclination is changed to 10 

degrees or 20 degrees. 
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3. 

4. 

Example: The interval is enlarged with an inclination of 10 degrees (X = 1, Y = tan(l0)). 

If contour lines along the X axis occurring at intervals of 0.97 mm are assumed, the 

interval of stripes should not change significantly because 0.97 + cos(l0) = 0.98 mm. 

On the other hand, the interval of stripes 

sin(lO) = 1.49 mm. 

When contour lines along the X axis are 

degrees produces a change of 1.4 mm ( = 

along the Y axis is enlarged because 0.26 + 

assumed, changing the inclination to about 45 

0.97 mm + cos(45)). 

If the interval of stripes does not change as the interval of contour lines changes, then 

check the possibility of an unsatisfactory cut surface described in Subsection 87.2. 

Confirm a calculated axis/interval with the check board. 

If a probability is found that there is an erratic movement occurring at intervals of 0.26 mm 

along the Y axis, perform single-axis feed operation at such a feedrate that the interval of 

0.26 mm is equivalent to 20 Hz, then check VCMD with the oscilloscope. 

0.26 mm X 20 X 60 G F300 

If a stripe repetition rate of 20 Hz is confirmed with a feedrate of F300, the interval of 

contour lines is determined to be 0.25 mm. In the case of 17.7 Hz, the interval of stripes 

is determined to be 0.283 mm. (It is less accurate than imagined to read an interval by 

checking the work visually.) 

Go to Adjustment procedure upon confirmation. 

When irregularity cannot be checked with the check board 

Even if the interval of contour lines is identified, the corresponding irregularity may not be 

observed with the check board. 

In such a case, there is a possibility that the servo system is not responsible for the poor 

cut surface. So check to see if the cut surface becomes worse when the servo gain is 

intentionally lowered. 

With a digital servo system, decrease PKlV to a half. (With an analog servo system, set 

the RVl scale value to 0.) 

If the cut surface does not get worse when the gain is lowered, there is a high probability 

that the mechanical system beyond the servo system is responsible. So check with the 

manufacturer to see if there is any mechanical factor that corresponds to the contour 

lines. 
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Possible mechanical factors: 

1. Gear transfer irregularity when gear coupling is used 

2. Transfer irregularity when a timing belt is used 
3. Ball screw/nut runout 

4. Poor vertical axis counterbalance (Destroy the balance intentionally) 

In any case, it is necessary to determine the relationship between the amount of 

movement and the number of irregularities per revolution of a rotational element. 

5. When a separate detector such as a scale is used 

When a separate detector such as a scale is used, a malfunction of such a detector 

can cause an unsatisfactory cut surface. To check this type of cause, switch to 

semi-closed loop setting by specifying parameters, then check according to Item 3 

above. If no irregularity can be observed, ask for a scale check. 

Section N-2.1 2 details the scale. 

[Adjustment procedure] 

In general, an adjustment is made to suppress irregularity by increasing the gain of the velocity 

loop. 

A particular number of irregularities per revolution may depend on a particular cause, so it is 

also to be checked. 

A-l Increase the integral gain (PKIV) in 50% steps. 

- If there is an improvement, but vibration starts at stop time, go to A-2. 

- If there is an improvement, but hunting occurs in JOG feed, go to B-l - 

- If a worse cut surface results, go to C-l. 

- If an improvement is made, go to cause 1. 

A-2 Change the velocity loop control cycle to 1 ms. 

(Change the setting of the other mate axis at the same time.) 

- If vibration cannot be stopped, go to A-3. 

A-3 Use the l-pulse suppress function. 

If vibration cannot be stopped, go to A-4. 

A-4 Set PK2VAUX to about 100 to 200 (with a 2000 to 3000P pulse coder). 

- If vibration still occurs, decrease PKlV to a level where no vibration occurs. 

Ultimately, find a trade-off between cut surface quality and vibration. 

B-l Increase the proportional gain (PK2V) by 50%. 

- If vibration starts at stop time, go to A-2. 

- If hunting is stopped, go to A-l. 
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C-l When the cycle of erratic movement is 30 Hz or higher, increasing the integral gain often 

makes the situation worse. In this case, change the velocity loop control cycle to 1 ms. 

- If an improvement is made compared with the previous processing in which 2 ms 

is set, go to A-l. 

- If no improvement is seen, go to C-2. 

C-2 Change the velocity loop for PI setting, and decrease the integral gain (PKl V) by about 

50%. 

- If no substantial change is seen, go to D-l. 

- If an improvement is made, go to cause 2. 

D-l Increase the proportional gain to 50%. 

- If an improvement is made, but vibration starts at stop time, go to A-3. 

[Causes] 

(1) When a relatively slow feedrate is used (the number of motor revolutions is about 20 rpm 

or less), erratic movement can be suppressed for a smoother cut surface by increasing 

the velocity loop gain of the servo system. (Increasing the gain can improve an irregularity 

of up to about 20 Hz.) 

If an improvement is made by increasing the gain, the cause may be a smaller gain. If 

possible, however, it is important to remove a factor such as a torque irregularity that 

caused the erratic movement. On the other hand, check for possibility that the 

mechanical system can also cause a torque irregularity. 

If an irregularity is corrected by decreasing PKlV 

compensation delay associated with the integrator. 

(integral gain), the cause is a 

When a lower integrator gain is used, a less sensitive servo system results. However, a 

lower integrator gain prevents the servo system from excessively responding to a 50- to 

200-Hz disturbance, thus suppressing those irregularities associated with the frequencies. 

However, this also means a lower gain for suppressing a 0- to 20-Hz irregularity, and a 

deteriorated startup response. So a close check is required to avoid these adverse 

effects that can be produced by a lower gain. 
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8.7.2 Cut surface occurring even with single-axis feed 

An unsatisfactory cut surface occurring even with single-axis feed is often caused by mechanical 

system vibration (not associated with a feed axis). Mechanical vibrations can be classified as . 
vibrations synchronized with the number of revolutions of the spindle, vibrations that always have a 

constant frequency, and vibrations associated with a particular position. 

[Check items] 

1. Check the servo error of an axis that is not moving. 

For a cut surface check in the case of single-axis feed, it is assumed that an axis that is 

not moving is completely stopped. 

By checking the DGN servo error at cutting time, confirm that an axis that is not moving is 

completely stopped. 

If a drift is observed, check its environment, and also check the relationship with the 

interval of the cut surface. 

2. Change the spindle rate. 

In the case of feeding per rotation, check that the same results can be obtained by 

switching to the feeding performed every minute that has the equivalent rate. Then check 

with feeding performed every minute. When peripheral velocity control is used, match the 

velocity with the rate of feeding performed every minute at a location where a poor cut 

surface is produced. 

Change the number of spindle revolutions to such an extent (up to 20%) that the status of 

work does not change substantially when visually checked. 

If the interval of the cut surface changes as a result, and such a change is inversely 

proportional to the number of spindle revolutions, the interval of the cut surface is 

determined to match some cutter mark interval. That is, the cause is assumed to be a 

vibration synchronized with the number of spindle rotations. Go to item (1). 

If the cut surface interval is not inversely proportional to the number of spindle rotations 

(the interval widely changes or is lost in some cases), there is a higher probability that the 

unsatisfactory cut surface is caused by a vibration with a constant frequency. Go to item 

(2) . 

In rare cases, the cut surface interval does not change even if the number of spindle 

rotations is changed in feeding performed every minute. In such a case, the cut surface 

may be associated with a particular position. By parallel displacement of the work, check 

if the cut surface occurs in the same position of the machine. 
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Cut surface caused by vibration synchronized with spindle rotation 

An unsatisfactory cut surface caused by vibration synchronized with spindle rotation has 

the features described below. 

This type of cut surface appears when cutting, such as turning or boring, where the same 

part of a cutter cuts a workpiece. When a tool cuts a workpiece intermittently as in the 

case of milling, check other cases. 

(a) A spiral cut surface is always produced. 

With face turning, a spiral cut surface appears. With boring or cylindrical turning, a 

screw-like cut surface appears. 

(b) When N disturbance vibrations occur per spindle rotation, the following cut surfaces 

appear: 

N= about 0.8 to 1.2: Single-thread spiral 

N= about 1.8 to 2.2: Dual-thread spiral 

N= about 2.8 to 3.2: Triple-thread spiral 

N = about 3.8 to 4.2: Quadruple-thread spiral 

(c) At this time, the interval of a cut surface is based on the number of cutter marks 

which is determined as the reciprocal of the fraction of N: 

When N = 0.9: Single-thread spiral, every 10 cutter marks, same spiral as cutter 

marks 

When N = 1.1: Single-thread spiral, every 10 cutter marks, reverse spiral as 

compared with cutter marks 

When N = 1.9: Dual-thread spiral, every 10 cutter marks, same spiral as cutter 

marks 

w As the example below indicates, the fraction of N is not actually a simple number, so 

that the interval of a cut surface is based on a fractional number of cutter marks. 

Example: Single-thread spiral cut surface (reverse direction compared with turning 

screw) with a pitch of 2 mm when the number of spindle rotations is 1200 

rpm with 24 mm per minute (0.02 mm/rotation) 

2 mm/O.02 mm = 100 cutter marks/cut surface: N = 1.01 

in this case, the cut surface interval is 1.6 mm when the number of spindle rotations 

is set to 1500 rpm, with F24 unchanged. The cut surface interval is 2.5 mm when 

F30 is used, with the 1200 rpm unchanged. 
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This type 

motor are 

Example: 

of cut surface can result due to sf iding even when the spindle and spindle 

coupled with a belt. 

About seven triple-thread spirals present in 10 mm of a workpiece when 

the number of spindle revolutions is 1500 rpm with 60 mm per minute 

(0.04 mm per revolution) 

10 mm/(7.3)/0.04 = 107.14 cutter marks/thread 

N= 3.0093 or 2.9907 

(e) Check if there is any part, such as the idler of the pulley belt of the speed change 

gear or spindle motor, which is rotating at an investigated speed proportional to the 

spindle rotation. (The belt unbalance can be a cause.) 

Cut surface caused by vibration with a constant frequency 

An unsatisfactory cut surface caused by vibration with a constant frequency has the 

features described below. 

Check the vibration source according to the features. 

This type of cut surface appears when cutting such as turning or boring where the same 

part of a cutter cuts a workpiece. When a tool cuts a workpiece intermittently as in the 

case of milling, check other causes. 

( ) a 

(b) 

( 1 C 

A spiral cut surface is always produced. 

With face turning, a spiral cut surface appears. With boring or cylindrical turning, a 

screw-like cut surface appears. 

When a constant vibration is present, the cut surface changes much more 

dynamically even with a slight change in the number of spindle revolutions, compared 

with the case of a vibration synchronized with spindle rotation described in item (1). 

A fan motor or oil pump installed in an NC 

vibration with a constant frequency. 

These vibrations are in phase with the power 

used, these vibrations often have frequencies 

or machine can be the source of a 

frequency. In areas where 50 Hz is 

slightly lower than 25 Hz and 50 Hz, 

that is, 24 Hz and 49 Hz. In areas where 60 Hz is used, these vibrations often have 

frequencies slightly lower than 30 Hz and 60 Hz, that is, 29 Hz and 59 Hz. So this 

type of cut surface becomes much more noticeable when the number of spindle 

revolutions is about 1500 or 1800 rpm (25 or 30 Hz), and slight change in the 

number of spindle revolutions dramatically changes the cut surface. 
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Example: A cut surface state is predicted which can appear when a pump installed 

in a machine in an area using 50 Hz is making a vibration of 24.5 Hz. 

- When the spindle is engaged in cutting at 1500 rpm, the spindle is 

rotating at 25 Hz. A disturbance vibration of 24.5 Hz matches the case 

of N = 0.98. So a cut surface will appear which has a cycle of 50 

cutter marks and has the same screw as the cut screw. 
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- When the 

rotating at 

screw-like 

marks. 

spindle is engaged in cutting at 500 rpm, the spindle is 

8.33 Hz. This cycle matches N = 2.94. So a triple-thread, 

cut surface will appear which has a cycle of 16.7 cutter 
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- When the spindle is engaged in cutting at 1441 rpm, this matches N = 

1.02. So a screw-like cut surface will appear which has the same cycle 

as in the case of 1500 rpm, and has the direction opposite to the cut 

thread. 
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- When the number of spindle revolutions is changed from 1500 rpm to 

1470 rpm, the spindle rotation is completely synchronized with the 

disturbance vibration, resulting in almost no prominent cut surface 

feature. 
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8.8 Procedure for Adjusting the Position 

8.8.1 When the positioning error is not 0 when stopping 

[Check items] 

I. Check the mount of servo positioning error from the DGN position deviation. 

2. Check the vibration frequency with the VCMD, TSA, and TCMD signals from the check 

board. 

3. Check set parameters (motor model, changes from standard parameters). 

4. Check the following points for the machine system: 

- Semi-closed or fully closed loop 

- Horizontal or vertical axis 

- Baiancer for vertical axis 

- Backlash 

- Slide or roiling 

[Adjustment procedure] 

A. Check if the amount of DGN positioning error is constant. 

- If it is constant, go to A-l. 

- If it changes, go to B-I. 

A-I Check the overshoot compensation parameter (bit 6 of No. 8x03, or No. 1808) and 

the incomplete integral parameter (No. 8x45 or No. 1857). 

- If only the incomplete integral (No. 8x45 or No. 1857) parameter is valid, go to A- 

2. 

- if both parameters are valid, go to A-3. 

A-2 Make the value of the incomplete integral (No. 8x45 or No. 1857) sufficiently close to 

32767 within the range in which no overshoot occurs. 

- If the amount of DGN positioning error is 0, go to cause I. 

- Otherwise, go to A-3. 

A-3 Enable the overshoot compensation function (bit 6 of No. 8.03 and No. 1808). Make 

the value of the incomplete integral (No. 8x45 and No. 1857) close to 32767. 

- if the amount of DGN positioning error is 0, go to cause 2. 

- Otherwise, go to cause 3. 

B-I Check the VCMD offset parameter (bit 7 of No. 8x03 or No. 1808) and invalidate the 

parameter if it is valid. 

- if the motor stops vibrating, go to cause 4. 

- if the motor still vibrates, go to B-2. 

B-2 Check the changing frequency with the check board. 

- if the frequency is high, go to Subsection 8.2.1. 

- If the frequency is low (I 0 MHz or less), go to Subsection 8.3.1. 
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[Causes] 

(1) When the value of the incomplete integral (PK3V) is made close to 32767, the amount of 

the DGN positioning error is sure to be 0. However, an overshoot may occur in a 

machine whose rolling is smooth without friction because linear guides are used for the 

machine. 

If this happens, set PK3V so that overshoot does not occur, and adjust PKIV. 

(2) For overshoot compensation, like the incomplete integral (PK3V), when PK3V is made 

close to 32767, the amount of the DGN positioning error is sure to be 0. However, an 

overshoot may occur in a machine whose rolling is smooth. If this happens, adjust PK3V 

so that overshoot does not occur. 

(3) If the motor drifts due to the force applied by the machine while the motor stops because 

the overshoot compensation function is used, use the improved overshoot compensation 

function to stabilize the motor. 

(4) Since the VCMD offset function 

command (VCMD) for the motor, 

(However, the actual amplitude is 

adds 0.5 pulse to the pulses specified by the velocity 

the amount of the DGN positioning error is not set to 0. 

too smatl.) 

8.8.2 When there is a difference in backlash between rapid traverse and 
cutting feed * 

[Check items] 

1. Check the amount of servo positioning error from the DGN position deviation. 

2. Check the VCMD and TSA signals from the check board. 

Use these items to check whether overshoot occurs in the movement of the motor. 

3. Check the following points for the machine system: 

- Semi-closed or fully closed loop 

- Horizontal or vertical axis 

- Balancer for vertical axis 

- Backlash 

[Adjustment procedure] 

A. Check the VCMD and TSA waveform. 

- If no overshoot occurs, go to A-1. 

- Otherwise, go to A-2. 

A-l Reduce the position gain or increase the time constant of rapid traverse. 

- If there is no difference in backlash between rapid traverse and cutting feed, go to 

cause 1. 

- If there is still a difference in backlash between rapid traverse and cutting feed, go 

to 6. 
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A-2 

B. 

[Causes] 

Specify the PI control and adjust the backlash with the incomplete integral parameter 

(No. 8x45 or No. 1857) or the overshoot compensation parameter (bit 6 of No. 8x03 

or No. 1808). See Section 8.5 for details of the adjustment. 

- if there is no difference in backlash between rapid traverse and cutting feed, go to . 
cause 2. 

- If there is still a difference in backlash between rapid traverse and cutting feed, go 

to 8. 

Request that the machine be reinspected and readjusted. Go to cause 3. 

(1) The machine overruns within backlash in spite of correct motor positioning. The only way 

to prevent this is to adjust the machine to lessen the impact during motor positioning so 

that the machine stops slowly. 

(2) Since the use of I-P control and complete integral does not decrease the torque when the 

machine stops, an overshoot is liable to occur. To prevent this, use the overshoot 

compensation as well as the P-l control and incomplete integral. 

(3) If GIB is loose, the machine is liable to overrun when it stops. There is a difference in 

posture between the scale and the machine position measurig positions in the fully 

closed loop system. 
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[Check 

1. 

2. 

3. 
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Poor repetition precision 

items] 

Check the amount of servo positioning error from the DGN position deviation. 

Check the VCMD and TSA signal from the check board. 

Use these items to check whether overshoot occurs in the movement of the motor. 

Check the following points for the machine system: 

- Semi-closed or fully closed loop 

- Horizontal or vertical axis 

- Baiancer for vertical axis 

- Backlash 

- Slide or rolling 

[Adjustment procedure] 

A. Check the amount of DGN positioning error when the machine stops. 

A-l Adjust the machine. Go to cause 1. 

A-2 Specify Pi control and adjust the machine with the incomplete integral parameter (No. 

8x45 or No. 1857) or overshoot compensation parameter (bit 6 of No. 8x03 or No. 

1808). Alternatively, set the velocity loop control cycle to 1 ms. 

+ See Section 8.5 for details of the adjustment. Go to cause 2. 

[Causes] 

- if the amount of positioning error when the machine is stopping is 0, go to A-l. 

- If the amount of positioning error when the machine is stopping is 0 and if an 

overshoot occurs, go to A-2. 

- if the amount of positioning error when the machine is stopping is not 0, see 

Subsection 8.8.1. 

The repetition precision (variation) value is satisfactory if it is within the minimum detection unit. 

It is impossible in theory to control the motor within the minimum detection unit. 

(I) if the repetition precision is poor despite correct motor positioning, it may be improved by 

adjusting the machine. That is, adjust the tightness of the GIB, the tension of the ball 

screw, or the support bearing. in particular, the vertical axis and slanted axis must be 

adjusted correctly. 

if the machine is a fully closed system, the difference in posture of the machine may 

affect the repetition precision (variation). 

(2) if the machine roiling is smooth because iinear guides are used for the machine, 

overshoot is liable to occur. The overshoot may influence the repetition precision 

(variation). 
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8.9 Servo Positioning Error, Movement 

8.9.1 When the servo positioning error 

[Check items] 

Distance, and Error in Shape 

differs from the calculated value 

1. Feedrate of the NC system : Check with ACTUAL FEED on the POSITJON screen. 

2. Validity of the machine movement distance 

3. Use of the feed forward function and validity of the positioning error during cutting feed 

which the feed forward function is available 

[Adjustment procedure] 

The servo positioning error is obtained from 

Positioning error = 
Feedrate (mm/min.) 

Minimum detetion unit (mm) *60* position gain (S-1) 

for 

Example: The feedrate is 1000 mm/min, the minimum detection unit is 0.001 mm (1 pm), and 

the position gain is 30 S-1. The positioning error is given by 

1000 
= 555.5555 

0.001 x 60 x 30 

A-l Check whether a correct position gain is specified. 

- If it is specified, go to A-2. 

- Otherwise, correct the parameter. 

A-2 Check the feedrate of the NC system. 

- If it is valid, go to A-3. 

- Otherwise, correct the feedrate parameter and check the override signal, etc. Go 

to cause 1. 

A-3 Check whether the machine movement distance is valid. 

- If it is valid, go to A-4. 

- Otherwise, check the set CMR and DMR values, the flexible feed gear rate, and 

the number of pulses in the pulse coder. Go to cause 2. See Subsection 8.9.2. 

l-212 



A-4 

A-5 

[Causes] 

8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

Check whether the feed forward function is used and whether the positioning error is 

invalid during cutting feed for which the feed forward function is available. 

- If it is not, go to A-5. 

- Otherwise, check the specified FALPH (feed forward factor). Go to cause 3. 

PULCO 
Set value of FALPH = a%4096* 

Number of position feedback pulses 
per motor rotation 

If the number of velocity feedback pulse differs from the number of position feedback 

pulses, be sure to check the above set value. 

Check the parameters. Go to cause 4: 

a) PULCO (the number of velocity loop pulse) 

b) PPLS (the number of position loop pulse) 

c) PLCOI (high-resolution pulse coder bit) 

When a high-resolution pulse coder is used, be sure to set both the PULCO and 

PPLS parameters to l/l 0 without setting PLCOl to 1. 

(1) The command velocity from the NC system is incorrect. 

(2) Because CMR; DMR, or flexible feed gear rate is set incorrectly, the movement distance 

specified by the command does not match the actual distance. 

Since an incorrect feed forward ratio is set, the position gain in incorrect according to the 

ratio. 

When the incorrect number of pulses is set, the position gain calculated with the number 

is also incorrect. 
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8.9.2 Incorrect movement distance 

[Check items] 

1. How much is the difference between the actual movement distance and the specified 

one? 

2. Set CMR, DMR, and flexible feed gear rate 

3. Semi-closed or fully closed loop system 

4. Correctness of the pulse coder specification 

5. Ball screw lead and installation of the decelerator 

[Adjustment procedure] 

A-l Check whether the set CMR, DMR, and flexible feed gear rate are valid. 

- If it are valid, go to A-2. 

- Otherwise, correct the set CMR and DMR. Go to cause 1. 

A-2 Check whether the machine is a semi-closed or fully-closed system. 

- For a semi-closed system, go to A-3. 

- For a fully closed system, the scale is defective. Replace the scale 

one. Go to cause 2. 

A-3 Check whether the number of pulses of the installed pulse coder is correct. 

- If it is correct, the pulse coder is defective. Replace the pulse coder 

one. Go to cause 3. 

- Otherwise, replace the pulse coder with a pulse coder whose number 

correct. Go to cause 4. 

{&auses] 

with a new 

with a new 

of pufses is 

(1) Since incorrect CMR, DMR, flexible feed gear rate etc. are set, the movement distance 

specified by the command does not match the actual distance. 

(2) Since the scale is destroyed, the feedback pulses, whose number is specified, are not 

returned. 

(3) Since the pulse coder 

not returned. 

is destroyed, the feedback pulses, whose number is specified, are 

Since the pulse coder specification is different from 

pulses, whose number is specified, are not returned. 

the one, the feedback 
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8.9.3 When the circular shape is distorted 

[Check items] 

1. Distortion of a circular shape 

2. DGN positioning error 

3. Check the VCMD and TSA waveforms in the check boards. 

4. Check the set parameters (motor model, changes from standard parameters, and NC 

parameter). 

5. Check the following points for the machine system: 

- Semi-closed or fully closed loop 

- Backlash 

- Slide or rolling 

[Adjustment procedure] 

A. Check how the circular shape is distorted. 

- If the circular shape is distorted diagonally into an elliptical one, go to A-l. 

- If the circular shape is distorted in X- or Y-axis direction into an elliptical one, go to 

cause 7. 

- If quadrant protrusions are produced, to to A-2. 

- If the circular shape is wavy when the feed-forward function is enabled, see 

Subsection 8.9.7. 

A-l Compare the amounts of the positioning error of the two axes during cutting feed. 

- If they match, go to A-5. 

- Otherwise, go to cause 1. 

A-2 Check whether the backlash compensation data is correct. 

- If the data is correct, go to A-3. 

- Otherwise, go to cause 2. 

A-3 Check whether the FL velocity (No. 530 or No. 1623) is set for the cutting feed. 

- If it is set, go to cause 3. 

- Otherwise, go to A-4. 

A-4 Check whether overshoot occurs when the motor stops. 

- If overshoot occurs, go to Section 8.5. 

- Otherwise, go to B. 

A-5 Check the time constants for Z-axis cutting acceleration or deceleration. 

- If they are set to the same value, go to 8. 

- Otherwise, go to cause 4. 

8. Check the machine system. 

- If it is a semi-closed loop system, go to cause 5. 

- If it is a fully closed loop system, go to B-l. 
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6-1 Check the adjustment of the scale and Inductosyn. 

- If they are adjusted incorrectly, go to cause 6. 

- If they are adjusted correctly, go to cause 5. 

[Causes] 

(1) If the values of feedrate and position gain parameter for the X axis are different from those 

for the Y axis or if incorrect servo parameters (Nos. 8x23 and 8x24 or Nos. 1876 and 

1891) for two axes are set, the axes differ in the positioning error (servo delay). The 

circular shape is therefore distorted into an elliptical one. 

(2) If the set backlash compensation data is less or more than the amount of real backlash, 

quadrant protrusions are produced. 

(3) If the FL velocity is set for the cutting feedrate, the velocity command changes during 

deceleration as shown below. When this happens, the following quadrant protrusions are 

produced. 

(Cutting clockwise) 

Feedrate 

Y 

. . . . . . . . 

t 
FL velocity 

If the two axes have different time constants set for the cutting acceleration or 

deceleration, they also differ in initial movement velocity. When this happens, the circular 

shape is distorted into an eiliptical one. 

The machine joints such as the timing belt and coupling, friction, and difference in posture 

must be rechecked. 

(6) Uneven adjustment of the scale and lnductosyn between the two axes causes an elliptical 

shape. 

(7) A mechanical factor 

do not cross at 90”. 

is suspected. For example, the horizontal and vertical axes probably 
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8.9.4 When quadrant protrusions are produced 

[Check items] 

1. Check the VCMD waveform from the check board. 

2. Check the set parameters (motor model, changes from standard parameters, and NC 

parameter). 

3. Check the following points for the machine system: 

- Semi-closed or fully closed loop 

- Backlash 

- Slide or rolling 

[Adjustment procedure] 

A. Check whether the backlash acceleration function is valid. 

- If it is valid, go to A-2. 

- Otherwise, go to A-l. 

A-l Specify the backlash acceleration function. and adjust the acceleration while viewing 

the VCMD waveform. (See Subsections 11-2.5.2 and 11-2.5.3 for details of the 

adjustment.) Check whether quadrant protrusions are produced during adjustment. 

- If they are not produced, go to cause 1. 

- Otherwise, go to A-2. 

- If the adjustment is excessive and quadrant dents are produced, go to cause 2. 

A-2 Specify the PI control and increase PK1V (No. 8x43 or No. 1855) 1.5 to 2 times. 

Check whether quadrant protrusions are produced at that time. 

- If they are not produced, go to cause 3. 

- Otherwise, go to A-3. 

A-3 When the backlash acceleration function is valid, increase PKlV 1.5 to 2 times under 

PI control with the velocity loop control cycle of 1 ms. Check whether quadrant 

protrusions are produced at that time. 

- If they are not produced, go to cause 3. 

- Otherwise, go to B. 

B. After the above adjustments, check the TCMD waveform in the check board when 

the motor reverses. 

- If the rise time of the TCMD waveform is long, go to cause 4. 

- If the rise time of the TCMD waveform is short enough, go to <cause 5. 

[Causes] 

(1) When the motor reverses at a change in the quadrant, friction may slow the motor. This 

causes quadrant protrusions to be produced. The problem can be solved by specifying the 

backlash acceleration function to speed up the motor reversal. 
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(2) 

(3) 

(4) 

(5) 

8.9.5 

Since the backlash acceleration function may be too effective, use the backlash 

acceleration stop function to stop the compensation if it is too much. 

If quadrant protrusions are not eliminated only by the backlash acceleration function, 

specify PI control and increase PKl V 1.5 to 2 times, or use a velocity loop control cycle of 

1 ms to provide the motor starting torque sooner. 

The above parameter adjustment proves that adjusting only the velocity loop gain does not 

change the motor starting torque. The capability of the motor to endure the friction and 

the weight of the machine must be considered. 

It can be judged from the TCMD waveform that the tip of the machine tool moves slower 

through the motor runs. The joint with the machine (coupling), gear, timing belt, and ball 

screw must be checked for twists or other defects. 

When one motor starts later than the other during straight 2-axis 
cutting 

[Check items] 

1. Check the VCMD and TCMD waveforms from the check boards. 

2. Check the set parameters (motor model, changes from standard parameters, and NC 

parameters). 

. 3. Check the following points for the machine system: 

- Semi-closed or fully closed loop 

- Backlash 

- Slide or rolling 

- Joints 

[Adjustment procedure] 

A. Check whether correct parameters are specified for each axis motor. 

- If they are specified, go to A-l. 

- Otherwise, go to cause 1. 

A-l Check whether the same time constant for cutting acceleration or deceleration is 

specified for both axis motors. 

- If the same time constant is specified, go to A-2. 

- Otherwise, go to cause 2. 

A-2 Specify PI control for the axis motor for cutting that starts later and increase PKlV 

1.5 to 2 times. Check whether both motors start simultaneously. 

- If they start simultaneously, go to cause 3. 

- Otherwise, go to A-3. 
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A-3 Specify PI control, specify a velocity loop control cycle of 1 ms for the axis motor 

that starts later, and increase PKlV 1.5 to 2 times. 

Check whether both motors start simultaneously. 

- If they start simultaneously, go to cause 3. 

- Otherwise, go to B-l. 

6. Switch NC commands for two axes. 

- If the event depends on the NC commands, go to cause 4. 

- Otherwise, go to B-l. 

B-l Check the TCMD waveform in the check board when the motor runs reversely. 

- If the rising time of the TCMD waveform is long, go to cause 5. 

- If the rising time of the TCMD waveform is short enough, go to cause 6. 

[Causes] 

(1) If different feedrates and position gains are specified for the two motors, or if incorrect 

servo parameters are specified, one motor starts later than the other. 

(2) If different time constants are specified for cutting acceleration or deceleration, the motor 

for which the greater time constant is specified starts later than the other. 

(3) Specify PI control and increase PKlV 1.5 to 2 times. Alternatively, use a velocity loop 

control cycle of 1 ms to provide the motor starting torque sooner. 

Since the NC command issuing program may be not correct, the program and NC 

software must be checked. 

The above parameter adjustment proves that adjusting only the velocity loop gain does not 

change the motor starting torque. The capability of the motor to endure the friction and 

the weight of the machine must be considered. 

(6) It can be judged from the TCMD waveform that the tip of the machine tool moves slower 

though the motor runs. The joint with the machine (coupling), gear timing belt, and ball 

screw must be checked for twists or other defects. 
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8.9.6 Incorrect corner shapes 

[Check items ] 

1. Type of incorrect shape 

2. DGN positioning error 

3. Check the VCMD and TSA waveform from the check boards. 

4. Check the set parameters (motor model, changes from standard parameters, and NC 

parameter). 

5. Check the following points for the machine system: 

- Semi-closed or 

- Backlash 

- Slide or rolling 

[Adjustment procedure] 

A. Check the type oi 

- If there 

fully closed loop 

incorrect shape. 

is an error in the shape, go to cause 1. 

lf protrusions are produced at changes in the quadrant, go to A-1. 

A-l Check whether overshoot occurs when the motor stops. 

- If overshoot occurs, see Section 8.5. 

- Otherwise, go to A-2. 

A-2 Specify PI control and increase PKlV 1.5 to 2 times. 

Check whether quadrant protrusions are produced. 

- If they are not produced, go to cause 2. 

- Otherwise, go to A-3. 

A-3 Set the control cycle of the velocity loop to 1 ms, and increase the velocity loop gain 

as much as possible without vibration. 

Check whether quadrant protrusions are produced. 

- If they are not produced, go to cause 2. 

- Otherwise, go to B. 

B. Check the TCMD waveform in the check board when the motor is reversed. 

- If the rise time of the TCMD waveform is long, go to cause 3. 

- If the rise time of the TCMD waveform is short enough, go to cause 4. 

[Causes] 

(1) An error in shape occurs because the servo motor runs slower than specified by the NC 

command. To eliminate the error, specify the feed forward function, increase the position 

gain, or reduce the cutting time constant. 

(2) Quadrant protrusions are produced because the motors start late at changes in the 

quadrant. To make the motors start sooner, specify PI control and increase PKlV 1.5 to 2 

times. Alternatively, use a velocity loop control cycle of 1 ms to get the motor starting 

torque sooner. 
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(3) The above parameter adjustment probes that adjusting only the velocity loop gain does not 

change the motor starting torque. The capability of the motor to endure the friction and 

the weight of the machine must be considered. 

(4) It can be judged from the TCMD waveform that the tip of the machine tool moves slower 

though the motor runs. The joint with the machine (coupling), gear, timing belt, and ball 

screw must be checked for twists or other defects. 

8.9.7 Feed forward 

[Check items] 

1. Check the VCMD and TSA waveform from the check board. 

2. Check the set parameters (motor model, changes from standard parameters, and NC 

parameter). 

[Adjustment procedure ] 

A-l Check whether the arc shape becomes wavy without feed forward. 

- If it becomes wavy, see the adjustment procedure for vibration in Section 8.3. 

- Otherwise, go to A-2. 

A-2 Check the servo ROM series/version 

- If the servo ROM is 9020/001 I or earlier, or 9030/001 C or earlier, go to cause 1. 

- If the servo ROM is 9020/001 H or later, or 9030/001 D or later, go to A-3. 

A-3 Specify the velocity loop feed forward (No. 1962 or No. 8x69) parameter. 

- If the shape is improved, go to cause 2. 

- If the shape remains unchanged, go to cause 3. 

[Causes] 

Since underflow occurs during calculation in the feed forward function, the servo ROM 

must be replaced. 

Applicable servo ROM series/version: 903O/OOlD or later, or 9020/00lH or later 

If the response for velocity is slower than that for position, good stability cannot be 

obtained. 

The velocity loop feed forward function promotes the response of the velocity loop and 

eliminates vibration. 

The current feed forward factor cannot be specified for rigidity of the machine. Gradually 

reduce the feed forward factor during the adjustment in A-3. 
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8.10 Adjustment Procedure for Eliminating Current Loop Problems 

8.10.1 Current vibration 

[Check items] 

1. Vibration of the actual current : Check the check pin on the servo amplifier. 

2. Vibration frequency of the current : Check the check pin on the servo amplifier. 

3. Does the table vibrate according to the vibration of the current? 

4. Power voltage 

5. Time at which the current vibrates (Does the vibration occur in the stopped state, during 

low-speed rotation, high-speed rotation, deceleration, or normal operation?) 

[Adjustment procedure] 

A-l Check the following parameters and the velocity feedback pulse count PULCO. 

Current loop gains PKl, Pk2 

Phase-lead compensation PVPA, counterelectromotive force compensation factor 

EMFCMP, etc. 

- If the parameters are valid, go to A-2. 

- If an invalid parameter is found, go to cause 1. 

A-2 Check the servo amplifier. 

Check that the correct amplifier is used. 

Check that the correct axes are used when the 2- or 3-axis amplifier is used. 

- If the servo amplifier is used correctly, go to A-3. 

- If the servo amplifier is not used correctly, go to cause 2. 

A-3 When the current vibrates in the stopped state, or during low-speed rotation or normal 

operation 

The current loop may oscillate because of excessive current loop gain due to high 

power voltage. Decrease current loop gains PKl and PK2 to 70%. 

- If oscillation stops, go to A-4. 

- If oscillation still continues, go to A-7. 

A-4 Perform rapid traverse with decreased current loop gain. 

- If there is sufficient torque at high-speed operation, go to cause 3. 

- If the torque is insufficient at high-speed operation, go to A-5. 

A-5 Using the speed-dependent current loop gain function, increase the current loop gain only 

for the high-speed area. Go to cause 4. 

A-6 Vibration of the current loop only for the high-speed area. 

+ The counterelectromotive force compensation function is effective during deceleration. 

Go to cause 5. 
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A-7 Hardware, such as the power line, feedback cable, command cable, servo amplifier, 

motor, or pulse coder, may be faulty, or the wiring may be incorrect. Check the wiring. If 

the wiring is correct, replace the hardware in sequence from the component easiest to 

replace. 

[Causes] 

(1) The current vibrates if the current loop gain is too large. In addition, a phase-lead 

compensation value or counterelectromotive force compensation value which differs 

substantially from the value that should be set may cause the current to begin vibrating 

when the rotation speed has exceeded a certain level. These points should be kept in 

mind especially when a high-resolution pulse coder is used. 

(2) If the maximum current of an amplifier being used is lower than the required level, the 

equivalent current loop gain becomes higher, causing vibration. 

(3) Unless current vibration is due to a hardware failure or wrong connection, it can be 

removed by decreasing the gain of the current loop. 

(4) In the high-speed area, because of the counterelectromotive force developed on the 

motor, the voltage that can be used by the motor effectively is lower than the DC link 

voltage. Therefore, current vibration may be suppressed. On the other hand, a lag in the 

current loop may cause insufficient torque. If this occurs, the speed-dependent current 

loop gain function is effective. In the low-speed area, this function decreases the current 

loop gain to suppress vibration, and in the high-speed area, it increases the gain 

accordingly. 

(5) See Cause 3 in Subsection 8.3.5. 

8.10.2 Insufficient torque in the high-speed area 

[Check items] 

1. Actual current during high-speed rotation : Check the check pin on the servo 

amplifier. 

2. Torque command during high-speed rotation : Check the command from the check 

board. 

3. Torque command during low-speed feed : Measure the friction in the machine 

system. 

[Adjustment procedure] 

A-1 Check the parameters. 

Current loop gains Pkl and PK2, velocity feedback pulse count PULCO, phase-lead 

compensaCion PVPA, counterelectromotive power compensation factor EMFCMP, 

current limit TQLIM, etc. 

- If an invalid parameter is found, go to cause 1 l 

- If the parameters are valid, go to A-2. 
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A-2 Check the servo amplifier 

Check that the correct amplifier is used. 

Check that the correct axes are used when the 2- or 3-axis amplifier is used. 

- If an incorrect servo amplifier is used, go to cause 2. 

- If the correct servo amplifier is used, go to A-3. 

A-3 Use the speed-dependent current loop gain function. 

- If the torque is sufficient in the high-speed area, go to cause 3. 

- If the torque is insufficient, go to A-4. 

A-4 Obtain the torque required for operating the machine at a specified speed, or the torque 

required for acceleration. 

- If the required torque is larger than the maximum torque output by the motor, go 

to A-5. 

- If the required torque is smaller than the maximum torque output by the motor, go 

to A-6. 

A-5 The selection of an acceleration time constant or motor is faulty. 

A-6 A hardware failure may occur in the pulse coder, motor, or other parts. 

[Causes] 

(1) If the PKt or PK2 value is too small, sufficient torque cannot be produced in the high- 

speed area. Insufficient torque may also be observed when an invalid phase-lead 

compensation value or counterelectromotive force compensation value is used. These 

points should be kept in mind especially when a high-resolution pulse coder is used. 

If the maximum current of the amplifier used is higher than the required level, the 

equivalent current loop gain becomes lower, and may cause insufficient torque in the high- 

speed area. 

See cause 4 in Subsection 8.10.1. 
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8.10.3 Current distortion observed when the load increases 

[Check items] 

1. Vibration of the actual current 

: Check the check pin on the servo amplifier 

2. Vibration frequency of the current 

: Check the check pin on the servo amplifier. 

3. Does the table vibrate according to the vibration of the current? 

4. Power voltage 

5. Current level at which the current begins to be distorted 

: Check the check pin on the servo amplifier. 

[Adjustment procedure] 

A-1 Check the parameters. 

Current loop gains PKl and PK2, phase-lead compensation PVPA, 

counterelectromotive power compensation factor EMFCMP, etc. 

- If an invalid parameter is found, go to cause 1. 

- If the parameters are valid, go to A-2. 

A-2 Decrease current loop gains PKl and PK2 t approximately 70%. 

- If the current distortion is eliminated, go to cause 2. 

- If the current distortion remains, go to A-3. 

A-3 Proceed with adjustment following A-3 and subsequent steps in Subsection 8.10.1. 

[Causes] 

(1) See cause 1 in Subsection 8.10-l. 

(2) When a motor having a large rated current is used, magnetic saturation may occur as the 

current flowing through the motor increases. If this occurs, the current may be distorted 

because the equivalent inductance of the motor coils decreases. This phenomenon is apt 

to occur in the AC30S, etc. 

The phenomenon can be removed by decreasing current loop gains PKl and PK2. Be 

sure to check that sufficient torque is observed in the high-speed area and that the actual 

current is not too high in the high-speed area. If the check reveals some difficulty, use the 

speed-dependent current loop gain function when decreasing the gains. 
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8.10.4 Excessive current value, or heated motor 

[Check items] 

1. Vibration of the actual current : Check 

2. Current value : Check 

3. Load torque 

4. Number of pulses in the pulse coder 

5. NC ROM version and servo ROM version 

[Adjustment procedure] 

the check pin on the servo amplifier. 

the check pin on the servo amplifier. 

A-l 

A-2 

A-3 

A-4 

A-5 

A-6 

Check the parameters. 

Current loop gain PKl and PK2, phase-lead compensation PVPA, 

counterelectromotive power compensation factor EMFCMP, etc. 

- If an invalid parameter is found, go to cause 1. 

- If the parameters are valid, go to A-2. 

Check whether the current is vibrating. 

- If the current is vibrating, go to A-3. 

- If the current is not vibrating, go to A-4. 

Decrease current loop gains PKl and PK2 to approximately 70%. Go to cause 2. 

Check whether the current is excessive only in the high-speed area or in the entire area. 

- If the current is excessive in the entire area, go to A-6. 

- If the current is excessive only in the high-speed area, go to A-5. 

Use the speed-dependent current loop gain change function. 

Fine-adjust the phase-lead compensation parameter to reduce the current. 

Increase velocity loop gains PKl and PK2 by approximately 20%. Go to cause 3. 

Check whether the friction torque in the machine is greater than the expected value. 

[Causes] 

(1) If a value for phase-lead compensation parameter PVPA or counterelectromotive force 

compensation parameter EMFCMP differs substantially from the value that should be set, 

the current loop may vibrate. If it does not vibrate, the actual current may increase 

excessively. 

These point should be kept in mind especially when a high-resolution pulse coder is used. 

(2) If the current loop gain is too high under some influence, the current 

increases the current and prevents effective use of the current. 

may vibrate, which 

(3) Unless the current vibrates, as the gain of the current loop is increased, the current 

becomes iower especially in the high-speed area. An almost optimum value is already set 

for the phase-lead compensation parameter. However, it may require fine adjustment 

because the optimum value varies slightly according to the number of revolutions and load 

torque. This adjustment can decrease the current a little in the high-speed area. 
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8.10.5 Large difference observed in the high-speed area between the value 
in the torque command and the actual current 

[Check items] 

1. The speed at which the actual current begins to deviate from the value in the torque 

command 

: Check the TCMD from the check board and the check pin on the servo amplifier. 

2. Difference between the value in the torque command and the actual current 

[Adjustment procedure] 

A-l Check the parameters. 

Current loop gains PKl and PK2, phase-lead compensation PVPA, 

counterelectromotive force compensation factor EMFCMP, etc. 

- If an invalid parameter is found, go to cause 1. 

- If the parameters are valid, go to A-2. 

A-2 Increase the counterelectromotive force compensation parameter by approximately 50%. 

- If no problems are detected during rapid traverse or deceleration, go to cause 2. 

- If the current is distorted during rapid traverse or deceleration, go to A-3. 

A-3 Compensate the deceleration counterelectromotive force during deceleration. Go to cause 

3. 

[Causes] 

The deviation of the actual current from the value of the torque command at high-speed rotation 

may be due to the influence of the motor counterelectromotive force. The counterelectromotive 

force compensation function is provided for eliminating the influence of the counterelectromotive 

force and matching the value of the torque command with the actual current. 

In normal operation, a small difference between the torque command value and the actual 

current is permitted. In the high-speed area, however, when the counterelectromotive force 

causes the torque command to be saturated at an earlier state, the torque in the high-speed 

area may be restricted unnecessarily. 

(1) If the value of the counterelectromotive force compensation or phase-lead compensation 

parameter greatly deviates from the standard value, the actual current may increase, or 

the actual current may deviate greatly from the value in the torque command. These point 

should be kept in mind especially when a high-resolution pulse coder is used. 

(2) As explained above, the counterelectromotive force compensation matches the actual 

current and the value in the torque command. The standard compensation factor in the 

parameter is set so that it is 70% of the calculation. 

By increasing the counterelectromotive force compensation factor by 40 to 50%, the 

difference between the actual current and the value in the torque command can be 

decreased further. 
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(3) Increasing the counterelectromotive force compensation factor can decrease the 

difference between the actual current and the value in the torque command. When a 

motor having high counterelectromotive force is used, however, the compensation value of 

the counterelectromotive force (included in the PWM command) may be too large. As a 

result, the DC link voltage level may be exceeded, or positive/negative inversion may 

occur momentarily in the torque command. If such problems occur during regular 

operation, the actual current becomes distorted. In this case, the bit that enables 

deceleration counterelectromotive force compensation must be set to enable 

counterelectromotive force compensation not only at acceleration but in the whole area. 

8.10.6 Current distorted only at deceleration 

[Check items] 

1. Amplitude of the actual current vibration at deceleration 

: Check the check pin on the servo amplifier. 

2. Vibration frequency of the actual current at deceleration 

: Check the check pin on the servo amplifier. 

3. Distortion of the actual current during acceleration or rapid traverse 

: Check the check pin on the servo amplifier. 

4. Distortion of the TSA waveform and VCMD waveform during deceleration 

: Check from the check board. 

[Adjustment procedure] 

If the current is distorted only during deceleration, it is necessary to find whether the distortion 

involves the current loop only or also involves the velocity loop. (The velocity loop oscillates at 

deceleration, and it causes the current to become distorted.) If vibration involves the current 

loop only, it is a simple matter to decrease the current loop gain to eliminate oscillation. 

Check the parameters. 

A-l Check the parameters. 

Current loop gains PKl and PK2, phase-lead compensation PVPA, 

counterelectromotive force compensation factor EMFCMP, etc. 

- If an invalid parameter is found, go to cause 1. 

- If the parameters are valid, go to A-2. 

A-2 Try deceleration with current loop gains PKI and PK2 approximately halved. 

- If the distortion of the current is improved, go to A-3. 

- If the distortion of the current Is not corrected, go to B-l. 

A-3 Decrease current loop gains PKl and PK2 to approximately 70%. 

- If sufficient torque is observed during acceleration, go to cause 1. 

- If the torque becomes insufficient during acceleration, or the actual current is 

excessive during rapid traverse, go to A-4. 

A-4 Use the speed-dependent current loop gain change function. Go to cause 2. 

1 - 228 



8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

B-l See the explanation of vibration in Subsection 8.3.5, and adjust the velocity loop. 

[Causes] 

(1) If a parameter for the current loop is invalid or excessive, the current may vibrate. If the 

power voltage is high and the equivalent current loop gain becomes higher, the 

counterelectromotive force of the motor decreases the equivalent current loop gain at 

acceleration, and so vibrate does not occur. At deceleration, however, the 

counterelectromotive force increases the equivalent current loop gain, which may cause 

oscillation. If this occurs, decrease the current loop gain. 

(2) Decreasing the current loop gain can correct the distortion of the current, but may cause 

insufficient torque at acceleration or produce an excessive current during rapid traverse. If 

this occurs, use the speed-dependent current loop gain change function to increase the 

current loop gain only in the high-speed area. The speed- dependent current loop gain 

change function changes the current loop gain to a higher level only for acceleration and 

rotation at constant speed. As soon as the function detects deceleration, it changes the 

gain to the original level. This function provides high current loop response to acceleration 

and stability during deceleration at the same time. 
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8.11 Return to Reference Position 

8.11.1 When the origin 1s shifted or varies at return to reference position 

[Check items] 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Has the machine position shifted? 

: Check the position of the machine with the dial indicator and laser measuring 

machine. 

The amount of shift 

The length of the deceleration dog 

Relationship between the return start position, dog position, and the origin 

Return mode 

: Check whether return to the reference position was made in the manual or 

automatic mode. Check whether the return operation was performed for the first 

time since power was turned on. 

Use of the absolute position detector 

Amount of movement per motor rotation, and the setting of CMR and DMR 

Setting of rapid traverse rate, FL rate, and rapid traverse time constant 

Check whether the system is a fully closed or semi-closed loop. 

Setting of the reference counter and the number of pulses 

[Adjustment procedure] 

. A-l Check whether the absolute position pulse coder is used. 

- if the absolute position pulse coder is used, see Subsection 8.11.2. 

- if the absolute position pulse coder is not used, go to A-2. 

A-2 Check that the system is a fully-closed loop system. 

- If the system is fully-closed, see Subsection 8.1 I .3. 

- if the system is semi-closed, go to A-3. 

A-3 Check whether the machine position has shifted. 

- If the machine position has shifted, go to A-4. 

- if the machine position has not shifted and only the position indication show a 

shift, check whether the NC workpiece coordinate offset is invalid. Go to cause 1. 

A-4 Determine the amount of shift. 

- For one grid, see Subsection 8.11.4. 

- For several pulses, see Subsection 8.11.5. 

- For other than the above, go to A-5. 
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A-5 Check that the number of pulses and the setting of the reference counter match. 

- If they match, go to A-6. 

- If they do not match, correct the setting of the reference counter. Go to cause 2. 

* The reference counter must be set carefully especially when 1 -p control is performed 

with a high-resolution pulse coder. If 1 is set for the PLCOl parameter, the capacity 

of the reference counter is 10 times as large as the set value. 

A-6 The pulse coder is faulty. + Replace the pulse coder. 

[Causes] 

(1) When the machine has been returned to the reference position, the position indication at 

the NC side sometimes shows a non-zero value. This depends on the setting of a 

parameter such as the work coordinate offset. 

(2) To return to the reference position manually, a grid signal is generated in synchronization 

with the signal indicating one rotation of the motor (phase Z signal). The move command 

is counted by a counter that counts up to the value specified for the reference counter 

capacity and returns to zero. Then the machine is moved from the deceleration dog and 

stopped at the first grid point. This means that the value to be set for the reference 

counter must be equal to or a divisor of the number of pulses required for one rotation of 

the motor. 
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8.11.2 When the absolute value pulse coder is used and the origin varies 

[Check items] 

1. Has the machine position shifted? 

: Check the position of the machine with the dial indicator and laser measuring 

machine. 

2. The range of variation 

3. Mode used for return to the reference position 

: Check that the manual mode is used for return to the reference position. 

Check whether the return operation was performed for the first time after the 

absolute value pulse coder was installed. 

[Adjustment procedure] 

Al Set parameters so that the machine is returned to the reference position without detecting 

the absolute position, then retry the return operation. 

- If the origin has not shifted, go to A-2. 

- If the origin is still shifted, see A-2 and subsequent steps in Subsection 8.11 .I. 

A-2 Check whether the machine position has shifted. 

- If the machine position has shifted, go to A-3. 

- If the machine position has not shifted and only the position indication shows a 

shift, check whether the NC workpiece coordinate offset in invalid. Go to cause 1. 

A-3 

[Causes] 

The absolute position pulse coder is faulty. Replace the pulse coder. 

(1) When the machine has been returned to the 

the NC side sometimes shows a non-zero 

parameter such as the work coordinate offset 

reference position, the position indication at 

value. This depends on the setting of a 

l-232 



8. DIGITAL SERVO ADJUSTMENT PROCEDURE 

8.11.3 When the origin varies in the fully-closed system 

[Check items ] 

1. Check whether the origin still varies in the semi-closed system. 

2. Has the machine position shifted? 

: Check the position of the machine with the dial indicator and laser measuring 

machine. 

3. The range of variation 

4. The relationship between the start position of return to the reference position, dog 

position, origin, and the position at which a signal indicating one rotation is issued 

[Adjustment procedure] 

A-l Check whether the origin varies also in the semi-closed system. 

- If the origin has not shifted, go to A-2. 

- If the origin is still shifted, see A-3 and subsequent steps in Subsection 8.11.1. 

A-2 Check whether the machine position has shifted. 

- If the machine position has shifted, go to A-3. 

- If the machine position has not shifted and only the position indication shows a 

shift, check whether a parameter such as the NC workpiece coordinate offset is 

invalid. Go to cause 1. 

A-3 Check the range of variation. 

- For one grid, see Subsection 8.11.4. 

- For other than the above, go to A-4. 

A-4 Check whether the signai indicating one rotation (phase Z signal) is supplied from the 

semi-closed system. Check the parameter (bit 1 of parameter No. 1815 for the Series 10, 

11, 12, and 15) and the signal connection (for series 0). 

- If the setting is valid, go to A-5. 

- If the setting is invalid, correct the setting. Go to cause 2. 

A-5 The linear scale and its interface circuit are faulty. 

+ Replace the linear scale and interface circuit. 

[Causes] 

(1) When the machine has been returned to the reference position, the position indication at 

the NC side sometimes shows a non-zero value. This depends on the setting of a 

parameter such as the work coordinate offset. 

(2) When the phase 2 signal is supplied from the semi-closed system (motor), the position of 

the origin varies unless the capacity of the reference counter is equal to or a divisor of the 

number of fully-closed feedback pulses sent after one rotation of the motor. Therefore, 

the phase Z signal must be supplied from the fully-closed system, or the capacity of the 

reference counter must be corrected. 
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8.11.4 When the origin has shifted by one grid point 

[Check items] 

1. The length of deceleration dog 

2. The relationship between the start position of return to the reference position, dog 

position, and the origin 

3. Return mode 

: Check whether the machine was returned to the reference position in the manual or 

automatic mode. Check whether the return operation was performed for the first 

time since power was turned on. 

4. Setting of rapid traverse rate, FL rate, and rapid traverse time constant 

[Adjustment procedure] 

A-l Decrease the FL rate, and retry. 

- If the origin is still shifted, go to A-2. 

+ The origin is not shifted, the deceleration dog is too close to the origin. Change 

the position of the deceleration dog, or change the origin by grid shift. Go to 

cause 1. 

A-2 Decrease the rapid traverse time constant, or decrease the rapid traverse rate, then retry. 

- If the origin is still shifted, go to A-3. 

- If the origin has not shifted, extend the length of the deceleration dog. 

Alternatively, decrease the rapid traverse time constant. Go to cause 2. 

A-3 The setting of the reference counter is invalid. Check whether the setting is two times as 

large as the value that should be set. 

+ Correct the setting. Go to cause 3. 

[Causes] 

(1) After a signal indicating that the deceleration dog has been turned off is output by the 

hardware, it takes some time (up to approximately 20 ms) for the software in the digital 

servo to recognize the signal. In addition, the time required for the recognition varies. As 

a result, if the deceleration dog is too close to the origin, the software sometimes fails to 

capture the signal. 

(2) If too large a value is set for the rapid traverse time constant, or the deceleration dog is 

too short, the FL rate may not be reached within the deceleration dog. When the 

deceleration dog is turned off in such a condition, the return operation does not stop until 

the FL rate is detected, even if the grid point is reached. 
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(3) To return to the reference position manually, a grid signal is generated in synchronization 

with the signal indicating one rotation of the motor (phase z signal). The move command 

is counted by a counter that counts up to the value specified for the reference counter 

capacity and returns to zero. Then the machine is moved from the deceleration dog and 

stopped at the first grid point. This means that the value to be set for the reference 

counter must be equal to or a divisor of the number of pulses required for one rotation of 

the motor. 

8.11.5 When the origin varies by several pulses 

[Check items] 

1. The range of variation 

2. Return mode 

: Check the machine was returned to the reference position in the manual or 

automatic mode. Check whether the return operation was performed for the first 

time since the power was turned on. 

[Adjustment procedure] 

A-l Does the origin vary only the first time after power is turned on? 

- If it does not, go to A-2. 

- If it does, the phase Z signal may be split. To prevent possible malfunctioning due 

to noise, ensure grounding. Replace the pulse coder. Go to cause 1. 

A-2 The capacity of the reference counter is set incorrectly. 

[Causes] 

(1) The grid signal is generated on the rising edge of the signal indicating one rotation (phase 

Z signal). If the phase Z signal is split, the grid signal isshifted by the amount of the split, 

and the origin is shifted accordingly. 
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Part II explains the servo functions of the following series. 

(For startup of the digital servo, see Chapter l-3.) 

Digital servo ROM 

Series 
Latest 

version 
Application Model 

9000 

9001 

9002 

9010 

9020 

9022 

9030 

9031 

9032 

9039 

9040 

S 

N 

L 

G 

L 

D 

N 

J 

C 

A 

C 

General machine tools Series 10, 11, 12, O-A 

High-speed positioning units Series O-PA 

General machine tools Series 10, 11, 12, O-B 

General machine tools Series 10, 11, 12, O-B, O-C (16 bit) 

High-speed positioning units Series O-PB, O-PC (16 bit) 

General machine tools Series 15, O-C (32 bit) 

For hybrid control Series 15, O-C (32 bit) 

High-speed positioning units Series 15, O-PC (32 bit) 

For automatic adjustment Series 15, O-C (32 bit) 

For serial pulse coders Series 15, O-C (32 bit) 

The digital servo ROM 9050 series for Series 16 will be explained in Part Ill of this manual. 

(Note) Always replace a digital servo ROM with a ROM of the same series. If the ROM is 

replaced with another series of ROM, problems may occur. 
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I. SERVO PARAMETERS 

1 m 

This 

11 . 

SERVO PARAMETERS 

chapter explains NC parameters related to the digital servo. 

Details of Parameters 

; 1 

1.1.1 Symbols, addresses, and setting ranks of the digital servo 
parameters 

Symbol Series 0 Series1 5 Rank 

PLCOl No. 0037 bit7 No. 1804 bit0 *A@ 

SPJPx(x:X,Y,Z,4) 0037 bity (y = 0,1,2,3) *A@ 

AMR 

PFSEL 

OPJX 

MJRIO 

LDIN J 

DIRCJL 

PULCO 

PPLS 

JGALRM 

OBENBL 

PIENBL 

1 PSPRS 

BLENBL 

OVSCMP 

VOFSJ 

JIB0 

FEEDFD 

BRKCJL 

FCBLCM 

PKVER 

MODEL ACCFB 8X06 bit4 

8X01 

8X20 

8X21 

8X22 

8X23 

8X24 

8X03 bit1 1808 bit1 *B@ 

8X03 bit2 1808 bit2 *B@ 

8X03 bit3 1808 bit3 *B@ 

8X03 bit4 1808 bit4 *B@ 

8X03 bit5 1808 bit5 *B@ 

8X03 bit6 1808 bit6 *B@ 

8X03 bit7 1808 bit7 *B@ 

8X04 bit1 1809 bit1 *B@ 

8X05 bit1 1883 bit1 *BO 

8X05 bit6 1883 bit6 *Bo 

8X06 bit0 1884 bit0 -0 
8X06 bit2 1884 bit2 *Bo 

1806 

1807 bit3 

1815 bit1 

1874 

1875 

1879 

1876 

1891 

1884 bit4 *Bo 
DCBEMF No. 8X06 bit6 No. 1884 bit6 *CO 

ADBLSH 

BLCUJ 

BLSJP 

SPBIJ 

BLJEN 

8X09 bit2 

8X09 bit6 

8X09 bit7 

8X10 bit0 

8X10 bit3 

1953 bit2 *B 

1953 bit6 *B 

1953 bit7 *B 

1954 bit0 *B 

1954 bit3 *B 

Parameter meaning 

High resolution bit 

Separate detector enabled/disabled 

Pulse coder AMR setting 

Separate detector enabled/disabled 

Separate detector enabled/disabled 

Motor type 

Load inertia ratio 

Motor rotating direction 

Number of pulses for velocity feedback 

Number of pulses for position feedback 

Broken-wire alarm detection level set by 

software 

Observer function 

IP-PI switching 

One-pulse suppress function 

Backlash acceleration function 

Overshoot prevention function 

VCMD offset function 

Velocity loop control period 

Feed-forward function 

Gravity-axis brake control function 

Closed loop backlash b/t 

Velocity dependent current loop gain 

variable 

1 -ms acceleration feedback function 

Bit for reverse electromotive force 

compensation during deceleration 

New backlash acceleration function bit 

Bit for backlash acceleration during cutting 

Backlash acceleration stop function 

Bit for a lOOOO-pulse pulse coder 

Tenfold backlash acceleration function 
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Symbol 

PGEXPD 

DPFBCT 

MSFEN 

VCMDl 

VCMD2 

PKlV 

PK2V 

PK3V 

BLCMP 

Series 0 Series1 5 Rank 

8X1 1 bit5 1955 bit5 *B 

8X1 1 bit7 1955 bit7 *B 

8X12 bit1 1956 bit1 *B 

No.8X12 bit4 No.1 956 bit4 *B 

8X12 bit5 

8X43 

8X44 

8X45 

8X48 

DPFMAX 8X49 

TGALMLV 8X64 

PK2VAUX 8X66 

FILTER 8X67 

FALPH 8X68 

VFFLT 8X69 

ERBLM 8X70 

PBLCT 8X71 

AALPH 8X74 

MODEL 8X75 

WKAC 8X76 

OSCTPL 8X77 

DPFCHI 8X78 

DPFCH2 8X79 

DPFTC 

DPFZW 

BLENDL 

MOFCTL 

SDMRl 

SDMR2 

TCPRLD 

MCNFB 

BLBSL 

ONEPSL 

8X80 

8X81 

8X82 

8X83 

8X84 

8X85 

8X87 

8X88 

8X89 

Tl A0 8X04 bit0 1809 bit0 *C@ 

1956 bit5 *B 

1855 *B 

1856 *B 

1857 *B 

1860 *B 

1961 *B 

1892 *B 

1894 *B 

1895 *B 

1961 *B 

1962 *B 

1963 *B 

1964 *B 

1967 *B 

1968 *B 

1969 *6 

1970 *B 

1971 *B 

1972 *B 

1973 *B 

1974 *B 

1975 *B 

1976 *B 

1977 *B@I 

1978 *B@ 

1980 *B 

1981 *E3 

1982 *B 

1992 *I3 

Parameter meaning 

Function for enlarging the position gain 

settifig range 

Dual position feedback function 

Machine velocity feedback function 

VCMD output variable bit 

VCMD output variable bit 

Velocity loop (integration) gain 

Velocity loop (proportion) gain 

Imperfect integration coefficient 

Backlash compensation acceleration 

parameter 

Maximum amplitude of dual position 

feedback 

TG alarm level 

Compensation torque command 

Torque command filter 

Feed-forward coefficient 

Velocity loop feed-forward coefficient 

Backlash compensation acceleration 

parameter 

Backlash compensation acceleration 

parameter 

Velocity dependent current loop gain 

1 -ms acceleration feedback gain 

Overshoot prevention counter 

Conversion coefficient for dual position 

feedback (numerator) 

Conversion coefficient for dual position 

feedback (denominator) 

Time constant for dual position feedback 

Zero width for dual position feedback 

Backlash acceleration stop amount 

Gravity-axis brake control timer 

Flexible feed gear numerator 

Flexible feed gear denominator 

Backlash acceleration torque offset 

Machine velocity feedback gain 

Base pulse for backlash acceleration 

One-pulse suppression level for serial 

pulse coder A 



1. SERVO PARAMETERS 

Symbol Series 0 

TRW0 

TRW1 

DLYO 

DLYl 

PKl 

PK2 

PK3 

PK4V 

POAl 

POKl 

POK2 

PPMAX 

PDDP 

PHYST 

EMFCMP 

8X04 bit2 

8X04 bit3 

8X04 bit6 

8X04 bit7 

8X40 

8X41 

8X42 

8X46 

8X47 

8X50 

8X51 

8X53 

8X54 

8X55 

No.8X56 

Series1 5 Rank 

1809 bit2 *Cc@ 

1809 bit3 *C@ 

1809 bit6 *C@ 

1809 bit7 *C@ 

1852 

1853 

1854 

1858 

1859 

1862 

1863 

1865 

1866 

1867 

No. 1868 

PVPA 8X57 1869 

PALPH 8X58 1870 

EMFBAS 8X59 1871 

TQLIM 8X60 1872 

EMFLMT 8X61 1873 

POVCl 8X62 1877 

POVC2 8X63 1878 

POVCLMT 8X65 1893 

PTCURR 8X86 1979 

DEPVPL 8X98 1991 

Rank *A : Parameters set by MTB 

*c@ 
*c@ 
*c@ 
*c 
*C 

*c 
*c 
*c 
*c 
*c 
*c 

*c 
*C 

*c 

*C@ 

*c 

*c 
*c 
*c 
*c@ 
*C 

Parameter meaning 

Current loop gain 

Current loop gain 

Current loop gain 

Velocity loop gain 

Velocity control observer parameter 

Velocity control observer parameter 

Velocity control observer parameter 

Current dead-zone compensation 

Current dead-zone compensation 

Current dead-zone compensation 

Reverse electromotive force 

compensation 

Current phase control 

Current phase control 

Reverse electromotive force 

compensation 

Torque limit 

Reverse electromotive force \ 
compensation 

Overload protection coefficient 

Overload protection coefficient 

Overload protection coefficient 

Rated current parameter 

Phase shift compensation during 

deceleration 

Rank *B : Parameters are automatically set by the system, but may be changed as required. 

Rank *C : Parameters are automatically set by the system and must not be changed. 

@ : After set values have been changed, the power must be turned off then on again. 

(For both Series O-C (32 bits) and Series 15) 

0 : After set values have been changed, the power must be turned off then on again. 

(For Series O-C (32 bits) only) 
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(Note 1) in parameter Nos. in Series 0, X represents an axis No. 

Example : No. 8X00 

Parameter No. 8X00 for the first axis is No. 8100, and parameter No. 8X00 for the second axis is 

No. 8200. 

(Note 2) Bit (y = 0, 1, 2, 3) represents a bit position= 

(Note 3) For all series other than Series O-C and Series 15, PPMAX, PDDP, EMFCMP, and - 

PVPA are regarded as rank A. 

(Note 4) The meanings and symbol names of parameter Nos. 8X04 (Series 0) and 1809 (Series 

10, 11, 12, and 15) differ between Series O-C (32 bits) and Series 15, and other systems. See 

Sections 1.3 and 1.4. 

(Note 5) -In the ROM 9040 series for serial pulse coders, the parameters for flexible feed gear 

setting (SDMRl and SDMR2) are regarded as rank *A. 

1,1.2 Parameter description 

This section explains the meanings of parameters. Be sure to set parameters not explained here to 

0. 

In each of the following parameter formats, the upper part is the format for Series 0, and the lower 

part is for Series 10, 11, 12, and 15. 

Parameter No. Parameter 

DGPRM HRPLC 

DGPRM PLCOI 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 1 0 

For Series 10, 11, 12, and 15 

PLCOl By using the high-resolution pulse coder or serial pulse coder, separate 0.1 p m 

control for each axis is : 

0 : Not performed. 

1 : Performed. 

When bit 0 (PLCOl) of parameter No. 1804 is set to 1 for Series 10, 11, 12, or 15, the weight of 

the following parameters is multiplied by ten. 

No. 1827 Effective area 

No. 1828 Positioning deviation limit for each axis when traveling 

No. 1829 Positioning deviation limit for each axis when stopped 
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No. 1830 Positioning deviation limit for each axis when the servo is off 

No. 1832 Positioning deviation limit for each axis when feeding is stopped 

No. 1837 Positioning deviation limit for each axis at rigid tapping 

No. 1850 Amount of grid shift 

No. 1876 Number of velocity feedback pulses 

No. 1891 Number of position feedback pulses 

No. 1896 Capacity of reference counter 

No. 1816 bits 0 to 3 Capacity of reference counter 

For Series O-C 

HRPLC By using the high-resolution pulse coder or serial pulse coder, 0.1 p m control is : 

0 : Not performed. 

1 : Performed. 

(Note) If 0.1 pm control is performed using the high-resolution pulse coder in Series 0, set bit 7 

of No. 37 to 1. In Series 0, O.lpm control cannot be performed separately for each axis. 

For Series O-C, setting bit 0 (HRPLC) of No. 8X00 to 1 increases the magnitude of the following 

parameters by a factor of ten : 

No. 8X23 Number of pulses for velocity feedback : Set value X 10 

No. 8X24 Number of pulses for position feedback : Set value X 10 

No. 0004 Reference counter capacity : Set value X 10 

No. 0504 Move position deviation : Set value X 10 

No. 0508 Grid shift : Set value X 10 

DGPRM When power is turned on, the digital servo parameters for the motor are : 

1 : Not set. 

0: . Set 

If a motor No. is set for the motor type (Nos. 8X20 and 1874) this parameter is set to 0, the 

standard parameters for the motor are set automatically when the power is turned on and this 

parameter is changed to 1. 

Parameter No. Parameter 

8X01 

i-i 
1806 

AMR7 AMR6 AMR5 AMR4 AMR3 AMR2 AMRl AMRO 

AMR7 AMR6 AMRS AMR4 AMR3 AMR2 AMRl AMRO 
4 

b7 b6 b5 b4 b3 b2 bl b0 

AMR7 to AMRO: Set AMR values according to the number of pulses output from the pulse coder 

of the motor. 
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1. SERVO PARAMETERS 

7 6 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 0 

0 0 

1 0 

0 0 

0 0 

0 0 

1 0 

AMR Number of pulses output from the pulse 

coder of the motor 

(value before multiplication by 4) 
5 4 3 2 1 0 (According to motor type) 

0 1 1 1 1 1 2OOOP 

0 I 1 0 1 0 2500P 

0 1 0 0 0 1 3OOOP 

0 0 1 1 0 1 1OOOOP 

0 0 0 0 0 1 125OOP, 15OOOP 

1 1 1 1 1 1 2OOOOP 

1 1 1 0 1 0 25OOOP 

1 1 0 0 0 1 3OOOOP 

0 1 0 0 0 0 (1OOOP 5-O) 

0 1 0 1 0 1 (2OOOP 3-OS, 4-09 

Setting the AMR for the 9040 series ROM for a serial pulse coder 

(motor with serial pulse coder A or B) 

0 0 0 0 1 0 AC 5-O (with serial pulse coder A) 

0 0 0 0 1 1 AC 4-OS, 3-0s (with serial pulse coder A) 

0 0 0 0 0 0 AC 70s to 2-0s 

(with serial pulse coders A and B). 

0 0 0 0 0 0 AC 70s to 40s (with serial pulse coder C) 

0 0 0 0 0 0 AC 5-O (with serial pulse coder C) 
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1. SERVO PARAMETERS 

Parameter No. Parameter 

0 1 

0 PFSEL 

b7 b6 b5 b4 b3 b2 bl b0 

Series 0 

Standard setting : 0 0 0 0 1 0 0 0 

For Series 0, be sure to set the parameter as shown above. 

Series 10, 11, 12, and 15 

Standard setting : 0 0 0 0 0 0 0 0 

The following parameter is valid only for Series 10, 11, 12, and 15 : 

PFSEL For position detection, a position detector not mounted on the motor, such as a 

separate pulse coder or optical scale, is : 

1: Used 

0 : Not used (Standard setting) 

8X03 H 1808 

VOFST ovsm~ BLENBL 1PSPRS PIENBL OBENBL TGALRM 

VOFST ovsc?vw BLENBL 1PSPRS PIENBL OBENBL TGALRM 

Series 0 
b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 0 

(Note) The setting above is the standard setting for Series O-C (32 bits) and Series 15. In 

Series O-A, O-6, and O-C (16 bits), and Series 10, 11, and 12, bit 0 has different meanings. Be 

sure to set *NDL8, the symbol of bit 0, to 1. For details, see Sections 1.3 and 1.4. 

TGALRM : The broken-wire alarm detecting level of the position detector is : 

0 : Set to the standard level. 

1 : Reduced to l/4 of the standard setting. 

(Valid for editions 9000/H and 9000/l only) 

1 : Reduced to a sensitivity specified separately 

(Valid for editions 9000/J and later) 

Related parameters : 

8X64 (Series 0) 1892 (Series 10, 11, 12, and 15) 
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1. SERVO PARAMETERS 

OBENBL : The velocity control observer is : 

0 : Not used (Standard setting) 

1 : Used (Valid for editions 9000/E, 9001/B, and later) 

(For details of this function, see Section 2.3.3) 

Related parameters : 

8X47 (Series 0) 1859 (Series 10, 11, 12, and 15) 

8X50 (Series 0) 1862 (Series 10, 11, 12, and 15) 

8X51 (Series 0) 1863 (Series 10, 11, 12, and 15) 

Note that this function is not available with the 3-0, 4-0, and 5-O motors. 

PIENBL : Velocity control is : 

0 : Set to IP (Standard setting) 

1 : Set to PI (Valid for editions 9000/E, 9001/B, and later) 

(For details of this function, see Section 2.9.1) 

1PSPRS : The one-pulse suppress function is : 

0 : Not used (Standard setting) 

1 : Used (Valid for editions 9000/E, 9001/B, and later) 

(For details of this function, see Section 2.2.2) 

BLENBL : The backlash acceleration function is : 

0 : Not used (Standard setting) 

1 : Used (Valid for editions 9000/H, 9001/E, and later) 

(For details of this function, see Section 2.52) 

Related parameters : 

8X48 (Series 0) 1860 (Series 10, 11, 12, and 15) 

OVSCMP : The overshoot compensation function is : 

0 : Disabled (Standard setting) 

1 : Enabled 

(Valid for editions 9000/K, 9001/G, and later) 

(For details, see Section 2.4.1) 

Related parameters : 

8X45 (Series 0) 1857 (Series 10, 11, 12, and 15) 

8X77 (Series 0) 1970 (Series 10, 11, 12, and 15) 

VOFST : The VCMD offset function is : 

0 : Not used (Standard setting) 

1 : Used (Valid for editions 9000/F, 9001/D, and later) 

(For details, see Section 2.6) 
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1. SERVO PARAMETERS 

Parameter No. Parameter 

DLYl DLYO TRW1 TRW0 Tll30 TIAO 

DLYl DLYO TRW1 TRW0 TlBO TlAO 

b? b6 b5 b4 b3 b2 bj bO 

Standard setting : 0 1 0 0 0 1 0 0 

(Motor types 1 to 38) 

0 1 0 0 0 1 1 0 

(Motor types 39 and later ) 

TIBO : The velocity loop control period is set to : 

0 : 2 msec 

1 : 1 msec 

When initialized, these parameters are automatically set to the standard values. Never change the 

standard setting. 

TIBO (velocity loop control period), however, may be changed during servo parameter adjustment. 

(Note) The settings above are the standard settings for Series O-C (32 bits) and Series 15. 

I With Series O-A, O-B, O-C (16 bits), Series 10, 11, and 12, the standard setting is 00011010 when 

the velocity loop control period is set to 2 ms. For details, see Sections 1.3 and 1.4. 

? 
8X05 BLKCTL FEEOFD 

1883 BLKCTL FEEDFD 

b7 b6 b5 b4 b3 b2 bj b0 

Standard setting : 0 0 0 0 0 0 0 0 

FEEDFD : The feed forward function is : 

0 : Disabled 

1 : Enabled 

(For details, see Section 2.5.1) 

Related parameters : 

8X68 (Series 0) 1961 (Series 10, 11, 12, and 15), 

8X69 (Series 0) 1962 (Series 10, 11, 12, and 15) 
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1. SERVO PARAMETERS 

BLKCTL : The vertical axis brake control function is : 

0 : Disabled 

1 : Enabled 

(Valid for editions 9030/N, 9040/C, and later) 

Related parameters : 

8X83 (Series O-C) 1976 (Series 15) 

If MCC is turned off as soon as a servo alarm is generated on the vertical axis, the arm may drop 

along the vertical axis. This function is provided to prevent the arm from dropping. 

In parameter No. 8X83 (Series O-C) or 1976 (Series 15), set the delay time required before MCC is 

turned off. 

Parameter No. Parameter 

. 
DCBEMF MODEL PKVER FCBLCM 

ACCFB 

DCBEMF MODEL 

ACCFB 

PKVER FCBLCM 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 0 

FCBLCM : In closed loop feedback : 

0 : Backlash compensation pulses are used for compensation. 

1 : Backlash compensation pulses are not used for position compensation. 

(Valid for the 9000/S, 9001/N, and later) 

(For details, see Section 2.5.2) 

Related parameters : 

8X48 (Series 0) 1860 (Series 10, l I, 12, and 15) 

If this parameter is set 

closed loop system. 

Generally, in a closed 

deviation. If FCBLCM 

position deviation. 

to 1, quadrant protrusions caused by backlash can be reduced even in a 

loop system, backlash compensation is not set since it causes position 

and BLENBL are set to 1, however, protrusions can be reduced without 

(Note) In the 9000 and 9001 series, when this function is used, the magnitude of BLMCMP in 

parameter No. 8X48 (Series 0) or 1860 (Series IO, 11, and 12) is increased by a factor of 8. 

If 4000 is set in a semi-closed loop system, a typical value for a closed system is 500. 
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1. SERVO PARAMETERS 

PKVER : The velocity dependent current loop gain variable function is : 

0 : Disabled 

1 : Enabled (Valid for editions 902018 and later) 

(For details, see Section 2.8.2) 

Related parameters : 

8X74 (Series 0) 1967 (Series 10, 11, 12, and 15) 

MODEL ACCFB : 

The l-ms acceleration feedback function is : 

0 : Disabled 

1 : Enabled (Valid for editions 9020/E, 9030/E, 9040/A, and later) 

(For details, see Section 2.3.1) 

Related parameters : 

8X67 (Series 0) 1895 (Series 10, 11, 12, and 15) 

8X76 (Series 0) 1969 (Series 10, 11, 12, and 15) 

DCBEMF : During deceleration, reverse electromotive force compensation is: 

0 : Disabled 

1 : Enabled (Valid for editions 9000/R, 9001/M, 9010/D, 9020/C, and later) 

Parameter No. Parameter 

8X09 E , BLSTP BLCUT ADBLSH 

1953 BLSTP BLCUT ADBLSH 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 0 

ADBLSH : The 

0 : 

1 : 

(For 

new backlash acceleration function is : 

Disabled 

Enabled (Valid for editions 9030/K, 9040/B, and later) 

details, see Section 2.5.3) 

Related parameters : 

8X48 (Series 0) 1860 (Series 15) 

8X71 (Series 0) 1964 (Series 15) 

8X87 (Series 0) 1980 (Series 15) 

BLCUT : The function for enabling the backlash acceleration function only during cuttingis : 

0 : Disabled 

1 : Enabled 

(Valid for editions 9010/G, 9020/J, 9030/F. 9040/A, and later) 

(For details, see Section 2.5.2) 
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1. SERVO PARAMETERS 

BLSTP : The backlash acceleration stop function is : 

0 : Disabled 

1: Enabled (Valid for editions 9010/G, 9020/J, 9030/F, 9040/A, and later) 

(For details, see Section 2.5.2) 

Related parameters : 

8X82 (Series 0) 1975 (Series 10, 11, 12, and 15) 

Parameter No. Parameter 

BLTEN 

BLTEN 

i 
SPBIT 

SPBIT 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 0 

SPBIT 

BLTEN 

When l-pm control is applied with a 1 OOOO-pulse pulse coder, the function for 

simplifying the setting is : 

0 : Invalidated. (For details of the setting, see Chapter 3 of Part I.) 

1: Validated. (Valid with 9030/P, 9031/H, 9040/D, and later editions) 

Multiplication of the backlash acceleration amount by 10 

(For high-resolution pulse coders) is : 

0 : Disabled 

1: Enabled (Valid for editions 903011, 9040/A, and later) 

(For details of the function, see Section 2.52.) 

Related parameters : 

8X48 (Series 0) 1860 (Series 15) 

Standard setting : 0 0 0 0 0 0 0 0 

DPFBCT PGEXPD 

DPFBCT PGEXPD 

b7 b6 b5 b4 b3 b2 bj b0 

PGEXPD : The function for enlarging the position gain setting range is : 

0 : Invalidated. (For details of the function, see Subsection 1.7.5.) 

1 : Validated. (Valid with 903010, 9031/H, 9040/D, and later editions) 
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1. SERVO PARAMETERS 

OPFBCT : The dual position feedback function is : 

0 : Invalidated. (For details of the function, see Subsection 2.35.) 

1 : Validated. (Valid with 9031/F and later editions) 

Related parameters : 

8X61 (Series 0) 1849 (Series 15) 

8X78 (Series 0) 1971 (Series 15) 

8X79 (Series 0) 1972 (Series 15) 

8X80 (Series 0) 1973 (Series 15) 

8X81 (Series 0) 1974 (Series 15) 

Parameter No. Parameter 

VCMD2 VCMDl MSFEN 

VCMD2 VCMDl MSFEN 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 

MSFEN : The machine velocity feedback function is : 

0 : Disabled 

1 : Enabled (Valid for editions 9030/K, 9040/B, and later) 

(For details of this function, see Section 2.5.2) 

Related parameters : 

8X88 (Series 0) 1981 (Series 15) 

VCMDI, VCMD2 I 

The VCMD waveform is converted according to the table below. 

(See the check board in Chapter l-6.) 

VCMD2 VCMDl 
Signal level for conventional 

VCMD output 

0 0 I 1 (Unchanged) 

0 I 1 I l/4 

1 0 1 /16 

1 1 1 /64 

0 

(Valid for editions 9030/K, 9040/A, and later) 
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1. SERVO PARAMETERS 

Parameter No. Parameter 

8X20 t--l ’ Motor type 

1874 Motor type 
. 

The digital servo ROM holds the standard parameters for each motor model. If DGPRM is set to 0, 

the standard values associated with the motor type specified in this parameter are automatically set 

when the power is turned on. 

The range of data differs depending on the ROM edition as follows : 

9000E,90OlB and later editions: 3 to 14 

9000H,9001E and later editions: 3 to 25 

9000L,9001H, 9010A and later editions: 3 to 26 

9000N,9001K,9002J,9010B,9020A and later editions: 3 to 36 

9000P,9001L,9002K,9010C,9020B,9022A and later editions: 3 to 38 

9OlOF,9020E,9022B,9030A and later editions: 3 to 41 

9010G,9020F,9022C,903OB and later editions: 3 to 67 

902OK, 9030G 9031A, and later editions: 3 to 72 

90305 9031D, and later editions: 3 to 73 

9030K,9031E and later editions: 3 to 78 

9031&904OA and later editions: 3 to 83 

90300,9031H,9040D and later editions: 3to 84 

If the data range is exceeded, an alarm is generated. 

Drawing No. of amplifier 185 V input type (A06B-6057~HXXX) 

Motor type No. 3(42) 4 5 6 7 8 9 10 11 

Motor Drawing No. 0531 0532 0533 0521 0522 0513 0512 0501 0505 

Motor model 1 5-O 1 4-0s 1 3-0s 1 2-O 1 1-O 1 0 1 5 1 10 I2OW 500 

Motor type No. 

Motor Drawing No. 

Motor model 

121 13 1 14(54) 1 15(56) 1 16(57) 1 18(=) 1 1 WO) 

0502 1 0503 1 0506 1 0561 j 0562 1 0571 1 0572 

20s 30 I I 3Oi2000 OL I I 5L I 7L I 1OL 

Motor type No. 1 ww 1 

Motor Drawing No. I 0564 I 

Motor model 
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1. SERVO PARAMETERS 

Drawing Nos. of 200 to 220 V amplifiers (A069060580H20X, H30X) 

Motor type No. 21 22 22 23 24 25 

Motor Drawing No. 0311 0312 0372 0313 0314 0315 

Motor model 2-0s 1-0s l-OSP OS 5s 10s 

Drawing Nos. 200 to 230 V amplifiers (A069060580HOOX, H22X, H32X, H33X) 

(AOBB-60660HOOX, H22X, H23X, H24X) 

Motor type No. 27(43) 28(44) 29 30(46) 30(46) 31(63) 32(48) 2(49) 

Motor Drawing No. 0532 0533 0311 0312 0372 0313 0314 0316 

Motor modei , 4-0s , 3-0s , 2-0s , l-OS , l-OSP , OS , 5s , 6s 

Motor type No. 37(45) 37(45) 33(50) 34(U) 35(52) 36(53) (80) (82) 

Motor Drawing No. 0310 0371 0315 0505 0502 0590 0382 0384 

Motor model , 2-0s , 2-OSP , 10s I 2OS/1500 I 20s , 30s , 5T , 101 

Drawing Nos. of 200 to 230 V amplifiers for large motors (A069060580Hl Ol, H102) 

a 

Motor type No. 

Motor Drawing No. 

Motor model 

0331 0332 0333 

50s 60s 70s 

Drawing Nos. of 200 to 230 V amplifiers for high-speed motors (A06B-60580HOOX) 

I 

Motor type No. 61 61 62 62 63 64 65 

Motor Drawing No. 0310 0371 0309 0373 0313 0514 0317 

Motor model 2-0s I 2-OSP I l-os/3ooo I l-osP/3ooo I OS I 5s/3000 I 1 os/3ooo 

Motor type No. 66 67 73 78 79 81 83 84 

Motor Drawing No. 0318 0319 0320 0583 0381 0383 0386 0374 

Motor model ,20S~3000,30S/3000, 6S/3000 ,4OS/2000 I OTI3000 , 5T/3000 ,1 OTI3000 I 0-OSP 
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1. SERVO PARAMETERS 

Drawing Nos. of amplifiers for L Series high-speed motors (AOSB-6057~HXXX) 

Motor type No. 68 69 70 71 72 

Motor Drawing No. 0561 0562 0564 0571 0572 

Motor model OL (3000) 5L (3000) 6L (3000) 7L (3000) lOL(2250) 

(Note 1) Numbers in parentheses in the motor type No. row are the motor type numbers for 

when the velocity loop control period is 1 msec. 

(Note 2) For large or high-speed motors, the standard velocity loop control period is 1 msec. 

(Note 3) Motor type Nos. 74 to 77 are special parameters for piston lathes and must therefore 

not be used. 

(Note 4) The velocity loop control period is changed for a pair of axes at a time (i.e., the first axis 

and second axis, the third axis and fourth axis etc.). The period for both axes is determined by the 

parameter of the odd-numbered axis. If the first axis is selected from the standard parameters for 

the l-ms control period (39 or later), the second axis must be selected from the same parameters. 

(Note 5) The motor type number for an SP motor is assigned in the same way as for normal 

motors. (For l-OSP, the same motor type number used for I-OS is assigned, and for 2=OSP, the 

same number used for 2-0s is assigned.) If the high-resolution pulse coder (1OOOOP) is used, 

however, the standard parameter needs to be changed. 
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1. SERVO PARAMETERS 

Parameter No. Parameter 

Load inertia ratio (LDINT) 

. 
Load inertia ratio (LDINT) 

The ratio of the machine load inertia to the motor rotor inertia is calculated from the following * 
equation : 

Load inertia ratio = 
Machine load inertia 

x 256 
Motor rotor inertia 

Data range : 0 to 32767 

Example : Motor model 10 (Jm = O-IO), machine inertia (JI = 0.05) 

Set value = 0.05/0.10 x 256 = 128 . 

When this parameter is set, velocity loop gains PKlV and PK2V are multiplied by (1 + LDINTY256). 

For details, see Section 2.9.2. 

8X22 E3 I 
Motor rotation direction (DIRCTL) 

1879 Motor rotation direction (DIRCTL) 

DIRCTL : Set the rotation direction of the motor. 

111 : Normal connection 

(The motor rotates clockwise as viewed from the detector.) 

-111 : Reverse connection 

(The motor rotates counterclockwise as viewed from the detector.) 

If a value other than 111 or - 111 is set, an alarm is generated. 
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1. SERVO PARAMETERS 

Parameter No. Parameter . 
Number of pulses for velocity feedback (PULCO) 

Number of pulses for velocity feedback (PULCO) 

Data unit : PULSE/REV. 

Data range : 1 to 32767 

Set the number of pulses per motor rotation in the detector used for velocity feedback. When 

calculating the number of pulses, assume that four pulses appear in one pulse cycle period of 

phase A or B. Unless a valve greater than zero is set, an alarm is generated. 

This value is set according to standard values for the pulse coder built into the motor as follows : 

ZOOOP : 8000 

25OOP : 10000 

3OOOP : 12000 

10000P : 4000 (when PLCOI or HRPLC is set to 1) 

125OOP : 5000 (when PLCOI or HRPLC is set to 1) 

15OOOP : 6000 (when PLCOI or HRPLC is set to 1) 

2OOOOP : 8000 (when PLCOI or HRPLC is set to 1) 

25OOOP : 10000 (when PLCOl or HRPLC is set to 1) 

3OOOOP : 12000 (when PLCOI or HRPLC is set to 1) 

For serial pulse coders A and B: 8192 

819 (when PLCOI or HRPLC is set to 1) 
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1. SERVO PARAMETERS 

Parameter No. Parameter 

Number of pulses for position feedback (PPLS) 

Number of pulses for position feedback (PPLS) ’ 

Data unit : PULSE/REV. 

Data range : 1 to 32767 

Set the number of pulses per motor rotation in the detector used for position feedback. When 

calculating the number of pulses, assume that four pulses appear in one pulse cycle period for 

phase A and B. The set value is not changed by DMR or CMR. If a value of zero or less is set for 

the parameter, an alarm is generated. 

If the motor has an incremental pulse coder and no separate detector is used, set the same value 

as for PULCO. If the motor has serial pulse coder A or 8, and no separate detector is used, set 

the following : 

12500 

1250 (when PLCOl is set to 1) 

When a separate detector is used 

Example 1 : 1 pm optical scale and machine travel of 5 mm per motor rotation 

Set value : 5000 

Example 2 : O.Spm optical scale and machine travel of 10 mm per motor rotation 

Set value : 20000 

Example 3 : 0.1 pm optical scale and machine tr.avel of 1 mm per motor rotation 

Set value : 10000 

(Note) When a 0.1 pm position detector is used and the set value does not exceed 32767, 

set PLCOl to 0. (if the value is over 32767, see Example 4.) 

Example 4 : 0.1 fl optical scale and machine travel of 4 mm p8r motor rotation 

Set value : 4000 (PLCOl or HRPLC is set to 1.) 

(Note) Since PLCOl is set to 1, set PULCO to I/10 of the calculated value. When the 

resolution of the motor pulse coder is greater than 0.1 pm even though a 0.1 pm position 

detector is used, it is impossible to reduce vibration to 0.1 pm or lower when the motor is 

stopped. In this case, use a high-resolution pulse coder so that the resolution of the motor 

pulse coder is lower than the resolution of the position detector. 
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1. SERVO PARAMETERS 

Example 5 : 2 mm/l 2 lnductosyn, machine travel of 8 mm per motor rotation, and a 

4OOOP/l )\ A/D converter 

Set value : 16000 

Example 6 : Rotary lnductosyn of 360 A (720 poles) per rotation, 2 degrees (gear reduction 

ratio: l/l 80) per motor rotation, and a 4OOOP/l A A/D converter 

Set value : 8000 

Example 7 : Rotary lnductosyn of 180 A (360 poles) per rotation, 6 degrees (gear reduction 

ratio: l/60) per motor rotation, and a 4OOOP/l A A/D converter 

Set value : 12000 

This parameter is equivalent to the loop gain multiplier of an analog servo. If position gain for each 

axis has to be changed in Series 0, the actual position gain can be changed by setting a value 

different from a calculated value. (However, this means that if an incorrect setting is made, the 

position gains of all the axes will not match.) 

Example : The position loop gain (position gain) is set to 30 (l/S), the pulse coder built 

into the motor is used as the position detector, and the number of pulses is 

2500P. 

Parameter Correct setting 

PULCO -loo00 

PPLS 10000 

Actual position gain 30 

Value after change 

10000 

12000 

25 

In this case, a perfectly round circle cannot be produced. 
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1. SERVO PARAMETERS 

Parameter No. Parameter 

Data range 

(See Subsection 

Data range 

(See Subsection 

Data range 

(See Subsection 

I Current loop gain (PKl) I 

I Current loop gain (P Kl ) I 

. . 1 to 32767 

2.8.1 for details) 

I Current loop gain (PK2) I 

I Current loop gain (PK2) I 

. . -1 to 32767 

2.8.1 for details) 

Current loop gain (PK3) 

Current loop gain (PK3) 

. . -1 to 32767 

2.8.1 for details) 

Velocity loop (integration) gain (PKl V) 

Velocity loop (integration) gain (PKl V) 

Data range : 1 to 32767 

The gain of the low area of the velocity loop is set. By increasing this gain, rigidity, 

positioning accuracy, and response characteristic are improved. 

(See Subsection 29.2 for details) 
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1. SERVO PARAMETERS 

Parameter No. Parameter 

Velocity loop (proportion) gain (PK2V) 

Velocity loop (proportion) gain (PK2V) 

Data range : -1 to 32767 

The gain of the high area of the velocity loop is set. 

(See Subsection 2.9.2 for details) 

Data range 

Standard setting 

I Coefficient of incomplete integration (PKSV) I 

I Coefficient of incomplete integration (PK3V) I 

. . 0 to 32767 

. . 0 

A coefficient for incomplete integration (for making servo rigidity finite) is set (ranging from 

about 32760 to 32600). This parameter is valid for editions 9000/F, 9001/D and later. For 

earlier editions, the parameter has a different meaning, and must be set to 0. 

(See Subsection 2.4.2 for details) 

Data range 

Standard setting 

Velocity loop gain (PK4V) 
I 

Velocity loop gain (PK4V) 

. . -1 to 32767 

. . The value is set automatically at power-on. 

Compensates the velocity loop for delay due to sampling. 

8X47 I I Velocity control observer parameter (POAl ) 

1859 I I Velocity control observer parameter (POAI) 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on time. 

(For details of the function, see Subsection 2.3.3.) 
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Parameter No. Parameter 

8X48 Velocity-control backlash-acceleration amount (BLCMP) 

1860 Velocity-control backlash-acceleration amount (BLCMP) 

Data range. : 0 to 32767 

Standard setting : 0 

Set the amount of backlash compensation acceleration. 

(For details of this function, see Subsections 2.5.2 and 2.5.3.) 

(Note) For ROM editions before the 9000/G and 9001/D, this parameter has a different 

meaning. For these editions, set the value set automatically at power-on. 

Data range : 0 to 32767 

Standard setting : 0 

(Note) For ROM editions before the 9000/H, this parameter has a different meaning. 

For these editions, set the value set automatically at power-on. 

Velocity control observer parameter (POKI ) 

Velocity control observer parameter (POKl) 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on. 

(For details of this function, see Subsection 2.3.3.) 
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Parameter No. Parameter 

Velocity control observer parameter (POK2) 

Velocity control observer parameter (POK2) 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on. 

(For details of this function, see Subsection 2.3.3.) 

Not used 

Not used 

Data range : 0 to -32767 

Standard setting : 0 

(Note) The value is set automatically at power-on. 

Current dead-zone compensation (PPMAX) 

Current dead-zone compensation (PPMAX) 
, 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on. 

(For details of this function, see Subsection 2.8.4.) 

(Note) If the NC used is other than Series 15 or O-C, the value for the 2000P pulse 

coder is set as the standard value. This value must be multiplied by Np/2000. 

(Np represents the number of pulses on the pulse coder.) 

See Sections 1.3 and 1.4. 

2 - 24 



1. SERVO PARAMETERS 

Parameter No. Parameter 

Current dead-zone compensation (PDDP) 

1 1866 1 Current dead-zone compensation (PDDP) 
. 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on. 

(For details, see Subsection 2.8.4.) 

(Note) If the NC used is other than 

coder is set as the standard value. This 

(Np represents the number of pulses on 

See Sections 1.3 and I .4. 

Series 15 or O-C, the value for the 2000P pulse 

value must be multiplied by 2000INp. 

the pulse coder.) 

8X55 

. Es Current dead-zone compensation (PHYST) 

1867 Current dead-zone compensation (PHYST) 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on. 

Backelectromotive force compensation (EMFCMP) 

Backelectromotive force compensation (EMFCMP) 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on. 

This parameter improves the current-loop characteristic during high-speed rotation. 

(For details of this function, see Subsection 2.8.3.) 

(Note1 ) If the NC used is other than Series 15 or O-C, the value for the 2500P pulse 

coder is set as the standard value. This standard value must be multiplied by 2500/Np. 

(Np represents the number of pulses on the pulse coder.) 

See Sections 1.3 and 1.4. 
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(Note 2) Editions 9000/M, 9001/J, and earlier do not have this function, 0 is always set 

at power-on. If this function is required, replace the servo ROM with the 9000/N, 9001/K, 

or a later ROM edition. (With the 9010, 9020, 9030, 9040, 9002, and 9022 series, this 

function is available from edition A on.) 

(Note 3) For edition 9000/J, 9001/F, or earlier, this parameter has a different meaning. 

For these editions, the value is set automatically at power-on. 

Parameter No. Parameter 

Current-phase control (PVPA) 

Current-phase control (PVPA) 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power-on. 

(For edition 9000/J, 9001/F, or later) 

(For details of this function, See Subsection 2.8.3.) 

(Notel) If the NC used is other than Series 15 or O-C, the value for the 2500P pulse 

coder is set as the standard value. This standard value must be multiplied by 2500/Np. 

(Np represents the number of pulses on the pulse coder.) 

See Sections 1.3 and 1.4. 

(Note2) For edition 9000/H, 9001/E, or earlier, set this value according to the 

combination of the motor model and pulse coder by referring to the parameter table for 

edition 9000/J, 9001/F, or later. 

E A 

, 

8X58 Current-phase control (PALPH) 

1870 Current-phase control (PALPH) 

Data range : 0 to 32767 

(For details of this function, see Subsection 2.8.3.) 

(Note) The value is set automatically at power-on. 
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Parameter No. Parameter 

8X59 E ? Back electromotive force compensation (EMFBAS) 

1871 Back electromotive force compensation (EMFBAS) 
4 

Data range : 0 to 32767 

Standard setting : 0 

(For details of this function, see Subsection 2.8.3.) 

Set the minimum speed used for back electromotive force compensation. If DCBEMF (bit 

6 of 8X06 (Series 0) or bit 6 of 1884 (Series 10, 11, 12, and 15)) is set to 1, set this 

parameter to 10. 

8X60 

E : 

Torque limit (TQLIM) 

1872 Torque limit (TQLIM) 
4 

Data range : 0 to 32767 

(For details, see Subsection 2.8.2.) 

(Note) The value is set automatically at power-on. The standard value is for maximum 

torque (torque occurring when the maximum current set by the amplifier is used). It can 

be set to a lower value. 

Data range 

Standard setting 

I- -~-~~~ ~ Back electromotive force compensation (EMFCMT) I 

I Back electromotive force compensation (EMFLMT) I 

. . 0 to 32767 

. . The value is set automatically at power-on. (For edition 9000/N, 

9001/K, or later). For 9000WUM or 9001 G/H/J, set an appropriate 

value according to the motor model by referencing the parameter 

table in Section 2.16. 

This parameter sets the limit on the level of back electromotive force compensation. 

(For details of this function, see Subsection 2.8.3.) 

(Note) For editions 9000/J, 9001/F, and earlier, this parameter has a different 

meaning. For these editions, the value is set automatically at power-on. 
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Parameter No. Parameter 

Overload protection coefficient (OVCl ) 

Overload protection coefficient (OVCl) 
. 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power on. 

This parameter sets the coefficient of an alarm generated to protect the motor and transistor 

from overload. 

(For details of function, see Subsection t-7.3.4.) 

Overload protection coefficient (OVC2) 

Overload protection coefficient (OVC2) 

. 

Data range : 0 to 32767 

Standard setting : The value is set automatically at power on. 

This parameter sets the coefficient of an alarm generated to protect the motor and 

transistor from overload. 

(For details of function, see Subsection l-7.3.4.) 

TG alarm level (TGALMLV) 

TG alarm level (TGALMLV) 

Data range : 1 to 32767 

Standard setting : 4 

The parameter sets the broken-wire detection alarm level in the position detector. 

(Unit : l/32 motor rotation) 

In a closed loop machine, when a large backlash is present and at least l/64 rotation of 

backlash occurs in the motor shaft, the amount of backlash is set in this parameter. This 

is motor rotation without a corresponding position detector indication. 

This parameter is not valid unless bit 1 TGALRM of parameter No. 8X03 (Series 0) or 

1808 (Series 10, 11, 12, and 15) is set to 1. 

(For details of this parameter, see Subsection l-7.3.2.) 

(Note) For edition 9000/l or earlier, this parameter has a different meaning. For these 

editions, set the value set automatically at power-on. 
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Parameter No. Parameter 

p&Y-j 1 Overload protection coefficient (OVCLMT) 

I 1893 I I Overload protection coefficient (OVCLMT) 

Data range : 0 to 32767 

Standard setting : The value set is automatically at power-on. 

This parameter sets the coefficient of an alarm generated to prevent the motor and 

transistor from overload. 

8X66 E PK2VAUX 

1894 PK2VAUX 

Data range : -32767 to 32767 

Standard setting : 0 

If a positive value is set, the compensation torque command function can be used. 

(This function is available with editions 9000/H, 9001/E and later. It is not supported by 

the 9002 and 9022 series.) 

The compensation torque command function suppresses vibration when the motor is 

stopped. Set this parameter to around 500,OOO/Np (Np represents the number of pulses 

on the pulse coder), depending on the motor model. (For the 2OOOP, set it to around 

250.) 

Since when the value set is too large, vibration may occur, smaller values are desirable. 

(For details of the function, see Subsection 2.2.1.) 

If a negative value is set, the 250. s acceleration feedback function can be used. 

(The function is available with editions 9030/M, 9040/C, and later.) 

Set the following value : 

When a normal pulse coder is used . . About -500 to -1000 

When a high-resolution pulse coder is used : About -100 to -200 

When serial pulse coders A and B are used : About -10 to -20 

If the set value is too large, vibration may occur. 

(For details of this function, see Subsection 2.3.1.) 
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Parameter No. Parameter 

\ 
Torque command filter (FILTER) 

I 1895 I I Torque command filter (FILTER) 

Data range : 0 to 4096 

Standard setting : 0 

This parameter is set to remove high frequency noise from a torque command. 

(Valid for editions 9020/E, 9030/E, 9040/A and later.) 

(For details of setting, see Subsection 2.3.3.) 

Data range 

Standard setting 

. 

Feed-forward coefficient (FALPH) 
I 

Feed-forward coefficient (FALPH) 

. . 0 to 32767 

. . 0 

This parameter sets the coefficient for feed-forward control. In general, a coefficient of 

4096 corresponds to 1. 

(Valid for editions 9010/B, 9020/A, 9030/A, 9040/A and later.) 

(For details of this function, see Subsection 2.5.1.) 

8X69 E . Velocity-loop feed-forward coefficient (VFFLT) 

1962 Velocity-loop feed-forward coefficient (VFFLT) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter sets the coefficient for velocity-loop feed-forward control. 

(Valid editions the 9010/B, 9020/A, 9030/A, 9040/A, and later.) 

(For details of this function, see Subsection 2.51.) 
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Parameter No. Parameter 

8X70 E 1 Backlash compensation-acceleration parameter (ERBLM) 

1963 Backlash compensation-acceleration parameter (ERBLM) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter is used for synchronizing backlash compensation acceleration when motor 

rotation is reversed. 

(Valid for editions 9010/B, 9020/A, 9030/A, 9040/A, and later.) 

(For details of this function, see Subsection 2.52.) 

Et3 : 8X71 Backlash compensation-acceleration parameter (PBLCT) 

1964 Backlash compensation-acceleration parameter (PBLCT) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter sets the number of times backlash acceleration compensation is to be 

performed. Acceleration is performed (the set value + I )‘hmes. 

(Valid for editions 9010/B, 9020/A, 9030/A, 9040/A, and later.) 

(For details of this function, see Subsections 2.5.2 and 2.53.) 

Velocity-dependent current-loop gain (AALPH) 

Velocity-dependent current-loop gain (AALPH) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter is used to change the current loop gain according to the velocity. 

current loop gain can be increased in high speed ranges. 

(Valid for editions 9020/B, 9030/A, 9040/A and later.) 

The 

(For details of this function, see Subsection 2.8.2.) 
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Parameter No. Parameter 

I-ms acceleration feedback gain (WKAC) 

I -ms acceleration feedback gain (WKAC) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter is used to make the velocity loop stable. It determines the gain for 

acceleration feedback. When using this function, set the velocity loop control period to 1 

ms, and use a torque command filter. 

Set the following values so that no vibration is generated : 

When a normal pulse coder is used . . Around 50 to 70 

When the high-resolution pulse coder is used : Around 10 to 15 

When serial pulse coders A and B are used : Around 200 to 300 

If the value set is too large, unusual sounds or vibration may be generated. 

(Valid for editions 9020/E, 9030/E, 9040/A, and later.) 

(For details of this function, see Subsection 2.3.1.) 

I 8X77 I I Overshoot prevention counter (OSCTPL) 

1 1970 1 Overshoot prevention counter (OSCTPL) 
. 

Data range : 0 to 32767 

Standard setting : 0 

When the overshoot prevention function is used by setting bit 6 (OVSCMP) of parameter 

No. 8X03 (Series 0) or 1808 (Series 10, I 1, 12; and 15) to 1, the motor sometimes flutters 

when stopped. If this occurs, set this parameter. 

(Valid for editions 9020/J, 9030/F, 9040/A, and later.) 

. (For details of this function, see Subsection 2.4.1.) 
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Parameter No. Parameter 

E 1 
” 

8X78 Conversion coefficient of dual position feedback (numerator) (DPFCH 1) 

1971 Conversion coefficient of dual position feedback (numerator) (DPFCHI) 

Data range : 0 to 32767 (For details of this function, see Subsection 2.35) 

Standard setting : 0 

(Valid with 9031/F and later editions) 

Data range 

Conversion coefficient of dual position feedback (denominator) (DPFCH2) 1 

Conversion coefficient of dual position feedback (denominator) (DPFCH2) 1 

. . 0 to 32767 (For details of this function, see Subsection 2.3.5.) 

Standard setting : 0 

(Valid with 9031/F and later editions) 

Time constant of dual position feedback (DPFTC) 

Time constant of dual position feedback (DPFTC) 

Data range : 0 to 32767 (For details of this function, see Subsection 2.35) 

Standard setting : 0 

(Valid with 9031/F and later editions) 

8X81 E3 : Zero-point amplitude of dual position feedback (DPFZW) 

1974 Zero-point amplitude of dual position feedback (DPFZW) 

Data range : 0 to 32767 (For details of this function, see Subsection 2.35) 

Standard setting : 0 

(Valid with 9031/F and later editions) 
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Parameter No. Parameter 

8X82 1 1 Backlash acceleration stop amount (BLENDL) 

1975 I I Backlash acceleration stop amount (BLENDL) 

Data range : 0 to 32767 

Standard setting : 0 

Set this parameter to prevent excess compensation of backlash acceleration. 

(Valid for editions 9010/G, 9020/J, 9030/F, 9040/A, and later.) 

(For details of this function, see Subsection 2.52.) 

I 8x83 I I Gravity-axis brake control timer (MOFCT) I 

1 1976 1 Gravity-axis brake control timer (MOFCT) 

Data unit . . msec 

Data range : t to 32767 

Standard setting : 0 

Set the delay time required before servo amplifier MCC is turned off by vertical-axis brake 

control. 

(Valid for editions 9030/N, 9040/C and later.) 

8X84 1 Flexible feed gear numerator (SOMRl) 

t 977 I I Flexible feed gear numerator (SDMRl) 

Data range : t to 32767 

Standard setting : 0 
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Parameter No. Parameter 

8X85 1 1 Flexible feed gear denominator (SDMR2) 

1978 I I Flexible feed gear denominator (SDMR2) 

Data range : 1 to 32767 

Standard setting : 0 

The flexible feed gear function can be used by setting SDMRI and SDMR2 to a value not 

less than 1. 

(Valid for editions 9030/J, 9031/H, 9040/A and later.) 

For details, see the description of flexible feed gear setting in Subsection l-3.4.3. 

8X86 1 1 Rated current parameter (RTCURR) 

1979 I I-- Rated current parameter (RTCURR) 

Data range : 1 to 32767 

Standard setting : Depends on the motor 

This parameter is used to display the percentage of actual-current-to-rated-current on the 

servo adjustment screen. The value depends on the motor used and is set automatically. 

Never change this value. 

(Valid for editions 9030/J, 9040/A, and later.) 

8X87 1 1 Torque offset for new backlash acceleration (TCPRLD) 

1980 1 1 Torque offset for new backlash acceleration (TCPRLD) 

Data range : 0 to 32767 

Standard setting : 0 

Set this parameter if there is a torque offset for a vertical axis when the new backlash 

acceleration function is used. 

(Valid for editions 9030/K, 9040/B, and later.) 

(For details of this function, see Subsection 2.53.) 
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Parameter No. Parameter 

-~~~-~~ 

8X88 E :r Machine speed feedback gain (MCNFB) 

1981 Machine speed feedback gain (MCNFB) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter sets a feedback gain when the machine speed feedback function is used. 

(Valid for editions 9030/K, 9040/B, and later.) 

(For details of this function, see Subsection 2.3.2.) 

Data range 

Standard setting 

I Base pulse for backlash acceleration (BLBSL) I 

I Base pulse for backlash acceleration (BLBSL) I 

. . 0 to 32767 

. . 0 

This parameter prevents excess compensation when the backlash acceleration function is 

used. 

(Valid for editions 9020/L, 9030/L, 9040/A, and later.) 

(For details of this function, see Subsection 2.52.) 

8X98 Phase E - shift compensation coefficient during deceleration (DEPVPL) 

1991 Phase shift compensation coefficient during deceleration (DEPVPL) 

Data range : 0 to 32767 (For details of this function, see Subsection 2.85.) 

Standard setting : Depends on the motor. 

This parameter determines what per cent of the value of parameter No. 8X57 (Series O-C) 

or 1869 (Series 15) is used as the phase shift coefficient during deceleration. The 

standard setting must not be changed. 

(Valid with 9040/E and later editions) 
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Parameter No. Parameter 

I 8X99 I I Not used 

1 1992 ] One-pulse suppression level for serial pulse coder A or B (ONEPSL) 

Data range : 0 to 32767 (For details of this function, see Subsection 2.2.3.) 

Standard setting : 400 

This parameter determines the one-pulse suppression level for serial pulse coder A or B. 

It can be used only with a system of Series 15 whose parameters are extended. 

(Valid with 9040/E and later editions) 
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1.2 Setting Method and Characters of the Velocity Loop Control 
Cycle 1 msec 

A higher velocity loop gain can be obtained by changing the velocity loop control cycle to 1 msec. 

In machines that have weak rigidity, such as large machines and machines with long ball screws, 

the velocity loop gain may not be raised without vibration during machine stop. This function is 

very effective. Note however that in machines that have a resonance of 200 - 300 Hz there is a 

possibility that vibration will increase at high frequencies instead. 

(1) Applicable Servo ROM Series/Versions 

9020/0018 and later 903 l/00 1 A and later 

9022IOOl B and later 9032IOOl A and later 

9030/001 A and later 9034/00 1 A and later 

9040/001/A and later 

(1 msec is used in Series 9040.) 

(2) Parameter Setting Method 

a) When changing velocity loop control cycle from 2 msec to 1 msec 

@ Change velocity loop control period setting parameter. 

Q 

0 

Series 10, 11, 12 

No. 1809 

Series I5 

No.1809 

Series O-A, -B, -C(lGbit) 

No. 8X04 

Series O-C, (32bit) 

No.8X04 

Change velocity loop gain parameter. 

Series 10, 11, 12, 15 Series 0 

No. 1855 No. 8X43 (PKlV) 

No. 1857 No. 8X45 (PK3V) 

No. 1858 No. 8X46 

Change observer related parameter 

Series 10, 11, 12, 15 Series 

PK4V) 

0 

No. 1859 

No. 1862 

No. 1863 

No. 8X47 (POAl) 

No. 8X50 (POKl) 

No. 8X51 (POK2) 

bit 1 = 1 + 0 

(2msec) (1 msec) 

bit 1 = 0 --) 1 

(2msec) (1 msec) 

* Set to 60% of 2msec value 

32768 ~(32768 -PK3V) /2 

However, when 0 is set, leave 

the setting at 0. 

-16471 + -8235 

* Set to half the 2msec value 

1677 --) 956 

1788 + 510 
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b) The method of setting the 1 msec standard parameter (motor model No. 39 an after) is 

the same as that for setting 2 msec parameters. 

(Note) For the velocity loop control period, 2 axes are set as a pair (the 1st axis and the 2nd 

axis, the 3rd axis and the 4th axis, etc.). The period is decided by the parameter of the odd 

numbered axis. Therefore, it is not Dossible to set a 1 msec. interruption period for an even 

numbered axis onlv, or a 1 msec. period for an odd numbered axis onlv. 
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(3) Procedure to Use When High-frequency Vibration Arises from Setting a Velocity Loop Control 

Cycle of 1 msec 

If the control cycie of the velocity loop is set to 1 ms, vibration when the machine has stopped 

may increase in machines having a machine resonance of 200 - 300 Hz. 

In this case, by using a torque command filter, high-frequency vibration can be suppressed 

and by raising gain, precision and responsiveness can be increased. 

@ Method of setting 

No. 8X06 bit4 (Series 0) Acceleration feedback is valid. 

No. 1884 bit4 (Series 10,11,12,15) O+l 

No. 8X67 (Series 0) 

No. 1895 (Series 10,11,12,15) 

Torque command filter value 

For the setting value, refer to the 1 msec 

column in the table given below. 

(Set the cut-off frequency at about 50% of 

the resonance frequency.) 

Table 1.2 Torque command filter parameters 

*cut off Velocity control cycle (msec) 
, 

frequency (Hz) 2msec 1 msec 0.25msec 

60 1927 2810 3728 
65 1810 2723 3698 
70 1700 2638 3670 
75 1596 2557 3641 
80 1499 2478 3612 
85 1408 2401 3584 
90 1322 2327 3556 
95 1241 2255 3528 

100 1166 2185 3501 
110 1028 2052 3446 
120 907 1927 3392 
130 800 1810 3339 
140 705 1700 3287 
150 622 1596 3236 
160 548 1499 3186 
170 484 1408 3136 
180 427 1322 3087 
190 376 1241 3039 
200 332 1166 2992 
220 258 1028 2899 
240 201 907 2810 
260 156 800 2723 
280 121 705 2638 
300 94 622 2557 
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1.3 Parameters Changed in Series O-C 

Between Series 0-C16bit and Series O-C32bit, some of the servo parameters have been changed. 

Two types of changes haves been made. 

@ First is for the change of the NC from Series O-A and O-B to Series O-C 

In Series O-B and earlier, the standard parameter value had to be recalculated and changed 

according to the number of pulses of the pulse coder. 

With series O-C, however, this change is no longer required, thus simplifying parameter 

setting. 

@ Other is for the change of the NC from Series 0-C16bit to Series O-C32bit 

The servo software series is functionally upgraded from Series 9020 to Series 9030. With this 

upgrading, some of the servo parameter functions have been changed together with some 

setting values. If this change is not implemented, trouble such as motor vibration can occur. 

(1) Applicable ROM Series 

@ The change of the NC from Series O-A and O-B Series O-C is performed by NC software, 

so it is applicable to Series O-C or any upgraded series, independently of the digital servo 

ROM edition. 

@ The change of the NC from Series O-Cl6bit to Series OC32bit is performed by the 

change of servo software from Series 9020 to Series 9030. When power to the NC is 

turned on, the NC software series and edition are displayed on the screen together with 

the servo ROM series and edition. If such information is not displayed, Series 9020 

(Series 0-ClGbit) is used. 

(2) Setting Parameters 

(a) For changing from series O-A and O-B to series 0-C16bit 

For servo parameter setting in Series O-B or earlier, the standard values of the following 

parameters had to be recalculated and changed according to the number of pulses of the 

pulse coder. In Series O-C, however, the following standard values can be set without 

additional calculation. (Since the NC internally calculates the values according to the 

number of pulses, recalculation is not necessary.) 

Parameter No. Parameter name 

8X53 Current dead zone compensation 

8X54 Current dead zone compensation 

8X56 Backelectromotive force compensation 

8X57 Phase-lead correction 

Symbol 

PPMAX 

POOP 

EMFCMP 

PVPA 
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(b) For changing from series O-A and O-6 to series OC32bit 

Method 1 : Set the standard parameters 

@ Set the standard parameters. The conventional method (enter motor type no.) can 

be used without modification. 

@ Standard values that had to be changed to match the machine should still be 

changed as before. However, the following parameters are now changed by -the 

CNC. 

Parameter No. Parameter name 

8X53 Current dead zone compensation 

8X54 Current dead zone compensation 

8X56 Backelectromotive force compensation 

8X57 Phase-lead correction 

Symbol 

PPMAX 

PDDP 

EMFCMP 

PVPA 

Method 2 : Set by changing conventional parameter values 

@ Enter the conventional parameters from tape or floppy 

(under emergency stop state). 

@ Then change the setting of 8X04 as described below. 

disk into the NC 

Bit 1 sets a velocity control period, but it has the meaning opposite to the previous 

one. So change the setting of this bit from the previous setting. 

Set the other bits as shown below. 

b7 b6 b5 b4 b3 b2 bl b() 

I8xo4J hl 1 0 0 0 1 lor0 0’ 
\ 

Before 
1 + 0 For 2ms 
0 +l Forlms 

@ Finally, change the following parameters to the standard values : 

Parameter No. 

8X53 

8X54 

8X56 

8X57 

Parameter name 

Current dead zone compensation 

Current dead zone compensation 

Backelectromotive force compensation 

Phase-lead correction 

Symbol 

PPMAX 

PDDP 

EMFCMP 

PVPA 
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(c) For changing from series O-C16bit to series 0432bit 

Method 1 : Set the standard parameters 

@ Set the standard parameters. The conventional method (enter motor type no.) can 

be used without modification. 

@ Standard values that had to b8 changed to match to the machine should still be 

changed at setting as before. 

Method 2 : Setting by changing conventional parameter values 

@ Enter the conventional parameters from tap8 or floppy disk into the NC (under 

emergency stop state). 

@ Then change the setting of 8X04 as described below. 

Bit 1 sets a velocity loop control period, but it has the meaning opposite to the 

previous one. So change the setting of this bit from the previous setting. 

Setting the other bits as shown below. 

88fOr8 
1 +O 2ms 
0 +I lms 
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(3) Detailed Explanation of Parameters Changed with Series 0432bit 

Parameter No. Parameter ’ 

. 4 

VOFST OvScMP BLENBL 1PSPRS PIENBL OBENBL TGALRM 
i 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 0 

With Series 9020, bit 0 is used for *NOL8, and its standard value is 1. With Series 9030, 

this bit is not used, and its standard value is 0. 

(When the standard parameter setting method is used, bit 0 is set to 0.) 

For bits 0 to 7, the same parameter meanings and settings as Series O-A, B, ClGbit apply. 

pi--J 

Standard setting : 

, 
DLYl DLYO TRW1 TRW0 TIBO TIAO 

. 

b7 b6 b5 b4 b3 b2 bl b0 

0 1 0 0 0 1 0 0 

(Motor types 1 to 38) 

0 1 0 0 0 1 1 0 

(Motor types 39 to 67 ) 

TIBO Set a velocity loop control period : 

0 : Sets 2 msec. 

1 : Sets 1 msec. 

(Note) For velocity loop control periods, the first and second axes are paired, and the third 

and fourth axes are paired. The velocity loop control period is determined by the parameter of 

the odd axis. 

So if the first axis is selected from the standard Darameters (39 or later) for 1 msec velocity 

control Period, the second axis must also be selected from the standard parameters (39 or 

later) for l-msec velocitv control period. 

DLYl, DLYO, TRW& TRWO, TIAO 

Be sure to set the standard values. Never change the standard values. 
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(4) Setting in Series O-A, O-6, and O-C (16 bit) 

Parameter No. Parameter 

f 
VOFST OvSCMP BLENBL IPSPRS PiENBL OBENBL TGALRM *NDL8 

. . 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 ‘1 

4 

TRW1 TRW0 TINAl TINAO TINE31 TINBO 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 1 1 0 1 0 

In Series O-A, O-B, and O-C (16 bits), the above standard values are set. 

Always set *NDL8 to 3. Be sure to always set the parameters of No. 8X04 to standard 

values. 
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1.4 Parameters to be Changed in Series 15 

In the servo software 9030 and 9040 Series for Series 15, there have been some changes of the 

parameter setting method compared with the Series 10, 11 and 12. 

(1) Applicable Servo ROM Series/Versions 

Because the servo software for Series 15 is the 9030 and 9040 Series, it can be used for all 

applications of this series. 

(2) 

Series 9030/00lA version and later 

Parameter Setting Method 

Series 9040/001A version and later 

For servo parameter setting in Series 10, 11, and 12, the following parameters had to be 

recalculated and changed according to the number of pulses of the pulse coder. In Series 15, 

however, the following standard values can be set without additional calculation. (Since the 

NC internally calculates the values according to the number of pulses, recalculation is not 

necessary.) 

Parameter No. Parameter name Symbol 

1865 Current deadband range compensation PPMAX 

1866 Current deadband range compensation PDDP 

1868 Back electric motive force compensation EMFCMP 

1869 Phase control compensation PVPA 

(Note) However, in the case of setting the 0.1~ detection (set PLCOl for high-resolution 

setting 1804 bit 0 PLCOl to ” 1 “), for version numbers of the NC ROM other than those 

written below (old version) the calculation described above is not performed. 

Machine type name (Series) Version number 

Series 15 AMSA 

Series 15 AM14 

Series 35 ATSA 

Series 15 AT14 

Series 15 MMSA 

(A001 

(A002 

(A201 

(A202 

(AA01 

B version and earlier 

D version and earlier 

A version and earlier 

A version and earlier 

B version and earlier 

Series 15 MM14 

Series 15 MF 

Series 15 MT 

Series 15 MMSA 

Series 15 49A 

Series 15 A414 

Series 15 MF 

WO2) 
(Al 02) 

(A302) 

(MO3) 
(A401) 

(A402) 

(AB02) 

B version and earlier 

A version and earlier 

A version and earlier 

A version and earlier 

A version and earlier 

B version and earlier 

A version and earlier 

Therefore, if setting 0.1 p detection (set PLCOl 1804 bit0 to “1”). either replace with a new 

ROM or perform the calculation aiven below and chance the Darameter data. 
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Parameter No. Parameter name Symbol Calculation 

1865 Current deadband range compensation PPMAX Set value X 10 

1866 Current deadband range compensation PDDP Set value/l 0 

1868 Back electric motive force compensation EMFCMP Set value/l 0 

1869 Phase control compensation PVPA Set value/l 0 

(3) Parameter where meaning has changed in Series 15 

Parameter No. Parameter 

VOFST ovscha BLENBL 1PSPRS PIENBL OBENBL TGALRM 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 0 0 0 0 0 

Bit 0 was 1 by standard setting@ was *NDt8 in series 9020.) 

This bit is 0 by standard setting (unused in series 9030.) 

Bits 1 to 7 do not change in meaning and setting compared with Series 10 and 11. 

. 

DLYl DLYO TRW1 TRW0 TIBO TIAO 

b7 b6 b5 b4 b3 b2 bl bO 

Standard setting : 0 1 0 0 0 1 0 0 

0 1 0 0 0 

(Motor types 1 to 38) 

1 1 0 

(Motor types 39 or later) 

TIBO Velocity loop control cycle : 

0 : Sets 2 msec. 

1 : Sets 1 msec. 

(Note) For velocity loop control periods, axes are grouped in pairs (the first and second 

axes, the third and fourth axes, etc.). The velocity loop control period is determined by the 

parameter of the odd axis. 

Therefore, when the 1st axis velocitv control cvcle is selected from the 1 msec velocitv control 

parameters (39 or later), the 2nd axis must also be selected from the 1 msec velocity control 

parameters (39 or later). 

DLYl, DLYO, TRWl, TRWO, TIAO 

Be sure to use the standard setting values. Don’t change. 
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(4) Setting in Series 10, 11, and 12 

Parameter No. Parameter 

4 

VOFST OVSCMP BLENBL 1PSPRS PIENBL OBENBL TGALRM *NDL8 

b7 b6 b5 b4 b3 b2 bj b() 

Standard setting : 0 0 0 0 0 0 0 1 

TRW1 TRW0 TlNAl TINAO TINBI TINBO 

b7 b6 b5 b4 b3 b2 bl b0 

Standard setting : 0 0 0 1 4 0 1 0 

In Series 10, 11, and 12, the above standard values are set. Always set *NDL8 to 1. Be sure 

to always set the parameters of No. 1809 to standard values. 
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2. SERVO FUNCTIONS 

2.1 Servo Functions According to Software Versions 

2.1.1 Servo functions according to software versions 
As of May 1, 1991 

Series General machine tool 
High-speed 
positioning 

9 9 9 9 9 9 9.9 9 9 
0 0 0 0 0 0 0 0 0 0 

Function 0 0 1 2 3 3 4 0 2 3 
1010 0 010 2 2 2 

I-P or PI control E B A A A A A C A A 

l -pulse suppression E B A A A A A C A A 

1 -pulse suppression for serial - - - - - - E - - - 

OVC alarm E B A A A A A C B A 

TG alarm A E B A A A A A C A A 

TG alarm B inductosyn H E A A A A A C A A 

TG alarm Clevel variable J F A A A A A C A A 

TG alarm Dfull-closed S N E E A A A - B A 

Observer J F A A A A A C A A 

VCMD offset F 0 A A A A A - B A 

Correction torque H E A A A A A - - - 

Backlash acceleration A semi-closed HE----_-_-A- 

Backlash acceleration B semi/full-closed S N - - - - - - - - 

Backlash compensation acceleration C - - A A A A A - B A 

Backlash compensation acceleration D - - G J F A A - - A 

Backlash compensation acceleration E - - - - I C A - - A 

Backlash compensation acceleration F - - - w K - B - - - 

Overshoot compensation A K G A A A A A - B A 

Overshoot compensation B - - w J F A A - - A 

Hybrid function - - - - - A - - - - 

Dual position feedback function . - _ - - - F w - - - 

Tandem function - - - - - D - - - - 

The letters of the alphabet show the ROM versions. 
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Series General machine tool I High-speed 
positioning 

9 9 9 9 9 9 9 9 9 9 
0 0 0 0 0 0 0 0 0 0 

Function 0 0 1 2 3 3 4 0 2 3 
0 1 0 0 0 1 0 2 2 2 

TG/overload subdivided S N E D A A A - B A 

OVC alarm actual current detection - - B A A A A - A A 

Torque monitor actual current detection - - I3 B A A A - B A 

Velocity loop control cycle 1 msec ---_-BAA-_-A 

Speed-dependent current loop gain variable - - - B A A A - 6 A 

Acceleration feedback A - E E A A - - - 

Acceleration feedback B - - - - - - - F A A 

Acceleration feedback C - - - - M - C - - - 

Feedforward control A - - E 0 A A A - B A 

Feedforward control B - - - - I C A - - A 

Feedforward control C - - - - J D A - - - 

Minus backlash compensation - - F F A A A - B A 

Integration at low speeds - - - - ---_-AA 

Position gain switching - - - - - - - J A A 

Back electric motive force compensation K G A A A A A C A A 

enabled 

Back electric motive force compensation R M D C A A A 3 A A 

enabled when decelerating 

Flexible feed gear 

Full-close speed feedback function A 

Full-close speed feedback function B 

VCMD serial out variable waiting function 

Disturbance-estimation observer function 

Vertical axis brake control function 

Function for setting a lOOOO-pulse pulse 

coder 

- - - - 3 H A - - C 

- - - - K E B - - C 

- - - - - - c - - 

- - - - K E A - - C 

- - - - M - - - - - 

- - - N - C - - - 

- - - - N l-i D - - - 

The letters of the alphabet show the ROM versions. 
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Series General machine tool 
High-speed 
positioning 

9 9 9 9 9 9 9 9 9 9 
0 0 0 0 0 0 0 0 0 0 

Function 0 0 1 2 3 3 4 0 2 3 
0 10 0 0 1 0 2 2 2 

Function for changing the phase shift - - - - - - D - - - 

compensation at deceleration 

Function for enlarging the position gain setting - - - - 0 l-l D - - - 

range 

The letters of the alphabet show the ROM versions. 

(Note 1) The digital servo ROM should be replaced with that of the same series. If a ROM from 

a different series is used, an error may occur. 

(Note 2) TG alarm A/B/C/D 

TG alarm B adds TG alarm for inductosyn to TG alarm A. 

TG alarm C makes alarm levels variable to TG alarm B. 

TG alarm D partially changes TG alarm detection for full closed loop to TG alarm C. (Upgraded) 

(Note 3) Backlash acceleration 

Backlash acceleration A is backlash acceleration in semi-closed. 

Backlash acceleration B adds a full closed loop backlash acceleration to Backlash acceleration A. 

Backlash acceleration C upgrades backlash acceleration B. 

It is possible to precisely control backlash acceleration. 

Backlash acceleration D upgrades backlash acceleration C and prevents excessive compensation. 

E allows backlash acceleration to be increased 10 times. 

Backlash acceleration F is an improved version of E. It simplifies parameter setting and enables 

optimum acceleration, regardless of the cutting conditions. 

(Note 4) Feed forward control 

As B is an upgraded form of A, and provides quick response by simultaneously reducing 

acceleration/deceleration shock and applying feed forward to the speed loop. 

(Note 5) Acceleration feedback 

A is I-msec acceleration feedback for general machine tools. 

B is 250.psec acceleration feedback for high-speed positioning machines. 

C is 250.psec acceleration feedback for general machine tools. 

(Note 6) Overshoot correction 

Overshoot correction B has reduced fluctuation at stop compared with A. 

(Note 7) Full close speed feedback 

B allows the coefficient of fully-closed speed feedback to be increased by a factor of 10. 
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2.1.2 Digital servo ROM for Power Mate 

The table below shows the relationship between the Power Mate and the series and editions of 

digital servo ROM. 

Power Mate 
I 

Applicable pulse coder 
I 

Series of servo ROM 
I 

Latest edition 

MODEL A I Phase-A/B pulse coder I 9034 I F 

MODEL B 
I Phase-A/B pulse coder 

I 
9044 

I 
A 

I Serial pulse coder I 9054 I 6 

MODEL C I Serial pulse coder only I 9050 I I-I 

(Note) The servo ROM of series 9054 can control phase-A/B pulse coder and serial pulse 

coders A and B. The servo ROM of series 9050 can control serial pulse coders A, B, and C. 

Series and Editions of Servo ROM and the Functions 

Series of servo ROM Edition Servo functions provided Motor type 

Series 9034 A Same functions as series 9030, edition E 3 to 72 

B Functions of series 9030, edition I and 3 to 73 

the flexible feed gear function 

D Function for changing the weight of the 3 to 78 

VCMD serial out 

Machine velocity feedback function 

New backlash acceleration 

E Dual position feedback function 

250-ps acceleration feedback function 

3 to 84 

F Function for setting a IOOOO-pulse pulse 

coder 

3 to 84 

Series 9044 

Series 9054 

Series 9050 

Function for enlarging the position gain 

setting range 

Same functions as series 9034, edition D 3 to 78 

Same functions as series 9040, edition B 3 to 83 

Same functions as series 9054, edition A 3 to 84 
1 

See Part Ill. 
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Each servo parameter of the Power Mate corresponds to a servo parameter of Series O-C or 16. 

The two rightmost digits of the numbers of the parameters corresponding to each other are 

identical. 

Power Mate-MODEL A, B Series O-C 

Klcl WIl (X indicates the axis number.) 

First axis : x=1 

Second axis : X= 2 

Power Mate-MODEL C Series 16 

KKI 2Oclcl (X indicates the axis number.) 

First axis : x=0 

Second axis : X = 2 

When setting a servo parameter of the Power Mate, read the description of the servo parameter 

corresponding to it, 
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2.2 Functions for Suppressirig Vibration at Machine Stop 

TWO functions are provided to suppress vibration at machine stop; the compensation torque 

command and the one-pulse suppression function. 

2.2.1 Compensation torque command function 

The following is a block diagram for when the compensation torque command is used. 

Vcmd + 
-4 

Vf 

_ 1 Kt/(jm-s) ‘- 
4 . . . . . . . . . . . . 

: 4 . PK2VAUX i 

PK2V ! 
. . 

. I 
. . . . . . . . . . . . Limitter i . . . . . . . . . . . . . . . . a . - . . . 

Velocity loo processing i Current loop processing i 
(2 msec or 1 msec) 

: 
: (250 psec) i . . 

Fig. 2.2. I 

As shown in the figure above, command function operates in a high-speed current loop as the 

proportional term, PK2V, operates in a velocity loop. This reduces the instability due to the time 

lag of the software and the vibration during stopping and low-speed operation. 

However, this function only compensates one pulse in 250 psec. Therefore, this function is not 

activated at a speed exceeding 4kpps (4k pulses per second). If the compensation is made 

excessively, the vibration during stopping often becomes higher or overshoot occurs. Vibration 

may occur during feeding. When this function is used, check that no vibration occurs with a 

fe &ate of 4 kpps or less after parameter setting. 

(2) 

Applicable Servo ROM Series/Versions 

Series 9000/l H edition or later 902WlA edition or later 9040/1A edition or later 

9001/l E edition or later 9030/lA edition or later 

901 O/l A edition or later 9031/lA edition or later 

(Note) In the 9002 and 9022 series, this function is not supported. 

Parameter Setting 

@ Set PK2VAUX to 500000/N with parameter number 8X66 (series 0) or 1894 (series 

10/l l/12/15). Character Np indicates the number of pulses of the pulse coder. 

@ Adjust the PK2VAUX value and set a parameter which eliminates vibration during stopping 

and eliminates overshoot. 

@ Feed at a speed of 4 kpps or less and check that no vibration occurs. 
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2.2.2 One-pulse suppression function 

This function suppresses the vibration with a digital servo motor while the machine is stopping. 

(1) 

(2) 

(3) 

Applicable Servo ROM Series/Versions 

9020/001 Edition A and after 9031/001 Edition A and after 

9022/001 Edition A and after 903ZOOl Edition A and after 

9030/001 Edition A and after 9040/001 Edition A and after 

Setting the Parameter for the One-Pulse Suppression Function 

No.8X03 (Series 0), No.1 808 (Series 10, 11, 12, 15) 

Bit 4=1 The one-pulse suppression function is valid. 

Detailed Explanation 

This function suppresses only the vibration while the machine is stopping. 

Suppose that a motor is vibrating due to a disturbance as shown below. When the one-pulse 

suppression function is validated the first feedback pulse after reversal is not longer allowed to 

enter the proportional term PK2V in the velocity loop. This prevents the vibration caused by 

the disturbance from being strengthened by the proportional term and suppresses the vibration 

while the machine is stopping. Only one pulse after reversal can be suppressed by the one- 

pulse suppression function. 

Therefore, this function does not work for vibrations of more than one pulse during stopping or 

any vibration during movement. 

Motor 
position 

I I 
1 Disturbance 

I 
1 p grid 

I orque caused by the 
proportional term remains 
and vibration occurs. 

1 p grid 

Torque caused by the 
proportional term is 
suppressed by the one- 
pulse suppression 
function and vibration is 
eliminated. 

When one-pulse suppression is invalidated When one-pulse suppression is validated 
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2.2.3 One-pulse suppression function for serial pulse coder A or 6 

The one-pulse suppression function for serial pulse coder A or B suppresses vibrations when the 

machine stops. 

(1) Series and editions of applicable servo ROM 

Series 9040, edition E and later editions 

(2) Setting parameters 

@ Related parameters 

Bit for validating the function : Bit 4 of parameter No. 8X03 (Series O-C) or No. 1808 

(Series 15): When the bit is set to 0, the function is 

invalidated. When the bit is set to 1, the function is 

validated. 

Bit for specifying the suppression level : Parameter No. 1992 (Series 15) 

(Note) Series O-C does not have a parameter for setting the suppression level. The level of 

400 is automatically selected. 

In Series 15 with the NC software whose servo parameter area is not extended, the 

suppression level parameter cannot be used. The level is always set to 400. 

@ Meanings of parameters 

(a) The function is validated or invalidated by bit 4 of parameter No. 8X03 (Series O-C) or 

1808 (Series 15) as in the conventional system. 

(b) The parameter for specifying the suppression level is valid for serial pulse coder A or 

6. It cannot be used for pulse coder C. 

When 0 is specified as the level parameter of Series 15, the suppression level is 

automatically set to 400. However, the required suppression level can be specified, 

depending on the number of position feedback pulses. 

The expression below represents the relationship between the number of position 

feedback pulses and the level parameter: 

Level parameter = 
4000000 (strictly, 2**) 

Number of position feedback pulses/rev 

The level parameter is inversely proportional to the number of position feedback pulses. 

The standard setting of the parameter is geared to 10000 position feedback pulses per 

revolution. If the standard setting cannot suppress vibrations when the machine stops, 

calculate the required value according to the expression above and use the calculated 

value. 
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2.3 Machine-resonance Suppression Function 

2.3.1 Acceleration feedback function 

The acceleration feedback function is used to control velocity loop oscillation by using motor 

velocity feedback signaf multiplied by the acceleration feedback gain to compensate the torque 

command. 

This function can stabilize a servo that is unstable when motor and machine have a spring coupling 

or when the external inertia is great compared to the motor inertia. It makes the motor inertia 

appear larger. This is effective when vibration is about 50 to 150Hz. 

Fig. 2.3.1 is a velocity loop block flow chart that includes acceleration feedback function. 

Load inertia 

Torque command 
filter 

-=+--p+: y+&qq+---~p~ _ 

Torque Motor inertia 
constant 

t 

K2 Ka l s 
l . 

Vf velocity feedback 

Kl : velocity loop integral gain 

K2 : velocity loop ratio gain 

Ka : acceleration feedback gain 

Fig. 2.3.1 Velocity Loop Block Flow Chart 
k. 

When this acceleration feedback function is used, sampling noise may be generated. A torque 

command filter is inserted to remove this noise. 

(1) Applicable Servo ROM Series/Versions 

Series 9020/001 E and subsequent editions 

9030/001 E and subsequent editions 

9031 /OOl A and subsequent editions 

9040/001A and subsequent editions 

(Note) It is possible to use the acceleration feedback function in the high speed positioning 

function software (9002, 9022 and 9032 series), but the gain and filter settings differ. (See Section 

2.11.4) 
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(2) Parameter Setting 

(a) Set the speed loop control cycle to 1 msec. 

l Series O-B/O-C (16 bit) 

Set bit 1 of No.8X04 to 0 from 1. 

l Series O-C (32 bit) 

Set bit 1 of No.8X04 to 1 from 0. 

l Series 10, 11, 12 

Set bit 1 of No.1 809 to 0 from 1. 

l Series 15 

Set bit 1 of No.1 809 to 1 from 0. 

(b) Function bit 

l Series 0 

Set bit 4 of No.8XO6 to 1 from 0. 

l Series 10, 11, 12, 15 

Set bit 4 of No.1 884 to 1 from 0. 

(c) Function parameter 

Set values in parameters No.8X76 (Series 0) and No. 1969 (Series 10, 11, 12, and 15) by 

referring to the following standard values. 

For normal pulse coder : Approx. 50 to 70 

For high-resolution pulse coder : Approx. 10 to 15 

For serial pulse coder . . Approx. 200 to 300 

If the acceleration feedback gain is too big, vibrations 

deceleration. In this case decrease the feedback gain. 

will occur during acceleration and 

When the acceleration feedback function is used, it iS nece%ary to insert a torque 

. 

command filter. Set 1100 to No.8X67 (Series 0) and No.1 895 (Series 10, 11, 12, 15). 

(Never input 2400 or more; the vibration mav be increased.) 

When changing the parameter of the torque command filter, refer to the “Velocity control 

cycle msec? item in Table 2.3.1. 
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Table 23.1 Parameters of torque command filter 

No.8X67 (Series 0), No.1 895 (Series 10, 11, 12, 15) 

Cut-off Velocity control cycle (msec.) 

Frequency (Hz) 2 msec 1 msec 0.25 msec 

60 1927 2810 3728 

65 1810 2723 3698 

70 1700 2638 3670 

75 1596 2557 3641 

80 1499 2478 3612 

85 1408 2401 3584 

90 1322 2327 3556 

95 1241 2255 3528 

100 1166 2185 3501 

110 1028 2052 3446 

120 907 1927 3392 

130 800 1810 3339 

140 705 1700 3287 

150 622 1596 3236 

160 548 1499 3186 

170 484 1408 3136 

180 427 1322 3087 

190 376 1241 3039 

200 332 1166 2992 

220 258 1028 2899 

240 201 907 2810 

260 156 800 2723 

280 121 705 2638 

300 94 622 2557 

(3) 2500psec : acceleration feedback function 

If vibration of the machine at stop is too violent for the l-msec acceleration feedback function 

to operate normally, the 250.psec acceleration feedback function can be applied in the 

following series and versions. 

Applicable ROM series/versions 

9030 series 1 M version and later 

9040 series 1C version and later 

Parameter setting 

Invalidate the 1 -msec acceleration feedback function. 

Then set a negative value in the PK2VAUX parameter. The 250,psec acceleration 

feedback function will then be validated automatically. 
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Set the following value for the 25O+ec acceleration feedback function: 

No.8X66 (Series O-C), No.1 894 (Series 15) 

For normal resolution pulse coder : Approx. -500 to -1000 

For high-resolution pulse coder : Approx. -100 to -200 

For serial pulse coder . . Approx. -1oto -20 

2.3.2 Machine speed feedback function 

In many fully closed systems, the machine position is detected by a separate detector and 

positioning was controlled according to the detected positioning information. The speed is 

controlled by detecting the motor speed with the pulse coder on a motor. When distortion or 

shakiness between the motor and the machine is big, the machine speed differs from the motor 

speed during acceleration and deceleration. Hence, it is difficult to maintain high position loop gain. 

This machine speed feedback function allows adding the speed of the machine itself to the speed 

control in a fully closed system, making the position loop stable. 

(1) Applicable Servo ROM Series/Versions 

9030 Series 001 Edition K and after 

9040 Series 001 Edition A and after 

(2) Control Block Diagram 

Fig. 2.3.2 is a control block diagram. 

Machine velocity 

K2xa l/(JI l s) l/S - 
/ \ b c 

Machine 

Motor 

Motor velocity feedback 

1 Position feedback 

Fig. 2.3.2 

AS shown in Fig.2.3.2, this function corrects the torque command by multiplying the machine 

speed by coefficient, a, as shown by the bold line. When a = 1, the torque command is 

corrected equally by the motor speed and the machine speed. 
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(3) Parameter Set-Up 

Functional bit 

When bit 1 = 1 in No.1 956 (Series 15) or No.8Xl2 (Series O-C), this function is validated. 

Feedback coefficient MCNFB No.1981 (Series 15) , No.8X88 (Series O-C) 

MCNFB = 4096 x Q x (PULCO)/(PPLS) 

PULCONumber of speed feedback pulses per motor revolution 

No.1 876 (Series l5), No.8X23 (Series O-C) 

PPLS Number of position feedback pulses per motor revolution 

No.1891 (Series 15), No.8X24 (Series O-C) 

The value of CI will be about 0.3 to 1.0. 

if a machine has a resonant frequency of about 200Hz to 4OOH2, the resonance can be 

amplified by feeding back the machine speed, resulting in noise and/or vibration. if this 

happens, eliminate the resonance using either of the following procedures. 

(a) Using a torque command filter 

(b) Using an observer (When the observer is validated after the 

function is validated, both the motor speed and the machine 

observer at the same time.) 

See Section 2.3.3 for how to set the parameters of (a) and (b). 

2.3.3 Observer and torque command filter 

machine speed feedback 

speed are filtered by the 

The observer and torque command filter are used to eliminate the high-frequency component and 

to stabilize a velocity loop when a mechanical system resonates at high frequency of several 

hundred Hertz. 

The observer is a status observer that estimates the controlled status variables using mainly the 

software (sometimes capacitors, resistors, or operational amplifiers.) 

in a digital servo system, the speed and disturbance torque in the control system are defined as 

status variables. They are also estimated in the observer. An estimated speed consisting of two 

estimated values is used as feedback. The observer interrupts the high-frequency component of 

the actual speed when it estimates the speed. High-frequency vibration can thus be eliminated. 

The torque command filter applies 

frequency resonance, as does the 

This appendix 

characteristics. 

first describes the observer 

a primary 

observer. 

low-pass filter to the torque command to prevent high- 

torque command filter, then compares their 
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(1) Observer 

Fig. 2.3.3 (a) shows a block diagram of the velocity loop including an observer. 

+ I 

*- Kl/S+K2 h 
- I. . 

PI control 

Estimated speed 

. 4 Speed 
A KT/(Jm l S) 1 A w 2, 

L 

. 
Torque command 

, 

Observer 

(Speed estimation mechanism) 

Fig. 2.3.3 (a) Configuration of velocity loop including observer 

Fig. 2.3.3 (b) shows a block diagram of the observer. 

Torque command -1 + 4 Td 1 Speed 

-w-m 

Observer 

- Kt 

Torque constant 

*- l/(Jm l s) 
+ z 

Motor 

Fig. 2.3.3 (b) Observer model 

POAl, POKl, and POK2 in Fig. 2.3.3 (b) correspond to digital servo parameters. The observer 

has an integrator as a motor model. POAl is a coefficient that converts the torque command 

into motor acceleration and is the characteristic value of the motor. The motor model is 

accelerated by this value. The actual motor is also accelerated by the torque and disturbance 

torque that it generates. 

The disturbance torque works on the actual motor. There is a time log in the current loop. 

The POAl value does not completely coincide with the actual motor. This is why the motor’s 

actual velocity (velocity fb) differs from the motor speed estimated by an observer. The 

observer is compensated by this difference. The motor model is compensated proportionally 

(POKI), and the observer is compensated integrally (POK2/s). 

POKl and POK2 act as a secondary low-pass filter between the actual speed and estimated 

speed. The cutoff frequency and damping are determined by the POKl and POK2 values. 

The difference between the observer and low-pass filter lies in the existence of a POAl term. 
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Using POAI, the observer’s motor model can output an estimated speed that has a smaller 

phase delay than the low-pass filter. 

When an observer function is validated, the estimated speed in Fig. 2.3.3 (b) is used as 

velocity feedback to the velocity control loop. A high-frequency component (100 Hz or more) 

contained in the actual motor speed due to the disturbance torque’s influence may be further 

amplified by the ,velocity loop, and make the entire system vibrate at high frequency. The high 

frequency contained in the motor’s actual speed is eliminated by using the velocity feedback 

that the observer outputs. High-frequency vibration can be suppressed by feeding back a IoW 

frequency with the phase delay suppressed. 

(a) Parameter setting 

@ No.1808 (Series IO, I 1, 12, 15), l’jo.8X03 (Series 0) Bit 2 = 1 

@ No.1859 (Series IO, II, 12, 15), No.8X47 (Series 0) POAl c 

No.1862 (Series IO, I I, 12, 15), No.8X50 (Series 0) POKI 

No.1863 (Series IO, I I, 12, 15), No.8X51 (Series 0) POK2 

Observer validity 

Use the POAI, POKI, and POK2 values that are set as standard. Change these 

parameters when a velocity loop control cycle is changed to 1 msec. 

The cutoff frequency and the POKI and POK2 parameter values are shown in Table 2.3.3. 

Table 2.3.3 Cutoff Frequency and the POKI and POW Parameter Values 

Cutoff frequency Velocity loop control cycle: 2msec Velocity loop control cycle: lmsec 

(H ) t POKI POK2 POKI POK2 

IO 666 237 348 62 

20 1220 867 666 237 

30 1677 1788 956 510 

40 2053 2918 1220 867 

50 2359 4192 1460 1297 

60 2607 5560 1677 1788 

70 I 2807 I 6983 I 1874 I 2332 

The standard parameter is set so that the cut-off frequency of the filter is 30Hz. Filtering, 

however, is especially effective for vibration frequencies from 150Hz to I80Hz. 

Generally, the observer is not effective unless its cut-off frequency is I/5 to I/6 of the 

disturbance frequency. If, however, this band is too low (20Hz or less), the velocity loop 

gain may be too low, causing a drift or surge. Normally set at least I.5 times the velocity 

loop bandwidth (typically 20 Hz so set cutoff frequency 30 Hz). 
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(2) Torque Command Filter 

The torque command filter applies a primary low-pass filter to the torque command. Fig. 2.3.3 

(c) shows the configuration of a velocity loop including the torque command filter. 

PI control 
Torque command 

filter 

Motor 

Velocitv feedback 

Fig. 2.3.3 (c) Configuration of velocity loop including torque command filter 

As shown in Fig. 2.3.3 (c), the torque command filter applies a low-pass filter to the torque 

command calculated by the velocity loop. When a mechanical system contains a high resonant 

frequency of more than lOOliz, the resonant frequency component is also contained in the 

velocity feedback shown in Fig 2.3.3 (c) and may be amplified by proportional term. However, 

the resonance is prevented by interrupting the high-frequency component of the torque 

command using the filter. 

(a) Parameter setting 

@ No.1 865 (Series 10; 11, 12, 15) and No.8X67 (Series 0) 
See Table 2.3.1 in Section 2.3.1 for the relationships between the cut-off frequency of 

the torque command filter and parameters. 

If the cutoff frequency is set to a half of the resonant frequency, the filter operation is 

effective. If the cutoff frequency is set to less than 80H2, the entire velocity loop fluctuates 

and cannot be controlled stably. (Normally set 4 times the velocity loop bandwidth which is 

typically set at 20 Hz. So set cutoff at 80 Hz). 

(3) Proper User of the Observer and Torque Command Filter 

The torque command filter is set in the forward direction. Therefore, there are fewer bad 

influences exerted upon the entire velocity control system than the observer that filters a 

feedback signal. If the resonance is very strong and it cannot be eliminated, use the observer. 

Use the torque command filter first when the mechanical system resonates at high frequency. 

If the resonance cannot be eliminated, use the observer. 
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2.3.4 Disturbance-estimation observer 

An ordinary digital servo observer estimates the motor speed and disturbance with software so that 

the delay can be reduced as much as possible. It suppresses machine resonance by removing the 

high frequency resonance component included in the actual speed-of the motor. 

This type of conventional observer is used as the disturbance estimation observer. However, in 

this observer, not estimated speed but the estimated value of the disturbance torque on the motor 

is fed back to the torque command. This function increases the rigidity of the servo system 

especially for disturbances of 10Hz to 30Hz. 

( 1) Applicable servo ROM series/versions 

9030 series/M version and later 

(2) Control block diagram 

Velocity loop 
compensationcircuitr 

1 

Disturbance torque 

vcmd + 1 tcmd + 
-- kl/s+k2 p C s&+ - * O--, l/Jm-s A a ) - 

\ 
PI control Motor 

a 
L Distrubance torque 

compensation coefficient 

Velocity feedback 

The observer estimates the disturbance 
torque on the basis of torque command 
and motor speed. 

Fig. 2.3.4 Velocity Loop Configuration Using Disturbance Estimation Observer 

This observer reduces the effect of disturbance by estimating the disturbance torque on the 

motor, and compensating the torque command on the basis of the estimated value. This 

function is effective in suppressing disturbances from 1OHz to 30Hz. 

This function cannot be used alonq with an ordinary observer function. 

(3) Parameter setting 

(a) Set the velocity loop control period to 1 msec. ” 

l For Series O-C (32 bits) : Change No.8X04, bit 1 from 0 to 1. 

l For Series 15 : Change No.1 809, bit 1 from 0 to 1. 
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0 Function bit 

No.8Xl2 (Series O-C), No.1956 (Series 15), bit 6 = 1 

(c) Changing observer parameters 

Change parameters as follows: . 

POKl No.8X51 (Series O-C), No.1 862 (Series 15) : 956 + 3570 

POK2 No.8X52 (Sereis O-C), No. 1863 (Series 15) : 510 + 1269 

(d) Setting the torque command compensation coefficient ( ) for the disturbance estimation 

observer 

2.3.5 

Set the following values to the ROBUST No.8X90 (Series O-C) and No. 1983 (Series 15). 

For normal pulse coder : Approx. 2000 to 3000 

For high-resolution pulse coder : Approx. 500 to 1000 

Dual position feedback function 

A machine with a great backlash may cause vibrations in a closed loop system even if it works 

steadily in a semi-closed loop system. The dual position feedback function controls the machine 

so that it operates as steadily as in the semi-close system. 

(1) General control method 

The following block diagram shows the general method of dual position feedback control: 

ERl Motor 

Ps 

. 

ER2 

Conversion coefficient 

Pf 

As shown in the diagram above, error counter ERl in the semi-closed loop system and error 

counter ER2 in the closed loop system are used. The primary delay time constant is 

calculated as follows: 

Primary delay time constant = (1 + rs) - ’ 
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The actual error, ER, depends on the time constant, as described below: 

1) When time constant r is 0 

ER = ERl + (ER2 - ERl) = ER2 (error counter of the closed loop system) 

2) When time constant 5 is ~0 

ER = ERl (error counter of the semi-closed loop system) 

This shows that control can be changed according to the primary delay time constant. The 

semi-closed loop system applies control at the transitional stage and the closed loop system 

applies control in positioning. 

This method allows vibrations during traveling to be controlled as in the semi-closed loop 

system. 

(2) Series and editions of applicable servo ROM 

Series 9031, edition F and later editions 

Series 9050, edition F and later editions 

(3) Parameters 

Series O-C Series 15 Series 16, 18 

No. 8X1 1 No. 1955 No. 2019 bit 7 : Validates the dual position feedback function. ’ 

No. 8X49 No. 1861 No. 2049 : Specifies the maximum amplitude of dual position 

feedback. 

No. 8X78 No. 1971 No. 2078 : Specifies a conversion coefficient of dual position 

feedback. 

No. 8X79 No. 1972 No. 2079 : Specifies a conversion coefficient of dual position 

feedback. 

No. 8X80 No. 1973 No. 2080 : Specifies a primary delay time constant (ms) of 

dual position feedback. 

No. 8X81 No. 1974 No. 2081 : Specifies the zero-point amplitude of dual position 

feedback. 

(4) Setting parameters 

Series O-C Series 15 Series 16, 18 
4 

No. 8X1 1 No. 1955 No. 2019 bit 7 : Validates the dual position feedback function. 

I When the bit is set to 1, the function is validated. I 
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Series O-C Series 15 Series 16, 18 

No. 8X49 No. 1861 No. 2049 : Specifies the maximum amplitude of dual position 

feedback. 

Data unit : Minimum detection unit in the closed loop system (pm/p) X 64 

Set value : Maximum amplitude (pm)/(Minimum detection unit in the closed loop 

system X 64) 

(Note) When the parameter is set to 0, the compensation is not clamped. 

When this parameter is set to another value, the compensation is clamped if an error 

between the positions in the semi-closed loop system and closed loop system is larger than 

that value. The recommended value is twice the sum of the backlash compensation and 

pitch error compensation. If this value cannot be specified, zero must be set. 

No. 8X78 No. 1971 No. 2078 : Specifies the conversion coefficient of dual position 

feedback (numerator). 

No. 8X79 No. 1972 No. 2079 : Specifies the conversion coefficient of dual position 

feedback (denominator). 

Set value : Specify the fraction obtained by the following expression, reduced to the 

simplest form. 

No. 8X78 No. 1971 Number of position feedback pulses per motor revolution 
= = 

No. 8X79 No. 1972 Number of velocity feedback pulses per motor revolution 

No. 8X80 No. 1973 No. 2080 : Specifies a primary delay time constant of dual 

position feedback. 

Data unit : ms 

Set value : The standard range is 100 to 150 ms. 

(Note) When the value is set to 32767 ms, only the semi-closed loop system applies 

control. 

If the operation becomes unsteady during acceleration or deceleration, increase the value. 

No. 8X81 No. 1974 No. 2081 : Specifies the zero-point amplitude of dual position 

feedback. 

Data unit : Minimum detection unit in the closed loop system (pm/p) 

Set value : Zero-point amplitude (pm)/Minimum detection unit in the closed loop 

system 

(Note) Positioning is carried out according to the pulse width corresponding to the value 

specified in this parameter. 

First specify zero. If deflection occurs when the machine stops, increase the value. 
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2.4 Overshoot Prevent Function 

2.4.1 Overshoot compensation 

This is a function to prevent overshoot in digital servo on such occasions as when l-pulse feed is 

used. 

(1) Applicable Servo ROM SeriesNersions 

9020 Series/J version and later 

9030 Series/F version and later 

9031 Series/A version and later 

(2) Detailed Explanation 

(a) Servo System Configuration 

Fig. 2.4.1 (a) shows the servo system configuration. Fig 2.4.1 (b) shows the velocity loop 

configuration. 

Position Feedback 

MCMD Motion command 

VCMD Velocity command 

KP Position gain 

Fig. 2.4.1 (a) Digital Servo System Configuration 

Motor 

Velocity Feedback 

Klv Velocity loop integrated gain 

K2v Velocity loop ratio gain 

TCMD Torque command 

/S Integrator 

Fig. 2.4.1 (b) Velocity Loop Configuration 
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h 

To begin, we will explain the situation when incomplete integration and overshoot 

compensation are not used. 

First, the l-pulse motion command is issued from NC. initially, because the Position 

Feedback and Velocity Feedback are “O", the I-pulse multiplied position gain Kp value is 

generated as the velocity command (VCMD). 

Because the motor will not immediately move as a result of friction and suchlike in the 

machine, the integrator is accumulated according to the VCMD. When the value of this 

integrator is equal to that of the torque command, if the value of the integrator becomes 

great from the friction in the machine system, the motor will move and VCMD will become 

“0” as the value of MCMD and the Position Feedback becomes equal. 

Furthermore, the Velocity Feedback becomes “1 n only when it is moved, and afterwards 

becomes “0”. Therefore the torque command is held fixed. 

The above situation is shown in Fig. 24.1 (c). 

I to t1 
a 

Move command 
(MCMD) 1 I 

. . 
: : 
. . 
. . 
. . . . . 
: . . I-- Position Feedback 

Speed command 
(VCMD) 

Velocity Feedback 

Integrator 

Torque command 
(TCMD) 

l . : ! . . . . . . : . . . . 
a . 
. . 
. . 

# KP 

, 
: . . . . . . . . . . . . 1 . . . . . . . . . 4 . . . . /# . . . . . . . . . 

/I + Klxl pulse 

1 

1 * 

. 

A . . . 
i K2Xl pulse 

i -........ e . 
: . . 

Fig. 2.4.1 (c) 
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If Fig. 2.4.1 (c) on the previous page, the torque (TCMDl) when movement has started 

becomes even greater than the machine static friction level. Furthermore, when the motor 

has moved 1 pulse, it finally comes settled at the TCMD 2 level. 

Because the moving frictional power of the machine is smaller than the maximum rest 

frictional power, if the final torque TCMD2 in Fig. 2.4.1 (c) is smaller than the moving 

friction level, the following will occur. Although the motor will stop at the place where it has 

moved 1 pulse, when the TCMD2 is greater than the moving friction level the motor cannot 

stop and overshoot will occur. 

The overshoot compensation function is a function to prevent the occurrence of this 

phenomenon. 

(c) Response to 1 pulse movement commands 

(i) Torque commands for standard settings (when there is no overshoot) 

Torque command 
(TCMD) 

Static friction 
Non-static friction 

Time 

Fig. 2.4.1 (d) Torque Commands (When There is no Overshoot) 

(ii) Torque commands for standard settings (during overshoot) 

Torque command 
(TCMD) 

Static friction 

Non-static friction 

Time 

Fig. 2.4.1 (e) Torque Commands (During Overshoot) 
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(i) Conditions to prevent further overshoot are as follows. 

When 

TCMDl ) static friction ) non-static friction ) TCMD2 . . . . . @ 

and there is a relationship there to 

TCMDI ) static friction ) TCMD2 ) non-static friction . . . . . @ 

regarding static and non-static friction like that of (ii), use the existing overshoot 

compensation in order to make @ into 0. 

The torque command status at that time is shown in (iii). 

(iii) Torque command when overshoot compensation is used . 

Series 10, 11, 12, 15 Series 0 
No. 1808 No.8X03 Overshoot compensation valid at Bit 6 = I 
No. I 857 No.8X45 (PK3V) tnsert a value of arou_nd 30000 to 250000 

(Example) when PK3V=32000 time constant approx. 84 msec 
when PK3V=30000 time constant approx. 22 msec 
when PK3V = 25000 time constant approx. 7 msec 
(when speed loop interrupt cycle is 2 msec) 

Torque command 
(TCMD) 

Static friction 

.r.... . . . . . . . . . . . . . . . . . TCMDj 

,This time constant 
is fixed at the 

Non-static friction 

K TCMD2 

Time 

Fig. 2.4.1 (f) Torque Command (When Overshoot is Used) 

If this overshoot compensation function is used, it is possible to prevent overshoot so 

that the relationship between machine static and non-static friction and TCMD2 satisfies 

0, but in order that torque TCMD during machine stop is 

TCMD2 = 0 

the servo rigidity during machine stop is insufficient and it is possible that there will be 

some unsteadiness at t 1 pulse during machine stop. 

There is an additional function to prevent this unsteadiness in the improved type 

overshoot prevention function and the status of the torque command at that time is 

shown in (iv). 
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(iv) Torque command when the improved type overshoot compensation is used 

Series 10, 11, 12, 15 Series 0 
No. 1808 No.8X03 Bit 6 = 1 (Overshoot compensation valid) 
No. 1857 No.8X45 around 32300 (PK3V) 
No. 1970 No.8X77 around 50 (Overshoot protection counter incomplete 

integral count) 

When overshooting with this parameter, try increasing the value of the overshoot protection 
counter by 10. Conversely, when there is no overshooting, but unsteadiness occurs easily 
during machine stop, decrease the overshoot protection counter value by 10. 
When overshoot protection counter = 0 it is the same as existing overshoot compensation. 

Torque command 
(TCMD) 

Static friction 

. . . . . . . . . . . . . . . . . . . . . . . TCMDl 

,This time constant 
is fixed at the 

Non-static friction 

Time 

Fig. 2.41 (g) t3 = Overshoot protection counter x Velocity loop control cycle (1 msec, 2 msec) 

If this function is used, the final torque command is TCMD3 and if the parameter PK3V 

and t3 is fixed so that this value becomes less than the non-static friction level, 

overshoot is nullified and because torque command is maintained to some degree 

during machine stop, it is possible to decrease unsteadiness during machine stop. 
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2.4.2 PK3V value, the time constant of the integrator reduction, and the 
saturated value of the torque command 

The incomplete integral is 

PK3V value and the time 

a parameter 

constant of 

between 

error will 

the PK3V value and 

be explained below. 

used to prevent overshoot. The relationship between the 

the velocity loop integrator reduction and the relationship 

the saturated of the torque command for a one-pulse 

(1) PK3V value and the time constant for integrator reduction 

The PK3V value is 0 in the normal complete integral state. The value actually used is 32768. 

Sum (n) is given by the following expression: 

Sum (n) = k3 Mum (n - 1) + kl x (Vcmd (n) - Vfb (n)) 

Where, 

k3 = (PK3W32768) 

Velocity loop integrator value for (n - 1) times 

Velocity loop integrator value for n times 

Velocity command (n times) 

Velocity feedback (n times) 

Integral gain 

0<K3(l 

Sum (n-l) 

Sum (n) 

Vcmd (n) 

Vfb (n) 

kl 

Vcmd (n) and Vfb (n) become 0 when movement is completed. The integrator operation is 

them determined by k3. 

If the velocity loop control cycle is Ts (set to 2 msec or 1 msec), the integrator value after 

n x Ts (s) is obtained for the initial value of the integrator, so, is represented by the following 

expression: 

Sum (n) = So x (k3)” 

The integrator value is directly used as a torque command. Therefore, the torque command is 

also held after it is stopped when k3 is 1 (i.e., when PK3V is 0). in cases other than above, 

the torque is decreased according to k3. Assume that the time constant for the decrease is 

Tau. The relationship between Tau and k3 is as follows: 

exp( - n x Ts/Tau) = (k3)” 

As a result, the expression below is obtained. 

Tau = Ts/ln (32768IPK3V) 

where, In means natural logarithm. 
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(2) Relationship between the PK3V value and the saturated value of the torque command 

Table 2.4.2 show ‘s the relationship between PK3V and Tau. 

Table 2.4.2 Relationship between PK3V and Tau 
L 

Tau [set] 
PK3V I 

Ts = 1 msec Ts = 2 msec 
. 

32760 I 4.09 I 8.19 

32740 I 1.17 I 2.34 

32700 I 0.481 I 0.962 
I 

32600 1 0.195 I 0.389 

32000 I 0.042 I 0.084 

30000 I 0.011 I 0.022 

25000 I 3.7x1o-3 1 7.4x 1o-3 

By comparing the time between stopping and overshooting and the Tau value in the table, the 

PK3V value can be roughly calculated when an overshoot compensation function is used. 

When an incomplete integral function is used, the torque command is saturated halfway for 

specified VCMD. The saturated value is balanced when it is lower than the mechanical friction. 

A positional deviation then remains. 

Assume that the velocity command is a fixed value A when the machine is stopped. The 

integrator value after n x Ts (set) is obtained from 

Sum (n) = k3xSum (n)+kl XA 

Sum (n) = 
1 

x (1 - (k3)“) xkl xA 
1 -k3 

Consequently, the torque command is saturated by the following expression. 

kl xA 

1 -k3 

Kp : Positional gain (1 Is) 

N : Pulses per motor rotation 

fn : Velocity loop frequency band (Hz) (with 20 Hz as standard) 

Jm : Motor inertia (Kg.cm.s*) 

Kt : Torque constant (Kg.cm/A) 
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in this case, assume that kl is (Jm/Kt) x (2 x n xfn)*. 

The saturated value of the torque command for a one-pulse command can be represented 

more pragmatic than before by the following expression: 

1 
Tcmd = xK1 x 

KP 
- X~XKXTS [A] 

1 - (PK3W32768) N 

where, li = 3.14 

A numericai example is as follows: 

PK3V = 32700 

fn = 20 (Hz) 

N = 8000 (Pulse) 

KP = 30 (l/set) 

Jm = 0.1 (Kg l cm l set*) 

Kt = 10 (Kg l cm/A) 

Ts = 2 (msec) 

Therefore, 

0.1 
Kl = - x(2x~x20)*=157.9 

10 

The torque command is thus saturated for one pulse as given by the expression below. 

1 30 2 
Tcmd = x158x - X2X%X - = 3.6 [A] 

1 - (32700132768) 8000 1000 

The block diagram when an incomplete integral function is used and the status when a torque 

command is saturated are shown below. 

--_;:--~~-**~ KW(Jm-s) 
VCMD + 

? 3 
+ 

Motor 

L 
Velocity Feedback 

Fig. 2.4.2 (a) Velocity loop using incomplete integral 
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Torque command 

Time 

Fig. 2.4.2 (b) Torque command saturation 

2.5 Shape-error Suppression Function 

2.5.1 Feed-forward setting 

. 

’ a-s - 
, 

Motion 
command 

= +p+!!L‘ l/s _I ? * 

Position gain Speed control 
& motor 

Fig. 2.5.1 (a) Feed forward control block diagram 

By adding the feed forward item in the servo system shown in Fig. 2.51 (a), at constant speed the 

amount of position displacement E will be 

E = V/(A x PG/(I - a)) 

v : Feed rate (mm/s) 

A : Minimum detection unit (mm) 

PG : Position gain 

a : Feed forward coefficient (0 to 1) 

becomes (I- a) times. 

From this, the error Rl (mm) in the direction of the radius at the time of circular cutting is 

AR1 = (1 - Q’) x V2/(2 x PG2 x R) 

v : Feed rate (mm/s) 

R : Radius (mm) 

PG : Position gain 

a : Feed forward coefficient (0 to 1) 
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Which means that by entering the feed forward coefficient, for example a =0.7, the shape em 

AR1 caused by delay of the servo system will be reduced to approximately l/2. 

Also, there is shape error generated by the position command delay when using the acceleration/ 

deceleration time constant after the 2-axis interpolation. This error, AR2 (mm) is as shown below’ 

when performing circular cutting: 

@ In the case of exponential acceleration/deceleration after interpolation: 

AR2 = T2 x V2/(2 x R) 

@ In the case of linear acceleration/deceleration after interpolation: 

AR2=T2XV2/(24xR) 

v: Feed rate (mm/s) 

R : Radius (mm) 

T : Acceleration/deceleration time constant (s) 

Thus, the shape error AR in the direction of radius on circular cutting is as shown below: 

AR=ARl+AR:! 

The shape error in the direction of the radius during circular cutting is as shown in Fig. 2.51 (b) 

below. 

AR2 (Error as a result of acceleration -and 
deceleration after interpolation.) 

AR1 (Error as a result of servo series 
delay.) 

I Program path 

I Command path 

Actualpath 

Fig. 2.51 (b) Path error during circular cutting 
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(1) Applicable Servo ROM Series/Versions 

Series 9010 series 001/E version and later 

9020 series 001/D version and later 

9030 series 001 /A version and later 

9031 series 001/A version and later 

(2) How to Set Parameters 

As described in outline, as the feed forward 

9032 series 001/A version and later 

9034 series 001/A version and later 

9040 series 001/A version and later 

is make larger, the shape error due to delay in 

servo system becomes smaller and the shape error becomes theoretically 0 in the case of 

CI = 1. However, cannot be allowed to be equal to 1 since the torque obtained from motor is 

limited in the servo system and the shock in deceleration by motor may be too much for the 

machine. However, when the acceleration/deceleration time constant in motion command is 

increased, the shock decreases and the feed forward term can be large. However, the error 

AR2 increases. Then, perform the following for the adjustment procedures: 

(a) *Set parameters as shown below: 

No.1808 (Series 10, 11, 12, 15), No.8XO3 (Series 0) Bit 3 = 1 Pi control valid 

No.1 883 (Series IO, 11, 12, 15), No.8X05 (Series 0) Bit 1 = 1 Feed forward valid 

No.1 961 (Series 10, 11, 12, 15), No.8X68 (Series 0) Feed forward term FALPH 

(W 

( ) C 

(d) 

( 1 e 

FALPH = a x 4096 x 
Number of speed feedback pulses (No.8X23 1876) 

Turn on the power gain after turning off the power once and installing the check board. 

Check to see if 

deceleration using 

program operation 

1 the VCMD has overshoot or the status of shock on acceleration/ 

a check board by moving the axis at maximum speed in cutting feed of 

(Note 1). 

Number of position feedback pulses per motor rotation 

Make the actielerationldeceleration time constant T larger or CY smaller in 

overshoot or excessive shock. Make the acceleration time constant T smaller 

there is no overshoot or excessive shock. 

Select the combination of T and a for the smallest shape error AR. 

AR =ARl +AR2 

=(l -a2)xV2/(2xKp2 xR)+T2W2/(2XR) [Exponential acc/dec] 

or 

the case of 

or Q larger if 

= (1 - a*) x V*/(2 x Kp* x R) + T* x V*/(24 x R) [Linear acc/dec] (Note 2) 

To reduce the shape error AR without changing the machine shock or overshoot at 

acceleration/deceleration too much, Rl and R2 should be about the same. The following 

table shows the values of CI and T which satisfy this condition. Set this parameter by 

referring to the following table. 
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Feed forward coefficient Q 
I 

Exponential T (msec) 
I 

Linear T (msec) 

0.5 I 32 I 96 

0.7 I 24 I 80 * 

0.9 I 16 I 48 

0.95 I 8 I 32 
_ -~ _~ 

(For position gain Kp = 30 [l/s]) 

If the acceleration/deceleration-before-interpolation function is used along with this function, 

the above time constant can be greatly reduced, also reducing the shape error. 

(Note 1) Feed forward function is valid from NC ROM series as shown below. 

Applicable NC 

Series O-MB 

Series 11 M 

Series 1 l-MF 2161 series 04 version or thereafter 

2062 series 04 version or thereafter 

Series 15M Corresponds to all 

(Note 2) As shown in the above expression, the shape error at the command side becomes 

small and the feed forward effect becomes clearer in linear acceleration/deceleration than in 

exponential acceleration/deceleration. The linear acceleration/deceleration (on cutting) can be 

specified optionally. 

NC ROM series and versions 

0415 series 08 version or thereafter 

0417 series 01 version or thereafter 

2060 series 07 version or thereafter 

2061 series 05 version or thereafter 

2062 series 06 version or thereafter 

2063 series 05 version or thereafter 

(3) Improvements of the Feed Forward Function 

(a) The following improvements of the feed forward function have been made in 9030Iversion I 

and later. 

(compatible with 9031/C version, 9032/A version, 9034/B version, 9040/1A version and 

later) 

(i) Smoothing has been applied to the -feed forward function, thereby proving smooth 

movement. 
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(ii) By increasing responsiveness of the velocity loop by the application of feed forward, 

the feed forward coefficient of the position loop can be increased above the previous 

level. 

However, with this and subsequent versions, in cases where the cuttinq feed rate of 0.1 LC 

svstems is greater than 12m/min, be certain to set the velocity loop to a 1 msec control 

cycle whenever using feed forward control. (Fast feed is completely unrelated.) 

Position 

command 
~~~~~~~,~ 

+ - 

T 

+ + 

(b) Parameter setting method 

Fig. 2.5.1 (c) New feed forward control 

First, set the feed forward as previously done. At this time, smoothing is conducted 

automatically. Next, when applying feed forward to the velocity loop, set: 

No.1962 (Series 15), No.8X69 (Series O-C) Velocity loop feed forward coefficient (VFF) 

The VFF standard when the velocity loop control cycle is 1 msec is: 

VFF = ( - PK2V) x (Load inertia + rotor inertia)/(rotor inertia) X (0.04) X (2OOO/Np) 

The VFF standard when the velocity loop control cycle is 2 msec is: 

VFF = ( - PK2V) x (Load inertia + rotor inertia)/(rotor inertia) X (0.01) X (2000INp) 

Set values of this order. (Np is the pulse number of the pulse coder.) 

Example: When using AC1 OS, a load inertia of JL = 0.15kgcmS2 , a velocity loop of 1 

msec and 2OOOP, AC1 OS rotor inertia is JM = 0.10 kgcmS* and PK2V =-2328, 

which give: 

VFF = (2328) x (0.15 + O.lO)/(O.lO) X (0.04) X (2000/2000) =233 approx. 

When using high resolution pulse in lp detection, use PK2V as standard data before 

dividing by 10. 
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2.52 Backlash compensation, acceleration function 

if the influence of backlash and friction is large in the machine, a delay may be produced on 

reversal of motor, thus resulting in quadrant protrusion on circular cutting. 

This is a backlash compensation acceleration function to improve quadrant protrusion, but there are . 
a lot of parameters and setting method and adjustment is difficult. The aim of this section is to 

remove some of the problems by giving explanations on minimum adjustment methods. 

(1) Applicable Servo ROM Series/Versions 

1) Series 901 O/O01 A versions and later 2) Series 901 O/O01 G versions and later 

Series 90201001A versions and later Series 9020/001 J versions and later 

Series 903O/OOlA versions and later Series 9030/001 F versions and later 

Series 90401001A versions and later Series 9040/001 A versions and later 

(2) Order of Parameter Adjustment 

(Step 1) Backlash compensation amount setting 

Parameter number 

Series 10, 11, 12, 15 Series 0 

(x) No.1 851 No.535 to 538 (Backlash compensation amount) 

@ When semi-closed (motor encoder for position feedback) 

The machine backlash amount is set + (Step 2) 

@ When full-closed (separate encoder for position feedback) 

l in spite of being full-closed when there is backlash in the machine the 

machine backlash amount is set -+ (Step 2) 

l When there is no backlash in the machine it is set to “1 n + (y) 

(y) No. 1884 No.8X06 Set (full closed setting) Bit 0 = 1 

(Step 2) Measure the circle by using a checkboard or DBB measuring instrument. 

(a) Result of the measurement 1 

Voltage 

Fig. 2.5.2 (a) VCMD Waveform and DBB Measurement 1 
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(b) Result of the measurement 2 

Voltage 

0 

VCMD waveform 

lime 

DBB 

Fig. 2.5.2 (b) VCMD Waveform and DBB Measurement 2 

l If the result of the measurement is like Fig. 2.5.2 (a) + (Step 3) 

l If the result of the measurement is like Fig. 2.5.2 (b) adjustment is complete. 

(Step 3) Settings to get the result of the measurement 1 of (Step 2) close to the result of 

the measurement 2. 

@ Parameter number 

Series 10, 11, 12, 15 Series 0 

(x) No.1808 No.8X03 bit 5 (backlash acceleration validated) 

(y) No. 1860 No. 8X48 (backlash acceleration amount) 

(z) No.1964 No.8X71 (backlash acceleration rotation) 

Backlash acceleration function is validated by bit 5 = 1 of parameter (x). 

Set backlash acceleration amount to around 500 by parameter (y). 

Set acceleration time = [2 msec x (parameter + I)] to around 7 to 9 by parameter (2). 

0 i 

(ii) 

If VCMD waveform is Fig. 2.5.2 (c) the rough adjustment is complete. 

If VCMD waveform is Fig. 2.5.2 (d) rough compensation is insufficient and therefore 

parameter (z) is made bigger. 

(iii) If VCMD waveform is Fig. 2.5.2 (e) + (Step 3).2. 

VCMD 

Fig. 2.5.2 (c) VCMD Waveform a 
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Fig. id 

VCMD 

Fig. 2.5.2 (d) VCMD Waveform b 

VCMD 

0 1 ’ t 

Fig. 2.5.2 (e) VCMD Waveform c 

@ The functions given below are valid from the applicable ROM (2) ROM. 

Parameter number 

Series 10, 11, 12, 15 Series 0 

( ) X 

(Y) 

( 1 X 

(Y) 

No. I 953 No.8X09 bit 7 (backlash acceleration stop function valid) 

No.1 975 No.8X82 BLEND (backlash acceleration stop timing) 

Parameter bit 7 = 1 and the backlash acceleration stop function is validated. 

Parameter BLEND setting 

Common to both the semi-close and full-close system. The backlash amount when 

the machine was moved in semi-close multiplied by 5 times the pulse count 

calculated from the feedback pulse. 

Example 1: Semi-close, when using normal pulse coder 1 pulse = 1 f~ backlash 

amount is 10 p . 

BLEND=(lO ,+(l p)x5=50 

Example 2: Full-close, when backlash amount = 5 u when the full close has been 

turned into semi-close by using scale 1 pulse = 1 p high resolution pulse 

coder (equivalent to 1 pulse = 0.1 11). 

BLEND=(5 p)+(O.l ~()x5=250 

(i) If VCMD waveform is Fig. (c) the rough adjustment is complete. 

(ii) If VCMD waveform is Fig. (d) the (y) parameter is made smaller. 
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Adjustment points of Steps 2 and 3 

In sstep 2, the backlash acceleration amount is set a little low and the acceleration count 

a little high and adjustment is carried out with the acceleration count moving up and 

down. A slightly excessive setting is better than an insufficient one. This is because the 

protrusions and cutting in reverse direction by excess of backlash acceleration can be 

protected with the Step 3 backlash acceleration stop function. 

This procedure allows normal backlash compensation to be adjusted. 

(Supplement 1) Disregard the backlash acceleration function during handle feed. 

Series IO, 11, 12, 15 Series 0 

No. 1953 No.8X09 bit 6 (Validates backlash acceleration function during 

cutting only.) 

This function can invalidate the handle feed in order to validate the backlash acceleration 

function during cutting only when the above mentioned parameter bit 6 is changed to 1. 

(Supplement 2) Backlash compensation timing 

Backlash compensation can be added when the position command value is reversed, but in 

high speed cutting etc., reversal timing slips due to machine friction and servo delay etc. 

When this happens, it is possible to decide the backlash compensation timing by observing the 

error counter amount and a simple explanation of that function is given in the following figure. 

Parameter number 

Series 10, 11, 12, 15 Series 0 

No. 1963 No.8X70 (Compensation timing) 

Normally set at 0. The following is an example when the set value is changed from 0 to 2. 
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Posit ion command 

Position deviation 

+ 

0 

- 

+ 

0 

80 7 0 The value of the error counter that 
starts compensation = 0. 

+ 

Speed command 0 

- 

80 70 The value of the error counter that 
1 QRq starts compensation = 2. 

+ t 

Torque command () 

2.5.3 New backlash acceleration function 

Backlash acceleration is used to reduce the quadrant protrusion that occurs when a different 

quadrant is to be handled in arc cutting. This acceleration has been improved as described below. 

As a result, it is easier to set parameters and it is possible to correct the optimum acceleration 

under the same parameter even if the cutting conditions such as friction or speed are changed. 

When a change-of-direction command is sent from NC to the servo system, the servo software 

starts backlash acceleration after the motor has actually changed direction. In the former control 

method, the amount to be added to VCMD (amount of backlash acceleration) was controlled 

regularly. In the new method, however, the amount of backlash acceleration varies exponentially 

enabling it to accelerate at the optimum rate. 
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Backlash acceleration 

State of TCMD during change of 
direction 

(I ) Applicabie ROM Series/Versions 

9030 Series 001 Edition K and after 

9040 Series 001 Edition A and after 

(2) Parameter Set-Up 

No.I85l (Series 15) No.535 to No.538 (Series O-C) Amount of backlash 

(It shall be set to I for a fully closed system. No.I 884 (Series 15) No.8X06 (Series O-C) Bit 

O=I) 

No.1 808 (Series 15) N&3X03 (Series O-C) Bit 5 = 1 (Backlash acceleration is validated.) 

No.I 953 (Series 15) No.8X09 (Series O-C) Bit 2 

When it is set as Bit 2 = 3, the new backlash acceleration function is validated, and when set at 

0, the former backlash acceleration function is validated. 

When the new backlash acceleration function is valid (No.I 953 (Series 15) No.8X09 (Series O- 

C) Bit 2=I): 

No. 1860 (Series 15) No.8X48 (Series O-C) Time constant of backlash acceleration 

For the standard pulse coder, set at about 5000. 

For a high-resolution pulse coder, set at about 1000. 

For a serial pulse coder, set at about 1000. 

No.1 964 (Series 15) No.8X71 (Series O-C) The time in which this function becomes valid 

Unit 2 ms 

Generally, set at 50 to 100. 

The meanings 

as before. 

of terms such as backlash acceleration stop function 

When the required torque differs depending on the feed direction as in the 

axis, measure the offset of torque using either of the following procedures. 

BLCUT 

case of a 
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0 Measuring the offset on the check board 

Feed the shaft in the positive direction and negative direction very slowly and observe the 

torque command at each feed on the check board. Suppose that the voltage during 

movement in the positive direction is Va and that in the negative direction is Vb, set the 

value of 830 x (Va + Vb) at No.1 980 (Series 15) or No.8X87 (Series O-C). (Including each 

symbol) 

Example: When Va = 1.4 [VI, Vb = - 0.4 [V] 

No.1 980 (Series 15), No.8X87 (Series O-C) = 830 X (1.4 - 0.4) = 830 

(Torque offset) 

Q Measuring the offset on the servo adjustment screen 

Feed the shaft in the positive direction and negative direction very slowly and observe the 

actual current at each feed shown on the servo adjustment screen. Supposed that the 

current at the movement in the positive direction is A% and that in the negative direction is 

B%, and the parameter in No.1 979 (Series 15) or No.8X86 (Series O-C) for monitoring the 

actual current is C, set the value of C X (A + B)/200 at No.1 980 (Series 15) or No.8X87 

(Series O-C). (Including each symbol) 

I Example: When A = 20%) B = - 60%, C = 1600 

No. 1980 (Series 15), No.8X87 (Series O-C) = 1600 X (20 - 60) + 200 

I = -320 

2.6 Erratic-movement-prevention Function (VCMD Offset Function) 

This function corrects any erratic movement occurring during one-pulse feeding. 

(1) 

(2) 

Applicable Servo ROM SeriesNersions 

The software of all editions for all series is applicable. 

Parameter No. of VCMD Offset Function 

(Series 0) No.8X03 Bit 7 =0 (invalid) 

= 1 (valid) 

(Series 10, 11, 12, 15) No.1 808 Bit 7 = 0 (invalid) 

= 1 (valid) 
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(3) Explanation of Function 

The amount of DGN error during one-pulse feeding normally changes as follows: 

1 

Command pulse +l +I +1 +l +l +l 

Amount of DGN error 1 +o 1 +o 1-O 1 +o 1 +o 1 +o 

Alternatively, the amount of error may change as follows depending on the friction of the. 

machine or the adjustment of the servo motor. This change is generally called the 

“phenomenon of erratic movement”. 

4 

Command pulse +l +l +1 +I 

Position in Fig. 1 A-,8 B-C C+D D-E 

Amount of DGN error 0 l-+0-+-l+O 0 l+O+-1-0 
. 

The machine movement in this state can be represented by Fig. 2.6.1 (a). 

Suppose that the machine in the figure is located at position A in a grid within one pulse of the 

detector at the beginning. When it moves on pulse in the positive direction, the required 

acceleration time can be shorter because it was located near an adjacent grid. Consequently, 

it passes the grid at low speed and stops at position B in the figure due to friction. During this 

movement, the amount of DGN error seems to be zero because the movement is too small. 

(Actually, it has changed from 1 to 0, but this change does not influence the amount of DGN 

error.) 

When another command is input to move one more pulse in the positive direction, the motor is 

accelerated because the movement to pass over the grid is longer in this case. As a result, 

the inertia of the movement exceeds the friction and the machine cannot stop at the target 

grids position. Instead, if stops near the next grid or, by overshooting, at position C in the 

figure. It appears that the amount of DGN error change l+ 0 --) - l+ 0 during this movement. 

This movement repeats because C is near a grid, like position A. 

This type of movement is frequently observed on a machine with very large static friction that 

requires larger initial torque but moves very smoothly once it has begun to move because of 

very small dynamic friction. 

+ Positive 
t- Negative 

Fig. 2.6.1 (a) 
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When the VCMD offset function is applied to eliminate the erratic movement, a velocity 

command of 0.5 pulse is added to the regular velocity command (VCMD). The result is that 

when a command is input to move one pulse in the positive direction from position A in the 

figure, the machine does not stop at position 8, but keeps moving gradually in the positive 

direction up to the next grid. When it passes over the next grid even slightly, the velocity 

command from VCMD changes to - 1+ 0.5 = - 0.5 pulse and the machine returns in the 

negative direction. 

By repeating this movement, the machine stops near grid B’, C’ or D’, eliminating the erratic 

movement. See Fig. 2.6.1 (b) below. 

It must be 

which may 

noted 

cause 

that this 

vibration 

function always gives a 

depending on the static friction of 

machine a velocity command of 0.5 

the machine. 

pulse, 

Fig. 2.6.1 (b) 

2.7 Automatic Digital Servo Velocity Loop Gain Adjustment Function 

The automatic digital servo velocity loop gain adjustment function measures the gain and frequency 

described below for each axis of a machine. To do this, the function vibrates the motor and 

machine with an amplitude of several hundred pm: 

The gain satisfies a velocity loop frequency band if specified. 

l The frequency band allows the velocity loop to be achieved in a stable manner for each axis. 

As mentioned above, the automatic adjustment function determines whether a specified velocity 

loop response characteristic can be achieved when the velocity loop is stable up to the cut-off 

frequency. The automatic adjustment function also determines a load inertial ratio (velocity gain) 

for achieving the response characteristic, if achievable. 

Therefore, the automatic adjustment function can be used effectively for the following applications 

when a machine with a relatively high rigidity is used: 

l To check the quantitative relationship between a load inertia ratio and the dynamic 

characteristic of the velocity loop including the machine system 

l To determine the limit of the response characteristics that can be achieved in a stable manner 

However, the result of automatic adjustment cannot be directly used as an optimal setting for the 

machine. Which setting to use ultimately is determined after repeating automatic adjustment 

operations several times under different target periods, taking the response characteristic and 

stability into consideration. 
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(1) Quantitative relationship between velocity loop target periods and velocity loop gains 

determined by automatic adjustment 

To determine the limit of the machine’s load inertia ratio (velocity gain) and to determine the 

relationship between a velocity loop gain and the response characteristic of the velocity loop 

including the machine system, data needs to be collected by making automatic adjustments 

with several target periods. 

Suppose that a position gain of about 30 (lkec) is needed for an axis. In this case, the 

position loop can be almost thoroughly controlled without incurring problems such as swell and 

hunting if a band (20 Hz to 28 Hz), which is 4 to 6 times wider than that for the position gain, 

can be obtained as a velocity loop band frequency. The band 28 Hz corresponds to a time 

constant of 35 msec, so automatic adjustment needs to be started with a twofold time constant, 

which is about 70 msec. Then the target period is reduced by 5 msec step by step to collect 

the results of automatic adjustment for each frequency. 

The results of automatic adjustment can be viewed easily by plotting the results as shown in 

Fig. 2.7.1 with the inverses of the target periods (band frequencies) along the horizontal axis 

and velocity loop gains along the vertical axis. 

Velocity gain [TO] . 

300 

Results of automatic adjustment along X-axis 

* (with dotted line segments representing oscillation) 
f/’ 
/ . ,. Results of automatic adjustment along Y-axis 

(with dotted line segments representing oscillation) 

Oscillation is assumed if a filter is activated during 

adjustment, a sound is made when the machine is 

operated after adjustment, or the machine vibrates 

in the halt state. 

0 I ,v ,I I 
I 

10 20 30 40 W z 1 

Target frequency 

Fig. 2.7.1 Example of Results of Automatic Adjustment 

Fig. 2.7.1 shows the results of automatic adjustment along the X-axis and Y-axis of a machine. 

Theoretically, the target frequencies (inverses of target periods) are proportional to the velocity 

gains. As a higher target frequency (shorter target period) is used, velocity loop oscillation can 

occur more easily during automatic adjustment. In such a case, the results of adjustment 

become less precise. In addition, a shorter target period activates the torque command filter 

during automatic adjustment. Ultimately, the adjustment becomes impossible, and a longer 
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target period is used automatically. This phenomenon occurs in the dotted line segments in 

Fig. 2.7.1. So in this example, the maximum allowable velocity loop band frequency is about 

22 Hz for the X-axis, and about 33 Hz for the Y-axis. 

Thus, automatic adjustment can be regarded as having the function of a sort of measuring 

equipment that quantitatively relates a physical quantity (velocity loop response characteristic) 

with the velocity loop gain parameter of the digital servo. Furthermore, automatic adjustment 

can be regarded as a means of setting a gain that matches the environment where the 

machine is used, and also as a means of checking the mechanical rigidities of the axes, based 

on the results of adjustment as shown in Fig. 2.7.1. 

(2) Determining the velocity loop gain using the results of automatic adjustment 

As described in (1) above, the automatic adjustment function does not directly implement an 

optimal state for each axis, but is a means of determining a velocity loop gain to achieve a 

given target period. Accordingly, a velocity loop gain needs to be determined from Fig. 2.7.1, 

depending on the situation. 

Case 1: When the maximum stable servo rigidity and response characteristics are to be 

achieved for each axis 

In this case, make the following settings, providing some oscillation margin for each axis: 

X-axis Band frequency: 20 Hz Velocity gain: 220% 

Y-axis Band frequency: 30 Hz Velocity gain: 200% 

Case 2: When the response characteristics of the velocity loop as well as the position loop 

gain are to be made exactly the same for each axis so that each axis can have the 

same response characteristics in acceleration/deceleration 

In this case, make the following settings, matching the setting of the Y-axis to those of the X- 

axis (which has a low maximum allowable band frequency): 

X-axis Band frequency: 20 Hz Velocity gain: 220% 

Y-axis Band frequency: 20 Hz Velocity gain: 200% 

Case 3: When the machine’s rigidity is low, and high surface precision and reduced effects 

of friction in direction inversion are required, but the machine is not subject to 

severe acceleration/deceleration 

This is often the case with machines with a low mechanical rigidity such as large machines and 

machines involving a belt joint or slanted axis. Particularly when a machine involves some level 

of friction, the velocity loop can become slightly unstable in the high frequency area. However, 

unless acceleration/deceleration is performed with a short time constant, such instability poses 

no actual problem. 
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(3) Automatic adjustment parameter setting with Series 9039 

When a high surface precision in low-speed cutting or a high response characteristic when 

reversing direction is required in using these machines, the following parameter adjustments 

are needed based on the results of automatic adjustment: 

l A higher velocity loop gain is set to increase the servo rigidity in the halt state or low-speed 

feed operation. 

l The velocity loop is placed under PI control to increase the response characteristic without 

reducing the stability of the velocity loop. 

l An observer is used to prevent machine system resonance. 

l The acceleration feedback function is used to enable the machine to be more immune to 

disturbance. 

l The backlash acceleration function is used for improvement in direction reversal. 

Install a servo ROM for automatic adjustment. 

Series 15 : Replace the servo ROM with a Series 9039 ROM for automatic adjustment. 

(The drawing number used when ordering an automatic adjustment ROM 

for the Series 15 is A026-0094-K501#9039.) 

Series O-C : Install a ROM cassette for automatic adjustment. (The drawing number 

used when ordering an automatic adjustment cassette for Series O-C is 

A02B-0098Cl98#9039.) 

Initialize the standard parameters for the servo motor. 

No.1 8 (Series 15), No. 8X20 (Series O-C) (motor type): Specify the motor type of the 

machine to be adjusted (NC all-axis motor type number 39 or up). 

No. 1804 (Series 15), No. 8X00 (Series O-C): Set bit 1 = 0 (initialization). 

Turn off the power to the NC, then turn it on again. 

Make the following settings on the ordinary screen after emergency stop: 

No. 1829 (Series 15), Nos. 593-596 (Series O-C): (Positioning deviation limit for each axis 

when stopped) = 32767 

No. 1808 (Series 15), No. 8X03 (Series O-C): Bit 3 = 0 (IP control) 

No. 1971 (Series 15), No. 8X78 (Series O-C): (Vibration amplitude) = number of pulse 

coder pulses 

Example: When a 3000-pulse pulse coder is used: Vibration amplitude = 3000 

No. 1973 (Series 15), No. 8X80 (Series O-C): (Velocity loop gain compensation 

coefficient) = 40 

No. 1974 (Series l5), No. 8X81 (Series O-C): (Target period compensation coefficient) 

= 500 
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Make the following settings on the servo adjustment screen after emergency stop: 

Set the velocity gain to 100. 

Set the set period. 

Enter a target period. When using an ordinary machine tool, start with 70 msec. 

Start of automatic adjustment: 

Set the adjustment start bit to 1 on the servo adjustment screen to release emergency 

stop. 

This starts automatic adjustment. 

At this time, attach a check board to observe the VCMD waveform or measure the position 

deviation on the adjustment screen. 
When the machine involves a high level of friction, the vibration amplitude is insufficient. In 

backlash, a small amplitude can cause a high-frequency vibration. At this time, the position 

deviation is reduced to a maximum of about 20 to 30 pm, and the VCMD waveform is not a 

square wave but a rectangular wave. 

In this case, increase the vibration amplitude specified by No. 1971 (Series 15) or No. 8X78 

(Series O-C) to ensure a vibration of about 200 pm when automatic adjustment is started. 

. 
, 

If automatic adjustment is not completed within three minutes from the start of adjustment, 

increase the target period and retry. 
I 

* 

Perform automatic adjustment with several set periods to determine a velocity loop. 

When changing set periods, set the emergency stop state. 

If an alarm such as the OVC alarm occurs during automatic adjustment and the power needs 

to be turned off, first reset the velocity gain to 100, then turn off the power and turn it on 

again. 

Termination of automatic adjustment: 

Turn off the power, then remove the servo ROM for automatic adjustment. 

Reset No. 1829 (Series 15) or Nos. 593 to 596 (Series O-C) (positioning deviation limit for 

each axis stopped) to the previous value. 

Check that no vibration or abnormal sound occurs when the machine is moved along each 

axis. Check also that no vibration occurs when the machine is stopped. If any 

abnormality is detected, perform automatic adjustment again by increasing the target 

period. 
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Automatic adjustment with actual machines 

ln automatic adjustment with an actual machine, when the machine’s rigidity is sufficiently high 

and no significant backlash or friction is involved, the velocity loop gain for a target period can 

be found using the standard automatic adjustment parameter settings. With an actual machine, 

however, the result of automatic adjustment may be inaccurate, or adjustment may not 

terminate in a short time. The possible causes are described below. 

( 1 a When there is large backlash or friction between the motor and machine 

In this case, if the vibration amplitude is small, the motor vibrates just within such a 

backlash, making the vibration cycle faster. If the machine’s friction is large, the machine 

cannot be started, but the motor alone vibrates at a fast cycle. In this case, the vibration 

amplitude set for automatic adjustment needs to be made-larger than the standard value to 

vibrate the machine with sufficient amplitude. 

(b) When the machine system has high-frequency resonance characteristics 

When the machine system has a high, strong resonance of 200 Hz or more, the resonance 

component becomes apparent as the velocity loop gain is increased during automatic 

adjustment, thus causing velocity loop resonance. In this case, the automatic adjustment 

software detects the resonance, and the torque command filter is automatically activated. 

If the resonance continues, the target period is extended automatically. In this case, 

however, a long time is required until completion of automatic adjustment, or an inaccurate 

adjustment value is produced because the adjustment is completed with a marginal level of 

resonance. 

In this case, the gain set for automatic adjustment needs to be reduced to 70% to 80%. 

( 1 C When the rigidity of the machine is low as in the case of a machine involving a belt joint, 

and the resonance frequency of the machine system is low 

With a low-rigidity machine such as a machine involving a belt joint, it is difficult to achieve 

a high frequency band for the velocity loop in a stable manner. If automatic adjustment is 

attempted with such a target period, velocity loop resonance occurs during automatic 

adjustment, resulting in an unsuccessful adjustment. For example, the target period is 

automatically reduced, or the result of adjustment is inaccurate. Thus, with a machine that 

cannot have a high frequency band by nature, the automatic adjustment function cannot 

find the corresponding gain for achieving a high frequency band, and the adjustment 

produces a low value. 

Therefore, with a low-rigidity machine, when a high-speed (or high-frequency) command is 

entered which causes the dynamic characteristic of the machine to dominate, vibration is 

caused with a gain that makes the velocity loop unstable. In this case, a relatively lower 

gain is required, and in particular, the target period needs to be extended to ensure 

stability. When high surface precision or smooth operation in direction reversal is 
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particularly required, an even fine adjustment needs to be made, taking 

automatic adjustment into consideration. This can be illustrated in terms of 

characteristics, as shown in Fig. 2.7.2. 

Closed velocity 
loop gain * Unstable 

the results of 

’ the frequency 

n I In the case of A, the velocity 
loop gain is relatively low, 

but the control system is 

Fig. 2.7.2(a) Velocity Loop Transfer Characteristic (Gain Characteristic) 

Disturbance suppression characteristic 

High 

f 

Fig. 2.7.2(b) Velocity Loop Disturbance Suppression Characteristic 

Fig. 2.7.2(a) shows the gain characteristic of a low-rigidity machine. Curve A represents the case 

where the gain of the velocity loop is not so high, and the velocity loop is stable. Curve B 

represents the case where the gain is high and the velocity loop is unstable. In this case, instability 

appears at about 30 Hz to 100 Hz. 

Fig. 2.7.2(b) shows the position deviation when the disturbance is applied to the servo system. 

The curve on the lower side represents a higher level of disturbance suppression. In area I where 

the velocity loop is stable, the higher the gain, the higher the level of disturbance suppression. 

When the velocity loop is unstable (area II), the disturbance suppression characteristics deteriorate. 
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I 
I 

When a command for the axis requires quick response characteristics, the setting of B produces an 

adverse effect because the command involves many high-frequency components (area II 

components). On the other hand, when the command requires moderate changes, the portion of 

area I becomes dominant, and the setting of B is superior in surface precision and so forth. 

The setting of B is unstable, so that automatic adjustment does not determine the gain of B. 

However, when a command is of the latter type described above, the setting of B is better than the 

setting of A. 

2.8 Current Loop Function 

2.8.1 Current loop gain 

This appendix covers the construction and parameter of the current loop for digital servo motor. 

Under no circumstances change the parameter of the current loop. It has been determined in 

consideration of the stability of the current loop, and the output torque and the current in the high 

velocity zone. 

(1) Construction of Current Loop 

Fig. 2.8.1 shows the construction of the current loop. 

Torque command 

Command for phase S 

v 
Ir (Actual current) 

I 

: 
I 
I 
I 
I 
I 

I 
I 

Velocityloop * i -) Current loop 

- Command for phase T 

Fig. 2.8.1 Construction of current loop 

In Fig. 2.8.1, the current command is calculated in the velocity loop. In the current loop, a 

command is input to each phase, R, S and T, each shifted by 120 degrees, corresponding to 

the phase of the rotor. Each phase is handled through IP control as shown in Fig. 2.8.1, and 

the PWM command (voltage command) is calculated. 

The voltage specified by the voltage command activates the motor. 
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2. SERVO FUNCTIONS 

(2) Parameter for Current Loop 

IP control is used in the current loop as shown in Fig. 2.8.1. The integral gain of the loop is 

equivalent to PKl and the proportional gain is equivalent to PK2. PKl and PK2 are determined 

by the inductance and resistance of the motor, the detection resistance of the applied amplifier, 

or the conversion table in the software. The standard model is designed to enable the current 

to start up in about 750 ps, which is equivalent to three times longer than the cut-in interval in 

the current loop. 

increasing PKl improves the start-up characteristics of the current, but the current loop is liable 

to become unstable. 

If the standard value of current loop parameter PKl, PK2, or PK3 has to be changed for some 

reason, please contact us. 

2.8.2 Torque limit (current limit) 

In the FANUC digital servo motor, the current 

protect the amplifier, motor, and A/D converter. 

for current commands iS limited by the software 

(1) Detailed Explanation 

@ Parameter No. of torque limit (current limit) 

No.8X60 (Series 0), No.1 872 (Series 10, 11, 12, 15) 

@ Definition of parameter of torque limit (current limit) 

Value of torque limit (current limit) (Ap) = IL (Ap) x 
Parameter value 

7282 

The value IL, is determined as listed below according to the type of motor. 
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Table 2.8.2 Servo Motors and Values of lr_ 

Applicable servo motor 
I 

Value of IL 

5-o 2 AP 

3-0, 4-0, 3-OS, 4-0s 4 AP 

l-0, 2-0, 1 -OS, 2-OS, 1-0s~3000 12 Ap 

0, 5, 10, OS, 5S, 1 OS, 2OS/l500, OL, OT/3000, 5T, 1 OT, O-OS, 0-OSP 1 40 Ap 

20, 30, 2OS, 3OS, 5L, 6L, 5S/3000, lOS/3000, 5T/3000, 1OT/3000 I 80 Ap 

30/2000, 40, 7L, 1OL I_ 100 Ap 

*7L, 1 OL, 2OS3000, 3OSl3000, 4OS2000 I 130 Ap 

50s I 200 Ap 

6OS, 70s I 300 Ap 

* For C series servo amplifier (A06B-6066-H008) 

2.8.3 Current loop function for high motor output at high-speed rotation 

The. AC servo motor, which is a permanent-magnet synchronous motor, generates counter- 

electromotive force when it rotates. Since it is an AC motor, a command instruction for each of the 

R, S, and T phases takes the form of sinusoidal wave at constant rotation. A higher-speed 

rotation, however, the command frequency becomes higher, so that problems such as a current 

loop phase delay and decreased gain arise. 

The digital servo has the following functions to produce a higher torque even at high-speed rotation 

and to minimize currents at high speed rotation for reduced heat dissipation by the motor and so 

forth: 

l Phase-lead compensation 

l Counterelectromotive force compensation 

l Speed-dependent current loop gain 

This section explains these functions. 

(1) Applicable servo ROM series/versions 

Phase-lead compensation function : Any version in any series 

Counterelectromotive force . . 9000/l K, 9001/l G, 900211 C versions and later. 

compensation function For other series, any version. 

Speed-dependent current loop : 9020/l B, 9022118, 9030/l A, 903111 A, 

gain variable function 9032/I A, 9034/l A, 9040/1A versions and later 
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(2) Phase-lead compensation 

Fig. 2.8.3 (a) shows the block diagram of a current loop phase. The current loop parameter is 

set so that the frequency range of this open-loop transfer function is about 200f-k. 

Tcmd X sin (8) 

Fig. 2.8.3 (a) Block Diagram of a Current Loop Phase 

When a current (output) is viewed from a command (input), the transfer function is represented 

by a second-order system, and its cut-off frequency is about 200Hz. The 2000Hz cut-off 

frequency means that a phase delay begins to appear at about 1OOl-k. 

Let 6 (phase R position) be the magnetic flux direction. Then assume that the current (lo) lags 

the magnetic flux phase by 0 when current commands for the R, S, and T phases are entered 

at the phases of sin (O), sin (0 + 1200), and sin (8 - 120”), respectively. In this case, the useful 

component (used for motor output) is represented as lo x cos (o), and the component of lo x sin 

(0) is a dead current. Thus as a larger current loop phase delay occurs, the useful current 

component becomes smaller. So in a situation where the torque command is saturated, the 

torque producible by the motor becomes small. Even if the torque command is not saturated, 

larger dead currents result. When an eight-pole motor rotates at 2000 rpm, the command 

frequency Fn for each current loop phase is calculated as 

2000 8 
Fn = -X - = 133Hz 

60 2 

Phase-lead compensation advances a command beforehand to correct a current loop delay 

described above. By doing so, a power factor near 1 is achieved with a lead by a command 

canceling a current loop delay, and current can be furnished to the motor even at high-speed 

rotation. 

With the digital servo, such an algorithm is employed that the phase lead amount is 

proportional to the velocity. So, with respect to the rotational speed of the motor V, the lead 

angle p by phase-lead compensation can be represented as follows: 

8p=KpxV 
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(3) Backelectromotive force compensation 

This Kp corresponds to the parameter PVPA. At this time, the command phases of the R, S, 

and T phases are sin (6 + BP), sin (6 + Bp + 1 200), and sin (6 + Bp - 120”), respectively (where 

represents the position of the R phase). With this phase lead, a current loop phase delay in a 

high-speed area can be corrected to some extent. 

Numeric example: When a 2500-p&e pulse coder and the phase-lead compensation 

parameter PVPA= 2330 are used, Bp = 66” at 2000 rpm. This phase-lead 

angle Bp is proportional to the number of pulses of the pulse coder, the 

PVPA 

80”. 

parameter, and the number of revolutions, and is clamped at about 

The AC servo motor is a permanent-magnet synchronous motor, and generates counter- 

electromotive force when it rotates. The value of backelectromotive force varies from motor to 

motor. For example, the AClOS produces a counterelectromotive force of about 185V (O-peak) 

across lines when it rotates at 2000 rpm; according to the AC SERVO MOTOR Series 

Descriptions (B-65002), the backelectromotive force constant Ke = 38Vjkrpm (effective voltage- 

phase voltage). (The DC link voltage of the amplifier is 282V for 200-V power input.) 

The backelectromotive force has a disturbance factor for the current loop; the torque command 

involves both the effect of backelectromotive force and the conventional effect of flowing 

current through motor windings. As backelectromotive force increases at high-speed rotation, 

a separation occurs between the torque command and actual current. Thus even if a current 

saturation level is not reached, the torque command becomes saturated, limiting the torque in a 

high-speed rotation area of the motor. To prevent this, the digital servo software calculates the 

backelectromotive force of the motor at all times, and a calculated voltage is added to a PWM 

command output form the current loop. Thus backelectromotive force is corrected without 

involving the torque command. 

Backelectromotive force takes the form of sinusoidal wave and has an amplitude proportional to 

the speed of the motor, with its phase being sin (0) where 8 is the rotor position of each phase. 

So the voltage correction value can be represented as 

KvMMsin (8) 

This Kv corresponds to the backelectromotive force correction coefficient EMFCMP. 

As the standard parameter, about 70 percent of a calculated value is adopted for a motor with 

the specification of 2000 rpm, and the best value experimentally obtainable is adopted for a 

motor with the specification of 3000 rpm. 
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(4) Speed-dependent current loop gain change function 

With the phase-lead compensation function and backelectromotive force compensation function 

described above, a current loop phase delay in high-speed area and torque command increase 

can be corrected to some extent. With a high-speed (3000 rpm) motor, however, only a 

smaller actual current compared with the torque command can flow due to deteriorated current 

loop gain characteristics, resulting in an insufficient torque. On the other hand, the phase-lead 

compensation function attempts a linear approximation for a current loop phase delay, which, in 

nature, does not change linearly with respect to speed. This means that it is difficult for the 

function to cover an area from about 1000 rpm to 3000 rpm. 

Basically, a current loop phase delay can be minimized, and a decrease in gain can be 

suppressed effectively by increasing the current loop gains PKl and PK2. However, increasing 

PKl and PK2 can cause trouble such as current oscillation and HC alarm especially when 

power supply voltage increases in low-speed operation or deceleration. 

The speed-dependent current loop gain change function increases the current loop gain only in 

high-speed acceleration or stable operation, and returns the gain to the original value in low- 

speed operation or deceleration. in high-speed acceleration or stable operation, the current 

loop gain is lowered equivalently by a factor such as backelectromotive force, so there is no 

problem in increasing the gain. 

The original current loop gains are PKlo and PK2o, while the 

the gains, PKl and PK2, used for current control as follows: 

digital servo software calculates 

PKl = PKlox(1 + P(V)) 

PK2 = PK20 x (1 + P(V)) 

Here, P(V) in acceleration or operation at constant speed is given by 

p(v) = Np x V x (AALPH)/(S x 10”) 

where v : Rotational speed of motor (rpm) 

Np : Number of pulses of pulse coder 

AALPH : Speed-dependent current lop gain parameter (8 X 74, 1967) 

Example: P(V) = 0.4 when Np= 2000 [pulse], V=3000 [rpm), and AALPH = 2000. This 

means that when the number of revolutions is 3000 rpm, the current loop gain is 

increased by 40% compared with when the motor is stopped. 

2-102 



2. SERVO FUNCTIONS 

At deceleration time, P(V) = 0. (See Fig. 2.8.3 (b)) 

) At acceleration or k 
stable operation 

Current loop gain 

At deceleration 

I 
Motor speed 

Fig. 2.8.3 (b) 

r Pm 

2.8.4 Parameters for dead zone correction of current 

In the current servo amplifier design, transistors are used as switching elements to activate a 

motor. In transistors, there is a switching delay at each ON and OFF operation. Therefore, a dead 

zone of several tens of microseconds, in which neither the upper nor lower transistor in the bridge 

is actuated, is provided in reference to the switching signal. This prevents a short circuit between 

the upper and the lower transistor. 

Because of this dead zone there is a 

times per motor revolution (18 times 

dead zone correction in the current is ; 

The optimum values are assigned to this parameter according to the characteristics of each 

amplifier and motor. Therefore, do not change any standard values. 

(1) 

(2) 

Applicable Servo ROM Series/Versions 

The software of all editions for all series is applicable. (As a standard, software is provided 

with every motor.) 

Detailed Explanation of Function 

The parameter relating to this function is as follows. 
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Amount of dead zone 
correction 

PPMAX 

(Limit speed of dead zone correction) 

= X x Nd240000 

This slope POOP 

POOP 

(Slope of dead zone correction) 

= a x 240000INv 

x : Limit speed (rpm) 
=, NV : Number of speed feed back pulses 

PPMAX Velocity a l . Slope 

Fig. 2.8.4 (a) 

With this correction, the actual current changes a shown Fig. 2.8.4 (b). 

Without dead zone correction With dead zone correction 

If the dead zone correction parameter is not assigned correctly, the current does not form an 

ideal sine wave, resulting in an uneven feed 24 times per revolution. 

Fig. 2.8.4 (b) 

(Note) For the systems of Series O-A and O-B, and Series 10, 11, 12 and 15, it is necessary 

to change PPMAX and POOP in the dead zone parameter according to the number of speed 

feed-back pulses. For Series O-C and Series 15, however, it is not necessary because the NC 

makes the necessary changes. 
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2.8.5 Variable phase advancement compensation function for deceleration 

To improve the characteristics of the deceleration torque of the motor, this function allows the 

current phase advancement compensation at deceleration to be variable. 

(1) Applicable servo ROM series and editions 

Series 9040, editions E and later 

(2) Parameter setting 

0 Parameter No. 

No. 8X98 (Series O-C), No. 1991 (Series 15) 

Increment system : % 

Setting range : 0 to 100 

Q Detailed explanation 

This parameter determines what percentage of the value (phase advancement 

compensation coefficient for acceleration) set in No. 8X57 ((Series O-C) or No. 1869 

(Series 15) is to be used as a phase advancement coefficient for deceleration. When the 

value 0 is set, the function of current phase advancement compensation for deceleration is I) 
disabled. 

(Note) For motors that require characteristic improvement, the standard parameter value is 

used. Therefore, the standard value set in this parameter should not be changed. 
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2.9 Position Loop and Velocity Loop Functions 

2.9.1 Characteristics of the position loop and velocity loop 

(1) Position Loop characteristics and Modification by Parameters 

Fig. 2.9.1 (a) shows the block diagram of a velocity loop and position loop when I-P control is 

used. For simplicity of explanation a continuous analog system with an ideal current loop is 

assumed. The actual loop is digital and has sampling effects. 

Mcmd- L+--/%~K’/S]-L Kt(Jm l S) _’ l/S - 

Mf Position gain Vf Velocity loop Mechanical 
characteristics K2 system 
(I-p control) ‘ ’ characteristics 

- - 

where PG : Position gain 

Kl : Velocity loop integral gain 

K2 : Velocity loop proportional gain 

Kt : Torque constant 

Jm : (Motor rotor inertia) + (load inertia) 

Fig. 2.9.1 (a) Block Diagram of a Velocity Loop and Position Loop 

As seem from Fig. 2.9.1 (a), a velocity command (Vcmd) is generated from a position gain 

(PG) and the deviation between a position command (Mcmd) and position feedback (Mf). The 

Vcmd and velocity feedback (Vf) are then applied to a velocity compensator consisting of an 

integral element (Kl/S) and proportional element (K2) to generate a Tcmd (torque command). 

The Tcmd, together with mechanical system characteristics including a motor torque constant 

and inertia, generates a Vf. An Mf is generated by integrating a Vf. In this block diagram, the 

current loop characteristic is approximated to 1; Tcmd X Kt = motor torque. 

In Fig. 2.9.1 (a), the position loop is a portion where a Vcmd is generated from an Mcmd and 

Mf, and its characteristics largely depend on the PG. A PG the unit s- ‘. When a step 

command is entered from an Mcmd, the Mf starts up with a time constant which is the 

reciprocal of the PG. This means that if the velocity loop has a time constant that is 

determined by about one-third to one-tenth PG, the response of the velocity loop does not 

affect the entire characteristics including the position loop (that is, 

approximated to 1.) The position loop has only a proportional controller 

there is no deviation between a position command and position feedback 

is generated. This results in a servo positioning error. This positioning 

by expression 0. 

the velocity loop is 

(that is, a PG). So if 

no velocity command 

error is represented 

2-106 



2. SERVO FUNCTIONS 

~=F/(AxfiOxl’G) 

F : Feed rate (mm/minute) 

A : Minimum detection unit (mm) 

PG : Position gain (s - ’ ) 

When PG = 30, F = 1000, and A = 0.001, for example, positioning error & is 

Expression @ 

C = 1000/(0.001 x 60 x 30) = 555.55 

This positioning error causes a dimensional error in simultaneous two-axis cutting. 

Position command 

T 

Fig. 2.9.1 (b) 

Let T be a start-up time when a step is provided as a position command as shown above. 

Then 

T= l/PG(s-‘) 

(2) Velocity Loop characteristics and Modification by Parameters 

The transfer function of the 

(a)) can be written as 

closed velocity loop (I-P control) in the block diagram (Fig. 2.9.1 

Vf 
H (S) = 

(KtIJm) x Kl 
= Expression @ 

Vcmd S* + (Kt/Jm) x K2 l S + (Kt/Jm) X Kl By definition the dynamic 
equation of motion for a 
position servo 

when (KtIJm) x K2 = 2& 

(Kt/Jm) x Kl = w"* 

Expression @ 

Expression @ 

Expression @ is 

2 

H (S) = 
On 

S*+ 2cWnS+Wn* 
Expression @ 

where (tin = d (KtIJm) X Kl 

c = K2/2 x d (Kt/Jm) X Kl 

Undamped natural frequency 

Damping ratio 

Expression 8 

Expression @ 

Kl and K2 are related to PKlV and PK2V by a constant. Treat as unity for standard setting 

(20H2, 0.7 damping). 

2-107 



2. SERVO FUNCTIONS 

From the above, the frequency response of the velocity loop is obtained as follows: 

2 

H &I)= 
Wn 

(on2 - W*) + j (2cWn) ct) 

Then gain and phase characteristics can be determined as 

4 

IH (jw) I= 
on 

(o,2 - w2)* + (2&J* 012 

Expression @ 

Expression 8 

Expression @ID 

With the digital servo system, the velocity loop parameter PKlV corresponds to Kl, and Pk2V 

corresponds to K2. The standard parameters of the current digital servo system are set so that 

f, ~20 (HZ) (that is, (tin = 2nf, = 126) and { = 0.71 for a single motor alone. This is based on the 

previous discussion that if the velocity loop has a time constant that is determined by about 

one-third to one-tenth PG, value 113 to l/l 0 times a small as PG, the response of the velocity 

loop is sufficient. That is, when PG = 3Os”, the time constant is 33 msec, which is equivalent 

to 4.8Hz, and a velocity loop range about five times greater is provided. 

Even when the digital servo system is attached to a machine, the characteristics of f, = 20 (Hz) 

and C = 0.71 can be obtained by setting the load inertia ratio LDINT so that it matches the load 

inertia of the machine. It follows that to increase the PG more than 30s” or use feedforward, 

the velocitv looD qain must be increased accordinqlv. 

On the other hand, if the standard velocity loop gain cannot be maintained due to trouble such 

as velocity loop high-frequency oscillation, the PG may need to be decreased or a laraer time 

constant mav need to be used. 

Here, let US change the value of Kl from the standard value to the following; graph f is then 

obtained: 

1. Kl (standard) : (=0.71 f,=20 

2. Kl (2 times) : 5=0.50 fn = 28.3 

3. Kl (l/2 times) : r= 1.00 fn= 14.1 

As can be seen from the graph, as KI is increased, the velocity loop range increases, thus 

improving the frequency response. 

gain can be seen. For this reason, when Kl is increased excessively, the velocity loop 

However, deteriorated damping results, and an increased 

becomes unstable. In addition, oscillation can occur near the crossover frequency at the time 

of acceleration or deceleration. 

Next, iet us change the value of K2 from the standard value to the following; graph 2 is then 

obtained: 

1. K2 (standard) : (= 0.71 fn=20 

2. K2 (2 times) : C=1.42 fn=20 

3. K2 (l/2 times) : 3: = 0.35 fn=20 
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Graph 2 shows that when K2 is decreased, the gain at high frequencies remain unchanged. 

However, deteriorated damping results, and an abrupt increase in gain can be seen near the 

crossover frequency. That is, K2 contributes to the stability of the velocity loop; the velocity 

loop can become unstable at about 20 Hz if K2 is decreased excessively. 

Finaliy, graph 3 shows the effect observed when the load inertia is changed as follows: 

1. Jm = 1 (single motor unit) : c=o.n f,=20 

6. Jm = 2 (same load as motor) : (=0.50 f” = 14.1 

7. Jm = 4 (load 3 times greater than motor) : (=0.35 f,=lO 

When load inertia is applied, the overall gain decreases, deteriorated damping results, and the 

velocity loop becomes unstable near the crossover frequency. This is the reason why vibration 

tends to occur when the load inertia is greater. In such a case, setting the load inertia ratio 

parameter (LDINTO proportionally increases both Kl and K2, produces the same characteristics 

as the standard characteristics. With an actual machine, however, the coupling of 

and inertia is not rigid, but backlash and twist are involved, so that the gain may not 

be increased to a theoretically calculated value. In such a case, the position gain 

decreased. 

the motor 

be able to 

should be 

It follows that if vibration occurs at high frequency with an actual machine, K2 (PK2V) needs to 

be decreased. In addition, if the response deteriorates or hunting occurs at start-up due to an 

insufficient velocity loop bandwidth with respect to the position gain, KI (PKlV) needs to be 

increased. However, an oscillation of about 20Hz can occur if Kl is changed excessively with 

respect to K2 or vice versa. So when I-P control is used, Kl and K2 should be changed within 

about l/2 to 2 times, and the status (stability at acceleration/deceleration) of the machine needs 

to be checked with the TSA waveform in an adjustment. 

Velocity Loop Characteristics Changes Under I-P Control and PI Control 

Fig. 2.9.1 (c) shows the block diagram of PI control. 

F- 

- K2 
. 

Position gain Vf Velocity loop r 

pqf+ 

-I Mechanical 

characteristics K2 system 
(I-p control) characteristics 

b A + w 

where PG : Position gain Kt : Torque constant 

Kl : Velocity loop integral gain Jm : (Motor rotor inertia) + (load inertia) 

K2 . . Velocity loop proportional gain 

Fig. 2.9.1 (c) Block Diagram of PI Control 
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The transfer function of the closed velocity loop in the block diagram can be calculated as 

Vf 
H (S) = 

(Kt/Jm) X K2 l S + (KtIJm) X Kl 
-= Expression @ 

Vcmd S2 + (KtIJm) x K2 l S + (Kt/Jm) x Kl 

when 

(KtIJm) x K2 = 2& 

(KtIJm) x Kl = CUE* 

Expression @ 

Expression @ 

Expression @ is 

H (S) = 
2&“S + &I”* 

s* + 250,s + on2 
Expression @ 

where on = d (KtIJm) x Kl Expression @ 

c = K2/2 x 4 (KtIJm) x Kl Expression @ 

From the above, the frequency response of the velocity loop is obtained as follows: 

H (jw) = 
in* + j (2@4 0 

Expression 0 
( QJ”* - o*) + j (2C0,) CC) 

Then gain and phase characteristics can be determined as 

IH(jw)f= J 
WR + (2f1cU”)* cu* 

(w,* - 01~)” + j(2c0,)* W* 
Expression @ 

LH (j) = -tan-’ 
(2CW”) w3 

w”4 + {(2cw,)* - o”*}o* 1 Expression @ 

Graphs 4, 5, and 6 shows the frequency responses under PI control when Kl, K2, and load 

inertia are changed, as in the case of I-P control. 

The graphs indicate that when PI control is used, the high-frequency gain does not change 

even if Kl is increased, an improved stability is obtained, and the high-frequency gain is 

increased, thus enhancing the response. When the same standard values are entered, some 

differences can be seen compared with I-P control. One difference is a higher high-frequency 

gain. This means that oscillation tends to occur at high frequency in stop state, but the 

response is increased. So the capability of initial start-up in response to a position step 

command is improved, and gradual positioning is performed in stop operation, thus suppressing 

overshoot. When a different load inertia is used, the same tendency as in the case of I-P 

control is observed. From the viewpoint of phase, however, a decrease toward 180” is seen 

with I-P control. On the other hand, it is a smaller decrease of 90’ with PI control; this means 

less oscillation tends to occur. 

2-110 



. 

2. SERVO FUNCTIONS 

in an actual parameter adjustment when PI control is used, the response is not deteriorated 

significantly even if the KI gain is decreased by a factor of 5. However, a larger positional 

deviation can result at stop or move time due to friction. No stability deterioration occurs even 

if K2 is increased, so the gain can be increased until high-frequency oscillation occurs at stop 

time, and so forth. 

Finally, the characteristics associated with disturbance (that is equivalent to the characteristics 

of Vf from the viewpoint of Tcmd because disturbance mainly appears as torque) are 

discussed. The following transfer function calculation applies to both I-P control and PI control: 

Vf 
D (S) = - = 

(l/Jm) l S 
Expression @ 

Td S* + (KtIJm) x K2 l S + (Kt/Jm) x K1 

With the characteristics, Kl is a dominant factor near the frequency range, and K2 is a 

dominant factor for the high frequency. This means that a larger KI value can suppress 

disturbance more efficiently. A smaller K2 value can lower the high-frequency gain, so that 

oscillation at stop time due to disturbance can be prevented. 

Therefore, in the case of a smaller machine assembled fairly rigidly, an adjustment should be 

made to improve its resistance to disturbance and improve its response by increasing the 

velocity loop gain (especially Kl) under I-P control. With a larger machine whose joints and 

ball screws involve backlash and spring elements, K2 should be increased and Kl should be 

decreased as much as possible under PI control. K2, however, must be increased within the 

range in which oscillation is not generated. Kl must be decreased within the range in which 

disturbance suppression is effective. 

In addition, for a machine which needs a higher PG, or 

feed forward function, setting should be done under PI 

which causes overshoot 

control. 

using the 
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Velocity loop frequency characteristics 

Graph 1 . I-P control: When Kl is changed 
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Graph 2 I-P control: When K2 is changed 
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Graph 3 I-P control: When load inertia is changed 
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Graph 4 PI control: When KI is changed 
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Graph 5 PI control: When K2 is changed 
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Graph 6 PI control: When load inertia is changed 
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2. SERVO FUNCTIONS 

2.9.2 Setting the load inertia ratio (LDINT) 

(1) 

(2) 

Set parameter number of the load inertia ratio (LDINT) 

Series 0 No.8X21 

Series 10, 11, 12, and 15 No.1 875 

Setting and meaning of the load inertia ratio (LDINT) 

The machine load inertia ratio for the inertia of the motor rotor is calculated and set by the 

following expression: 

Load inertia 
Load inertia ratio = x 256 

Motor rotor inertia 

Setting range: 0 to 32767 

Setting a value in the parameter corresponds to making velocity loop gains PKlV and PK2V 

(1 + LDINT/256) times. When the calculated value is set, the velocity loop response under load 

becomes the same as originally set for the motor without a connected load. 

(3) Example of setting the load inertia ratio (LDINT) 

When rotor inertia Jm of motor model 10 is 0.10 and the load inertia Jl is 0.05, the set value is 

represented by the following expression: 

0.05 
Set value = -x256=128 

0.10 

(4) Caution when setting the load inertia ratio (LDINT) 

Setting the load inertia ratio (LDINT) parameter is described in Item (2). This value is set 

assuming that the load is rigidly applied to the motor. Therefore, in the actual machine 

adjustment, the set value may significantly differ from the calculated value due to rigidity, 

friction, backlash, etc. 
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(5) Relationship between the frequency characteristic and load inertia ratio &DINT) in the velocity 

loop compensation circuit 

A Portion @ increases when PK3V increases. 

Gain Portion Q increases when PKlV increases. 

0 
Portion @ increases when PK2V increases. 

Portions 0 to Q 

t 0 
t 

increases when LDINT- 
increases. 

Frequency 

Fig. 2.9.2 

2.10 Return to Reference Position 

The procedure for returning to the reference position is classified into the grid method and the 

magnetic switch method. In the grid method, the motor is synchronized with the motor’s one- 

rotation signal to produce a grid point. The motor is then decelerated to an FL speed using a 

deceleration dog. The motor then stops at the first grid point via the deceleration dog. This grid 

point is used as the origin. In the magnetic switch method, the motor stops immediately after a 

signal is sent from the magnetic switch. This stop point is used as the origin. 

The feature of the grid method is that a motor always stops at the same point if the FL speed is 

less than a fixed value. The magnetic switch method has a simple configuration. In the magnetic 

switch method, however, the origin position is shifted or deviated in proportion to speed. Presently, 

almost all machines employ the grid method. 

(Note) The magnetic switch method cannot be used in FO. 

(1) The grid method for returning to the reference position 

There are three grid reference position reset modes as follows: 

(a) Reference position reset when power to an incremental pulse coder is turned on for the 

first time, after an absolute pulse coder is installed for the first time, and when a grid shift is 

altered 
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Return to reference ... 
position mode 

Motor speed $ FL speed 1 

One-rotation signal 

Reference counter 

Deceleration dog 
I I 

FIEF 

I I 

J 

(b) Second or subsequent return to reference position when power to incremental and absolute 

pulse coders is turned on 

A reference counter has already been set and a grid has already been established, so only 

step (a) (ii) is executed to terminate the return to the reference position. 

w First return to the reference position when power to an absolute pulse coder is turned on 

0 i 

(ii) 

In the return to reference position mode, a reference counter is reset to 0 synchronized 

with a one-rotation signal when the motor is activated in the direction of the origin at a 

speed exceeding a fixed value (with a positioning error of 128 or more and a high 

resolution of 1280 or more). If a grid shift is set, the reference counter is set to the 

grid shift value. After that, the reference counter functions as a ring counter. The 

counter counts a command pulse and is reset by the reference counter capacity. A 

grid point is then generated synchronized with the one-rotation signal. 

The motor is decelerated to the FL speed when it passes the deceleration dog. After 

leaving the deceleration dog, the motor stops at the next grid point referring to 

distribution command and reference counter and sets an REF return to reference 

position completion flag. The reference position is then reset. 

0 i 

(ii) 

APC communication is performed to establish the current position. The distance from 

the origin is calculated at that time. The distance from a grid is also calculated. This 

value is assigned to a reference counter. Jhis enables the grid to be established. The 

sequence of step (a) (i) is therefore not required. 

The sequence of step (a) (ii) is executed to terminate resetting the reference position. 
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(2) Parameter Setting for the Grid Method for Returning to the Reference Position 

( 1 a 

(b) 

Selecting the method for returning to the reference position 

Series 10, 11, 12, 15 No. 1005 Bit 1 = 0 

(Grid method for returning to reference position) 

Setting the reference counter capacity 

Series 10, 11, 12, 15 No.1816 (bit type) 

No. 1896 (word type) 

Series O-A, O-B, O-C (16 bits) No.004 to 007 (bit type) 

Series O-C (32 bits) No.004 to 007 (bit type) 

No.570 to 573 (word type) 

Bits 3 to 0 

Bits 3 to 0 

Bits 3 to 0 

(Note) The word type indicates any reference counter capacity. If this parameter is 0, a 

conventional bit type is valid. 

If it consists of numerics other than 0, the parameter that is set above is valid. 

This capacity must be the same as the number of position pulses per motor rotation or must be 

set to a divisor of the number of pulses. If the capacity is set incorrectly, the motor does not 

stop at the same position. (See Section l-3.4.2 for details about setting.) 

(c) FL speed setting 

Series 10, 11, 12, 15 

Series 0 

No.1425 (word type, each axis) 

No.537 (word type, all axes) 

(Note) The FL speed must be reduced when the return position is deviated. 

(d) Rapid traverse speed setting 

Series 10, 11, 12, 15 No.1 420 (word type, each axis) 

Series 0 No.559 to 562 (word type, each axis) 

(Note) If the positioning error during rapid traverse is less than 128 

for a high-resolution pulse coder), the reference position cannot be reset. 

traverse. 

(e) Setting the time constant for rapid traverse acceleration or deceleration 

Series 10, 11, 12, 15 No.1 620 (word type, each axis) 

Series 0 No.522 to 525 (word type, each axis) 

pulses (1280 pulses 

Accelerate the rapid 

(Note) If the motor cannot be decelerated until it reaches the FL speed in a deceleration 

dog, it cannot be return to the reference position. In this case, lengthen the deceleration dog, 

decelerate the rapid traverse, or decrease the time constant for rapid traverse acceleration or 

deceleration. 
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(3) The magnetic switch method for returning to the reference position 

The sequence of the magnetic switch method is shown in the figure below. 

Return to reference I 
position mode 

Motor speed 
FM speed 

I 
FL speed 

Deceleration dog 

Near-zero signal 

REF I 

0 

Q 

In the return to reference position mode, the motor traverses rapidly in the direction of the 

origin, then decelerated to the FM speed when it passes the deceleration dog. 

After leaving the deceleration dog, the motor decelerates to the FL speed, then stops 

immediately after a near-zero signal is sent. The motor then sends an REF signal back to 

terminate returning the reference position. The FL speed is proportionally related to the 

deviation in the return to the reference position. 

(4) Parameter setting for the magnetic switch method for returning to the origin 

@ Selecting method for returning to the reference position 

Series 10, 11, 12, 15 No.1005 Bit 1 =I 

(magnetic switch method for returning to the reference position) 

Q Near-zero signal extraction selection 

Series 10, 11, 12 No.1815 

Series 15 No.1815 

@ Setting the rapid traverse speed 

Series 10, 11, 12, 15 No. 1420 

@I Setting the FM speed 

Series 10, 11, 12, 15 No.1424 

@ Setting the FL speed 

Series 10. 11. 12. 15 No.1425 

Bit 1 =l 

Bit 1 =0 

(word type, each axis) 

(word type, each axis) 

(word tvpe, each axis) 
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2.11 Servo Software for High-speed Positioning Machine 
(Punch Press, PC Board Drilling Machine, etc.) 

To use FANUC digital AC servo for a high-speed positioning machine, the following servo software 

is prepared. 

(1) Applicable Servo ROM Series/Versions 

Series 9002/001 C and subsequent revisions 

9022/OOlA and subsequent revisions 

9032/OOlA and subsequent revisions 

Servo ROM series 

9002 

9022 

9032 

Applicable NC 

Series 0-PB 

Series 00-PB 

Series 11 

Series 0-PB (upgraded) 

Series 00-PB(upgraded) 

Series O-PC (16 bits) 

Series 11 (upgraded) 

Series 15 

Series O-PC (32 bits) 

This servo software is explained below. 
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2. SERVO FUNCTIONS -cI 

(2) Parameters related to Series 11 and 15 . 

67 B6 B5 B4 B3 B2 Bl BO 

DGPRM PLCOl 

AMR7 AMR6 AMRS AMR4 AMR3 AMR2 . AMRl AMRO 

0 PFSEL 
. 

VOFST OVSCMP BLENBL 1PSPRS PIENBL OBENBL TGALRM *NDL8 

TRW1 TRW0 TINAl TINAO TlNBl TINBO 

1852 : Current loop gain (PKl) 

1853 : Current loop gain (PK2) 

1854 : Current loop gain (KP3) 

1855 : Velocity loop gain (PKl V) 

1856 : Velocity loop gain (PK2V) 

1857 : Incomplete integration coefficient (PK3V) 

1858 : Velocity loop gain (PK4V) 

1859 : Speed control observer parameter (POAl ) 

1860 : Speed control backlash correction improvement (BLCMP) 

1 1861* : 

1862 : Speed control observer parameter (POKI) 

1863 : Speed control observer parameter (POK2) 

1864* : Inteqration preset value at low speed (POK3) 

1865 : Current deadband compensation (PPMAX) 

1866 : Current deadband compensation (POOP) 

1867 : Current deadband compensation (PHYST) 

1868 : Counter electromotive force correction (EMFCMP) 

1869 : Current phase control (PVPA) 

1870 : Current phase control (PALPH) 

c 1871* : 

1872 : Torque limit (TQLIM) 

1873 : Back electromotive force correction (EMFLMT) 

1874 : Motor type 

1875 : Load inertia ratio (LDINT) 

1876 : Speed feedback pulses (PULCO) 

1877 : Overload protective coefficient (OVC 1) 

1878 : Overload protective coefficient (OVC2) 

1879 : Motor rotating direction (DIRCTL) 

(Note) The asterisked (*) parameters, which differ from those for a general machine tool, are 

ones for a high-speed positioning machine. 
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11 FEEDFD PKVER 

PGTWN DCBEMF FCBLCM SSGI 

1891 : Position detecting feedback pulse numbers (PPLS) 

1892 : TG alarm level (TGALMLV) 

1893 : Overload protecting coefficient (OVCLMT) 

1894* : Acceleration feedback (WKAC) 

1895* : Torque command filter (TCFIL) 

1961 : 

1962 : 

1963 : 

1964 : 

1967 : 

(3) Parameters related to Series 0 

1 8X04 1 

8X20 

8X21 

8X22 

8X23 

8X24 

8X40 

8X41 

8X42 

8X43 

8X44 

8X45 

8X46 

Feedforward coefficient (FALPH) 

Feedforward filter (VFFCT) 

Backlash correcting acceleration parameter (ERBLM) 

Backlash correcting acceleration parameter (PBLCT) 

Speed dependent current loop gain parameter (AALPH) 

B7 B6 B5 84 B3 82 Bl BO 

DGPRM PLCOl 

AMR7 AMR6 AMR5 AMR4 AMR3 AMR2 AMRl AMRO 
. 
r 

PFSEL 

VOFST OVSCMP BLENBL 1PSPRS PIENBL OBENBL TGALRM *NDL8 

TRW1 TRW0 TINAl TINAO TINBl TINBO 

1 

PGTWN DCBEMF FCBLCM SSGl 

Motor type 

Load inertia ratio (LDINT) 

Motor rotating direction (DIRCTL) 

Speed feedback pulse numbers (PULCO) 

Position feedback pulse numbers (PPLS) 

Current loop gain (PKl) 

Current loop gain (PK2) 

Current loop gain (PK3) 

Speed loop gain (PKI V) 

Speed loop gain (PK2V) 

incomplete integration coefficient (PK3) 

Speed loop gain (PK4) 
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8X47 : Speed control observer parameter (POAl ) 

8X48 : Speed control backlash correcting improvement (BLCMP) 

Cl 8X49* : 

8X50 : 

8X51 : 

Speed control observer parameter (POKl ) 

Speed control observer parameter (POK2) 

Speed preset value of intecrration at low speed 

Current deadband correction (PPMAX) 

Current deadband correction (PDDP) 

Current deadband correction (PHYST) 

Counter electromotive force correction (EMFCh 

Current phase controi (PVPA) 

Current phase control (PALPH) 

8X52* : 

8X53 : 

8X54 : 

8X55 : 

8X56 : 

8X57 : 

8X58 : 

POK3) 

8X59* : Position aain switching speed preset value (PGTWN) 

8X60 : Torque limit (TQLIM) 

8X61 : Counter electromotive force correction (EMFLMT) 

8X62 : Overload protecting coefficient (OVCI) 

8X63 : Overload protecting coefficient (OVC2) 

8X64 : TG alarm level (TGALMLV) 

8X65 : Overload protecting coefficient (OVCLMT) 

8X66* : Acceleration feedback (WKAC) 

8X67* : Torque command filter (TCFIL) 

8X68 : Feedforward coefficient (FALPH) 

8X69 : Forward filter (VFFLT) 

8X70 : Backlash correcting acceleration parameter (ERBLM) 

8X71 : Backlash correcting acceleration parameter (PBLCT) 

8X74 : Speed dependent current loop gain parameter (RALPH) 

(Note) The asterisked (*) parameters, which differ from those for a general machine tool, are 

ones for a high-speed positioning machine. 
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Parameter details (for high-speed positioning machine) 

In the following parameter explanation, Parameter No. for Series 0 and Series 11 and 15 is 

indicated on the upper and lower stages respectively. 

Unlike those for general machine tools, these parameters are used for the high-speed 

positioning machine. 

Parameter No. Parameter 

PGTWN DCBEMF FCBLCM 

PGTWN DCBEMF FCBLCM 

SSGl 

SSGl 

B7 

Standard setting: 0 

B6 

0 

SSGl (Integration at low speed) 

In speed control: 

0 : Integration is carried out 

1 : Integration is carried out 

85 B4 

0 0 

B3 

0 

B2 Bl BO 

0 0 0 

Relevant parameters 

regardless of the speed. 

only at low speed and stop. - 8X49 

Note: When SSGl (integration at low speeds) is used, set the 1 1861 1 1 1864 1 

speed control to PI control. 

Set parameter No.8X03 (Series 0) and 1808 (Series 11 and 15) Bit 3 to 1. 

FCBLCM In full-closed feedback: 

0 : Backlash correcting pulse is handled normally. 

1 : Backlash correcting pulse is not used for position correction. - 8X48 

DCBEMF Back EMF compensation for deceleration: E 
1860 

0 : not corrected. 

1 : corrected. 

PGTWN (Position gain switching) 

According to the speed, the position gain is: 

0 : not doubled 

1 : doubled 

q 
\\ 

* 8X59 

187-l 
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Parameter No. Parameter 

8X59 

1871 

Speed preset value of integration at low speed (POA3) I 

Speed preset value of integration at low speed (POA3) 

Data range : Q to 32767 

Standard setting : 0 

(After 9002C/9022A/9032A) 

I Speed preset value of integration at low speed (POK3) 

I - Speed preset value of integration at low speed (POK3) 

Data range : 0 to 32767 

Standard setting : 0 

(After 9002C9022AI9032A) 

Position gain switching speed preset value (PGTWN) 

Position gain switching speed preset value (PGTWN) 

Data range : 0 to 32767 (After 9002J/9022A/9032A) 

Acceleration feedback gain (WKAC) 

Acceleration feedback gain (WKAC) 

Data range : 0 to 32767 

Standard setting : 0 

(After 9002FI9022A19032A) 

Note: When the acceleration feedback is used, use the torque command filter of Parameter 

No.8X67 (Series 0) and 1895 (Series 11 and $5) together. 

8X67 1 Torque command filter (TCFIL) 

1895 I I Torque command filter (TCFIL) 

Data range : 0 to 4096 

Standard setting : 0 

(After 9002F/9022A/9032A) 
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2.11 .l Special function 

(1) Integration at low speed (SSGI ) 

The integrator for speed control is effective only at low speed an stop. This function makes it 

possible to increase startup and fall at acceleration and deceleration. However, no integrator 

functions out of the setting speed range when moving. 

Parameter No. Parameter 

Function bit: 

8X49 
Function parameter: 

t 1861 

8X52 
Function parameter: E 1864 

B7 B6 B5 84 83 B2 81 Bb 

0 0 0 0 0 1 0 0 
A 

POA3 - Integration at low speed 

(Speed preset value for disabling the integrator) 

Data range : 0 to 32767 

Standard preset value : 100 to 2000 

POK3 - Integration at low speed 

(Speed preset value for enabling the integrator) 

Data range : 0 to 32767 

Standard preset value : 100 to 2000 

Setting method : The speed for enabling and disabling the integrator can be calculated by 

the following equation. 

(a) POA3 (speed preset value for disabling the integrator) 

32767 LDINT 
POA3 = x (I+ -) x Xrpm 

480 256 

(b) POK3 (speed preset value for enabling the integrator) 

32767 
X( 

NP 
-)2 X Xrpm 

480 2000 
POK3 = 

LDINT 
(1 + ) 

256 

LDINT : Load inertia ratio 

Np : Encoder pulse numbers 
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Example: Assuming the speed to 

ratio ILDINT to be 300 

2. SERVO FUNCTIONS 

be X, encoder pulse numbers to be 2,50OP/rev, and load inertia 

when X = 10 rpm, POA3 is found by: 

32767 
POA3 = 

300 
x (l+ -) X IO rpm 

480 256 

= 1483 

when X = 15 rpm, POK3 is found by: 

32767 2500 
x( -)* X 15 rpm 

POK3 = 
480 * 2000 

300 
(1 + ) 

256 

= 737 

(2) Posltion gain polygonal line (PGTWN) 

This function doubles the position gain in low ranges. It is used when the positioning time is 

long and the motor stop time becomes short. 

Parameter No. Parameter 

Function bit: 
B7 66 B5 B4 B3 82 Bl BO 

1 0 0 0 0 1 0 0 
. 

8X59 
Function parameter: E , Speed preset value for doubling the position gain 

1871 

Data range : 0 to 32767 

Standard preset value : 0 to 32767 (for 2000P) 

Setting method : Assuming the speed to be X and the encoder pulse numbers to be N, the 

speed preset value Y is: 

32767 
Y= X X rpm 

2000 
1920 x 

NP 

Example: Y = 1280 when Np = 3000P/rev. and X = 50 rpm. 

When Np= 3000P/rev, 50 rpm or less position gain can be doubled by inputting 

1280 to Y. 
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(3) Acceleration feedback (WKAC) 

When external inertia is larger than the motor inertia, and the system is unstable, this function 

can stabilize the servo system. If it is made larger than required, an abnormal noise will occur 

from the motor; therefore, use the minimum value so that no noise occurs. 

When the acceleration feedback is used, it is necessary to insert a torque command filter. 

The filter value should be approx. 2000 to 3700. 

Function bit: None 

Function parameter: 

Function bit: None 

Function parameter: 

WKAC Acceleration feedback gain 

Data range : 0 to 32767 

Standard preset value : 100 to 1000 

TCFIL Torque command filter 

Data range : 0 to 4096 

Standard preset value : 2000 to 3700 

. 

The torque command filter filters the current control torque command. 

See the item for the 0.25 msec velocity control period in Table 1 of Section 11-2.3.1 when 

setting the torque command filter. Set the cut-off frequency at about 50% of the resonance 

frequency. 

However, bibration may be increased; therefore, take due care when using it. (3800 or more is 

absolutelv inhibited.) 

2.11.2 High-speed positioning function 

0 Function for high-speed positioning 

The following may be used: 

@ PI control for speed control 

@ Integration for speed control at low speeds 

@ Position gain switching 

(2) Effective function for vibration countermeasures 

For highly torsional system, such as a high-speed 

feedback is used to stabilize the system. The torsional 

function. 

positioning machine, the acceleration 

vibration can be controlled by using this 
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(Note) The 9002/9022/9032 series differ in parameters from the ROM series for a general 

machine tool: 

(a) Difference in parameter meaning 

Series 0 Series 10, 11, 15 9002, 9022, 9032 series ROM series for general 
machine tool 

1 
I 

No.8X59 No. 1871 Position gain switching speed 

preset value (PGTWN) 

Back EMF voltage correction 

(EMFBAS) I 

No.8X66 I No. 1894 I ~~~ Acceleration feedback (WKAC) I PK2VAUX I 

(b) Bit position different in bit type parameter 

Parameter name 
I 

9002, 9022, 9032 series 
I 

ROM series for general machine tool 

FCBLCM Series 0 No.8X06 Bit 5 Series 0 No.8X06 Bit 0 

Series 10, 11, 15 No.1884 Bit 5 Series 10, 11, 15 No.1884 Bit 0 

PKVER Series 0 No.8X05 Bit 0 Series 0 No.8X06 Bit 2 

Series 10, 11, 15 No.1883 Bit 0 Series 10, 11, 15 No.1884 Bit 2 

2.11.3 Method of adjustment 

Series 0 is explained for the standard case. 

(1) Setting 

Before conducting adjustment, make the following settings for the standard servo parameters. 

8X06 : Make Bit 2 equal to 1 (low-speed integration valid) 

8X03 : Make Bit 3 equal to I (PI control) 

8X49 : Low-speed integration POA3 100 

8X52 : Low-speed integration POK3 100 

8X21 : Load inertia ; 0 

8X43 : Velocity loop integral gain ; 50 to 200 

Load inertia 
8X44 : Velocity loop ratio gain ; * Standard value X (1 + ) 

Motor inertia 

96 to 99 : Time constant ; 100 msec 

452 to 455 : Position gain ; 4000 to 5000 (0.01 set-‘) 

Using the function of integration for speed control at low speeds, and making load inertia equal 

to 1, adjust the integration gain, ratio gain, time constant, and position gain. 
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(2) Positioning waveform and hit rate 

VCMD 

Positioning end point 
/ 

1 I 

[ positioning i Stop time 
0 

I time 
I I I , 

, 

Positioning cycle T 

Reducing the positioning cycle allows increase in the hit rate. 

60000 msec 
Hit rate = 

T msec 

(3) Adjustment 

( ) a 

(b) 

Adjust the ratio gain (PK2V) so that the waveform when there is 25 mm feed becomes like 

B. 

(In the case that the printed board drilling machine is 2.54 mm feed.) 

In the case of overshooting (waveform A), raise the ratio gain (PK2V). 

In the case of undershooting (waveform C), lower the ratio gain (PK2V). 

(What is being described here is the increase to one side. For example, from - 100 to - 

200.) 

When the ratio gain (PK2V) only cannot be adjusted, change the time constant and position 

gain a little at a time. However, do not change outside the range in which there is no 

vibration. Change the time constant 20 msec at a time and change the position gain 2 

(l/s) at a time. Change the parameters in the following manner in order to change the 

waveform. 

@ To change the waveform from A to B : Lengthen the time constant. 

Lower the position gain. 

@ To change the waveform from B to C : Shorten the time constant. 

Raise the position gain. 

(Note) If the ratio gain (PK2V) and position gain are greatly over-set the oscillation limit will be 

exceeded and it will oscillate. Accordingly, determine the oscillation limit and take as a limit a value 

of about 70% of this. Furthermore, when it is desired to slightly raise the oscillation limit of the 

ratio gain (PK2V), use the acceleration feedback function. However, depending on the system, the 

situation may worsen. 

2-130 



2. SERVO FUNCTIONS 

( ) C 

60 

Waveform B 

Waveform C 

Waveform A 

Next, with the above values check the waveform of a short distance. If the waveform is 

undershooting, use the position gain switching function. The waveform will become as 

shown below. 

No. 8X06 “1 n is valid in BIT 7 (Position gain switching valid) 

No.8X59 250 

When changing the value of parameter No.8X59 by 50 at a time, the waveform will become 

like B. 

(If it is 

When 

range 

excessively raised, it may vibrate.) 

using the position gain switching function, lower the position gain. In the low speed 

because the position gain becomes double, it may vibrate. 

When using Series O-P as a turret press, depending on the distance it is possible to 

change the time constant, position gain and speed. 

For details, refer to the Series O-P maintenance manual. 

2.11.4 Servo parameter setting for combined punch press and laser 
machine tools 

In combined punch press and laser machine tools, a problem arises in the cutting path of the laser 

machine tool when parameters are set for positioning of the punch press alone. Therefore, 

functions are needed that are valid in punch press mode, but invalid in laser machining mode. 

(1) Applicable Servo ROM Series/Versions 

9022IOOl C version and thereafter 

9032/001A version and thereafter 
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Parameter Setting Method and Action 

In the case of combined punch press and laser machine tools 

Function bit: 

Parameter No. Parameter 
? 

8x10 

E I 

B7 B6 85 B4 B3 B2 B1 80 

1954 1 0 0 0 0 0 0 0 

in the case where the laser mode is specified by M code during the machining program, the 

following two functions become invalid: 

0 Position gain switching 

l Low-speed integration 

These above-listed functions enable faster positioning in punch press mode, but position loop 

gain and speed loop gain become discontinuous at low speed, and therefore, the cutting path is 

inaccurate. For this reason these functions are invalid in laser cutting mode. 

2.12 Types of Scales 

To improve and maintain the accuracy of machine tools, it may be necessary to install a direct- 

position detector (so-called scale feedback). 

in general, electrically magnifying the graduations of the scale from a period of 8 microns 2 mm 

gives a resolution of 0.1 to 1 micron. the electrical magnifying circuit of some scales must be 

adjusted, and incorrect adjustment may result in an error of several microns. 

This error affects the positioning, and‘ results in an erratic output signal if the table is operated 

continuously. This in turn degrades the quality of the machined surfaces. 

The causes of degraded machine surfaces resulting from errors in the scale can be classified into 

two groups. 

( ) a 

(b) 

An erratic output signal is generated for each graduation period, the servo is used (or 

attempted to be used) as the signal, and the table is driven erratically. 

in this case, the machined surface exhibits stripes whose pitch equals the scale graduation (or 

half of the period). These stripes may be reduced by adjusting the circuit if the scale is 

adjustable. 

There is a substantial gap between the motor and the scale, causing a delay in the position 

loop, which in turn results in erratic table motion. This problem cannot be solved unless the 

machine gap is eliminated. 

In either case, it is easy to identify if the scale is responsible for the problem. Simply isolate 

the scale (using the motor’s built-in pulse coder) using a parameter. 

Linear scales can be classified into three groups by their construction. 
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(1) lnductosyn (Resolver) 

With Inductosyn, an energizing current operating at several kilohertz is drawn through a zigzag 

scale pattern, generally secured on the bed. The scale has a shape resembling a comb. The 

current is detected by a head, or slider, positioned opposite the scale pattern at a certain gap. 

l The advantage of lnductosyn is superior contamination resistance. 

0 The graduation period is 2 mm. 

l An A/D converter made by Mitsubishi heavy Industries, Ltd. is used to connect the scale to 

a NC. 

l The ND converter must be adjusted. 

l Since the 2-mm graduation period is longer than the other two, it is not likely to result in 

the degraded surface quality even when the scale is poorly adjusted. However, measuring 

the roundness may reveal steps resembling contours. 

(2) Magnescale 

l With the Magnescale, a magnetic pattern is detected. 

l This scale also has superior contamination resistance. 

l The graduation period is 0.2 mm. 

l An adjustment volume control is provided in the detection circuit. 

l A frequency of around 10 Hz may result during finish cutting at an approximate feed rate of 

FIOO, eventually causing a degradation in the surface smoothness. 

(3) Optical Scale (Optical Encoder) 

Some separate position detectors operate with the same principle 

position detectors have advantages and disadvantages similar to those 

as linear scales. 

of linear scales. 

The 

With the optical scale, the position is detected by the light transmitted through slots marked 

the glass. As this scale is susceptible to contamination, it is generally housed in a case 

on 

for 

general purposes (1 micron). Since the graduation period, of 8 to 40 microns, is less than the 

others, maladjustment is not likely to affect the surface roughness except for a very gradual 

inclination (such as one degree or about I/100). 

The features of the products are as follows: 

Nikon Co., Ltd. 

l The graduation period is 8 microns. 

l The encoder is factory set. It is not possible to adjust it in the field. 

Heidenhein Co., Ltd. 

l Encoders made by this company have a high reputation among machine tool 

manufacturers. 

l The graduation periods are IO microns and 20 microns. 

l It is necessary to adjust the open-type encoders. It is not possible to adjust the 

encoders housed inside a case. 
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Futaba Oenshi Co., Ltd. 

l The graduation periods are 16 microns and 40 microns. 

l An adjustment mechanism is provided on the head. 

Mitsutoyo Co., Ltd. 

l The graduation periods are 10 microns and 20 microns. 

l The encoder is factory set. It is not possible to adjust it in the field. 

2.13 Difference due to the Sliding Surface and the Guide Types 

In general, the machine is driven by a 

for supporting the machine weight and 

ball screw. However, there are many types of mechanisms 

for the guides. 

In some cases, separate mechanism are used 

weight. However, one mechanism is usually used 
for 

for 

the linear-motion 

the two functions. 

guide and to support the 

The mechanisms are briefly classified below, listing their advantages and disadvantages. 

Note that the explanations are made from FANUC’ 

view points of the machine manufacturers. 

S viewpoint, and do not necessarily represent 

(1) Mechanism that Supports the Weight and Guides the Motion Using Friction Surface 

Supporting the weight using static friction has the disadvantages of greater starting torque, 

greater motion torque, greater delay in turning when cutting an arc, etc. However, its 

advantage is smaller runout because the reaction force resulting from the intermittent cutting is 

absorbed by the friction surfaces. 

If the friction is high and exceeds the required speed reduction torque when reducing the table 

speed and stopping it, the motor will stop while pushing the machine. This provides stable 

repetitive positioning accuracy without any over shooting. 

Although greater friction increases the load on the motor, the positioning force and kinetic 

energy will be dissipated by the friction when the gravity shaft is lowered or its speed is 

reduced. Therefore, regenerative discharge load is reduced. 

Since the friction is reduced mostly by lubricant, the motion at the start of work each day is not 

perfect. This is understood by most machine manufacturers and end users. 

In general, the curve of the fixed rail has no adverse affect since the guide provided on the 

moving side is sufficiently long. 
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Ground surface (rail) and sliding guide 

Although this type requires a lot of labor, it provides the most stable motion. 

Lubricant is trapped in on the sliding surface in convex and concave areas resembling fish 

scales. This construction ensues stable lubrication, and the metal to metal contact ensures 

high rigidity. 

The disadvantage is that the motion is liable to become too stiff, depending on the 

adjustment of the gib used to eliminate the gap. (The gib is a spacer resembling a wedge.) 

Ground surface (rail) and turkite 

This type is used by many manufacturers since it does not involve the sliding technique. 

Although it is possible to obtain high accuracy with this type, the table motion may change 

overtime after lubricating the gap intermittently. 

It is possible to check if the table motion has changed by stopping the supply of lubricant 

and checking if the repetitive motion varies slightly. 

(2) Mechanism that Supports the Weight by Rolling and Guides the Motion Using Friction Surfaces 

If the load becomes too great when the weight is supported by the friction surfaces, the 

machine may be placed on a roller pack, i.e., a set of rollers. 

With this mechanism, the disadvantage of rolling stated under item (3) are not so pronounced. 

It seems to be possible to obtain characteristics similar to that of the friction guide described in 

item (1) above. 

(3) Mechanism that Supports the Weight and Guides the Motion by Rolling 

In general, this mechanism is always used for machines with substantial travel since it involves 

less friction. An example is the punch press. 

Since the starting torque and the moving torque are also lower when the rolling motion is 

properly adjusted, the mechanism provides a good response when changing the direction of 

motion. 

However, the lower friction torque means that the reaction force from the machine during 

intermittent cutting is directly transferred to the motor, causing motor movement. 

In addition, a lower motion torque leaves more starting torque. Therefore, feeding the table 

using minute strokes results in overshooting. 

Furthermore, replacing the friction guide with the rolling guide reduces the load on the motor 

but increases the load for the regenerative discharge. Even with the reduced load on the 

motor, the regenerative alarm tends to be frequently activated if the positioning frequency alone 

is increased. Rigidity against the load changes drastically depending on the shape of the 

rolling object. 
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Although the rigidity can be 

expected. (It becomes clear 

neglected in case of a rolier, the rigidity of a ball is lower than 

if one imagines how a roller and a ball deform.) 

Because all the machines are designed to require low motion torque during the rapid feeding, it 

is possible that the machine is requires excessive torque at the beginning of work each day. At 

this time, the lubricating temperature of the balls is low and the viscosity is high, causing 

insufficient table acceleration. This problem can usually be eliminated by operating the table 

through several strokes. However, it may be necessary for the machine manufacturer to 

increase the time constant for the machine or, if the time constant does not have much margin, 

it may be necessary for the users to limit the duty by 50% at the beginning of work each day. 

( 1 a 

(W 

LM guide (trademark registered by THK) and similar structures 

This type of guide is commonly used for many mass-produced machines. This is because 

the machine parts, such as the bed, the guide, etc., are easily manufactured. 

However, since it is not possible to control the distanees between the rolling balls, the table 

is liable to seize if the balls become clogged. (A spacer ball has been designed to 

minimize clogging of the balls, but it is not perfect.) 

Furthermore, the use of balls means that the rigidity against the load is not sufficiently high. 

Some mechanisms use applied pressure to increase the rigidity. However, the pressure 

tends to increase the starting torque and make the balls more liable to become clogged. 

In addition, the dust seal on the guide acts as another source of friction. Some guide 

manufacturers claim that the coefficient of friction is as low as about 0.01. However, none 

of the guides used for the machine tools have such a low coefficient. 

Because of the contact angle of the balls, the ball bearing housing the balls has lower 

rigidity against tensile force than compressive force. Therefore, the motion of the table 

may become unstable depending on the position of the table and the direction of the force. 

In general, there are two rails each having two guides. 

The curve of the installed rail may be directly picked up because it is guided at only two 

points. 

Cross-roller guide 

This guide consists of cylindrical rollers placed between V-shaped grooves arranged in 

opposition to each other. 

Although this guide provides thigh rigidity, it is rarely used now because the V-shaped 

grooves require high accuracy. 

Its disadvantage is that, despite the length of the rail, it does not provide a long stroke 

(travel distance). As a result, the guide is made to overhang the roller guide, if provided, 

and is used. 

The overhang may cause the machine to tilt as the mechanism travels beyond the center 

of gravity. _ 
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(4) Mechanism that Supports the Weight and Guides the Motion by Static Pressure 

On some types of this mechanism, oil or air is blown between the two opposing guide surfaces 

which support the table. There are two reasons for this arrangement. 

l The size and weight of the machine prevent the table from being supported by rolling or 

friction guides. 

l As very accurate motion is required, it is necessary to eliminate the effects of the starting 

torque resulting from the rolling or friction. 

This type of guide is used only for special machines. 

For large machines that require a static pressure guide, it is not possible to regard the table as 

a rigid object. It is better to regard the table as partially floating rather than uniformly floating. 

In addition, it would be difficult to maintain a given stopping position if there is no friction. 

Therefore, adequate friction is necessary even when very highly accurate motion is required. 

(5) Differences in Motion Resulting from the Friction Characteristics 

Examples of desirable and undesirable friction characteristics are shown below in terms of 

stability when the table is stopped, accuracy when slowing down and stopping the table, and 

feeding the table in increments. 

Friction 

Desirable characteristics 

/ 

The undesirable characteristics are given first. The friction substantially drops after start up, 

making it difficult to feed the table by one pulse. Similarly, since the table stops at relatively 

low kinetic friction, the holding current for the motor (the current when the table is stopped) is 

also low. 
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Since its static friction is substantially higher than the kinetic friction, it takes some time for the 

which overcomes the static friction for driving the table. This means 

I 

motor to reach a torque 

there is a delay in response. In addition, the holding current may deviate depending on the 

case, which results in unstable positioning accuracy. 

The desirable characteristics are as follows. The difference between the static friction and the 

kinetic friction is small, and there may be a relatively big current remaining when the table is 

stopped. However, the current level should be constant each time the table stops and the time 

required for the next start-up is also stabilized. 

The ideal friction characteristics are where the friction is constant when the table is stopped, 

where the friction is not reduced after starting up, and where the friction does not increase at 

higher speeds. Of course, these characteristics cannot occur at the same time. 

2.14 Machine Elements Used in Machine Tool 

Machine tools use many components such as gears, belts, couplings, ball screws and bearings, 

and also many mechanisms, such as counterbalances and hydraulic cylinders. 

This appendix describes the influence of such components and mechanisms on the servo system, 

referring to problems experienced in the past. 

Like Section 2.13, the following material is described from FANUC’s viewpoint, and may not agree 

with the manufacturer’s opinion. 

(1) Gears 

Gears are used for connection with a feed screw to change the drive ratio or to reduce the 

margin when using a coupling. 

In rare cases, a feed screw cannot be used or an applicable feed screw cannot be produced 

because the machine is too big. In this case, a rack (a linear gear) and pinion (a small gear) is 

used to convert rotation to linear movement. 

For a rotating shaft that requires larger reduction ratio, a worm is used. 

The use of gears depends on each manufacturer’s design. The use of gears has the following 

advantages and disadvantages. 

Advantages 

l When a screw provides a long lead or does not require a fast feed rate, the use of gears to 

reduce the drive ratio increases the thrust and enables finer positioning. 

l The use of a coupling causes runout with a shaft and/or coupling, and has a bad influence 

on screws. The use of gears eliminates this problem. 
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Disadvantages 

l All gears have backlash. Therefore, using a pair of gears causes the load (inertia) on the 

motor to change depending on whether the teeth are in contact. 

If the gain is adjusted with the teeth of the gears in contact, and hence the load is applied 

to the motor, the gears oscillate when the teeth are not in contact and the teeth beat 

against each other, resulting in large vibration. In particular, if the load is big, an observer 

mst be used. 

l However precisely a pair of gears is made, there will be a transfer error, and the rotation of 

the motor will not exactly coincide with that of the screw. 

Some manufacturers whose design connects the motor and screw by gears use a separate 

detector for the screw whenever applicable. 

For users of a machine such as a small lathe, it is very important that the finished surface 

of workpiece has a good appearance. a separate position detector therefore seems to be 

necessary for such machines because the finished surface is influenced by uneven feeding 

of the gears. 

l Although properly finished gears cause no problems, poorly finished gears may cause 

noise and/or vibration whose frequency is a multiple of the number of teeth on the gears. 

The frequency of the noise and/or vibration caused by gears is always proportional to the 

feed rate. Observe the TSA signal carefully and check the relationship to the number of 

teeth per motor revolution. 

Example: Number of teeth of the gear attached to the motor 20 

Mechanical movement per revolution of the motor 8mm 

Feed rate 1200 mm/min 

1200 (mm/min) + 8 (mm/rev) X 20 (/rev) f 60 (sec/min) = 50 (set-’ = Hz) 

Even if noise and/or vibration is caused because of poor finish of the gears, the level may 

differ depending on the rotational direction. In other words, if the noise and/or vibration 

changes depending on the direction of movement, it is possible that it results form the 

gears. 

More about backlash: 

In general, backlash is regarded as the caused of problems and is suspected to be the 

cause when a servo does not function well. However, backlash is not always troublesome. 

It is impossible to eliminate back lash. 

(It is impossible to adjust the runout of gears to zero in actual installation. Hence 

eliminating backlash means that part of one gear is in contact with the other. If the gears 

are in contact, the load torque will always be uneven, and this will cause problems.) 

Backlash of the teeth is relatively small when converted to a rotational angle. 

Example: Gear for motor Module 2; Number of teeth 20; reference circle 040 mm 

Mechanical movement per motor revolution 8 mm 

x x 40 (mm) f 8000 = 15.7 (dpulse) 
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(2) Timing Belts 

This means that 15-p backlash on a tooth corresponds only to 1 p in the direction of 

movement. 

Provided that the pressure angle of a gear is 20 degrees, the 15-p backlash on a tooth is 

equivalent to a shaft distance of 43 p. 

That is, even if a gear causes a runout of 43 p, the backlash resulting from it is only 1 p. 

In other words, if the runout of a gear is adjusted to 45 p or less in actual installation, it is 

possible to minimize the backlash to 1 p or less. 

It is understood from the above equation that looser adjustment is allowable if the diameter 

of the gear is larger. (The smaller the diameter is, the tighter is the required adjustment.)- 

The advantages of belts, or the reasons for using them, and their disadvantages are as follows. 

Advantages 

l A belt enables changing the drive ratio as a gear does. 

l A belt provides greater flexibility than gears when setting the shaft distance between a 

motor and a screw. (It is impossible to mount a screw and a motor in a reverse direction 

because it is impossible to set the shaft distance as long as the motor width.) 

l The shaft distance can be less accurate than that for a gear, as the belt tension can be 

adjusted. 

l Vibration caused by backlash is less frequent than when gears are used. 

Disadvantages 

0 The rotational torque becomes uneven when the tension is tightened to some extent to 

achieve the required accuracy. 

l The problem of noise and/or vibration generated at the teeth is more frequent than with 

gears. 

l Because belts require a certain tension in addition to the transfer torque, the shaft is more 

likely to be bent or broken. 

l Backlash varies depending on the change in tension. 

l The rigidity of connection is relatively low when the belt is not tight. 

Even when noise and/or vibration is generated, it is not possible to adjust the tension to 

maintain accuracy. The degree of noise and/or vibration does not always depend on whether a 

belt is defective. 

It seems that the only trouble caused by a belt is delayed and/or uneven response because of 

insufficient tension. 

However, having the belt as tight as possible does not guarantee better operation. Most 

breakages of the shaft in Model O/5 AC servo motor are due to excessive belt tension. 

The radial load for Model O/5 is 70kg as stated in the specifications. (A load exceeding 300 kg 

is necessary to break the shaft in practical applications, but the total load including the transfer 

torque should be kept as small as possible.) 
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The radial load for Model 10 or larger models is 450kg as stated in 

load should not be exceeded in any application. 

In both cases, the allowable load is that applied at the tip of the shaft. 

When a pulley is located near the motor, the shaft can withstand a 

moment becomes smaller. 

the specifications. This 

bigger load because the 

(3) Coupling 

The simplest way to connect a motor and a ball screw is directly. 

This requires appropriate accuracy in concentricity, parallelism, and rotational runout between 

the two shafts. 

Flexible coupling using leaf springs is available to absorb any variations. 

In installing this type of coupling, certain accuracy is still required so that the specified transfer 

accuracy and rigidity can be achieved. 

In actual installation, however, it is probable that the required accuracy cannot be achieved with 

a coupling even though the machine is operating within the guaranteed runout of the servo 

motor and within the guaranteed error of the machine itself. 

Even if the runout of the motor shaft is as big as one unit, once the shaft is installed on a 

machine with a coupling, the runout is absorbed as the shaft and the bearing deflect. 

As the ball screw rotates, it receives an additional force because of this. 

To eliminate this additional force, the coupling is disassembled before mounting and the motor 

side and the ball screw side are mounted in advance, each using a Spannelemente. By 

controlling the tightening of each Spannelemente, the runout of the coupling can be controlled 

to about l/l 00 ms. (Some manufacturers have incorporated this procedure in their installation.) 

The reader may feed that it not always necessary to use a flexible coupling because this 

troubtesome mounting is the solution. In practice, some manufacturers use a rigid coupling 

that has a Spannelemente on each side. 

This type of coupling is first mounted on a motor and its runout is controlled by adjusting the 

Spannelemente. Then, it is mounted on the machine and the Spannelemente on the ball screw 

side is tightened. . 
The runout of the coupling is controlled also to be about l/l00 mm, and the remaining runout is 

absorbed by the deflection of the motor shaft. 

Problems caused by a coupling 

There seem to be two problems caused by a coupling. 

l The table zig-zags because it is deflected as it receives the load of the coupling. 

l If a flexible coupling is used to absorb a large runout and the runout exceeds the 

guaranteed limit for the coupling, the torsional rigidity of the coupling decreases sharply. 

As the rigidity decrease, that coupling functions as a spring and causes noise and/or 

vibration. 

If there is noise and/or vibration when a square leaf spring is used with a flexible coupling, 

the noise and/or vibration increases at four particular portions per revolution. 

In both causes, the problem is with the machine. Nothing can be done but to ask the machine 

manufacturers to remount the motor and the screw by shifting the phase and to understand 

that the problem occurs in the same phase as that of the coupling. 
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(4) Ball Screws and Bearings 

It is very difficult to identify the problems that result from ball screws and bearings. 

Bearings are also used in a motor. It seems that noise and/or vibration resulting from a bearing 

relates to how many balls in the bearing pass over a flaw per motor revolution. 

In short, it is necessary to check how far the balls move while the inner ring (rotor) of a bearing 

completes one revolution. 

Bearings used for Model 10 and some other models contain 9 balls. The balls move only 400 

of a revolution while the inner ring completes one revolution. This movement is equivalent to 

about 3.5 balls. 

Therefore, if there is a flaw on the outer ring, 3.5 balls pass over the flaw per motor revolution. 

If there is a flaw on the inner ring, 5.5 balls pass the flaw per motor revolution. 

As a result, the noise and/or vibration of a motor, when operating at 2000 rpm, will be as 

follows. 

Outer ring : 2000 t 60 X 3.5 = 116.7 or approximately 117 Hz 

Inner ring : 2000 + 60 X 5.5 = 183.3 or approximately 183 Hz 

In this way it is possible to identify the cause of noise and/or vibration having either of these 

frequencies. But the movement of the balls per revolution of the inner ring can be clarified only 

by checking with the manufacturer. 

If it is possible to check the inside of a bearing, it is recommended to turn it manually and 

measure the movement of the balls. 

(5) Counterbalances and Hydraulic Cylinders 

Three-axis machining center or slanted lathe has a shaft along the axis of gravity. 

A brake prevents the material being processed from lowering while the power is off, and a 

servo motor holds it during operation. If the material is very heavy in this system, the load on 

the motor becomes large. Hence, a larger motor or a regenerative discharge unit becomes 

necessary. 

A counterbalance or balancer consisting of a hydraulic cylinder is used to eliminate the need 

for a larger motor or a regenerative discharge unit. The counter balance and balancer 

consisting of a hydraulic cylinder has the following advantages and disadvantages. 

When a balancer is used to support the weight and the retention force of the balancer is in 

precise equilibrium with the weight, the positioning may become unstable. 

This results from the shift of the center of gravity of the moving object, the shift of the tensile 

position of the balancer, and the shift in the position of the ball screw and the guide. The shift 

in these areas causes a moment to be applied to the moving object during movement. The 

magnitude of the moment varies depending on the direction of movement and the rate of 

deceleration of stopping (deceleration is constant). 

In this case, it may be possible to resolve the problem by putting the balance out of equilibrium. 
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(a) Counterbalances 

Advantages 

l Even if the power is off, the moving object will not fall because it is balanced by a 

weight. 

Disadvantages 

l The weight increases the inertia applied to the motor, causing the acceleration/ 

deceleration and controllability of the machine to deteriorate. 

l The weight and the supporting wire chain are liable to resonate. 

Machine manufacturers generally determine the strength of the chain considering the safety 

factor for the weight. For servo operation however, the weight functions as a free moving 

load supported by a wire and the wire functions a a spring supporting the load. 

In other words, the safety of the wire chain does not relate so much to its length provided 

the thickness is constant, but the rigidity is inversely proportional to the length. 

If the cutting surface after an abrupt movement or stop is very bad on a unit and if a 

*counterbalance is used on a shaft of the unit, it is necessary to check whether the servo 

motor is influenced by the counterbalance. 

To confirm the influence by the counterbalance, check VCMD immediately after the shaft 

stops at a short time constant, such as in feed cutting. 

If VCMD oscillates at a low frequency, such as about 10 Hz, and its amplitude decreases, it 

is regarded that the servo motor has been influenced by the counterbalance. 

Increase the gain to the maximum value to reduce the swing caused by the 

counterbalance. 

To adjust a machine, it is advisable to tighten the GIB and increase the friction. 

(b) Hydraulic cylinders 

Advantages 

l Hydraulic cylinder generates a force but does not increase the inertia applied to a 

motor, so neither the acceleration/deceleration nor regenerative performance 

deteriorates. 

Disadvantages 

l Because the machine oil moves as the cylinder moves, the oil may cause a pulsation 

when it passes through a device to regulate the oil pressure or a valve. 

This pulsation accelerates the moving object, resulting in noise and/or vibration. 

lo observe this effect, FANUC requests the manufacturer to turn off the hydraulic 

pressure line. This check shall be conducted after ensuring that the motor can 

withstand the weight of the moving object. 
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2.15 Resonant Frequency of Bail Screws 

A machine has its natural resonant frequency, which is independent of the operating conditions, 

such as feed rate. A component of the frequency sometimes appears in the form of vibration or 

resonance. 

This appendix describes the natural resonant frequency in the case of a ball screw. 

(I) Natural resonance of ball screws 

The following is regarded as the natural vibration of a ball screw. 

(i) Longitudinal vibration : Vibration caused by the longitudinal expansion and contraction 

of the ball screw 

(ii) Torsional vibration : Vibration caused by the torsion within a ball screw 

(iii) Transverse vibration : Vibration perpendicular to the shaft of a ball screw 

There is another natural torsional vibration caused when logds are attached to both ends 

ball screw. 

Regarding items (i), (ii) and (iii) above, Table 1 below lists the basic resonant frequency 

ball screw made of steel, supposing that the length of the screw is L [m] and diameter 

[mm]- 

Table 2.15 Resonant Frequency of Steel Ball Screw at Each Mode 

Type of vibration Resonant frequency [Hz] 

Longitudinal vibration f 1 = 2.59 X 1 03/L 

Torsional vibration f2= 1.61 x103/L 

Boundary condition of both ends f3 = 2.03 x d/L2 

Traverse 
Supported and supported 

vibration Fixed and fixed f4 = 4.60 x d/L2 

Supported and fixed f5=3.17xd/L2 

of a 

of a 

is d 

(Note 1) “Fixed” and “Supported” for transverse vibration mean the following. When the 

force at the end a ball screw works is perpendicular to the shaft (more exactly, when a moment 

is applied to the cross section), the screw is said to be “Fixed”. When such a force is not 

perpendicular to the shaft, the screw is said to be “supported”. In general, fixed screws are 

often used on machining centers and supported screws are often used on grinders. 

Numerical examples : Suppose that L = 1 [m] and d = 40 [mm], 

fl = 2590 [Hz] 

f2= 1610 [Hz] 

f3 = 81 [Hz] 

f4= 184 [Hz] 

f5 = 127 [Hz] 
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(2) Resonance including loads attached to both ends of a ball screw 

Next, let us examine the case in which two loads (one being a motor) are attached to either 

end of a ball screw and they resonate due to the torsion of the screw. . 

Suppose that the loads are Jm and Jl, the angular displacements are Bm and 81, and the 

torque applied to each is Tm an Tl . This system can be represented in as Fig. 2.15 (a) below. 

81 

Tl 

d [mm1 

L Cm1 

Jm Jl 

Fig. 2.15 (a) 

Also, suppose that the ball screw is elastic and requires a torque of Km per unit angle of 

torsion. Then, the above system can be shown in a block diagram as in Fig. 2.15 (b) below. 

Fig. 2.15 (b) Model for Spring System 

In the system shown in Fig. 2.15 (b), the difference A8 (s) between the angular displacement 

8m (s) on the motor side and 01 (s) on the load side is as follows. 

Tm/Jm + TVJI 
A6 (s) = 

s* + Km x (l/Jm + l/JI) 

The characteristic root of this transfer function is: 

s= kj ~Kmx(l/Jm+l/JI) 
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Consequently, the resonant frequency of this system becomes: 

f=(1/(2xz))x ~Kmx(l/Jm+l/JI) 

Suppose that the length is L [m] and the diameter is d [mm]. Km for a steel ball screw is 

given by Km = 8.25 x 1 O’* x d4/L [ Kgcm]. 

f=4.57xlO-*x ~Kmx(l/Jm+l/JI)xd4/L [Hz] 

(Numeric example) If L = 1 m, d = 30 mm, Jm = Jl = 0.1 kgcms*, the result is: 

f=4_57xlO-*x d(VO.1 +l/0.1)x304/1 = 184 [Hz] 

In the above calculation, the following data for steel is used. 

Longitudinal modulus of elasticity (Young’s modulus) E = 21500 [kg/mm*] 

Traverse modulus of elasticity G = 8300 [kg/mm*] 

Specific gravity 7.86 
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III. SERIES 9050 DIGITAL SERVO 
SOFTWARE FOR Series 16 



Part Ill, “Digital Servo Software for Series 16/18”, describes the servo software for 
the following series. 

Digital Servo ROM 
L 

ROM series Latest edition Use Model 

9050 I For general machine tools (machine Series 16 
tools must have a serial pulse coder.) Series 18 

(1) Series and edition of applicable servo ROM ................ 3 - 

(2) Specifications ...................................... 3 - 

(3) Parameter setting ................................... 3 - 

(4) Servo parameter setting ............................... 3 - 

(5) Alarm cause analysis ................................. 3 - 

(6) Changes in the specifications of the diagnostic board ........ 3 - 

(7) Servo parameters for the Series 16 ...................... 3 - 

(8) New functions ...................................... 3 - 

This part describes the following points: 



1. SPECIFICATIONS 

1 l SPECIFICATIONS 

(1) Series and edition of applicable servo ROM 

Series 9050, editions 001 A and later 

(2) Specifications 

l Series 9050 is the digital servo software for the Series 16/18. It has been designed to 

drive servo motors which have serial pulse coders. 

l The 9050 series software is available for the following pulse coders: 

Type 
Maximum number of 

I 

Communication with 
detection pulses absolute values I 

Applicable motor 

Serial pulse coder A I 1 ,OOO,OOOP/rev I Provided I S series motor 

Serial pulse coder B I 25O,OOOP/rev I Provided I T series motor 

Serial pulse coder C I 40,OOOPkev I Not provided I S series motor 

The ROM edition used to drive a motor is determined by the pulse coder mounted on the 

motor. 

Serial pulse coders A and B : Series 9050, editions 001 A and later 

Serial pulse coder C : Series 9050, editions 001 B and later 

For details of servo parameter setting for motors with each type of pulse coder, see the 

following description. 

For the function of each parameter and the method of adjustment, see the relevant section in 

Parts I and Il. The correspondence with the parameter numbers of Series 0 is as follows: 

Series 16/l 8 Series 0 

2Oncl 

X 8KIIl 

Y 82clcl 

Z 8Klcl 

This means that the servo parameters of Series 16/l 8 correspond to those servo parameters of 

Series 0 that have the same numbers in the lower two digits. For information about the digital 

servo ROM for the Power Mate, see Section 2.1.2 in Part II. 
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1. SPECIFICATIONS 

(3) List of additional functions available with each edition (functions added to 9050 Series, edition 

Additional function . Edition 

Serial pulse coder dummy function I 0 

High-speed positioning function I 0 

Advanced feed-forward function I F 

Dual position feedback function I F 

Nonlinear control function I F 

One-pulse suppress function for serial pulse coders A and B I G 

Phase advancement compensation function for deceleration I G 
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2. SETTING PARAMETER 

2. SETTING PARAMETER 

(1) Be sure t6 use a flexible feed gear. 

When using a motor with a serial pulse coder, be sure to use flexible feed gear for setting 

DMR. If flexible feed gear is not used, an alarm will be issued. 

(a) Serial pulse coders A and E3 

Numerator of DMR (No.2084) Desired number of position feedback pulses 
per revolution of the motor 

Denominator of DMR (No.2085) 1 ,ooo,ooo 

(Note 1) Since the maximum value that can be set for both the numerator and denominator of 

DMR is 32767, use values obtained by dividing the numerator and denominator by a common 

value. 

(Note 2) When the T series motor (serial pulse coder B) is used, the numerator of DMR 

(No.2084) must be 250,000 or less and the denominator of DMR (No.2085) must be 1 ,OOO,OOO. 

(Note 3) The numerator must be smaller than or equal to the denominator. If a numerator larger 

than the denominator is set, an alarm will occur. 

(b) Serial pulse coder C 

Numerator of DMR (No. 2084) Desired number of position feedback ‘pulses 
per revolution of the motor 

= 

Denominator of- DMR (No.2085) 40,000 

(Note) Since the maximum value that can be set for both the numerator and denominator of 

DMR is 32767, use values obtained by dividing the numerator and denominator by a common 

value. 

(2) Use motor No.39 or later. 

The motor number used must be 39 or later (standard velocity loop period of 1 ms). If a motor 

with different velocity loop period is used, an alarm will be issued. 

(3) Set the dummy function for an axis with no servo amplifier or motor connected 

Set the dummy function for an axis with no servo amplifier or motor connected. Then alarms 

associated with the serial pulse coders and amplifiers do not occur. 

No. 2009 bit 0 = 1: Enables the dummy function 

(available with Series 9050, editions D and later) 
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2. SETTING PARAMETER 

(5) Setting parameters 

(a) Flowchart 1 

I Setting 1 I 

I What is the type of the pulse coder? 
Serial pulse coder C . 1 

1 Serial pulse coder A, B 

M-* Is least input increment 0.1 pm? 

Cro next page) 
No 

Initial setting 

Parameter numbers 

2000 Initially set bits bit 1 = 0, bit 0 = 0 

2001 (AMR) See the table at the right. 

2020 (Motor No.) Motor type (39 or after) 

2022 (Travel direction) 711 (CCW) or -177 (CW) 

ri Setting 3 

, 1 
Power OFF/ON 

. 

(To next page) 

AMR setting 
1 

Motor AMR 

Fully-closed 

17 

Machine system? 

For the setting 

procedure, see (1). 

Semi-closed 

Set the flexible feed gear. 

2084 (N) Numerator of DMR 

2085 (M) Denominator of DMR 

{I 
Parameter number 

2023 (Number of velocity pulses) 8192 
? 

Parameter number NS : Number of feedback pulses 
2024 (Number of position pulses)72500 

2023 (Number of velocity pulses) 8792 from the scale per 

2024 (Number of position pulses) NS revolution of the motor 
c 

Power OFF/ON 

I Setting of parameters is completed. I 
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2. SETTING PARAMETER 

(b) Flowchart 2 

Setting 2 

Initial setting 

Parameter numbers 

2000 Initially set bits bit 1 = 0, bit 0 = 1 

2001 (AMR) See the table at the right. 

2020 (Motor No.) Motor type (39 or after) 

2022 (Travel direction) 111 (CCW)or -111 (CW) 

Power OFF/ON 

Set the conventional DMR 

or flexible feed gear. I 

Parameter numbef 

2023 (Number of velocity pulses) 819 

2024 (Number of position pulses)NS/l 0 

AMR setting 

Fully-closed 

I 
Machine system? 

Semi-closed 

For the setting 

procedure, see (1). 11 

b 

Parameter number 

2023 (Number of velocity pulses) 819 

1 
2024 (Number of position pulses) 1250 

NS : Number of feedback pulses 

from the scale per 

revolution of the motor 

I 

Setting of parameters is completed. 
. \ 
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2. SETTING PARAMETER 

(c) Flowchart 3 

Initial setting 

Parameter numbers 

2000 Initially set bits bit 1 = 0, bit 0 = 1 

2001 (AMR) 00000000 

2020 (Motor No.) Motor type (39 or after) 

2022 (Travel direction) 111 (CCW)or -111 (CW) 

I Power OFF/ON 

Fully-closed 

I 
Machine system? 

Semi-closed 

I 

I Parameter number 

1815 bit 1 = 1 I 
For the setting 

procedure, see (1). 

Set the conventional DMR 

or flexible feed gear. 

Parameter number 

2023 (Number of velocity pulses) 4000 

2024 (Number of position pulses)NS/lO 

2024 (Number of position pulses) 4000 
NS : Number of feedback pulses 

from the scale per 

revolution of the motor 

Power OFF/ON 

I Setting of parameters is completed. I 
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3. ADJUSTING PARAMETERS 

3. ADJUSTING PARAMETERS 

(1) Enter the following from the NC keypad. 

(i) Function key <SYSTEM ) + [SYSTEM] + [ D] + [SV - TUN] 

The following servo adjustment screen appears on the CRT. 

Servo adjustment 

X axis 

01000 NO000 

Func bit 

Loop gain 

Tuning st 

Set period 

Int. gain 

Prop. gain 

Filter 

Veloc gain 

00000000 Alarm 1 00000000 

3000 Alarm 2 00000000 

0 Alarm 3 00000000 

0 Alarm 4 00000000 

113 Alarm 5 00000000 

-1015 Loop gain 3000 

0 Pos error 55555 

100 Current (%) 5 

Speed (rpm) 1000 

(Value Setting) 

Fig. 3 

Function bit 

Loop gain 

Tuning st 

Set period 

Int. gain 

Prop. gain 

Filter 

Veloc gain 

Alarm 1 

Alarm 2 

Alarm 3 

Alarm 4 

Alarm 5 

Loop gain 

Pos error 

. . No.2003 

. . No. 1825 

. . No.2009 bit 1 

. . No.2079 

. . No.2043 

. . No.2044 

. . No.2067 

No.2021 + 256 
woo (%) 

256 
. . DGN No.200 
. . DGN No.201 
. . DGN No.202 
. . DGN No.203 
. . DGN No.204 
. . The actual servo loop gain is indicated. 
. . The axis error is indicated. 

DGN No.300 

Current (O/O ) 

Speed (rpm) 

. 

. The current value of the axis is indicated as a percentage of 

the rated current. 
. . The actual motor speed is indicated. 
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3. ADJUSTING PARAMETERS 

(2) On this screen, check that no alarms are issued. While monitoring the value of position error, 

adjust the velocity gain, integral gain, and proportional gain according to the load of the 

machine. 

(Note) When only a motor is connected, the velocity gain is 100%. When the load inertia is 

equal to the motor inertia, adjust the velocity gain to 200%. 

See chapter l-8 and sec. H-2.9 for adjustment method. 
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4. ANALYZING ALARM CAUSES 

4 I 

(1) 

(2) 

ANALYZING ALARM CAUSES 

When the following message is displayed on the NC screen, check the bits of alarms 1 and 5 

on the servo adjustment screen: 414 j-JAXlS DETECT ERR. 

One of the following bits must be turned on. 

87 B6 B5 B4 83 82 Bl BO 

Alarm 1 OVL LVAL ovc HCAL HVAL DCAL FBAL OFAL 
A 

OFAL : An overflow occurs in the digital servo. 

DCAL : A regenerative discharge alarm has been detected in the servo amplifier. 
. 

Check the LED for the servo amplifier. 

HVAL : An overvoltage alarm has been detected in the servo amplifier. Check 

the LED for the servo amplifier. 

HCAL : An abnormal current alarm has been detected in the servo amplifier. 

Check the LED for the servo amplifier. 

ovc : An overcurrent alarm has been detected in the digital servo. 

LVAL : An insufficient voltage alarm has been detected in the servo amplifier. 

Check the LED for the servo amplifier. 

Alarm 5 

B7 B6 B5 B4 83 B2 Bl BO 

OFSTER MCCALM 

OFSTER : A current conversion error has occurred in the digital servo. Replace 

the Axis PC board in the NC machine. 

MCCALM : A magnetic contactor contact in the servo amplifier has welded. 

Check the LED for the servo amplifier. 

When the following message is displayed on the NC screen, check the bits of alarms 1 and 2 

on the servo adjustment screen: 400 CyutlS OVER LOAD, or 416 q A.XlS DISCONNECT. 

First check the bits of alarm 1. 

B7 B6 B5 B4 63 82 Bl BO 

Alarm 1 OVL LVAL ovc HCAL HVAL DCAL FBAL OFAL 

When the “400 DXIS OVER LOAD” message is displayed, bit 7 is set to 1. 

When the “416 IIS DISCONNECT” message is displayed, bit 1 is set to 1. 

To examine the alarm cause, check the bits of alarm 2. 

B7 B6 B5 84 83 B2 Bl BO 

Alarm 2 ALDF EXPC 
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4. ANALYZING ALARM CAUSES 

The bits of alarms 1 and 2 indicate one of the alarm causes listed in the table below: 

Alarm cause 

Motor overheated 

Amplifier overheated 

Built-in pulse coder disconnected (hardware) 

Separate pulse coder disconnected (hardware) 

Pulse coder disconnected (software) 

Alarm 1 Alarm 2 

Bit 7 Bit 2 Bit 4 Bit 2 

OVL FBAL ALDF EXPC 

1 0 1 0 

1 0 0 0 

0 1 1 0 

0 -l 1 1 

0 1 0 0 

Example: When the DISCONNECT alarm is issued and bit 7 of alarm-2 is set to 1 (alarm 2: 

10000000), the built-in pulse coder is disconnected in hardware. 

(3) When the following message is displayed on the NC screen, check the bits of alarms 3 and 5 

on the servo adjustment screen: 350 SPC ALARM. 

B7 B6 B5 B4 B3 92 Bl 80 
+ 

Alarm 3 CSAL BLAL PHAL RCAL BZAL CKAL SPHAL 

CSAL : The serial pulse coder is defective. Replace it. 

BLAL : The battery voltage is low. Replace the battery. 

PHAL : The serial pulse coder or feedback cable is defective. Replace the serial 

pulse coder or feedback cable. 

RCAL : The serial pulse coder is defective. Replace it. 

BZAL : The power has been supplied to the pulse coder for the first time. Turn 

the power off and check that the battery is connected. Then turn the 

power on and execute the return operation to the zero point. 

CKAL : The serial pulse coder is defective. Replace it. 

SPHAL : The serial pulse coder or feedback cable is defective. Replace the pulse 

coder or cable. 

87 B6 85 B4 B3 82 Bl BO 

Alarm 5 LDALM PMALM 
. 

PMALM : A feedback pulse error has occurred because serial pulse coder C or 

the feedback cable is defective. Replace the pulse coder or cable. 

LDALM : The LED indicates that serial pulse coder C is defective. Replace it. 
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4. ANALYZING ALARM CAUSES 

(4) When the following message is displayed on the NC screen, check the bits of alarm 4 on the 

servo adjustment screen: 351 SPC ALARM. 

B7 B6 B5 84 83 B2 BI 80 
t 

Alarm 4 DTERR CRCERR STBERR PRMALM 
. A 

DTERR : 

CRCERR : 

STBERR : 

A communication error occurred from the serial pulse coder because 

the pulse coder, feedback cable, or the circuit for receiving feedback 

signals is defective. Replace the pulse coder, feedback cable, or the 

Axis PC board in the NC machine. 

A communication error occurred from the serial pulse coder because 

the pulse coder, feedback cable, or the circuit for receiving feedback 

signals is defective. Replace the pulse coder, feedback cable, or the 

Axis PC board in the NC machine. 

A communication error occurred from the serial pulse coder because 

the pulse coder, feedback cable, or the circuit for receiving feedback 

signals is defective. Replace the pulse coder, feedback cable, or the 

Axis PC board in the NC machine. 

(5) When the following message is displayed on the NC screen, check the bits of alarm 4 on the 

servo adjustment screen: 407 WIS DGTL PARAM. 

87 B6 B5 B4 B3 B2 Bl BO 

Alarm 4 DTERR CRCERR STBERR PRMALM 
t 

When bit 4 is set to 1: 

(Cause 1) No. 2084 is set 0, or No. 2085 is set to 0. 

(Action) Set a flexible feed gear in No. 2084 or No. 2085. 

(Cause 2) The velocity loop period is set to 2 msec (No.2004 bit 1 = 0). 

(Action) Initialize the all-axis motor type number (No. 2020) to 39 or greater. 

(Cause 3) When bit 0 of No. 2000 is set to 1, No. 2047 (POAl ) may overflow. 

(Action) Set No. 2047 to 0. (Note, however, that the observer function is disabled.) 

(Cause 4) A position gain exceeding the allowable setting range may have been set. 

(Action) Enable the position gain setting range extension function (No. 2047 bit 4 = 1). 

(Cause 5) When bit 0 of No. 2000 is set to 1, the value set in No. 2024 is 13100 or 

(Action) 

greater. 

See the note below. 

When bit 4 is set to 0: 

0 The setting of No.2020 is invalid. 

l The setting of No.2023 is invalid. 

l The setting of No.2024 is invalid. 

l The setting of No.2022 is invalid. 

l An overflow occurred during parameter calculation. 

Check the parameter values and bit 0 of No. 2000. 
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4. ANALYZING ALARM CAUSES 

l The setting of parameter No. 1023 for axis selection is invalid. In particular, when two 

pairs of X and 2 are involved as in the case of the TT system, be careful not to assign 

the same numbers to X and 2 on the main side and X and 2 on the sub side. 

Example 1) Main X : 1 

Z : 2 

Sub x : 1 In this case, an alarm occur. 

Z : 2 

Example 2) Main X : 1 

Z : 2 

Sub X : 5 In this case, no alarm occurs. 

Z : 6 

(Note 1) When bit 0 of No. 2000 is set to 1 and the setting of No. 2024 is 13100 or greater, 

change the servo parameters according to the flow described below. 

No. 2023 Number of velocity pulses Current setting/E 
No. 2024 Number of position pulses Current setting/E 

c 

No. 2043 
No. 2044 

No. 2047 
No. 2053 
No. 2054 
No. 2056 
No. 2057 
No. 2074 

No. 2076 

t 

Current setting/E 
Current setting/E 
Current setting x E 
Current setting x E 
Current setting/E 
Current setting/E 
Current setting/E 
Current setting x E 
Current setting x E 

I 

E represents a value that causes the current setting of 
No. 2024 divided by E to be 13100 or less. 

Turn the power off, then turn it on again. 

End of changing the parameter settings 
. 
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5. CHECK BOARD 

5. CHECK BOARD 

(1) Location of signal output 

In the conventional pulse coder and the serial pulse coder, TSA signals are output to different 

pins as shown below. Other signals are output to identical pins. 

[Conventional pulse coder] 

(2) Converting the VCMD waveform 

Check pin 

Signal 

TSAL TSAM CHl CH2 CH3 CH4 CH5 CH6 

TSA TSA VCMD TCMD VCMD TCMD x X 

L axis M axis L axis L axis M axis M axis 

[Serial pulse coders A, 8, and C] 
\ I 

Check pin TSAL TSAM CHl CH2 CH3 CH4 CH5 CH6 

Signal X X VCMD TCMD VCMD TCMD TSA TSA 

L axis L axis M axis M axis L axis M axis 

On the diagnostic board, one of the following four magnification rates can be selected for the 

VCMD waveform. 

Note that with Series 9050, editions F and later, the VCMD waveform conversion of serial pulse 

coder C is the same as that of serial pulse coders A and B. 

[Serial pulse coders A and B for semi-closed loop with Series 9050, 

editions earlier than F] 

No.201 2 Semi-closed loop 

bit 5 1 bit 4 1 Speed specified by velocity command/5 V 

O I O I 0.9155 rpm/5 V 

O I ’ I 14 rpm/5 V 

7 I 0 I 234 rpm/5 V 

7--I 1 1 3750 rpm/5 V 
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5. CHECK BOARD 

[Serial pulse coder C with Series 9050, editions earlier than F] 

No.201 2 Semi-closed loop, closed loop 

bit 5 1 bit 4 1 Speed specified by velocity command/5 V 

O I O I 96 rpm/5 V 

O I ’ I 384 rpm/5 V 

’ I O I 1536 rpm/5 V 

’ I ’ I 6144 rpm/5 V 

[Serial pulse coders A, B, and C for closed loop with Series 9050, 

editions earlier than F] 

No.201 2 Closed loop 

bit 5 I bit 4 I Speed specified by velocity command/5 V 

O I O I 468 rpmI5 V 

O I ’ I 1875 rpm/5 V 

’ I O I 7500 rpm/5 V 

[Serial pulse coders A, t3, and C with Series 9050, editions F and 

later] 

I No.201 2 I Semi-closed loop, closed loop 

bit 5 1 bit 4 1 Speed specified by velocity command/5 V 

I 0 I 0 I 0.9155 rpm/5 V 

14 rpm/5 V 

I 1 I 0 I 234 rpm& V 

I 1 I 1 I 3750 rpm/5 V 

Converting the TSA waveform 

[Serial pulse coders A and S] [Serial pulse coder C] 

3750 rpm/5 V 3840 rpm/5 V 

Note that with Series 9050, editions F and later, the TSAwaveform conversion of serial pulse 

coder C is the same as that of serial pulse coders A and B. 

Converting the TCMD waveform 

No changes have been made to the conventional system. 
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5. CHECK BOARD 

(5) Configuration of the diagnostic board of the Series 16 

When the diagnostic board is used with the Series 16, the conventional diagnostic board, cable 

(with keyed connector), and an adapter are required. 

As shown below, signals for the diagnostic board of the Series 16 and analog signals for 

controlling the spindle are output to identical connectors on the Adapter PC board. 

For details of adapters, refer to the operator’s manual of the Series 16. The following is a 

description of item, relating to the diagnostic board taken from this manual. 

Series 16 

MAIN CPU 

Cable 
t 

Cable 
A66002001 -T998 

#16A0400 
A66002040-1007 

#I_1 OOROB TEST1 TEST2 

100 mm 
* CNO CNl m To the analog 

spindle 

I[ Check board 
Al 6B-1600-0320 
third and fourth axes 

Connector 

axes 

Specifications of the diagnostic board and adapter 

No. 

AO6B-60570H602 

One or two 
conventional 
diagnostic boards 
AO6B-6057-H602 are 
used. 

Adapter 
A02B-0120C211 is 
used. 

Name and parts/attachments included 

Check board with a connector having a key for preventing reverse insertion 

Printed circuit board Al 6B-1600-0320 

Cable A66092001 -T998#16A0400 

(The cable has a connector with a key for preventing reverse insertion on 

both ends.) 

Adapter (Required only for the Series 16) 

Adapter PC board A20B-1004-0940 

Adapter cable A660020400T007#Ll OOROB 

(The cable is used to connect the Series 16 and adapter PCB.) 
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6. PARAMETERS 

6 m 

(1) 

PARAMETERS 

Symbols, addresses, and setting ranks of the parameters of the digital servo 

Symbol 

PLCOl 

OPTx 

AMR 

MTRID 

LDINT 

DIRCTL 

PULCO 

PPLS 

SDMRl 

SDMR2 

PGEXPD No.2000 bit 4 

TGALRM No.2003 bit 1 

OBENBL No.2003 bit 2 

PIENBL No.2003 bit 3 

1 PSPRS No.2003 bit 4 

BLENBL No.2003 bit 5 

OVSCMP No.2003 bit 6 

VOFST No.2003 bit 7 

FEEDFD No.2005 bit 1 

BRKCTL No.2005 bit 6 

FCBLCM No.2006 bit 0 

PKVER No.2006 bit 2 

MODEL ACCFB No.2006 bit 4 

DCBEMF No.2006 bit 6 

SERDMY 

ADBLSH 

BLCUT 

BLSTP 

BLTEN 

POLENB 

FVELFB 

VCMDI 

VCMD2 

PGTWNB 

SSGl 

DPFBCT 

TWNSP 

INTSPl 

Series 16 

No.2000 bit 0 

No.1815 bit 1 

No.2001 

No.2020 

No.2021 

No.2022 

No.2023 

No.2024 

No.2984 

No.2085 

No.2009 bit 0 

No.2009 bit 2 

No.2009 bit 6 

No.2009 bit 7 

No.2010 bit 3 

No.2010 bit 7 

No.2012 bit 1 

No.2012 bit 4 

No.2012 bit 5 

No.2015 bit 0 

No.2015 bit I 

No.2019 bit 7 

No.2028 

No.2029 

Rank 

*A 

*A 

*A 

*A 

*A 

*A 

*A 

*A 

*A 

*A 

*B 

*6 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

SB 

*B 

*B 

Description of parameter 

High-resolution bit 

Separated detector enabled/disabled 

AMR setting for pulse coder 

Motor type 

Load inertia ratio 

Direction of motor rotation 

Number of feedback pulses for velocity detection 

Number of feedback pulses for position detection 

Numerator of flexible feed gear 

Denominator of flexible feed gear 

Position gain setting range extension function 

Detection level for software disconnection alarm 

Observer function 

Changeover between IP and PI 

One-pulse suppress function 

Backlash acceleration function 

Overshoot prevention function 

VCMD off set function 

Feed forward function 

Gravity-axis brake control function 

Fully-closed backlash bit 

Current loop gain variable with velocity 

1 -ms acceleration feedback function 

Bit for back electromotive force compensation 

during deceleration 

Serial dummy function 

New backlash acceleration function 

Bit for backlash acceleration during cutting 

Backlash acceleration stop function 

Tenfold backlash acceleration function 

Punch/laser switching mode 

Machine velocity feedback function 

VCMO output variable bit 

VCMD output variable bit 

Position gain switching function 

Integration function for low speed 

Dual position feedback function 

Velocity enabling position gain switching 

Velocity enabling integration for low speed 

(acceleration) 



6. PARAMETERS 

Symbol 

INTSP2 

PKIV 

PK2V 

PK3V 

BLCMP 

DPFMXL 

TGALMLV 

PK2VAUX 

FILTER 

FALPH 

VFFLT 

ERBLM 

PBLCT 

AALPH 

WKAC 

OSCTP 

DPFMXL 

DPFMXL 

DPFMXL 

DPFMXL 

BLEND 

BLEND 

MOFCT 

TCPRLD 

MCNFB 

BLBSL 

ACCSPL 

ADFFl 

ONEPSL 

PRMCAL 

PFSEL 

TiNAO 

TINBO 

TRW0 

TRW1 

DLYO 

DLYl 

PKl 

PK2 

Series 16 

No.2030 

No.2043 

No.2044 

No.2045 

No.2048 

No.2049 

No.2064 

No.2066 

No.2067 

No.2068 

No.2069 

No.2070 

No.2071 

No.2074 

No.2076 

No.2077 

No.2078 

No.2079 

No.2080 

No.2081 

No.2082 

No.2082 

No.2083 

No.2087 

No.2088 

No.2089 

No.2091 

No.2092 

No.2099 

No.2000 bit 3 

No.2002 bit 3 

No.2004 bit 0 

No.2004 bit 1 

No.2004 bit 2 

No.2004 bit 3 

No.2004 bit 6 

No.2004 bit 7 

No.2040 

No.2041 

Rank 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

*B 

aB 

*B 

*B 

*c 

*c 

*c 

*c 

*c 

*c 

*c 

*c 

*c 

*c 

Description of parameter 

Velocity enabling integration for low speed 

(deceleration) 

Velocity loop gain 

Velocity loop gain 

Imperfect integration coefficient 

Backlash compensation acceleration parameter 

Maximum dual position feedback amplitude 

TG alarm level 

Compensation torque command function 

Torque command filter 

Feed forward coefficient 

Feed forward coefficient 

Backlash compensation acceleration parameter 

Backlash compensation acceleration parameter 

Current loop gain variable with velocity 

Acceleration feedback gain 

Overshoot prevention counter 

Dual position feedback conversion coefficient 

(numerator) 

Dual position feedback conversion coefficient 

(denominator) 

Dual position feedback time constant 

Dual position feedback zero width 

Backlash acceleration stop amount 

Backlash acceleration stop amount 

Gravity-axis brake control timer 

Backlash acceleration torque offset 

Machine velocity feedback gain 

Base pulse for backlash acceleration 

Nonlinear control function 

Advanced feed-forward coefficient 

One-pulse suppression for serial pulse coders A 

and B 

Servo parameter calculation 

Separated detector bit 

Current loop gain 

Current loop gain 

. 
brt 
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6. PARAMETERS 

Symbol 

PK3 

PK4V 

POAl 

POKl 

POK2 

PPMAX 

PDDP 

PHYST 

EMFCMP 

PVPA 

PALPH 

EMFBAS 

TQLIM 

EMFLMT 

POVCl 

POVC2 

POVCLMT 

RTCURR 

DEPVPL 

Series 16 

No.2042 

No.2046 

No.2047 

No.2050 

No.2051 

No.2053 

No.2054 

No.2055 

No.2056 

No.2057 

No.2058 

No.2059 

No.2060 

No.2061 

No.2062 

No.2063 

No.2065 

No.2086 

No.2098 

Rank 

*c 

*c 

*c 

*c 

*c 

*C 

*c 

*c 

*c 

*c 

*c 

*c 

*c 

*c 

*c 

*C 

*c 

*c 

*c 

Description of parameter 

Current loop gain 

Velocity loop gain 

Velocity control observer parameter 

Velocity control observer parameter 

Velocity control observer parameter 

Current dead-zone compensation 

Current dead-zone compensation 

Current dead-zone compensation 

Back electromotive force compensation 

Current phase control 

Current phase control 

Back electromotive force compensation 

Torque limit 

Back electromotive force, compensation 

Overload protection coefficient 

Overload protection coefficient 

Overload protection coefficient 

Rated current parameter 

Phase advancement compensation for 

deceleration 

*A rank : The parameter must be set and adjusted by the machine tool builder. 

*B rank : The parameter is set automatically, but can be adjusted as required. 

*C rank : The parameter is set automatically and must not be changed. 
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6. PARAMETERS 

(2) Executing 0.1 -pm control 

I 

f 

2000 PGEXPD PRMCAL DGPRM PLCOl 

87 B6 B5 B4 83 B2 Bl BO 

Turn on the option parameter for 0.1.pm control and set PLCOl (bit 0 of parameter 2000, 

Series 16) to I. This parameter cannot be used to execute 0.1 -pm control of each axis. 

When the setting described above is made, the magnitude of the following two parameters will 

be changed: 

No.2023: Setting value x 10: Number of velocity feedback pulses (unit: number of pulses) 

No.2024: Setting value x 10: Number of position feedback pulses (unit: number of pulses) 

in the Series 15 and Series O-C, the magnitude of additional parameters is changed. In the 

Series 16, only the magnitude of these two parameters is changed. 

(3) Using fully-closed feedback (separate detector) 

B7 B6 B5 

0 1 

B4 83 82 

OPTx 

Bl BO 

OPTx : A separate detector for position detection is : 

0 : Not used 

1 : Used 

The AC servo motor contains a pulse coder for detecting speed. 

It is recommended that the machine be driven with the built-in 

operation of the machine before driving it with the separate detector. 

pulse coder. Check the 

When a separate detector is used, two parameters must be changed: the parameter for setting 

use of a separate detector (described above) and No.2024 (Series 16) for setting the number 

of position detection pulses per revolution of the motor. 
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6. PARAMETERS 

(4) Simplifying the setting of servo parameters 

Parameter No. Parameter 

I I 

2000 PGEXPD PRMCAL DGPRM PLCO1 

B7 B6 85 B4 B3 B2 Bl BO 

Standard setting: 0 0 0 0 1 0 1 0 

Series 16 and Series 18 set bit 3 of No. 2000 to 1. The bit is used to execute automatic 

calculation of servo parameters. Be sure not to change set value 1. It is automatically 

specified when the power is turned on. 

When the bit is set to 1, the following parameters are automatically calculated according to the 

number of pulses of the pulse coder. 

No. 2043 

No. 2044 

No. 2047 

No. 2053 

No. 2054 

No. 2056 

No. 2057 

*NO. 2059 

*No. 2074 

*No. 2076 

. . Velocity loop gain (PKlV) 

. . Velocity loop gain (PK2V) 

. . Velocity control observer parameter (POAl ) 

. . Current dead-zone compensation (PPMAX) 

. . Current dead-zone compensation (PDDP) 

. . Back electromotive force compensation (EMFCMP) 

. . Current phase control (PVPA) 

. . Back electromotive force compensation (EMFBAS) 

. . Current loop gain variable with velocity (AALPH) 

. . Acceleration feedback gain (WKAC) 

An asterisk (*) indicates a new parameter which has not been provided in the Series O-C or 

Series 15. 

These servo parameters are automatically calculated and must not be changed. 
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6. PARAMETERS 

Parameter No. . 

Parameters 

Parameter I 4 

2000 PGEXPD PRivtCAL DGPRM PLCol 

87 B6 85 B4 B3 B2 Bl BO 

Standard setting: 0 0 0 0 1 0 1 0 

PLCUl : 

DGPRM : 

PRMCAL: 

PGEXPD: 

In the system for which serial pulse coder A is used, 0.1 -pm control is: 

1 : Executed 

0: Not executed 

(Note) This parameter cannot be used for 0.1.pm control of each axis. 

Serial pulse coder C is: 

1 Used 

0 :Not used 

When the power is turned on, the digital servo parameters of the motor to be 

used are: 

1 : Set 

0 : Not set 

When the parameter is set to 0 after specifying a motor type, the standard values 

for the motor are automatically set in the corresponding parameters. Then this 

parameter is automatically set to 1. 

This bit is used for calculation of servo parameters. Be sure not to change the 

standard setting of 1. 

The position gain setting range extension function is: 

0 : Not used 

1 : Used 

(This provision is available with Series 9050, editions B and later.) 

(For detailed information, see Section 7.51 in Part I.) 

AMR7 AMR6 AMR5 AMR4 AMR3 AMR2 AMRl AMRO 
. 

87 B6 B5 B4 B3 B2 Bl BO 

AMR7 tc AMRO : These values must be specified according to the motor to be used. 

When serial pulse coder A or B is used: 

Applicable motor type 87 B6 B5 B4 83 B2 81 BO 

AC5-0 1 0 0 0 0 0 1 0 

AC4-OS, AC3-OS 0 0 0 0 0 0 1 1 

AC2-OS or later 0 0 0 0 0 0 0 0 
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6. PARAMETERS 

When serial pulse coder C is used: 

Bit arrangement 

All motors 

B7 86 B5 B4 B3 B2 Bl 80 

0 0 0 0 0 0 0 0 

Parameter No. Parameter 

I 2002 . PFSEL 

87 B6 B5 84 B3 82 Bl BO 

Standard setting: 0 0 0 0 0 0 0 0 

I 1 2003 VOFST OVSCMP BLENBL 1PSPRS PIENBL OBENBL TGALRM 

87 B6 B5 84 83 

Standard setting: 0 0 0 0 0 

TGALRM : The alarm detection level for motor rotation without 

0 : Set to the standard value. 

1 : Reduced to the sensitivity separately specified. 

Related parameter: 2064 

OBENBL : The speed control observer is: 

0 : Not used 

1 : Used 

Related parameters: 2047, 2050, and 2051 

The speed control observer cannot be used for the 

PIENBL : Speed control is set to: 

0: IP 

1 : PI 

82 81 BO 

0 0 0 

feedback is: 

model 3-0, 4-0, or 5-O motor. 

1PSPRS : When the direction is reversed in speed control, one pulse is: 

0 : Not suppressed 

1 : Suppressed 

BLENBL : In speed control, backlash compensation is: 

0 : Not improved 

1 : Improved 

Related parameter: 2048 

OVSCMP : Overshoot compensation is: 

0 : Invalidated 

1 : Validated 

Related parameter: 2045 

VOFST : VCMD is: 

0 : Not offset 

1 : Offset 
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Parameter No. Parameter 

1 
. 

TRW1 TRW0 TlNAl TINAO TINBl TIN00 

B7 B6 B5 B4 B3 B2 Bl BO 

Standard setting: 0 1 0 0 0 1 1 0 

When the power is turned on with DGPRM set to 0, the standard value is set in this parameter. 

The standard value must not be changed. 

I r I 

2005 BRKCTL FEEDFD 

B7 B6 B5 84 B3 B2 Bl BO 

Standard setting: 0 0 0 0 0 0 0 0 

FEEDFD : The feed forward function is: 

0 : Invalidated 

1 : Validated 

Related parameters: 2068, 2069 

BRKCTL : The vertical-axis brake control function is: 

0 : Invalidated 

7 : Validated 

Related parameter: 2083 

DCBEMF MODEL 
ACCFB 

PKVER 
4 

FCBLCM 

. 
67 86 I35 64 63 82 81 BO 

Standard setting: 0 0 0 0 0 0 0 0 

FCBLCM : In fully-closed feedback, backlash compensation pulses are: 

0 : Handled normally. 

I : Not used for position compensation. 

Related parameter: 2048 

In fully-closed feedback, backlash compensation is not usually set because it will 

cause a deviation in position. When FCBLCM and BLENBL are set to 1, a 

protrusion is reduced without causing a deviation in position. 

PKVER : The function of current loop gain variable with velocity is: 

0 : Invalidated 

1 : Validated 

Related parameter: 2074 

MODEL ACCFB : The 1-ms acceleration feed back function is: 

0 : Invalidated 

1 : Validated 

Related parameter: 2076 
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6. PARAMETERS 

DCBEMF : At deceleration, back electromotive force compensation is: 

0 : lnvalidated 

1 : Validated 

Parameter No. Parameter I T , 
2009 BLSTP BLCUT ADBLSH SERDMY 

87 B6 B5 84 B3 B2 Bl BO 

Standard setting: 0 1 0 0 0 0 0 0 

SERDMY : The serial pulse coder feedback dummy function is: 

0 : Invalidated 

1 : Validated 

(This capability is available with Series 9050, editions D and later.) 

ADBLSH : The new backlash acceleration function is: 

0 : Invalidated 

1 : Validated 

Related parameters: 2048, 2087 

BLCUT : The function that validates the backlash acceleration function only at cutting is: 

0 : Invalidated 

1 : Validated 

BLSTP : The backlash acceleration stop function is: 

0 : Invalidated 

1 : Validated 

Related parameters: 2066, 2082 

I 2010 0 POLENB BLTEN . 
B7 B6 85 B4 B3 82 Bl 80 

Standard setting: 8 0 0 0 0 0 0 0 

BLTEN : The function to multiply the backlash acceleration amount by 10 (for a high- 

resolution pulse coder) is: 

0 : Invalidated 

1 : Validated 

Related parameter: 2048 

POLENB : The punch/laser switching function is: 

0 : Invalidated 

1 : Validated 

(This capability is available with Series 9050, editions D and later.) 
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Parameter No. Parameter 

I I 2012 VCMD2 VCMD2 FVELFB 

B7 B6 B5 B4 B3 B2 Bl BO 

Standard setting: 0 0 0 0 0 0 0 0 

FVELFB : The machine velocity feedback function is: 

0 : invalidated 

1 : Validated 

Related parameter: 2088 

VCMDI, VCMD2 :The output magnification rate for the VCMD waveform is set as shown 

below: 

Serial pulse coders A, 8, and C after 9050 series F version 

Spindle speed/W, 

specified by a velocity command 

I 0 I 0 I 0.9155 rpm/SV 

I 0 I 1 I 14 rpm/SV 

I 1 I 0 I 234 rpm/5V 

I 1 I 3750 rpm/fiV 

See Section 5.(2) for information about the VCMD waveform conversion of serial pulse coder C 

with Series 9050, editions earlier than F. 

S+Gl PGTWN 

B7 B6 B5 B4 B3 B2 Bl BO 

Standard setting: 0 0 0 0 0 0 0 0 

PGTWN : The position gain switching function is: 

0 : Invalidated 

1 : Validated 

(This capability is available with Series 9050, editions D and later.) 

Related parameter: 2028 

SSGl : The integration function for low speed is: 

0 : invalidated 

1 : Validated 

(This capability is available with Series 9050, editions D and later.) 

Related parameters: 2029, 2030 
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Parameter No. Parameter 

9 

DPFBCT 
. 

B7 B6 85 B4 B3 82 Bl BO 

Standard setting: 0 0 

DPFBCT : The dual position 

0 : Invalidated 

1 : Validated 

(This capability is 

0 0 0 0 0 0 

feedback function is: 

available with Series 9050, editions F and later.) 

Related parameters: 2049, 2078, 2079, 2080, 2081 

Motor type 

The digital servo ROM holds the standard parameters for each motor mod&i. When DGPRM is 

set to 0, the standard values of the motor to be used are set at power on. The data range of 

the ROM depends on the ROM version. 

9050A or later : 39 to 83 

9050E or later : 39 to 84 

When the data range is exceeded, an alarm will be issued. 

Drawing No. of an amplifier with 185-V input (A06B-60570HXXX) 

Motor type 42 54 56 57 58 59 60 

Drawing No. of motor 0531 0506 0561 0562 0564 0571 0572 

Motor model 5-O 3Of2000 OL 5L 6L 7L IOL 

Drawing No. of an amplifier with input of 200 to 230-V 

(A06B-60580HOOX, -H22X, -H32X, -H33X) 

Motor type 43 44 45 46 47 48 49 

Drawing No. of motor 0532 0533 0310 0312 0313 0314 0316 

Motor model 4-0s 3-0s 2-0s 1-0s OS 5s 6s 

Motor type 50 51 52 53 80 82 

Drawing No. of motor 0315 0505 0502 0590 0382 0384 

Motor model 10s 2OW500 20s 30s 5T 10T 
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Drawing No. of an amplifier for a large-scale motor with input of 200 to 230-V 

(ACEB-60580HlOl , -HlO2) 
\ 

Motor type 39 40 41 

Drawing No. of motor 0331 0332 0333 

Motor model 50s 60s 70s 

Drawing No. of an amplifier for a high-speed motor with input of 200 to 230-V 

(A06B-60589HOOX) 

Motor type 61 62 63 64 65 66 

Drawing No. of motor 0310 0309 0313 0514 0317 0318 

Motor model 2-0s 1-0s/3000 OS 5S/3000 1 OS/3000 2OS/3000 

Motor type 67 73 78 79 81 83 84 

Drawing No. of motor 0319 0320 0583 0381 0383 0385 0374 

Motor model 3OS/3000 6S/3000 4OSj2000 OT/3000 ST/3000 1 OT/3000 O-OSP 

Drawing No. of amplifier for an L Series high-speed motor 

(AO6B-6057-HXXX) (A068960660HXXX) 

Motor type 68 (56) 69 (57) 70 (58) 71 (59) 72 (60) 

Drawing No. of motor 0561 0562 0564 0571 0572 

Motor model OL (3000) 5L (3000) 6L (2000) 7L (3000) 1OL (2250) 

The motor type numbers in parentheses are applicable when the C Series amplifier is used 

with Series 9050, editions I and later. (See Note 3.) 

(Note 1) In servo ROM of Series 9050, the standard velocity loop period is 1 ms. When one 

of the motor types listed above is specified, the velocity loop period is set to 1 ms at startup. 

(Note 2) 
be used. 

Motor type Nos. 74 to 77 are special parameters for piston lathes. They should not 

(Note 3) Series 9050, editions I and later allow the L Series high-speed motors (ACOL to 

1OL) to be driven with the C Series amplifier. When using this capability, be sure to‘select the 

motor type numbers 56 to 60. 
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Parameter No. Parameter 

Load inertia ratio (LDINT) 

The ratio of the load inertia of the machine to the rotor inertia of the motor is calculated 

according to the following expression. The value obtained from the expression is set. 

Load inertia ratio = 
Load inertia of the machine 

x 256 
Rotor inertia of the motor 

Data range : 0 to 32767 

Example : When the motor model is 10 (Jm = 0.10) and the machine inertia is 0.05 (Jl = 0.05) 

0.05 
Setting value = - x256=128 

0.10 

When this parameter is set, the PKlV and PK2V velocity loop gains are multiplied 

by (1 + LDlNT/256). 

Rotation direction of the motor (DIRCTL) 

DIRCTL : The rotation direction of the motor is set. 

111 : Normal connection (clockwise rotation, viewed from the detector) 

-111 : Reverse connection (counterclockwise rotation, viewed from the 

detector) 

If any other value is set, an alarm will be issued. 

, 
Number of feedback pulses for velocity detection (PULCO) 

Data unit : Pulse/rev. 

Data range : 1 to 32767 

When serial pulse coder A or B is built into the motor : 8192 (PLCOl is set to 0.) 

When serial pulse coder A or B is build into the motor : 819 (PLCOI is set to 1.) 

When serial pulse coder C is built into the motor : 4000 (PLCOl is set to 1.) 
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Parameter No. Parameter 

Number of feedback pulses for position detection (PPLS) 

Data unit : Pulse/rev. 

Data range : 1 to 32767 

If a value of zero or smaller is set in this parameter, an alarm will be issued. 

When a separate detector is not used: 

For serial pulse coder A or B : 12500 

For serial pulse coder A or B : 1250 

For serial pulse coder C : 4000 

When a separate detector is used: 

(PLCOl is set to 0.) 

(PLCOI is set to 1.) 

(PLCOI is set to 1.) 

The value set in this parameter is the number of pulses per revolution of the motor of the 

detector used for position feedback. The number of pulses must be calculated under the 

assumption that the number of pulses is four for one pulse cycle of phases A and B. The 

setting value is not affected by DMR or CMR. 

Example 1: When a l-pm optical scale is used and machine movement is 5 mm per 

revolution of the motor 

Setting value : 5000 

Example 2: When a 0.5pm optical scale is used and machine movement is 10 mm per 

revolution of the motor 

Setting value : 20000 

Example 3: When a O.l-pm optical scale is used and machine movement is 1 mm per 

revolution of the motor 

Setting value : 10000 

(Note) Even when a 0%pm position detector is used, PLCOl must be set to 0 if the setting 

value does not exceed 32767. (When the setting value exceeds 32767, see example 4 below.) 

Example 4: When a 0. l-pm optical 

revolution of the motor 

Setting value : 4000 

scale is used and machine movement is 4 mm per 

(PLCOl is set to 1) 

(Note) Because PLCOl is set to 1, PULCO must be set to one-tenth of the calculated 

value. When the O.l-pm position detector is used and the resolution of the pulse coder of the 

motor is greater than 0.1 pm, position variation at stop will be greater than 0.1 pm. To prevent 

this from happening, the resolution of the pulse coder of the motor must be smaller than that of 

the position detector. In this case, use a high-resolution pulse coder. 
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Example 5: When a 2 mm/l A lnductosyn is used with an A/D converter of 4000 P/l A and 

machine movement is 8 mm per revolution of the motor 

Setting value : 16000 

Example 6: When a rotary lnductosyn 

A/D converter of 4000 P/l 

reduction ratio of 1 /I 80) 

Setting value : 8000 

of 360 A per revolution (720 poles) is used with an 

A for two degrees per revolution of the motor (gear 

Example 7: When a rotary lnductosyn of 180 A per revolution (360 poles) is used with an 

A/D converter of 4000 P/l A for six degrees per revolution of the motor (gear 

reduction ratio of l/60) 

Setting value : 12000 

This parameter corresponds to the loop gain constant of the analog servo. 

Parameter No. Parameter 

Velocity enabling position gain switching (TWNSP) 

Data range : 1 to 32767 

Standard setting : 0 

This parameter sets a maximum velocity that doubles the position gain. 

(This provision is available with Series 9050, editions D and later.) 

(For detailed information, see Section 3.7.3.) 

Acceleration-time velocity enabling integration function for low speed (INTSPl) 

Data range : 1 to 32767 

Standard setting : 0 

This parameter sets a velocity that disables the integrator during acceleration. 

(This capability is available with Series 9050, editions D and later.) 

(For detailed information, see Section 3.7.3.) 

Deceleration-time velocity enabling integration function for low speed (INTSP2) 

Data range : 1 to 32767 

Standard setting : 0 

This parameter sets a velocity that disables the integrator during deceleration. 

(This capability is available with Series 9050, editions D and later.) 

(For detailed information, see Section 3.7.3.) 
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Parameter No. Parameter 

I 2040 

Data range 

0 2041 Current loop gain (PK2) 

Data range 

I 2042 

I Current loop gain (PKl) I 

. 
I I to 32767 

. . - 1 to 32767 

I Current loop gain (PK3) I 

Data range : - 1 to 32767 

Standard setting : The standard vlaue set at power on. 

These parameters set a current loop gain. 

When DGPRM is set to 0, the standard values are set at power on. 

I - 
2043 Integral velocity loop gain (PKlV) 

Data range : 1 to 32767 

This parameter sets a low-speed velocity loop gain. When the value is increased, the rigidity, 

position accuracy and response are improved. 

Data range : - 1 to 32767 

This parameter sets a high-speed velocity loop gain. 

I 2045 
I I Imperfect integration coefficient (PK3V) I 

Data range 

I Proportional velocity loop gain (PK2V) 
I 

. . 0 to 32767 

Standard setting : 0 

This parameter sets the coefficient of imperfect integration, which limits the rigidity of servo. 

The coefficient is set in the range 32600 to 32760. When the OVSCMP bit is on, the 

coefficient can be reduced to within 32000 to 20000. 
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Parameter No. Parameter 

Velocity loop gain (PK4V) 

Data range : - 1 to 32767 

Standard setting : The standard value set at power on. 

This parameter sets the velocity loop gain. 

Velocity control observer parameter (POAl ) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

Coefficient of backlash acceleration (BLCMP) 
. 

Data range : 0 to 32767 

Standard setting : 0 

This parameter sets the amount of backlash compensation acceleration. 

I 2049 

Data range 

I Maximum dual position feedback amplitude (DPFMXL) I 

. . 0 to 32767 

Standard setting : 0 

(This provision is available with Series 9050, editions F and later.) 

(For detailed information, see Section 2.3.5 in Part II.) 

I _ 
2050 Velocity control observation parameter (POKl ) 

4 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

Velocity control observation parameter (POK2) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 
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Parameter No. Parameter 

Not used 

Data range : 0 to - 32767 

Standard setting : 0 

(Note) The standard value set at power on. 

Current dead-zone compensation (PPMAX) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

Current dead-zone compensation (PDDP) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

Current dead-zone compensation (PHYST) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

Back electromotive force compensation (EMFCMP) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

This parameter improves the current loop during high-speed rotation. 

El l 

2057 Current phase control (PVPA) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

Current phase control (PALPH) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 
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Parameter No. Parameter 

I ’ 
2059 Back electromotive force compensation (EMFBAS) 

Data range : Oto 32767 

Standard setting : The standard value set at power on. 

This parameter sets the minimum velocity at which back electromotive force is compensated. 

When DCBEMF (No 2006, bit 6 in Series 16) is set to 1, 7 0 must be set in this parameter. 

I L 

l 

2060 Torque limit (TQLIM) 

Data range : Oto 32767 

Standard setting : The standard value set at power on. 

czl : 2061 Back electromotive force compensation (EMFLMT) 

Data range : Oto 32767 

Standard setting : The standard value set at power on. 

This parameter sets the limit of compensation for back electromotive force. 

I Overload protection coefficient (OVCI ) I 

Data range 

This parameter 

overload. 

. . 0 to 32767 

sets the coefficient of the alarm for protecting the motor and transistor from 

I Overload protection coefficient (OVC2) I 

Data range 

This parameter 

overload. 

. . 0 to 32767 

sets the coefficient of the alarm for protecting the motor and transistor from 

I TG alarm level (TGALMLV) 

Data range . . 1 to 32767 

Standard setting : 4 
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This parameter sets the alarm detection level for motor rotation without receiving feedback. 

(Unit: l/32 motor revolution) When backlash is l/64 revolution or greater on the motor shaft 

in a machine with fully-closed feedback, the backlash amount is set. This parameter is 

validated only when bit 1, TGALRM, of No.2003 (Series 16) is set to 1. 

Parameter No. Parameter 

Overload protection coefficient (OVCLMT) 

Data range : 1 to 32767 

Standard setting : The standard value set at power on. 

This parameter sets the coefficient of alarm for protecting the motor and transistor from c 
overload. 

PK2VAUX 

Data range : 0 to 32767 

Standard setting : 0 

The function of this parameter depends on whether the value specified is positive or negative. 

if a positive value is specified, the compensation torque command function is validated. This 

function suppresses variations at stop. The value specified depends on the motor model. 

Usually, a value around 500,00O/Np (Np is the number of pulses of the pulse coder) is 

specified. if the specified value is too large, oscillation will occur. The value specified must be 

as small as possible. 

if a negative value is specified, the 250-ps acceleration feedback 

value specified depends on the serial pulse coder, as shown below: 

When serial pulse coder A or 5 is used : About - 10 

When serial pulse coder C is used : About -250 

When the specified value is too large, oscillation may occur. 

function is validated. The 

See Section 7.1. 

Torque command filter (FILTER) 

Data range : 0 to 4096 

Standard setting : 0 

This parameter is used to eliminate the RF noise from the torque command. 

Coefficient one is represented by 4096. 
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Parameter No. Parameter 
, 

Forward-feed coefficient (FALPH) 
I 

Data range : 0 to 100 

Standard setting : 0 

This parameter sets the coefficient of forward-feed control. 

(SETTING VALUE) = a x 100 (%) 

When a is 1, set the forward-feed control coefficient to 100%. See Section 7.2. 

Forward-feed filter coefficient (VFFLT) 

Data range : 0 to 1600 

Standard setting : 0 

This parameter sets the coefficient of forward-feed control. 

(Setting value) = 
Load inertia + Rotor inertia 

Rotor inertia 
x 100 (%) 

Set the coefficient according to the expression above. The value set may be slightly different 

from the value obtained by the expression, depending on the value set in PK2V (No.2044). . 

Backlash compensation acceleration parameter (ERBLM) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter is used to synchronize backlash compensation acceleration when the rotation 

of the motor is reversed. 

I : 2071 Backlash compensation acceleration parameter (PBLCT) 
4 

Data range : 0 to 32767 

Standard setting : 0 

This parameter sets the number of compensations for backlash compensation acceleration. 

Acceleration is executed once more than the number of times indicated by the value set in this 

parameter. 
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Parameter No. Parameter 

Current loop gain variable with velocity (AALPH) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

This parameter enables the current loop gain to be varied according to the velocity. The 

current loop gain can be increased in high speed ranges. 

1 -ms acceleration feedback gain (WKAC) 

Data range : 0 to 32767 

Standard setting : The standard value set at power on. 

This parameter is used to give stability to the velocity loop. It determines the l-ms acceleration 

feedback gain. To use this function, set velocity loop sampling to 1 ms and use the torque 

command filter. 

Overshoot prevention counter (OSCTPL) 

Data range : 0 to 32767 

Standard setting : 0 

When the parameter of the overshoot prevention function, bit 6 (OVSCMPW) of No.2003 

(Series 16), is set to 1, the motor may vibrate when stopped. Specify this parameter to 

prevent this. 

El : 2078 Dual position feedback conversion coefficient (numerator) (DPFCHI) 

Data range : 0 to 32767 

Standard setting : 0 

(This provision is available with Series 9050, editions F and later.) 

(For detailed information, see Section 2.3.5 in Part Il.) 

El , 2079 Dual position feedback conversion coefficient (denominator) (DPFCH2) 

Data range : 0 to 32767 

Standard setting : 0 

(This provision is available with Series 9050, editions F and later.) 

(For detailed information, see Section 2.3.5 in Part II.) 
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Parameter No. Parameter 

I : 

. 

2080 Dual position feedback primary delay time constant (DPFTC) 

Data range : 0 to 32767 

Standard setting : 0 

(This provision is available with Series 9050, editions F and later.) 

(For detailed information, see Section 2.3.5 in Part II.) 

4 

Dual position feedback zero width (OPFZW) 

Data range : 0 to 32767 

Standard setting : 0 

(This provision is available with Series 9050, editions F and later.) 

(For detailed information, see Section 2.3.5 in Part Il.) 

Backlash acceleration stop amount (BLENDL) 

Data range : 0 to 32767 

Standard setting : 0 

When this parameter is specified, excessive compensation of backlash acceleration can be 

prevented. 

Gravity-axis brake control timer (MOFCTL) 

Data unit . . ms 

Data range : 1 to 32767 

Standard setting : 0 

This parameter sets the delay time for turning off the MCC of the servo amplifier in vertical-axis 

brake control. 

Numerator of flexible feed gear (SDMRl ) 

Data range : 1 to 32767 

Standard setting : 0 
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Parameter No. Parameter 

I / 
2085 Denominator of flexible feed gear (SDMR2) 

Data range : 1 to 32767 

Standard setting : 0 

The flexible feed gear function can be used when 1 or greater is specified in SDMRl and 

SDMR2. 

El l 

2086 Rated current parameter (RTCURR) 

Data range : 1 to 32767 

Standard setting : Depends on the motor to be used. 

This parameter is used to indicate the ratio of the actual current to the rated current. A 

standard value is set according to the motor. The-standard value must not be changed. 

I . 2087 New backlash acceleration torque offset (TCPRLD) 
. 

Data range : 0 to 32767 

Standard setting : 0 

This parameter is set when a torque offset is used for the vertical axis in new backlash 

acceleration. 

Machine velocity feedback gain (MCNFB) 

Data range : 0 to 32767 

Standard setting : 0 

This parameter sets the feedback gain when the machine velocity feedback function is used. 

(Setting value) = CI X 100 (%) 

When a is 1, set the machine velocity feedback coefficient to 100%. 

. 
Base pulse for backlash acceleration (BLBSL) 

, 

Data range : 0 to 32767 

Standard setting : 0 

This parameter is used to prevent excessive compensation in backlash acceleration. 
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Parameter No. Parameter 

Nonlinear control input (ACCSPL) 

Data range : 0 to 32767 

Standard setting : 0 

(This provision is available with Series 9050, editions F and later.) 

(For detailed information, see Section 3.75) 

Advanced feed-forward coefficient (ADFFl ) 

Data range : 0 to 32767 

Standard setting : 0 

(This provision is available with Series 9050, editions F and later.) 

(For detailed information, see Section 3.7.4.) 

El 2098 Phase advancement compensation for deceleration (DEPVPL) 

Data range : 0 to 32767 

Standard setting : Depends on the motor. 

This parameter determines what percentage of the value set in No. 2057 is to be used for 

current phase advancement compensation for deceleration. Be sure not to change the set 

standard value. 

(This provision is availabie with Series 9050, editions G and later.) 

(For detailed information, see Section 2.8.5 in Part II.) 

, 
One-pulse suppression level for serial pulse coders A and B (ONEPSL) 

Data range : 0 to 32767 

Standard setting : 400 

This parameter is valid for serial pulse coders A and B only. This parameter is not applicable 

to serial pulse coder C. 

(This provision is available with Series 9050, editions G and later.) 

Note that this parameter can be used only with NC software with extended servo parameters. 

(For detailed information, see Section 2.2.3 in Part II.) 
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7. FUNCTIONS FOR Series 16 

7.1 250~ps Acceleration Feedback Function 

The acceleration feedback function suppresses mechanical vibration. The specifications of this 

function have been changed in part for 9050/001B and subsequent editions. 

(1) Differences in editions 

The specifications of the acceleration feedback function have been changed for 9050/001A and 

9050/001B as shown below: 

9050/001 A I 
905OfOO 1 B 

1 -ms acceleration feedback function 

(available in any system state) 

250~~1s acceleration feedback function 

(available only in the system stop state) 

1 -ms acceleration feedback function 

(available in any system state) 

250-ps acceleration feedback function 

(available in any system state) 

As listed in the table above, the 250~ps acceleration feedback function was previously available 

only in the system stop state. Now, the function is available in any system state. 

Along with the change described above, the procedure for setting parameters has been 

changed as shown below: 

9050/001 A 

1 -ms acceleration feedback function 

(available in any system state) 

No.2006 bit 4 = 1 

No.2076 (acceleration feedback amount) 

Serial A : About 400 to 600 

No.2067 (torque command filter) 

Set a value around 1100 (200Hz), 

regardless of the type.of pulse coder. 

2500~s acceleration feedback function 

(available only in the system stop state) 

No.2006 bit 3 = 1 

No.2066 (acceleration feedback amount) 

Serial A : About 10 to 20 

No.2091 (stop state decision parameter) 

Set a value equal to the amplitude of the 

error pulse on the servo adjustment screen 

multiplied by 2. 

905OlOOl B 

1 -ms acceleration feedback function 

(available in any system state) 

No.2006 bit 4 = 1 

No.2076 (acceleration feedback amount) 

Serial A : About 200 to 300 

Serial C : About 10 to 15 

No.2067 (torque command filter) 

Set a value around 1100 (200Hz), 

regardless of the type of pulse coder. 

250-J,CS acceleration feedback function 

(available in any system state) 

No.2066 (acceleration feedback amount) 

Serial A : About -10 to -20 

Serial C : About - 250 to - 500 

(Note) When a positive value is set in 

No.2066, another function is validated. Set 

this parameter to a negative value. For 

details, see the description of No.2066 in 

Section 6. 
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7.2 Simplifying the Parameter Setting Method 

Some users complained that it was difficult and inconvenient to have to calculate parameters for 

the feed forward and machine velocity feedback functions according to the number of pulses of the 

pulse coder. The following changes have been made to simplify the setting method for serial coder 

A or 8. 

(1) Position feed forward coefficient (No.2068) 

[Setting method for 905O/OOlA] 

8192 
(Setting vlaue) = CT x 4096 x 

Number of position feedback pulses 

per revolution of the motor 

a : Feed forward coefficient 0 or 1 

[Setting method for 9050/001 B] 

(Setting value) = a X 100 (%) 

a : Feed forward coefficient 0 or 1 

(2) Velocity feed forward coefficient (No.2069) 

[Setting method for 905O/OOlA] 

(Setting value) = 
Rotor inertia + Load inertia 

( - PK2V) X x 0.04 
Rotor inertia 

8192 
X 

Number of position feedback pulses per revolution of the motor 

[Setting method for 9050/001 B] 

(Setting value) = 
Rotor inertia + Load inertia 

x 100 (%) 
Rotor inertia 

The setting value calculated from the expressions shown above is a typical value. The value 

should be adjusted according to the setting value of the velocity loop gain (No.2044) and the 

load status of the machine. 

(3) Machine velocity feedback coefficient (No.2088) 

[Setting method for 905O/OOlA] 

8192 
(Setting vlaue) = a X 4096 X 

Number of position feedback pulses 

per revolution of the motor 

a : Machine velocity feedback coefficient 

[Setting method for 9050/001 B] 

(Setting value) = a X 100 (%) 

a : Machine velocity feedback coefficient 
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7.3 High-Speed Positioning Functions 

Series 9050 supports the high-speed positioning functions that were supported by Series 9032. 

The following high-speed functions are usable: 

l Position gain switching function 

l Integration function for low speed 

l Punch/laser switching function 

l 250-psec acceleration feedback function (available with Series 9050, editions 0018 and 

later). 

These functions are the same as those 

increment systems. 

Applicable servo ROM series/editions 

Series 9050, editions D and later 

Outline of each function 

(a) Position gain switching function 

of Series 9032 except for the parameter numbers and 

At a velocity not exceeding that set in No. 2028, the position gain is doubled. This 

prevents undershooting in positioning and stopping. 

No. I Increment system 

2015 bit0 

2028 0.01 rpm 

Setting 

This function is enabled when this bit is set to 1. 

Set the maximum velocity that doubles position gain. 

(b) Integration function for low speed 

The integral gain is valid only at a velocity not exceeding that set in NO. 2029. This 

suppresses vibration during movement, and maintains positioning precision. 

No. 

2015 bit1 

2029 

2030 

Increment system 

0.01 rpm 

0.01 rpm 

* Setting 

This function is enabled when this bit is set to 1. 

Set a velocity that disables integral gain during 

acceleration. 

Set a velocity that disables integral gain during 

deceleration. 

(c) Punch/laser switching function 

When a machine incorporating a punch press and laser is used, two modes are available. 

One is the punch press mode, which requires positioning only. The other is the laser 

mode, which requires both path setting and positioning. 
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In the punch press mode, the position gain switching function and the integration function 

for low speed can be used. In the la&r mode, these functions can degrade path accuracy. 

With the punch/laser switching function, the user can enable or disable these functions, 

depending on the mode. 

No. Setting 

I 2010 bit7 I ~~- -~ ~~ This function is enabled when this bit is set to 1. I 

(d) 250.tlsec acceleration feedback function 

When the load inertia exceeds the motor inertia, this function can improve system stability. 

This function is available with Series 9050, editions 6 and later. 

No. 
I 

2066 

Setting 

This function is enabled when a negative value is set. 

For serial A and B : About - 10 to - 20 

For serial C : About - 250 to - 100 

7.4 Advanced Feed-Forward Function 

This function is part of the advanced control function, and provides a control method for high- 

speed, high-precision machining. This function generates feed-forward data by using velocity data 

one ITP ahead, and shortens the delay due to smoothing. Thus this function allows much higher 

speed, higher precision machining than the current feed-forward control method. 

The current feed-forward control method performs smoothing to eliminate the velocity error that 

occurs every ITP (Fig. 7.4.1). However, smoothing causes a feed-forward data delay. 

By using distribution data one ITP ahead, advanced feed-forward control generates feed-forward 

data with no delay (Fig. 7.4.2). Thus advanced feed-forward control provides a higher level of 

control than the current feed-forward control method. 

Command from NC 

t 

Feed-forward data 

Command from NC 

+ 

Forward data generated by 
advanced feed-forward 

Fig. 7.4.1 Current Feed-Forward Control Fig. 7.4.2 Advanced Feed-Forward Control 
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(1) Applicable servo ROM series/editions 

Series 9050, editions F and later 

Advanced feed-forward control is available with Series 16 sand 18, but not with Power Mate 

Model-C. Note, however, that when this control method is used with Series 16 or 18, the 

existing NC software needs to be modified for compatibility with advanced control. 

(2) Parameter settings 

A description of the parameter settings required to use advanced feed-forward control with 

Series 16 follows. With Series 9050, the parameters settings associated with feed-forward are 

simplified as described below. 

@ The parameters are set as described below. 

First, set the following parameters as in the case of the current feed-forward control 

method: 

No. 2003 bit3 = 1 : Enables PI control. 

No. 2005 bit1 = 1 : Enables feed-forward. 

No. 2069 Velocity loop feed-forward coefficient (VFF) 

VFF = 
Load inertia + rotor inertia 

x 
Rotor inertia 

Then set the advanced feed-forward control parameter as follows: 

(in %) 

100 

No. 2092 Advanced feed-forward control coefficient (in 0.01%) 

Advanced feed-forward control coefficient = CY x 10000 

(0 S (61) 

Example : When a = 93.5%, No. 2092 = 9350 

Advanced control, when used together with the pre-interpolation acceleration/deceleration 

function of the NC, allows a to be set to a value near 1, thus providing a high level of 

control. 

@ Advanced control is enabled by specifying the G codes described below in the program. 

This specification also enables advanced feed-forward control. 

GO8 Pl : Turns on the advanced control mode. 

GO8 PO : Turns off the advanced control mode. 

When the advanced control mode is turned off, the current feed-forward coefficient (No. 

2068) is valid. 

Current feed-forward coefficient (No. 2068) = a X 100 (0 S a S 1) 

3-46 



7. FUNCTION FOR Series 16 

7.5 Nonlinear Control Function 

With this function, the gain of the velocity loop can be increased by applying nonlinear input to a 

torque command. When this function is used, the system makes a high-fidelity response to a 

higher position gain. Therefore, control can be exercised with a higher response characteristic and 

less overshoot and swell. This function also allows machines capable of high-speed positioning to 

reduce the time required for positioning. 

(1) Outline of control method 

r Nonlinear input 

(2) 

(3) 

As shown above, PI input (velocity loop error) can be made zero by applying the nonlinear 

switching input, Z, to a torque command. At this time, the velocity loop gain becomes very 

high, and the system operates, depending only on the position gain. 

Applicable servo ROM series/editions 

Series 9050, editions F and later 

Parameter and method of adjustment 

No. 2091 Data range : 0 to 32767 

Standard setting : 0 

Guideline for setting : 5000 to 20000 

When a value is set in the parameter, this function is enabled. The smaller the value set, the 

greater the influence of nonlinear control. Note, however, that when an excessively low value 

is set, a vibrating sound occurs when the machine stops or starts movement. In particular, 

when the dumping factors (such as friction) of the machine system are small, vibration can 

easily be produced, thus producing no significant effects. 

To use this function with a vertical axis, set the torque offset parameter as described below. 

No. 2087 Data range : 0 to 32767 

Standard setting : 0 
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Control the machine 

very low speed, and 

so that it 

measure 

move along the axis in the positive and negative directions at a 

the actual currents on the servo adjustment screen. Let A% be 

the current in the positive direction, 8% be the current in the negative direction, and C be the 

value of No. 2086. Then, set No. 2086 as follows (including the sign): 

No. 2086 = C x (A + B)/200 

Example : When A=20%, B= - 60%, and C = 1600, the value - 320 is to be set in No. 2087. 

Even more efficient high-speed positioning can be achieved when this function is used together 

with the position gain switching function (for doubling the position gain in a low-speed area). 
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8. TABLES OF STANDARD DIGITAL SERVO PARAMETERS 

8. TABLES OF STANDARD DIGITAL SERVO PARAMETERS 

Tables of standard digital servo parameters for Series 16118 and Power Mate MODEL-C follow. 

9 - 
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