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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 [ 1-axis and 2-axis amplifiers
C series (200V input type)

FANUC AC SERVO AMPLIFIER [ 1-axis, 2-axis, and 3-axis amplifiers
S series (200V input type)

Large amplifier

FANUC AC SERVO AMPLIFIER | 1-axis amplifier
L series

FANUC AC SERVO AMPLIFIER [ 1-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, 0-A

9001 N

9002 | High-speed positioning | Series 0-PA

9010 G General Series 10, 11, 12, 0-B

9020 L General Series 10, 11, 12, 0-B, 0-C
(16 bit)

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

9030 N General Series 15, 0-C (32 bit)

9032 C High-speed positioning | Series 0-PC (32 bit)

9039 A Automatic adjustment | Series 15, 0-C (32 bit)

9040 C Serial pulse coder Series 15, 0-C (32 bit)

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



1. GENERAL

1. GENERAL

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.



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 PWM signal
Main _ | Microprocessor AC servo
controller ™| controlling : | amplifier —.————1
osition,
5elocity and Pulse | AC servo —
current ' coder motor
A A
Current feedback
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
!
Fourth axis X=4

1-2



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 of NC
system used?

Series 16 Series 15

Series 0

See Part il 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 3.1.1.



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 01000 NOOOO
X axis Z axis

INITIAL SET BITS 00000011 00000010
Motor ID No. 47 47
AMR 00001001 00011111
CMR 2 2
Feed gear N 1 0

(N/M) M 5 0
Direction Set 111 111
Velocity Pulse No 4000 8000
Position Pulse No 4000 8000
Ref. counter 8000 8000
(Value SETTING)

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

INITIAL SET BITS [Series 0] [Series 15)
Bit initially set : No.8X00 No.1804
Motor ID No. : No.8X20 No.1874
AMR : No.8X01 No.1806
CMR : No.100 to 103 No.1820
Feed gear N : No.8x84  No.1977
(N/M) M : No.8X85 No.1978
Direction SET : No.8x22 No.1879
Velocity pulse No. : No.8X23 No.1876
Position pulse No. : No.8X24 No.1891
Ref. counter :  No.570 to 573 No.1896

1-4



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.

Servo adjustment 01000 NOOOO
X axis

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)
Func. bit No.8X03 No.1808
Loop gain No.517 No.1825
TUNING ST. No.8X09 bit1 No.1953 bit 1
Set period No.8X79 No.1972
Int. gain No.8X43 No.1855
Prop. gain No.8X44 No.1856
Filter No.8X67 No.1895
Veloc gain Load inertia ratio is indicated by percentage.
For motor unit, 100% is indicated.
No.8X21 No.1875
Alarm 1 DGN No.720 to 723 No.3014 +20 X (X-1)
Alarm 2 DGN No.730 to 733 N0.3015 +20 X (X-1)
Alarm 3 DGN No.760 to 763 No0.3016 + 20 X (X~1)
Alarm 4 DGN No.770 to 773 No0.3017 +20 X (X-1)
(X: Ordinal axis number)
Loop gain Actual servo loop gain is displayed.
Pos ERROR Error of each axis is indicated.
DGN No.800 to 803 No0.3000

Current (%)

Speed (rpm)

Current value of each axis is displayed as percentage of

rated current.
No.8X86

No.1979

Actual motor speed is displayed.



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 0-A, 0-B, 0-C (16 bit), 0-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

(2000P to 3000P) Serial pulse coder

Pulse coder type?

High resolution

(10000P or higher) Serial pulse

To Subsection 3.2.1 coder C

10000P and
1-um control?
No s Serial pulse coder
lYes AorB

To Subsection To Subsection

Servo ROM? 3.24 3.25

Others

Series 9030, edition P and later editions
Series 9031, edition H and later editions
Series 9040, edition D and later editions

Y
To Subsection 3.2.2

To Subsection 3.2.3



3. STARTING UP DIGITAL SERVO

3.2.1 Initialization flowchart when standard pulse coder is used

Emergency stop state, NC power ON

'

No.8X00 Bit initially set Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting)
No.8X20 Motor No. See Section 3.4.5. (Number 39 and up for 9040 series servo ROM)
No0.8X01 AMR See Section 3.4.1.
No.100 to 103 CMR See Section 3.4.2.
No.004 to 007 DMR Bits 4 t0 6. (See Section 3.4.2.)
Bits 4 to 6 are 1 when flexible feed gear is used
No.8X22 Travel direction 111 (clockwise when viewed from detector)
-111 (counterclockwise when viewed from detector)
No0.570 to 573 Reference counter | See Section 3.4.2.
(Alternatively, Nos. 004 to 007, bits 0 to 3. Refer to NC manual.)
No.8X21 Load inertial ratio Start with 0 when machine inertia is unknown. (See 1 2.9.2)

'

Closed loop Machine system? Semi-closed loop
4 y
Set No. 0037 bits 0 to 3 to |Firstaxis  Bit0 No0.8X23 | Number of velocity pulses | 4 XNp
1 if the corresponding axes $ No.8X24 | Number of position pulses | 4 X Np
have separate detectors Fourth axis Bit 3

'

No.8X23 | Number of velocity pulses | 4 xNp |Np : Number of pulse coder pulses

No.8X24 | Number of position pulses | Ns Ns : Number of feedback pulses from scale per motor revolution
Power OFF/ON
Not 0-C (32 bits) *
‘; Series of NC system?

Series 0-C (32 bit:
No.8X53 | Standard parameter viaue x Np/2000 ¥ eries ¢ is)

No0.8X54 | Standard parameter value x 2000/Np Used
No.8X56 | Standard parameter value X 2500/Np Flexible feed gear used?
No0.8X57 | Standard parameter value x 2500/Np Not used .
No.8X74 | Standard parameter value x 2500/Np See Section 3.4.3. ¥
No.8X76 | Standard parameter value x 2500/Np Y N
0.8X84 | Numerator of DMR
[ >»| Parameter setting completed |<—{ N0.8X85 | Denominator of DMR

1-7



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 um is required. (The optional parameter for 0.1-um 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 zm.

(3) The larger servo motors (50S, 60S, and 70S) are used.

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

Emergency stop state, NC power ON

!

No.8X00 Bit initially set Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting)
No.8X20 Motor No. See Section 3.4.5. (Number 39 and up for 9040 series servo ROM)
No.8X01 AMR See Section 3.4.1.
No.100 to 103 CMR See Section 3.4.2.
No0.004 to 007 DMR Bits 4 t0 6. (See Section 3.4.2.)
Bits 4 10 6 are 1 when flexible feed gear is used
No.8X22 Travel direction 111 (clockwise when viewed from detector)
-111 (counterclockwise when viewed from detector)
No.570 to 573 Reference counter | See Section 3.4.2.
No.8X21 Load inertial ratio Start with 0 when machine inertia is unknown. (See Il 2.9.2)

Y

Closed loop Machine system? Semi-closed loop +
Set No. 0037 bits 0 to 3 to [Firstaxis Bit0 N0.8X23 | Number of velocity pulses | 4 XNp/10
1 if the corresponding axes § No.8X24 | Number of position pulses | 4 xNp/10
have separate detectors Fourth axis Bit 3

v

No.8X23 | Number of velocity pulses | 4 xNp/10 {Np : Number of pulse coder pulses
No.8X24 | Number of position pulses | Ns/10 Ns : Number of feedback pulses from scale per motor revolution

l
Power OFF/ON

!

@
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3. STARTING UP DIGITAL SERVO

Gf
014mP | | eastinput increment? 1 pmip
No0.0037 bit7=1 No0.0037 bit7=0
Series of NC system? Series of NC system?
Series 0-A, B Series 0-C Series 0-A, B Series 0-C
\ l Y ; \ y
No Normal Large motor Normal Large motor Normal Large motor Normal Large motor
) (1) (=2) (+1) (*2) (1) (*2) (*1) (+2)

8X43 | Nochange | Nochange | Nochange | No change +10 +10 +10 +10
8X44 | Nochange | Nochange | Nochange | No change +10 =10 +10 +10
8X47 | Nochange | Nochange | Nochange | No change x10 x10 x10 x10
8X53 +A +C No change | No change +A +C x10 x10
8X54 XA xC No change | No change XA xC +10 +10
8X56 xB xC No change | No change xB xC +10 +10
8X57 xB xC No change | No change xB xC +10 +10
8X74 xB xC xB xC XB xC xB xC
8X76 xB xC xB xC XB xC xB xC

A =2000/Np ; Used

B =2500/Np Flexible feed gear used? See &

= ee Section 3.4.3.
C =10000/Np Not used y
Np : Number of pulse coder pulses y No.8X84 | Numerator of DMR
Power OFF/ON -« No.8X85 | Denominator of DMR
(*1) Normal : AC5-0 to 40S5/2000
(+2) Large motor : AC50S to 70S {
Parameter setting completed

(Note) it 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-zm 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 1-«m control is applied with a 10000-
puilse pulse coder

When 1-um control is applied with a 10000-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

Emergency stop state, NC power ON

Y

No0.8X00 Bit initially set Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is setto 1.)
No.8X20 Motor No. See Subsection 3.4.5. (No. 39 and after for the servo ROM of series 9040)
No.8X01 AMR 00001001
No.100 to 103 CMR See Subsection 3.4.2.
No.004 to 007 DMR 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.
No.8X22 Travel direction 111 (clockwise when viewed from detector)
-111 (counterclockwise when viewed from detector)
No0.570 to 573 Reference counter | See Subsection 3.4.2.
No.8X21 Load inertial ratio Set zero when the machine inertia is not known.

!

Closed loop Machine system? Semi-closed foop *
Of bits 0 to 3 of No. 0037, set Firstaxis  Bit0 No.8X23 | Number of velocity pulses 10000
the bit corresponding to the axis s No.8X24 | Number of position pulses 10000
having a separate detector to 1. |Fourth axis Bit 3

{

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
- '

Power OFF/ON

!

No0.8X10 | Bit for setting 10000 pulses bit0=1

{

No0.8X74 | (Set value)/a Set zero when the current set
No.8X76 | (Set value)/a value is zero.

!

Is a flexible feed gear used? | Y&S

No See Subsection 3.4.3. ¥
y
B No0.8X84 | Numerator of DMR
Power OFF/ON B No0.8X85 | Denominator of DMR

Y

Parameter setting is completed.
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3.2.4 Initialization flowchart when serial pulse coder A or B is used

Yes

Emergency stop state, NC power ON

See Section 3.4.4 for description of

!

9040 series servo ROM for serial

Setting 2 <

(To next page)

Is least input increment 0.1 xm?

pulse coder.

*No

No.8X22

No.570 to 573
No.8X21

No0.8X00 Bit initially set

No.8X20 Motor No.

No.8X01 AMR
No.100 to 103 CMR
No.004 to 007 DMR

Travel direction

Reference counter
Load inertia ratio

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 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 Il 2.9.2)

Closed loop

Y

Power OFF/ON

Y

Y

Set No. 0037 bits 0 to 3 to
1 for axes with separate
detector installed.

Y

Machine system?

Semi-closed loop

First axis Bit0
$

Fourth axis Bit 3

Set conventional DMR or
flexible feed gear.

See Subsections
3.4.2 and 3.4.3.

'

No.8X23
No.8X24

Number of velocity pulses
Number of position pulses

8192
Ns

|

See Subscection | Set flexible feed gear.
343 No.8X84 (N) Numerator of DMR
No.8X85 (M) Denominator of DMR
v
No0.8X23 | Number of velocity pulses 8192
No.8X24 | Number of position pulses | 12500

Ns : Number of feedback pulses from
scale per motor revolution

Y

Power OFF/ON

!

Parameter setting completed
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Setting 2

Y

No.8X00

No.8X20

No.8X01
No.100 to 103
No.004 to 007

No.8X22

No0.570 to 573
No.8X21

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

Bit initially set Bit1=0, Bit0 = 1
Motor No.
AMR See Section 3.4.1.
CMR See Section 3.4.2.
DMR Bits 4 to 6. (See Section 3.4.2.)

Travel direction

Reference counter
Load inertial ratio

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 X0.1). See Section 3.4.2.
Start with 0 when machine inertia is unknown. (See Il 2.9.2)

¥

Closed loop

Power OFF/ON

!

Machine system?

Semi-closed loop

Y

Set No. 0037 bits 0 to 3 to
1 if the corresponding axes
have separate detectors.

First axis
S

Fourth axis Bit 3

Bit 0

Set flexible feed gear.
No.8X84 (N) Numerator of DMR
No.8X85 (M) Denominator of DMR

' YAB
Se(.conventional DMR or |See Sections 3.4.2 No.8X23 | Number of velocity pulses 819
flexible feed gear. and 3.4.3. No.8X24 | Number of position pulses | 12500
[} AB
No0.8X23 | Number of velocity pulses | 819 Ns : Number of feedback pulses from
No.8X24 | Number of position pulses | Ns/10 scale per motor revolution

!

Power OFF/ON

!

Parameter setting completed

(Note) The optional parameter for 0.1-.m control is required. This control cannot be exercised
for each axis separately.
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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.

Emergency stop state,

For the servo ROM of series 9040 for

Closed loop

Machine system?

Semi-closed loop

Of bits 0 to 3 of No. 0037, set
the bit corresponding to an axis
with a separate detector to 1.

!

NC power ON serial pulse coder, see Subsection 3.4.4.
Y
No0.8X00 Bit initially set Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is set to 1.)
No.8X20 Motor No. No. 39 and after (Standard velocity loop period: 1 ms) See Subsection 3.4.5.
No.8X01 AMR 00000000 (Bit 7 is set to 1 only for the AC5-0.)
No.100 to 103 CMR See Subsection 3.4.2.
No.004 to 007 DMR 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 setto 1.
No.8X22 Direction of traveling 111 (clockwise when viewed from detector)
-111 (counterclockwise when viewed from detector)
No0.570 to 573 Reference counter | See Subsection 3.4.2.
No.8X21 Load inertial ratio Set zero when the machine inertia is not known.
Y
Power OFF/ON
Y

No.8X23
No.8X24

Number of velocity pulses
Number of position pulses

10000
10000

]

No.8X23
No.8Xx24

Number of velocity pulses | 10000 Ns : Number of feedback puises from
Number of position pulses | Ns/4 scale per motor revolution
| ;
Power OFF/ON

See Subsection 3.4.3.

Set a value for the flexible feed gear.
No.8X84 (N) Numerator of DMR
No0.8X85 (M) Denominator of DMR

L]

No.8X10

Bit for setting 10000 puises

bit0=1

Y

No.8X74
No.8X76

(Set value)/a
(Set value)/4

Y

Power OFF/ON

Y

Set zero when the current set

value is zero.

Parameter setting is completed.
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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 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
(2000P to 3000P)

Serial pulse coder

Pulse coder type?

High resolution

(10000P or higher) Serial pulse

To Subsection 3.3.1 coder C

10000P and
- 1-pm trol?
No #m contro Serial pulse coder
lYes AorB
To Subsection To Subsection
Servo ROM? 3.24 3.25

Others

Series 9030, edition P and later editions
Series 9031, edition H and later editions
Series 9040, edition D and later editions

Y
To Subsection 3.3.2

To Subsection 3.2.3
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3.3.1 Initialization flowchart when standard pulse coder is used

Emergency stop state, NC power ON

!

No.1804 Bit initially set Bits 0 and 1 are O (bit 1 is 1 upon completion of setting)
No.1874 Motor No. See Section 3.4.5. (Number 39 and up for 9040 series servo ROM)
No.1806 AMR See Section 3.4.1.
No.1820 CMR See Section 3.4.2.
No.1816 DMR Bits 4 to 6. (See Section 3.4.2.)
Bits 4 to 6 are 1 when flexible feed gear is used
No.1879 Travel direction 111 (clockwise when viewed from detector)
-111 (counterclockwise when viewed from detector)
No.1896 Reference counter | See Section 3.4.2.
(Alternatively, Nos. 1816, bits 0 to 3. Refer to NC manual.)
No0.1875 Load inertial ratio Start with 0 when machine inertia is unknown. (See Il 2.9.2)
Y
Closed loop Machine system? Semi-closed loop
Y \
N0.1807 bit3=1 No0.1876 | Number of velocity puilses | 4 XNp
No.1815 bit1=1 No.1891 | Number of position pulses | 4 XNp

Y

No.1876 | Number of velocity pulses |4 xNp |Np : Number of pulse coder pulses
No.1891 | Number of position pulses | Ns Ns : Number of feedback pulses from scale per motor revolution

I
Power OFF/ON

Y

Series 10, 11, 12

* Series of NC system?
No.1865 | Standard parameter viaue X Np/2000 ¥ Series 15
No.1866 | Standard parameter value X 2000/Np Used
No.1868 | Standard parameter value X 2500/Np Flexible feed gear used?
No.1869 | Standard parameter value x 2500/Np Not used
N0.1967 | Standard parameter value X 2500/Np See Section 3.4.3. ¥
No0.1969 | Standard parameter value X 2500/Np \

No0.1977 | Numerator of DMR

[ »| Parameter setting completed |« No.1978 | Denominator of DMR
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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 zm is required. (The optional parameter for 0.1-zm control is
required.)

(2) High-resolution pulse coder is used but control resolution is 1.m.

(3) The larger servo motors (50S, 60S, and 70S) are used.

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

Emergency stop state, NC power ON

Y

No.1804 Bit initially set Bits 0 and 1 are O (bit 1 is 1 upon completion of setting)
No.1874 Motor No. See Section 3.4.5. (Number 39 and up for 9040 series servo ROM)
No.1806 AMR See Section 3.4.1.
No.1820 CMR See Section 3.4.2.
No.1816 DMR Bits 4 t0 6. (See Section 3.4.2.)

Bits 4 to 6 are 1 when flexible feed gear is used
No.1879 Travel direction 111 (clockwise when viewed from detector)

-111 (counterclockwise when viewed from detector)

No.1896 Reference counter | See Section 3.4.2.
No.1875 Load inertial ratio Start with 0 when machine inertia is unknown. (See 11 2.9.2)

!

Closed loop Machine system? Semi-closed loop +
No.1807 bit3=1 No.1876 | Number of velocity pulses | 4 X Np/10
No.1815 bit 1=1 No.1891 | Number of position pulses | 4 X Np/10

Y

No0.1876 | Number of velocity pulses | 4 X Np/10 :p ::"m':r °: :’e‘:::aw:e' ‘puls?s ' )
No.1891 | Number of position pulses | Ns/10 s re?/:lu{i;r? Ck puises from scale per mo'or

!

Power OFF/ON

Y

@
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i

0.1 xmip Least input increment? 1 pmip
No0.1804 bit0=1 No0.1804 bit0=0
Series of NC system? Series of NC system?
Series 10, 11, 12 | Series 15 Series 10, 11, 12 Series 15
) l l Y } y
No Normal Large motor Normal Large motor Normal Large motor Normal Large motor
) (+1) (*2) (1) (*2) (+1) (*2) (*1) (+2)
1855 | No change No change | Nochange | No change +10 +10 +10 +10
1856 | Nochange | Nochange | Nochange | No change +10 +10 +10 +10
1859 | No change No change | Nochange | No change X10 x10 X10 x10
1865 A +C No change | No change A +C x10 x10
1866 XA xC No change | No change XA xC +10 +10
1868 xB xC No change | No change xB xC +10 +10
1869 xB xC No change | No change xB xC +10 +10
1967 xB xC xB xC xB xC xB xC
1969 xB xC xB xC xB xC xB xC
A =2000/Np Used
B =2500/Np Flexible feed gear used? See S
= ee Section 3.4.3.
0=10000e [Nt sos '
P Number of pulse coder pulses \ No0.1977 | Numerator of DMR
Power OFF/ON - No.1978 | Denominator of DMR
(+1) Normal : AC5-0 to 40S/2000
(+2) Large motor : ACS0S 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 0.1-zm control using a high-resolution pulse coder is set, the following alarm is
raised: SV27 XILL DGTL SERVO PARAMETER (X =names of first to fourth axes)
@ The value of No.1859 after modification exceeded 32767.
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3.3.3 Initialization flowchart when 1-um control is applied with a 10000-
pulse pulse coder

When 1-um control is exercised with a 10000-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

Emergency stop state, NC power ON

{

No.1804 Bit initially set Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is set to 1.)
No.1874 Motor No. See Subsection 3.4.5. (No. 39 and after for the servo ROM of series 9040)
No.1806 AMR 00001001
No.1820 CMR See Subsection 3.4.2.
No0.1816 DMR 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.
No.1879 Travel direction 111 (clockwise when viewed from detector)

-111 (counterclockwise when viewed from detector)

No.1896 Reference counter | See Subsection 3.4.2.
No.1875 Load inertial ratio Set zero when the machine inertia is not known.

!

Closed loop Machine system? Semi-closed loop 1
No.1807 bit3=1 No0.1876 | Number of velocity pulses 10000
No.1815 bit1=1 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
[
Power OFF/ON

!

No.1954 | Bit for setting 10000 pulses bit0=1

!

No0.1967 | (Set value)/a Set zero when the current set
No.1969 | (Set value)/4 value is zero.

!

Is a flexible feed gear used? Yes

No See Subsection 3.4.3. ¥
Y
No.1977 | Numerator of DMR
Power OFF/ON ‘ No.1978 | Denominator of DMR

3

Parameter setting is completed.
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3.3.4 Initialization flowchart when serial pulse coder A or B is used

Emergency stop state, NC power ON

See Section 3.4.4 for description of

{

9040 series servo ROM for serial
pulse coder.

Yes
Setting 2 - Is least input increment 0.1 zm?

(To next page) + No
No.1804 Bit initially set Bits 0 and 1 are 0 (bit 1 is 1 upon completion of setting)
No.1874 Motor No. Number 39 and up (Velocity loop period: 1 msec standard). See Section 3.4.5.
No.1806 AMR See Section 3.4.1.
No.1820 CMR See Section 3.4.2.
No.1816 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.
No.1879 Travel direction 111 (clockwise when viewed from detector)
-111 (counterclockwise when viewed from detector)
No0.1896 Reference counter | See Section 3.4.2.
No.1875 Load inertial ratio | Start with 0 when machine inertia is unknown. (See Il 2.9.2)
Power OFF/ON
Closed loop Machine system? Semi-closed loop
Y y
No.1807 bit3=1 Set flexible feed gear.
No.1815 bit1=1 No.1977 (N) Numerator of DMR

Y

Set conventional DMR or

flexible feed gear.
{

No.1978 (M) Denominator of DMR

No0.1876
No.1891

Number of velocity pulses
Number of position pulses

Ns

See Sections 3.4.2
and 3.4.3. No.1876 | Number of velocity pulses 8192
No0.1891 | Number of position pulses | 12500
8192 |[Ns : Number of feedback pulses from

scale per motor revolution

Y

Power OFF/ON

!

Parameter setting completed
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Setting 2
No.1804 Bit initially set Bit 1 is 0 (bit 1 is 1 upon completion of setting). Bit0is 1.
No.1874 Motor No. Number 39 and up (Velocity loop period: 1 msec standard). See Section 3.4.5.
No.1806 AMR See Section 3.4.1.
No.1820 CMR See Section 3.4.2.
No.1816 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.
No0.1879 Travel direction 111 (clockwise when viewed from detector)
-111 (counterclockwise when viewed from detector)
No0.1896 Reference counter | See Section 3.4.2.
No.1875 Load inertial ratio | Start with 0 when machine inertia is unknown. (See il 2.9.2)
Power OFF/ON
Closed loop Machine system? Semi-closed loop
Y Y
No.1807 bit3=1 Set flexible feed gear.
No.1815 bit 1=1 See Section 3.4.3. | No.1977 (N)  Numerator of DMR
No0.1978 (M) Denominator of DMR
Y
Set conventional DMR or |See Sections 3.4.2 Y
flexible feed gear. and 3.4.3. No.1876 | Number of velocity pulses 819
No0.1891 | Number of pasition pulses 1250

Y

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

No.1891 | Number of position pulses | Ns/10 scale per motor revolution
Power OFF/ON

Y

Parameter setting completed

(Note) The optional parameter for 0.1-.m control is required.
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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.

No.1807 bit3=1
No.1815 bit1=1

¥

Emergency stop state, For the servo ROM of series 9040
NC power ON for serial pulse coder, see
i Subsection 3.4.4.
No.1804 Bit initially set Bits 0 and 1 are set to 0. (After the bits are set, bit 1 is setto 1.)
No.1874 Motor No. No. 39 and after (Standard velocity loop period: 1 ms) See Subsection 3.4.5.
No.1806 AMR 00000000 (Bit 7 is set to 1 only for the AC5-0.)
No.1820 CMR See Subsection 3.4.2.
No.1816 DMR 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 setto 1.
No.1879 Direction of traveling 111 (clockwise when viewed from detector)
=111 (counterclockwise when viewed from detector)
No.1896 Reference counter | See Subsection 3.4.2.
No.1875 Load inertial ratio Set zero when the machine inertia is not known.
Y
Power OFF/ON
Y
Closed loop Machine system? Semi-closed loop

{

No.1876 | Number of velocity pulses 10000
No.1891 | Number of position pulses 10000

No.1876 | Number of velocity puilses | 10

000 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 3.4.3.| Set a value for the flexible feed gear.
No0.1977 (N) Numerator of DMR
No0.1978 (M) Denominator of DMR

v

No.1954 | Bit for setting 10000 pulses bit0=1

T

N0.1967 | (Set value)/a Set zero when the current set
No.1969 | (Set value)a value is zero.

L]

Power OFF/ON

Y

Parameter setting is completed.
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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) AMR 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 3.4.5)

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 foliows:
8X01 AMR7 | AMR6 | AMR5 | AMR4 | AMR3 | AMR2 | AMR1 | AMRO
1806 AMR7 | AMR6 | AMR5 | AMR4 | AMR3 | AMR2 | AMR1 AMRO
B7 B6 B5 B4 B3 B2 B1 BO
AMR Number of pulses of pulse coder built into motor
7 6 4 3 P 1 o | (before multiplied by 4)
0 0 1 1 1 1 | 2000P
0 0 1 0 1 0 |2500P
0 0 1 0 0 1 | 3000P
0|0 0 oo 1 | 10000P
0 0 0 0 0 1 | 12500P, 15000P
0 0 1 1 1 1 | 20000P
0 0 1 0 1 0 |25000P
0 0 1 0 0 1 | 30000P
1 0 1 00| 0 [(1000P 5-0)
o1} o0 1 1 0 1 | (2000P 3-0S, 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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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 (AC3-0S, 4-0S, 5-0, and so forth) incorporating serial pulse
coder cannot be driven.

The 9040 series/edition B allows servo motors other than AC5-0 to be driven.

The 9040 series/edition C and later allow all FANUC servo motors (AC70S to 5-0) 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.

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)

716|514 ]13]2]1 0 with 9040 series/edition C

Name of motor /This motor can be driven

1{ololololo|1]o0]|Ac 50 o later.

/These motors can be driven

0 0 0 0 0 0 1 1 |AC 4-0S,3-08 with 9040 series B or later.

olololo}lo|lo]o]| o ]|AC 70Sto2-08 «— 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)

AMR (bit 0 to 7)

Name of motor
7 6 5 4 3 2 1 0

1 0j]0|l0]0]|]0]0]O]|AC S50

o({0lO0O|O|O|O]O]| O /|AC 70Sto4-0S

(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 fiexible feed gear

CMR means command muitiply, 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.

Position
command + | Position

CMR |——> 00—
A — control l Motor Table
1 X mm/rev or °/rev

Command unit:

1 pm 1
0.1 pm Pulse coder )
1/1000°, etc. Nv P/rev Gear ratio

n:1

|| DMR or flexible

Detection unit: | feed gear
mm/P

Fig. 3.4.2

Here, the detection unit can be calculated as follows (Nv: Number of pulse coder pulses per
motor revolution):

X (mm/rev or °/rev)
Nv(P/rev) xn XDMR (flexible feed gear)

Detection unit (mm/P or °/P) =

To operate the system as specified, the command unit must be related with the detection unit
as follows:

Command unit (mm or °)
CMR

= Detection unit (mm/P or °/P)

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 gm, 0.1 zm, and 1/1000°) 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 DMR parameters
(a) Method of CMR parameter setting
Servo setting menu CMR
No.1820 (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 1/2
0 0 1 1
0 1 0 3/2
0 1 1 2
1 0 0 5/2
1 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 1-um 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 zm,

10
DMR = X4 =4
10000 x 1 X 0.001
0.001
CMR = —— =1
0.001

So CMR and DMR must be set to 2 and 4 (or flexible feed gear = 1/1) respectively.
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Example 2: To exercise 1-um control with a linear axis, ball screw of 4 mm/rev, gear reduction
ratio of 2 : 1, and puise coder of 2000 P (Nv =8000 P/rev)

For a detection unit of 1 zm,

4
Flexible feed gear = x4 =1
8000 x2x0.001
0.001
CMR = ——=1
0.001

So CMR and DMR must be set to 2 and 4 (or flexible feed gear = 1/1) respectively.

Example 3: To exercise 1/1000° 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 1/1000°,

. 360 3
Flexible feed gear = =
12000 X 100 X 1/1000 10
1/1000
CMR = ——— =1
1/1000

So CMR and flexible feed gear must be set to 2 and 3/10 respectively.

1-26



3. STARTING UP DIGITAL SERVO

(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 Z 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

Rapid traverse
feedrate

)
]
]
i
Motor speed i 3 FL speed |
i
Z phase signal l T 1 l
(one-revolution signal) D @ E
H Reference
H counter
capaci
Reference counter + i pacty
]

Grid point is created by detecting Z phase signal at this point.
Grid point | 1 1 1 | | |

T

This point is set as zero point.

Deceleration dog
—

REF

So if the motor one-revolution signal is used as the Z phase signal, the Z phase signal is
generated each time the motor makes one revolution. This means that the point of Z 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 per one revolution of the motor, or such a number divided by 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
bit3 | bit2 | bit1 | bit0 | | east input increment | Least input increment

1u 0.1
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 0o | 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 »m, set a reference counter value
multiplied by 0.1.

An arbitrary reference counter value is to be set in No.1896 (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 2500P, lead of 10
mm/rev, and DMR =4 (flexible feed gear 1/1)

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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Reference counter capacity setting with motor pulse coder of 20000P, lead of 4
mm/rev, and DMR =2 (flexible feed gear 1/2)

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 xm 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 2500P, gear reduction
ratio of 108 : 1, and 0.001° specified for rotational table

In this example, when a flexible feed gear of 1/3 is used, the detection unit is 0.001°.
In this case, however, the number of pulses per motor revolution is not an integer but
3333.3333 (=10000%1/3). So, the reference counter cannot be set correctly, thus
producing no fixed zero point.

So, in this case, a flexible feed gear of 1/1 (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 function

So far, pulse coders with various resolutions have been prepared by the user to match a least
command increment of 1 xm 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

+
CMR b—>o0— PG Velocity control

Position gain
Position feedback

r-DMR—-l

\_ n/m 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 DMR; 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 conventional pulse coders (including the high-
resolution type)

(a) Applicable servo ROM series/editions

Edition 9030/001J and later
Edition 9031/001H and later
Edition 9032/001C and later

(b) Parameter setting

The parameters for n and m are as follows:
n 8X84 (Series 0-C), 1977 (Series 15)
m 8X85 (Series 0-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 DMR
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

1,000,000

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

n (No.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
(No.8X85, 1978) is 1,000,000.

(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-zm detection using a pulse coder of 2000P (DMR can also be used for

setting.)
Ball screw lead Desired number of pulses/ Setting value Reference counter
(mm/rev) feedback pulses
1 1000/8000 1/8 (DMR=1/2) 1000
2 2000/8000 1/4 (DMR=1) 2000
3 3000/8000 3/8 (DMR=2/3) 3000
4 4000/8000 1/2 (DMR=2) 4000
5 5000/8000 5/8 (DMR=5/2) 5000
7 7000/8000 7/8 (DMR=7/2) 7000
8 8000/8000 1/1 (DMR=4) 8000
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Example 2: Setting for 1-.m detection using a pulse coder of 10000P

Ball screw lead Desired number of pulses/

Setting value Reference counter
mm/rev ee C uises
(mm/rev) feedback pul
2 2000/40000 1/20 2000
3 3000/40000 3/40 3000
4 4000/40000 1/10 4000
5 5000/40000 1/8 (DMR=1/2) 5000
6 6000/40000 3/20 6000
8 8000/40000 1/5 8000
10 10000/40000 1/4 (DMR=1) 10000
12 12000/40000 3/10 12000

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

Ball screw lead  Number of feedback pulses/

Setting value Reference counter
(mm/rev) 1000000
6 6000/1000000 3/500 6000
8 8000/1000000 1/125 8000
10 10000/1000000 1/100 10000
12 12000/1000000 3/250 12000

Example 4: Setting for 0.001° detection using a pulse coder of 3000P and rotation axis with a
gear reduction ratio of 1/160

Desired number of pulses per motor revolution : 360X 1000 % (1/160) = 2250P
Number of pulse coder pulses per motor revolution : 3000 x4 =12000P

So the flexible feed gear setting value is 2250/12000 (=36/192).
The reference counter value is 2250.

(4) Notes on setting the flexible feed gear function
(a) If either flex feed gear parameter is set to 0, the conventional DMR is applicable.
(b) When using a flexible feed gear, set DMR to 4.
(c) After the parameters for this function are set, be sure to turn the power off, then on again.

(d) When using a high-resolution pulse coder, set this function after completion of servo
parameter setting.

(e) For the number of position feedback pulses (1891 (Series 15), 8X24 (Series 0-C), 1024

(PMA)), set the number of position feedback pulses (after multiplied by 4) per motor
revolution as before.
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(f) The flexible feed gear setting limits are indicated below.
® 1=n=32767, 1=m=32767

@ For a system using a conventional pulse coder or a closed-loop system using a serial
pulse coder, the following expression is satisfied:

PG No.1876, 8X23 4 1
n/m= 655 x X X X

2000 No.1891, 8X24 DMR 32767

For a semi-closed loop system using a serial pulse coder, the following expression
must be satisfied:

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.1825, 517)
When a conventional pulse coder is used, the following expression must be satisfied:

32767 X 60000 (or 30000 when velocity ioop period is 2 msec)

Number of pulse coder pulses X4 X maximum speed (rpm)

Example: When the number of pulse coder pulses is-10000P, 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:

0.03=n/m=16.38

If the expressions above are not satisfied, the alarm for incorrect parameter setting
occurs. When the alarm is issued, the following action must be taken:

@ Change the setting of CMR and fiexible feed gear.
@ 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 2500P, gear reduction ratio of 108:1, rotation table, and
0.001° command
When a flexible feed gear is used and the gear ratio is set to 1/3, the unit of
detection becomes 0.001°. However, the number of pulses per motor
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revolution becomes a non-integer (10000x1/3 = 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 1/1.
(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:

Maximum number of puises that Absolute value .
Pulse coder type L Applicable motor
can be detected communication
Serial pulse coder A 1,000,000P/rev Possible S-series motor
Serial pulse coder B 250,000P/rev Possible T-series motor
Serial pulse coder C 40,000P/rev Impossible S-series motor

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

Serial pulse coders Aand B :  Series 9040, edition A and later
Serial pulse coder C :  Series 9040, edition D and later

(1) Precautions in setting
(a) In a semi-closed loop system, a fiexible 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.

1-34




3. STARTING UP DIGITAL SERVO

(c) A conventional dummy connector (A02B-0083-D011) 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 0/0.

(d) Use motor number 39 and up.

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

coder used).

Motor with serial pulse coder used? Yes
‘} No
(1-msec period)
No Enter parameter by using conventional method. 2 msec
currently set in velocity loop period parameter (motor type
numbers 1 to 38)?
’ Yes (2-msec period)
No.8X04 No.1809 01000110
No.8X43 No.1855 | Value for 2-msec period X 5/9
No.8X45 No.1857 | 32768 - (32768 - value for 2-msec period)/2
If 0 is set currently, leave it as it is.
No.8X46 No.1858 | Rewrite — 16471 to —8235.
No.8X47 No.1859 | Value for 2-msec period X 1/2
No.8X50 No0.1862 | Rewrite 1677 to 956.
No.8X51 N0.1863 | Rewrite 1788 to 510.
|

Setting completed

A

Follow setting flowchart in
Section 3.2.3.

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 Il

(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
9000H,9001E and later editions: 3 to 25
9000L,9001H, 9010A and later editions: 3 to 26
9000N,9001K,90023,9010B,9020A and later editions: 3 to 36
9000P,9001L,9002K,9010C,9020B,9022A and later editions: 3 to 38
9010F,9020E,9022B,9030A and later editions: 3 to 41
9010G,9020F,9022C,9030B and later editions: 3 to 67
9020K, 9030G 9031A, and later editions: 3 to 72
9030J 9031D, and later editions: 3to 73
9030K,9031E and later editions: 3 to 78

9031F,9040A and later editions: 3 to 83
90300,9031H,9040D 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.

Y
9040 series servo ROM for serial pulse coder used? ==
i No
Velocity loop control 1 msec >
period?
2 msec
7 \j
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 parameters
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(39 or later) with 1-msec velocity control, the second axis must also be selected from the
standard parameters (39 or later) with 1-msec velocity 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 1-0S is used for 1-0SP, and the same motor type
number as for 2-0S is used for 2-0SP.) If a high-resolution pulse coder (10000P) is used,
standard parameter modification is required.

(d) Motor type numbers 74 to 77 are special for piston lathes.
Motor type numbers based on combinations of a motor and amplifier

The table below lists the motor type numbers determined by combinations of a motor and
servo amplifier.

(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 Vinput type
@ 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
@ 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.

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

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

Motor number

A0 6B-XXXX~-

1 8 5 Vinput type

A06B-6057-
HO0O01

PCB
0430/0410
0500/0600

0670

0670

0670
0670

0670

0670
0670

0680

0680

0680

0680

0680

0280
0280

0280
0289

0670

0670

0670

PCB
0720/0661

0720/0662
0720/0663

0720/0664
0220

20

20

0220

0

0220

H0O02

HO003

HO0O04

HO0O05

HO15

H006

HO0O7T

HOO08

H201

H202

H203

H204

H205

H301

H302

H303

H304

H401

H402

H403

2 2 0 Vinput

A06B-6058-
H201

H202

H203

H204

H301

H302

H301/J005

H301/J004
H301/3003
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@ 230V input type

4]3]20(20]2]2[2]1][1]0]5]10]30
frrysystitytpifi11]1st{s|{sy|s
00|/ ojojojolo
Motor model |S|S|l| |S|S|S|S|S
5 P P
0 % *
0 2 2
Motor number oo fojojojolo|o]ojolo|o]o
5151515(3/3[3{3|3]3/3/3]5
si3jofol1|7it{tf{7i1|1f1]9
A0B6B-XXXX 2183151210 (1}1}2(2]3|4(51]0
2 3 0V input type
AOGB-6058 | PCB
HO002 |0730/0740 | 2728
H003 0030 37137[29(30]30
HO004 | 0090/0140 31|32
HO005 | 0090/0081 34 33
HO006 | 0090/0080 35 36
H007 0300
HO023 | 0090/0141
HO025 | 0090/0084
Hi01 (0300
HiO02 [0300
H221 | 0800/0271 3737293030
H222 0800/0272 37137129130130}31]|32
H223 0800/0273 ) 31[32
H224 | 0800/0274 313233
H229 |0800/0830 33
H230 0800/0960
H2 31 | 0800/0961 313233
H32 0280 3132
H3? 0280 313233
H323 0280 31[32[33
H324 0280 33
H325 (0280 37137293030
H326 0280 3713712913030 3132
H327 0280 37 3729 30303132
H328 0280 371371293030 33
H329 (0280 371371293030 33
H331 | 0330/0861 37 37293030
H332 0330/0862 37/37]29/30/30(31/32]33
H333 |0330/0863 3713729 3030313233
H334 0330/0864 31132(33

® Combination of 220V input unit and 230V PCB

2]2]2]1]1]0]5]10
Plrjrjrjiistsyts
ojofojo]o

Motor model | S § S|s ?
* *
2 2

Motor number [0 [0} 0|0f0|0|0]0
313({3(3({3({3|3(3
t{7]1|1|7i1]1]1

A06B-XXXX ol1|t1]2(2]|3]|4}5

*220Vinput unit

+230V PCB Combination

A06B-6058 PCB

H201 0800 37137]29/30]30

H202 0800 37137129]30)30]31)32
H203 0800 31132
H204 0800 3113233
H301 0280 3132
H302 0280 31132133
H303 0280 3132(33
H304 0280 33
H301/J005 | 0280 2913030

H301/J004 | 0280 29130/30(31)32
H301/J003 | 0280 290301303132
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3. STARTING UP DIGITAL SERVO

(4) Combination of 220V input unit and 230V PCB

@ 230V input type

a13l2l2(1|1 0|56 |10[20|20|30|50]|60]70 20211 516 (1020 |30]40
RN sis|sis|sis|s|s|s|s Plifr]r|sisisis|s|s|s
olojolololo / olo|o| o0 \HI/\/\/\/ |/
s|s|{s|{s|s|s 1 sis|sl|s 313(3(3|3|2
Motor model : S : alelals MR
* 0 * | H Hi%|olo|olo|o0]|0
2 0 5 s{ofofojofjofo
Motor number [o{olofolofo olofojojoloflofolafo of{ojojolololojololo]o
5(5(3/3|3|3 313/313({5(5(5(3/3/3 313(3[3[3|5(3[3[3({3(5
3is|1|7)1]" 1{1j1f1jolofalsla]|s tl7iof T2t fi|1]s
A06B-XXXX 2(3(0f1{2]2 3{4(6|5(5{2/0(|1]2]3 of1f9l3f3f4lo|7{8]0a]|3
2 3 0 Vinput type ]
AOBB-6058 | PCB
HO002 |0730/0740 | 4344
H002 0030 45454645
HO004 | 0090/0140 63 | 48
HO 05 |0090/0081 49150 [ 51 63
HOO06 |0090/0080 5253
HOO07 0300 66 6778
HO 0090/0141 61]61]62]62
HO 25 |0090/0084 4 65
H101 0300 39
H102 [0300 4041
H 08007027 45| 454646 61 61 | 62 | 62
H 0800/02; 45454646 63 | 48 616162 62
B 0800/027 63 | 48
H224 | 0800/0274 63 | 48 50 63
H2 0800/0830 50 63
H? 0800/0960 54
H231 | 0800/0961 63 |48 50 536473
B 0020/0671 5253 54 65
H252 | 0020/0672 50 | 51 |52 | 53
H25 0020/0673 50 | 51
H321 0280 6348
H322 [0280 63 | 48 50
H3 2 0 63 | 48 50
H3 2 4 0 50
H325 45| 454646
H326 2 45454646 63 48
H327 |02 4545|4646 63 | 48
H328 |0 45454646 50
H329 [0 45 | 45 46 46 50
H 0330/0861 454514646 626263
H 0330/0862 45 [ 45 [ 46| 46 63 48 50 62 ] 62| 63
H3 0330/0863 45 45 [ 46 46 63 48 50 62 62 | 63
H334 |0330/0864 63| 48 50 63
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3. STARTING UP DIGITAL SERVO

@ 185V input type

5| [30]40 0/5|6]7]10 0|5(6]7
| / LI|L{L|L|L LIL|L|L
0 2 YAVAVAYd
Motor model 0 3131313
0 0(0j0]0
0 0j0fo0jo
ofolo]o
Motor number 0 00 0(0|0]0]0 0j0[0]0
5 5|5 5(5[5]|5]|5 5(5(5(5
A0BB-XXXX- |3 0|8 616|677 66|67
1 611 112412 11214141
1 8 5 Vinput type
A06B-6057-| PCB
HO0O01 [0430/0410 [42
H007 [0670 54
H008 0670 55
H401 0670 68 68
H402 [0670 §9 (70 69 [ 70
H403 0670 71172 71
@ 230V input type
0|5]5]|10(10
T|T|T|T|T
NN
Motor model 3|12)3|23
0j0f0]0]0
ojlojojofo0
0o(0fo0j0]0
Motor number |o|o0|o0[0]0
3(3/3(3|3
8|8(8|8/8
A06B-XXXX 112(3(4]5
2 3 0 V input type
A06B-6058 PCB
HO004 [0090/0140 [79]80
HO 05 ]0090/0081 82
HO0 25 [0090/0084 8l 83
H2 22 [0800/0272 80
H223 ]0800/0273 80
H224 [0800/0274 |79 [80 82
H229 [0800/0830 [79 82
H230 |0800/0960 8l
H231 [0800/0961 [79[80]81]82
H332 10330/0862 | 7980 82
H333 10330/0863 | 79180 82
H334 [0330/0864 | 7980 82
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3. STARTING UP DIGITAL SERVO

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

Standard parameter setting for the C series servo amplifiers

413l2j2|1{1]{0f0|5(6!10(20/20(30{5]10(20/30]40
Pl fefrfrfr{sis|{s|{s|{s|{s|s|s|s|s]|sS|sS
ojlolofofojolo / AVAVAVAYS
Motor model [S|S|s|S|{S|sS|S 1 3|3|3(|3]2
P P|P 5 ololoto]o
* 0 0foj0ofo]|o0
2 0 0j0j0ofo0]o0
Motor number |00 |ofo|ojofo|ojojofolololofo|o|0olO]|O
5|5|3[3|3|3|3|3[3|3|3|5|5{5/5(3/|3/|3]5
A06B-XXXX~- |3|3|1|7|1j7|7|tf1j1{1jojo|9|1]1]1]1]8
203)0|1}2{2|4|3[4(6|5|5|2|0|4]|7|8|9]3
2 3 0 Vinput type
AO6B-6066- | PCB
HO002 [-1200-0911 | 43 | 44
HO0O03 [-1200-0910 454546 | 46
HO004 [-1004-0851 84 |63 (4849 (5051
HO0O06 |-1004-0850 52 53| 64 65
H008 |-1005-0210 66|67 |78
-1005-0220
H222 |-1004-0866 | 43 | 44
H223 [-1004-0865 | 43|44 [45 454646
H224 |-1004-0864 | 43 | 44 84 | 63 48 50
H233 |-1004-0863 454546 | 46
H234 |-1004-0862 4545146 | 46 [ 8463 48 50
H244 |-1004-0860 84 [ 63 | 48 50
H236 |-1005-0872 4514546 [ 46 64
H246 |-1005-0871 84 | 63 | 48 | 49 | 50 64
H266 [-1005-0870 64

(6) Motor type numbers with a velocity loop control period of 1 msec

Standard parameter setting for the C series servo amplifiers

413(2|2]1(105]6|10[20(20{30|5 |10
Pty i1 1S|S[{S|{S|S|S[S|S|S
0|0(0]|0f{0]0O / avs
Motor model S|S|S|S|S|S 1 3|3
P P 5 010
* 0 0(0
2 0 010
Motor number o(o0jofof{ojofojofojofofojo0o|0{fo0
5{5({3{3/3(3|3[3|3[3|5|5({5]5]3
31|77yl {rprjofo|91qtl
A06B—-6066 213(0(1(2{2|3|4(6(5|5(2(0]|4!'7
2 3 0 Vinput type
A06B-6066- PCB
HO002 -1200-0911 | 43 | 44
H003 -1200-0910 4545146 46
H0O04 -1004-0851 6314814915051
HO0O06 -1004-0850 521536465
H222 -1004-0866 | 43 | 44
H223 -1004-0865 | 43 | 44 | 45.{ 45|46 | 46
H224 -1004-0864 | 43 | 44 6348 50
H233 -1004-0863 45145146 | 46
H234 -1004-0862 454546 [ 46 | 6348 50
H244 -1004-0860 63148 50
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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 (0310,
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  No0.1874, 8X20 = 37

PPMAX No.1865, 8X53 —30

PDDP No.1866, 8X54 — 12500

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

220V 220V There is an upward compatibility between
PCB -« + PCB the two types.
However, when a PCB marked with * is
Power supply Power supply
section section changed, the current dead zone
compensation parameters (PPMAX, PDDP)
Unit = =+ Unit

need to be altered.
PPMAX No.1865, 8X53
PDDP No.1866, 8X54

(Note 5) When a 2-0S or 0S 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-185V  Number of axesApplicable motor
A20B-1001-0430 1 5-0
A20B-1002-0500 1 4-0S, 3-0S
A16B-1200-0670 1 2-0to 40
A16B-1200-0680 2 4-0Sto5
A20B-1002-0280 3 Oto5

AC-220V

A16B-1200-0720 2 2-0S to 10S
A16B-1100-0220 3 2-0Sto 10S
AC-230V
A20B-1002-0730 1 4-0S, 3-0S
A20B-1003-0030 1 2-0S, 1-0S
A20B-1003-0090 1 0S to 30S, 2-S (3000), 5S/3000, 10S/30
A16B-1100-0300 1 50S to 70S, 20S/3000, 30S/3000
A16B-1200-0800 2 2-0Sto 10S
A16B-2201-0020 2 5S/3000 to 30S
A16B-1100-0280 3 2-0S to 10S
A16B-1100-0330 3 2-0S to 10S, 2-S (3000), 0S (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 (A0O6R-6058-0003 to 0005) of
the 220V type (2-0S to 5S), the resistance of RM1 in the unit is changed.



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
1-axis |5-0 —— | A06B-6057-H001 | A20B-1001-0430 | A20B-1001-0410
amp. See Fig. 4.2 (a)
4-0S, 3-0S —— | A06B-6057-H002 | A20B-1002-0500 [ A20b-1000-0600
See Fig. 4.2 (b)
2-0, 1-0 —— | A06B-6057-H003 | A16B-1200-0670 _—
0,5 — | A06B-6057-Ho04 | See Fig- 4.2 ()
10 —— | A06B-6057-H005
20S/1500 —— | A06B-6057-H015
20S, 30 —— | A06B-6057-H006
30/2000 —— | A06B-6057-H007
40 —— | A06B-6057-H008
oL —— | A06B-6057-H401
5L, 6L° —— | A06B-6057-H402
7L, 10L —— | A06B-6057-H403
2-axis {2-0,1-0{2-0,1-0| —— | A06B-6057-H201 | A16B-1200-0680 —
amp. 150,10 0,5 | — | A0BB-6057-H202 | See Fig- 4.2 (d)
0,5 0,5 —— | A06B-6057-H203
3-axis 0,5 0,5 0,5 A06B-6057-H301 | A20B-1002-0280 —_—
amp. | 9,5 | 0,5 | 10 | A06B-6057-H302 | See Fig. 4.2 ()
0,5 10 10 A06B-6057-H303
10 10 10 A06B-6057-H304
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4. AC SERVO UNIT MAINTENANCE

Table 4.1 (b) 200V input type (200V/220V)

Motor to be applied

Drawing number

Drawing number of PCB

L-axis | M-axis | N-axis of PCB PWM controller | Power controller
2-axis 2-0S 2-0S B A06B-6058-H201 | A16B-1200-0720 | A20B-1002-0661
amp. 1-0S 1-0S See Fig. 4.2 (f)
2-0S 0S —— | A06B-6058-H202 A20B-1002-0662
1-0S 58S
0S 0S _ A06B-6058-H203 A20B-1002-0663
5S 58
0S e A06B-6058-H204 A20B-1002-0664
5S 10S
3-axis 0S 0S 0S A06B-6058-H301 A16B-1100-0220  —
amp. 58 58S 58 See Fig. 4.2 (g)
0S 0S A06B-6058-H302
5S 58S 10S
0S A06B-6058-H303
5S 10S 10S
10S 10S 10S A06B-6058-H304
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Table 4.1 (c)

4. AC SERVO UNIT MAINTENANCE

200V input type (200V/230V) (1/2)

Motor to be applied

Drawing number

Drawing number of PCB

Laxis | M-axis of PCB PWM controller | Power controller
1-axis |4-0S, 3-0S AO6B-6058-H002 | A20B-1002-0730 | A20B-1002-0740
amp. See Fig. 4.2 (h)

2-0S, 1-0S A06B-6058-H003 | A20B-1003-0030 S
See Fig. 4.2 (i)
0S, 5S, 5T/2000 AO6B-6058-H004 | S20B-1003-0090 | A20B-1003-0140
0S+, 10S, 20S/1500 A06B-6058-H005 See Fig. (j) A20B-1003-0081
10T/2000, 0T/3000
208, 30S A06B-6058-H006 A20B-1003-0080
20S/3000 AO6B-6058-H007 | A168-1100-0300
30S/3000, 40S/2000 See Fig 4.2 (n)
2-0S% A06B-6058-H023 | A20B-1003-0090 | A20B-1003-0141
1-0S/3000 See Fig. 4.2 (j)
5S/3000, 10S/3000 A06B-6058-H025 A20B-1003-0084
5T/3000, 10T/3000
50S A06B-6058-H101 | A16B-1100-0300 —_—
60S, 70S A06B-6058-H102 | See Fig- 4.2 (n)
2-axis |2-0S, 1-0S |2-0S, 1-0S | A06B-6058-H221 | A16B-1200-0800 | A20B-1003-0271
2-0St 2-0S% and (k2) A20B-1004-0881
208, 1-0S |08, 58 AOBB-6058-H222 A20B-1003-0272
1-0/3000 | 5T/2000 or
2-0S% A20B-1004-0882
0S, 55 0S, 5 A06B-6058-H223 A20B-1003-0273
5T/2000 5T/2000 or
A20B-1004-0883
0S, 5S 108, 0S¥ | A06B-6058-H224 A20B-1003-0274
5T/2000 0T/3000 or
10T/2000 A20B-1004-0884
10S, 0S¥ |10S, 0S¥r | A06B-6058-H229 A20B-1003-0830
0T/3000 0T/3000
10T/2000 | 10T/2000
5S/3000 55/3000 A06B-6058-H230 A20B-1003-0960
5T/3000 5T/3000
0S+:,5S |55/3000 A06B-6058-H231 A20B-1003-0961
0S, 10S 6S/3000
0T/3000 5T/3000
5T/2000
10T/2000

0S+ and 2-0S+¥r mean when using 0S and 20S respectively at 3000 rpm.

1-47




4. AC SERVO UNIT MAINTENANCE

Table 4.1 (c) 200V input type (200V/230V) (2/2)
Motor to be applied Drawing number Drawing number of PCB
L-axis M-axis of PCB PWM controller | Power controller
2-axis |5S/3000 A06B-6058-H251 | A16B-2201-0020 | A20B-1004-0671
amp. |10S/3000 [ 10S/3000 See Fig. 4.2 (k3)
20S, 30S 20S, 308
108 10S/3000 | A06B-6058-H252 A20B-1004-0672
20S/1500 20S, 30S
108 A06B-6058-H253
20S/1500 20S/1500 A20B-1004-0673
Table 4.1 (d) 200V input type (200V/230V) (1/2)
Motor to be applied Drawing number Drawing number of PCB
L-axis | M-axis | N-axis of PCB PWM controller | Power controller
3-axis | 0S, 5S | 0S, 5S | 0S, 5S | A06B-6058-H321 | A16B-1100-0280
amp. | 0s,5S | 0S,55 | 10S | A06B-6058-H322 | See Fig. 4.2 ()
0S, 58 10S 10S A06B-6058-H323
10S 10S 10S A06B-6058-H324
2-0S 2-0S 2-0S A06B-6058-H325
1-0S 1-0S 1-0S
2-0S 2-0S 0S A06B-6058-H326
1-0S 1-0S 58
2-0S 0S 0S A06B-6058-H327
1-0S 58 58S
2-0S 2-0S 10S A06B-6058-H328
1-0S 1-0S
2-0S 10S 10S A06B-6058-H329
1-0S
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Table 4.1 (d)

4. AC SERVO UNIT MAINTENANCE

200V input type (200V/230V) (2/2)

Motor to be applied

Drawing number

Drawing number of PCB

L-axis | M-axis | N-axis of PCB PWM controller | Power controller
3-axis 2-0S 2-0S 2-0S A06B-6058-H331 | A16B-1100-0330 | A20B-1003-0861
amp. 1-08 1-0S 1-0S See Fig. 4.2 (m)
(Note) | 1-0S/ 1-08/ | 1-0S/
3000 3000 3000
2-0S 2-0S [0S, 5S, | A06B-6058-H332 A20B-1003-0862
1-0S 1-0S 10S
1-0S/ 1-0S/ |0T/3000
3000 3000 |[5T/2000
10T/
2000
2-0S 0S 0S A06B-6058-H333 A20B-1003-0863
1-0S 58 58
1-0S/ 10S 10S
3000 |0T/3000}{0T/3000
5T/2000 | 5T/2000
10T/ 10T/
2000 2000
0S 0S 0S A06B-6058-H334 A20B-1003-0864
58 58 58
10S 10S 10S
0T/3000 | 0T/3000 | 0T/3000
5T/2000 | 5T/2000 | 5T/2000
10T/ 10T/ 107/
2000 2000 2000

(Note) The 2-0S and the 0S can be used up to 3000 rpm.




4. AC SERVO UNIT MAINTENANCE

Table 4.1 (e) 200V input type (200V/230V) (C series servo amplifier)

Motor to be applied

L-axis 1 M-axis

Drawing number
of PCB

Drawing number of PCB

. PWM controller

Power controller

1-axis
amp.

4-0S, 3-0S

A06B-6066-H002

2-0S, 1-0S, 1-0SP/3000

A06B-6066-H003

0-0SP, 0S, 5S, 10S,
20S/1500, 0T/3000,
5T/2000, 10T/2000, OL

A06B-6066-H004

55/3000, 10S/3000
20S, 30S, 5L, 6L,
5T/3000, 10T/2000

A06B-6066-H006

A20B-2900-0610
X1

A20B-2900-0620
(X1)

A20B-2900-0630
(X1)

See Fig 4.2(r)

A16B-1200-0911

A16B-1200-0910

A20B-1004-0851

A20B-1004-0850

20S/3000, 30S/3000
408/2000, 7L, 10L

A06B-6066-H008

A20B-2901-0200
A20B-2901-0240
A20B-2900-0630

A20B-1005-0210
A20B-1005-0220

2-axis
amp.

4-0S, 3-0S |4-0S, 3-0S | AD6B-6066-H222
4-0S, 3-0S | 2-0SP A06B-6066-H223
1-0SP
1-0SP/3000
4-0S, 3-0S | 0-0SP, 0S, | A06B-6066-H224
58,
0T/3000,
108,
5T/2000,
10T/2000
2-0SP 2-0SP A06B-6066-H233
1-0SP 1-0SP
1-0SP/3000 | 1-0SP/3000
2-0SP 0-0SP, 0S, | A06B-6066-H234
1-0SP 5S,
1-0SP/3000 | 0T/3000,
10S,
5T/2000,
10T7/2000
0-0SP, 0S, |0-0SP, 0S, | A06B-6066-H244
58S, 5S,
0T/3000, 0T/3000,
10S, 10S,
5T/2000, 5T/2000,
10T/2000 10T/2000

A20B-2900-0610
(X1)

A20B-2900-0620
(X2)

A20B-2900-0630
(X1)

See Fig 4.2(r)

A20B-1004-0866

A20B-1004-0865

A20B-1004-0864

A20B-1004-0863

A20B-1004-0862

A20B-1004-0860




4. AC SERVO UNIT MAINTENANCE

Table 4.1 (f) 200-V Input Type (200/230 V) (C Series Servo Amplifier)

Applicable motor

Drawing number

Drawing number of PC board

L-axis M-axis of servo amplifier Control unit Power circuit unit
2-axis |2-0S/3000 |5S/3000 A06B-6066-H236 | A20B-2900-0610 | A20B-1004-0872
amp. |1-0S (X1)

1-0S/3000 A20B-2900-0620

0-0SP, 10F | 5S/3000 A06B-6066-H246 (X2) A20B-1004-0871
0S, 58, 5F A20B-2900-0630

0S/3000 (X1)

5S/3000 5S/3000 A06B-6066-H266 A20B-1004-0870




4. AC SERVO UNIT MAINTENANCE

4.2 Maintenance Parts Location on PCBs

> w

CN3
O wy A20B-1001-0430 / R

CH

"o
CH +24V

12

CH S15V F1
i1

CH +15V
10
CH ¥5V
9
CH OV
8
CH
H _Is
CH IR

6

CH *PW
S MF

CH *PW
4 ME

Clél *PWMD [ U—
CIZ{QI’WMC

H
7 20 D
o1 Ko 1 FR1 L

*PWMA 1 6
CN2

CN1

Fig. 4.2 (a) 1-axis amplifier for model 5-0 (A20B-1001-0430)
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4. AC SERVO UNIT MAINTENANCE
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Fig. 4.2 (b) 1-axis amplifier for model 4-0S/3-0S (A20B-1002-0500)
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1-axis amplifier for model OL-10L
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Fig. 4.2 (e) 3-axis amplifier for model 0-10 (A20B-1002-0280)
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Fig. 4.2 (h) 1-axis amplifier for model 4-0S/3-0S (A20B-1002-0730)
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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) PCB of controller

Symbol Color Contents

5V Green | SIGN FOR CONTROL POWER ON
“5V” 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 NFB1-3 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 A16B-
1200-0800.

(Note 3) LED “DC” and DC ALARM are not on the following PCBs. (A20B-1001-0430, A20B-
1002-0500 and A20B-1002-0730)
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(Note 4) The LED “FAL” is on the PCB A16B-1100-0300.

The PCB A16B-1100-0300 is used for the servo amplifiers A06B-6058-H007 and A06B-6058-H101
and -H102.

With A06B-6058-H007, when circuit breaker NFB trips, the LED “FAL” is turned on. With A06B-
6058-H101 and -H102, when NFB1, NFB2, or NFB3 trips, or fuse F4 or F5 blows, the LED “FAL”
is turned on.

This PCB has fuses F1, F2, FDC, and F1A to FIF. F1 and F2 are placed on the primary side of
the control power supply on the PCB.

If an overvoltage is applied, varistor ZNR1 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. F1A to F1F 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 Color Contents

LED Red Indicates that the electrolytic condenser of the DC link circuit is
charged.

This LED is displayed on the A06B-6058-H[_J | ] series servo amp.
(Note however, that it is not displayed on A06B-6058-H002, H003.)

(Note 1) When this LED indicator is on, a high voltage is being applied to the components of the
servo amplifier. Never touch any internal part.

(Note 2) with the servo amplifiers AO6B-6058-H007, -H101 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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Table 4.3.2 (a) Alarm state indications and meanings (1/2)

Type LED indication Description
Overvoltage If DC voltage of main circuit power supply is abnormally
alarm (HV) 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)

Alarm occurs if control circuit power supply voltage (+5 V)
is abnormally low (LV5V level: 4.6 VDC).

DC link
undervoltage
alarm (LVDC)

Alarm occurs if DC voltage of main circuit power supply is
abnormally low (LVDV level: 120V).

Causes may include power supply voltage ( + 15V) being
10V or lower and driver module PCB not inserted normally.

Regenerative
control circuit
abnormality
alarm (DCSW)

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)

Alarm occurs when average regenerative discharge energy
is too high. Causes may include operation of thermostat for
regenerative discharge resistor or thermostat between (15)
and (16) on terminal block T1; this operation results from
too frequent acceleration/deceleration operations.

Servo amplifier
overheat (OH)

Alarm occurs when thermostat in amplifier operates (when
thermostat contact on PCB opens). Check if motor load
exceeds rated current.

Magnetic
contactor
welding alarm
{(MCC)

Alarm occurs when magnetic contactor contact welds.
Check for contact welding immediately after use of
magnetic contactor is specified. Causes may include short
circuit of 3-phase diode bridge. Usually, replace ampilifier.

Overcurrent
alarm (HCL)

Alarm occurs when abnormally high current flows in main
circuit of 1-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 (2/2)

Type LED indication Description

Overcurrent Alarm occurs when abnormally high current flows in main

alarm (HCM) circuit of M axis of 2-axis amplifier. Causes may include
faulty IC, abnormal PWM signal, faulty motor, and grounded

—_— wiring.

Overcurrent Alarm occurs when abnormally high current flows in main

alarm (HCLM) 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

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

State indication

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.

Table 4.3.2 (d) Blown fuses

Type

State indication

Description

Blown fuse on
PCB

7-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 Check Terminals

4.4.1 S series servo amplifiers

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 0V and check pin - 15V by using
circuit tester. Measured voltage value should be - 15V +0.75V.

+15V Check the voltage between check pin OV and check pin + 15V by using
circuit tester. Measured voltage value should be +15V £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 £0.25V.

IS# Check the voltage between check pin 0 V and check pin IS# 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.

IR# 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 CH1

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 Check procedure
IRL Check the voltage between check pin 0 V and check pin IS# by using an
(IRM) 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 Check the voltage between check pin 0 V and check pin IR# by using
(ISM) 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 €heck the voitage between check pin 0V and check pin +5V by using circuit
tester. Voltage measured must be +5+0.25V. This voltage does not
appear if fuse on PCB has blown.
ov Reference voltage

(Note 1) For a 1-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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Table 4.4.3 (a) Ratio of motor current to voltage (1/2)

Type Drawing number Axis name | Ri@ti0 of curentto | Maximum current
A
S series C series voltage (A/V) amps peak (A)
For 1 axis | A06B-6057-H001 05 2
A06B-6057-H002 A06B-6066-H002 1.0 4
A06B-6058-H002
A06B-6057-H003 A06B-6066-H003 3.0 12
A0BB-6058-H003, H023
A0BB-6057-H004, H005 | A06B-6066-H004 10 40
A06B-6057-H015, H401
A06B-6058-H004, H005
A06B-6057-H006, H402 | A0BB-6066-H006 20 80
A06B-6058-H006, H025
A06B-6057-H007, H008 25 100
A06B-6057-H403
A06B-6058-H007 A06B-6066-H008 325 130
A06B-6058-H101 55.6 200
A06B-6058-H102 83.3 300
For 2 axis A0BB-6066-H222 UM 1.01.0 4/4
A06B-6066-H223 LM 1.0/3.0 an2
A0BB-6066-H224 UM 1.0/10 4/40
A06B-6057-H201 A06B-6066-H233 UM 3.0/3.0 1212
A06B-6058-H201, H221
A0BB-6057-H202 A0BB-6066-H234 LM 3.0/10 12/40
A06B-6058-H202, H222
A06B-6057-H203 A06B-6066-H244 UM 1010 40/40
A06B-6058-H203, H204
H223, H224, H229, H253
A06B-6066-H236 LM 3/20 12180
A06B-6066-H246 M 10/20 40/80
AD6B-6066-H266 UM 20/20 80/80
A06B-6058-H231, H252 UM 10/20 40/80
A06B-6058-H230, H251 UM 20/20 80/80
For 3 axis | AO6B-6057-H301 to H304 L 10 40
A06B-6058-H301 to H304 y o
A06B-6058-H321 to H324
A06B-6058-H334 N 10
A06B-6058-H325 L 30 12
A06B-6058-H331 M 3.0
N 3.0
A0BB-6058-H326 L 3.0 12
A06B-6058-H328 M 3.0
A06B-6058-H332 N 0 20
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Table 4.4.3 (a) Ratio of motor current to voltage (2/2)

Type Drawing number Axis name Ratio of current to Maximum current
) ] amps peak (A
S series C series voliage (AN) b ®
For 3 axis | A06B-6058-H327  — L 3.0 12
A06B-6058-H329 10 40
A06B-6058-H333
N 10

(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 (200V/220V/230V)
5-0 0.5A/V
4-0S, 3-0S 1.0AV 4-0S, 3-0S 1.0AV
2-0, 1-0 3.0AV 2-0S, 1-0S 3.0AV
1-0S/3000
0,5, 10 10ANV 0S, 5S, 10S, 20S/1500 10AV
205/1500 0T/3000, 5T/2000
oL 10T/2000, 2-0SP, 8L
20S, 30 20ANV 5S8/3000, 6S/3000 20ANV
5L, 6L 10S/3000, 20S, 30S
5T/3000, 10T/3000
5L, 6L
30/2000 25ANV
40
7L, 10L
20S/3000, 30S/3000 32.5AV
40/2000, 7L, 10L
50S 55.6A/V
60S, 70S 83.3AV
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4.5 Setting Terminals for Printed Circuit Boards

4.5.1 Setting terminals for S series servo amplifiers

Terminal Setting Content
St L The external thermostat signal is connected to T4 or CN2.
H The external thermostat signal is not connected to T4 or CN2.
S2 H If use a separate discharge unit

L If no separate discharge unit

Setting Terminals S3R, S3S (Set at “H” side without fail.) (Only A16B-1100-0300)

S3R H If S series amplifier

S3S
L Not used

< Y

SN

- -
| = =
Set at “H” side Set at “L” side

4.5.2 Setting terminals for C series servo amplifiers

The C series servo amplifiers have no setting terminals.
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4.6 Amplifier Interchangeability
4.6.1 S series 2-axis amplifier interchangeability

(1) Interchangeability between A06B-6058-H20[ ] and A06B-6058-H22[ ]

®
—— —_—k |
Amplifier: O Amplifier:
A0BB-6058-H20[ ] 5 A06B-6058-H22[ ]
Control PCB -« O—=* i Control PCB
A16B-1200-0720 = A16B-1200-0800 or
% ™| A16B-1200-0800/02

<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 3.4.5.)

@ 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.)

(2) Interchangeability between A06B-6058-H20[], H22[7], H23[] and A06B-6058-H25[] series

Amplifier: <X Amplitier:
A06B-6058-H20[] A06B-6058-H25[]
H22[]
H23[]
% >
Controt PCB Control PCB
A16B-1200-0720 -« X A16B-2201-0020
A16B-1200-0800
A16B-1200-0800/02 X

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

If a wrong control printed circuit board is used, a failure can occur.
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4.6.2 S series 3-axis amplifier interchangeability

(1) Interchangeability between A06B-6058-H30[ ], A06B-6058-H32[] and A06B-6058-H33[]

X
Ox L
\ \i
o*9 O—
A06B-6058-H30[] Rl A06B-6058-H32[] i A06B-6058-H33[]
— X —> — X —>
Control PCB ® Control PCB Control PCB
A16B-1100-0220 O* A16B-1100-0280 O A16B-1100-0330
X X
A
o2
X
<) — 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 3.4.5.)

@ 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 discharge 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 T2 (6).

Connect a cable from the thermostat that is mounted on the discharge unit to T4 or CN2.
Set S1 at “L” side. Set S2 at “H” side.

® 00

Shorting bar

(<] o
T2
Walulily/s/nl
. CN1 4 " 1234
T
ojoleojojojeofelelole
© 0]
Servo amplifier
Discharge unit

Fig. 4.7 (a) Connecting the separate type discharge unit
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(2) 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 T1 and between (15)
and (16) on terminal block T1. (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 T1 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 T1 for the amplifier.

AOBB-6066-HS00 AOBEB-6066-HDOOO
/_m /_/(@\FH\_\
a

Front view of the
terminal block (T1).

Remove and connect a ﬁ
shorting bar between 15-16.
Remove and connect a @
shorting bar between 17-18. @:
(
[ o]
(" (;@_;l
‘ 7
(
l:gl
ih
PROIO  wiie 10 savan I
ey L
O SI3IT0
nnnnnNn
ellidlelllel —
J

- J

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 T1. (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 T1 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 T1 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 T1 of the amplifier.
AOBB-6066-HO08 t AQ6B-6066-H7 11 ,H712

o [ uP o
[0]
QY @ ®
Direction of
0 TR mowing
B ) AR 1y
L2 T D |
3 |_F={L2(S) @ ®
e LIC B ST
B L2c [ 100A
B E THLIEEE T 00n
=16 | THo F716
= 6= MC|
7L 7ES vc2
Rk RIfTaE ||
E& RE 3?9—%——\\/
Ral i
Eé FAN2 BRILLEC T3 3456
N = El_% 1yl Il
! Terminal width: 10 mm
: SCREW M4
-1 (@ °
| k8.2
| 8E| | |F
e M- [ USE to motor
L o l /] o
\ J
FUSE [T =
I J
I}

IRL IRM
IS? O

M
5 &

[ 1"
o O

Fi

Q
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4.8 Kinds of Separate Type Electric Discharge Unit

Drawing number Resistor Resist capacity Remark
A06B-6042-H053 12Q + 120 1200W + 1200W | For A06B-6057-H403, 7L, 10L (2-axis
integrated type, forced air cooling)
A06B-6042-H055 12Q +12Q 750W +705W | For A06B-6057-H403, 7L, 10L (2-axis
integrated type, natural air cooling)
A06B-6047-H050 24Q 400W For A06B-6058-H223, -H224, etc.
A06B-6050-H050 16Q 400W For A06B-6058-H005, -H006, -H229
to -H231, etc.
A06B-6050-H052 10Q 400W For A06B-6058-H234, H33[], etc.
A06B-6050-H053 16Q 800W For A06B-6057-H403 7L
A06B-6050-H054 16Q 1600W For A06B-6057-H403 10L
A06B-6058-H191 3.6Q 2000W For A0O6B-6058-H101, -H102
(With forced air cooling fan)
A06B-6058-H192 8Q 800W For A06B-6058-H007, -H251, -H252,
-H253
A06B-6066-H500 16Q Y 400W For AO6B-6066-H004 to -H006, -H222
to -H244
Y For forced air cooling with air
speed of 2m/s
A06B-6066-H711 80 800W A06B-6066-H008
For forced air cooling
A06B-6066-H712 8Q 1200W A06B-6066-H008
For forced air cooling
A06B-6066-H713 16Q 8oow For forced air cooling
A06B-6066-H714 1642 1200W For forced air cooling
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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 CN1#* of each
axis that is not to be used. FANUC input connectors can be used for this purpose.

(1) S-series servo amplifier

Strap pins 12 and 13 of connector CN1#.

7 O Input connector
A06B-6058-K205
C-:] 13

(Solder connector)

)
Ol ,00
D D D Ozo ?gr?r?\peggremﬁi?:r)

Fig. 4.9 (a)

(2) C-series servo amplifier

Strap pins 08 and 10 of connector CN1+.

2

Input connector

SlGlele B

1 (O O OO 0D QD 8| e
OO 0O O O

O O O

12 A06B-6066-K206
O O

(Crimp connector)

11

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 fiee, the axis may drop.
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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 current 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 4.10.1 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 ES100C 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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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 portable machines, which may have muitiple motors,
rather than machine tools. However, the regulations are a standard for selecting the sensitivity
current.

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 will accumulate and eventually reach the sensitivity level of the ground fault
interrupter. ‘

Therefore, when using an AC servo motor or amplifier supplied by FANUC, refer to the
following guide when selecting a ground fault interrupter.

Leakage current for AC servo amplifier series S

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_ leakage 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:

o When using a high-sensitivity, high-speed ground fault interrupter with a rated sensitivity
current of 30mA, the non-activating current is 15mA.

® If two units of AC servo motor model 10S and two units of 0S 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 contro!l 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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AC servo motor model 10S
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This example shows when a model 10S motor of series S and a one-axis amplifier are used.
The cables specified in JIS 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)
Characteristics of the leakage tester
Measurement conditions Motor speed

A B C
When an AC line filter 0 RPM 0.8 1.7 5.0
(FANUC A81L-0001-0083) is used 2000 RPM 0.8 1.3 3.4
When a general-purpose AC line filter 0 RPM 1.2 1.9 5.1

(FHF-T30 made by Fuji Electric Co.,
Ltd.) is used. 2000 RPM 1.3 1.6 3.6
When an isolating transformer (FANUC 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 48
2000 RPM 0.8 1.3 34
When no AC line filter is used with a 0 RPM 0.8 2.2 7.1
cable 14 m long 2000 RPM 0.9 1.7 5.0

Instruments used: All the leakage testers are grip-type leakage ammeters.

Model 2413F (Kyoritsu Denkikeiki), 50/60Hz range
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.
CLM-40AD Ordinary mode

Characteristics A:
Characteristics B:

Characteristics C:
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Example 2: AC servo motor model 30S
The measurements were taken using a model 30S rnotor 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)
Characteristics of the leakage tester
Measurement conditions Motor speed
A B C
When an AC line filter (FANUC A81L- 0 RPM 1.1 4.1 13.0
0001-0083) is used 1200 RPM 1.0 2.8 9.1
When an AC line filter (FANUC A81L- 0 RPM 1.1 4.3 13.4
0001-0101) is used 1200 RPM 1.1 3.0 9.7
When no AC line filter is used 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-65DX (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.

5.1.1 Acceptance and storage of AC servo motor

(i) Check that servo motor is the specified one (Check the motor and detector specifications.)
(i) 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.

(1) The servo motor is not waterproof. [f 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.

(2) 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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Mot del Oil seal specification Qil seal specification
otor mode (Standard motor) (Motor with brake)
1-0S, 2-0S ABO598E0 (SB type) /
0S, 5S A98L-0004-0249/A1188R AB1314FQ (SB type)

OL,5L, 6L  |AB1314F0 (SB type)

10S to 40S A98L-0004-0249/A1189R AB2057G0 (SB type)

7L, 10L AV2057G0 (SB type)

50S to 70S | AB3220E0 (SB type) /

The SB type oil seals are the products NOK Co., Ltd.
The AZ8L type oil seal is an exclusive oil seal supplied by FANUC.

(3) 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 Permissible radial load
1-0S, 2-0S, others 25kg
0S, 5S, 0L, 5L, 6L 70kg
10S to 408, 7L, 10L 450kg
3-0S, 4-0S 8kg
5-0 4kg
50S to 70S 900kg

(a) 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 beit coupling is used) and the force
generated by the load torque (e.g., the force transmitted from the gear or pulley outer
diameter).

(b) 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 as
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 500V 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. [f possible, re-check the phase-relationship after
replacing it.

M

)

The method being described here is applicable to AC servo motors of model types 0S, §S, 10S
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 1-0S, it is not recommended.
The pulse coder in models 3-0S, 4-0S and 5-0 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.

®00

The way of checking the phase-relationship
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 Uto V& W. (U: +, V& W: -)
® supply DC 5V to the pulse coder, and check signals of C1 to C8. Correct pattern is as
follows.
C1 C2 C4 Cs8
1 1 1 1
or 1 1 1 0 (1: High 0: Low)

Change position of #C8 is accurate.
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Attachment Bolt (M5) Rubber cap

= =

Motor shaft

7

Coupling Screw (M4, three) Layout line

Fig. 5.1.3 (a)

*The DC excitation current when performing the phase-related check is as shown in Fig. 5.1.3

(b).

Motor model | DC electric current

3-0S, 4-0S 1.2A
1-0S, 2-0S 3.0A
0S, 58 6.0A
10S 10.0A
oL, 5L 15.0A
30/2000, 20.0A
20S to 70S

Fig. 5.1.3 (b)
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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

Phase A/B
10 Phase Z
to
13 Phase C
DSL
Phase A/B
10 Separately
to Phase 2 installed
13 pulse coder
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
6.1 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 1/2, 1/5 and 1/10 making it able to respond to a high-resolution pulse coder.

(NC control unit) (Checkboard)
Analog output
Servo motor Pulse-coder 1 | Digitalservo | | Digitalcode 4 7| D/A | >
= CPU - 1 B
- oot | PoSition feedback L o Feedback
putse voltage
Fig. 6.1 (@) Checkboard configuration diagram
The signals listed in the table below are output to the check board.
Table 6.1 (b) Output signals
GND 0V used as reference for other signals
CH1, CH2, CH3, CH4, | Internal control information output by digital servo software
CHS5, CH6, CH7, CH8
TSAL, TSAM Signals produced by converting (F/V) output pulse signal from pulse
coder built into motor to voltage. Motor speed is indicated.
(These signals are not applicable when serial puise coders are used.)

With the check board, the speed signal of the first axis (L axis) is output to TSAL, and the speed
signal of the second axis (M axis) is output to TSAM. When a serial pulse coder is used,
conversion (F/V) to voltage is impossible because of a different scheme used. So TSAL and
TSAM cannot be used. For this reason, similar signals are produced by servo software for output
to CH5 and CH6.

The meaning and conversion of each of the terminal signals (CH1, CH2, CH3, CH4, CH5, CHS,
CH7, and CH8) depend on the digital servo ROM series/edition and rotary switch (RS) setting.
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6.2 Types of Unit and Designated Specifications

With Series 16, a check board signal is mixed with an analog signal used for spindie 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 lil for detailed information.

Table 6.2 (a) Designated specification of unit

Designated

I Remarks
specifications

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 FS10, FS11 and FS12 machines and old FSO, FS15 use the IC socket connector therefore
make sure to specify A06B-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

el ltems included in the designated specification
specifications

A06B-6057-H601 | Printed board A16B-1600-0320
Cable A66L-2040-0007
(The cable uses an IC socket (DIP) type connector at each end.)

A06B-6057-H602 | Printed board A16B-1600-0320

Cable AB60-2001-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 Il
(for Series 16) Adaptor board A20B-1004-0940
Adaptor cable A660-2024-T007#L100R0B
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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 lll.

Connect the cable so that the blue
cable is on the upper side.

Confirm that the No. 1 PIN Mark is matching.
Blue Line
Take care about reverse insertion!!

No. 1 PIN Mark

-
Master board or / /

axis control board /

Fig. 6.3 (@) Connection of connector IC socket type

Checkboard

Blue Line

Connect the cable so that the blue cable
is on the upper side.

\\ ~
T

\‘ Checkboard

Master board or axis control board

/

Fig. 6.3 (b) Connection of connector to prevent wrong insertion
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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 | CH1 CH2 CH3 CH4 | CH5 | CHe | CH7 | CH8

0 TSA/L | TSA/M |VCMD/L{TCMD/L|VCMD/M|TCMD/M

Laxis Maxis Laxis Laxis Maxis 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 | CH1 CH2 CH3 CH4 CH5 | CH6 | CH7 | CH8

0 — | — |VCMD/L|TCMD/L|VCMD/M|TCMD/M| TSALL |TSAIM | —— | ——

Laxis Laxis Maxis Maxis L axis M axis

TSAL CH1 CH3 CH5 CH7 GND
OCOOOOODOOOOOO
GNDTSAMCH2 CH4 CH6 CH8
s2|(]
s3|(l
DS1
8
T
(ON) 1 Standard setting
Dip switch
S1 | S1 selects the 2.5 MHz clock
81 Rot
] D 0 @sﬁn‘i‘!ﬁ S2 | Shorts the ON side
CN2 CN1 RS1 .
Connector (ll) Connector (1) 83 | Shorts the ON side

Fig. 6.4 External view of checkboard
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6. CHECK BOARDS

Fig. 6.5 shows the block diagram of the digital servo, and the relationships between the VCMD,

TCMD, and

TCMD

TSA signals.
)\?MD
Position Velocity
gain — ; gain

A

>| Motor

TSA

Y

> Integer

6.6 VCMD Signal

Fig. 6.5 Digital servo block diagram

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

. . VCMD magnification rate (No.1956, 8X12)
Pul Velocity command rotation (rpm/SV)
ulse coder pulse count (pulse) e Yo §oE
o (VCMD magnification rate: 1) bit5=0 bit5=1 bit5=1
bita=1 bit4=0 bit4=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 384 153.6 614.4 2457.6
30000 32 128 512 2048
1048576 0.9155 14 234 3750
including serial puise coder A, B
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(1) 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 9030/001K or later
Edition 9040/001A or later

|N0.1956 (Series 15) 8X12 (Series 0-C) Magnification rate for conventional VCMD output
bit 5 bit 4 Conventional pulse coder | Serial pulse coder A, B
0 0 1 (as before) 1 (as before)
0 1 4 16
1 0 16 256
1 1 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.)

INo. 1956 (Series 15) 8X12 (Series 0-C) VCMD signal conversion in a closed loop
bit 5 bit 4 system with a serial pulse coder (rpm/5 V)

0 0 468

0 1 1875

1 0 7500

(3) The actual VCMD waveform is a 15V foldback waveform as shown in Fig. 6.6 (a) and
therefore when the calculation value exceeds *5V, add or subtract 10V, put back the %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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Qutput
For 2000P pulse coders voltage A 480RPM 1440RPM
5V
950RPM Rotation
oV - 960 (RPM) _
ORPM 960RPM
-5V

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 XM [rpm/5V]
P : Number of pulse coder pulses
M : VCMD magnification rate (See ltem (1) above.)

Example 1: If a 2000 P pulse coder is used when bit 5 is 0 and bit 4 is 1 for No. 1956 and
8X12, VCMBD signal 5 V corresponds to the following:

480X 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, VCMD signal 5 V corresponds to the following:

32 % 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 (1/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 (rpm/V) is Wv (see the conversion table in Section 6.6),

and the position gain (1/s) is PG, the following relationships apply:

Np - Wv

[(pulse/s)/5v]
60

\ Np- W
e = = [pulse/5v]
PG 60 - PG
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The voltage per pulse of positioning deviation is calculated as follows:

60 - PG
e = x 5 [V/pulse]
Np - W
Example 1: 2000 pulses, DMR =4, PG =30S-1 , semi-closed loop system
Weight of the VCMD signal of 2000 pulses: Wv =480 [rpm/5 V]
As DMR is 4: Np=2000X4 =8000 [pulse/rev]
The voltage per pulse of positioning deviation is calculated as follows:
60-30-5
———— = 0.00234 [V] = 2.34 [mV]
8000 - 480
Example 2: 10000 pulses, flexible feed gear of 1/4, PG = 40S-1, semi-closed loop system
Weight of the VCMD signal of 10000 pulses: Wv = 96 [rpm/5 V]
As the gear ratio of the flexible feed gear is 1/4:
Np =10000 X 4 X 1/4 = 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
Example 3: Serial pulse coder A, flexible feed gear of 1/100, PG =30S-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 1/100:
Np = 1000000 % 1/100 = 10000 [pulse/rev]
The voltage per pulse of positioning deviation is calculated as follows:
60-30-5
= 0.983 [V] = 983 [mV]
10000 - 0.9155
Example 4: Serial pulse coder A, scale provided, 10000 position pulses per motor revolution,

flexible feed gear of 1/1, PG =30S-1
Weight of the VCMD signal in a closed loop system with serial pulse coder A:
Wv =468 [rpm/5V]
As the gear ratio of the flexible feed gear is 1/1:
Np =10000 X 1/1 = 10000 [pulse/rev]
The voltage per pulse of positioning deviation is calculated as follows:

60-30-5
10000 - 468

= 0.00192 [V] = 1.92 [mV]
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To check minute vibrations, monitor the entire vibration on the DC coupling of the oscilloscope,
coupling. The irregularity of positioning

then enlarge and monitor the desired range on the AC

deviation can be obtained by reversing the calculation.

GND ~

DC coupling

® Measurement of the velocity command

GND

Enlarge

AC coupling

@ Measurement of the positioning deviation

irregularity

Fig. 6.6 (c) Measurement of the Velocity Command and Positioning Deviation Irregularity

Example:

Fig. 6.6 (c) - @,

10/2.34 = 4.27

When DMR is set to 4, PG is set to 30, 1 pulse is set to 1 xm, E is set to 10 mv in

The vibration of the motor (or table in a closed loop system) is about 4 xm.
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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

M;;(rirrg:::n rﬁia%(?::u?rt:tgg:rfec::t Current /1V Applicable servo motor
2Ap 4.44v 0.45Ap |5-0
4Ap 4.44V 0.9Ap |3-0, 4-0 (185V INPUT)
4Ap 4.44V 0.9Ap 3-0S, 4-0S (200V INPUT)
12Ap 4.44V 2.7Ap 1-0, 2-0, 1-0S, 2-0S (310), 1-0S/3000
40Ap 4.44V 9Ap 0, 5, 10, 0-0SP, 0S, 5S, 10S, 20S/1500,
0L, 0T/3000, 5T/2000, 10T/2000
76Ap 4.22V 18Ap 30, 208, 30S, 5L, 6L
80Ap 4.44V 18Ap 5S8/3000, 6S/3000, 10S/3000, 5T/3000,
10T/3000
90Ap av 22.5Ap |30/2000
100Ap 4.44V 225Ap |40, 7L, 10L
130Ap 4.44V 29Ap 20S/3000, 30S/3000, 4_03/2000
200Ap av 50Ap |508
300Ap \Y 75Ap | 60S, 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
. TQLIM
Output voltage when maximum current = 4.44 X ——
7282
6554
=444 X —— = 4.0[V]
7282
Output voltage when maximum current = maximum current

4 [V]
Each 1 [V] will become 22.5 [Ap].

90 [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

S DS1-1 | DS1-2 | DS1-5 | DS1-6 Conversion Multiply setting
Pulse coder (DS1-3) | (DS1-4) | (DS1-7) | (DS1-8)

2000P X X O X 2.4V/1000rpm 11

2500P X X X X 2.4V/1000rpm 11

3000P X X X O 2.4V/1000rpm 11
10000P X O @) X 2.4V/1000rpm 1/6
12500P X O X X 2.4V/1000rpm 1/5
15000P X O X O 2.4V/1000rpm 1/5
20000P O O O X 2.4V/1000rpm 110
25000P O O X X 2.4V/1000rpm 110
30000P O O X O 2.4V/1000rpm 110
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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

Conversion 3750 rpm/5V (Serial pulse coder A, B)

3840 rpm/5V (Serial pulse coder C)

(Note 1) DS1-1 to DS1-8 represent switch positions 1 to 8 of DIP switch DS1. The switch
numbers are marked on the surfaces of the DIP switch and PCB.

(Note 2) “O” shows the dip-switch is ON; “x” show it is OFF.

(Note 3) Inside ( ) is the switch name for the M axis case.

(3) Multiply setting
Multiply setting enables the TSA 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 TSA 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 | DS1-56 | DS1-6
M axis case (DS1-7) | (DS1-8)

in X bd

1/2 O x

1/5 x O

110 ©) ©)

(Note 1) Motor movements during stop are not shown accurately except at a multiply of 1/1. 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 1/1 for best results.

(Note 2) in a closed-ldop 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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’T—’\—MMK\/\ Vv +
T e
l + 1 (o 1/

TSA - £
GND ~--¥--om-moemaoenes S R e R P Enlarge -

DC coupling AC coupling

@® TSA measurement @ 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 1000rpm when TSA =2.4V and therefore

_ W)
Vr (rpm) = ———— X 1000
2.4

Changing the unit at 4 X Np (pulse/rev) X (1/60) (m/s) gives

4 %1000 % Np
Vp (pulse/s) = XVWv (V)
2.4xX60

Here Np is the pulse coder pulse count (pulse/rev).

If the velocity (Vp (pulse/s)) of the oblique line in @ in fig. 6.8 () is integrated it is possible to
calculate the position (P (pulse)) deviation in between. Assuming the vibration waveform to be
a sine wave, the calculation formula is

1/(2f)

4%1000XNp )
P (pulse) = X Vv (V) xsin2xft - dt
2.4%x60
0
= 8.842 X Np X Vv (V) (As the sine wave is assumed, if the vibration
o 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=100Hz, then the position deviation P (pulse) becomes

20000%2x10°3
100

P (pulse) = 8.842 X

= 3.54 (pulse).

if 1 pulse=1 zm, then deviation is approximately 3.5 xm.
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6.9 Reference Data for the Check Board
6.9.1 Old checkboard (A16B-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.

CH1, 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 A16B-1600-0210 select either the 1st axis (L axis) or the 2nd axis (M axis)
by the toggle switch TSI and output the speed signal to TSA.

(1) TSA signal

Table 6.9.1 (b) Table of TSA signal setting and conversion

Pulse coder S2 S3 Conversion Maximum rhnumber of rotations
possible to output
2000P H L 2.4V/1000rpm 3750rpm
2500P L L 2.4V/1000rpm 3000rpm
3000P L H 2.4V/1000rpm 2500rpm
10000P H L 2.4V/200rpm 750rpm
12500P L L 2.4V/200rpm 600rpm
15000P L H 2.4V/200rpm 500rpm
20000P H L 2.4V/100rpm 375rpm
25000P L L 2.4V/100rpm 300rpm
30000P L H 2.4V/100rpm 250rpm
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The meaning and conversion of the signals at each terminal CH1, 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 servo
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 the signal output differ.

Table 6.9.1 (c) Output signal

RS position CH1 CH2 CH3 CH4

0 VCMD (L) | TCMD (L) | VCMD (M) | TCMD (M)

GNDTSACH1CH2CH3CH4 GND
0O 0O o o o o o

ik

S2 S3

S1 is normally set to short.

Rotary switch

L\
Connector (I) Toggle switch

Fig. 6.9.1 External view of old checkboard

(2) VCMD signal and TCMD 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 CH1 CH2 CH3 CH4 CH5 CH6 CH7 CHs8
0 VCMD TCMD VCMD TCMD
L L) (M) M)
Furthermore, in the old checkboard it is output as shown in the table 6.9.2 (b).
Table 6.9.2 (b) Output signal
RS position CH1 CH2 CH3 CH4
0 VCMD (L) | TCMD (L) _ —_
1 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.
Diagnostic board | = Prepare both 1 »46g 5057.H602 | A06B-6057-H601
(connector) | A06B-6057-H602 (keyed type) (IC socket type)
Series of NC A02B-0120-C211 yed yp P
Series 16 O (*1) x x
Series 0-A, B
Series 0-C (16 bit)
Axis control PCBs X X O
A16B-2200-0220, 0221, 0330
Series 0-C (32 bit)
Axis control PCBs % 0 x
A16B-2200-0360, 0361, 0371,
0380
Series 15 axis control PCBs
A16B-2200-0080 to 81
(up to editions 01A to 05B) X X O
A16B-2200-0090 to 93
(up to editions 01A to 05A)
Series 15 axis control PCBs
A16B-2200-0080 to 81
(edition 068 or later) X O X
A16B-2200-0090 to 93
(edition 06A or later)
Power Mate A, B X O X
Series 10 X X O
Series 11 x X O
Series 12 x X O

(*1) See Chapter 5 in Part Il for detailed information.
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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

il cmvion aAlmvmmn aca Aataatadd Lo, ~ Qors
Digital servo alarms are detected by the se

are then sent from the servo software to the NC, where corresponding error messages are

dignlaved. (See Fia. 7.1(a).)
aisp Fg. 7.

WSy T \OTT &)

Serial pulse Servo motor Servo software
coder Detection of Detection of :
Detection of : MOH alarm [™>] OFAL alarm NC CRT
CSAL alarm »| FBAL alarm
BLAL alarm ~ OVC alarm Error
PHAL alarm Servo 'amplm.er Composition of : Alarm code message
RCAL alarm Detection of : OVL alarm >
BZAL alarm DCAL alarm (with MOH and OH alarms)
CKAL alarm HVAL alarm | | petection of:
HCAL alarm SPH alarm
LV alarm DTERR alarm
OH alarm CRCERR alarm
STBERR alarm
L 1t ]
| I
Because this portion is common to all NC's regardless of type, Alarm code can be checked with
troubleshooting and fault recovery for all are described diagnosis function.
together.
Alarm code sent from servo to NC l
OovL Lv ove HCAL HVAL | DCAL FBAL OFAL
R s 5 o 3 2 T LSB The OVL and FBAL
alarms can be
* * * * subdivided further.
OH | Amplifier MOH | Motor STAL | Detection of HDAL | Detection of
overheating overheating software hardware
disconnection disconnection

Fig. 7.1(a) Digital servo alarms
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(1) Alarm codes are classified into those detected by the servo ampilifier 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 Alarms detected by the servo software
DCAL alarm OFAL alarms
HVAL alarm FBAL alarms
HCAL alarm OVC alarms
LV alarm MOH alarms
OH alarm

(2) 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 (DGN/diagnostic
information) or Alarm 2 on the servo adjustment screen.

Diagnostic data ALDF EXPC
7 6 5 4 3 2 1 0
7 bit 4 bit
8-bit alarm code data Detailed alarm data
ALDF | EXPC
Motor overheating 1 0
OVL alarm
Amplifier overheating 0 0
Disconnection of pulse coder
(detection of hardware
disconnection) 4 0

(In Series 15, 10, 11, and 12,
hardware disconnection of built-
in pulse coder is detected.)

Disconnection of pulse coder
(detection of software 0 0
disconnection)

FBAL alarm

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 :  9000/001S or later 9022/001B or later
9001/001N or later 9030/001A or later
9010/001E or later 9032/001A or later
9020/001D or later 9040/001A or later
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(Note 2) When Series 0-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 001B or later

(4) Classification of alarms

Alarm occurs

NC alarm or servo

alarm?

Alarm

detected

by NC Alarm detected by servo

One of the alarm code bits is 1
OovL Lv OVC | HCAL | HVAL | DCAL | FBAL | OFAL
\ Data area for alarm codes is

For alarms detected by the NC, expanded for Series 9050,
refer to the manual for the NC Version 001B or later. Refer
being used. Only alarms to Chapter 1li-4 for details.
directly related to servo
problems are described in

Section 7.5.

Detected by servo software
or servo amplifier?

Alarm detected Alarm detected by

by servo amplifier servo software
NO NO

Q> @@_—

YES YES

Alarm classification Alarm classification

Y Y \] Y ] ¥ Y Y \] Y
MOH OH HCAL HVAL LV DCAL FBAL DAL OFAL HOVC
L ] L ]

Described in Section 7.4. Described in Section 7.3.

Fig. 7.1(b) Classification of alarms
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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. OVL alarm
See ltem
7.4.5.
4X4 | DEFECT IN DIGITAL SERVO SYSTEM (DETCT ERR) See item (1)
Details are output in Nos. 720-723 of DGN and Alarm 1 on the servo | below.
adjustment screen.
4X6 | DEFECTIVE ON-POSITION DETECTOR (DISCONNECTED) FBAL alarm
This alarm occurs when the signal from the position detector is faulty | See ltem
(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.
4X7 | INCORRECT SETTING OF SERVO PARAMETERS (DGTL PARAM) See Item
7.5.1.

(1) 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 ltem 8.1.3.)

No. 720 to 723 ovL Lv | ovc | HCAL | HVAL | DCAL | FBAL | OFAL

7 6 5 4 3 2 1 0

(2) For Series 0-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 ltem 8.1.3.)

No. 730 to 737 ALDF EXPC

7 6 5 4 3 2 1 0

(3) To obtain detailed data on the OVL and FBAL alarms in Series 0-A and 0-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, 9020 and 9022 Series
istaxis : 7818 2nd axis : 7824 istaxis : 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 7.2.2 Digital servo alarm list for Series 10, 11, 12 and 15

No. Description (Message) Remarks
SV01 | EXCESS CURRENT IN SERVO OVC alarm
Overcurrent (overload) alarm occurred in the digital servo controller. See ltem
7.3.3.
SV03 | ABNORMAL CURRENT IN SERVO HCAL alarm
High-current alarm occurred in the servo amplifier. See ltem
7.4.3.
SV04 | EXCESS V TO MOTOR HVAL alarm
High voltage alarm occurred in the servo ampilifier. See Item
7.4.2.
SV05 | EXCESS DISCHARGE | FROM MOTOR DCAL alarm
Regenerative discharge alarm occurred in the servo ampilifier. See Item
7.4.1.
Svo6 | POWER V TOO LOW LV alarm
Low voltage alarm occurred in the servo amplifier. See ltem
7.4.4.
SVi1 |LSI OVERFLOW OFAL alarm
Overflow alarm occurred in the digital servo controller. See Item
7.3.1.
SV15 | PULSCODER DISCONNECTION FBAL alarm
Pulse-coder-disconnection alarm occurred. See ltem
7.3.2, (1), (2)
and (3)
Sv23 | SV OVERLOAD OVL alarm
Overload alarm occurred in either the servo motor or servo amplifier. | See ltem
This alarm in the servo amplifier results from overheating of the servo | 7.4.5, (1), (2)
amplifier, separate discharge unit or power transformer. and (3)
Sv27 |JILL DGTL SERVO PARAMETER See Item
An invalid value is set in parameters for the digital servo controller. 7.5.1.

1-117



7. TROUBLESHOOTING DIGITAL SERVO DEVICES

(1) To obtain detailed data on OVL and FBAL alarms in Series 15 (Series 10 or 11), 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.)

@ Servo ROM 9000 and 9001 Series

1st 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 6th axis : F50430
@ Servo ROM 9030 Series

1st axis : 10200030 2nd axis : 10200048

3rd axis : 10200230 4th axis : 10200248

6th axis : 10220030 6th axis : 10220048
Diagnosis data LDF EXPC

7 6 5 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 ltem 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 data oVvL Lv OVC | HCAL | HVAL | DCAL | FBAL | OFAL
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 ltem 8.1.3.)

istaxis : 3015 2nd axis : 3035
3rd axis : 3055 4th axis : 3075
5th axis : 3095 6th axis : 3115
7th axis : 3135 8th axis : 3155
Diagnosis data 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.

PARAMETER >| PITCH ERROR DATA
)
Y
CONTENT OF B DIAGNOSIS
MEMORY B (DVBMI)

@ 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.

|

@ Atfter step @ is performed, the following is displayed.

F50030 EEEN 0000 0000 0000 0000 0000 0000 0ooo
0000 0000 Dooo 0000 oooo oooo oooo oooo
0000 0000 D000 0000 oooo oooo oooo oooo
0000 0000 0oog o000 oooo oooo oooo oooo

F50070 0000 0000 o000 O000 0000 oooo gobo 0oooo
0000 0000 0000 D000 0000 0Oooo 0000 0ooo
0000 0000 0000 0000 0000 oooo oaoo oooo
0000 0000 0000 0000 0000 0000 0000 o000

Repeat step @. Data from the required address is displayed in EERE.

@ Check the last 8 bits of the contents of mEE R (particularly bits 7 and 4).

3 |«— Sexadecimal number

e o gyl

1000 0011 | <<— Binary number

(Example)

7654 3210 -«— 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.

OovL Lv OVC | HCAL | HVAL | DCAL | FBAL | OFAL

7 6 5 4 3 2 1 LsB

L OFAL (See ltem 7.3.1.)
>  FBAL (See item 7.3.2.)
OVC (See Item 7.3.3.)

Y

7.3.1 Troubleshooting for the OFAL (overfiow) 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 A 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 =\ |
—_ /
A — L +FBAL
~
B ) '\
B [ l/

Fig. 7.3.2(a) Phase A and phase B signals of position feedback
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(2) Check the phase C signals (C1, 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 1/64 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 puises 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.)

I"— 1/4 revolution of motor ——*'

cs | [ l
ca | I
cc _I LI L [ 1__
cr L LI LI I LTI

->H<'— 1/64 revolution of motor

Fig. 7.3.2(b) C phase signal of the pulse coder

This function differs depending on servo ROM Series and Editions as follows. (Alarm sensitivity
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=1
For TGALRM = 1 ; N=4
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(c) 9000/J or later P =10
9001/F or later For TGALRM = 0 ; N =1
9010/F or later For TGALRM = 1 ; Nis variable as specified by parameter
9020/A or later No. 1892 or 8X64 (initial setting = 4)

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.

CIC RSN

Frequency of the alarm (constant or intermittent)

Hardware disconnection or software disconnection (See Sections 7.1 and 7.2.)
Semi-closed system or fully-closed system

Disconnection of feedback cable

Backlash of machine

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-1.
- For hardware disconnection, go to B.

A-1 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 backiash 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 puises 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-1.
- For a semi-closed system, go to B-2.

B-1 Check for disconnection in the separate-type detector.
- It 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 B-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.
- If a disconnection alarm occurs, go to Cause 7.
- If no disconnection alarms occur, go to Cause 8.

Motor 1 (in alarm)

NC 1st axis —]

(in alarm)

2nd axis ‘ :I

(normal)

Motor 2 (normal)

[Causes]
(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 AC5-0, 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. In this case,
disassemble the pulse coder and blow off dust.
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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 1 of parameter
No. 1808 or 8X03 to 1).If 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.

Pm T R
— C
C R
I T T
| | | oo
77 77 7 7 7 '/7/' """ o
I/ I/ I/ // l/ I/ // // I/ I/ I/ //

Thermal resistance of the motor
Thermal capacity of the motor
Temperature rise of the motor
caused by ambient air

Heat source Pm = Ra x im2

Ra Resistance of the motor
winding

im Motor cuitent

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)

An OVC alarm occurs if the maximum current Ip (limitation
depending on the capacity of the amplifier) flows into the motor

Motor im continuously for three seconds.
current Im
A
(Condition 2)
To allow a longer period of time to pass before an OVC alarm
Ip occurs, set the value ljmit (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 lm;t.)
]
i
]
]
1
]
i
' 1.4 or 1.7 rated Amp
Vimit |~ 'E """"""""""""""""""""""""""""
E Length of
1 > time before

3 sec

Fig. 7.3.3 (b)

Time t OVC alarm

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-1.
- 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-1 Check the servo ROM Series/Edition.
- If the servo ROM Series/Version is 9000, 9001, 9002 or 9010/001A, 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 PK1, PK2, EMFCMP and PVPA. For an NC of Series 0-A, 0-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 0-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.




[Causes]

(1)

2

@)

(4)

(6)

®)
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Since it is possible that load of the machine may exceed the motor capacity, the servo
must be upgraded to the next higher model.

However, if an OVC alarm occurs not during the constant speed feed, but only when an
acceleration/deceleration cycle is repeated, increase the acceleration/deceleration time
constant.

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 accordingly. In this case, increase the value of
current loop gain parameter PK1 by 1.5 times or compensate the counter-electromotive
voltage.

The servo parameters are set incorrectly.

if the values set in parameters PK1, 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.

Parameter settings for POVC1, POVC2 and POVCLMT for the OVC alarm are incorrect.
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7.3.4 Reference data on alarms

(1) 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.
Im T
c ~ R v R : Thermal resistance
T of the motor
C : Thermal capacity
7777 T TS ot the metr
Fig. 7.3.4 (a)
Differential equation @ below applies to Fig. 7.3.4(a).
dv
— =(-1CR)V + (1/c)Im ............. @

dt
Solving differential equation @ gives the following :
V(t) = exp(-t/CR)V(0) + R(1 - exp( - t/CR))Im
Replacing t; with the sampling time ts, and V(0) with V(n), converts the above general
equation to a specific solution.
V(n + 1) = exp(-t/CR)V(n) + R(1 - exp( - ts/CR))im
Muiltiplying the solution by current Im gives the following.

Q(n+1) = KIxQn)+K2xim?> .......... @
where,

Ki=exp(-tJCR) ........ccoiiiiiiiniaann. (<)

K2=R(1-exp(-t/CR)) .......c.ccivennn... @

Therefore, the heat generated by the motor can be estimated by equation @ above.
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(b) Relationship between the alarm parameters and the heat generation model
The servo software treats K1 and K2, as used in the equations @ and @ in (a), and Qjmit
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 @
No. 8X62 No. 1877 POVC1. K1
8X63 1878 POVC2 K2
8X65 1893 POVCLMT Qiimit

In this way, motor-current Im is detected, and the value Q(n) calculated each time with
equation @ is compared with the alarm level Qpmi. I Q(n) = Qjmit 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
A
Ip ip :  Limit current of the amplifier
| limit : Current level corresponding to
i the alarm level Qjimit-
E In general, the value is set to 1.4
i times or 1.7 times the rated
E continuous current.
i
1
]
Vlimit f-=-- 2 S0ttt -

]
1
]
H

3 sec Time t

Fig. 7.3.4 (b)
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{c) The OVC parameter is calculated as follows, where

Imax
Ir

OVCr :

BB

1

Maximum current (A)
Rated current of the motor (A)
OVC rated current ratio

Imax

Ir x OVCr

Table 7.3.4(b) Parameters and Formulas for Calculating the Parameters

Parameter No. Formula for calculating the

Parameter symbol
y OVC parameter

Series 0 Series 10, 11, 12, 15
No. 8X62 No. 1877 POVC1 exp (- 0.1/3BB) X 32767
8X63 1878 POVC2 409600 % (1 - POVC1/32767)
8X65 1893 POVCLMT 40460/BB
Example: For servo motor 10S, the OVC parameter is calculated as follows:

Imax (Maximum current) = 40 A
Ir (Rated current of the motor) = 10.795 A
OVCr (OVC rated current ratio) = 1.7

Imax 40
BB = (_____________ 2 - (____________ 2
Ir xOVCr 10.795%x1.7
POVC1 = exp (-0.1/3BB) X 32767 = 32539
POVC2 = 409600 X (1 - POVC1/32767) = 2864
POVCLMT = 40460/BB = 8515
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(d) Motor models and OVC alarm levels

Motor model 5-0 4-0 3-0 2-0 1-0 0 5 10 | 20/1500
Motor drawing No. 0531 | 0532 | 0533 | 0521 | 0522 | 0513 | 0512 | 0501 0505
OVC rated current ratio 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.7 1.4
Motor model 20 30 | 30/2000
Motor drawing No. 0502 | 0503 0506
OVC rated current ratio 1.7 1.7 1.7

(S Series)
Motor model 4-0S | 3-0S | 2-0S | 2-0S | 1-0S 0S 5S 6S 10S
Motor drawing No. 0532 | 0533 | 0311 | 0310 | 0312 | 0313 | 0314 | 0316 | 0315
OVC rated current ratio 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.7 1.7
Motor model 20S/1500 | 20S | 30S | 30/2000 | 40
Motor drawing No. 0505 0502 | 0590 | 0506 | 0581
OVC rated current ratio 1.4 1.7 1.7 1.7 14
Motor model 0-0SP | 2-0S/3000 | 1-0S/3000 | 0S/3000 | 5S/3000 | 6S/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 10S/3000 | 20S/3000 | 30S/3000 | 40S/2000 | 50S | 60S 70S
Motor drawing No. 0317 0318 0319 0583 0331 | 0332 | 0333
OVC rated current ratio 1.4 1.4 1.4 1.4 1.4 14 14
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(L Series)
Motor model oL 5L 6L 6L 7L 0L | 7LM
Motor drawing No. 0561 | 0562 | 0563 | 0564 | 0571 | 0572 | 0573
Motor type 56 57 17 58 59 60 20
OVC rated current ratio 1.4 | 1.4 1.4 1.4 1.4 14 | 1.4
Motor model 0L(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 07/3000 5T/2000 5T/3000 107/2000 | 10T/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/OVL/HC".

This item explains the purpose of the OVC alarm, OVL alarm and HC alarm, and describes the
differences between them.

Table 7.3.4 (b) OVC/OVL/HC alarms

Code Meaning Meaning Detector

OVC | Over Current Overcurrent alarm Servo software

OVL |Over Load 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
\
N D I B
Start ! Stop ! Start ! Stop ! Start !
! P ! ! P 1 ! Motor temperature
Temperature E ! ! ! H 1 Thermal constant is larger.
at which the ! H ' : : .
motor  [TT7T7C mTTTTTA T e Thermal switch temperature
winding is ! ! ! H i\ Thermal constant is smaller.
burnt out ! , I : :
] 1 ] ] ]
i i i '
] ] ]
] ] ]
] ] ] ]
1 ] ] [}
] 1 ] 1 ] .
1 1 1 2 L5 Tlme

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
1 amplifier
Current | |®
v Protection by OVL
Limit
current
Protecton )=z~ __
by OVC
Rated
continUoUs [———-—------------- - mmer e m———————m————————-
current
> 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.

ovL Lv OVC | HCAL | HVAL | DCAL | FBAL | OFAL

7 6 ) 4 3 2 1 LsB

> DCAL (See ltem 7.4.1.)
>HVAL (See ltem 7.4.2.)
»HCAL (See ltem 7.4.3.)
>V (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 displays of the servo amplifier
Alarm code
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 HV alarm (indicated by LED) HV alarm (indicated by LED 1)
HCAL HC, HCL, HCM and HCN alarms HCL, HCM and HCLM alarms
(indicated by LEDs) (indicated by LEDs 8, 9 and b)
LV LV alarm (indicated by LED) LV5V and LVDC alarms
) (indicated by LEDs 2 and 3)
OH OH alarm (indicated by LED) OH (indicated by LED 6)
MCCALM (Note 1) | Not applicable to S series MCC (indicated by LED 7)
None (Note 2) | FAL, and circuit breaker tripped Circuit breaker tripped

(Note 1) Because the alarm code MCCALM is stored in the expanded alarm code area, it is not
applicable to all servo applications. See Chapter lil-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-0.

A-0 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-1 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 alarm 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 amepilifier 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 (Q1) 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) The DCSW alarm occurs when the discharge transistor is on continuously for one second or
longer.

[Causes]
© 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.

(2) 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]
© 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 controlier is
used, check the wiring for the thermostat according to the description manual.
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7.4.2 Troubleshooting for the HVAL alarm

[Check items]

1.
2.
3.

Three-phase input voltage
Machine load
Connection of a separated regenerative discharge unit

[Adjustment procedure]
Check the three-phase input voltage to the ampilifier.

A.

[Causes}

(1

(2)

()

4

)

A-1

A-4

- If the voltage is higher than 1.1 times the rated voltage, go to Cause 1.
- If the voltage is equal to or less than 1.1 times the rated voltage, go to A-1.

Check the parameter for the acceleration/deceleration time constant.
- If the parameter value is too small, go to Cause 2.
- |f the parameter value is large enough, go to 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.

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.

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.

When the machine is accelerated or decelerated rapidly when the three-phase input
voltage to the amplifier is higher than 1.1 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.

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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Specifications for the motor and amplifier are not appropriate for the machine load.

7.4.3 Troubleshooting for the HCAL alarm

[Check items]
Conditions in which an HCAI alarm occurs (before excitation, at the instance of excitation,
during excitation or rotation, at acceleration, or at deceleration)

Whether the module board is correctly inserted in the case of the C series

Power lines

1

[l A

=]

Insulation of the motor windings

Parameter settings (motor model, variations from the standard parameters, and NC
parameters)

Remove the PCB from the servo amplifier and check the transistor module.

Waveform of IR and IS of the amplifier

[Adjustment procedure]
Check the parameters.

A.

If the current loop gain (in the parameters PK1 and PK2) is several times larger
than the standard value, go to Cause 1.

If Series 15 or 0-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-1.

A-1 The transistor module must be checked even after the cause is determined in the

A-1-1

following adjustment. (The adjustment may cause a defect in the transistor module.)

Remove the power lines from the amplifier terminals and check the continuity
between GND and each of U, V, and W.

- K either pair is connected, go to A-1-1-1.

- If all pairs are disconnected, go to A-1-1-2.

A-1-1-1 Remove the power lines from the motor terminals and check the
continuity between GND and each of U, V, and W.
- | either pair is connected, see Cause 3.
- If all pairs are disconnected, see Cause 4.

A-1-1-2 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-1-1-2-1.
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A-1-1-2-1 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.
- |f 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.
- I 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 stili occurs, go to Cause 8.

Because the current loop gain is too high, the current loop oscillates and an alarm occurs.
When adjusting, the maximum aflowable current loop gain is about double the standard
value.

Check IR and IS of the amplifier. If shield grounding is not provided, the feedback current
contains noise which may cause an HCAI alarm.

The motor is defective.

The power line to the motor is defective.

The transistor module of the servo amplifier is defective.

The control PC board of the servo amplifier is defective.

The master PCB is defective.

The pulse coder may be defective.

The parameter setting in Series 0-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 Il.

1-140



7. TROUBLESHOOTING DIGITAL SERVO DEVICES

7.4.4 Troubleshooting for the LV alarm

[Check items]
1.  Three-phase input voltage
2.  Type of servo amplifier
3. Inthe 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.
- | the voltage is equal to or higher than 0.85 times the rated voltage, go to A-1.

A-1 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 ampilifier is not functioning.

[Note]

In the C series servo amplifier, the LV alarm issued as the alarm code is the logical sum of LV5V
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:
© Input voltage is insufficient.

— Check whether three-phase 170 VAC or higher is being input.

© The amplifier is not functioning (built-in magnetic contactor is defective).
— Replace the amplifier.

© 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 ampilifier (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 B.
- 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-1.

A-1 Check the servo amplifier S1 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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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

- |f they have no continuity, go to Cause 8.
- If they have continuity, the motor is normal.

If the S1 setting is incorrect, the amplifier gets overheated by just turning on the power.
Check according to Section 4.7, Connecting a Separate Discharge Unit.

The thermal regenerative capacity is insufficient for the cutting condition and machine
load.

The regenerative discharge transistor (Q1) of the servo amplifier is defective.
The thermostat of the servo amplifier is defective.
The alarm detector circuit of the PCB of the servo amplifier is not functioning.

The thermostat of the separate regenerative discharge unit or power transformer is
defective.

The power capacity of the transformer may be insufficient. A different transformer may
need to be selected.

The thermostat of the motor is defective.

The cutting condition and machine load exceed the specifications of t