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About this Manual:

This guide describes the installation and startup procedures of the Servo System so that it can
be efficiently put in actual operation in a short time.

This guide provides detailed descriptions of key points for efficiently starting up the Servo Sys-
tem as follows:

» Check the wiring by efficiently using the monitor function.
* Perform gain adjustments properly.
* Find the causes of alarms quickly and take the appropriate countermeasures.

» Take appropriate countermeasures for position deviation that might be caused by
noise.

This guide applies to the following OMRON products:
* OMNUC U Series
* OMNUC H Series
* OMNUC M Series
* OMNUC R Series
Itis recommended that the following manuals be referred to when actually performing the work.

Item Catalog No. Model

OMNUC U Series 1501 R88D-UA Analog Input with Power Supply
1502 R88D-UP  Pulse-train Input with Power Supply

OMNUC H Series 1508 R88D-HT/HS

OMNUC M Series 1511 R88D-MT

OMNUC R Series 1503 R88D-RA  Analog Input with Power Supply
1505 R88D-RP Pulse-train Input with Power Supply
1504 R88D-RB Analog Input without Power Supply
1506 R88D-RR Pulse-train Input without Power Supply

Finally, please read this guide carefully and be sure you understand the information provided
before attempting to install and startup the Servo System. The guide includes the sections de-
scribed below.

Chapter 1 provides a summary of the Servo System and all gains used for the Servo System
loops.

Chapter 2 describes wiring checks, possible system startup errors, and countermeasures
against position deviation when constructing the Servo System.

Chapter 3 describes the probable causes of Servo Driver alarms that may occur and the counter-
measures required to deal with them.

Chapter 4 describes the types and generation of noise and provides countermeasures against
noise.

The Appendix provides an example of the configuration of the Servo Driver’s main circuitry.

AWARNING Failure to read and understand the information provided in this manual may
result in personal injury or death, damage to the product, or product failure.
Please read each section in its entirety and be sure you understand the
information provided in the section and related sections before attempting any of
the procedures or operations given.
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Gain Adjustment Chapter 1

1-1 Types and Meanings of Gain

The word “gain” appears frequently in this technical guide. The gain is one of the indis-
pensable parameters of the Servo System. If the gain adjustment of the Servo System is
insufficient, the operation of the Servo System will be unsatisfactory, in which case the
Servo System will cause machinery vibration and an alarm will result. A summary of the
Servo System and all gains used for the Servo System loops are described below.

1-1-1 Summary of Servo System

The Servo System uses feedback loops. In a feedback loop, the response value is fed back after the
command so that the difference between the response and command values will be as close as pos-
sible to zero. The Servo System consists of three feedback loops (i.e., position loop, speed loop, and
current loop). Refer to the following block diagram.

Position Loop
* The position loop is used to let the rotation angle of the motor reach the desired position (i.e., the de-
sired rotation angle) that was externally designated.

* The speed command is output from the position loop to the speed loop.

* The position loop feeds back the position data (i.e., the information on rotation angle) of the encoder or
resolver.

Speed Loop
* The speed loop is used to let the motor rotate at the speed designated by the external analog speed
command or the speed command that is output from the position loop.

* The current command is output from the speed loop to the current loop.
* The speed loop feeds back the speed data of the encoder or resolver.

Current Loop

* The current loop provides the motor with the current designated by the current command that is output
from the speed loop.

* The current loop feeds back the motor current value.
The gain is a parameter to adjust the response speed of a feedback loop.

1-2

AUDIN - 7 bis rue de Tinqueux - 51100 Reims - France - Tel : 03.26.04.20.21 - Fax : 03.26.04.28.20 - Web : http: www.audin.fr - Email : info@audin.fr



Gain Adjustment Chapter 1

Configuration Example of Servo System

Position gain Speed gain Current gain
Command pulses T Mot
(Position command) Deviation counter otor
Current feedback
Speed feedback
Speed detection
I E Encoder
- or resolver
Feedback pulse (position feedback)
Position Control Unit with analog output : Servo Driver with analog input : Servomotor

Position Control Unit with |
pulse-train output ' Servo Driver with pulse-train input

1-1-2 Gain
The gain is another word for magnification.

The difference between the command and response values in a feedback loop is multiplied by the gain
and the result is output from the feedback loop. The difference between the target position and present
position in the position loop, for example, is obtained as a position deviation or deviation counter value.
The value multiplied by the position loop proportional gain is output as a speed command.

In the actual Servo System, the target position is expressed by command pulses and the present posi-
tion is expressed by feedback pulses, both from which the position deviation per time unit is calculated.
The deviation counter totals all the per-time-unit position deviations to obtain the position deviation of
the Servo System.

Position deviation

Tz;?t?(t)n + \* x Position loop proportional gain Speed d
oot (Position gain: Kp) > comman
(Position o speed
command) loop

Present position

The higher the gain of any feedback loop is, the higher the output of the feedback loop is. In other words,
if the gain increases, the output power to fix the deviation will increase. The Servo System with high
gains is ideal because the gains ensure a high response speed and reduce errors. If the gains are too
high, however, the Servo System will cause machine vibration according to the size and rigidity of the
machine system. The Servo System, therefore, requires gain adjustment according to the machine sys-
tem.

Note Rigidity indicates the engagement strength of the machine system. The backlash or spring por-
tion of a machine system reduces the rigidity of the machine system.
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1-1-3 Types of Gains

The following table describes gains and adjustment parameters that will improve the response charac-
teristics of the Servo System.

filter

Gain and adjustment Function Parameter name for each series
parameter
Current loop command The current (torque) response speed U: Torque command filter time constant

will change by adjusting this gain.

Adjust this gain if the Servo System
does not stop causing machine
vibration after other gains are adjusted.

There is no need to adjust this gain in
normal operation.

H:

M: Current command filter time
constant

R: High-range filter frequency selection
(Only for models with independent
power supplies)

Speed loop proportional
gain

The response characteristics of the
Servo System in accelerating or
decelerating operation will change by
adjusting this gain.

Adjust this gain to suppress the
overshooting or undershooting of the
Servo System and improve the
response characteristics of the Servo
System.

U: Speed loop gain

H: Speed loop proportional gain
M: Inertia ratio

R: AC gain (See note 1)

Speed loop integral gain

The response characteristics of the
Servo System in slow operation will
change by adjusting this gain.

Use this gain to adjust the servo-lock
strength of the Servo System.

U: Speed loop integral time constant
(See note 2)

H: Speed loop integral gain
M: Speed gain
R: AC gain

Position loop
proportional gain

The positioning time of the Servo
System will change by adjusting this
gain.

Adjust this gain to suppress the
overshooting or undershooting of the
Servo System and minimize the
positioning time.

U: Position loop gain
H: Position loop proportional gain
M: Position gain

R: Loop gain
(Only for models with pulse-train input)

Note 1. The AC gain of the R Series varies the speed loop proportional gain and speed loop integral
gain simultaneously. For details, refer to 1-3 Special Adjustment Parameters.

Note 2. Theintegral gainofthe speed loop ofthe U Series is adjusted with the speed loop integral time
constant. (Speed loop integral gain « 1/Speed loop integral time constant)

1-4
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Gain Adjustment Chapter 1

1-2 Gain Adjustment

Gain adjustment is indispensable to the functionality of the Servo System. If the gain
adjustment of the Servo System is insufficient, the performance of the Servo System will
be unsatisfactory and the Servo System will therefore cause machine vibration or not
ensure precise positioning. Adjust the current loop, speed loop, and position loop gains
of the Servo System in this order. The current loop is, however, adjusted before ship-
ping. The user, therefore, need not adjust any parameter of the current loop.

1-2-1 Gain Adjustment Procedure
The following describes the gain adjustment procedure for the Servo System.

1. Speed Loop Adjustment
» Speed loop proportional gain
» Speed loop integral gain (Speed loop integral time constant)
e Current loop command filter

Basic adjustments of the Servo System are possible with the proportional and integral gains only, in
which case however, the machine system may not stop vibrating or may have a slow positioning
operation due to insufficient gains. If the machine system has a slow positioning operation or does
not stop vibrating, adjust the filter time constant of the current loop.

2. Position Loop Adjustment
* Position loop proportional gain
This gain adjustment is required only for pulse-train input and is irrelevant to analog input.

1-2-2 Relationship between Gain Adjustment and Response
m Speed Loop Adjustment

The following graph indicates how the response characteristics (i.e., the frequency characteristics) of
the Servo System will vary with changes in the speed loop gain and adjustment parameter value.

Strong
Speed loop integral gain

. (Changes the strength

*, inlow frequencies.)
[0
2
o
D "
£ Current command filter
§ . (Changes the strength
& “.in high frequencies.)
IS Speed loop proportional gain
8 (Changes the total strength.)
Weak -

Slow action Quick action
Frequency (Operating speed)

Inthe above graph, the X axis indicates frequency (movement speed) and the Y axis indicates compen-
sating force for reducing the difference between the response and command as much as possible.
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Gain Adjustment Chapter 1

e Speed Loop Proportional Gain

* The response characteristics of the Servo System in all frequency bands change by adjusting this
gain.

* The compensating force and response characteristics rise if the gain increases.

* Increase the gain as much as possible provided that the adjusted gain does not cause machinery
vibration.

e Speed Loop Integral Gain
* The response characteristics of the Servo System in low frequencies change by adjusting this gain.

* The servo-lock force rises if the gain increases.

* Increase the gain as much as possible provided that the adjusted gain does not cause machine vibra-
tion.

In the case of the U Series, decrease the value of the speed loop integral time constant.

e Current Command Filter
* The response characteristics of the Servo System in high frequencies change by adjusting this gain.

* If the value of the filter time constant is large, command changes will be made less extreme and will
then be provided to the current loop.

* The adjustment of the current comment filter will be effective if machinery vibration does not stop with
the adjustment of the speed loop proportional gain and integral gain.

Adjustment Example 1

* Refer to the following for the normal adjustment of the Servo System that will not require any adjust-
ment of the current command filter to stop machine vibration (i.e., the current command filter is used
with factory settings).

* Adjust the proportional gain first, and then the integral gain.

Before Adjustment After adjustment

Increase the integral gain pro-
vided that the adjusted gain does

not cause machine vibration.
3 3
=] S
2 . , 2
= Machine resonance point E
2 l @
o ©
o Q
g ; £
o .
o o
H 5,
. o,
e
Frequency (operating speed) Frequency (operating speed)
1-6
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Adjustment Example 2

* Refer to the following for the adjustment of the Servo System that has a strong machine resonance
point in a high-frequency band. In this condition, the motor may continue buzzing or vibrate at high
frequency if the gains are low.

* Adjust the current command filter time constant, proportional gain, and integral gain in this order. The
resonance of the Servo System with the machine system can be avoided by increasing the value of the
current command filter time constant. Then adjust the other gains in the usual way.

Before Adjustment After adjustment
Strong machine resonance point Strong machine resonance point
(Vibrates at this poinﬂ ( Stops vibrating )

Q & ®

e 1 [&]

8 S

2 2

i B

2 % 2

(9] kS [

Q a

£ £

Q o

o s 3
Adjust the current command filter by ihcreasing the
value of the current command filter time constant.

Frequency (operating speed) Frequency (operating speed)

Adjustment Example 3
* Refer to the following for the adjustment of the Servo System that has a strong machine resonance

pointin alow-frequency band. In this condition, the motor may vibrate at low frequency if the gains are
low.

* Adjust the proportional gain and then integral gain. To avoid the resonance of the Servo System with
the machine system, decrease the value of the proportional gain. Then adjust the integral gain so that
the Servo System can maintain necessary response speed.

Before Adjustment After adjustment
Strong machinery resonance point Strong machinery resonance point
Vibrates at this poin Stops vibrating
3 8
S § Increase
o o | theintegral
£ £ gain provided i Decrease the proportion-
3 ! g that the adjusted\, i % al gain provided that the
g,_ g: g gain does not caus t‘a. adjusted gain does not
£ kY E | machine vibration,." ; cause machine vibration.
8 . - " v [ J TI——————
Frequency (Operating speed) Frequency (Operating speed)

Response Speed Change vs. Speed Loop Adjustment
The following graph indicates how the response characteristics of the Servo System will vary with the
changes in the speed loop gain and adjustment parameter value.
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Speed Loop Proportional Gain vs. Response Characteristics

Motor

speed Speed loop proportional gain is high.

/ (Machine vibration will result if gain is too high.)

Kl

’ Speed loop proportional gain is low.

Time
Speed Loop Integral Gain vs. Response Characteristics
Motor
speed Speed loop integral gain is high.
/ (Integral time constant value is small.)
Speed loop integral gain is low.
(Integral time constant value is large.)
\J
Time

m Position Loop Adjustment
* Adjust the position loop after adjusting the speed loop.

» Good response characteristics are obtained by increasing the position loop proportional gain provided
that the overshooting or undershooting of the Servo System does not result.

Position Loop Proportional Gain vs. Response Characteristics

Motor ~ Overshooting
speed \ Position loop proportional gain is high.

Position loop proportional

in is low.
gain is low. Undershooting

\// Time

* Overshooting and undershooting can be easily checked by checking the output voltage of the NM ter-
minal with an oscilloscope.
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Gain Adjustment Chapter 1

* If an oscilloscope is not available, visually inspect the operation of the motor shaft or machine system.
If there is undershooting, the shaft will perform positioning in the opposite direction of the rotating
direction before the shaft stops as shown in the following illustration.

Starts rotating Rotating Stop

07 O 0
U/

The shaft makes a stop
in the opposite rotating
direction.

* The amount of overshooting or undershooting varies with the rotational speed of the motor. Usually,
the higher the rotational speed is, the greater the overshooting or undershooting is. Therefore, it is
recommended that the Servo System be adjusted for the top rotation speed.

1-9
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1-3 Special Adjustment Parameters

Gains and adjustment parameters for all OMRON Servo Drivers are described below.
The auto-tuning function incorporated by the U Series allows easy automatic gain ad-
justment according to the machine system.

m Auto-tuning Function (U Series)
* The auto-tuning function allows automatic gain adjustment according to the load while operating the
machine system.

* The ideal adjustment according to the rigidity of the machine system will be possible by just selecting
the response characteristics if the auto-tuning function is used. It is thus recommended that this func-
tion be used as much as possible.

* The auto-tuning function is available to all machine systems except the following, which may require
manual adjustment.

Machine systems with heavy friction
Machine system with low rigidity

m Semi-auto-tuning Function (H Series)

* The semi-auto-tuning function makes it possible to adjust the speed loop proportional gain and inte-
gral gain by just setting the load inertia ratio to the rotor inertia ratio of the motor.

* The most suitable gain according to the inertia ratio is preset as a table.
* Manual adjustment is required for machine systems with heavy friction or low rigidity.

* The position loop requires adjustment according to the machine system. The semi-auto-tuning func-
tion does not perform position loop adjustment.

m AC Gain (R Series)

* The AC gain is used to adjust the speed loop proportional gain and integral gain simultaneously.
* The ratio of the proportional gain to integral gain is fixed.

Change in Response Characteristics vs. AC Gain

Compensating force

Frequency (operating speed)
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m Feed-forward Function (U Series: Feed-forward Value; H Series:
Position Loop Feed-forward Gain)
* The feed-forward function is enabled at the time of pulse-train input.

* This function adds the frequency of pulse-train input to the speed loop.

* The command is output to the speed loop before position deviation pulses are accumulated, thus re-
ducing the deviation counter value and saving positioning time.

* Feed-forward adjustment will not be effective if the position loop gain and speed loop gain are too high.
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2-1 Wiring Check

Care must be taken for Position Control Unit and Servo Driver connection, which needs
a comparatively large number of wires. Be sure that all lines connecting the Position
Control Unit and Servo Driver are wired correctly. It will be difficult to find wiring mistakes
after completing the Servo System construction.

2-1-1 Wiring Check with /O Monitor

* U, H, and M Series incorporate an I/0 monitor function.
* Wiring mistakes can be easily found by using this function.
* The contents of I/O monitor vary with the Series. Refer to the respective operation manual.

1/0 Monitor Example

OMNUC U-series
AC Servo Driver

9/ Q OMNUC U-series
- AC Servomotor

BT Iy
L) U4 .[b:
J

Force-reset the Y e
deviation counter. 00, 00,00,

o

l
o

Check the ON/OFF status of signals
in monitor mode (Un-06).
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2-1-2 Wiring Check without I/O Monitor

* If no I/0 monitor is available, use a multimeter and check the voltage as shown in the following dia-
gram.

* There will be a voltage between the terminals if the output transistor is ON. The reading of the multime-
ter will be 0 V if the output transistor is OFF.

Input
Power supply

| [

Voltage is ON : Output transistor ON
oV : Output transistor OFF

Multimeter
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2-2 System Startup Errors

The Position Control Unit may malfunction due to incorrect wiring, setting, or sequence
when power is supplied to the Position Control Unit or while the Position Control Unit is
operating. Probable causes of system startup errors and countermeasures are de-
scribed below.

System Does Not Start

* The 3G2A5-NC111-EV1 in operation may not detect the startup signal, especially when the Unit is
mounted to the following:

» CV-series Backplane

* Slave Rack

Probable cause Item to check Countermeasure
The 3G2A5-NC111-EV1 could not | » The startup signal is ON for a » Extend the period in which the
detect the startup signal because single cycle time. startup signal is ON so that the
the startup signal is ON for too 3G2A5-NC111-EV1 can detect
short a time. the startup signal.

Note 1. The program cycle time of the CV-series PC is shorter than that of the C-series PC. The
3G2A5-NC111-EV1, therefore, may not detect the startup signal correctly if the startup signal
is ON for too short a time.

Note 2. Theremote communications cycle time is different in timing from the program cycle time. The
startup signal, therefore, may not be detected in remote communications if the startup signal
is ON for too short a time.

Communications Errors Result

* The 3G2A5-NC111-EV1 Unit in operation may cause positioning data communications errors or may have
difficulty in reading data correctly, especially when the Unit is mounted to the following:

» CV-series Backplane

* Slave Rack

Probable cause Item to check Countermeasure
The communications cycle time * The communications cycle time | * Extend the cycle time clock’s ON
clock data is not being transmitted clock timing is shorter than the timing so that the
to the 3G2A5-NC111-EV1 remote communications cycle 3G2A5-NC111-EV1 can detect
correctly. time. the communications cycle time

« The CV’s cycle time clock does clock data.
not suit the 3G2A5-NC111-EV1. |« Create a clock by using the re-
turn signal from the Slave.

2-4
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Line Disconnection, Reverse Wiring, or Out-of-control Errors Occur

the motor will rotate slowly.

* The Position Control Unit with analog output will be out of control if the polarity of the speed command
does not coincide with that of the encoder signal.

* If the Position Control Unit cannot recognize the encoder signal correctly, a motor runaway will result or

Probable cause

Item to check

Countermeasure

Encoder A and B phase lines are
connected opposite to each other.

* Opposite wiring is detected.

* A motor runaway results during
servo-lock.

* Connect the lines correctly.

Encoder phase lines are
disconnected or the encoder I/O
terminal is damaged.

¢ Line disconnection is detected.

* The motor rotates slowly during
servo-lock.

* A motor runaway results during
positioning.

* The encoder signal does not turn
ON or OFF. (The encoder signal
output terminal is damaged.)

* The deviation counter does not
work even though the encoder
signal continues turning ON and
OFF. (The encoder signal input
terminal is damaged.)

* Correct the cable wiring.
* Replace the cable.
* Replace the Servo Driver.

* Replace the Position Control
Unit.

The speed command signal is
disconnected or the speed
command input terminal is
damaged.

* Line disconnection is detected.

* The motor in positioning opera-
tion rotates slowly without posi-
tioning.

* The speed command voltage on
the Position Control Unit output
terminal does not change. (The
speed command output terminal
is damaged.)

* The motor does not rotate with
changes in the speed command
on the Servo Driver input termi-
nal. (The speed command input
terminal is damaged.)

* Correct the cable wiring.
* Replace the cable.

* Replace the Position Control
Unit.

* Replace the Servo Driver.
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Line Disconnection, Reverse Wiring, or Out-of-control Errors Occur
Probable cause Item to check Countermeasure

Error occurs in the line * The gain is too low. * Adjust the gain. (Increase the
disconnection detecting function. * If the gain is too low, fine gain.)

positioning will require a long
time, which will be determined
as line disconnection.

* The zero adjustment of the
speed command is not correct.

* |f the zero adjustment is
incorrect, the positioning
completion signal will not be
output, which will be
determined as line
disconnection.

* If the zero adjustment is in the
direction opposite to the
fine-speed command, the
motor will rotate in the opposite
direction, which will be
determined as reverse wiring.

* External force is affecting the
motor torque on the vertical
shaft.

* |f external force is imposed on
the motor in the direction
opposite to fine positioning, the
motor will rotate in the opposite
direction, which will be
determined as reverse wiring.

* Make the zero adjustment of the
speed command correctly.

¢ Disable the line disconnection
detecting function.

Note 1. The absence of the speed command signal, the reverse line connection of A and B phases,
the absence of A and B phases, or noise may be a cause of the abnormal motor operation. If
the motor is in abnormal operation, the cause may be determined by determining the operat-
ing status of the motor at the time of servo-lock and positioning.

ltem Speed command A and B phase re- | A and B phase line Noise
signal disconnec- | verse line connec- disconnection
tion tion
Servo-lock Slow rotation Runaway Slow rotation Slow rotation
Positioning Slow rotation Runaway Runaway Positioning
deviation

* “Runway” indicates a situation in which the motor is out of control and the motor runs in ac-
celeration exceeding its maximum rotation speed.

* “Slow rotation” indicates a situation in which the motor runs at low rotation speed due to
Position Control Unit output or Servo Driver input offset.

Refer to Chapter 4 Countermeasures Against Noise if noise is the cause of the problem.

Note 2. Some of the OMRON Position Control Units incorporate a line disconnection detecting func-
tion.

Such a model will be in fine positioning operation automatically when it is turned on, at which
time, if the motor turns in the opposite direction due to reversed wiring or the positioning op-

eration does not complete within the specified period, an error will result.
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Note 3. If a signal line or connector disconnection is detected, the cable may be, however, in a fully
conducting state. When there is no encoder signal or speed command signal, check the resis-
tance of the cable by pulling or bending the cable.

Command Timing Errors Result
* Command timing errors are detected when the C500-NC221-E or C500-NC222-E is in use.

* The error will be detected if a command that is not executable (e.g., the positioning command) is input
while the C500-NC221-E or C500-NC222-E is in positioning operation.

Probable cause Item to check Countermeasure
A command input is not * The ladder program in use does | ¢ Change the program so that a
executable. not check the status of the command will be given after
C500-NC221-E or checking the status of the
C500-NC222-E. C500-NC221-E or

Example: The C500-NC221-Eor | C900-NC222-E.
C500-NC222-E starts up on
receipt of the Equal Flag of data
transfer completion.

Origin Proximity Non-detection Errors Result

* The C200H NC Unit will detect an origin proximity non-detection error if the origin proximity signal is not
input while the NC Unit is set for detecting the origin proximity signal.

* The origin proximity signal can be ignored if origin search mode 0 is selected for the NC Unit. The origin
proximity signal cannot be ignored, however, if origin search mode 1, 2, or 3 is selected for the NC Unit.

Probable cause Item to check Countermeasure
No origin proximity signal is input. | ¢ No origin proximity signal is con- | ¢ Input the origin proximity signal.
nected to the origin proximity in-

put terminal.
* The origin search mode setting * Select mode 0 and set the NC
is incorrect. Unit to No Origin Proximity.

Origin Non-detection Errors Result

* The C200H NC Unit has an origin non-detection error if the operation limit signal is detected while the ori-
gin signal is ON and the NC Unit is in origin search operation.

Probable cause Item to check Countermeasure

No origin signal is input. * No origin signal is connected to | * Input the origin signal.
the origin signal input terminal.

* No origin signal is input due to * Connect the lines correctly.
wiring mistakes or line discon-
nection.
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The Next Positioning Operation is Not Performed.
The Rising Edge of the Positioning Completion Signal is Not Detected.

* The next positioning step will be usually taken after the confirmation of the present positioning completion
signal.

* Therefore, if the completion of positioning is not confirmed, the Position Control Unit cannot take the next
stop and the operation is interrupted.

Probable cause

Item to check

Countermeasure

The positioning time is short
compared with the cycle time.

* The positioning operation has
completed normally and the
positioning completion signal
has been output. The PC can-
not, however, check that the
completion signal has been
turned OFF.

* Use the positioning completion
dwell timer and delay the output
timing of the positioning comple-
tion signal.

* Use the M code and confirm that
the completion signal has been
turned OFF by checking status
changes in the M code.

The positioning completion signal
is not output or it takes too long to
output the positioning completion

signal.

* The positioning operation is per-
formed normally but the position-
ing completion signal is not out-
put.

* Incorrect gain adjustment has
been made and the gains are
too low.

* The zero adjustment of the
speed command is incorrect and
the value of the deviation count-
er is large when the Position
Control Unit stops.

* The set value of positioning
completion width is too small.

* Adjust the gains.

* Adjust the zero adjustment of the
speed command.

* Increase the set value of posi-
tioning completion width.

Deviation Counter Overflow Results

tion.

* The deviation counter is in control of the difference between the command position and actual motor posi-

* If the difference between the command position and motor position is too large, the deviation counter will
overflow and a deviation counter error or deviation counter overflow will result.

* The error results if the motor cannot carry out the command.

Probable cause

Item to check

Countermeasure

The gains are too low.

* The motor response is slow.
(Use speed monitor.)

* Adjust the gains.
(Increase the gains.)

The gains are too high.

* Overshooting is resulting.
(Use speed monitor.)

* Adjust the gains.
(Decrease the gains.)

The speed command value is too
large.

* The speed command voltage is
set to a value exceeding 10 V.

* Reset the value to 10 V or less.

* Use parameters, such as a
speed command scale, and de-
crease the command voltage
that is used for obtaining the
rated rotation speed.

The load is too heavy.

Acceleration/Deceleration time is
too short.

* The Servo Driver is generating
its maximum torque at decelera-
tion or acceleration time. (Use
current monitor.)

* Decrease the load.

* Increase acceleration/decelera-
tion time.
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2-3 Countermeasures Against Position Deviation

Origin Search Position Deviates
* There are some reasons for position deviation after origin search completion.

* Position deviation will occur whenever the origin is searched if any coupling or joint of the machine system
has a problem.

* If the position between the origin proximity sensor and that of the encoder’s Z phase are too close to each
other, there will be a deviation of one rotation of the motor (1/2 rotation if the M Series is used).

Probable cause Item to check Countermeasure
A joint of the machine system * A joint of the machine system * Increase the joint strength.
deviates. (especially a section where parts
are connected with friction) devi-
ates.
*Such a section can be easily found
by marking it.
The position of the origin proximity | * There is a deviation of one rota- | * Move the position of the origin
sensor and that of the encoder’'s Z | tion of the motor (or 1/2 rotation proximity sensor for a distance
phase are too close to each other. if the M Series is used) on of 1/2 rotation of the motor (or
completion of origin search. 1/4 rotation if the M Series is
*Cause of Origin Deviation used).

Origin proximity sensor .| » Loosen the coupling that con-
e Sensor deflection nects the motor shaft and the
: - machine system, turn the motor
] shaft for 1/2 rotation of the motor
(or 1/4 rotation if the M Series is
used), and tighten the coupling
Motor’s Z phase again.
Due to the deflection of the origin
proximity sensor, it will be un-
known whether the machine origin
will be a or b.

If the sensor is a proximity sensor,
the origin varies with the sensing
distance and ambient temperature.

The Position Control Unit Stops Abruptly.
Position Deviation with Insufficient Moving Distance Occurs.
* The Position Control Unit in positioning operation stops abruptly and then starts operating again.
* The Position Control Unit abruptly decelerates to a stop with heavy shock being imposed on the machine
system.
Probable cause Item to check Countermeasure

The incorrect deviation counter * The incorrect deviation counter * Correct the program.

reset or origin reset signal is input. reset or origin reset signal is in-
put in the program.

* Noise is affecting the deviation » Take countermeasures against

counter reset or origin reset noise. Refer to Chapter 4 Coun-
command signal line. termeasures Against Noise.
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Moving Distance is Insufficient/Excessive.
Rotation Speed is Too Slow/Fast.

speed.

* Actual moving distance and rotation speed are different from specified moving distance and rotation

Probable cause

Item to check

Countermeasure

Pulse rate setting mistake.

* The pulse rate set value is differ-
ent from the actual pulse rate.

* Set the pulse rate correctly.

Note 1. The pulse rate is the movement distance of the machine system per motor pulse.

Note 2. Be sure to check the following set values when a digital Servo Driver is applied.

Actual movement distance or rotation speed will not coincide with the specified movement

distance or rotation speed if the set values are incorrect.

U Series:

H Series:
tion
M Series:

Resolver segment number (G1 and G2)

Electronic gear ratios (G1 and G2), encoder dividing ratio setting, and command
pulse mode

Electronic gear multiplication ratios (G1 and G2) and encoder output specifica-

Position Deviation Occurs Gradually if the Unit is Operated Repeatedly.
The Position Determined Changes Slightly.

* Position deviation is not large but still varies with the operating speed of the Position Control Unit.

Probable cause

Item to check

Countermeasure

A joint of the machine system
deviates.

* A joint of the machine system
(especially a section where parts
are connected with friction) devi-
ates.

*Such a section can be easily found
by marking it.

* Increase the joint strength.

The pulse frequency is too high
and the pulse cannot be read
correctly.

* The command pulse frequency
output from the Position Control
Unit exceeds the response fre-
quency of the Servo Driver with
pulse-train input.

* Decrease the command speed.

* Decrease the pulse frequency
and adjust with the electronic
gear (for U, H, and M Series)

* The encoder signal frequency
that is output from the Servo
Driver with analog input exceeds
the response frequency of the
Position Control Unit (see note).

* Decrease the command speed.

* Decrease the number of output
pulses (for U, H, and M Series)

Position deviation due to noise.

* The command pulse output from
the Position Control Unit is af-
fected by noise.

* The encoder signal output from
the Servo Driver is affected by
noise.

* Take countermeasures against
noise. Refer to Chapter 4 Coun-
termeasures Against Noise.

Note The output phase error of the Servo Driver must be taken into consideration when calculating the
pulse frequency. For details on the output phase error, refer to the Operation Manual of the Servo

Driver in use.
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3-1 Alarms and Countermeasures

This chapter describes probable causes of alarms that may go off while the Servo Driver
is in operation and countermeasures to be taken. In some cases, the built-in circuitry of
the Servo Driver may be damaged if alarms are reset without taking proper countermea-
sures. If an alarm occurs, turn off the Servo Driver immediately after checking the mean-
ing of the alarm, take full countermeasures, and then turn on the Servo Driver. Errors
that may damage the Servo Driver and those that may result relatively frequently are
explained in the following.

Refer to the Operation Manual of the Servo Driver for details on other errors.
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Main Circuit Overcurrent

taking proper countermeasures.

be damaged.

If any of the following errors result, turn off the Servo Driver immediately.
Do not turn on the Servo Driver until the causes are checked and countermeasures are taken.

Do not replace the Servo Driver or motor without finding out the cause of the error.

The built-in circuitry of the Servo Driver may be completely damaged if the Servo Driver is turned on without

Do not replace any Unit without checking the causes and taking countermeasures, otherwise the Unit may

the main circuitry and motor.

* These errors will result if there is an excessive current flow to the main circuitry of the Servo Driver.
» Excessive current may flow if a ground fault or short-circuit results on the lines between the capacitor of

Alarm Indication

U Series: A. 10
H Series: E4
M Series: A. L-1
R Series: OC

Probable cause

Item to check

Countermeasure

The power cable has been
short-circuited.

* Phase lines are short-circuited.

* Check the resistance of the
cable alone.

* Replace the cable.
* Repair the cable.

The power cable had a ground
fault.

* A power line and the FG (frame
ground) are short-circuited.
* Check the resistance of the
cable alone.

* Replace the cable.
* Repair the cable.

The motor has burned out.

* The motor gives off a burning
smell.

* The phase-to-phase resistance
of the motor is different from the
coil resistance.

*1. Check the specifications of
the motor.

*2. If the coil resistance is
unknown, be sure that all
phase-to-phase resistance
readings are the same. If
not, the motor must have
burned out.

* Replace the motor.

The transistor of the main circuitry
has burned out.

* The resistance between each
combination of these terminals is
100 @ maximum.

P (PA)-A (U) N(NA)-A(U)
P (PA)-B (V) N (NA)-B (V)
P (PA)-C (W) N(NA)-C W)
* Check the resistance twice by
interchanging the probes of the
multimeter. If each resistance
reading is 100 Q max., the
transistor is damaged.

* Replace the Servo Driver.

Note Itis unlikely that only the Servo Driver is damaged. If the Servo Driver is damaged, carefully check
whether other parts or devices are damaged.
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Main Circuit Overvoltage

to the capacitor.

* An alarm goes off if an excessive voltage is imposed on the main circuitry of the Servo Driver.
* The excessive voltage may be imposed from the power supply side or motor side due to power feedback

Alarm Indication

U Series: A. 40
H Series: E3
M Series: A. L-2
R Series: OV

Probable cause

Item to check

Countermeasure

Abnormal power supply voltage.

* The power supply voltage is not
within the allowable range.

*Check the rating.

* Apply voltage that is within the
allowable range.

* A surge from high-capacity
equipment that is close to the
Servo Driver is imposed on the
power lines.

* Eliminate the surge with a surge
absorber.

* Provide power to the high-ca-
pacity equipment from an inde-
pendent power supply.

The regenerative voltage is too
high.

* An error results at the time of de-
celeration or while lowering the
vertical shaft.

* The voltage between P (PA) and
N (NA) of the main circuitry is
380 VDC min. when the motor is
running.

* Connect a Regeneration Unit.

* Increase the capacity of the re-
generation capacitor.
(Applicable to the U and H Se-
ries.)

A disconnection or a wiring
mistake of the External
Regeneration Resistor.

(Applicable to M-, R-, and H-series
Power Supply Units.)

* There is a wiring mistake of the
External Regeneration Resistor.

* Wire the External Regeneration
Resistor correctly.

* The External Regeneration Re-
sistor has burned out.

* The resistance of the External
Regeneration Resistor is wrong.

* Replace the External Regenera-
tion Resistor.

The regeneration transistor has
burned out.

* The resistance between each
combination of these terminals is
[ee]

RG-N (H-series Power Supply
Unit)

JP1-NA (M Series)

RG-N (R-series Power Supply
Unit)

RG-N (R-series Regeneration
Unit)

* Check the resistance twice by
interchanging the probes of the
multimeter. If each resistance
reading is 100 Q max., the
transistor is damaged.

* Replace the Unit.

Note 1. If the regeneration transistor is found damaged, check the resistance of the External Regen-
eration Resistor. It is possible that the transistor was damaged because the resistance of the
External Regeneration Resistor was incorrect.

34
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Note 2. Theregeneration is calculated from the terminal voltage of the External Regeneration Resis-
tor. The External Regeneration Resistor must withstand regeneration that is three to five
times larger than the regeneration calculated from the following.

Terminal volt- a

age of External N
Regeneration o @ (3802 Regeneration time
Resistor (V) Regeneration (W) b R Total operation time

R: Resistance of External Regeneration Resistor (Q)
Times (s)

L b |
Main Circuit Voltage Drop

* An alarm will go off if the voltage imposed on the main circuitry of the Servo Driver is less than the allow-
able range.

* The voltage imposed on the main circuitry will be less than the allowable range if the power supply voltage
is too low or insufficient power is supplied to the main circuitry due to phase interruption.

* This alarm is also called the momentary power failure alarm or phase interruption alarm.

Alarm Indication

U Series: A.F3
H Series: E23
M Series: A. L-3
R Series: OC

Probable cause

Item to check

Countermeasure

Abnormal power supply voltage.

* The power lines are discon-
nected.

* Connect the power lines correct-
ly.

* The power supply voltage is not
within the allowable range.

* Check the rating.

* Apply voltage that is within the
allowable range.

Phase interruption of 3-phase
power supply

* The voltage between either one
of the combinations of these ter-
minals is 200 VAC.

R-S, R-T

* Applicable to the Servo Driver
with 3-phase, 200-V input.

* Connect the power lines correct-
ly.

The fuse was blown out or the
rectifier was damaged.

* The fuse was blown out.

* Check the fuse visually or with
a multimeter.

* The resistance between each
combination of these terminals is
e,

P (PA)-R,P (PA)-S,P (PA) -T
N (NA) - R, N (NA) - S, N (NA) - T

* Check the resistance twice by
interchanging the probes of the
multimeter. If each resistance
reading is «, the transistor is
damaged.

* Replace the Servo Driver after
making sure that there is no
overcurrent flow to the main cir-
cuit.
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Main Circuit Voltage Drop
Probable cause Item to check Countermeasure

The fuse of the power supply for
the main circuit contactor was
blown out.

(Applicable to the M Series only.)

* There is no 200 VAC output be-
tween terminals B and O.

* Replace the Servo Driver.

* A power supply is connected to
terminals B and O.

* Correct the wiring and replace
the Servo Driver.

* Terminals B and 0 have a
ground fault and outputs from
the terminals are grounded.

* Fix the ground fault and replace
the Servo Driver.

The fuse of the inrush current
prevention circuit was blown out.
(Applicable to the M Series only.)

* There is no 24 VDC output on
the PON terminals or Bl termi-
nals.

* Remove the short bar when
checking the voltage.

* Replace the Servo Driver.

* A power supply is connected to
the PON terminals or BI termi-
nals.

* Correct the wiring and replace
the Servo Driver.

* The PON terminals or Bl termi-
nals have a ground fault and out-
puts from the terminals are
grounded.

* Fix the ground fault and replace
the Servo Driver.

Overload

If an overload error results, turn off the power to the main circuitry and do not turn on the power for at least
10 minutes. Do not turn on the power until the causes are checked and countermeasures are taken.

If the power is turned on without taking countermeasures, the motor coil may burn out.

ously.

The load inertia is excessive.

* An alarm will go off if the output current of the Servo Driver is more than 120% of the rated current continu-

* The output current continuously exceeds the rated current in the following cases:
The motor is affected by gravity torque.
The machine system has excessive friction.

The machine system does not work and the motor shaft is locked due to secular changes, deformation,
or foreign materials in the driving components.

Alarm Indication

U Series: A.71,A. 72

H Series: E22

M Series: A.L-17,A.L-18
R Series: OL

Probable cause

Item to check

Countermeasure

Motor overload.

* The output current is more than
120% of the rated current contin-
uously.

* The effective value of the output
current is more than 120% of the
rated current. (Use the current
monitor or indicator.)

* Decrease the load or load iner-
tia.

* Increase the acceleration/decel-
eration time to decrease the ac-
celeration/deceleration torque.

* Increase the motor capacity.

* Motor parameter settings are
wrong. (Applicable to M Series.)

* Make motor parameter settings
correctly.
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Overload

Probable cause Item to check Countermeasure
The motor shaft is locked. * The machine system does not * Perform machine maintenance.
operate smoothly. * Repair the machine system.

* The machine system came to a
halt after colliding with some ob-
ject.

* The output current is at maxi-
mum. (Use the current monitor
or indicator.)

A disconnection or a mistake in * There is a disconnection or a * Connect the power lines correct-
the wiring of power lines. mistake in the wiring of power ly.
lines.

The motor shaft is damaged. * The motor shaft does not rotate | * Replace the motor.
smoothly without a load.

* Make sure that the lead wires
of the motor do not touch
together.

* The motor shaft bearing is rusty.

Abnormal motor current phase * The output current with servo- * Replace the Servo Driver.
angle. lock is more than 110% of the « Replace the motor.

rated current without influence of
external force.

* No overload results if the Servo
Driver or motor is replaced.

Note The following may cause motor shaft damage.
¢ An abnormal thrust or radial load is imposed on the shaft.
* There is corrosive gas around the motor.

Inthe above cases, the same problem will occur even after the motor is replaced. Check the causes
of motor damage, take proper countermeasures against it, and then replace the motor.
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Overspeeding

* An alarm will go off if the rotation speed of the motor is abnormal, as in the following cases:
The rotation speed has exceeded the maximum allowable rotation speed.
The rotation signal is not returned from the motor in response to a command from the Servo Driver.
A command is input for the motor to run at a speed exceeding the maximum allowable rotation speed.

Alarm Indication

U Series:

H Series: E22

M Series:

R Series: 0. RUN

A.51,A.52, A.C1,A.C2

A. L-16, A. L-19, A. L-20

Probable cause

Item to check

Countermeasure

Abnormal speed command input

* The voltage of the speed com-
mand input (analog input) is
higher than the voltage corre-
sponding to the maximum allow-
able rotation speed.

* The frequency of the command
pulse input (pulse-train input) is
higher than the frequency corre-
sponding to the maximum allow-
able rotation speed.

* Decrease the command speed.

Parameter setting mistake.

* The speed command scale ex-
ceeds the maximum allowable
rotation speed. (Applicable to
analog input.)

* Fix the speed command scale
setting.

* The encoder dividing ratio set-
ting for pulse output is too small.
(Applicable to analog input.)

* Fix the number of output pulses.

* The electronic gear ratio is too
large. (Applicable to pulse-train
input.)

* Fix the electronic gear ratio.

Overspeeding due to
overshooting.

* Overshooting exceeding the
maximum allowable rotation
speed results at the time of ac-
celeration.

(Use the speed monitor.)

* Adjust the gain and suppress the
overshooting as much as pos-
sible.

Abnormal encoder cable
Abnormal resolver cable

* The cable is disconnected.
* The cable is short-circuited.

* Check the resistance of the
cable alone.

* Replace the encoder cable.
* Replace the resolver cable.

Power cable disconnection.

* The power cable is discon-
nected.

* Check the resistance of the
cable alone.

* Replace the power cable.

Abnormal motor.

* Motor phases are open.

*Check the resistance of the
motor alone.

* Replace the motor.

Signal errors caused by noise.

* None of the above items applies.

* The frequency and conditions of
error are indefinite.

» Take countermeasures against
noise. Refer to Chapter 4 Coun-
termeasures Against Noise.
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Note 1. In many cases, signal cable errors will be detected together with encoder or resolver discon-

nection errors.

Note 2. If the cable contact is improper, the resistance of the cable will vary slightly. To check a slight
difference in resistance in such a case, use a multimeter that has a mQ range.

Encoder (Resolver) Disconnection

* An alarm will go off if there is no encoder or resolver voltage output.

Alarm Indication

U Series: A.C3,A.C4
H Series: E1

M Series: A. L-6

R Series: RE. E

Probable cause

Item to check

Countermeasure

Abnormal encoder signal lines.
Abnormal resolver signal lines.

* The signal lines are discon-
nected.

* The signal lines are short-cir-
cuited.

* Check the resistance of the
cable alone.

* Replace the encoder cable.
* Replace the resolver cable.

Motor overheating.

* The surface temperature of the
encoder exceeds 70°C. (Applica-
ble to H and R Series only.)

* Decrease the motor ambient
temperature.

* Take the same countermeasures
as those against motor overload.

Encoder or resolver malfunctions.

* Do not turn any output signal of
the encoder on and off if the volt-
age of the output signal between
the output terminal and the pow-
er supply ground of the encoder
is 2.5V min.

* The resistance between each
combination of these terminals
of the resolver is far from the
rated resistance.

SIN energized terminals:
100 Q

COS energized terminals:
110 Q

Resolver output terminals:
5,000 Q

* Replace the motor.

Signal errors caused by noise.

* None of the above items applies.

* The frequency and conditions of
error are indefinite.

Take countermeasures against
noise. Refer to Chapter 4
Countermeasures Against Noise.

Note 1. In many cases, signal cable errors will be detected together with encoder or resolver discon-

nection errors.

Note 2. Ifthe cable contact is improper, the resistance of the cable will vary slightly. To check a slight
difference in resistance in such a case, use a multimeter that has a mQ range.
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Servo Driver Errors Chapter 3

Deviation Counter Overflow
* An alarm will result if the deviation counter overflows.

* This error results with the Servo Driver with pulse-train input.

* The deviation counter will overflow if the motor cannot carry out the command.

Alarm Indication
U Series: A. 31
H Series: E25
M Series: A. L-21
R Series: 0. RUN

Probable cause Item to check Countermeasure
The gains are too low. » The motor response is slow. * Adjust the gains.
(Use speed monitor.) (Increase the gains.)

* Make feed-forward adjustments
to reduce the number of pulses
accumulated by the deviation

counter.

The gains are too high. * Overshooting is resulting. * Adjust the gains.

(Use speed monitor.) (Decrease the gains.)
Parameter setting mistake. * The electronic gear ratio is too * Fix the electronic gear ratio.

large.
The output torque is insufficient * The output current of the Servo | * Increase the current limit value.
QUe to current I|m|t.at|on, which . Dnyer is limited with the current | . Turn off the current limit input
increase acceleration/deceleration limit value. (Use current monitor, signal
time. signal output, and monitor indi- '

cator.)
The frequency of the command * The frequency of the command | » Decrease the command speed.
pulse input is too high. pulse input is higher than the fre-

quency corresponding to the

maximum allowable rotation

speed.
The motor shaft is locked. * The machine system does not * Perform machine maintenance.

operate smoothly. * Repair the machine system.

The machine system came to a
halt after colliding with some ob-
ject.

The output current is at maxi-
mum. (Use the current monitor
or indicator.)

The Servo Driver is generating * Decrease the load.

The load is too heavy.

Acceleration/Deceleration time is i’gs maximum torque at decelera- |, Increase acceleration/decelera-
too short. tion or acceleration time. (Use .
: tion time.

current monitor.)
A disconnection or a mistake in * There is a disconnection or a * Connect the power lines correct-
wiring of the power lines. mistake in the wiring of the pow- ly.

er lines.
Abnormal encoder signal lines. * The signal lines are discon- * Replace the encoder cable.
Abnormal resolver signal lines. nected.

* The signal lines are short-cir-
cuited.
* Check the resistance of the
cable alone.

Abnormal motor. * The phase-to-phase resistance | ¢ Replace the motor.

of the motor is different from the
coil resistance.
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Servo Driver Errors

Chapter 3

Servo Driver Overheating

An alarm will go off if the internal temperature (i.e., heat sink temperature) of the Servo Driver exceeds

90°C.
Alarm Indication
U Series: A. 10
H Series: E21
M Series: A.L-8, A.L-9
R Series: OH

Probable cause

Item to check

Countermeasure

The ambient temperature is high.

* The ambient temperature for the

Servo Driver is higher than 55°C.

* Decrease the ambient tempera-
ture with a cooling fan or cooling
unit.

* Locate the Servo Driver in a
place where the ambient temper-
ature is low enough.

The regeneration is excessive.
(Applicable to M and R Series
only.)

* The regeneration is beyond the
processing capability of a single
Servo Driver.

* Check the regeneration from
the voltage waveform obtained
from the terminals of the
regeneration resistor. Refer to
Main Circuit Overvoltage on
page 3-4.

* Connect the External Regenera-
tion Resistor.

Insufficient rotation of cooling fan
or clogged filter.
(Application to M Series only.)

* The fan is not rotating.
* Check the fan visually.

* Replace the Servo Driver.
* Replace the fan.

* The filter is clogged with dirt.

¢ Clean the filter.

The load is too heavy.

* The Servo Driver is in continu-
ous operation with its output cur-
rent exceeding the rated current.
(Use the current monitor or indi-
cator.)

* Reduce the load.

* Increase the acceleration/decel-
eration time.

* Increase the motor capacity.
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Chapter 4

Countermeasures
Against Noise -

4-1 Generation and Types of Noise
4-2  Noise Suppression
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Countermeasures Against Noise Chapter 4

4-1 Generation and Types of Noise

The elimination of noise influence on the Servo System is indispensable for increasing
the reliability of the Servo System. If the protection of the Servo System from noise is
insufficient, the Units in the system will be damaged in the worst case. Even if the Units
are not damaged, the Servo System will not be able to fulfill its functions, e.g., the rota-
tion of the motor may be unstable or correct positioning may not be possible with the
Servo System.

4-1-1 Noise

m Definition of Noise

Noise is an indefinite, unnecessary signal that may be generated as a natural phenomenon or artificially
from machine equipment. Most types of noise are generated artificially and transmitted through unex-
pected transmission paths to other signal lines.

Other lines

Space
e (unexpected transmission path)

f

Radical signal change

4-1-2 Types of Noise

m Sources of Noise Generation

A machine or component that handles radical voltage or current changes can be a source of noise gen-
eration. Noise generated by such a machine or component will increase in accordance with an increase
in the radical voltage or current change level, and higher the voltage or current is, the more intense the
noise generation from the machine or component will be.
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Countermeasures Against Noise Chapter 4

m Types of Noise and Typical Noise Sources

Kind Generation Machine or component Signal waveform
Coil surge A coil generates a surge | Relay o
when the voltage Solenoid S
imposed on the coil is S
turned on and off. Contactor Time
Capacitor charge current | A high-charge current Built-in power supply =
flows when voltage is Power supply g
imposed on a capacitor. N : 3
Capacitive-discharge _
machine Time
Pulse voltage Pulse voltage from PWM | Servo Driver of
(see note). Inverter £
Switching current
Time
Arc discharge Radical voltage changes | Welding machine %
with discharge. Arc-discharge tube §_\_{—
Time

Note PWM is an abbreviation for pulse-width modulation, which makes average voltage changes by
intermittently turning the voltage on and off with short intervals.

4-1-3 Noise Transmission Paths

Noise is transmitted through the following four paths.

e Capacitive Coupling Path

Noise signals with radical changes are transmitted from one line to another through an electric field gen-
erated between the signal lines like an imaginary capacitor. The efficiency of such noise transmission
will increases in accordance with an increase in noise-signal change level and a decrease in transmis-
sion path distance.

Effects
Noise transmission between signal cables.

Motor leakage current.
Sensor malfunctions.

Radical signal changes

Signals are transmitted through the
electric field like an imaginary capacitor.
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Countermeasures Against Noise Chapter 4

e Conductive Path

Noise signals with radical changes are transmitted from a power line to another line or control equip-
ment through the FG (frame ground) or conductive cable. Noise may be transmitted through the FG or
conductive cable after the noise is transmitted to the FG or conductive cable through the other noise
transmission paths.

Effects
Control equipment malfunctions.

Noise on power supply lines.

- Control equipment
Power supply
|l FG =
Servo
Driver Motor

T

e Electromagnetic Inductive Path

Noise with radical changes creates magnetic fields around the noise. Such magnetic fields induce elec-
tromotive force from signal lines close to the magnetic fields. Such induction willincrease in accordance
with an increase in noise-signal change level and a decrease in noise transmission distance between
the signal lines and magnetic fields.

Effects
Noise transmission between signal cables.

Noise from motor power lines.

Noise with radical changes

Electromotive force
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Countermeasures Against Noise Chapter 4

e Radio Transmission Path
Noise signals with radical changes are radiated from signals lines working as antennas. The Servo Sys-
tem may leak noise from the cable lines as shown in the illustration below.

Effects
Radio and TV interference.

Radio sensor malfunctions.

Servo

Driver
Power

supply
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Countermeasures Against Noise Chapter 4

4-2 Noise Suppression

Noise is generated from equipment and transmitted through unexpected transmission
paths. Noise suppression means the prevention of the generation of noise from such
noise sources and block the transmission of noise through noise transmission paths.

4-2-1 Countermeasures

The following four items are essential for noise suppression.

Searching for Noise Sources

Noise is generated from many types of equipment that make radical changes in voltage and current
output. The larger the signal power handled is, the more powerful the noise source will be. Referto4-1-2
Types of Noise and list all probable noise sources close to the Servo System.

Clarifying Noise Transmission Paths

If a noise source, its type, and its characteristics are known, check all probable noise transmission paths
in sequence beginning with the most probable path, and find out which paths are used for noise trans-
mission. It may be a good idea to use a shield plate connected to the FG (frame ground) and check the
possibility of noise transmission through radio transmission, electromagnetic induction, and capacitive
coupling paths.

Cancellation of Countermeasures at Last Stage

Do not cancel countermeasures on any path if they are not effective. There may be more than one noise
transmission path. The path on which the countermeasures have been taken may be a secondary noise
transmission path.

Highly Possible Noise Transmission Path to Servo System

The Servo System or inverter has a high current leakage to the FG through the capacitive coupling of
the motor. Therefore, if the current absorption of the FG is poor, the electric potential of the FG will be
unstable. This will easily transmit noise to other equipment through the FG. Be sure to take countermea-
sures against such current leakage when using Servo Systems or inverters.

4-2-2 Practical Noise Suppression

The following describes practical noise suppression and current leakage suppression for each noise
transmission path.

4-6

AUDIN - 7 bis rue de Tinqueux - 51100 Reims - France - Tel : 03.26.04.20.21 - Fax : 03.26.04.28.20 - Web : http: www.audin.fr - Email : info@audin.fr



Countermeasures Against Noise

Chapter 4

m Capacitive Coupling Path

Countermeasure

Purpose

Precautions

Separation of signal lines

Reduction of capacitive
coupling

Keep signal lines at least
10 cm away from each
other.

Ideally, the signal lines
are kept 30 cm away
from each other.

Shielding with conductive
materials (panel or metal
conduit)

Reduction of capacitive
coupling

Be sure to connect the

shield to the FG (frame
ground).

Ground only one end of
the shield.

The shield must be free
of any current flow.

m Conductive Path

Countermeasure Purpose Precautions
Noise filter Attenuation of Apply noise filters to Control
high-frequency energy power supply lines so equipment
that the noise filters will
perfectly separate control Senvo
and power lines. Driver

m Electromagnetic Inductive Path

Countermeasure

Purpose

Precautions

Wiring

Separation of signal lines

Reduction of magnetic
force

Keep signal lines at least
10 cm away from each
other.

Ideally, the signal lines

are kept 30 cm away
from each other.

—
10t0 30 cm
——-

Twisted-pair wires for
signal and return lines

Reduction of area
influenced by magnetic
field

Cancellation of magnetic
field by wires twisted
opposite to each other

The twisted-pair wires
must not be more than
5 cm long.

Power and signal lines

must be different to each
other in twisting pitch.

Magnetic field

5 cm max.
The magnetic field is
canceled by wires twisted
opposite to each other.
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Countermeasures Against Noise Chapter 4

m Radio Transmission Path

Countermeasure Purpose Precautions Wiring
Noise filter A_ttenuation of The sec?ion not = Sewo Driver
high-frequency energy attenuating =
high-frequency noise g . NF—M)
should be made as short | = .
g Short in distance

as possible.

Shielding with conductive | Reduction of capacitive Be sure to connect the

materials coupling shield to the FG (frame = Servo Driver
ground). = —
2 .
Ground only one end of 5
the shield. 3

The shield must be free
of any current flow.

Note The noise filter on the Servo Driver output side must be a dedicated noise filter that does not use a
capacitor.

m Current Leakage

Countermea- Purpose Precautions Wiring
sure
Noise filter Attenuation of high Use a noise filter that
frequency energy of eliminates common mode
common mode (between noise. Control equipment
the power line and FG). At the very least, the
control equipment must
use the noise filter.
Ground with a Purging leakage current Use wire of 2.0 mm? or
short, thick wire | quickly to reduce voltage more.
changes. The wiring distance must I
be as short as possible. N0|_se filter elimi- As short as
nating common possible to the
Ground each wire at a mode noise. ground.
resistance of less than
100 Q.

4-2-3 Other Countermeasures

If Servo System errors still result after all countermeasures described above, the following may be ef-
fective for some Position Control Unit and Servo Driver models.

e Positioning Point Deviation (Position Control Unit with Pulse Output)

Error
Command pulse input is subjected to noise interference and the Servo Driver handles the noise as com-

mand pulses.

Countermeasures
Separating the power supply.
Use a dedicated power supply for the pulse output of the Position Control Unit.

Separate the ground line.

4-8

AUDIN - 7 bis rue de Tinqueux - 51100 Reims - France - Tel : 03.26.04.20.21 - Fax : 03.26.04.28.20 - Web : http: www.audin.fr - Email : info@audin.fr



Countermeasures Against Noise Chapter 4

Shielding the pulse signal.

If positioning point deviation results after power supply separation, connect both ends of the shield
of the command pulse signal lines (twisted-pair shield wires) on the Position Control Unit and Servo
Driver sides to the FG (frame ground).

Note Ground the Position Control Unit and Servo Driver at a resistance of less than 100 Q. Incorrect
grounding has a worse influence on the Servo System.

Applicable Models
C200H-NC112/NC211, C500-NC111-EV1

e Positioning Point Deviation (Position Control Unit with Analog Output)

Error
The encoder’s feedback pulse signals subjected to noise interference and the Position Control Unit
handles the noise as feedback pulses.

Countermeasures
Shielding the feedback pulse signals.

Connect both ends of the shield of the feedback pulse signal lines (twisted-pair shield wires) on the
Position Control Unit and Servo Driver sides to the FG.

Note Ground the Position Control Unit and Servo Driver at a resistance of less than 100 Q. Incorrect
grounding has a worse influence on the Servo System.

Applicable Models
C500-NC103/NC222-E

e Speed Error (R Series Only)

Error

The serial communications block between the Servo Driver and encoder is subjected to noise interfer-
ence. Therefore, a speed error is detected by mistake even though the rotation speed is not high. This
error will occur if the motor is mounted to a movable part and the motor frame is not perfectly grounded.

Countermeasures
Ground the motor frame.

Connect the motor frame to the FG of the machine system. Then ground the FG at a resistance of
less than 100 Q.

Shield the encoder signal wires.

Connect both ends of the shield of the encoder cable (twisted-pair shield wires) on the Servo Driver
and motor sides to the FG.

Note Groundthe Servo Driver and motor at a resistance of less than 100 Q. Incorrect grounding has
a worse influence on the Servo System.
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e Motor Vibration (M Series Only)

Error
The resolver signal is subjected to noise interference and the motor vibrates because the electric poten-
tial of the FG (frame ground) of the motor is unstable.

Countermeasures
Connect the motor frame and the FG of the Servo Driver with a cable of 2.0 mm?2 or more in thickness.

® Incorrect Grounding

Error
If a ground wire is not grounded correctly at a resistance of less than 100 , the ground wire will gener-
ate noise. If the noise cannot be reduced, check the electric potential of the ground.

Countermeasures
Ground the wire in a different place where the wire can be grounded at a resistance of less than 100 Q.

Improve the present grounding condition.

Separate the FG of high-power equipment from that of low-power equipment.
Do not ground the FG lines of the control equipment and other equipment in use.
Cut the shield of the cable.

This should be taken as the last resort, in which case, however, the Servo System will not be able to
fulfill its functions because of such poor operating conditions.

4-2-4 Noise Suppression Example

e Phenomena

Positioning deviation results in a system in which the C200H-NC112 Position Control Unit, U-series AC
Servomotor, and U-series Servo Driver are connected. Positioning is possible but the stop position will
deviate in this system.

e Countermeasures

[a] Power Supply to Servo Driver and FG
* Connect a noise filter to the power lines and reduce the length of the power lines to the system as much
as possible.

* Connect the FG (frame ground) to the ground plate through a wire of 2 mm? or more in thickness.

[b] Servo Motor FG
« Connect the FG to the machine ground through a wire of 3.5 mm2 or more in thickness.

[c] Power Supply to C200H and FG
* Connect a noise filter to the power lines.

* Connect the FG to the ground plate.

[d] Power Supply for Position Control Unit’s Command Pulse Use
* Use a dedicated power supply for command pulse use.
* Connect a noise filter to the input side of the power supply.
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[e] Command Pulse Signal Lines
* Use twisted-pair shield wires for the command pulse signal lines.

* The wires must not be longer than 1 m.

* Keep the wires approximately 30 cm away from other signal or power lines. Lay out the wires sepa-
rately from other signal or power lines.

s R88M-U
urge .
NFB absgrber 'C Metal conduit
NF O U
AC power supply i i % i | AC power supply input \Y; M
6T O : E - w
Ground r T
plate = _|
o] |
° ®e)
©
3.5mm? 2 i =
10 2 mm<= min.
Power )
= supply for 3smm ]
Ground at a command
resistance pulse use e
f less th
?o(;ezgs_ an NF + Machine ground
E
9 |
J) c\ C e
+ CW CCW ECRST GND
NF CPU Position Control Unit /0
(C200H-NC112)
[ E
- | SYSMAC C200H ]
©&
© FG
A L T
— e
g | Other 1/O power supply
g-j_:— Control panel ground
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- Appendix -

5-1 Configuration of Main Circuitry

AUDIN - 7 bis rue de Tinqueux - 51100 Reims - France - Tel : 03.26.04.20.21 - Fax : 03.26.04.28.20 - Web : http: www.audin.fr - Email : info@audin.fr



Appendix Chapter 5

5-1 Configuration of Main Circuitry

The following is an example of the configuration of the Servo Driver’s main circuitry.

If an error should result, use this circuit diagram along with the information in 3-1 Alarms and Counter-
measures to determine which part of the circuit is the cause of the error.

P(PA)

Rectification ~ Main circuit /
circuit capacitor Main circuit transistor

L l L Regenera-
tion resis-

tor

Power R4 (JPD (U)

suppl
pply S +
~o f—
Regenera-
T tion tran-

sistor

AV

Servo-

Base drive circuit N(NA)
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