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GFL-001

Warnings, Cautions, and Notesas Used in this Publication

Warning

Warning notices are used in this publication to emphasize that
hazardous voltages, currents,temperatures, or other conditions that
could cause personal injury exist in this equipment ormay be
associated with its use.

In situations where inattention could cause either personal
injury or damage to equipment, aWarning notice is used.

Caution

Caution notices are used where equipment might be damaged if
care is not taken.

NoteNotes merely call attention to information that is
especially significant to understanding andoperating the
equipment.

This document is based on information available at the time of
its publication. While effortshave been made to be accurate, the
information contained herein does not purport to cover alldetails
or variations in hardware or software, nor to provide for every
possible contingency inconnection with installation, operation, or
maintenance. Features may be described hereinwhich are not present
in all hardware and software systems. GE Fanuc Automation assumesno
obligation of notice to holders of this document with respect to
changes subsequently made.

GE Fanuc Automation makes no representation or warranty,
expressed, implied, or statutorywith respect to, and assumes no
responsibility for the accuracy, completeness, sufficiency,
orusefulness of the information contained herein. No warranties of
merchantability or fitness forpurpose shall apply.

©Copyright 2002 GE Fanuc Automation North America, Inc.

All Rights Reserved.


	
� No part of this manual may be reproduced in any form.

� All specifications and designs are subject to change without
notice.

In this manual we have tried as much as possible to describe all
thevarious matters.However, we cannot describe all the matters
which must not be done,or which cannot be done, because there are
so many possibilities.Therefore, matters which are not especially
described as possible inthis manual should be regarded as
”impossible”.
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SAFETY PRECAUTIONSThis "Safety Precautions" section describes
the precautions whichmust be observed to ensure safety when using
FANUC servo motorsand servo amplifiers. Users of any servo motor or
amplifier model arerequested to read the "Safety Precautions"
carefully before using theservo motor or amplifier.The users are
also requested to read an applicable specification manualcarefully
and understand each function of the motor or amplifier forcorrect
use.The users are basically forbidden to do any behavior or action
notmentioned in the "Safety Precautions." They are invited to ask
FANUCpreviously about what behavior or action is prohibited.

Contents1.1 DEFINITION OF WARNING, CAUTION, AND
NOTE.........s-21.2 FANUC SERVO MOTOR β
SERIES.......................................s-3

1.2.1Warning
...........................................................................s-31.2.2Caution
...........................................................................s-61.2.3Note
...........................................................................s-7

1.3 FANUC SERVO AMPLIFIER β SERIES
................................s-91.3.1Warnings and Cautions
Relating to Mounting ..................s-9

1.3.1.1
Warning.............................................................s-91.3.1.2
Caution
............................................................s-111.3.1.3
Note
.................................................................s-13

1.3.2Warnings and Cautions Relating to a Pilot
Run..............s-141.3.2.1
Warning...........................................................s-141.3.2.2
Caution
............................................................s-15

1.3.3Warnings and Cautions Relating to Maintenance
...........s-161.3.3.1
Warning...........................................................s-161.3.3.2
Caution
............................................................s-181.3.3.3
Note
.................................................................s-19
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1.1 DEFINITION OF WARNING, CAUTION, AND NOTEThis manual includes
safety precautions for protecting the user andpreventing damage to
the machine. Precautions are classified intoWarning and Caution
according to their bearing on safety. Also,supplementary
information is described as a Note. Read the Warning,Caution, and
Note thoroughly before attempting to use the machine.

WARNINGApplied when there is a danger of the user beinginjured
or when there is a damage of both the userbeing injured and the
equipment being damaged ifthe approved procedure is not
observed.

CAUTIONApplied when there is a danger of the equipmentbeing
damaged, if the approved procedure is notobserved.

NOTEThe Note is used to indicate supplementaryinformation other
than Warning and Caution.

* Read this manual carefully, and store it in a safe place.
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1.2 FANUC SERVO MOTOR ββββ SERIES1.2.1 Warning

WARNING- Be safely dressed when handling a motor.

Wear safety shoes or gloves when handling a motor as you mayget
hurt on any edge or protrusion on it or electric shocks.

- Use a crane or lift to move a motor from one place to
another.Motors are heavy. When moving them, use a crane or lift
asrequired. (For the weight of motors, refer to their
respectivespecification manuals.)When moving a motor using a crane
or lift, use a hanging bolt ifthe motor has a corresponding tapped
hole, or textile rope if it hasno tapped hole.If a motor is
attached with a machine or any other heavy stuff, donot use a
hanging bolt to move the motor as the hanging boltand/or motor may
get broken.When moving a motor, be careful not to apply excessive
force toits windings as the windings may break and/or their
insulationmay deteriorate.

- Do not touch a motor with a wet hand.A failure to observe this
caution is very dangerous because youmay get electric shocks.

- Before starting to connect a motor to electric wires, makesure
they are isolated from an electric power source.A failure to
observe this caution is very dangerous because youmay get electric
shocks.

- Do not bring any dangerous stuff near a motor.Motors are
connected to a power line, and may get hot. If aflammable is placed
near a motor, it may be ignited, catch fire, orexplode.

- Be sure to ground a motor frame.To avoid electric shocks, be
sure to connect the groundingterminal in the terminal box to the
grounding terminal of themachine.

- Do not ground a motor power wire terminal or short-circuit
itto another power wire terminal.A failure to observe this caution
may cause electric shocks or aburned wiring.(*) Some motors require
a special connection such as a winding

changeover. Refer to their respective motor specificationmanuals
for details.
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WARNING- Connect power wires securely so that they will not get
loose.

A failure to observe this caution may cause a wire to
bedisconnected, resulting in a ground fault, short circuit, or
electricshock.

- Do not supply the power to the motor while any terminal
isexposed.A failure to observe this caution is very dangerous
because youmay get electric shocks if your body or any conductive
stufftouches an exposed terminal.

- Do not get close to a rotary section of a motor when it
isrotating.A rotating part may catch your cloths or fingers. Before
starting amotor, ensure that there is no stuff that can fly away
(such as akey) on the motor.

- Before touching a motor, shut off the power to it.Even if a
motor is not rotating, there may be a voltage across theterminals
of the motor.Especially before touching a power supply connection,
takesufficient precautions.Otherwise you may get electric
shocks.

- Do not touch any terminal of a motor for a while (at least
5minutes) after the power to the motor is shut off.High voltage
remains across power line terminals of a motor for awhile after the
power to the motor is shut off. So, do not touch anyterminal or
connect it to any other equipment. Otherwise, you mayget electric
shocks or the motor and/or equipment may getdamaged.

- To drive a motor, use a specified amplifier and parameters.An
incorrect combination of a motor, amplifier, and parametersmay
cause the motor to behave unexpectedly. This is dangerous,and the
motor may get damaged.

- Do not touch a regenerative discharge unit for a while
(atleast 30 minutes) after the power to the motor is shut off.A
regenerative discharge unit may get hot when the motor isrunning.Do
not touch the regenerative discharge unit before it gets
coolenough. Otherwise, you may get burned.

- Do not touch a motor when it is running or immediately afterit
stops.A motor may get hot when it is running. Do not touch the
motorbefore it gets cool enough. Otherwise, you may get burned.
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- Ensure that motors and related components are
mountedsecurely.If a motor or its component slips out of place or
comes off whenthe motor is running, it is very dangerous.

- Be careful not get your hair or cloths caught in a fan.Be
careful especially for a fan used to generate an inward air flow.Be
careful also for a fan even when the motor is stopped, becauseit
continues to rotate while the amplifier is turned on.

- When designing and assembling a machine tool, make itcompliant
with EN60204-1.To ensure the safety of the machine tool and satisfy
Europeanstandards, when designing and assembling a machine tool,
make itcompliant with EN60204-1. For details of the machine tool,
referto its specification manual.
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1.2.2 Caution CAUTION

- FANUC motors are designed for use with machines. Do notuse
them for any other purpose.If a FANUC motor is used for an
unintended purpose, it maycause an unexpected symptom or trouble.
If you want to use amotor for an unintended purpose, previously
consult withFANUC.

- Ensure that a base or frame on which a motor is mounted
isstrong enough.Motors are heavy. If a base or frame on which a
motor is mountedis not strong enough, it is impossible to achieve
the requiredprecision.

- Be sure to connect motor cables correctly.An incorrect
connection of a cable cause abnormal heatgeneration, equipment
malfunction, or failure. Always use a cablewith an appropriate
current carrying capacity (or thickness). Forhow to connect cables
to motors, refer to their respectivespecification manuals.

- Ensure that motors are cooled if they are those that
requireforcible cooling.If a motor that requires forcible cooling
is not cooled normally, itmay cause a failure or trouble. For a
fan-cooled motor, ensure thatit is not clogged or blocked with dust
and dirt. For a liquid-cooledmotor, ensure that the amount of the
liquid is appropriate and thatthe liquid piping is not clogged.For
both types, perform regular cleaning and inspection.

- When attaching a component having inertia, such as a pulley,to
a motor, ensure that any imbalance between the motor andcomponent
is minimized.If there is a large imbalance, the motor may vibrates
abnormally,resulting in the motor being broken.

- Be sure to attach a key to a motor with a keyed shaft.If a
motor with a keyed shaft runs with no key attached, it mayimpair
torque transmission or cause imbalance, resulting in themotor being
broken.
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1.2.3 NoteNOTE

- Do not step or sit on a motor.If you step or sit on a motor,
it may get deformed or broken. Donot put a motor on another unless
they are in packages.

- When storing a motor, put it in a dry (non-condensing) placeat
room temperature (0 to 40°°°°C).If a motor is stored in a humid or
hot place, its components mayget damaged or deteriorated. In
addition, keep a motor in such aposition that its shaft is held
horizontal and its terminal box is atthe top.

- Do not remove a nameplate from a motor.If a nameplate comes
off, be careful not to lose it. If the nameplateis lost, the motor
becomes unidentifiable, resulting inmaintenance becoming
impossible.For a nameplate for a built-in spindle motor, keep the
nameplatewith the spindle.

- Do not apply shocks to a motor or cause scratches to it.If a
motor is subjected to shocks or is scratched, its componentsmay be
adversely affected, resulting in normal operation beingimpaired. Be
very careful when handling plastic portions, sensors,and windings,
because they are very liable to break. Especially,avoid lifting a
motor by pulling its plastic portion, winding, orpower cable.

- Do not conduct dielectric strength or insulation test for
asensor.Such a test can damage elements in the sensor.

- When testing the winding or insulation resistance of a
motor,satisfy the conditions stipulated in IEC60034.Testing a motor
under a condition severer than those specified inIEC34 may damage
the motor.

- Do not disassemble a motor.Disassembling a motor may cause a
failure or trouble in it.If disassembly is in need because of
maintenance or repair, pleasecontact a service representative of
FANUC.

- Do not modify a motor.Do not modify a motor unless directed by
FANUC. Modifying amotor may cause a failure or trouble in it.
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NOTE- Use a motor under an appropriate environmental
condition.

Using a motor in an adverse environment may cause a failure
ortrouble in it.Refer to their respective specification manuals for
details of theoperating and environmental conditions for
motors.

- Do not apply a commercial power source voltage directly to
amotor.Applying a commercial power source voltage directly to a
motormay result in its windings being burned. Be sure to use a
specifiedamplifier for supplying voltage to the motor.

- For a motor with a terminal box, make a conduit hole for
theterminal box in a specified position.When making a conduit hole,
be careful not to break or damageunspecified portions.Refer to an
applicable specification manual.

- Before using a motor, measure its winding and
insulationresistances, and make sure they are normal.Especially for
a motor that has been stored for a prolonged periodof time, conduct
these checks. A motor may deteriorate dependingon the condition
under which it is stored or the time during whichit is stored. For
the winding resistances of motors, refer to theirrespective
specification manuals, or ask FANUC. For insulationresistances, see
the following table.

- To use a motor as long as possible, perform
periodicmaintenance and inspection for it, and check its winding
andinsulation resistances.Note that extremely severe inspections
(such as dielectric strengthtests) of a motor may damage its
windings. For the windingresistances of motors, refer to their
respective specificationmanuals, or ask FANUC. For insulation
resistances, see thefollowing table.

MOTOR INSULATION RESISTANCE MEASUREMENTMeasure an insulation
resistance between each winding andmotor frame using an insulation
resistance meter (500 VDC).Judge the measurements according to the
following table.

Insulation resistance Judgment100MΩ or higher Acceptable

10 to 100 MΩThe winding has begun deteriorating. There is
noproblem with the performance at present. Be sureto perform
periodic inspection.

1 to 10 MΩThe winding has considerably deteriorated.Special care
is in need. Be sure to perform periodicinspection.

Lower than 1 MΩ Unacceptable. Replace the motor.
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1.3 FANUC SERVO AMPLIFIER ββββ SERIES1.3.1 Warnings and Cautions
Relating to Mounting1.3.1.1 Warning

WARNING- Check the specification code of the amplifier.

Check that the delivered amplifier is as originally ordered.

- Mount a ground fault interrupter.To guard against fire and
electric shock, fit the factory powersupply or machine with a
ground fault interrupter (designed foruse with an inverter).

- Securely ground the amplifier.Securely connect the ground
terminal and metal frame of theamplifier and motor to a common
ground plate of the powermagnetics cabinet.

- Be aware of the weight of the amplifier and
othercomponents.Control motor amplifiers and AC reactors are heavy.
Whentransporting them or mounting them in the cabinet, therefore,
becareful not to injured yourself or damage the equipment.
Beparticularly carefull not to jam your fingers between the
cabinetand amplifier.

- Never ground or short-circuit either the power supply lines
orpower lines.Protect the lines from any stress such as bending.
Handle the endsappropriately.

- Ensure that the power supply lines, power lines, and
signallines are securely connected.A loose screw, loose connection,
or the like will cause a motormalfunction or overheating, or a
ground fault.

- Insulate all exposed parts that are charged.

- Never touch the regenerative discharge resistor or
radiatordirectly.The surface of the radiator and regenerative
discharge unitbecome extremely hot. Never touch them directly. An
appropriatestructure should also be considered.

- Close the amplifier cover after completing the wiring.Leaving
the cover open presents a danger of electric shock.


	
SAFETY PRECAUTIONS B-65232EN/03

s-10

WARNING- Do not disassemble the amplifier.

- Ensure that the cables used for the power supply lines
andpower lines are of the appropriate diameter and
temperatureratings.

- Do not apply an excessively large force to plastic parts.If a
plastic section breaks, it may cause internal damage,
thusinterfering with normal operation. The edge of a broken section
islikely to be sharp and, therefore, presents a risk of injury.


	
B-65232EN/03 SAFETY PRECAUTIONS

s-11

1.3.1.2 Caution

CAUTION- Do not step or sit on the amplifier.

Also, do not stack unpacked amplifiers on top of each other.

- Use the amplifier in an appropriate environment.See the
allowable ambient temperatures and other requirements,given in the
corresponding descriptions.

- Protect the amplifier from corrosive or conductive mist
ordrops of water.Use a filter if necessary.

- Protect the amplifier from impact.Do not place anything on the
amplifier.

- Connect the power supply lines and power lines to
theappropriate terminals and connectors.

- Connect the signal lines to the appropriate connectors.

- Do not block the air inlet to the radiator.A deposit of
coolant, oil mist, or chips on the air inlet will result ina
reduction in the cooling efficiency. In some cases, the
requiredefficiency cannot be achieved. The deposit may also lead to
areduction in the useful life of the semiconductors.
Especially,when outside air is drawn in, mount filters on both the
air inlet andoutlet. These filters must be replaced regularly.So,
an easy-to-replace type of filter should be used.

- Before connecting the power supply wiring, check the
supplyvoltage.Check that the supply voltage is within the range
specified in thismanual, then connect the power supply lines.

- Ensure that the combination of motor and amplifier
isappropriate.

- Ensure that valid parameters are specified.Specifying an
invalid parameter for the combination of motor andamplifier may not
only prevent normal operation of the motor butalso result in damage
to the amplifier.

- Ensure that the amplifier and peripheral equipment aresecurely
connected.Check that the magnetic contactor, circuit breaker, and
otherdevices mounted outside the amplifier are securely connected
toeach other and that those devices are securely connected to
theamplifier.
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CAUTION- Check that the amplifier is securely mounted in the
power

magnetics cabinet.If any clearance is left between the power
magnetics cabinet andthe surface on which the amplifier is mounted,
dust entering thegap may build up and prevent the normal operation
of theamplifier.

- Apply appropriate countermeasures against noise.Adequate
countermeasures against noise are required to maintainnormal
operation of the amplifier. For example, signal lines mustbe routed
away from power supply lines and power lines.
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1.3.1.3 Note

NOTE- Keep the nameplate clearly visible.

- Keep the legend on the nameplate clearly visible.

- After unpacking the amplifier, carefully check for
anydamage.

- Mount the amplifier in a location where it can be
easilyaccessed periodic inspection and daily maintenance.

- Leave sufficient space around the machine to enablemaintenance
to be performed easily.Do not place any heavy objects such that
they would interferewith the opening of the doors.

- Keep the parameter table and spare parts at hand.Also, keep
the specifications at hand. These items must be storedin a location
where they can be retrieved immediately.

- Provide adequate shielding.A cable to be shielded must be
securely connected to the groundplate, using a cable clamp or the
like.


	
SAFETY PRECAUTIONS B-65232EN/03

s-14

1.3.2 Warnings and Cautions Relating to a Pilot Run1.3.2.1
Warning

WARNING- Before turning on the power, check that the cables
connected

to the power magnetics cabinet and amplifier, as well as
thepower lines and power supply lines, are securely connected.Also,
check that no lines are slack.

- Before turning on the power, ensure that the power
magneticscabinet is securely grounded.

- Before turning on the power, check that the door of the
powermagnetics cabinet and all other doors are closed.Ensure that
the door of the power magnetics cabinet containingthe amplifier,
and all other doors, are securely closed. Duringoperation, all
doors must be closed and locked.

- Apply extreme caution if the door of the power
magneticscabinet or another door must be opened.Only a person
trained in the maintenance of the correspondingmachine or equipment
should open the door, and only aftershutting off the power supply
to the power magnetics cabinet (byopening both the input circuit
breaker of the power magneticscabinet and the factory switch used
to supply power to thecabinet). If the machine must be operated
with the door open toenable adjustment or for some other purpose,
the operator mustkeep his or her hands and tools well away from any
dangerousvoltages. Such work must be done only by a person trained
in themaintenance of the machine or equipment.

- When operating the machine for the first time, check that
themachine operates as instructed.To check whether the machine
operates as instructed, first specifya small value for the motor,
then increase the value gradually. Ifthe motor operates abnormally,
perform an emergency stopimmediately.

- After turning on the power, check the operation of
theemergency stop circuit.Press the emergency stop button to check
that the motor stopsimmediately, and that the power being supplied
to the amplifier isshut off by the magnetic contactor.

- Before opening a door or protective cover of a machine
toenable adjustment of the machine, first place the machine inthe
emergency stop state and check that the motor hasstopped.
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1.3.2.2 Caution

CAUTION- Note whether an alarm status relative to the amplifier
is

displayed at power-up or during operation.If an alarm is
displayed, take appropriate action as explained inthe maintenance
manual. If the work to be done requires that thedoor of the power
magnetics cabinet be left open, the work mustbe carried out by a
person trained in the maintenance of themachine or equipment. Note
that if some alarms are forcibly resetto enable operation to
continue, the amplifier may be damaged.Take appropriate action
according to the contents of the alarm.

- Before operating the motor for the first time, mount andadjust
the position and speed sensors.Following the instructions given in
the maintenance manual,adjust the position and speed sensors for
the spindle so that anappropriate waveform is obtained.If the
sensors are not properly adjusted, the motor may not rotatenormally
or the spindle may fail to stop as desired.

- If the motor makes any abnormal noise or vibration
whileoperating, stop it immediately.Note that if operation is
continued in spite of there being someabnormal noise or vibration,
the amplifier may be damaged. Takeappropriate corrective action,
then resume operation.

- Observe the ambient temperature and output
ratingrequirements.The continuous output rating or continuous
operation period ofsome amplifiers may fall as the ambient
temperature increases. Ifthe amplifier is used continuously with an
excessive load applied,the amplifier may be damaged.

- Unless otherwise specified, do not insert or remove
anyconnector while the power is turned on. Otherwise, theamplifier
may fail.
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1.3.3 Warnings and Cautions Relating to Maintenance1.3.3.1
Warning

WARNING- Read the maintenance manual carefully and ensure that
you

are totally familiar with its contents.The maintenance manual
describes daily maintenance and theprocedures to be followed in the
event of an alarm being issued.The operator must be familiar with
these descriptions.

- Notes on replacing a fuse or PC board1) Before starting the
replacement work, ensure that the circuit

breaker protecting the power magnetics cabinet is open.2) Check
that the red LED that indicates that charging is in

progress is not lit.The position of the charging LED on each
model of amplifieris given in this manual. While the LED is lit,
hazardousvoltages are present inside the unit, and thus there is a
dangerof electric shock.

3) Some PC board components become extremely hot. Becareful not
to touch these components.

4) Ensure that a fuse having an appropriate rating is used.5)
Check the specification code of a PC board to be replaced. If

a modification drawing number is indicated, contact FANUCbefore
replacing the PC board.Also, before and after replacing a PC board,
check its pinsettings.

6) After replacing the fuse, ensure that the screws are
firmlytightened. For a socket-type fuse, ensure that the fuse
isinserted correctly.

7) After replacing the PC board, ensure that it is
securelyconnected.

8) Ensure that all power lines, power supply lines,
andconnectors are securely connected.

- Take care not to lose any screws.When removing the case or PC
board, take care not to lose anyscrews. If a screw is lost inside
the nit and the power is turned on,the machine may be damaged.
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WARNING- Notes on replacing the battery of the absolute pulse
coder

Replace the battery only while the power is on. If the battery
isreplaced while the power is turned off, the stored
absolutepositioning data will be lost. Some series servo amplifier
moduleshave batteries in their servo amplifiers. To replace the
battery ofany of those models, observe the following procedure:
Open thedoor of the power magnetics cabinet; Leave the control
power ofthe power supply module on; Place the machine in the
emergencystop state so that the power being input to the amplifier
is shut off;Then, replace the battery. Replacement work should be
done onlyby a person who is trained in the related maintenance and
safetyrequirements. The power magnetics cabinet in which the
servoamplifier is mounted has a high-voltage section. This
sectionpresents a severe risk of electric shock.

- Check the number of any alarm.If the machine stops upon an
alarm being issued, check the alarmnumber. Some alarms indicate
that a component must be replaced.If the power is reconnected
without first replacing the failedcomponent, another component may
be damaged, making itdifficult to locate the original cause of the
alarm.

- Before resetting an alarm, ensure that the original cause
ofthe alarm has been removed.

- Contact FANUC whenever a question relating tomaintenance
arises.

- Notes on removing the amplifierBefore removing the amplifier,
first ensure that the power is shutoff. Be careful not to jam your
fingers between the powermagnetics cabinet and amplifier.
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1.3.3.2 Caution

CAUTION- Ensure that all required components are mounted.

When replacing a component or PC board, check that
allcomponents, including the snubber capacitor, are
correctlymounted. If the snubber capacitor is not mounted, for
example, theIPM will be damaged.

- Tighten all screws firmly.

- Check the specification code of the fuse, PC board, and
othercomponents.When replacing a fuse or PC board, first check the
specificationcode of the fuse or PC board, then mount it in the
correct position.The machine will not operate normally if a fuse or
PC boardhaving other than the correct specification code is
mounted, or if afuse or PC board is mounted in the wrong
position.

- Mount the correct cover.The cover on the front of the
amplifier carries a label indicating aspecification code. When
mounting a previously removed frontcover, take care to mount it on
the unit from which it wasremoved.

- Notes on cleaning the heat sink and fan1) A dirty heat sink or
fan results in reduced semiconductor

cooling efficiency, which degrades reliability. Periodiccleaning
is necessary.

2) Using compressed air for cleaning scatters the dust. Adeposit
of conductive dust on the amplifier or peripheralequipment will
result in a failure.

3) To clean the heat sink, do so only after turning the power
offand ensuring that the heat sink has cooled to roomtemperature.
The heat sink becomes extremely hot, such thattouching it during
operation or immediately after power-offis likely to cause a burn.
Be extremely careful when touchingthe heat sink.
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1.3.3.3 Note

NOTE- Ensure that the battery connector is correctly
inserted.

If the power is shut off while the battery connector is
notconnected correctly, the absolute position data for the
machinewill be lost.

- Store the manuals in a safe place.The manuals should be stored
in a location where they can beaccessed immediately it so required
during maintenance work.

- Notes on contacting FANUCInform FANUC of the details of an
alarm and the specificationcode of the amplifier so that any
components required formaintenance can be quickly secured, and any
other necessaryaction can be taken without delay.
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1 OVERVIEWThe FANUC AC SERVO MOTOR β series is an economical
ACservo motor series most suitable for positioning peripheral
devices ofindustrial machines and machine tools, and has the
features listedbelow.

SERVO MOTOR ββββM series- Compactness

By employing a most advanced high-performance magnet
andoptimized structure, the SERVO MOTOR βM series is made
shorterand compact in overall size.

- Superior acceleration performanceWith a high maximum output
torque and low inertia, highacceleration performance and highly
frequent positioning are madepossible.

- High-resolution detectorHigh-precision positioning is enabled
by mounting a highly reliable,high-resolution β pulse coder
(optical encoder). (Resolution:65,536/rev.)

- High environmental resistanceThe SERVO MOTOR βM series has
high environmental resistancesatisfying IP65 as standard.

- Brake optionAn optional built-in holding brake is
available.

SERVO MOTOR ββββ series- Compactness

By employing a most advanced high-performance magnet and
largerframe, the SERVO MOTOR β series is made compact and thin
inoverall size.

- High-resolution detectorHigh-precision positioning is enabled
by mounting a highly reliable,high-resolution β pulse coder
(optical encoder). (Resolution:32,768/rev.)

- High environmental resistanceThe SERVO MOTOR β series has high
environmental resistancesatisfying IP65 as standard.

- Brake optionAn optional built-in holding brake is
available.
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2.1 COMPATIBLE AMPLIFIERS2.1.1 Amplifiers Suitable for the ββββM
series Servo Motors

The FANUC AC SERVO MOTOR βM series can be driven by theFANUC
SERVO AMPLIFIER β series or αi series.

Motor model Series Model Interface Specification
ConnectionaxisFSSB A06B-6093-H119β series servo amplifier

unit 1-axis SVU-4 I/O Link A06B-6093-H1592-axis SVM2-4/4i FSSB
A06B-6114-H201 L, M

βM0.2/4000βM0.3/4000 αi series servo amplifier

module 3-axis SVM3-4/4/4i FSSB A06B-6114-H301 L, M, N

Motor model Series Model Interface Specification
ConnectionaxisFSSB A06B-6093-H112β series servo amplifier

unit 1-axis SVU-20 TYPE B A06B-6093-H1021-axis SVM1-20i FSSB
A06B-6114-H103

SVM2-20/20i FSSB A06B-6114-H205 L, M2-axis SVM2-20/40i FSSB
A06B-6114-H206 L

SVM3-20/20/20i FSSB A06B-6114-H303 L, M, N

βM0.4/4000αi series servo amplifiermodule

3-axis SVM3-20/20/40i FSSB A06B-6114-H304 L, M

Motor model Series Model Interface Specification
ConnectionaxisFSSB A06B-6093-H112I/O Link A06B-6093-H152β series
servo amplifierunit 1-axis SVU-20TYPE B A06B-6093-H102

1-axis SVM1-20i FSSB A06B-6114-H103SVM2-20/20i FSSB
A06B-6114-H205 L, M

2-axis SVM2-20/40i FSSB A06B-6114-H206 LSVM3-20/20/20i FSSB
A06B-6114-H303 L, M, N

βM0.5/4000βM1/4000

αi series servo amplifiermodule

3-axis SVM3-20/20/40i FSSB A06B-6114-H304 L, M

WARNINGUsing a combination other than those listed aboveis
likely to result in motor damage.
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NOTE1 For information about the β series servo amplifier

unit, refer to Part IV of this manual.For information about the
αi series servo amplifiermodule, refer to FANUC AC SERVO
AMPLIFIERαi series DESCRIPTIONS (B-65282EN).

2 The β series servo amplifier unit uses two types ofinterfaces
with a CNC, namely, FSSB and TYPE B.The αi series servo amplifier
module uses only oneinterface with a CNC, namely, FSSB.
Beforeselecting a servo amplifier, check the interface of aCNC to
be used. A β series servo amplifier unit withthe I/O Link option
for providing a position controlfeature is also available for
choice.

3 βM0.4/4000 cannot be used with a β series servoamplifier unit
with the I/O Link option.

4 When using the βM series servo motor with the αseries servo
amplifier module, consult with FANUC.
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2.1.2 Amplifiers Suitable for the ββββ series Servo MotorsThe
FANUC AC SERVO MOTOR β series can be driven by theFANUC SERVO
AMPLIFIER β series or α series.

Motor model Series Model Interface Specification
ConnectionaxisFSSB A06B-6093-H111I/O Link A06B-6093-H151β series
servo amplifierunit 1-axis SVU-12TYPE B A06B-6093-H101FSSB
A06B-6096-H1011-axis SVM1-12TYPE A, B A06B-6079-H101FSSB
A06B-6096-H201SVM2-12/12TYPE A, B A06B-6079-H201

L, M

FSSB A06B-6096-H202SVM2-12/20TYPE A, B A06B-6079-H202

L

FSSB A06B-6096-H204

2-axis

SVM2-12/40TYPE A, B A06B-6079-H204

L

FSSB A06B-6096-H301TYPE A A06B-6079-H301SVM3-12/12/12TYPE B
A06B-6080-H301

L, M, N

FSSB A06B-6096-H302TYPE A A06B-6079-H302SVM3-12/12/20TYPE B
A06B-6080-H302

L, M

FSSB A06B-6096-H303TYPE A A06B-6079-H303SVM3-12/20/20TYPE B
A06B-6080-H303

L

FSSB A06B-6096-H305TYPE A A06B-6079-H305SVM3-12/12/40TYPE B
A06B-6080-H305

L, M

FSSB A06B-6096-H306TYPE A A06B-6079-H306

β1/3000β2/3000

α series servo amplifiermodule

3-axis

SVM3-12/20/40TYPE B A06B-6080-H306

L
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Motor model Series Model Interface Specification
ConnectionaxisFSSB A06B-6093-H112I/O Link A06B-6093-H152β series
servo amplifierunit 1-axis SVU-20TYPE B A06B-6093-H102FSSB
A06B-6096-H1021-axis SVM1-20TYPE A, B A06B-6079-H102FSSB
A06B-6096-H202SVM2-12/20TYPE A, B A06B-6079-H202

M

FSSB A06B-6096-H203SVM2-20/20TYPE A, B A06B-6079-H203

L, M

FSSB A06B-6096-H205

2-axis

SVM2-20/40TYPE A, B A06B-6079-H205

L

FSSB A06B-6096-H302TYPE A A06B-6079-H302SVM3-12/12/20TYPE B
A06B-6080-H302

N

FSSB A06B-6096-H303TYPE A A06B-6079-H303SVM3-12/20/20TYPE B
A06B-6080-H303

M, N

FSSB A06B-6096-H304TYPE A A06B-6079-H304SVM3-20/20/20TYPE B
A06B-6080-H304

L, M, N

FSSB A06B-6096-H306TYPE A A06B-6079-H306SVM3-12/20/40TYPE B
A06B-6080-H306

M

FSSB A06B-6096-H307TYPE A A06B-6079-H307

β3/3000β6/2000

α series servo amplifiermodule

3-axis

SVM3-20/20/40TYPE B A06B-6080-H307

L, M

WARNINGDriving a motor according to a combination otherthan
those listed above can damage the motor.


	
B-65232EN/03 DESCRIPTIONS FOR FANUC AC SERVO MOTOR β series
2.NOTES ON USE

- 9 -

NOTE1 For information about the β series servo amplifier

unit, refer to Part IV of this manual.For information about the
αi series servo amplifiermodule, refer to FANUC AC SERVO
AMPLIFIERαi series DESCRIPTIONS (B-65282EN).

2 The β series servo amplifier unit uses two types ofinterfaces
with a CNC, namely, FSSB and TYPE B.The α series servo amplifier
module uses threetypes of interfaces with a CNC, namely, FSSB,TYPE
A, and TYPE B. Before selecting a servoamplifier, check the
interface of a CNC to be used.A β series servo amplifier unit with
the I/O Linkoption for providing a position control feature is
alsoavailable for choice.

3 An α series servo amplifier module marked withTYPE A, B allows
switching between TYPE A andTYPE B

4 When using the β series servo motor with the αiseries servo
amplifier module, consult with FANUC.
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2.2 INSTALLATIONThe servo motor contains a precision detector,
and is carefullymachined and assembled to provide the required
precision. Payattention to the following items to maintain the
precision and preventdamage to the detector.

(1) Secure the servo motor uniformly using four bolt holes
providedon the front flange.

(2) The machine surface on which the motor is mounted must
beflat.

(3) When mounting on the machine, take care not to apply a
shockto the motor.

(4) When striking the motor is unavoidable for fine
positionadjustment, strike only the flange on the front side with a
plastichammer softly so that impact is not applied to any portions
otherthan the flange on the front side.

(5) When handling model βM0.2/4000 or βM0.3/4000, be sure tohold
the main body of the motor. Do not carry the motor byholding the
lead wire only.
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2.3 COUPLINGA precision detector is directly attached to the
shaft end of the servomotor. Pay attention to the following items
to prevent damage to thedetector.

(1) When connecting the power transmission elements such as
agear, a pulley and a coupling to the shaft, take care not to apply
ashock to the shaft.

(2) Generally, in the case of straight shaft, use a span ring
forconnection with the shaft.

(3) In the case of tapered shaft, match the tapered surface with
thepower transmission element and fix by tightening the screw atthe
end. Even if the power transmission element cannot bemounted
securely, for example, because of the woodruff keybeing tight, do
not strike the shaft with a hammer or the like. Thewoodruff key
mounted on the taper shaft is used mainly forpositioning, while the
tapered surface of the shaft is used fortorque transmission. The
tapered surface of the transmissionelement should be ground so that
at least 70% of the paperedsurface meets the shaft surface for
efficient torque transmission.

(4) To remove the connected power transmission element, be sure
touse a jig such as a gear puller.
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(5) Even when a light impact needs to be applied to remove
thejointed taper surface, for example, just strike it softly in
theradial direction. Do not apply impact in the axial
direction.

(6) Suppress the rotary unbalance of the connected
powertransmission element to the level as low as possible. It is
usuallybelieved that there is no problem in the symmetrical form.
Becareful when rotating continuously the asymmetrical differentform
power transmission element. Even if the vibration causedby the
unbalance is as small as 0.5G, it may damage the motorbearing or
the detector.

(7) An exclusive large oil seal is used in the front flange of
themodels β3/3000 and β6/2000.The oil seal surface is made of steel
plate. Take care not to applya force to the oil seal when
installing the motor or connecting thepower transmission
elements.
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2.4 AXIS LOADThe allowable axis load of the motor shaft is as
follows.

Motor model Radial load Axial load Front
bearing(reference)βM0.2/4000βM0.3/4000 6.4kgf 4kgf 699

βM0.4/4000βM0.5/4000βM1/4000

20kgf 5kgf 6902

β1/3000β2/3000 25kgf 8kgf

6003 (standard)6202 (with brake)

β3/3000β6/2000 70kgf 20kgf 6205

(1) The allowable radial load is the value when a load is
applied tothe shaft end. It indicates the total continuous force
applied tothe shaft in some methods of mounting (e.g, belt tension)
and theforce by load torque (e.g., moment/pulley radius).

(2) The belt tension is critical particularly when a timing belt
is used.Too tight belt causes breakage of the shaft or other
fault.Belt tension must be controlled so as not to exceed the
limitscalculated from the permissible radial load indicated
above.

(3) In some operation conditions, the pulley diameter and the
gearsize need to be checked. For example, when using the model
β6with a pulley/gear with the radius of 2.5cm or less, the
radialload at the occurrence of 180kgf⋅cm torque will exceed 70kgf.
Inthe case of timing belt, as the belt tension is added to this
value,it is thus necessary to support the shaft end.The timing belt
is also subject to the belt tension restrictions.Therefore, some
support is required; for example, the end of themotor shaft should
be supported mechanically.

(4) Actually, when using a timing belt, a possible fault like a
brokenshaft can be prevented by positioning the pulley as close to
thebearing as possible.

(5) When there is a possibility of a large load, the machine
toolbuilder needs to examine the life by referring to the
shaftdiameter, bearing, etc.

(6) Since the standard single row deep groove ball bearing is
usedfor the motor bearing, a very large axial load can not be
used.Particularly, when using a worm gear and a helical gear, it
isnecessary to provide another bearing.

(7) The motor bearing is generally fixed with a C-snap ring,
andthere is a small play in the axial direction. When this
playinfluences the positioning in the case of using a worm gear and
ahelical gear, for example, it is necessary to fix it with
anotherbearing.
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2.5 ENVIRONMENT(1) Ambient temperature

The ambient temperature should be -10 to 40°C. When operatingthe
machine at a higher temperature, it is necessary to lower theoutput
power so that the motor temperature does not exceed thespecified
constant value. (The values in the data sheet aredetermined for an
ambient temperature of 20°C.)

(2) VibrationWhen installed in a machine, the vibration applied
to the motormust not exceed 5G.

(3) Installation heightUp to 1,000 meters above the sea level
requires, no particularprovision for attitude. When operating the
machine at a higherlevel, special care is unnecessary if the
ambient temperature islowered 1°C at every 100m higher than 1,000m.
For example,when the machine is installed at a place of 1,500
meters abovesea level, there is no problem if the ambient
temperature is 35°Cor less. For higher temperatures, it is
necessary to limit theoutput power.

40°C

35°C

0 1000 1500 Sea level [m]
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(4) Drip-proof environmentThe protection form for a single motor
unit satisfies IP65 of theIEC standards (equivalent to JP65,
dust-proof and jet-proof type,of JIS C4004-1980, code for revolving
electric machines) Thesestandards, however, refer only to
short-term performance. Inactual operation, note also the
following:

(a) Protect the motor surface from the cutting fluid or
lubricant.Use a cover when there is a possibility of wetting the
motorsurface. Only the telescopic cover of the sliding part cannot
completely prevent leakage of the cutting fluid. Payattention to
the drop along the structure body, too.

(b) Prevent the cutting fluid from being led to the motorthrough
the cable. When the motor connector is used in thesideways
position, put a drip loop in the cable.

Slack
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(c) When the motor connector is up, the cutting fluid
iscollected in the cable connector through the cable. Turn themotor
connector sideways or downward as far as possible.Most of the
defects caused by the cutting fluid haveoccurred in the cable
connector.The standard receptacle on the motor side is waterproof.
Ifthe cable connector will be subjected to moisture, it
isrecommended that an R class or waterproof plug be used.Suitable
plugs are listed in the cable plug combinationrecommendations in
Chapter 9. (The standard MS plug isnot waterproof; water is liable
to enter the pin section.)

(d) The connectors and lead wires of power and signal lines
ofmodels βM0.2/4000 and βM0.3/4000 are not drip-proof.When a
connector or lead wire must be drip-proof, themachine tool builder
needs to provide drip protection.If model βM0.2/4000 or βM0.3/4000
is exposed to coolant,for example, direct the lead wire outlet
downwardwhenever possible. Moreover, do not install the shaft in
theupward direction.To prevent coolant from running to the motor
through thecable, slack a part of the cable, for example, as
acountermeasure.
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(5) Shaft attachment section requirementsThe shaft of the motor
has an oil seal to prevent foreign mattersuch as oil from entering
the motor. Given that motors tend to beused in a wide range of
environments, however, protectionagainst oil penetration cannot
always be perfect. Therefore,always observe the following
precautions when using thesemotors.• When oil bath lubrication is
provided for the gear

engagement, for example, the oil level must be below thelip of
the oil seal (where the shaft sticks to the oil seal). Setthe oil
level so that oil merely splashes the lip.

• Thus, as the shaft rotates, the oil seal can repel oil.
If,however, pressure is applied continuously while the shaft
isstopped, oil may penetrate the lip.

• When the shaft is always immersed in oil, for example,under
the condition that the motor is to be used with theshaft oriented
vertically a special design is required. Forexample, another oil
seal could be installed on the machineside, and a drain provided so
that oil penetrating that sealcan drain off.

• When grease is used for lubrication, the oil
sealcharacteristics are usually lost.

In either case, ensure that no pressure is applied to the oil
seallip.

Oil level

The motor shaft oil seal diameter is as shown below.Motor model
Oil seal diameter

βM0.2/4000, βM0.3/4000 φ8mmβM0.4/4000, βM0.5/4000, βM1/4000
φ14.9mmβ1/3000, β2/3000 φ15mmβ3/3000, β6/2000 φ24mm
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2.6 ACCEPTANCE AND STORAGEWhen the servo motor is delivered,
check the following items.

• The motor meets the specifications.(Specifications of the
model/shaft/detector)

• Damage caused by the transportation.• The shaft is normal when
rotated by hand.• The brake works.• Looseness or play in
screws.

FANUC servo motors are completely checked before shipment,
andthe inspection at acceptance is normally unnecessary. When
aninspection is required, check the specifications (wiring,
current,voltage, etc.) of the motor and detector.

Store the motor indoors. However avoid storing in the
followingplaces.

• Place with high humidity so condensation will form.• Place
with extreme temperature changes.• Place always exposed to
vibration.

(The bearing may be damaged.)• Place with much dust.

The storage temperature is -20°C to +60°C.
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3 INSTRUCTIONS
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3.1 DRIVE SHAFT COUPLINGThere are four methods for connecting
the motor shaft to the ballscrew:• Direct connection through a
flexible coupling• Direct connection through a rigid coupling•
Connection through gears• Connection through timing belts

It is important to understand the advantages and disadvantages
of eachmethod,and select one that is most suitable for the
machine.

(1) Direct connection using a flexible couplingDirect connection
by a flexible coupling has the followingadvantages over connection
using gears:• A certain misalignment of the angle between the
motor

shaft and the ball screw can be compensated.• Because a flexible
coupling connects elements with less

backlash, driving noise from joints can be
significantlysuppressed.

However, this method has the following disadvantages:• The
misalignment of the center between the motor shaft and

the ball screw is not permitted (in the case of
singlecoupling).

• Loose assembly may result in lower rigidity.When the motor
shaft needs to be connected directly to the ballscrew, connecting
them using a flexible coupling facilitatesadjustment and
installation of the motor.To use a single coupling, the machine
needs to be designed sothat the centers of the motor shaft and the
ball screw are aligned.If it is difficult to align the centers, a
double coupling needs to beemployed.

Flexible

Motor shaft

Ball screw

Locking

Flexible

Motor shaft

Ball screw

Locking
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(2) Direct connection using a rigid couplingDirect connection
using a rigid coupling has the followingadvantages over direct
connection using a flexible coupling:• More economical• The
coupling rigidity can be increased.• If the rigidity is the same as
with a flexible coupling, the

inertia can be reduced.However, this method has the following
disadvantages:• The misalignment of the center and the angle
between the

motor shaft and the ball screw are not permitted strictly.For
this reason, a rigid coupling needs to be mounted verycarefully.It
is desirable that the run-out of the ball screw is 0.01 mm orless.
When a rigid coupling is used on the motor shaft, the run-out of
the hole for the ball screw must be set to 0.01 mm or lessby
adjusting the tightness of the span ring.The run-out of the motor
shaft and the ball screw in the radialdirection can be adjusted or
compensated to a little certain extentby deflection. Note, however,
that it is difficult to adjust ormeasure misalignment in the angle.
Therefore, the structure ofthe machine should be such that
precision can be fullyguaranteed.

(3) GearsThis method is used when the motor cannot be put in
line withthe ball screw because of the mechanical interference
problem orwhen the reduction gear is required in order to obtain
largetorque. The following attention should be paid to the
gearcoupling method:• Grinding finish should be given to the gear,
and eccentricity,

pitch error, tooth-shape deviations etc. should be reduced
asmuch as possible. Please use the JIS, First Class as areference
of precision.

• Adjustment of backlash should be carefully
performed.Generally, if there is too little backlash, a
high-pitchednoise will occur during high-speed operation, and if
thebacklash is too big, a drumming sound of the tooth surfaceswill
occur during acceleration/deceleration. Since thesenoises are
sensitive to the amount of backlash, the structureshould be so that
adjustment of backlash is possible atconstruction time.
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(4) Timing beltA timing belt is used in the same cases as gear
connection, but incomparison, it has advantages such as low cost
and reducednoise during operation, etc. However, it is necessary to
correctlyunderstand the characteristics of timing belts and use
themappropriately to maintain high precision.Generally, the
rigidity of timing belt is sufficiently higher thanthat of other
mechanical parts such as ball screw or bearing, sothere is no
danger of inferiority of performance of control causedby reduction
of rigidity by using timing belt. When using atiming belt with a
position detector on the motor shaft, there arecases where poor
precision caused by backlash of the belt toothand pulley tooth, or
elongation of belt after a long time becomesproblem, so
consideration should be given to whether theseerrors significantly
affect precision. In case the position detectoris mounted behind
the timing belt (for example, on the ballscrew axis), a problem of
precision does not occur.Life of the timing belt largely varies
according to mountingprecision and tension adjustment. Please refer
to themanufacturer's Instruction Manual for correct use.

(5) Connection between the straight shaft and a connecting
elementTo use a straight shaft that has no key groove, connect the
shaftwith a coupling using a span ring.Because the span ring
connects elements by the frictiongenerated when the screw is
tightened, it is free from backlashand the concentration of stress.
For this reason, the span ring ishighly reliable for connecting
elements.To assure sufficient transmission with the span ring,
factors suchas the tightening torque of the screw, the size of the
screw, thenumber of screws, the clamping flange, and the rigidity
ofconnecting elements are important. Refer to the
manufacturer'sspecifications before using the span ring.When a
coupling or gear is mounted using the span ring, tightenthe screws
to remove a run-out of the coupling or gear includingthe shaft.
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3.2 MACHINE MOVEMENT PER 1 REVOLUTION OF MOTORSHAFT

The machine movement per 1 revolution of motor shaft must
bedetermined at the first stage of machine design referring the
loadtorque, load inertia, rapid traverse speed, and relation
betweenminimum increment and resolution of the position sensor
mounted onthe motor shaft. To determine this amount, the following
conditionsshould be taken into consideration.

• The machine movement per 1 revolution of motor shaft ("L")must
be such that the desired rapid traverse speed can beobtained. For
example, if the maximum motor speed is 1500 rpmand the rapid
traverse speed must be 12 m/min., the amount of"L" must be 8
mm/rev. or higher.

• As the machine movement per 1 revolution of motor shaft
isreduced, both the load torque and the load inertia reflected
tomotor shaft also decrease.Therefore, to obtain large thrust, the
amount of "L" should be thelowest value at which the desired rapid
traverse speed can beobtained.

• Assuming that the accuracy of the reduction gear is ideal, it
isadvantageous to make the machine movement per 1 rev. of
motorshaft as low as possible to obtain the highest accuracy
inmechanical servo operations. In addition, minimizing themachine
movement per 1 rev. of motor shaft can increase theservo rigidity
as seen from the machine's side, which cancontribute to system
accuracy and minimize the influence ofexternal load changes.

• An optimum condition for the servo system is attained when
themotor rotor inertia is equal to the load inertia reflected to
themotor shaft. If the machine operation is characterized
byrepeated acceleration/ deceleration (for example, in a
machinesuch as a punch press or print board drill), a heating
problemmay occur due to the current caused by acceleration
anddeceleration. Should this occur, specify the amount of
machinemovement per motor rotation so as to satisfy the
optimumcondition as much as possible.
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4 SELECTING A MOTORWhen making a motor selection, select an
optimal motor from theviewpoints of load conditions, feedrate,
increment system, and soforth. This section describes how to
calculate the load and otherconditions, showing an example of a
table with a horizontal axis.

Two types of loads are imposed on a motor: steady-state load
torquesuch as friction, and load inertia (acceleration/deceleration
torque).When selecting a motor, calculate these loads accurately,
and checkthat the calculated values satisfy the selection
conditions describedbelow.

Condition 1Check that the steady-state load torque at the time
of idlemachine feed is within 70% of the continuous rated torque of
themotor.Ensure that the steady-state load torque at rest time or
very lowspeed operation time does not exceed 70% of the
continuousrated torque. Even with the horizontal axis, the motor at
rest timestill generates a torque that matches the friction load,
and themotor can overheat for a friction load at rest
time.Moreover, an influence such as viscosity can increase the
steady-state load torque in the case of high-speed feed. So, check
thesteady-state load torque also at high-speed feed time.

Condition 2Acceleration can be made with a desired time
constant.At the time of deceleration, in general, the steady-state
loadtorque works to advance deceleration. So, if acceleration
ispossible, deceleration with the same time constant
becomespossible. Calculate the acceleration torque and check that
thetorque required for acceleration is within the
intermittentoperating zone of the motor.If the steady-state load
torque is increased at high-speed feedtime by an influence such as
viscosity, the required accelerationtorque should be increased in
the same amount.
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Condition 3The frequency of positioning in rapid traverse
satisfy to a desiredvalue.The greater the frequency of positioning
in rapid traverse, thegreater the ratio of acceleration time to the
entire operation time.This may overheat the motor. When th
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