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FOREWORD

Thank you for purchasing our robot products.

This manual contains the information necessary for the correct use of the robot controller.
Please carefully read this manual and other related manuals before installing the robot
system.

Keep this manual handy for easy access at all times.

The robot system and its optional parts are shipped to our customers only after being
subjected to the strictest quality controls, tests, and inspections to certify its compliance with
our high performance standards. Please note that the basic performance of the product will
not be exhibited if our robot system is used outside of the usage conditions and product
specifications described in the manuals.

This manual describes possible dangers and consequences that we can foresee. Be sure to
comply with safety precautions on this manual to use our robot system safety and correctly.

TRADEMARKS

NOTICE

Microsoft, Windows, and Windows logo are either registered trademarks or trademarks of
Microsoft Corporation in the United States and/or other countries. Other brand and
product names are trademarks or registered trademarks of the respective holders.

No part of this manual may be copied or reproduced without authorization.

The contents of this manual are subject to change without notice.

Please notify us if you should find any errors in this manual or if you have any comments
regarding its contents.

MANUFACTURER

SEIKO EPSON CORPORATION

CONTACT INFORMATION

il

Contact information is described in “SUPPLIERS” in the first pages of the following
manual:

Robot System  Safety Manual Read this manual first
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DISPOSAL

When disposing this product, dispose in accordance with the laws and regulations of each
country.

Regarding battery disposal

The battery removal/replacement procedure is described in the following manuals:
Maintenance Manual

For European Union customers only

The crossed out wheeled bin label that can be found on your product indicates that this
product and incorporated batteries should not be disposed of via the normal household waste
stream. To prevent possible harm to the environment or human health please separate this
product and its batteries from other waste streams to ensure that it can be recycled in an
environmentally sound manner. For more details on available collection facilities please
contact your local government office or the retailer where you purchased this product. Use
of the chemical symbols Pb, Cd or Hg indicates if these metals are used in the battery.

This information only applies to customers in the European Union, according to
DIRECTIVE 2006/66/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL OF 6 September 2006 on batteries and accumulators and waste batteries and
accumulators and repealing Directive 91/157/EEC and legislation transposing and
implementing it into the various national legal systems.

For other countries, please contact your local government to investigate the possibility of
recycling your product.

For Taiwanese customers only

Please separate used batteries from other waste streams to ensure that it can be recycled in

an environmentally sound manner. For more details on available collection facilities please
contact your local government office or the retailer where you purchased this product.
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Before Reading This Manual

This section describes what you should know before reading this manual.

Structure of Control System

The G series Manipulators can be used with the following combinations of Controllers and

software.
Controller
Software
Name Structure
Control Unit
RC700-A ] i EPSON RC+ 7.0 Ver.7.1.2 or later
Drive Unit

The motions of the manipulators such as in emergency stops vary depending on the
Controllers since they have different control methods. Details are described in the manual.

Setting by Using Software

EPSON This manual contains setup procedures using the software.
RC Those sections are indicated by the symbol on the left.

Turning ON/OFF Controller

When you see the instruction “Turn ON/OFF the Controller” in this manual, be sure to turn
ON/OFF all the hardware components.

Shape of Motors

The shape of the motors used for the Manipulator that you are using may be different from

the shape of the motors described in this manual because of the specifications.

Photos and lllustrations Used in This Manual

The appearance of some parts may differ from those on an actual product depending on
when it was shipped or the specifications. The procedures themselves, however, are accurate.

Figures in this Manual

The figures of manipulators indicated in this manual are basically Standard-model
Manipulator. Unless special instruction is provided, the specifications of Standard-model
and Cleanroom-model are the same.
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The Manuals of This Product

The following are typical manual types for this product and an outline of the descriptions.

Safety Manual (book, PDF)
This manual contains safety information for all people who handle this product. The
manual also describes the process from unpacking to operation and the manual you should
look at next.
Read this manual first.

Safety precautions regarding robot system and residual risk

Declaration of conformity

Training

Flow from unpacking to operation

RC700 series Manual (PDF)

This manual explains the installation of the entire robot system and the specifications and
functions of the controller. The manual is primarily intended for people who design robot
systems.

- The installation procedure of the robot system (specific details from unpacking

to operation)
- Daily inspection of the controller
- Controller specifications and basic functions

G series Manual (PDF)
This manual describes the specifications and functions of the Manipulator. The manual is
primarily intended for people who design robot systems.
- Technical information, functions, specifications, etc. required for the
Manipulator installation and design
- Daily inspection of the Manipulator

Status Code/Error Code List (PDF)
This manual contains a list of code numbers displayed on the controller and messages
displayed in the software message area. The manual is primarily intended for people who
design robot systems or do programming.

RC700 series Maintenance Manual (PDF)
G series Maintenance Manual (PDF)
This manual describes the details of maintenance etc. The manual is intended for people
who perform maintenance.
- Daily inspection
- Replacement and repair of maintenance parts
- The method of firmware update and controller setting backup etc.
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EPSON RC+ 7.0 User’s Guide (PDF)

This manual describes general information about program development software.

EPSON RC+ 7.0 SPEL+ Language Reference (PDF)
This manual describes the robot programming language “SPEL+".

Other Manual (PDF)

Manuals for each option are available.
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G1 Maintenance

This volume contains maintenance procedures with safety precautions for Manipulators.







G1 Maintenance 1. Safety Maintenance

1. Safety Maintenance

Please read this chapter, this manual, and other relevant manuals carefully to understand

safe maintenance procedures before performing any maintenance.

Only authorized personnel who have taken maintenance training held by the manufacturer
or dealer should be allowed to perform the robot maintenance.

A

WARNING

Do not remove any parts that are not covered in this manual. Follow the
maintenance procedure strictly as described in this manual. Improper removal
of parts or improper maintenance may not only cause improper function of the
robot system but also serious safety problems.

Keep away from the Manipulator while the power is ON if you have not taken the
training courses. Do not enter the operating area while the power is ON.
Entering the operating area with the power ON is extremely hazardous and may
cause serious safety problems as the Manipulator may move even it seems to be
stopped.

When you check the operation of the Manipulator after replacing parts, be sure to
check it while you are outside of the safeguarded area. Checking the operation
of the Manipulator while you are inside of the safeguarded area may cause serious
safety problems as the Manipulator may move unexpectedly.

Before operating the robot system, make sure that both the Emergency Stop
switches and safeguard switch function properly. Operating the robot system
when the switches do not function properly is extremely hazardous and may result
in serious bodily injury and/or serious damage to the robot system as the switches
cannot fulfill their intended functions in an emergency.

/N

WARNING

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

m When operating maintenance of manipulator, secure about 50 cm of empty space

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

around the manipulator.
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G1 Maintenance 2. General Maintenance

2. General Maintenance

This chapter describes maintenance inspections and procedures. Performing maintenance

inspections and procedures properly is essential for preventing trouble and ensuring safety.

Be sure to perform the maintenance inspections in accordance with the schedule.

2.1 Maintenance Inspection
2.1.1 Schedule for Maintenance Inspection

Inspection points are divided into five stages: daily, monthly, quarterly, biannual, and annual.
The inspection points are added every stage.

If the Manipulator is operated for 250 hours or longer per month, the inspection points must
be added every 250 hours, 750 hours, 1500 hours, and 3000 hours operation.

Inspection Point
Daily Monthly Quarterly Biannual Annual Overhaul
inspection inspection inspection inspection inspection | (replacement)

250 h) S
2 months (500 h)
3 months (750 h)
4 months (1000 h)
5 months (1250 h)
6 months (1500 h)
7 months (1750 h)
8 months (2000 h)
9 months (2250 h)

10 months (2500 h)

11 months (2750 h)

12 months (3000 h)

13 months (3250 h)

1 month

(
(

Aep Aians yoadsu

B R I B B R R [ B = =

20000 h V

h = hour
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G1 Maintenance 2. General Maintenance

2.1.2 Inspection Point
Inspection Item
Inspection Point Inspection Place Daily | Monthly | Quarterly | Biannual | Annual
End effector mounting N N J J J
Check looseness or backlash | bolts
of bolts/screws. Manipulator mounting J J J J J
bolts
Check l0oseness of External connectors on
Manipulator (on the \ \ \ V \/
connectors.
connector plates etc.)
Visually check for external External appearance of N N J J J
defects. Manipulator
Clean up if necessary. External cables \ \ \ \
Check for bends or improper
location. Repair or place it | Safeguard etc. \ \ \ \ \
properly if necessary.
Check the brake operation | Joint #3 \ \ \ \ \
Check wheth I
eck w eT er.unusua Whole N N J J J
sound or vibration occurs.

Inspection Method

Inspection Point

Inspection Method

Check looseness or backlash of
bolts/screws.

Use a hexagonal wrench to check that the end effector mounting
bolts and the Manipulator mounting bolts are not loose.

When the bolts are loose, refer to “2.4 Tightening Hexagon Socket
Head Bolts” and tighten them to the proper torque.

Check looseness of connectors.

Check that connectors are not loose.
When the connectors are loose, reattach it not to come off.

Visually check for external
defects.
Clean up if necessary.

Check the appearance of the Manipulator and clean up if
necessary.

Check the appearance of the cable, and if it is scratched, check
that there is no cable disconnection.

Check for bends or improper
location. Repair or place it
properly if necessary.

Check that the safeguard, etc. are located properly.
If the location is improper, place it properly.

Check the brake operation

Check that the shaft does not fall when in MOTOR OFF.

If the shaft falls when in MOTOR OFF and the brake is not
released, contact the supplier.

Also, the break is not released even operated release the break,
contact the supplier.

Check whether unusual sound
or vibration occurs.

Check that there is no unusual sound or vibration when operating.
If there is something wrong, contact the supplier.
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G1 Maintenance 2. General Maintenance

2.2 Overhaul (Parts Replacement)

A

CAUTION

m |f you do not overhaul properly, it may have a serious impact on safety.

m Overhaul timing is based on an assumption that all joints are operated for equal

distance. If a particular joint has a high duty or high load, it is recommended to
overhaul all joints (as many as possible) before exceeding 20,000 operation hours
with the joint as a basis.

NOTE

NOTE

The parts for the manipulator joints may cause accuracy decline or malfunction due to
deterioration of the manipulator resulting from long term use. In order to use the
manipulator for a long term, it is recommended to overhaul the parts (parts replacement).

The time between overhauls is 20,000 operation hours of the Manipulator as a rough

indication.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration / deceleration in
continuous operation) applied on the Manipulator.

For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
recommended replacement time for the parts subject to maintenance (motors, reduction
gear units, and timing belts) can be checked in the [Maintenance] dialog box of the
EPSON RC+ 7.0.
For details, refer to the following manual.

Robot Controller RC700/ RC700-A “Maintenance 6. Alarm”

For the EPSON RC+ 5.0 Ver. 5.4.7 or later (firmware Ver.1.16.4.x or 1.24.4.x or later), the
recommended replacement time for the parts subject to maintenance (motors, reduction
gear units, and timing belts) can be checked in the [Maintenance] dialog box of the
EPSON RC+ 5.0.

For details, refer to the following manual.
RC700 series Maintenance Manual “6. Alarm”

Note:

The recommended replacement time for the maintenance parts is when it reaches the L10
life (time until 10% failure probability). In the [Maintenance] dialog box, the L10 life is
displayed as 100%.

G series Maintenance Rev.2



G1 Maintenance 2. General Maintenance

The manipulator operation hours can be checked in [Controller Status Viewer] dialog -
[Motor On Hours].

(1) Select EPSON RC+ menu-[Tools]-[Controller] to open the [Controller Tools] dialog.
(2) Click the <View Controller Status> button to open the [Browse For Folder] dialog.
(3) Select the folder where the information is stored.

(4) Click <OK> to view the [Controller Status Viewer] dialog.

(5) Select [Robot] from the tree menu on the left side (Dialog image: EPSON RC+ 7.0)

I Gontroller Status Viewer

Status Folder: | _RGTO0021427_2014-09-30_14501%9 E] Statuz Date / Time: 2014-09-30 14:50:19
Fiohot
Gereral
Input # Output
Item Walue -~

Hadel C4-A6015

Program Files Mame mip01

= hclude Files Senial # CAOEO01 427

Constant.inc tatar On Hours 1286
VISIO_N-‘”C atar On Count 57

Rabat Points Hels Date 2014/04/24 17:15:40:413
Hols 112251, 286285, 91741, 30416, -4793, 128541, 0.0,
atars aff
Power Loy
Arm 1]
Toal 1]
‘world Pasition -25.036, 487 275, 579.295, 89.980, 0.235, 89.967,
Jaint Position 10,468, -37.820, 52,126, 92,652, -100.151, 14.842,
Pulse Pasition 304909, 1101601, 1328495, 2188120, -2365212, 2
“weight 1.000
‘weight Length 0.000
Inertia 0.005

w

For the parts subject to overhaul, refer to /4. GI Maintenance Parts List.
For details of replacement of each part, refer to each section.

Please contact the supplier of your region for further information.
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G1 Maintenance 2. General Maintenance

The ball screw spline and reduction gear units need greasing regularly. Only use the grease

specified in the following table.

insufficient grease will damage sliding parts and/or result in insufficient function of
the Manipulator. Once the parts are damaged, a lot of time and money will be
required for the repairs.

f m Keep enough grease in the Manipulator. Operating the Manipulator with

CAUTION

m If grease gets into your eyes, mouth, or on your skin, follow the instructions below.
If grease gets into your eyes

: Flush them thoroughly with clean water, and then see a doctor
immediately.

A If grease gets into your mouth
. If swallowed, do not induce vomiting. See a doctor immediately.
CAUTION

. If grease just gets into your mouth, wash out your mouth with water
thoroughly.

If grease gets on your skin
: Wash the area thoroughly with soap and water.

Greasing part Greasing Interval Grease
Joint #1, Joint #2  |Reduction gear units Overhaul timing SK-2
At 100 km of operation
Joint #3 Ball screw spline unit (50 km for first%reasing) AFB

Joint #1, 2 reduction gear units

As a rough indication, perform greasing at the same timing as overhaul.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration / deceleration in
continuous operation) applied on the Manipulator.

Joint #3 Ball screw spline unit

The recommended greasing interval is at 100 Km of operation. However, greasing
timing also can be checked from the grease condition. Perform greasing if the grease is
discolored or becomes dry.

%

i

e
i

Normal grease Discolored grease

Perform greasing at 50 km of operation for the first time of greasing.

8 G series Maintenance Rev.2



G1 Maintenance 2. General Maintenance

NOTE  For EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the recommended
& replacement time for the grease on the ball screw spline unit can be checked in the
[Maintenance] dialog box of EPSON RC+ 7.0.
For details, refer to the following manual.
RC700 series Maintenance Manual “6. Alarm”

Greasing the Ball Screw Spline Unit

Name Quantity NOTE
For Ball Screw Spline Unit Proper
Grease .
(AFB grease) quantity
Tools Wiping cloth 1 For wiping grease (Spline shaft)
Cross-point screwdriver 1

NOTE
i Cover the surrounding area such as the end effector and peripheral equipment in case the

grease drips.

(1) Turn ON the Controller.

(2) Move the shaft to its lower limit in one of Joint #3
the following methods. Break release switch

- Move the shaft to its lower limit manually
while pressing the brake release switch.

NOTE
Be careful of the shaft falling and rotating Arm #2

while the brake release switch is being
pressed because the shaft may be lowered
by the weight of the end effector.

- Move the shaft to its lower limit from
EPSON RC+ 7.0 [Tools]-[Robot
Manager]-[Jog & Teach].

NOTE Make sure that the hand does not interfere

|
@\Shaft

with peripheral equipment. S Arm #1

(3) Turn OFF the Controller.

G series Maintenance Rev.2 9



G1 Maintenance 2. General Maintenance

(4) Wipe off the old grease from the shaft, and
then apply new grease to it. |

Grease application range is from the end of
the spline nut to mechanical stop.

Grease I:%
application
rangy \End of spline nut
Shaft E

Mechanical stopper

(5) Apply new grease evenly to the spiral groove
of the ball screw spline unit and the vertical
groove so that the groove is filled.

Grease application example

(6) Turn ON the Controller.

(7) Start the robot manager and move the shaft to the origin position. Be careful not to hit
peripheral equipment.

(8) After moving to the origin position, reciprocate the shaft. The reciprocating operation is
a low power mode operation program that performs from the upper limit to the lower
limit. Run for about 5 minutes to spread the grease over the shaft.

(9) Turn OFF the controller.

(10) Wipe off excess grease on the end of the

spline nut and mechanical stop.

End of the, ||
spline nut

10 G series Maintenance Rev.2



G1 Maintenance 2. General Maintenance

2.4 Tightening Hexagon Socket Head Cap Bolts

Hexagon socket head cap bolts are used in places where mechanical strength is required.

(A hexagon socket head cap bolt will be called a “bolt” in this manual.) These bolts are

fastened with the tightening torques shown in the following table.

When it is necessary to refasten these bolts in some procedures in this manual (except special

cases as noted), use a torque wrench so that the bolts are fastened with the appropriate

tightening torques as shown below.

Bolt Tightening Torque Refer below for the set screw.

M3 2.0+ 0.1 N-m (21 £ 1 kgf-cm) Set Screw Tightening Torque

M4 4.0+ 0.2N-m (41 + 2 kgf-cm) M3 1.5+ 0.1 N-m (16 + 1 kgf-cm)
M5 8.0+ 0.4 N-m (82 4 kgf-cm) M4 24 +0.1N-m (26 + 1 kgf-cm)
M6 13.0 £ 0.6 N-m (133 + 6 kgf-cm)

We recommend that the bolts aligned on a circumference should be fastened in a crisscross

pattern as shown in the figure below.

2.5 Matching Origins

3

5

Bolt hole 7

1

Do not fasten all bolts securely at one time. Divide the

number of times that the bolts are fastened into two or

three and fasten the bolts securely with a hexagonal

wrench. Then, use a torque wrench so that the bolts are

fastened with tightening torques shown in the table above.

After parts have been replaced (motors, reduction gear units, a brake, timing belts, a ball

screw spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists

between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.

For calibration, the pulse values for a specific position must be recorded in advance.

Before replacing parts, select easy point (pose) data from the registered point data to check

the accuracy. Then, follow the steps below to display the pulse values and record them.

Execute the following command from the [Command Window].

RC+ >PULSE
PULSE: [Joint#1 Pulse value] pls [Joint #2 Pulse value] pls [Joint #3 Pulse value]
pls [Joint #4 Pulse value] pls

G series Maintenance Rev.2
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G1 Maintenance 2. General Maintenance

2.6 Layout of Maintenance Parts

2.6.1 4-axis spec
G1-***S: Standard-model

Brake release switch

Arm top cover Cable unit

LED lamp

Ball screw spline

Joint #4 motor

Joint #3 motor

Zbelt
U belt

- Power cable

2RI )
A ‘ /Signalcable

) Lithium battery and Battery board
Joint #1 motor

G1-***C: Cleanroom-model

12 G series Maintenance Rev.2



G1 Maintenance 2. General Maintenance

2.6.2 3-axis spec
G1-***SZ: Standard-model

LED lamp
Cable unit

Joint #2 motor
|
Joint #2 reduction gear unit

/‘ Power cable
[

Signal cable

Joint #3 brake

Joint #1 reduction gear unit

Joint #1 motor Lithium battery and Battery board

G1-***CZ : Cleanroom-model

Bellows

,‘g

..l [ ]
Y

Gasket

Bellows

G series Maintenance Rev.2 13



G1 Maintenance 3. Covers

All procedures for removing and installing covers in maintenance are described in this chapter.

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

a To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
A DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and related
equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

WARNING

m Be careful not to get any foreign substances in the Manipulator, connectors, and
pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.

Name Quantity Note
Maintenance Arm Top Cover !
parts Arm Top Cover for Cleanroom-model 1
Gasket unit 1 Only for Cleanroom-model
For M4 screw
Hexagonal wrench (width across flats: 3 mm) 1 Tightening Torque:
0.9 N-m (9.2 kgf:cm)
Tools Fgr M4 .truss sCrew
Cross-point screwdriver 1 Tightening Torque:
0.4 N'm (4.1 kgf-cm)
For bellows removal
Wiping cloth 1 For wiping adhesive

User plate

Arm top cover

14 G series Maintenance Rev.2



G1 Maintenance 3. Covers

3.1 Arm Top Cover

A

CAUTION

® Do not remove the arm top cover forcibly. Removing the cover forcibly may result
in damage to the cables, disconnection, and/or contact failure. Damaged cables,
disconnection, or contact failure is extremely hazardous and may result in electric
shock and/or improper function of the robot system.

®m \When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.
When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Unscrew the arm top cover mounting bolts, and

then lift the cover.

T 4-M4x12
When bellows are installed to the manipulator, - Truss
remove / install the arm top cover and then remove ' 4-M4x8
/ install the upper bellows. : Hexagonal

G series Maintenance Rev.2 15



G1 Maintenance 3. Covers

3.2 Connector Plate

A

CAUTION

®m Do not remove the connector plate forcibly. Removing the connector plate
forcibly may result in damage to the cables, disconnection, and/or contact failure.
Damaged cables, disconnection, or contact failure is extremely hazardous and
may result in electric shock and/or improper function of the robot system.

® When installing the connector plate, be careful not to allow the cables to interfere
with the plate mounting and do not bend these cables forcibly to push them into
the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.
When routing the cables, observe the cable locations after removing the connector
plate. Be sure to place the cables back to their original locations.

16

Unscrew the connector plate mounting bolts and
remove the plate.

4-M4x12

G series Maintenance Rev.2




G1 Maintenance 3. Covers

3.3 Connector Sub Plate

A

CAUTION

® Do not remove the connector sub plate forcibly. Removing the connector sub

plate forcibly may result in damage to the cables, disconnection, and/or contact
failure. Damaged cables, disconnection, or contact failure is extremely
hazardous and may result in electric shock and/or improper function of the robot
system.

When installing the connector sub plate, be careful not to allow the cables to
interfere with the plate mounting and do not bend these cables forcibly to push
them into the cover.

Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the connector
sub plate. Be sure to place the cables back to their original locations.

3.4 User Plate

G series Maintenance Rev.2

Unscrew the connector sub plate mounting bolts
and remove the plate.

(1) Remove the Arm top cover.
For detail, refer to 3.1 Arm top cover.

(2) Unscrew the user plate mounting bolts and
remove the plate.

17




G1 Maintenance 4. Cable

4. Cable

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
A DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

WARNING

m Be careful not to get any foreign substances in the Manipulator, connectors, and
pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.

m Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
A forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

CAUTION

18 G series Maintenance Rev.2



G1 Maintenance 4. Cable

4.1 Replacing Cable Unit

Since the power is supplied to each motor from the lithium battery installed on the battery

board via the battery connector, the position data will not be lost when the Controller is

turned OFF. When the battery connectors are disconnected, the position data will be lost,
and EPSON RC+ will display an error when the Controller is turned ON.

If the error occurs, execute the calibration of all joints and axes.

For details of the calibration, refer to /3. Calibration.

Name Quantity Note
Maintenance | Cable unit 1
parts Battery Unit (Lithium battery) 1 2117879
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Spanner (width across flats: 5 mm) 1 For D-sub connector removal
Nut screwdriver  (width across flats: 5 mm) 1 For D-sub connector removal
Cross-point screwdriver 1
Tools Torque wrench 1
Nippers 1 For cutting wire tie
Alcohol Prop@r For wiping grease
quantity
Wiping cloth 1 For wiping grease

G series Maintenance Rev.2
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G1 Maintenance 4. Cable

A

CAUTION

m |f the connectors have been disconnected during the replacement of the cable

unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.

For details on the connections, refer to 4.2 Wiring Diagrams.

When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

20
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G1 Maintenance 4. Cable

Cable unit €))
R I
emova @)

)
(4)

)

(6)
()

(8)
)

NOTE

(10) Remove the duct fitting from the user plate and

Turn ON the Controller and change the motor to OFF status (MOTOR OFF).

Press and hold the brake release switch to let the shaft down. Be sure to keep enough

space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joint #3. When the brake release switch is
pressed, the brake for Joint #3 is released.

Be careful of the shaft falling while the brake release switch is being pushed because it
may be lowered by the weight of an end effector.

Turn OFF the Controller and disconnect the power cable and signal cable connectors

from thee controller.

Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

Connect the spare battery to connector X60C.
- Use the battery unit as the spare battery.

- The position data of Joint #2, #3, #4 motor is stored with the battery on base.
Connect the spare battery otherwise the Joint #2, #3, #4 position data will be lost.

Cut off the wire tie binding cables on the arm side.
Remove the 10 connectors and ground wire on the arm side.
Connector: X21, X22, X31, X32, X33, X41, XB10, X221, X231, X241

- Remember the cable layout so that the cables can be reconnected correctly after

replacement.

Remove the screw securing the user plate and remove the user plate from Arm #2.
For details, refer to 3.4 User Plate.

Remove the connectors of the following from the user plate.

D-sub cable, Air tube, Brake release switch
Be careful not to lose the set screws of D-sub cable because they are so small.
To pull out the air tube, press the ring of fittings. (66x2, g4x2)

- Remember the cable layout so that the cables can be reconnected correctly after

replacement.

disconnect the cables. -
Duct fittings

User plate

(11) Remove the connector plate.

For details, refer to 3.2 Connector Plate.
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G1 Maintenance 4. Cable

(12) Remove the cables from the connector plate.
Air tube, D-sub cable
6 connectors : X10, X20, X30, X111, X121, X131

NOTE  Be sure to keep the connectors of the battery board connected while replacing the
& cables. Otherwise, you will lose the position data and must execute the calibration

again.

- Remember the cable layout so that the cables can be reconnected correctly after

replacement.

(13) Remove the ground wire from the base.

(14) Remove the mounting plate of the cable unit. Mounting plate
of cable unit

4-M4x12

(15) Remove the wire tie binding the cables on the base side.

(16) Disconnect the connector X62 from the battery board.

(X62: lower of two connectors)

Be sure to keep the connector X61 (upper one) of the
battery board connected. Otherwise, you will lose the
position data of the Joint #1 motor and must execute the

calibration again. Do not remove the connector X61.

- Remember the cable layout so that the cables can

be reconnected correctly after replacement.

(17) Remove the duct fittings from the mounting plate of the Mounting plate of

cable unit. cable unit

Duct fittings

J
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Cable unit (1)

Installation

@)
)

“4)

®)
(6)
0

®)

)

Pass the cables through the user plate and secure the
duct fittings.

Be careful of the cable support direction.

Duct fittings

User plate

Mount the air tube, ground wire, and D-sub cable to the user plate.

Pass the cables though the mounting plate of the cable
unit and secure the duct fittings.

Connect the connector X62 to the battery board.

Secure the ground wire to the base.

Mounting plate of
cable unit

Duct fittings

J

X62

Re-bundle the wire tie removed in the removal step (16).

Mount the cable unit to the J1 flange.
Be careful of the cable support direction.

Cable
support

) (-]

Mount the following to the inner side of connector plate, connector sub plate.

Air tube, ground wire, D-sub cable

Joint #1 signal cable connector, power cable connector: X10, X111

4 connectors: X20, X30, X121, X131

Mount the user plate to Arm #2.
For details, refer to 3.4 User Plate.

(10) Mount the ground wire to Arm #2.

(11) Connect the connectors on the arm side.
Connectors: X21, X22, X31, X32, X33, X41, XB10, X221, X231, X241

(12) Remove the spare battery connected to X60C.

(13) Re-bundle the wire tie removed in the removal step (6).

G series Maintenance Rev.2
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G1 Maintenance 4. Cable

(14) Mount the connector plate to the base.
For details, refer to 3 3.2 Connector Plate.

(15) Set the Arm #2 cover without cables caught and secure it.
For details, refer to 3.1 Arm Top Cover.

(16) If a connector falls out from the battery board, you must execute the calibration for all
axes.
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4.2 Wiring Diagrams

Signal Cable

4.2.1
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4.2.2 Power Cable
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G1 Maintenance 4. Cable

423

D-sub 9pin

No. Color

LIow)

User Cable

D-sub 9pin

No. Color

(Lw

LIGw)

YIW)

(LW

NHIW

YIW)

GI(W)

NHIW

(W

GI(W)

RAW)

(GYW

(RyYW

RAW)

ISR T S EN FRIIY Y

W

(RyYW

©|o|~ ||| &| ||

D-sub 15pin

No. Color

LIow)

MW

D-sub 15pin

No. Color

(LW

LIGw)

YHW)

(LW

W

YIW)

NHIW

(GHYW

RI(W)

(GYW

7
2
3
4
5] GI(W)
6
7
8

(RYW

RAW)

9] V(W)

7
2
3
4
5] GI(W)
6
7
8
9

(RyYW

10] (VW

VIW)

11| LIBR)

10| (VW

12| (L)/BR

11] LI(BR)

13| YIBR)

12| (L)YBR

14| (Y)/BR

13| YKBR)

15| G/(BR)

14| (Y)/BR
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Code

Cable color

Code

Cable color

Black

Red

BR

Brown

Violet

Green

White

Blue

<|S|<|=m

Yellow
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G1 Maintenance 4. Cable

4.3 Replacing M/C Cable

NOTE

Since the power is supplied to each motor from the lithium battery installed on the battery
board via the battery connector, the position data will not be lost when the Controller is
turned OFF. When the battery connectors are disconnected, the position data will be lost,
and EPSON RC+ will display an error when the Controller is turned ON.

If the connector connected to the battery was disconnected during cable replacement,
execute calibration.
For details, refer to /3. Calibration.

Name Quantity Note
Maintenance Each manipulator model
rt M/C Cable 1 (Refer to 14. G1 Maintenance
parts Parts List)
Tools Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Torque wrench 1

A

CAUTION

m |f the connectors have been disconnected during the replacement of the cable

unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.

For details on the connections, refer to 4.2 Wiring Diagrams.

When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.
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M/C Cable

M/C Cable (1) Turn OFF the Controller.

Removal (2) Disconnect the power cable and signal cable connectors from the controller.

(3) Remove the Connector Sub Plate.
For details, refer to 3.3 Connector Sub Plate.
NOTE

Do not pull the Sub plate forcibly.
&

The M/C cables are still attached to the plate.
(4) Disconnect the connectors.

Connector: x10, x20, x30, x111, x121, X131

NOTE .
& Each connector has a unique number.

Each connector has a different shape.

NOTE " Do not disconect the buttary connector

connected with the battery board.

Otherwise, the calibration must be

executed.
M/C Cable (1) Connect new M/C cable connectors to those of the Cable Unit.
Installation (Connect to the connectors of the Cable Unit with the same number.)

(2) Mount the Connector Sub Plate.
For details, refer to 3.3 Connector SubPlate.

(3) Connect the power cable and signal cable connectors to the controller.
(4) Turn ON the Controller.

(5) If the connector falls off from the battery, execute the calibration for All Joint.
For details, refer to 13 Calibration.
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5. Joint #1

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

systemis turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

30

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

Joint #1 reduction gear

Joint #1 motor
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5.1 Replacing Joint #1 Motor

Name Quantity Note
Maintenance
AC Servo Motor (50 W) 1 1543776
parts
width across flats: 1.5 mm 1 For M3 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
Tools width across flats: 5 mm 1 For M6 screw
Torque wrench 1
Wiping cloth 1 For wiping grease

Joint #1 motor
Removal

(1) Remove Arm #1 from the base. The Arm is fixed by the adhesive.

Put Arm #1 softly on the floor to avoid a shock to the arm.

(2) Remove the connector plate.
For details, refer to 3.4 Connector Plate.

(3) Disconnect the following connectors.
Connectors X111, X10 (Hold the clip to remove.)
Connector X61

(4) Remove the Joint #1 flange with the Joint #1
unit from the base.

The base and Joint #1 flange has been aligned
to the assembly position with the positioning
pin. Be careful not to lose the positioning pin.

(5) Loosen the screw of motor flange on the Joint
#1 flange. Remove the Joint #1 unit.

G series Maintenance Rev.2
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(6)

0

®)

Loosen the screw fixing the motor flange and

reduction gear and remove the motor unit.

There is an O-ring in the assembly position of
motor flange and reduction gear. Be careful
not to lose the O-ring.

Remove the wave generator from the Joint
#1motor.

There is a brass bushing in one of the set
screws. Be careful not to lose it.

Remove the motor flange from the Joint #l1
motor.

Reduction gear

[T 2-M4x12
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Joint #1 motor (1) Mount the motor flange on the Joint #1 motor.
Installation

(2) Mount the waveform generator on the Joint #1 Edge of wave generator

motor.
Edge of motor

Press the edge of waveform generator lightly to Screw hole
the edge of spacer on the motor shaft.

Tighten one of the set screws on the flat face of _
Joint #1 motor

the motor shaft until the screw just touches the

surface. Insert a bushing into the other set

screw hole to prevent damage to the motor shaft.
Then, tighten both set screws.

m See the figures above for the orientation of the waveform generator. Be sure to
install the waveform generator properly. Improper installation of the waveform
CAUTION generator will result in improper function of the Manipulator.

(3) Insert the O-ring to the groove in the Joint #1 reduction gear unit and assemble the
Joint #1 motor unit.

(4) Mount the Joint #1 flange on the Joint #1 unit.

Make sure that the motor cable faces toward the Joint #1 flange lengthy side.

(5) Mount the Joint #1 flange to the base. 6-M4x15

N

Apply the adhesive at 8 mm from the end of the
screws for fixing the Arm.

The assembly position of the Joint #1 flange and
the base has been set by the positioning pin.

(6) Attach the connectors.
Connector: X110, X10, X61

(7) Mount the connector plate.
For details, refer to 3.4 Connector Plate.

(8) Perform the calibration of Joint #1.
For details refer to /4. Calibration.
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Name Quantity Note
Maintenance Reduction Gear Unit 1 1543777
Parts
width across flats: 1.5 mm 1 For M3 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 5 mm 1 For M6 screw
Tools Nippers 1
1 For wiping grease
Wiping cloth (motor flange)
1 For wiping grease (bolt)
Grease Grease (SK-2) 4g
Removal (1) Follow the steps in 5.1 Replacing Joint #1 Motor, Removal (1) to (8) and remove the
Joint #1 motor unit and waveform generator.
Installation (1) A new reduction gear unit contains the parts shown in the picture.

The grease has been applied to the bearing are of waveform generator. Wipe the

grease from the mounting surface.

Wave .
Reduction gear generator O-ring

A

CAUTION

m Never adjust the bolt fixing the reduction gear.
by the manufacturer.

If you did, it needs the alignment
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(2) Follow the steps in 5.1 Replacing Joint #1 Motor, Installation (2) to (8).
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6. Joint #2

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

systemis turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /3. Calibration to perform the calibration.

Joint #2 motor

Joint #2 reduction gear
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6.1 Replacing Joint #2 Motor

Name Quantity Note
Maintenance
AC Servo Motor (50W) 1 1533642
Parts
width across flats: 1.5 mm 1 For M3 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools . .
Cross-point screwdriver 1
Nippers 1 For cutting wire tie
Wiping cloth 1 For wiping grease

Joint #2 motor (1) Remove the arm top cover.
Removal For details, refer to 3.1 Arm Top

Cover.
(2) Cut off the wire tie binding the Joint #2 motor cables.

(3) Unscrew the bolts from the user plate and remove the

user plate.

(4) Disconnect the connectors.
Connectors: X221, X21, X22, XB20 (Hold the clip to remove.)

(5) Remove the Joint #2 motor unit.

(6) Remove the wave generator and motor spacer.
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Joint #2 motor (1) Mount the motor spacer and wave generator on the
Installation Joint #2 motor.

Be sure to fit the edge of the waveform generator to the
edge of the motor shaft.

Tighten one of the set screws on the flat face of the
motor shaft until the screw just touches the surface.

Insert a bushing into the other set screw hole to prevent

damage to the motor shaft. Then, tighten both set

SCTCWS.

install the waveform generator properly. Improper installation of the waveform

/_\ m See the figures above for the orientation of the waveform generator. Be sure to
generator will result in improper function of the Manipulator.

CAUTION

(2) Mount the Joint #2 motor unit on Arm #2.

If it is difficult to mount the motor, push it while
moving Arm #2 slowly by hand.

(3) Connect the connectors.
Connectors: X221, X21, X22, XB20

(4) Mount the user plate.
Screws: 4- M4x5

(5) Put the wire tie cut in the removal step (4) to the original position.
Do not allow unnecessary strain on the cables.

(6) Mount the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(7) Perform the calibration of Joint #2.
For details refer to /3. Calibration.
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6.2 Replacing Joint #2 Reduction Gear Unit

Name Quantity Note
Maintenance ) )
Reduction Gear Unit 1 1543778
Parts
width across flats: 1.5 mm 1 For M3 set screw
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench -
width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools . .
Cross-point screwdriver 1
Nippers 1
Motor flange 1 For wiping grease
Wiping cloth g .p. =E
Bolt 1 For wiping grease
Grease Grease (SK-2) 4g
Joint #2 (1) Follow the steps in 6.1 Replacing Joint #2 Motor, removal (1) to (7).
reqtuctlon gear Remove the waveform generator from the Joint #2 motor.
uni
Removal (2) Remove the Arm #2 spacer.

(3) Loosen the screw fixing the Joint #2 Arm #2
reduction gear unit and loosely secure.

2-M4x40  2-M5x40

(4) Remove the Arm #2 unit.
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(5) Remove the screw secured loosely in the
step(3) and also remove the Joint #2 motor

flange, reduction gear, and Joint #2 spacer.

Hold the Joint #2 spacer upward and pull A | Joint #2
it out sideways. 58 motor flange
L Joint #2
/reduction gear
o\N———— o
\ Joint #2 spacer
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NOTE

&

Joint #2
reduction gear
unit
Installation

40

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) A new reduction gear unit contains the parts shown in the picture.

The grease has been applied to the bearing are of waveform generator. Wipe the grease
from the mounting surface.

Reduction gear generator O-ring

(2) Put the O-ring into the groove in the reduction gear top surface.

(3) Mount the Joint #2 motor flange,
reduction gear, and Joint #2 spacer.

Hold the Joint #2 spacer and mount
by reverse procedure to remove it.

Joint #2
motor flange

Joint #2
‘ A—"reduction gear

Arm #2

(4) Loosely secure the Joint #2 reduction gear unit.

Make sure the O-ring between the reduction gear
and motor flange has not moved and secure the
unit loosely.

N

_,.

2-M4x40  2-M5x40

(5) Mount the Arm #2 unit.

(6) Tighten the screw secured loosely in the step (4).
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(7) Mount the Arm #2 spacer.

(8) Follow the steps in
6.1 Replacing Joint #2 Motor, installation step (1) to (7).
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7. Joint #3

/N

WARNING

Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

42

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

Joint #3 motor

Z belt

Joint #3 brake
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7.1 Replacing Joint #3 Motor

Name Quantity Note
Maintenance
parts AC Servo Motor (50W) 1 1533642
width across flats: 1.5 mm 1 For M3 set screw
width across flats: 2 mm 1 For M4 set screw
Hexagonal wrench width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools
Torque wrench 1
Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 30 N
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 2

Joint #3 motor
Removal

A brake is mounted on the Joint #3 motor to prevent the shaft from moving down due to the

weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

(1
2

3)
“4)

)
(6)

()

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

When the brake release switch is pressed, the brake of the Joint #3 is released.

Be careful of the shaft falling while the brake release switch is being pressed because
the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover.
For details, refer to 3.7 Arm Top Cover.

Cut off the wire tie used for binding the motor cables to the Joint #3 motor.

Disconnect the connectors.
Connectors X231, X31, X32, X33, XB30 (Hold the clip to remove.)

Remove the user plate.
For details, refer to 3.4 User Plate.
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(8) Loosen the Z belt.

)

Loosen two bolts on the Joint #3 motor unit.
Slide the Joint #3 motor unit toward the arm
end.

Remove the Joint #3 motor unit from Arm #2.

Unscrew the bolts securing the Joint #3 motor
unit. Remove the Z1 pulley from the Z belt.
Pull the Joint #3 motor unit upward to

remove.

(10) Remove the Joint #3 motor from the Joint #3

motor unit.

Remove the brake hub and pulley from the
Joint #3 motor.

Loosen the screw of pulley and slide the
pulley toward the motor and then, loosen the
screw of brake hub.

There is a brass bushing in one of the set screw
holes. Be careful not to lose it.
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NOTE

Joint #3 motor

Installation

NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) Mount the brake hub and pulley to the new motor

)

)

(4)

)

shaft.

Make sure to put a space of 1.5 mm between the
edges of the brake hub and motor shaft.

f =

Brake hub

After the brake hub is mounted, press the pulley lightly to the brake hub and secure.

Both of the brake hub and pulley, tighten one of the set screws on the flat face of the

motor shaft until the screw just touches the surface.

Insert a bushing into the other set screw hole to prevent damage to the motor shaft.

Then, tighten both set screws.
Mount the Z plate on the Joint #3 motor.
Align the brake disk with the hub and join them.

If the brake disk position is not right, turn ON the
controller power supply, attach the connector X32,
release the brake by pressing the brake release
switch, and move the hole to the center by hand.

Place the Joint #3 motor unit in the arm.

Place the Z belt around the Z1 pulley and the Z2
pulley so that the gear grooves of the belt are fit into
those of the pulleys completely.

Loosely secure the Joint #3 motor unit to Arm #2.

Make sure the motor unit can be moved by hand, and it will not tilt when pulled.

If the unit is secured too loose or too tight, the belt will not have the proper tension.
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(6) Apply the proper tension to the Z belt, and then secure the Joint #3 motor unit.

Pass a suitable cord or string around the Joint #3 motor unit near its mounting plate.

Then, pull the cord using a force gauge or similar tool to apply the specified tension.

Make sure that the brake cables do not touch the pulley.

Z belt tension = 30N (3.0 kgf)
Joint #3
Motor unit

(7) Connect the connectors.
Connectors: X231, X31, X32, X33, XB30

(8) Mount the user plate.
For details, refer to 3.4 User Plate.

(9) Re-bundle the cables in their original positions with a wire tie removed in step (5).
Do not allow unnecessary strain on the cables.

(10) Install the arm top cover and the arm bottom cover.
For details, refer to 3.1 Arm Top Cover.

(11) Perform the calibration of Joint #3.

For details on the calibration method, refer to /3. Calibration.
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7.2 Replacing the Timing Belt

Name Quantity Note
Maintenance | i 1| 1522129
part
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench -
width across flats: 3 mm 1 For M4 screw
Tools Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 30 N (3.0 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 2
A brake is mounted on the Joint #3 motor to prevent the shaft from moving down due to the
weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).
Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps from (1) to (3).
Z belt (1) Turn ON the Controller.
Removal

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

3)
“4)

®)

(6)

to keep enough space and prevent the end effector hitting any peripheral equipment.

When the brake release switch is pressed, the brake of the Joint #3 is released.

Be careful of the shaft falling while the brake release switch is being pressed because

the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Loosen the bolt securing the Joint #3 motor unit.

Remove the belt from the Z1 pulley and Z2 pulley.

Remove the Z belt.

Remove the bolts securing the ball screw nut and
hold the ball screw nut up to pull out the Z belt
upward from the shaft.
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NOTE
(&>  Whentightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Z belt (1) Pass a new Z belt through the shaft from above,
Installation and then place it under the ball screw nut.

(2) Loosely secure the ball screw nut to Arm #2.

After moving the shaft up and down several times,

secure the ball screw nut to Arm #2.

(3) Place the belt around the Z1 pulley and the Z2 pulley so that the gear grooves of the
belt are fit into those of the pulleys completely.

(4) Apply the proper tension to the Z belt, and then secure the Joint #3 motor unit.

Z belt tension = 30 N (3.0 kgf) Joint #3

Motor unit

Force gauge

(5) Perform the calibration of Joint #3.
For details, refer to /3. Calibration.
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7.3 Replacing the Brake

Name Quantity Note
Maintenance
Electromagnetic brake 1 1543781
parts
width across flats: 1.5 mm 1 For M3 set screw
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench )
width across flats: 3 mm 1 For M4 screw
Tools width across flats: 4 mm 1 For M5 screw
Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 30 N (3.0 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 3

Joint #3 brake
Removal

Joint #3 brake
Installation

A brake is mounted on the Joint #3 motor to prevent the shaft from moving down due to the

weight of the end effector while the power to the Controller is OFF or while the motor is in

OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

(1) Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

When the brake release switch is pressed, the brake of the Joint #3 is released.

Be careful of the shaft falling while the brake release switch is being pressed because

the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Refer to 7.1 Replacing Joint #3 Motor, Removal step (4) to (11) and remove the brake

hub from the Joint #3 motor.

(5) Remove the brake from the brake plate.

(1) Mount the brake on the brake plate.

(2) Referto 7.1 Replacing Joint #3 Motor, Installation step (1) to (11) and mount the Joint
#2 motor unit to Arm #2 after the brake hub is replaced.

(3) Perform the calibration of Joint #3.
For details, refer to /3. Calibration.
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7.4 Setting the Mechanical Stop of Joint #3

50

NOTE

&

NOTE

NOTE

This method applies only to the Standard-model Manipulator (G1-***S*).
For the Cleanroom-model (G1-***C*), the motion range set with the Joint #3 mechanical

stop cannot be changed.

(1) Turn ON the Controller and turn OFF the motors using the Motor OFF command.

(2) Push up the shaft while pressing the brake release Brake

switch. release
switch |

When you press the brake release switch, the shaft
may lower due to the weight of the end effector.
Be sure to hold the shaft by hand while pressing the
button.

= Shaft

(3) Turn OFF the Controller.
(4) Remove the Arm Top Cover.
For details, refer to GI manipulator - 3.1 Arm Top Cover.
(5) Loosen the lower limit mechanical stop screw. (2-M3x4 set screws)

A mechanical stop is mounted on both the top and bottom of Joint #3. However,
only the position of the lower limit mechanical stop on the top can be changed. Do
not remove the upper limit mechanical stop on the bottom because the calibration
point of Joint #3 is specified using the stop.

(6) The upper end of the shaft defines the .
maximum stroke. Move the lower limit Measure th% =

distance.

mechanical stop down by the length you

want to limit the stroke. 2-M3x4
set screw

For example, when the lower limit

mechanical stop is set at “100 mm” stroke,

the lower limit Z coordinate value is H
“~100”. To change the value to “~80”, e —
move the lower limit mechanical stop || |

I

. n I ﬁ
down “20 mm”. Use calipers to measure Mg '
the distance when adjusting the i ﬁ

mechanical stop.

(7) Firmly tighten the lower limit mechanical stop screw (2-M3x4 set screws) not to let it
enter the shaft groove.
Recommended tightening torque: 1.5 N-m (16 kgf-cm)

(8) Mount the Arm top cover to the base.
For details, refer to GI manipulator - 3.1 Arm Top Cover.

(9) Turn ON the Controller.
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(10) Move Joint #3 to its lower limit while pressing the brake release switch, and then check
the lower limit position. Do not lower the mechanical stop too far. Otherwise, the
joint may not reach a target position.

(11) Calculate the lower limit pulse value of the pulse range using the formula shown below
and set the value.

The result of the calculation is always negative because the lower limit Z coordinate
value is negative.

Lower limit of pulse (pulse)

= lower limit Z coordinate value (mm) / Resolution (mm/pulse)

** For the Joint #3 resolution,
refer to Appendix A: Specifications.

Execute the following command from the [Command Window]. Enter the calculated
RC+ value in X.
>JRANGE 3,X%,0 ' Sets the pulse range of Joint #3
(12) Using the Pulse command (Go Pulse command), move Joint #3 to the lower limit
position of the pulse range at low speed. If the mechanical stop range is less than the
pulse range, Joint #3 will hit the mechanical stop and an error will occur. When the
error occurs, either change the pulse range to a lower setting or extend the position of
the mechanical stop within the limit.

NOTE If it is difficult to check whether Joint #3 hits a mechanical stop, turn OFF the Controller
& and lift the arm top cover to check the condition causing the problem from the side.
Execute the following commands from the [Command Window]. Enter the value
RC+ calculated in Step (10) in X.

>MOTOR ON 'Turns ON the motor
>SPEED 5 'Sets low speed
>PULSE 0,0,X%,0 ' Moves to the lower limit-pulse position of Joint #3.

(In this example, all pulses except those for Joint #3 are “0”.
Substitute these “0Os” with the other pulse values specifying
a position where there is no interference even when lowering
Joint #3.)
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8. Joint #4

/N

WARNING

Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

52

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

Joint #4 motor

U belt
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8.1 Replacing Joint #4 Motor

Name Quantity Note
Maintenance
parts AC Servo Motor (50 W) 1 1533642
width across flats: 2 mm For M4 set screw
Hexagonal wrench | width across flats: 2.5 mm For M3 screw
width across flats: 3 mm For M4 screw
Tools Cross-point screwdriver

Nippers

For cutting wire tie

Force gauge

Belt tension 30 N (3.0 kgf)

Suitable cord (Length about 800 mm)

— |t |t | [ |t |

For belt tension

Joint #4 motor
Removal

A brake is mounted on the Joint #3 motor to prevent the shaft from moving down due to the

weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

(1)
@

)
“)

)
(6)

()

®)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

When the brake release switch is pressed, the brake of the Joint #3 is released.

Be careful of the shaft falling while the brake release switch is being pressed because
the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.
For details, refer to 3.1 Arm Top Cover.

Cut off the wire tie used for binding the motor cables to the Joint #4 motor.

Disconnect the connectors.
Connectors: X241, X41, X64 (Hold the clip to remove.)

Remove the user plate.
For details, refer to 3.4 User Plate.

Remove the Joint #4 motor unit from Arm #2.

Unscrew the bolts securing the Joint #4 motor to
the motor plate. Remove the Ul belt from the
pulley. Pull the motor unit upward to remove.
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(9) Remove the motor from the Joint #4 motor
housing.

(10) Remove the pulley from the Joint #4 motor.

There is a brass bushing in one of the set screw
holes. Be careful not to lose it.

~~ Pulley
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Joint #4 motor (1) Mount the pulley to the new Joint #4 motor.
Installation

Be sure to fit the edge of the pulley to the edge
of the motor shaft.

Tighten one of the set screws on the flat face of
the motor shaft until the screw just touches the
surface.

Insert a bushing into the other set screw hole to
prevent damage to the motor shaft. Then,

tighten both set screws.

(2) Mount the housing to the Joint #4 motor.

(3) Place the Joint #4 motor unit in the arm so that
the motor cable faces toward the back of the arm.

(4) Place the belt around the Ul pulley and the U2
pulley so that the gear grooves of the belt are fit
into those of the pulleys completely.

(5) Loosely secure the Joint #4 motor unit to Arm
#2.

NOTE Make sure the motor unit can be moved by hand,
& and it will not tilt when pulled. If the unit is
secured too loose or too tight, the belt will not

have the proper tension.

U1 pulley
U2 pulley
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56

(6) Apply the proper tension to the U1 belt, and then
secure the Joint #4 motor unit.

To do so, pass a suitable cord or string around the
Joint #4 motor unit near its mounting plate.
Then, pull the cord using a force gauge or similar
tool to apply the specified tension.

U belt tension = 30N (3.0 kgf)

» Motor unit

=7

ﬁ Force gauge

(7) Connect the connectors.
Connectors: X241, X41, X64

(8) Mount the user plate.
For details, refer to 3.4 User Plate.

(9) Re-bundle the cables in their original positions with a wire tie removed in step (5).

Do not allow unnecessary strain on the cables.

(10) Install the arm top cover and the arm bottom cover.
For details, refer to 3.1 Arm Top Cover.

(11) Perform the calibration of Joint #4.

For details on the calibration method, refer to /3.

Calibration.
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8.2 Replacing the Timing Belt

Name Quantity Note
Maintenance | U belt 1 1522134
parts Z belt 1 1522129
Hexagonal width across flats: 2.5 mm 1 For M3 screw
wrench width across flats: 3 mm 1 For M4 screw
Cross-point screwdriver 1
Tools ; . T
Nippers 1 For cutting wire tie
Force gauge 1 Belt tension: 30 N (3.0 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
A brake is mounted on the Joint #3 motor to prevent the shaft from moving down due to the
weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).
Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps from (1) to (3).
U belt (1) Turn ON the Controller.
Removal

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

When the brake release switch is pressed, the brake of the

Joint #3 is released.

Be careful of the shaft falling while the brake release switch is being pressed because

the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Remove the arm top cover and the arm bottom cover.
For details, refer to
3.1 Arm Top Cover.

(5) Loosen the bolts securing the Joint #4 motor unit.

(6) Remove the U belt from the Ul pulley.

(7) Remove the Z belt.

For details, refer to 7.2 Replacing the Timing Belt, Z belt Removal step (4) to (6).

(8) Remove the U belt.

Hold the ball screw nut up and pull out the U belt
upward from the shaft.
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NOTE
(&>  Whentightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
U belt (1) Pass anew U belt through the shaft from above, and then pass a new Z belt too. Place
Installation them under the ball screw nut.
(2) Loosely secure the ball screw nut to Arm #2.
After moving the shaft up and down several times, secure the ball screw nut to Arm
#2.
(3) Place the U belt around the U1 pulley and the U2 pulley so that the gear grooves of the
belt are fit into those of the pulleys completely..
(4) Place the Z belt around the Z1 pulley and the Z2 pulley so that the gear grooves of the
belt are fit into those of the pulleys completely.
(5) Loosely secure the Joint #3 motor unit and Joint #4 motor unit to Arm #2.
Make sure the gear grooves of the belt are fit into those of the pulleys completely.
NOTE  Loosely secure the units to Arm #2 so that the motor unit can be moved by hand, and it
&~ will not tilt when pulled. If the units are secured too loose or too tight, the belt will
not have the proper tension.
(6) Apply the proper tension to the Z belt, and then Joint #3
secure the Joint #3 motor unit. motor unit
To do.so, pass a sulta.ble cor.d or strln.g around 2-Mdx12
the Joint #3 motor unit near its mounting plate.
Then, pull the cord using a force gauge or
similar tool to apply the specified tension.
Force gauge
Z belt tension = 30N (3.0 kgf)
(7) Apply the proper tension to the U belt, and then
secure the Joint #4 motor unit. 5
To do so, pass a suitable cord or string around \ Joint #4
the Joint #4 motor unit near its mounting plate. Motor unit
Then, pull the cord using a force gauge or
similar tool to apply the specified tension. ‘\
ion = =e =
U belt tension = 30N (3.0 kgf) 4-M4x12 + washer
Force gauge
(8) Install the arm top cover and the arm bottom cover.
For details, refer to 3.1 Arm Top Cover.
(9) Perform the calibration of Joints #3 and #4.
For details on the calibration method, refer to /3. Calibration.
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9. Bellows

NOTE

=

The bellows for 4-axis spec are provided in a unit of one piece.

The bellows for 3-axis spec are provided in a unit of two pieces.

The shape varies between the upper and lower bellows.

A large amount of dust is emitted when replacing the bellows.
Take the Manipulator to an outer room such as the room in front of the clean room’s entrance,

or take the necessary countermeasures to prevent dust emission before removing the bellows.

Name Quantity Note

For each manipulator model

Maintenance Bellows 1 (Refer to

parts 14.G1 Maintenance Parts List.)
Tools Cross-point screwdriver 1
Gasket Liquid gasket 1206C 1
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9.1 Replacing the Bellows (4-axis spec)

Bellows (1) Stop motor excitation. (MOTOR OFF)
Removal

] (2) Remove the end effecter.
(4-axis spec)

(3) Remove the wires and tubes from the end effector.

(4) Loosen the two clamp bands on bellows.

(5) Remove the bearing case.

(6) Loosen the set screw of fixing ring.

Remove the fixing ring and bearing.

(7) Remove the bellows and the plate securing the bellows.

(8) Pull out the bellows from the bellows plate.

60

Fixing ring

Bellows plate
4-M3x6
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NOTE
(&  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Bellows (1) Press the brake release switch and move the shaft to the point 10 mm~20 mm down
Installation from the upper limit.

(4-axis spec) (2) Insert the flat part of bellows into the bellows plate.

(3) Mount the bellows and bellows plate on the arm.

Bellows plate

4-M3x6
(4) Wipe off the old liquid gasket from the upper limit
mechanical stop, and then apply new liquid gasket to it
. °®
lightly. ®
Apply the liquid gasket to the whole bottom surface of 53
the mechanical stop. @© c

Liquid gask:t

(5) Insert the bearing and fixing ring from below the
shaft and secure the bearing fixing ring by

pressing it upward.

When securing the fixing ring, make sure the set
screw does not touch the spline groove.
Bearing Liquid gasket

(6) Wipe off the old liquid gasket from the inside N1
surface of bearing case, and then apply new liquid Bearing ~
.1 case 2-M13x3
gasket to it lightly. Fixing ring

Insert it into the shaft from below.

Apply the liquid gasket to the whole inside surface
of the bearing case.

(7) Insert the bellows lower part into the bearing case and secure with the clamp band.
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9.2 Replacing the Bellows (3-axis spec)

Bellows (1) Stop motor excitation. (MOTOR OFF)
Removal

] (2) Remove the end effector.
(3-axis spec)

(3) Detach the wires/tubes from the end effector.

(4) Loosen the two clamp bands on each | Clamp band screw on upper bellows

bellows.

(5) Remove the plate securing the lower ]

bellows.
(6) Pull out the lower bellows, bellows plate, and slzltlgws
clamp band from the shaft. U‘ 4-M3x8
L | |
b

Clamp band

screw on

lower bellows

(7) Pull out the lower bellows from the bellows plate.
(8) Press the brake release switch and move the shaft to its lower limit.

(9) Remove the arm top cover.
For details, refer to 3. Covers.

(10) Remove the plate securing the upper bellows.
Bellows plate

Remove the set screw from inside of the arm top A-M38
-M3x
cover while pressing the nut. \{
4-M3 nut

JL

(11) Pull out the upper bellows from the bellows plate.
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Bellows (1) Pass the flat part of the upper bellows through
Installation the bellows plate and put the bellows and arm Bellows plate

(3-axis spec) top cover between two bellows plate and 4'M3X8¥
1
secure them. 4-M3 nut

Press the nut and remove the set screw from
inside of the arm top cover.

(2) Mount the arm top cover.
For details, refer to 3. Covers.

(3) Pass the flat part of the lower bellows

Clamp band screw on upper bellows
through the bellows plate and put the bellows

between the bellows plate and Arm #2

bottom surface and secure it.

(4) Secure the cylinder side of two bellows with A
clamp bands. ’ \
Bellows

To attach the upper bellows, move the shaft plate

. .. 4-M3x8
to its lower limit. |
To attach the lower bellows, move the shaft = = =
to its upper limit. Clamp band

screw on

Press the brake release switch and move the lower bellows

shaft up/down.
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10. Ball Screw Spline Unit

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

NOTE

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

A brake is mounted on the Joint #3 motor to prevent the shaft from moving down due to the

weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps from (1) to (3).

Name Quantity Note
Maintenance Each manipulator model
Ball Screw Spline Unit 1 (Refer to 14. GI Maintenance
parts parts list)
. . Proper
Grease For Ball Screw Spline Unit (AFB grease) quantity
. Proper
Gasket Liquid gasket 1206C quantity
Hexagonal wrench 1 For M3 screw
(width across flats: 2.5 mm)
Torque wrench 1
Ni 1 F tti ire ti
Tools ppers or cu 1r'1g wire tie
Force gauge 1 Belt tension 30 N (3.0 kgf)
Suitable cord (Length about 1000 mm) 1 For belt tension
Wiping cloth ! For wiping grease (Spline
shaft)
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10.1 Replacing the ball screw spline unit (4-axis spec)

Ball screw (1)
spline unit

P )
Removal

(4-axis spec)

)

(4)

)

(6)

()

)

)

(10) Remove the nut mounting screws of the ball screw

Turn ON the controller power.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

Be careful of the shaft falling while the brake release switch is being pressed because
the shaft may be lowered by the weight of an end effector.

Turn OFF the controller power.
Detach the wires/tubes from the end effector, and remove the end effector.

This step is only for Cleanroom-model.
Remove the bellows.

For details, refer to 9. Bellows.
Remove the arm top cover.

For details, refer to 3. Covers.
Remove the Joint #3 motor unit.

For details, refer to 7.1 Replacing Joint #3 Motor.

Remove the Joint #4 motor unit from Arm #2.
For details, refer to 8.1 Replacing Joint #4 Motor.

Remove the U belt and Z belt.

Remove the bolts securing the ball screw nut.
Hold the ball screw nut up and remove the U belt
and Z belt from the shaft by pulling them up.

spline shaft on the lower part of Arm #2.

(11) Pull out the ball screw spline unit from Arm #2.

Remove the ball screw nut from the Arm #2 bottom plate and pull out the ball screw
spline unit toward the cutout of the Arm #2 upper plate (front).
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10. Ball Screw Spline Unit

NOTE

&

Ball screw
spline unit
Installation
(4-axis spec)

66

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) Pass the U belt and Z belt through the shaft and
mount the ball screw spline unit to Arm #2.

Attach the spacer to the lower part of spline unit and
align two holes in the spacer and in the Arm #2
bottom plate.

(2) Secure the nut mounting screws of the ball screw
spline shaft on lower side of Arm #2.

(3) Loosely secure the ball screw nut to Arm #2.

After moving the shaft up and down several times,
secure the spline plate to Arm #2.

(4) Mount the Joint #3 motor unit.
For details, refer to 7.1 Replacing Joint #3 Motor.

(5) Mount the Joint #4 motor unit.
For details, refer to 8.1 Replacing Joint #4 Motor.

(6) If the position of the lower limit mechanical stop was changed for area limit, secure it
to the proper position.

(7) Grease the shaft.
For details, refer to 10.1. Greasing the Ball Screw Spline Unit.

(8) Mount the arm top cover.
For details, refer to 3. Covers.
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(9) Turn OFF the controller power and peripheral equipment.
(10) This step is only for Cleanroom-model.

Install the bellows.
For details, refer to 9. Bellows.

(11) Mount the end effector, and connect wires and tubes to the end effector.

(12) Perform the calibration for the Joints #3 and #4.
For details, refer to 13. Calibration.
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10.2 Replacing the ball screw spline unit (3-axis spec)

Ball screw (1) This step is only for Cleanroom-model.
spline unit Loosen the screw of bellows fixing ring and pull it out to the lower shaft.
Removal

For details, refer to 9.2 Replacing the Bellows (3-axis spec), removal step (1) to
(3-axis spec) ().

(2) Remove the arm top cover and Joint #3 motor unit.
For details, refer to 10.2.1 Replacing the ball screw spline unit (4-axis spec), removal
step (1) to (7).

(3) Remove the screw securing the upper side of support
shaft.

(4) Loosen the screw securing the lower support guide
to the shaft. Pull out the support guide and support
shaft downward.

(5) Remove the screw securing the ball screw nut and | Ball screw nut _
spline nut.

(6) Pull out the U belt and ball screw spline unit from Arm #2.
For details, refer to 10.2.1 Replacing the ball screw spline unit (4-axis spec), removal
step (9) to (11).
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NOTE

=

Ball screw
spline unit
Installation
(3-axis spec)

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) Remove the screw securing the upper side of support shaft
and loosen the screw securing the lower support guide.

Remove the lower support guide and support shaft from the
new ball screw spline shaft.

Make sure the spline nut will not fall out from the shaft.

(2) Mount the ball screw spline unit from which the support
shaft and lower support guide have been removed.

For details, refer to 7/0.2.1 Replacing the ball screw
spline unit (4-axis spec), installation step (1) to (4).
The U belt is not equipped for 3-axis spec.

(3) Mount the support shaft and lower support guide removed
in the step (1) through below Arm #2.

When inserting the support shaft into the arm, pass the
support shaft near the Joint #4 motor unit through the U
belt.

Loosely secure the upper side of support shaft to the upper support guide. After
moving the shaft up and down several times, secure the set screw on the upper side of
shaft, and then secure the set screw of the lower support guide.

(4) This step is only for Cleanroom-model. Apply

.. .. liquid gasket here.
Apply the liquid gasket to the inside of bellows

fixing ring and insert it from below the shaft and

secure it.

16

When securing the bellows fixing ring, make sure it
does not touch the spline groove.

(5) Mount the Joint #3 motor unit.
For details, refer to 7.1 Replacing Joint #3 Motor.

(6) Grease the shaft.
For details, refer to /0. 1. Greasing the Ball Screw Spline Unit.

(7) This step is only for Cleanroom-model.

Install the bellows.
For details, refer to 9. Bellows.

(8) Mount the arm top cover.
For details, refer to 3. Covers.

(9) Turn OFF the controller power and peripheral equipment.
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(10) Mount the end effector, and connect wires and tubes to the end effector.

(11) Perform the calibration for the Joints #3 and #4.

For details, refer to /3. Calibration.
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11. Lithium Batter

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

AN

WARNING

m Use meticulous care when handling the lithium battery. Improper handling of the

®m When disposing of the battery, consult with the professional disposal services or

lithium battery as mentioned below is extremely hazardous, may result in heat
generation, leakage, explosion, or inflammation, and may cause serious safety
problems.

<Improper Handling>

Battery Charge *Deformation by Pressure

Disassembly * Short-circuit (Polarity; Positive/Negative)
*Incorrect Installation  -Heating (85°C or more)

*Exposing to Fire Soldering the terminal of the lithium battery directly

*Forced Discharge

comply with the local regulation.

Spent battery or not, make sure the terminal is insulated. If the terminal contacts
with the other metals, it is extremely hazardous, may result in heat generation,
leakage, explosion, or inflammation, and may cause serious safety problems.

In case of the low lithium battery power, the error to warn the voltage reduction occurs at
the Controller startup (the software startup). All position data will be lost and you will

need to calibrate all joints.

The life span of the lithium battery varies depending on the energizing hours and
installation environment of the Controller. It is about 3 years as a rough guide (when the
Controller is connected to power for 8 hours a day). When the Controller is not
connected to power, the battery consumption will significantly increase compared to when
the Controller is energized. If warnings of voltage reduction occur, replace the lithium
metal battery even if it has not reached the above product life.
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NOTE  For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
& recommended replacement time for the battery can be checked in the [Maintenance] dialog
box of the EPSON RC+ 7.0.
For details, refer to the following manual.
RC700 series Maintenance Manual 6. Alarm

The battery may run out if it passes the recommended replacement time.

If no warnings of voltage reduction occur, the calibration for all joints is not necessary. You
need to perform calibration if the position moves from the originals after replaced the battery.

Always use the lithium battery and battery board designated by us.
(Refer to /4. GI Maintenance Parts List.)

Be careful of the battery polarity to connect it correctly.

Name Quantity Note
Maintenance | Battery unit (Lithium battery) 1 2117879

parts Battery board (No Lithium battery) 1 2126750

Nippers 1 For cutting wire tie
Tools . ) For M4 screw

Hexagonal wrench (width across flats: 3 mm) 1 (For replacing battery board)

Material Wire tie 2 For ﬁx¥ng battery unit (battery)
2 For fixing cable
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1.1

Battery unit
(lithium battery)
Removal

(M
@

3)

NOTE

=

“)

NOTE

®)

NOTE

Battery unit
(lithium battery)
Installation

(1

3)
“4)

®)

G series Maintenance Rev.2

Replacing the Battery Unit (Lithium Battery)

Turn OFF the controller power.

Remove the screw securing the battery plate.

Lift the battery plate upward.

The lithium battery is fixed to the under the
battery plate.

Connect the connector of the new lithium battery to
the battery board.

User the unused connector of the two connectors
X60A, X60B on the upper part of the battery board.

Be sure to connect the connector of the new battery
before disconnecting the old battery. If the current
battery is disconnected before connecting the new
one, the robot will lose the origin position data and

the calibration must be executed again.

Except when the Power-Low warning is appearing.

Cut off the wire tie binding the lithium battery to the battery plate and remove the
lithium battery.

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon
Socket Head Cap Bolts.

Mount the new lithium battery to the battery plate using wire tie.

Mount the battery plate to the base.
Turn ON the controller power.

Check if the Manipulator moves to points (poses) correctly.
To do so, select 2 points (poses) or more from the registered points (poses) and move

the Manipulator to the points (poses).

If the Manipulator does not move to the points (poses) correctly, perform the calibration
of all joints and axes.

For details, refer to /3. Calibration.
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11.2 Replacing the Battery Board

After battery board and parts have been replaced (motors, reduction gear units, brakes,
timing belts, ball screw spline unit, etc.), the Manipulator cannot operate properly because
a mismatch exists between the origin stored in each motor and its corresponding origin
stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

Battery board (1) Remove Arm #1 from the base.

Removal Place the removed Arm #1 on the floor without

giving any shock.

(2) Remove the connector plate.
For details, refer to 3.2 Connector Plate.

(3) Remove the Joint #1 flange by removing the
whole Joint #1 unit.

The base and Joint #1 flange are aligned by the
positioning pin.
Be sure to keep the positioning pin.

(4) Disconnect the connectors X61, X62, X63, and
X64 connected to the battery board.

X60B X60A
(5) Loosen the screws securing the battery board and |
= =y
remove the battery board. g
(6) Disconnect the connector X60 (Lithium battery) X64 X62 'E
connected to X60A or X60B. d
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NOTE
(&  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Battery board (1) Mount the new battery board and connect the
Installation connector X60 to X60A or X60B.
Secure the board with screws. 60B X60A
i = \r- /=
(2) Connect the connectors. X63 X1 T
Connectors: X61, X62, X63, X64 X64 X62 E

(3) Mount the Joint #1 flange on the base.

When mounting the base and Joint #1 flange, their
positions are determined by the positioning pin.

Be careful not to catch cables when mounting the
flange.

(4) Mount the Arm #1 on the base.

(5) Mount the connector plate.
For details, refer to 3.2 Connector Plate.

(6) Perform the calibration of all joints.
For details, refer to /3. Calibration.
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12. LED Lamp

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
systemis turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

® To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

Name Quantity Note
Maintenance
LED Lamp 1 2125880
parts
Cross-point screwdriver 1 For removing wire
Tools .
Nippers 1
Material Wire tie 1
LED Lamp (1) Turn OFF the controller power.
Removal (2) Remove the arm top cover.
For details, refer to 3. Covers.
(3) Disconnect the connector.
Connector: X22
(4) Remove the lens and lens holder.
Turn them counterclockwise to remove.
(5) Remove the LED and ring from the user plate. %: ens holder
To remove the ring, turn it counterclockwise. 7
Ring

LED Lamp (1) Mount the LED on the user plate.
Installation

76

(2) Put the arm top cover between the ring and lens holder, and then secure the LED to the
user plate.

(3) Mount the lens.
Connector: X22.

Connect the connector.

(4) Mount the arm top cover.
For details, refer to 3. Covers.
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13. Calibration

13.1 About Calibration

After parts have been replaced (motors, reduction gear units, timing belts, etc.), the
Manipulator cannot execute the positioning properly because a mismatch exists between the
origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”. Note that calibration is not
the same as teaching*.

*: “Teaching” means to teach the Controller coordinate points (including poses) anywhere
in the operating area of the Manipulator.

AN

WARNING

To ensure safety, a safeguard must be installed for the robot system.
For details on the safeguard, refer to EPSON RC+ User’s Guide: 2.4 Installation
and Design Precautions.

Before operating the robot system, make sure that no one is inside the
safeguarded area. The robot system can be operated in the mode for teaching
even when someone is inside the safeguarded area.

The motion of the Manipulator is always in restricted (low speeds and low power)
status to secure the safety of an operator. However, operating the robot system
while someone is inside the safeguarded area is extremely hazardous and may
result in serious safety problems in case that the Manipulator moves
unexpectedly.

Command Input
Calibration procedures include the process to input commands. Select EPSON RC+ menu-
[Tools]-[Command Window] to use the command window.

The information above is omitted in the calibration procedure.

Jog Motion

The process to set the jog motion is included in the [Jog & Teach] page of the Robot Manager.
Select EPSON RC+ menu-[Tools]-[Robot Manager] and select the [Jog & Teach] tab to use
the [Jog & Teach] page.

The page above is indicated as [Jog & Teach] in the calibration procedure.

G series Maintenance Rev.2 77



G1 Maintenance 13. Calibration

13.2 Calibration Procedure
EPSON RC+ has a wizard for calibration.

This section indicates the calibration using the calibration wizard of EPSON RC+.

The same calibration procedure is used for each joint.

The steps below are calibration using Joint #1. Follow the steps below to calibrate other
joints.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2.  For details, refer to /3.3 Accurate
Calibration of Joint #2.

When calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.  You cannot
calibrate Joint #4 alone because of the structure of the Manipulator.

NOTE If Err9716 or 5016 (Power supply failure of the absolute encoder. Replace the battery.

(&=  Check the robot internal wiring) occurs, apply the procedure of /3.4 Calibration Procedure
without using Calibration Wizard - 3. Encoder Initialization and then, start the calibration
wizard.

The reference point (a point to check the accuracy) needs to be specified for calibration.

(1) Start the calibration wizard.
i. Select EPSON RC+ menu-[Setup]-[System Configuration].
ii. Select the [Robot]-[Robot**]-[Calibration].

NOTE Only selected robot can be calibrated.

iii. Select the joint and click the <Calibrate...> button.

Systemn Configuration 7 Y
- Statup - Robat 1: Calibration o
[=I-Controller Caution: Calibration may change point locations

--General
- Configuration Joint To Calibrate: | 1w | L%alibrate... i
- Preferences
- Simulator Calibration Joint Accuracy
g Drive Unks Walues are in encoder pulses
- Robots P
=)+ Robot 1 Joint CalPls Hafs
|~ Hodd 10
: Colfdigu.ration 2 )
i Calibration 3 0
- Mmiplifiers 0
H- Inputs / Outputs
- Remate Control
Load Cal... Save Cal...

H-TCP /P
H- Force Sensing

&
£
[H-RS232
£
£
I3

W

.

< >
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(2) Confirm the warning message and click the <Yes> button.
EPSON RC+ 7.0

To perfarm a calibration using the wizard, a previously taught reference point is required in the current project.

If you do not have a reference point, then you cannot use the wizard and you must Follow the steps For manual
calibration in your robot manual,

Do vou have a previouslky kaught reference point in the current project?

[ = ] [ Mo ]

(3) Move the joint to calibrate manually to approximate 0 pulse position, as shown in the
dialog. After moving the joint click the <Next> button.

Calibration Wizard:

Step 1: Move To Zero Pulse Position

Move Joint 1 to its approximate zero pulse

o ! IPy—— position by hand
.’
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0 pulse position of Joint #1:
position aligned with X-axis in
Robot coordinate system

0 pulse

0 pulse position of Joint #2:
position where Arms #1 and #2
are in a straight line
(Regardless of the Joint #1
direction.)

0 pulse position of Joint #3:

upper limit position in motion mmar=l

range

=

The height of Joint #3 depends on manipulator model.

P t’ﬂ

I H Hl| e o)
«© -
= bl e < N}
& &
Standard model Cleanroom model

0 pulse position of Joint #4:
position where the flat surface

(or screw hole 1) on the shaft

faces toward the tip of Arm #2

= N
s

Screw hole 2 Screw hole 1 and flat surface are located

Screw hole 1 in the center of the shaft.
Flat surface .
Screw hole 1 and 2 are located at right

angles to one another.
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(4) Click the <Yes> button to reset the encoder.
EPSON RC+ 7.0

The encoder For joint 1 will now be reset.

Continue?

* This window will disappear when the Controller starts up.

(5) Reboot the Controller.

EPSON RC+ 7.0

Restarting Controller

[!Illllll ]

. Cloze

* This window will disappear when the Controller starts up.

(6) Select the reference point to use for calibration, and click the <Next> button.
Calibration Wizard: Joint 1

Step 2: Select Reference Point

Select a reference point to use for calibration

Paint File: | Puoints. ps A |

Select a point from the
current points to use for
checking the accuracy.

Paint; | PO - Referencel

Cancel ] ’ < Back ] ’ Mext »
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(7) Click the <Jog...> button to display the [Jog & Teach] dialog.

Calibration Wizard: Joint 1

Step 3: Jog to reference paint

The center
of the shaft

Calibration jig at the
. end of the shaft g H
{Example) Jog the robot until the end effectar is near

the reference point for raugh calibration

>5"_1_—— Target point

[ Cancel ] [ < Back l Jog...

(8) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for
rough calibration. Then click the <OK> button.
* Before operating the robot, open the [Jog & Teach] tab and execute <Motor ON>.

™ Calibration Wizard: Jog

locat 0 » Tool 0 « AmOD = ‘mgﬁ

Jog & Teach | Control Panel

Jogg rg Current Pogition
J1 deg) J2 o) 43 (mm)
Mode Jomt W Speed low v I 0-:m| | um| [ OIIIJ] O World
J o) ®[Lomt
i o i [___oom] | ] [ ] © Puise
J1 42 +J3
Current A m Ormnitaton
<A == I Hard ]
«J1 2 43 [ Faghty | | | [ ] D
=~ &= P~ Jog Distance
J4 J5 J6 Jl dog) 2 Geg) Bmm O Continuous
1.000 1.000 1.000 O Lore
o0 o &N M deg) () Medum
+J4 +J5 wJ6 1.000 O Short

Jog To Reference Point

[ ox ][ cowe |
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(9) Click the <Next> button.

Calibration Wizard: Joint 1

Step 3 Jog to reference paint

The center
«of the shaft
Calibration jig at the
he Sh . .
- — f:”fa_ﬂ;; shafl Jog the rabat until the end effectar is near
l 2 : the reference point for rough calibration
>.ﬁ{:—— Target point

’ Cancel ] [ < Back ] [ Mesxt » ]’ Jog...

(10) The manipulator moves to the reference point.

Click the <Execute> button.

Calibration Wizard: Joint 1
Step 4: Move to Reference Paint

1. Select or enter motion command to move near the reference point

2. Click Execute

X

Motion command to move to reference point:

el

@ Predefined: | Jump PD:Z(0) v

Input JUMP P0O:z (0).

Point selected in step (6)

(s wustom: Go PO

(11) Confirm the message and click the <Yes> button.

EPSON RC+ 7.0

Ready ko mave robat ta the reference point?

\.\/
.t
(If necessary, the motors will be turned on and all axes will be locked before executing mation. )

[ s ] [ o]
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(12) After the manipulator moves to the reference point, click the <Next> button.

Calibration Wizard: Joint 1

Step 4: Move to Reference Point

1. Select or enter motion command to move near the reference point

2. Click Execute

Motion command to move to reference point:

(®) Predefined: Jump PO -Z(0) ~

(O Custom: GCo PO

Cancel < Back Next >

? x

(13) Jog to the accurate reference position. Click the <Jog> button.

Calibration Wizard: Joint 1

Step 5: Jog to reference point

The center
of the shaft

>3 —— Target point

Cancel < Back Jog...
| =

Calibration jig at the
__end of the shaft
{Example) Jog_(he robot to the exact reference
position
ot
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(14) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for
rough calibration. Then click the <OK> button.

|n‘ Calibration Wizard Jog

locat 0 » Took 0 « Amo0 - @[3

Jog & Teach | Control Panel
Joggre Carrent Position
J1 e J2 o) I3 (mam)

Mode [Jont_ ] Speed[lom ¥ [ oom) [_oom] o] O
M deg) @ Jomt
-~ e 1 [ oooo] | ) | © Puke
J1 J2 w3
Current Arm Ormntation
=" =] 2 Hared ]
w1 2 J3 [ Rty ]| ] [ ] D
—d 1 ] Jog Distance
44 J5 J6 J g} Reg) Blam O Continuous
1.000 1.000 1.000 OLW
o | o H o) ® Medum
4 +J5 +J6 1000 O ghort

Jog To Reference Point
[ 0K ] [ Cancel ]

* Position Joint #2 only and move Joint #3 to around 0 pulse.

(15) Click the <Next> button.
Calibration Wizard: Joint 1

Step 5: Jog to reference point

The center
of the shaft
Calibration jig at the
- fé‘fa",“fp"?: sah Jog the robot to the exact reference
. ' position

\
>
Ny~ Target point
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(16) Execute the procedure in “Calibration Using Right / Left Arm Orientations” to
accurately calibrate Joint #2 only.
* Go on to the step (17) for the other joints calibration.

i. Move to another point that has different pose (from righty to lefty) using Jump
command. Click the <Yes> button.

EPSON RC+ 7.0

9 "Warning
P

The robot will jump ko the opposite arm orientation.

2K ko conkinue?

ii. Jog to the accurate reference position. Click the <Jog> button.
Calibration Wizard: Joint 2

Step B: Jog to reference point

The center
of the shaft

Calibration jig at the

— fE”faf;p"l‘; shaft Jog the robat to the exact refersnce
posihion
>ﬁ.—.1;—_ Target point
[ Cancel ] [ < Back ] Jog...

i1i. Jog to the accurate reference position and adjust the position. Click the <OK> button.

Calibration Wizard Joe

locat 0 v Took 0 v Am 0 v @[553

Jog & Teach | Control Panel

Joggrg Current Position
J1 (deg) B2 (deg) 3 {mm)
Mode: Jomt v  Speed Llow v I_ U'Iﬂl | DUII| [ OmEﬂJJ O World
4 dee) ®| Jomt
- - s [___oooo] | ) [ | ©Puke
J1 42 +J3
Current Arm Orentation
«n o o Hand ]
+J1 +J2 43 | rRienty | | | | | D
1 P = Jog Distance
J4 J5 JE J1 (deg) J2 deg) B (mm) © Continuous
1,000 1.000 100 O Lors
o0 o o M (deg) &) Madum
«J4 +J5 J6 1000 O ghont

Jog To Reference Point

Lok ][ comcer ]
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iv. Click the <Next> button.

Calibration Wizard: Joint 2

Step B Jog to reference point

The center
of the shaft

Calibration jig at the
_.end of the shaft
- {Exampla} Jog_ t_he robot ko the exact reference
l position

>§{:—— Tarpet point

(17) Calibration is complete. Click the <Finish> button.

Calibration Wizard: Joint 1

Finish

Calibration for Joint 1 has been successfully completed

{ Cancel ] I < Back ]

(18) Move the manipulator to other points and check if it can move without problems.

Teach points where appropriate.
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13.3 Accurate Calibration of Joint #2

When coordinates for the Manipulator working point require calculation, it is important for

NOTE

Joint #2 to be calibrated accurately.

IF the calibration of Joint #2 is performed in /3.2 Calibration Procedure, configure

“Calibration Using Right / Left Arm Orientations” by the wizard.

The reference point is the center of the ball

screw spline shaft during this calibration.

When there is a misalignment between the
center of the end effector and the center of the
ball screw spline shaft, remove the end effector

and perform the calibration of the shaft.

Make a calibration jig as shown in the right
figure and attach it on the end of the shaft to
make the center of the shaft clear.

Decide a target point and mark a cross (x) on it
so that you can easily verify the center of the
shaft after switching the arm pose between right
and left.

The center of the shaft

There is a misalignment
between the center of
the end effector and the
center of the shaft.

The center
of the shaft
|
i
!
! Calibration jig at the
! end of the shaft
i — (Example)
i

>_éTarget point

After removing the end effector and performing the calibration, install the end effector and

move the Manipulator to the teaching point to verify whether there is a positional gap. If

there is a positional gap, fine-tune the installation position of the end effector and teach the

point again.

Coordinates for the working point requires calculation in the following cases:

- Teaching the working point by entering the coordinate values (MDI teaching)

- Switching the arm orientation between right and left at a given point

- Using the Pallet command

- Executing CP control (such as liner or circular interpolation)

- Using the Local command

- Pose data specified with relative coordinates <Example: P1+X(100) >

- Vision Guide camera calibrations
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Calibration Using Right / Left Arm Orientations

(1) Check the point data for calibration
Use a pose (point) you can easily verify the accuracy within the work envelop of both

right and left arm. And then check the number of pose (point) you want to use.
(2) Open the Tools menu | Robot Manager | Control Panel and click the MOTOR ON.

(3) Click the <Free All> button in the [Control Panel] to free all joints. Now, you can
move arms by hands.

(4) Move the arms to the position of point data for calibration in rightly arm orientation.

(5) From the current position, teach any point data number unused.
This point is now called P1.

Specify the point number “1”” and click the <Teach> button in the [Jog & Teach].
(6) Click the <Lock All> button in the [Control Panel] to lock all joints.
(7) Switch to the lefty arm orientation. Then, move the arm to the same point.

>Jump P1/L:Z(0) ' Change the arm orientation from righty to lefty

Z is the maximum position

* If there is interference on the way from right to lefty, click the <Free All> button in
the [Control Panel] and change the arm orientation to lefty by hands. Then, go to the

step (6), (7).
(8) The joints are slightly out of position.

Adjust the gap with the —Z in the Jogging group in the [Jog & Teach]. Then, teach
another point data number unused. This pose (point) is now called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].
(9) Input the new Hofs value.
>Hofs Hofs (1), Hofs (2) + (Ppls(P1l,2) + Ppls(P2,2)) /
2, Hofs (3), Hofs (4)

(10) From the current lefty arm orientation (the position in the step (8)), teach the point data
number used in the step (8). This pose (point) is called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].

(11) Switch to the righty arm orientation. Then, make sure the manipulator move to the

correct position.

>Jump P2/R ' Change the arm orientation from lefty to righty

* If there is any interference on the way from lefty to righty, click the <Free All> button
in the [Control Panel] and change the arm orientation to righty by hands. Then, go to
the step (6), (11).

(12) Move the manipulator to other point data and make sure it moves to the correct position.

Teach some more points if required.

* Delete the two points taught for the Joint #2 calibration.
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13.4 Calibration Procedure without using Calibration Wizard

NOTE This section indicates the calibration without using the calibration wizard of EPSON RC+.

&= For details of calibration using the calibration wizard, refer to /3.2 Calibration Procedure.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2. For details, refer to /3.3 Accurate
Calibration of Joint #2.

You cannot calibrate Joint #4 alone because of the structure of the Manipulator. When
calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.

NOTE The reference point (a point to identify the position of the manipulator) needs to be specified
&= for calibration.

Follow steps 1 to 6 described below in order to calibrate the origin.

1. Basic Pose Confirmation

(1)-1 After the part replacement, perform the calibration using the point data
currently registered.
Confirm the point data number (P*) to reconstruct the correct manipulator
position.

* Point data before the parts replacement (motor, reduction gear, belt, etc.) is
necessary for the calibration.

2. Part Replacement

(2)-1 Replace parts as dictated by this manual.

Be careful not to injure yourself or damage parts during part replacement.
3. Encoder Initialization
(3)-1 Turn ON the Controller when all joints are in the motion range.

(3)-2 Manually move the joint that needs origin alignment to its approximate 0 pulse

position.

0 pulse position of Joint #1:
position aligned with X-axis in

Robot coordinate system

§
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0 pulse position of Joint #2:
position where Arms #1 and #2
are in a straight line
(Regardless of the Joint #1

direction.)

0 pulse position of Joint #3:

upper limit position in motion L

range

o=

The height of Joint #3 depends on manipulator model.

P tﬂ

4 HJ| «© 1)
@ =
o .
Standard model Cleanroom model
0 pulse position of Joint #4:
position where the flat surface
(or screw hole 1) on the shaft —\ TN
: VNS
faces toward the tip of Arm #2 - A, 0 pulse
: “’
Screw hole 2—+__@. Screw hole 1 and flat surface are located
| Screw hole 1 in the center of the shaft.
5\ Flat surface

Screw hole 1 and 2 are located at right
angles to one another.

(3)-3 Connect EPSON RC+ to the Controller.

Select the robot to be calibrated. Input as below in the [Command
Window] and execute.
(This example uses “robot 17.)

> robot 1
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(3)-4 Execute the absolute encoder initialization command.

Input one of the following commands to [Command Window] according to the
joint being calibrated.

Joint #1: >EncReset
Joint #2: >EncReset
Joint #3: >EncReset
Joint #4: >EncReset

w w N

(3)-5 Reboot the Controller.

Select EPSON RC+ menu-[Tools]-[Controller] and click the <Reset
Controller> button.

EPSON RC+ 7.0

Restarting Controller

BRRERERRN

Close

* This window will be disappeared when the Controller starts up.

4. Rough Calibration

(4)-1 Execute the following command from the menu-[Tools]-[Command Window].

>calpls 0,0,0,0
* Manipulator does not move.

(4)-2 Execute one of the following commands according to the joint you want to
calibrate from the menu-[Tools]-[Command Window].

Joint#1 >calib 1
Joint#2 >calib 2
Joint#3 >calib 3
Joint #4 >calib 3, 4

5. Calibration (Accurate Positioning)

(5)-1 Turn ON the motors from the EPSON RC+ menu -[Tools]
-[Robot Manager]-[Control Panel].

(5)-2 Click the <Free All> button in the [Control Panel] to free all joints. Now, you
can move arms by hands.

(5)-3 Move the Manipulator by hand to a rough position/posture of the calibration
point data.

(5)-4 Create the data from the calibration point data.

Enter and execute the following command in [Command Window].
(In this example, P1 is used as the calibration point data.)

> Calpls Ppls(P1,1), Ppls (P1,2), Ppls (P1, 3),
Ppls (P1,4)
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(5)-5

(5)-6

(5)-7

Move the joint to the specified point using a motion command.

For example, when the specified point data is “P1”,
execute “Jump P1:Z(0)” from [Jog & Teach].

* The joint NOT being calibrated moves to the original position.

Accurately align the joint* being calibrated to the specified point using jog
commands.

* You must move Joint #3 and #4 to the position when calibrating Joint #4.
Select the jog mode [Joint] from [Jog & Teach] to execute the jog motion.
Execute the calibration.

Enter and execute one of the following commands in [Command Window]
according to the joint being calibrated.

Joint #1: >Calib 1
Joint #2: >Calib 2
Joint #3: >Calib 3
Joint#4: >Calib 3, 4

6. Accuracy Testing

(6)-1

G series Maintenance Rev.2

Move the Manipulator to another point to confirm that it moves to the same
position.

If it does not move to the same position, re-calibrate using another point. You
must set the point again if reproducibility cannot be assured through calibration.
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14. Maintenance Parts List

14.1 Common Parts

Part Name Code Old Code Note Reference Oveir1haul
Joint#1 | 1543776 R13B000621 5.1 v
AC Servo Joint #2 6.1 4
: 50 W
Motor Joint #3 | 1533642 R13B000619 7.1 v
Joint #4 8.1 v
Reduction Joint#1 | 1543777 R13B010026 52 v
Gear Unit Joint #2 | 1543778 R13B010027 6.2 v
Electromagn | . | 1543781 R13B030507 73 v
etic Brake
Joint #3 | 1522129 RI3B030226 | Z:Width 6 mm, 7.2 v
o length 196 mm
Timing Belt U width 6
Joint #4 | 1522134 R13B030227 : width 6 mum, 8.2 v
length 190 mm
‘ 175 mm| — R13B020039 4.1
Cable Unit
225mm| — R13B020040 4.1
RI12NZ9002L | R12B020446 For RC180
. For RC700-A,
R12NZ900KG 3m | Steaight
. For RC700-A,
R12NZ900KK Loshaped
RI12NZ9007K | R12B020447 For RC180
B For RC700-A,
R12NZ900KH sm | Steaight
B For RC700-A,
RI12NZ900KL Lshaped
W/C Cabl RI12NZ9002M | R12B020448 For RC180 s
aole .
B For RC700-A,
R12NZ900KJ 10m | Straight
B For RC700-A,
R12NZ900KM Lshaped
RI12NZ900XP | — For RC700-A,
15m Straight
RI12NZ900XR | — For RC700-A,
L-shaped
RI2NZ900XQ | — For RC700-A,
20m Straight
. For RC700-A,
R12NZ900XT Lshaped
No lithium battery
Battery Board 2126750 RI3B041203 | |2 00 11.2
Lithium battery
. R13ZA006003 | for replacement
Battery Unit 2117879 00 ER17330V 11.1
(TOSHIBA)
Joint #1 1523421 RI3B03125] | Forfoint#l 5.1
) motor flange
O-ring For Joint #2
Joint #2 1543780 R13B031252 or Jomn 6.1
motor flange
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Part Name Code Note Reference Ov<=;r1hau|
Brake Release Switch 2117817 501 327026401 -
LED Lamp 2125880 R13B030004 12
AFB
(Ball  Screw| — - 2.3
Spline)

Grease |SK-2 For purchasing grease,

*2 (Reduction — — liquid gasket, and 23
Gear Unit) adhesive please contact
GPL-224 B B ‘;I;eiililppher of your ]
(Cable) gion.

Liquid gasket 1206C *2| — — 10.2

LOCTITE242 *¥2| — — 5.1

*1 As arough indication, perform the overhaul (parts replacement) before reaching 20,000 operation hours of the
Manipulator. The operation hours can be checked in [Controller Status Viewer] dialog-[Motor On Hours].
For details, refer to 2.2 Overhaul (Parts Replacement).

*2  Regarding purchase of grease, liquid gasket, and adhesive

Due to the chemicals regulations of individual countries (the UN GHS), we are requesting our customers to
purchase grease required for maintenance from the manufacturers listed in the table below as of April 2015.
Regarding purchase of grease, please contact the following manufacturers. If there is anything unclear,
please contact the supplier of your region.

Product name Manufacturer URL
THK AFB-LF Grease THK CO., LTD. https://www.thk.com/
Harmonic Grease SK-2 Harmonic Drive Systems Inc. | https://www.harmonicdrive.net/
https://www.chemours.com/en/brands-
Krytox® GPL-224 Chemours
and-products
1206C ThreeBond Co.,Ltd https://www.threebond.com
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14. Maintenance Parts List

14.2 Parts by Environment Model

14.2.1 S: Standard-model
Part Name Code Old code Note | Reference | Overhaul *1
. 4-axis spec | 1543779 R13B010224 10.2.1 v
Ball Screw Spline )
3-axis spec | 1545312 R13B010226 10.2.2 v
Arm Cover 1546243 R13B030441 | White 3.1
*1 As a rough indication, perform the overhaul (parts replacement) before reaching 20,000
operation hours of the Manipulator. The operation hours can be checked in [Controller Status
Viewer] dialog - [Motor On Hours].
For details, refer to 2.2 Overhaul (Parts Replacement).
14.2.2 C: Cleanroom-model
Part Name Code Old code Note | Reference | Overhaul *1
. 4-axis spec | 1545310 R13B010225 10.2.1 v
Ball Screw Spline ;
3-axis spec | 1545314 R13B010227 10.2.2 v
Arm Cover 1546245 R13B030442 | Plating 3.1
4-axis spec | 1522136 R13B030706 | *2 9.1
Bellows ;
3-axis spec | 1545340 R13B030707 | *3 9.2
Gasket Unit 1545346 R13B031253 -
*1 As a rough indication, perform the overhaul (parts replacement) before reaching 20,000
operation hours of the Manipulator. The operation hours can be checked in [Controller Status
Viewer] dialog - [Motor On Hours].
For details, refer to 2.2 Overhaul (Parts Replacement).
*2  The bellows for 4-axis spec are provided in a unit of one piece.
*3  The bellows for 3-axis spec are provided in a unit of two pieces.
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The shape varies between the upper and lower bellows.
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This volume contains maintenance procedures with safety precautions for Manipulators.







G3 Maintenance 1. Safety Maintenance

1. Safety Maintenance

Please read this chapter, this manual, and other relevant manual carefully to understand safe

maintenance procedures before performing any maintenance.

Only authorized personnel who have taken maintenance training held by the manufacturer
or dealer should be allowed to perform the robot maintenance.

m Do not remove any parts that are not covered in this manual. Follow the
maintenance procedure strictly as described in this manual. Improper removal
of parts or improper maintenance may not only cause improper function of the
robot system but also serious safety problems.

m Keep away from the Manipulator while the power is ON if you have not taken the
training courses. Do not enter the operating area while the power is ON.
Entering the operating area with the power ON is extremely hazardous and may
cause serious safety problems as the Manipulator may move even it seems to be

f i E stopped.

® When you check the operation of the Manipulator after replacing parts, be sure to
check it while you are outside of the safeguarded area. Checking the operation
of the Manipulator while you are inside of the safeguarded area may cause serious
safety problems as the Manipulator may move unexpectedly.

WARNING

m Before operating the robot system, make sure that both the Emergency Stop
switches and safeguard switch function properly. Operating the robot system
when the switches do not function properly is extremely hazardous and may result
in serious bodily injury and/or serious damage to the robot system as the switches
cannot fulfill their intended functions in an emergency.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.

/_\ DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
WARNING related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

B Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
A cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or

CAUTION improper function of the robot system.

® \When operating maintenance of manipulator, secure about 50 cm of empty space
around the manipulator.
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G3 Maintenance 2. General Maintenance

2. General Maintenance

This chapter describes maintenance inspections and procedures. Performing maintenance

inspections and procedures properly is essential for preventing trouble and ensuring safety.
Be sure to perform the maintenance inspections in accordance with the schedule.

2.1 Maintenance Inspection
2.1.1 Schedule for Maintenance Inspection

Inspection points are divided into five stages: daily, monthly, quarterly, biannual, and annual.
The inspection points are added every stage.

If the Manipulator is operated for 250 hours or longer per month, the inspection points must
be added every 250 hours, 750 hours, 1500 hours, and 3000 hours operation.

Inspection Point
Daily Monthly Quarterly Biannual Annual Overhaul
inspection inspection inspection inspection inspection | (replacement)
1 month (250 h) v
2 months (500 h) Y
3 months (750 h) Y v
4 months (1000 h) v
5 months (1250 h) =) v
e}
6 months (1500 h) 2 Y v \
7 months (1750 h) % V
8 months (2000 h) < N
QO
9 months (2250 h) < Y \
10 months (2500 h) Y
11 months (2750 h) v
12 months (3000 h) Y S S S
13 months (3250 h) Y
20000 h v

h = hour
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2.1.2 Inspection Point
Inspection ltem
Inspection Point Inspection Place Daily | Monthly | Quarterly | Biannual | Annual
End effector mounting J J J J J
Check looseness or backlash | bolts
of bolts/screws. Manipulator mounting J J J J J
bolts
Check looseness of External connectors on
Manipulator (on the \ \ \ \ \
connectors.
connector plates etc.)
Visually check for external External appearance of J J J J J
defects. Manipulator
Clean up if necessary. External cables N \ \ \
Check for bends or improper
location. Repair or place it | Safeguard etc. \ \ \ \ \
properly if necessary.
Check the brake operation | Joint #3 \ \ \ \ \
Check wheth I
eck w e. er.unusua Whole J N J J J
sound or vibration occurs.

Inspection Method

Inspection Point

Inspection Method

Check looseness or backlash of
bolts/screws.

Use a hexagonal wrench to check that the end effector mounting
bolts and the Manipulator mounting bolts are not loose.

When the bolts are loose, refer to “2.4 Tightening Hexagon Socket
Head Bolts” and tighten them to the proper torque.

Check looseness of connectors.

Check that connectors are not loose.
When the connectors are loose, reattach it not to come off.

Visually check for external
defects.
Clean up if necessary.

Check the appearance of the Manipulator and clean up if
necessary.

Check the appearance of the cable, and if it is scratched, check
that there is no cable disconnection.

Check for bends or improper
location. Repair or place it
properly if necessary.

Check that the safeguard, etc. are located properly.
If the location is improper, place it properly.

Check the brake operation

Check that the shaft does not fall when in MOTOR OFF.

If the shaft falls when in MOTOR OFF and the brake is not
released, contact the supplier.

Also, the break is not released even operated release the break,
contact the supplier.

Check whether unusual sound
or vibration occurs.

Check that there is no unusual sound or vibration when operating.
If there is something wrong, contact the supplier.

G series Maintenance Rev.2
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2.2 Overhaul (Parts Replacement)

A

CAUTION

® |f you do not overhaul properly, it may have a serious impact on safety.

®m Overhaul timing is based on an assumption that all joints are operated for equal

distance. If a particular joint has a high duty or high load, it is recommended to
overhaul all joints (as many as possible) before exceeding 20,000 operation hours
with the joint as a basis.

NOTE

102

The parts for the Manipulator joints may cause accuracy decline or malfunction due to
deterioration of the Manipulator resulting from long term use. In order to use the
Manipulator for a long term, it is recommended to overhaul the parts (parts replacement).

The time between overhauls is 20,000 operation hours of the Manipulator as a rough
indication.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration/deceleration in
continuous operation) applied on the Manipulator.

For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
recommended replacement time for the parts subject to maintenance (motors, reduction
gear units, and timing belts) can be checked in the [Maintenance] dialog box of the
EPSON RC+ 7.0.
For details, refer to the following manual.

RC700 series Maintenance Manual 6. Alarm

Note:

The recommended replacement time for the maintenance parts is when it reaches the L10
life (time until 10% failure probability). In the [Maintenance] dialog box, the L10 life is
displayed as 100%.
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The manipulator operation hours can be checked in [Controller Status Viewer] dialog -

[Motor On Hours].

(1) Select EPSON RC+ menu-[Tools]-[Controller] to open the [Controller Tools] dialog.

(2) Click the <View Controller Status> button to open the [Browse For Folder] dialog.

(3) Select the folder where the information is stored.

(4) Click <OK> to view the [Controller Status Viewer] dialog.
(5) Select [Robot] from the tree menu on the left side (Dialog image: EPSON RC+ 7.0)

I Gontroller Status Viewer

Gereral
Input # Output

Program Files
= Ihclude Files
Constant.inc

WISIOM.ine
Fobot Points

Statug Folder: |_RCGTO0_027427_2014-09-30_145019 E] Statuz Date / Time: 2014-09-30 14:50:19

Fiohot
Item Walue
Hadel C4-A6015
Marme mnp01
Serial # C40E001427
tatar On Hours 1286
atar On Count 57
Hols Date 2014/04/24 17:18:40.413
Hols 112251, 28625, 31741, 30416, 4793, -128541, 0.0
atars aff
Power Loy
Arm 1]
Toal 1]
‘world Pasition -25.036, 487 275, 579.295, 89.980, 0.235, 89.967,
Jaint Position 10,468, -37.820, 52126, 92,652, 100.151, 14.842,
Pulse Pasition 304503, 1101601, 1328455, 2188120, -2365212, 2
“weight 1.000
‘weight Length 0.000
Inertia 0.005

For the parts subject to overhaul, refer to /5. G3 Maintenance Parts List.

For details of replacement of each part, refer to each section.

Please contact the supplier of your region for further information.

G series Maintenance Rev.2
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The ball screw spline and reduction gear units need greasing regularly. Only use the grease
specified in the following table.

insufficient grease will damage sliding parts and/or result in insufficient function of
the Manipulator. Once the parts are damaged, a lot of time and money will be
required for the repairs.

f m Keep enough grease in the Manipulator. Operating the Manipulator with

CAUTION

m If grease gets into your eyes, mouth, or on your skin, follow the instructions below.
If grease gets into your eyes

: Flush them thoroughly with clean water, and then see a doctor
immediately.

If grease gets into your mouth
. If swallowed, do not induce vomiting. See a doctor immediately.

CAUTION : If grease just gets into your mouth, wash out your mouth with water
thoroughly.

If grease gets on your skin
: Wash the area thoroughly with soap and water.

Greasing part Greasing Interval Grease Reference

Joint #1 5.2 Replacing the Joint #1 Reduction Gear Unit
Reduction gear units |Overhaul timing SK-1A

Joint #2 6.2 Replacing the Joint #2 Reduction Gear Unit

) ) _|At 100 km of operation ) ) )
Joint #3 |Ball screw spline unit . . AFB |Greasing the Ball Screw Spline Unit
(50 km for first greasing)

Joint #1, 2 reduction gear units

As a rough indication, perform greasing at the same timing as overhaul.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration / deceleration in
continuous operation) applied on the Manipulator.

Joint #3 Ball screw spline unit

The recommended greasing interval is at 100 km of operation. However, greasing timing
also can be checked from the grease condition. Perform greasing if the grease is
discolored or becomes dry.

Normal grease Discolored grease

Perform greasing at 50 km of operation for the first time of greasing.
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NoTE For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
(&= recommended replacement time for the grease on the ball screw spline unit can be checked
in the [Maintenance] dialog box of the EPSON RC+ 7.0.
For details, refer to the following manual.
RC700 series Maintenance Manual 6. Alarm

Greasing the Ball Screw Spline Unit

Name Quantity NOTE
For Ball Screw Spline Unit Proper
Grease .
(AFB grease) quantity
Tools Wiping cloth 1 For wiping grease (Spline shaft)
Cross-point screwdriver 1

NOTE
i Cover the surrounding area such as the end effector and peripheral equipment in case the

grease drips.

(1) Turn ON the Controller.

(2) Move the shaft to its lower limit in one of Joint #3
Break release switch

the following methods.

- Move the shaft to its lower limit manually

while pressing the brake release switch.

while the brake release switch is being
pressed because the shaft may be lowered
by the weight of the end effector.

- Move the shaft to its lower limit from
EPSON RC+ 7.0 [Tools]-[Robot
Manager]-[Jog & Teach].

NOTE Make sure that the hand does not interfere

with peripheral equipment.

(3) Turn OFF the Controller.

G series Maintenance Rev.2 105



G3 Maintenance 2. General Maintenance

(4) Wipe off the old grease from the shaft, and

then apply new grease to it.
Grease application range is from the end of
the spline nut to mechanical stop. JI\

B,

r
Grease \

application Spline nut
range \ M

Shaft

Mechanical stopper

(5) Apply new grease evenly to the spiral groove
of the ball screw spline unit and the vertical
groove so that the groove is filled.

Grease application example

(6) Turn ON the Controller.

(7) Start the robot manager and move the shaft to the origin position. Be careful not to hit
peripheral equipment.

(8) After moving to the origin position, reciprocate the shaft. The reciprocating operation is
a low power mode operation program that performs from the upper limit to the lower
limit. Run for about 5 minutes to spread the grease over the shaft.

(9) Turn OFF the controller.

(10) Wipe off excess grease on the end of the

spline nut and mechanical stop. ﬂ

End of the - |
spline nut
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2.4 Tightening Hexagon Socket Head Cap Bolts

Hexagon socket head cap bolts are used in places where mechanical strength is required.
(A hexagon socket head cap bolt will be called a “bolt” in this manual.) These bolts are
fastened with the tightening torques shown in the following table.

When it is necessary to refasten these bolts in some procedures in this manual (except special
cases as noted), use a torque wrench so that the bolts are fastened with the appropriate
tightening torques as shown below.

Bolt Tightening Torque Refer below for the set screw.

M3 2.0+ 0.1 N-m (21 £ 1 kgf-cm) Set Screw Tightening Torque

M4 4.0+ 0.2N-m (41 + 2 kgf-cm) M4 2.4+ 0.1 N-m (26 £ 1 kgf-cm)
M5 8.0+ 0.4 N-m (82 £ 4 kgf-cm) M5 3.9+ 0.2 N-m (40 £ 2 kgf-cm)

M6 13.0 £ 0.6 N-m (133 + 6 kgf-cm)
M8 32.0 £ 1.6 N-m (326 * 16 kgf-cm)
M10 | 58.0 £ 2.9 N-m (590 * 30 kgf-cm)
M12 [100.0 £ 5.0 N-m (1,020 + 51 kgf-cm)

We recommend that the bolts aligned on a circumference should be fastened in a crisscross
pattern as shown in the figure below.

1 Do not fasten all bolts securely at one time. Divide
5 8 the number of times that the bolts are fastened into
Bolt hole two or three and fasten the bolts securely with a

3 4 hexagonal wrench. Then, use a torque wrench so
that the bolts are fastened with tightening torques
shown in the table above.

2.5 Matching Origins

After parts have been replaced (motors, reduction gear units, a brake, timing belts, a ball
screw spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

For calibration, the pulse values for a specific position must be recorded in advance.
Before replacing parts, select easy point (pose) data from the registered point data to check
the accuracy. Then, follow the steps below to display the pulse values and record them.

Execute the following command from the [Command Window].
RCH >PULSE
PULSE: [Joint#1 Pulse value] pls [Joint #2 Pulse value] pls [Joint #3 Pulse value]
pls [Joint #4 Pulse value] pls
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2.6 Layout of Maintenance Parts

2.6.1 Table Top Mounting
G3-**1S : Standard-model

Brake release switch

LED lamp
. . Cable unit
Ball screw spline unit
Joint #3
Arm cover motor
D" =
. Lithium battery &
Joint #4 motor |_T Joint #2 motor Battery board
Z belt Joint #2 reduction\ge&r unit
U1 belt = M Joint #3
i J motor
= [ 1
U2 belt Joint #1 ‘T’
reduction _— Power cable
gear unit )
] ~— Signal cable

Joint #1 motor

G3-**1C : Cleanroom-model (with bellows)

Bellows
\
Gasket

Gasket i J
= -
[ b o [
Bellows i ”‘ i

Heat release sheet ,

Joint #3 brake

(Figure: G3-301S)

(Figure: G3-301C)
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2.6.2 Multiple Mounting
G3-**1SM : Standard-model

Brake release switch

Ball screw
spline unit LED lamp Cable unit
Joint #3 Power cable
Arm cover motor
\ /Signal cable
Joint #4 @
motor I_T - Lithium battery &
) Battery board
Z belt Joint #3
b n H motor
U1 belt il '_|L n N =
|\ Joint #1
Joint #2 motor
U2 belt ;
Joint#2 ~ motor Joint #1 Joint #3 brake
reduction reduction (Figure: G3-301SM)
gear gear

G3-**1CM : Cleanroom-model (with bellows)

Bellows
Gasket
il
|-|_ Jl—l { il I:
T I [l =
Gasket— i A4 =
|
Bellows—

Heat release sheet (Figure: G3-301CM)

G series Maintenance Rev.2
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All procedures for removing and installing covers in maintenance are described in this chapter.

® Do not connect or disconnect the motor connectors while the power to the robot
systemis turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
A DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and

WARNING related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

® Be careful not to get any foreign substances in the Manipulator, connectors, and
pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.
Name Quantity Note
Maintenance | Und ket 1
rt NCCT COVer gaske 1514467 Only for Cleanroom-model
parts User Plate gasket 1
Hexagonal wrench { For M4 screw
(width across flats: 3 mm) Tightening Torque: 0.9 N-m (9.2 kgf-cm)
Torque wrench 1
Tools For M4 truss screw
Cross-point screwdriver 1 Tightening torque: 0.4 N-m (4.1 kgf-cm)
For bellows removal (Only for Cleanroom-model)
Wiping cloth 1 For wiping adhesive
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Table Top Mounting
Arm
bottom cover

=
]
=
5]
o
c
c
Q
O

Connector

Heatsink plate

sub plate

Multiple Mounting

Connector
sub plate
Heatsink plate

Connector plate

Arm top cover

Arm bottom cover
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3.1 Arm Top Cover

AN

CAUTION

® Do not remove the arm top cover forcibly. Removing the cover forcibly may result
in damage to the cables, disconnection, and/or contact failure. Damaged cables,
disconnection, or contact failure is extremely hazardous and may result in electric
shock and/or improper function of the robot system.

® When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.
When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Arm Top Cover

(1) Turn ON the Controller.

Removal (2) Press and hold the brake release switch to let the shaft down. Be sure to keep enough
space and prevent the end effector hitting any peripheral equipment.
NOTE  The brake release switch affects only Joint #3. When the brake release switch is
& pressed, the brake for Joint #3 is released simultaneously.
Be careful of the shaft while the brake release switch is being pushed because it may be
lowered by the weight of an end effector.
(3) Turn OFF the Controller.
. v
(4) Unscrew the arm top cover mounting bolts, and 7
. e 7 Pod—
then lift the cover. b i 4-M4x12
NOTE ~ When bellows are installed to the manipulator, A 4-M4x8
&~ temove the upper bellows and then remove the ) Truss
arm top cover. For bellows removal, refer to /0.
Bellows. Arm top cover
Be careful for user wires and tubes when
removing the cover.
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Arm Top Cover (1) Set the arm top cover to the arm and secure with Brake release switch

Installation the arm top cover mounting bolts. Lower limit
mechanical stop
After mounting the arm top cover, make sure that

the lower limit mechanical stop does not touch

the cylindrical part of the arm top cover. Arm top cover

Cylindrical part

(2) When bellows are installed to the manipulator, install the arm top cover and then install
the upper bellows.
For bellows installation, refer to /0. Bellows.

3.2 Arm Bottom Cover

Unscrew the arm bottom cover mounting bolts, and then pull the cover downward and remove
it.

NOTE  The arm bottom cover may not be removed from the shaft because the end effector is installed.
& Ifitis necessary to remove the cover completely (for replacement of the ball screw spline
unit etc.), remove the end effector.

If it is not necessary to remove the cover completely, move the shaft to the lower limit, and
lower the arm bottom cover. Then, perform maintenance or inspection.

When bellows are installed to the manipulator, remove or pull down the lower bellows and
then remove the arm bottom cover. For bellows removal, refer to /0. Bellows.

G3-**1S* (Standard-model) G3-**1C* (Cleanroom-model)

T Gasket
=1~ Arm bottom cover
[

T 3-M4x12

Arm bottom cover

A gasket is installed to G3-**1C* (Cleanroom-model).
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3.3 Arm Cap

Unscrew the arm cap mounting bolts and remove the cover.
Arm cap is not installed to the Multiple Mounting Manipulators.

G3-**1 Table Top Mounting

M4 x8
Flat washer T

3.4 Connector Plate

A

CAUTION

® Do not remove the connector plate forcibly. Removing the connector plate
forcibly may result in damage to the cables, disconnection, and/or contact failure.
Damaged cables, disconnection, or contact failure is extremely hazardous and
may result in electric shock and/or improper function of the robot system.

®m When installing the connector plate, be careful not to allow the cables to interfere
with the plate mounting and do not bend these cables forcibly to push them into
the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.
When routing the cables, observe the cable locations after removing the connector

plate. Be sure to place the cables back to their original locations.

114

Unscrew the connector plate mounting bolts and remove the plate.

G3-**1* Table Top Mounting G3-**1*M Multiple Mounting

Connector plate

Connector plate
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3.5 Connector Sub Plate

A

CAUTION

®m Do not remove the connector sub plate forcibly. Removing the connector sub

plate forcibly may result in damage to the cables, disconnection, and/or contact
failure. Damaged cables, disconnection, or contact failure is extremely
hazardous and may result in electric shock and/or improper function of the robot
system.

When installing the connector sub plate, be careful not to allow the cables to
interfere with the plate mounting and do not bend these cables forcibly to push
them into the cover.

Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the connector
sub plate. Be sure to place the cables back to their original locations.

Unscrew the connector sub plate mounting bolts and remove the plate.

G3-**1* Table Top Mounting G3-**1*M Multiple Mounting

9 q\ Truss: 4-M4x8

Connector sub plate

3.6 User Plate

Unscrew the user plate mounting bolts and remove the plate.

G3-**1S* Standard-model G3-**1C* Cleanroom-model

]
\

K

A gasket is installed to G3-**1C* (Cleanroom-model).
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Unscrew the heatsink plate mounting bolts to remove the plate.

G3-**1* Table Top Mounting G3-**1*M Multiple Mounting

Heatsink plate

Heat release sheet Truss: =
2-M4x8 Heat release sheet

Be careful of the Heat release sheet at the side of the Motor, and be sure to keep it.

NOTE  Be careful when you mount the Heatsink plate without the Heat release sheet, it may cause
&~ the malfunction or break by the heat from the Motor.

Unscrew the base bottom cover mounting bolts and remove the cover.

G3-**1C* Cleanroom-model

NOTE A base bottom cover is not installed to G3-**1S* (Standard-model).
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4. Cable

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power

source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and

related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

m Be careful not to get any foreign substances in the Manipulator, connectors, and

pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.

A

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,

CAUTION or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.
4.1 Replacing Cable Unit

Since the power is supplied to each motor from the lithium battery installed on the battery
board via the battery connector, the position data will not be lost when the Controller is
turned OFF. When the battery connectors are disconnected, the position data will be lost,

and EPSON RC+ will display an error when the Controller is turned ON.

If the error occurs, execute the calibration of all joints and axes.
For details of the Calibration, refer to /4. Calibration.

Name Quantity Note
Each manipulator model
Maintenance | Cable unit 1 (Refer to
parts 15. G3Maintenance parts)
Battery Unit (Lithium battery) 1 2117879
width across flats: 3 mm 1 For M4 screw
Hexagonal wrench .
width across flats: 4 mm 1 For M5 screw
Tools Spanner width across flats: 5 mm 1 For D-sub connector removal
Nut screwdriver width across flats: 5 mm 1 For D-sub connector removal
Torque wrench 1
Nippers 1 For cutting wire tie
Material Wire tie 9

G series Maintenance Rev.2
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Table Top mounting )
Cable Unit
D" =
JE f—
[ 1
| [
| .
(Figure: G3-301S)
Multiple Mounting )
Cable unit
[T3 S
- J’-\ L =
el C S
= I
| (Figure: G3-301SM)
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m [f the connectors have been disconnected during the replacement of the cable
unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.
For details on the connections, refer to 4.2 Wiring Diagrams.

® When installing the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,

A and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of

CAUTION the robot system.
When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

m Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

Cable unit (1) Turn ON the Controller and change the motor to OFF status (MOTOR OFF).
Removal (2) Press and hold the brake release switch to let the shaft down. Be sure to keep enough
space and prevent the end effector hitting any peripheral equipment.
The brake release switch affects only Joint #3. When the brake release switch is
pressed, the brake for Joint #3 is released simultaneously.
Be careful of the shaft while the brake release switch is being pushed because it may
be lowered by the weight of an end effector.
(3) Turn OFF the Controller and disconnect the power cable and signal cable connectors
from thee controller.
(4) Remove the connector plate.
For details, refer to 3.4 Connector Plate.
(5) Remove the connector sub plate.
For details, refer to 3.5 Connector Sub Plate.
(6) Connect the spare battery to the spare battery connector (XB11) of Joint #1 signal
cable.
NOTE - Use the battery unit as the spare battery.
&

- The position of Joint #1 motor is stored with the battery on Arm #2/
Connect the spare battery otherwise the Joint #1 position data will be lost.
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(7) Disconnect the air tubes, ground wire, D-sub cable, and seven connectors (X10, X20,
X30, X111, X121, X131, XB10) connected to the connector plate and connector sub
plate (inner side).

NOTE - Be sure to keep the connectors of the battery board connected at cables
& replacement. Otherwise, the motor will lose position data and the calibration
must be executed again.
- Remember the cable layout so that the cables can be reconnected correctly after
replacement.

(8) Cut off one wire tie binding Base side cables.

) Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

10) Remove the Battery board. 2-M4x10
(10 e ?//Battery board

(11) Loosen the mounting screws for the User plate and
remove the plate from the Arm #2.

At this point, the ground is removed with the plate.

120 G series Maintenance Rev.2



G3 Maintenance 4. Cable

(12) Disconnect 11 connectors on the Arm side.
Connectors X21, X22, X31, X32, X33, X41, X42, X61, X221, X231, X241

NOTE X61 is connected to the battery board.
e Be sure to keep the connectors of the battery board connected at cables replacement.
Otherwise, the Joint #2, #3, and #4 motors will lose position data and the calibration

must be executed again.

(13) Disconnect the D-sub cable, air tubes, and connector of the brake release switch from
the user plate.

NOTE  Mounting screws for the D-sub cable are very small. Be sure to keep the screws.

&

Press the ring on the fitting and pull out the air tube. (86x2, g4x2)

Be sure to observe the connection for connecting the disconnected parts after
replacement.

(14) Remove the mounting screws for the cable unit and remove the unit from the
Manipulator.

Table Top Mounting Multiple Mounting
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Cable unit
Installation

122

(1)
)

)
(4)
)

(6)

()
(®)
)

Mount the cable unit to the Manipulator.

Connect the following to inner connector plate and connector sub plate.
Air tube // Ground wire // D-sub cable

Joint #1 Signal cable connector and Power cable connector
4 connectors (X20, X30, X121, X131)

Connect Joint #1 Signal cable connector and XB10.
Bundle the wire tie removed in Removal Step (8).

Mount the user plate to the Arm #2.
At this point, mount the ground together.

Connect the connectors:
Connectors X21, X22, X31, X32, X33, X41, X61,X221, X231, X241

Mount the battery board to the Arm #2.
Remove the spare battery from XB11.

Mount the connector plate to the base.
For the details, refer to 3.4 Connector Plate.

(10) Mount the connector sub plate to the base.

For details, refer to 3.5 Connector Sub Plate.

(11) Set and secure the Arm #2 cover without the cables being stuck.

For details, refer to 3.1 Arm Top Cover.

(12) When the connector falls off from the battery board, execute the calibration of all axes.

For details, refer to /4 Calibration.
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4.2 Wiring Diagrams

Signal Cable

4.2.1
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G3 Maintenance 4. Cable
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4.2.3 User Cable

D-sub 15pin D-sub 15pin
No. Color No. Color

1| LI(W) 1| LI(W)
2| (LYW 2| (LYW
3] YI(W) 3] YI(W)
4| (Y)W 4| (Y)IW
5| G/(W) 5| G/(W)
6| (GYW 6| (G)/W
7| R/(W) 7| R(W)
8| (RYW 8| (RYW
9| VIW) 9| VI(W)

10| (V)W 10| (V)W

11| L/(BR) 11| L/(BR)

12| (L)/BR 12| (L)/BR

13| Y/(BR) 13| Y/(BR)

14| (Y)/BR 14| (Y)/BR

15| G/(BR) 15| G/(BR)

Code | Cable color | Code | Cable color
B Black R Red
BR |Brown \% Violet
G Green w White
L Blue Y Yellow

The following table shows the types of the use cable.

Mounting type Arm length Code

250 mm 1514457
S,C

300 mm 1514458
(Table Top Mounting)

350 mm 1514459
SM, CM 300 mm 1514460
(Multiple Mounting) 350 mm 1514461
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4.3 Replacing M/C Cable

NOTE

Since the power is supplied to each motor from the lithium battery installed on the battery
board via the battery connector, the position data will not be lost when the Controller is
turned OFF. When the battery connectors are disconnected, the position data will be lost,
and EPSON RC+ will display an error when the Controller is turned ON.

If the connector connected to the battery was disconnected during cable replacement,
execute calibration.
For details, refer to /4. Calibration.

Name Quantity Note

Maintenance

Each manipulator model

arts M/C Cable 1 (Refer to
P 15. G3 Maintenance parts)
Tools Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Torque wrench 1

A

CAUTION

m |f the connectors have been disconnected during the replacement of the cable

unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.

For details on the connections, refer to 4.2 Wiring Diagrams.

When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

126
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Table Top Mounting

== MIC Cable
| [
(Figure: G3-301S) ]
Multiple Mounting
M/C Cable
[T =
- J’-\ L =
S '_|L ""\j il
N
| (Figure: G3-301SM)
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M/C Cable (1)
R [
emova @)

€)

NOTE

&
“4)

NOTE

&

NOTE

&

M/C Cable (1)
Installation

@

&)
“4)
®)
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Turn OFF the Controller.
Disconnect the power cable and signal cable connectors from the controller.

Remove the Connector Sub Plate.
For details, refer to 3.5 Connector Sub Plate.

Do not pull the Sub plate forcibly.
The M/C cables are still attached to the plate.

Disconnect the connectors.
Connector: x10, x20, x30, x111, x121, X131

Each connector has a unique number.
Each connector has a different shape.

Do not disconect the battery connector (XB10).

Otherwise, the calibration must be executed.

Connect new M/C cable connectors to those of the Cable Unit.
(Connect to the connectors of the Cable Unit with the same number.)

Mount the Connector Sub Plate.
For details, refer to 3.5 Connector SubPlate.

Connect the power cable and signal cable connectors to the controller.
Turn ON the Controller.

If the connector (XB10) falls off from the battery, execute the calibration for Joint #1.
For details, refer to /14 Calibration.
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5. Joint #1

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.

)|

Py
Joint #1 reduction gear unit i [

Joint #1 motor
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5.1 Replacing Joint #1 Motor

Name Quantity Note
Maintenance parts | AC Servo Motor (200 W) 1 1514451
width across flats: 2 mm 1 For M4 set screw
width across flats: 2.5 mm 1 For M3 screw
Hexagonal -
width across flats: 3 mm 1 For M4 screw
Tools wrench width across flats: 4 mm 1 For M5 screw
width across flats: 5 mm 1 For M6 screw
Torque wrench 1
Wiping cloth 1 For wiping grease
Grease Grease (SK-1A) 4g

Joint #1 motor
Removal

130

(1

@

3)

“4)

)
(6)

0

Remove the connector plate.
For details, refer to 3.4 Connector Plate.

Remove the connector sub plate.
For details, refer to 3.5 Connector Sub Plate.

Disconnect the following connectors.
Connectors X111, X10 (Hold the clip to remove.)
Connector XB10

Remove the heatsink plate.
For details, refer to 3.7 Heatsink Plate.

Remove the heat release sheet from the Motor.

Remove the lid mounted to Arm #1.

M4 truss screw

Remove the screws which secure Arm
#1 and Joint #1 reduction gear unit. 8-M3x35

12-M3 washer
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(8) Unscrew and remove the bolts from Joint #1 flange mounting on the base.

Mounting positions of the base and Joint #1 flange are determined by the positioning
pin.

Be sure to keep the positioning pin.

Table Top Mounting Multiple Mounting

(9) Unscrew the bolts from Joint #1 Motor flange
and remove the motor unit

There is an oil seal (soft metal) in the

assembly position of the motor flange and Oil seal

Joint #1

Joint #1 flange. .
Motor unit

Be sure to keep the oil seal.

(10) Remove the waveform generator from the
Joint #1 motor.

> ~
P \ 2-M4x6 Set screw
M

There is a brass bushing in one of the set
4 Brass bushing

screw holes. Be sure to keep the bushing.

Joint #1 motor

(11) Remove the motor flange from the Joint #1
motor.

Motor flange

Joint #1 motor
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NOTE

&

Joint #1 motor
Installation

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) Mount the motor flange on the Joint #1

)

€)

motor.

Apply grease (SK-1A) to the between the

waveform generator and motor flange.

Grease volume 4 g

Mount the waveform generator on the Joint

#1 motor.

Be sure to fit the end face of the waveform
generator to the end face of the motor shaft.
Tighten one of the set screws on the flat face
of the motor shaft until the screw just
touches the surface. Insert a bushing into
the other set screw hole to prevent damage

Motor flange

Joint #1 motor

Joint #1 motor

M4 Brass bushing

b

2-M4x6 Set screw
Screw hole

End face of the motor shaft

to the motor shaft. Then, tighten both set End face of the waveform generator

SCTCWS.

A

CAUTION

m See the figures above for the orientation of the waveform generator. Be sure to
install the waveform generator properly. Improper installation of the waveform
generator will result in improper function of the Manipulator.

132

(4) Mount the motor unit to the Joint #1 flange.
Mount the oil seal (soft metal) hole to the mounting hole.

®)

The motor cable must face the connector plate side.

If it is difficult to mount the motor, push it while moving Arm #1 slowly by hand.

Secure the screws for tightening Arm #1

and Joint #1 reduction gear unit.

Mount the lid of Arm #1.

8-M3x35
12-M3 washer i
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(6) Mount the Joint #1 flange to the base.

Mounting positions of the Joint #1 8-M3x35

flange and base are determined by the 12-M3 washer

positioning pin.

(7) Connect the connectors.
Connectors: X110, X10, XB10

(8) Mount the connector sub plate.
For the details, refer to 3.5 Connector Sub Plate.

(9) Mount the connector plate.
For details, refer to 3.4 Connector Plate.

(10) Mount the heatsink plate.
For details, refer to 3.7 Heatsink Plate.

(11) Perform the calibration of Joint #1.
For details refer to /4. Calibration.
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5.2 Replacing Joint #1 Reduction Gear Unit

A reduction gear unit consists of the following three parts. When replacing the reduction

gear unit, be sure to always replace the waveform generator, flexspline, and circular spline

all together as one set.

Waveform generator / Flexspline / Circular spline

For details of the reduction gear unit, refer to /5. G3 Maintenance parts list.

Name Quantity Note
Maintenance . .
Reduction Gear Unit 1 1856653
Parts
width across flats: 2 mm 1 For M4 set screw
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench -
width across flats: 3 mm 1 For M4 screw
width across flats: 5 mm 1 For M6 screw
M4 1 Tightening torque:
6.0 N-m (61.2 kgf-cm)
Torque wrench - :
1 Tightening torque:
Tools M6
22.0 N- m (224.3 kgf'cm)
Nippers 1
Spatula 1 For apply grease
1 For wiping grease (Flange
Wiping cloth w.p. g8 (Flange)
1 For wiping grease (Bolt)
About 20 mm in length
Screw (M4) 2 .
For flexspline removal
Grease Grease (SK-1A) 16 g
Joint #1 (1) Remove the Joint #1 motor unit.

reduction gear
unit
Removal

134

Refer to the removal steps (1) to (7) in 5.1 Replacing Joint #1 Motor.

(2) Remove the Reduction gear unit from the Joint 16-M3x15 F'ange

#1 flange.

Reduction gear unit
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NOTE

Joint #1
reduction gear
unit

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket

Head Cap Bolts.

(1) A new reduction gear unit contains the
parts shown in the picture on the right
when it is unpacked.

O-ring

Flexspline and
Cross roller bearing unit

Installation .
The gear grooves of the flexspline,

circular spline, and the bearings of the
waveform generator have been greased.
Wipe off excess grease from the mounting
surface.

Circular spline

Waveform generator

m Never adjust (loosen or tighten) the mounting bolts between the flexspline and
cross roller bearing unit. If the mounting bolts are adjusted, the flexspline and

A

CAUTION

cross roller bearing unit must be aligned by the maker of the reduction gear unit.

(2) Fit the O-rings into the grooves on both
sides of the new circular spline.

Make sure that the rings do not come out
of the grooves.

Convex side ||

Grooves

The other side

(3) Face the convex side of the circular spline
down, and then fit it into the flexspline.

(4) Match the screw holes on the inner ring of
the cross roller bearing unit and the
through holes of the circular spline.

G series Maintenance Rev.2

135



G3 Maintenance 5. Joint #1

(5) Secure the reduction gear flange to the circular

spline.

Loosely fasten all bolts in a crisscross pattern so
that the bolts will be fastened evenly. Then,
using a torque wrench, tighten each bolt securely

in a crisscross pattern at the torque specified in the

Flange

16-M3x15

Reduction gear unit

table below.
Item Bolt type | Number of bolts Tightening torque
Joint #1 reduction gear unit M3x15 16 3.0 N-m (30.6 kgf-cm)
NOTE
it Be careful not to apply too much force since it may damage the parts.

(6) Apply grease (SK-1A) inside the flexspline.

Grease volume 12 g

(7) Execute the installation steps (2) to (10) in 5./ Replacing Joint #1 Motor.

136
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6. Joint #2

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.

D"‘(‘E

Joint #2
motor

Joint #2
Reduction gear

)
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6.1 Replacing Joint #2 Motor

Name Quantity Note
Maintenance |, - Servo Motor (150W) I 1514453
Parts
width across flats: 2 mm 1 For M4 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools
Torque wrench 1
Nippers 1 For cutting wire tie
Wiping cloth 1 For wiping grease
Material Wire tie 4
Grease Grease (SK-2) 3g
Joint # motor (1) Turn ON the Controller.

Removal

138

)

3)
4)

)
(6)
(7)
®)
€))

(10) Remove the Joint #2 motor unit from Arm #2.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joint #3. When the brake release switch is
pressed, the brake for the Joint #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the shaft
may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

Remove the battery board.

Remove the user plate.

Cut off the wire tie used for binding the cables connected to the user cable.
Cut off the wire tie used for binding the motor cables to the Joint #2 motor.

Disconnect the following connectors.
Connectors X221, X21 (Hold the clip to remove.)
Connector X62

If the motor cannot be removed easily, pull it out
while moving Arm #2 slowly by hand.

Also, the motor flange touches the intermediate
pulley and you cannot pull the motor straight

upward. Therefore, tip the motor and pull it

avoiding he intermediate pulley.
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(11) Remove the waveform generator from the Joint

Waveform generator
#2 motor. -&€==>__ M4 Brass bushing

There is a brass bushing in one of the set screw
holes. Be careful not to lose it.

(12) Remove the motor flange from the Joint #2 @f\

motor. Motor flange

\

i £/2-M4><10

Joint #2 motor
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NOTE
(&>  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Joint #2 motor (1) Mount the motor flange on the Joint #2 motor. @.\
Installation L, Motor flange
\Joint #2 motor
j é /2-M4><10
(2) Mount the waveform generator on the Joint Joint #2 motor
#2 motor. M4 Brass bushing

Be sure to fit the end face of the waveform | 5 14 6 set screw -
generator to the end face of the motor shaft.
Tighten one of the set screws on the flat face Screw hole
of the motor shaft until the screw touches End face of the motor shaft
vertically the surface. Insert a bushing into End face of the Waveform generator

the other set screw hole without damage to

the motor shaft.
Then, tighten both set screws.

(3) Apply grease (SK-2) to the between the waveform generator and motor flange.

Grease volume 3 g

install the waveform generator properly. Improper installation of the waveform

é m See the figures above for the orientation of the waveform generator. Be sure to
generator will result in improper function of the Manipulator.

CAUTION

(4) Mount the Joint #2 motor unit on Arm #2.

The motor flange touches the intermediate pulley
and you cannot insert the motor straight on the
arm.  Therefore, tip the motor and insert it
avoiding he intermediate pulley.

Also, if it is difficult to insert the motor, push it

while moving Arm #2 slowly by hand.

(5) Re-bundle the cables in their original positions with a wire tie removed in the Removal
procedure step (8).

Do not allow unnecessary strain on the cables.
(6) Mount he user plate to Arm #2.

% Mount the battery board to Arm #2.

(8) Connect the connectors.
Connectors X221, X21
(9) Connect the backup cable connector X62 to the battery board.

Band the cables with a wire tie to prevent the back up cable connectors to fall out by
mistake.
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(10) Re-bundle the cables in their original positions with a wire tie removed in the Removal
procedure step (7).

Do not allow unnecessary strain on the cables.

(11) Mount the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(12) Perform the calibration of Joint #2.
For details refer to /4. Calibration.
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6.2 Replacing Joint #2 Reduction Gear Unit

A reduction gear unit consists of the following three parts.

When replacing the reduction

gear unit, be sure to always replace the waveform generator, flexspline, and circular spline

all together as one set.

Waveform generator / Flexspline / Circular spline

For details of the reduction gear unit, refer to /5. G3 Maintenance parts list.

Name Quantity Note
Reduction Gear Unit 1 1856070
width across flats: 2 mm 1 For M4 set screw
Hexagonal wrench | width across flats: 2.5 mm 1 For M3 screw
width across flats: 3 mm 1
Maintenance Torque wrench (M3) 1 Tightening torque :
parts 3.0 N-m (30.6 kgf -cm)
Spatula 1 For apply grease
Wiping cloth 1 For w%p%ng grease (Flange)
1 For wiping grease (Bolt)
Screw (M3) 2 For flexspline removal
Material Wire tie 4
Grease Grease (SK-2) I1g
Joint #2 (1) Turn ON the Controller.

reduction gear
unit
Removal
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(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joints #3.

When the brake release switch is

pressed, the brake of the Joints #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the shaft

may be lowered by the weight of an end effector.

A3)
“4)

waveform generator from the Joint #2 motor.

©)

remove the reduction gear unit from the Arm #1.

Turn OFF the Controller.

Remove the mounting screws for the Arm #2 and

Execute steps from (1) to (11) in 6.1 Replacing Joint #2 Motor and remove the
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(&>  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket

NOTE
Head Cap Bolts.
Joint #2 (1) A new reduction gear unit contains the
reduction gear parts shown in the picture on the right
unit when it is unpacked.

Installation . .
The gear grooves of the flexspline, circular

spline, and the bearings of the waveform
generator have been greased. Wipe off

excess grease from the mounting surface.

Flexspline and
Cross roller bearing unit

Circular spline

Waveform generator

m Never adjust (loosen or tighten) the mounting bolts between the flexspline and
cross roller bearing unit. If the mounting bolts are adjusted, the flexspline and
CAUTION cross roller bearing unit must be aligned by the maker of the reduction gear unit.

(2) Fit the O-rings into the grooves on both
sides of the new circular spline.

Make sure that the rings do not come out
of the grooves.

(3) Face the convex side of the circular spline
down, and then fit it into the flexspline.

(4) Match the screw holes on the inner ring of
the cross roller bearing unit and the
through holes of the circular spline.

G series Maintenance Rev.2

Convex side ||
Grooves

The other side
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G3 Maintenance 6. Joint #2

(5) Mount the circular spline to Arm #2.

Loosely secure all bolts in a crisscross
pattern so that the bolts will be secured
evenly. Then, using a torque wrench,
tighten each bolt securely in a crisscross
pattern at the torque specified in the table
below.

ltem Bolt type | Number of bolts Tightening torque

Joint #2 reduction gear unit M3x18 10 3.0 N-m (30.6 kgf-cm)

NOTE
(&= Be careful not to apply too much force since it may damage the parts

(6) Apply grease (SK-2) inside the flexspline.
Grease volume 8 g

(7) Install the O ring to the Arm #1.
(8) Install and secure the flexspline.
Slide the Arm #2 to the right/left to adjust the holes position.

(9) Execute installation steps (2) to (12) in 6.1 Replacing Joint #2 Motor.
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7. Joint #3

/N

WARNING

®m Do not connect or disconnect the motor connectors while the power to the robot

m To shut off power to the robot system, disconnect the power plug from the power

m Before performing any replacement procedure, turn OFF the Controller and

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

m Be careful not to apply excessive shock to the motor shaft when replacing the

® Never disassemble the motor and encoder. A disassembled motor and encoder

motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.

Joint #3
motor
T4

Joint #3 brake
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7.1 Replacing Joint #3 Motor

Name Quantity Note
Maintenance
AC Servo Motor (150W) 1 1514453
parts
width across flats: 2.5 mm 1 For M4 set screw
Hexagonal wrench :
width across flats: 3 mm 1 For M4 screw
Torque wrench 1
Tools Nippers 1 For cutting wire tie
F 1 Belt tension
orce gauge
gatg 74N (7.5 £ 0.5 kef)
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 2

Joint #3 motor
Removal
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A brake is mounted on the Joints #3 motor to prevent the shaft from lowering down due to

the weight of the end effector while the power to the Controller is OFF or while the motor
is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

(M
@

3)
“)

®)

(6)
7
®)
)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joints #3. When the brake release switch is

pressed, the brake for Joints #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the shaft
may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

Remove the battery board.

Be careful not to pull the connector when removing the battery board.

Cut off the wire tie used for bundling the power cables and signal cables of motor.
Remove the user plate.

Cut off the wire tie used for bundling the motor cables with the Joint #3 motor.

Disconnect the following connectors.
Connectors X231, X241, X31, X32, X41 (Hold the clip to remove.)
Connector X63, X64 (Backup cable connector of Joint #3 and #4)
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(10) Loosen bolts of the Joint #4 motor unit.

Pull the Joint #4 motor unit upward to

rcmove.

(11) Unscrew the bolts securing the Joint #3

motor unit.

(12) Unscrew the screws securing the ball screw
spline unit on the upper part of Arm #2.

(13) Hold up the upper rotator part of ball screw
spline unit and the Joint #3 motor unit
together.

Joint #4
Motor unit

3-M4x12 + Washer

Joint #3
Motor unit

Joint #4
Intermediate shaft

Ball screw
spline unit

(14) Hold the Joint #3 motor up. Pass the Z belt through the upper rotator part of ball

screw spline and remove the belt.

(15) Remove the Joint #3 motor from the Joint #3
motor unit.

(16) Remove the pulley and brake hub from the
Joint #3 motor.

There is a brass bushing in one of the set

screw holes. Be sure to keep them.

G series Maintenance Rev.2
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Joint #3
motor
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NOTE

Joint #3 motor

Installation

148

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

@)

)

“4)

)

NOTE

(6)

(1) Mount the pulley and brake hub to the Joint #3

motor.

Insert the brake hub until it touches the end face of

motor shaft and secure the hub.

Be sure to fit the end face of the pulley to the brake

hub.

Tighten one of the set screws on the flat face of the

motor shaft until the screw just touches the surface.

®

?\2-M4x10

Joint #3
motor

Bush: M5 |~ Pulle
=

Insert a bushing into the other set screw hole to prevent damage to the motor shaft.

Mount the Z plate to the Joint #3 motor.

Screw : 4-M4x10

Pass the Z belt of Joint #3 motor unit through the

ball screw spline.
Place the belt around the pulley.

Make sure that the gear grooves of the belt are fit
into those of the pulleys completely.

Move the Joint #3 motor unit and spline upper
rotator part downwards together and put them on

the Arm #2 upper side.

Be sure to keep the belt on the pulley.

Z belt

Z1 pulley

Loosely secure the Joint #3 motor unit to Arm #2.

Check that the motor unit can be moved by hand, and it will not tilt when pulled.
If the unit is secured too loose or too tight, the belt will not have the proper tension.

Place the U1 belt around the pulley.

Place the Joint #4 motor unit on the Arm #2

upper side.

Joint #4

motor unit

3-M4x12 + washer

Joint #3 motor unit

Joint #4
intermediate
shaft

3-M4x12
+ washer
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(7) Loosely secure the Joint #4 motor unit to Arm

#2.

Check that the motor unit can be moved by
hand, and it will not tilt when pulled.

If the unit is secured too loose or too tight, the

belt will not have the proper tension.

Joint #4
motor unit

U1 pulley

°

)vUZ pulley

N

{
==

U2 belt

U1 belt

(8) Secure the spline upper rotator part on the Arm #2 upper side with screws.

(9) Rotate and move up/down the ball screw spline shaft.

(10) Apply the proper tension to the Ul belt, and

secure the Joint #4 motor unit.

To do so, pass a suitable cord or string around
the Joint #4 motor unit near its mounting plate.
Then, pull the cord using a force gauge or
similar tool to apply the specified tension
shown in the figure on the right.

(11) Apply the proper tension to the Z belt, and

secure the Joint #3 motor unit.

To do so, pass a suitable cord or string around
the Joint #3 motor unit near its mounting plate.
Then, pull the cord using a force gauge or
similar tool to apply the specified tension
shown in the figure on the right.

(12) Connect the connectors.

Connectors: X231, X241, X31, X41

step (8).
Do not allow unnecessary strain on the cables.

U1 belt tension = 74N (7.5 £ 0.5 kgf)‘

Joint #4
motor unit

3-M4x12
+ washer

3-M4x12 + washer

(13) Re-bundle the cables in their original positions with the wire tie removed in the Removal

(14) Connect the backup connectors for Joint #3 and #4 (X63, X64) to the battery board.

Bundle the backup cable with wire tie to prevent the cable connector to fall off by

mistake.

(15) Mount the user plate and ground wire to Arm #2.

(16) Mount the battery board to the Arm #2.

(17) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(18) Perform the calibration of Joint #3 and #4.
For details, refer to /4. Calibration.

G series Maintenance Rev.2
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7.2 Replacing the Timing Belt

Name Quantity Note
Maintenance
Z belt width 9 mm 1 1510625
parts
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench )
width across flats: 3 mm 1 For M4 screw
Nippers 1 For cutting wire tie
Tools kP B 'g v
. 1 Belt tension 74N
orce gauge
gatg (7.5 + 0.5 kgf)
Suitable cord (Length about 800 mm) For belt tension
Material Wire tie 2
A brake is mounted on the motor of Joint #3 to prevent the shaft from moving down due to
the weight of the end effector while the power to the Controller is OFF or while the motor
is in OFF status (MOTOR OFF).
Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the
removal steps from (1) to (3).
Z belt (1) Turn ON the Controller.
Removal

150

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joint #3.

When the brake release switch is

pressed, the brake for Joint #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the shaft

may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(5) Remove motors of the Joint #3 and #4.
For details, refer to steps from (1) to (17) in 7.1 Replacing Joint #3 Motor.

(6) Remove the brake unit mounting plate from the

motor blade.

(7) Remove the Z belt.

i
] 7 0\3-M3x10
4 S

Motor plate
Z belt

Brake unit
mounting plate
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Z belt ' (1) Place a new Z belt around the brake unit, and 3 M3x10
Installation

(2) Mount the Joint #3 motor unit.

(3) Place the Z belt of Joint #3 motor unit around
the ball screw spline unit and the pulley.

Check the gear grooves of the belt are fit into
those of the pulleys completely.

(4) Put the Joint #3 motor unit and the spline
upper rotator parts downwards and place
them on the Arm #2 upper surface.

Be sure to keep the belt on the pulley.

G series Maintenance Rev.2

then mount it to the motor plate.

Bush: M5 | =~ | Pulle
(@Y y

Set screw: ’
2-M5x8 §

T ¥2-maxt0

Joint #3
motor

—dl\
&
<
S
X
a
N
+
2
Q
2]
>
[]
=

Joint #3
) motor unit

/

3-M4x12

Ball screw
spline unit

Bz

Z belt Z1 pulley
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(5) Secure the Joint #3 motor unit to Arm #2 so that the open side faces toward the end of
the arm.

NOTE  Loosely secure the Joint #3 motor unit to Arm #2 so that the motor unit can be moved
&= by hand, and it will not tilt when pulled. If the unit is secured too loose or too tight,

the belt will not have the proper tension.

(6) Put the pulley to the U2 belt and place the Joint #4
7 motor unit
T

Joint #4 motor unit on the Arm #2 surface.

Make sure the motor cables face to the end 3-M4x12 + washer

of the arm.
Joint #3

motor unit

Joint #4
intermediate shaft

3-M4x12

+ washer
3-M4x12 + washer

(7 Loosely secure the Joint #4 motor unit to Joint #4

Arm #2 " motor unit
U1 pulley

Check that the motor unit can be moved by
hand, and it will not tilt when pulled. If
the unit is secured too loose or too tight, the

= U2 pulley

belt will not have the proper tension.

U2 belt U1 belt

(8) Loosely secure the spline plate to Arm #2.

After moving the shaft up and down several times, secure the spline plate to Arm #2.

(9) Apply the proper tension to the Ul belt, and U1 belt tension = 74 N (7.5 + 0.5 kgf)‘
then secure the Joint #4 motor unit.

Joint #4
To do so, pass a suitable cord or string around motor unit
the Joint #4 motor unit near its mounting
plate. Then, pull the cord using a force
gauge or similar tool to apply the specified

tension shown in the figure on the right.
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(10) Apply the proper tension to the Z belt, and Z belt tension = 74 N (7.5 £ 0.5 kgf)‘

then secure the Joint #3 motor unit.
Joint #3

To do so, pass a suitable cord or string around motor unit
the Joint #3 motor unit near its mounting
plate.  Then, pull the cord using a force
gauge or similar tool to apply the specified

tension shown in the figure on the right.
3-M4x12 + washer

(11) Connect the connectors.
Connectors: X231, X241, X31, X32, X41

(12) Connect the backup connectors for Joint #3 and #4 (X63, X64) to the battery board.

Bundle the backup cable with wire tie to prevent the cable connector to fall off by

mistake.
(13) Re-bundle the cables in their original positions with a wire tie removed in step (5).
Do not allow unnecessary strain on the cables.

(14) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

(15) Perform the calibration of Joint #3 and #4.
For details, refer to /4. Calibration.
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7.3 Replacing the Brake

Name Quantity Note
Maintenance Electromagnetic brake 1 1497639
parts
width across flats: 1.5 mm 1 For M3 set screw
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench )
width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools Torque wrench 1
Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 74N
(7.5 £0.5 kgf)
Suitable cord (Length about 800 mm) For belt tension
Material Wire tie 3

Joint #3 brake
Removal

154

A brake is mounted on the Joint #3 motor to prevent the shaft from moving down due to the
weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the
removal steps from (1) to (3).

(1)
)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joint #3. When the brake release switch is

pressed, the brake for Joint #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the shaft
may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4)

Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(5) Remove the Joint #3 motor.
For details, refer to 7.1 Replacing Joint #3 Motor - Joint #3 motor removal step (1)
to (17).
(6) Remove the brake from the brake plate. ? ?
. 3-M3x10
7) R the brake hub from the Joint #3 motor. & 2/
(7) Remove the brake hub from the Joint #3 motor.

Brake )

2-M3x10 « fF__2
g \g 4
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NOTE When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon

C Socket Head Cap Bolts.

Joint #3 brake (1) Mount the brake to the brake plate.
Installation

(2) Mount the brake hub to the Joint #3 motor.

(3) Mount the motor unit to the Z plate.

Align the position of the disk on the brake and the
hub.

When the brake disk is not aligned, connect the
connector X32. Press the brake release switch and

release the brake to manually adjust the position.

(4) Mount the Joint #3 motor unit to Arm #2 so that the open side faces toward the end of
the arm.

For the brake hub mounting procedure, refer to the section 7./ Replacing Joint #3
Motor - Joint #3 motor installation - Step (3) - (19).

(5) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(6) Perform the calibration of Joint #3.

For details, refer to /4. Calibration.
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8. Joint #4

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

156

Joint #4 motor

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.

U2 belt

U1 belt F
Joint #4 brake h

o
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8.1 Replacing Joint #4 Motor

Name Quantity Note
Maintenance
AC Servo Motor (150 W) 1 1514453
parts
width across flats: 2 mm 1 For M4 set screw
Hexagonal wrench :
width across flats: 3 mm 1 For M4 screw
Torque wrench 1
Tools Nippers 1 For cutting wire tie
. 1 Belt tension 74 N
orce gauge
gatg (7.5 % 0.5 kef)
Suitable cord (Length about 800 mm) 1 For belt tension

Joint #4 motor
Removal

A brake is mounted on the Joints #3 motor to prevent the shaft from lowering due to the

weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

(1
@

3)
“4)

®)

(6)
O
®)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joint #3. When the brake release switch is
pressed, the brake for Joint #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the shaft
may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

Remove the battery board from Arm #2.

Be careful of the connector not to fall off when
removing the battery board.
If the connector falls off, the joints other than

Joint #4 need the calibration.

2-M4x12

Remove the user plate and ground wire secured on Arm #2.
Cut off a wire tie used for bundling the motor cables and signal cables.

Disconnect the following connectors.
Connectors X241, X41 (Hold the clip to remove.)

Connector X64 (for backup cable connector of Joint #4)
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(9) Remove the Joint #4 motor unit from Arm
#2.

Unscrew the bolts securing the Joint #4
motor unit to the Motor plate. Pull the

motor unit upward to remove.

3-M4x12 + washer

Joint #4
motor unit

7
H

b 3-M4x12 + washer

Joint #3
motor unit

- 3-M4x12
+ washer

(10) Remove the pulley from the Joint #4 motor.

There is a brass bushing in one of the set screw holes.

Be sure to keep them.

(11) Remove the motor plate from the Joint #4 motor.
Screw: 2-M4x8

158

=3
M4 bushing

2-M4x6
set screw
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NOTE
(&>  When tightening hexagon socket head cap bolts, refer to the 2
Head Cap Bolts.

Joint #4 motor (1) Mount the motor plate to the Joint #4 motor.
Screw: 2-M4x8

.4 Tightening Hexagon Socket

Installation
(2) Secure the pulley to the new Joint #4 motor. "/"@i
M4 bushing AN
Be sure to fit the end face of the pulley to the end face of >-Mdx8
the motor shaft. set screw
Tighten one of the set screws on the flat face of the motor
shaft until the screw just touches the surface.
Insert a bushing into the other set screw hole to prevent damage to the motor shaft.
Then, tighten both set screws.
(3) Place the pulley around the U2 belt and Joint #4
place the Joint #4 motor unit in the arm so 7 motor unit
that the motor cable faces toward the Arm +
4 head. 3 3-M4x12 + washer
Joint #3
motor unit
Joint #4
Intermediate shaft
= 3-M4x12
[i + washer
3-M4x12 + washer
(4) Loosely secure the Joint #4 motor unit to Joint #4
Arm #2 motor unit
=y U1 pulley
NOTE 1
o Make sure the motor unit can be moved by i U2 pulley

&= hand, and it will not tilt when pulled. If

the unit is secured too loose or too tight,

the belt will not have the proper tension.

Also, check the gear grooves of the belt are
fit into those of the pulleys completely.

U2 belt U1 belt

(5) Apply the proper tension to the U1 belt and

U1 belt tension = 74 N (7.5 + 0.5 kgf)|

secure the Joint #4 motor unit.

Pass a suitable cord or string around the

Joint #4 motor unit near its mounting plate.

Then, pull the cord using a force gauge or
similar tool to apply the specified tension
shown in the figure.

Joint #4
motor unit

3-M4x12
+ washer

(6) Connect the connectors.
Connectors: X241, X41, X42

G series Maintenance Rev.2
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(7) Connect the backup cable of Joint #4: X64.

Bundle the cables with the wire tie to prevent the backup connector from falling off by

mistake.
(8) Mount the battery board to Arm #2. /2-M4><5
ge /Battery board
NOTE The screws on the rear side secure both the q

& battery board and the user plate. Set these

screws when mounting the user plate.

(9) Mount the user plate and ground wire to Arm #2.
(10) Re-bundle the cables in their original positions with a wire tie removed in step (6).
Do not allow unnecessary strain on the cables.

(11) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(12) Perform the calibration of Joint #4.
For details on the calibration method, refer to /4. Calibration.
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8.2 Replacing the Timing Belt

Name Quantity Note
Maintenance | Ul belt (width 10 mm) 1 1510626
parts U2 belt (width 16 mm) 1 1510627
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Spanner (width across flats: 7 mm) 1
Torque wrench 1
Tools Belt tension
Force gauge 1
98N (10 kgf) / 74N (7.5kgf)
Nippers 1 For cutting wire tie
Suitable cord (Length about 800 mm) 1 For belt tension
A brake is mounted on the motor of Joint #3 to prevent the shaft from lowering due to the
weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).
Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the
removal steps from (1) to (3).
U2 belt (1) Turn ON the Controller.
Removal

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

)
(4)

)

(6)

()

(8)

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joint #3.

When the brake release switch is

pressed, the brake for Joint #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the shaft

may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.
Remove the battery board and mounting metal
jig.
Remove the user plate and ground wire secured
on Arm #2.

Cut off a wire tie bundling the motor cables and
signal cables.

Disconnect the following connectors.

WS

S /Battery board

Connectors X231, X241, X31, X32, X41 (Hold the clip to remove.)
Connector X63, X64 (for backup cable connector of Joint #3 and 4)
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(9) Loosen the bolts securing the Joint #4 motor
unit and pull the motor unit upwards.

(10) Remove the screws securing the ball screw
spline on the surface of Arm #2.

(11) Remove the screws on the Joint #3 motor
unit.

Joint #4
7 motor unit
*

b 3-M4x12 + washer

Joint #3
2 motor unit

,,‘vzm\:\\ >y~ Joint #4

A e

(12) Hold the upper rotator part of ball screw

spline and Joint #3 motor up together.

(13) Pass the belt through the upper rotator part

of spline and hold the Joint #3 motor up and
remove the belt.

3-M4x12

&,

“9\ Al
EET I
7 Rl U

Ball screw
spline unit

(14) Remove the screws securing the Joint #4

intermediate shaft unit.

Pull the Joint #4 intermediate shaft unit
upwards.

(15) Remove the Ul belt.

3-M4x12
+ plain washer

(16) Keep the spline upper rotator part up and

remove the U2 belt.
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
U2 belt (1) Hold the spline upper rotator part and set the
Installation U2 belt around the U3 pulley.
NOTE  Make sure the gear grooves of the belt are fit
&~ into those of the pulleys completely.
(2) Pass the Z belt through the ball screw spline of M1 o
' - +
Joint #3 motor unit and set the belt around the 3\\ ¢ ) washer
pulley. ‘\‘ | \\\ Joint #3
ooy _motor unit
NOTE  Make sure the gear grooves of the belt are fit Wyt
&~ into those of the pulleys completely. .
D 3-M4x12
o
g{v:\\-’ii\\ Ball screw
y \\;114'-5 spline unit
P W \‘

(3) Place the Joint # motor unit and spline rotator
part on the Arm #2 top surface.

Make sure the belt stays on the pulley.

Z belt Z1 pulley

(4) Loosely secure the Joint #3 motor unit to Arm #2.

Make sure the motor unit can be moved by hand, and it will not tilt when pulled

If
the unit is secured too loose or too tight, the belt will not have the proper tension

(5) Place the Ul belt in Arm #2 around the

small pulley and put it on the Arm #2 top
surface.

3-M4x12
+ washer

At this point, keep the U2 belt on the large
pulley of Joint #4 intermediate unit.

Make sure the gear grooves of the belt
are fit into those of the pulleys
completely.
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164

(6)

0

®)

)

Loosely secure the Joint #4 intermediate
unit with screws.

Make sure the motor unit can be moved
by hand, and it will not tilt when pulled.
If the unit is secured too loose or too tight,
the belt will not have the proper tension.

Place the Joint#4 motor unit around the
Ul belt. Put the Joint #4 motor unit on
the Arm #2 top surface.

Put the Joint #4 motor cable toward the

AN =

Joint #4
i motor unit
*

3 3-M4x12 + washer

Joint #3
motor unit

Joint #4
intermediate shaft

3-M4x12
+ washer

3-M4x12 + washer

end of Arm #2.

Loosely secure the Joint #4 motor unit to
Arm #2.

Make sure the motor unit can be moved
by hand, and it will not tilt when pulled.
If the unit is secured too loose or too tight,
the belt will not have the proper tension.

Joint #4
motor unit

’—T;- U1 pulley
;:{“’)vUZ pulley
A

{
IT=I=

U2 belt U1 belt

Loosely secure the spline plate to Arm #2.

After moving the shaft up and down several times, secure the spline plate to Arm #2.

(10) Apply the proper tension to the U2 belt, and

then secure the Joint #4 intermediate shaft unit.

To do so, pass a suitable cord or string around
the Joint #4 intermediate shaft unit near its
mounting plate. Then, pull the cord using a
force gauge or similar tool to apply the
specified tension shown in the figure on the
right.

(11) Apply the proper tension to the Ul belt, and

then secure the Joint #4 motor unit.

Pass a suitable cord or string around the Joint
#4 motor unit near its mounting plate.

Then, pull the cord using a force gauge or
similar tool to apply the specified tension

shown in the figure on the right.

| U2 belt tension = 98 N (10 = 1 kgf) |

Joint #4
motor unit y
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(12) Apply the proper tension to the Z belt, and then Z belt tension = 74 N (7.5 £ 0.5 kg ‘

secure the Joint #3 motor unit.

Pass a suitable cord or string around the Joint

#3 motor unit near its mounting plate. Force gauge

Then, pull the cord using a force gauge or

similar tool to apply the specified tension 3-Max12 + washer

shown in the figure on the right.

(13) Re-bundle the cables in their original positions with a wire tie removed in step (7).

(14) Connect the following connectors.
Connector X231, X241, X31, X32, and X41

(15) Connect the backup connectors of Joint #3 and #4 (X63, X64) to the battery board.

Bundle the cables with wire tie to prevent the backup cable connectors from falling off
by mistake.

(16) Mount the battery board to Arm #2. /2-M4x5
79 /Battery board

2-M4x12

(17) Mount the user plate and ground wire to Arm #2.

(18) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

(19) Perform the calibration of Joint #3.
For details on the calibration method, refer to /4. Calibration.
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U1 belt (1) Remove the Joint #4 motor with referring
Removal to the procedure of Joint #4 motor
Removal (1) to (9).

(2) Remove the Joint #4 intermediate shaft unit.

(3) Remove the Ul belt.

166

Joint #4
7 motor unit
*

3 3-M4x12 + washer

Joint #3
motor unit

Joint #4
Intermediate shaft
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NOTE

(&  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket

Head Cap Bolts.

U1 belt (1) Place the U2 belt in Arm #2 around the
Installation small pulley and put it on the Arm #2.

At this point, keep the U1 belt on the large
pulley of Joint #4 intermediate unit.

NOTE  Make sure the gear grooves of the belt are
& fit into those of the pulleys completely.

(2) Loosely secure the Joint #4 intermediate unit.

3-M4x12
+ washer

Make sure the motor unit can be moved by hand, and it will not tilt when pulled.

If the unit is secured too loose or too tight, the belt will not have the proper tension.

(3) Place the pulley in the Ul belt and put the
Joint #4 motor unit to Arm #2.

Make sure the gear grooves of the belt are
fit into those of the pulleys completely.

(4) Loosely secure the Joint #4 motor unit to

Arm #2.

Make sure the motor unit can be moved by
hand, and it will not tilt when pulled.

If the unit is secured too loose or too tight,
the belt will not have the proper tension.

G series Maintenance Rev.2

Joint #4
7 motor unit
*

3 3-M4x12 + washer

Joint #3
motor unit

Joint #4
intermediate shaft

3-M4x12 + washer

Joint #4
motor unit

8~

- U1 pulley

°

E{‘ i U2 pulley

Kl {

=
\
o

IT=I=

U2 belt U1 belt
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(5) Apply the proper tension to the U2 belt, and then ‘ U2 belt tension =10 + 1 kgf ‘
secure the Joint #4 intermediate shaft unit.

Pass a suitable cord or string around the Joint #4
intermediate unit near its mounting plate.

Then, pull the cord using a force gauge or similar
tool to apply the specified tension shown in the
figure on the right.

(6) Apply the proper tension to the Ul belt, and then
secure the Joint #4 intermediate shaft unit.

Joint #4

Pass a suitable cord or string around the Joint #4
motor unit

motor unit near its mounting plate.

Then, pull the cord using a force gauge or similar
tool to apply the specified tension shown in the
figure on the right.

(7) Connect the connector.
Connector: X241, X41

(8) Re-bundle the cables in their original positions with a wire tie removed in step (9).
(9) Connect the backup connectors of Joint #4, X64 to the battery board.

Bundle the cables with wire tie to prevent the backup cable connectors from falling off
by mistake.
(10) Mount the battery board to Arm #2.

(11) Mount the user plate and ground wire to Arm #2.

(12) Install the arm top cover and arm bottom cover.

For details, refer to 3. Covers.

(13) Perform the calibration of Joint #4.
For details, refer to /4. Calibration.
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9. Replacing Arm #1

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

systemis turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.

o
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Name Quantity Notes
250 mm 1 Arm #1 25ST R12B031914
Table Top Standard arm | 300 mm 1 Arm #1 30ST R12B031915
: 350 mm 1 Arm #1_35ST R12B031916
Maintenance | MoUNting Curved 300 mm 1 Arm #1_30B R12B031917
oarts HIVE A 17350 mm 1 Arm #1_35B R12B031918
. 300 mm 1 Am#1 M 30ST | R12B031919
Multiple | Standard arm 55,7 1 Arm#1 M 35ST | R12B031920
Mounting | curved arm | 350 mm 1 Am#l M 35B | R12B031921
Hexagonal wrench
(widtﬁ across flats: 2.5 mm) ! For screw M3
Tools

Torque wrench

1

Flathead screwdriver

1

When changes the arm length, it requires the other cable unit for the new arm length.

Right / Left-curved arm have the shared maintenance parts.

A

CAUTION

m Replacing Arm #1 should be done by two persons.
There are dangers of main parts to fall or get damage.

170
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Arm #1 (1) Remove the arm cap.
Removal For details, refer to 3.3 Arm Cap.

(2) Remove the harmonic mounting screws on the Joint #2 side and remove the Arm #2
unit.

This procedure should be done with an assistant. The assistant supports the Arm #2

unit.
Do not allow unnecessary strain on the cables.

For Multiple mounting, removal direction of Joint “1 and #2 is the same. In this
procedure, remove the only screws on the left side of figure.

Table Top mounting Multiple mounting

(3) Remove the O ring on the part where Arm #2 was mounted.

(4) Remove the Arm #1 covet and hose elbow. Arm #1 cover

These parts are not attached for the Multiple
mounting Manipulators.
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(5) Remove the harmonic mounting screws on the Joint #1 side and remove the Arm #1

unit.

In case of Multiple mounting type,
Arm #1 falls without mounting screws. Support Arm #1 when removing the screws.
Remove the O ring which is attached to the Joint #1 mounting part.

Table Top mounting

8-M3x35 4-M3x20
+ Washer\u% + Washer
: i "

8-M3x35 | I
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NOTE

=

Arm #1
Installation

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) Prepare the spare Arm #1 and mount the mechanical stop.
Base side Table Top M8x10 1 unit (Bottom surface, Center, 1 point)

Multiple M8x10 2 units (Top surface, Center, 2 points)
Arm #2 side M8x10 2 units (Top surface, Center, 2 points)

(2) Insert the base side of Arm #1 to the harmonic drive of the base.

In case of Multiple mounting type,

Insert the O ring into the chase in the Joint #1 mounting surface of Arm #1 before
mounting the arm.

Apply a small amount of grease for the reduction gear to the O ring.

Fit with the space for the screws head of harmonic drive on Arm #1 side.

(3) Put washer on screws and mount the Arm #1 unit with specified torque.
M3 tightening torque: 3.0 N-m (30.6 kgf-cm)

Use 35 mm screws to all side and the middle one in each side is 20 mm.
Do not use the screws of different length. Otherwise, it causes a malfunction.

Table Top mounting Multiple mounting

e

+ WasherWU?

Arm #1 unit

4-M3x20
+ Washer

(4) There is an O ring groove in the Arm #2 mounting part on Arm #1 side. Insert an O
ring in the groove.

Apply a small amount of grease on the O ring.
(5) Insert the Arm #2 side on Arm #1 to the harmonic drive of Arm #2.

Fit with the space for the screws head of harmonic drive on Arm #2 side.
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(6) Put washer on screws and mount the Arm #1 unit with specified torque.
M3 tightening torque: 3.0 N-m (30.6 kgf-cm)

Use 35 mm screws to all side and the middle one in each side is 20 mm.

Do not use screws of different length. It causes a malfunction.

Table Top mounting Multiple mounting

e

+ Washer -M3x35 + Washer

(7) Mount the hose elbow and Arm #1 cover. Arm #1 cover

These parts are not attached to the Multiple
mounting Manipulators.

(8) Put the 62 movement direction label to the end of Arm #1, in Arm #2 side.

If the model is different, it may cause a robot to malfunction. Also, the robot may

/_\ m After replacing the arm, do not fail to change the robot model in the software.
collide with the mechanical stop and break it.

CAUTION
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(9) Change the robot model.
(9)-1 From the Setup Menu, select Controller.

(9)-2 Click on the Robot folder in the tree on the left side to open the Robot Model

page.
B Setup Controller,
G i Robaot Model
Configuration
Preferences
(Options
= Robot
Model Modsl E254535M -
Configuration
Calibration Type: Scara
Arnplifiers
Inputs # Outputs J1 +J2 Length: 450 mm
Remate Control
TCR /P Z Length: 320 mm

(9)-3 Select the model for your robot from the Model dropdown list. Only robot
models that can be used with the amplifiers currently in the controller are
listed. When using Dry Run, all robot models are shown in the list.

(9)-4 Click the Apply button to save settings.

(9)-5 Click on Robot Configuration in the tree to open the Robot Configuration

page.
B® Setup Controller,
General Fiobot Configuration ——
Configuration -—
Preferences
Dot Hane
[=- Robot
Model Seialt: 0001 ] [ Aesoe |
Configuration
Calibration .
Amplifiers Juits
Inputs / Dutputs J1 Enabled J4 Enabled
Remate Cantrol
TCP/IP J2 Enabled
J3 Enabled

(9)-6 Type in a name for the new robot and enter the serial number from the robot's
nameplate. Any serial number can be used, but it is recommended that you

use the number that is stamped on the robot.

(9)-7 Click Apply to save settings.
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(9)-1 From the Setup Menu, select System Configuration.

(9)-2 Click [Controller]-[Robots] in the tree on the left.

I System Configuration

Startup
= Gantraller
Gieneral
Gonfiguration
Preferences
Simulator
Drive Units

R There are currently no robots in the
iobots

e syatem.
Thputs S Outputs
Femate Control Click the Add button to add a robot.
R5232
TGP £ TP

Conveyor Encoders

Force Sensing
Security
Vigion

(9)-3 Click <Add> and the following dialog box will appear.

i Add New Robot

Gelected Robot
Robat Natme: Modet -
Robot Serial # Tupe Six Axis
Mation System: | Standard v
Drive Unit: Gy v
Robot Twpe: Six Axis v “—' i
"

Robot Joints:

A
Series: [e1 ~ 1
Model: 7

[ 0K ] [ Cancel ]

(9)-4 Type in a name for the new manipulator and enter the serial number on the
manipulator’s nameplate. ~ Any serial number can be used, but it is
recommended that you use the number that is stamped on the manipulator.

(9)-5 Select a motion system to use from the [Motion System] dropdown list. If there
are no other motion systems installed, then “Standard” will already be selected.

(9)-6 Select a Drive Unit for your manipulator from the [Drive Unit] dropdown list.
(9)-7 Select a manipulator type from the [Robot type] box.
(9)-8 Select a manipulator series from the [Series] dropdown list.

(9)-9 Select a manipulator model from the [Model] dropdown list.
After you select a manipulator model, all manipulators available for the type of
motor driver currently installed in the controller will be displayed. If you use
[Dry run], all robots selected in step 9 will be shown.

(9)-10 Click <OK> and the controller will be rebooted.

(10) Perform the calibration of Joint #1, #2.
For details, refer to /4. Calibration.
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10. Bellows

NOTE

V=

The bellows are provided in a unit of one piece.

same shape.

The upper and lower bellows have the

A large amount of dust is emitted when replacing the bellows.

Take the Manipulator to an outer room such as the room in front of the clean room’s entrance,

or take the necessary countermeasures to prevent dust emission before removing the bellows.

Name Quantity Note
Maintenance
parts Bellows 120 mm 1 1513008
Tools Cross-point screwdriver 1 For clamp band removal
Clamp band
Bellows
I
j?/
Clamp band
Bellows
Bellows (1) Remove the end effector.
Removal

(2) Remove the wires and tubes from the end effector.

(3) Turn ON the controller.

(4) Loosen the two clamp bands on each bellows.

Stop motor excitation. (MOTOR OFF)

(5) Pull the bellows and clamp bands out of the shaft.
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10. Bellows

Bellows
Installation

178

(1) To attach the upper bellows, move the shaft to its lower limit.

)
€)

(4)

)

(6)
)
)

To attach the lower bellows, move the shaft to its upper limit.

To move the shaft up/down, press and hold the brake release switch.

Be sure to keep enough space and prevent the end effector hitting any peripheral

equipment.

The brake release switch affects only Joint #3.

When the brake release switch is

pressed, the brake for Joint #3 is released simultaneously.

Be careful of the shaft while the brake release switch is being pressed because the

shaft may be lowered by the weight of an end effector.

Pass the shaft through the bellows from the larger joint.

Secure the cover side of the bellows.

The bellows has two joints:

The larger joint must be attached to the cover side.
The smaller joint must be attached to the end face
side of the shaft.

Attach the mounting part of the bellows until the end

touches the cylindrical part of the cover.

Then, secure them with clamp bands.

Secure the end face side of the bellows to the shaft.

Cover the bearing case (black) on the end face of the
shaft with the bellows mounting part.

Then, secure them with clamp bands.

Upper bellows
cover side

Bottom bellows
cover side

Upper bellows
shaft edge

Bottom bellows
Shaft edge

After completing the attachment of the bellows, move the shaft up/down by hand

several times and rotate Joint #4.
contract smoothly without any excessive force.

Turn OFF the Controller and peripheral equipment.
Attach the end effector.

Connect the wires and tubes to the end effector.

Make sure that the bellows can expand and
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11. Ball Screw Spline Unit

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock

and/or malfunction of the robot system.
A m To shut off power to the robot system, disconnect the power plug from the power

source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

WARNING

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

NOTE  After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
& spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.

weight of the end effector while the power to the Controller is OFF or while the motor is in
OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps from (1) to (3).

Name Quantity Note
. Each manipulator model
Maintenance . .
Ball Screw Spline Unit 1 (Refer to
parts 15. G3 Maintenance parts)
. . Proper
Grease For Ball Screw Spline Unit (AFB grease) quantity
Hexagonal wrench 1 For M4 screw
(width across flats: 3 mm)
Torque wrench 1
Nippers 1 For cutting wire tie
Tools Cross-point screwdriver 1 Only for Cleanroom-model
F 1 Belt tension
orce gauge
gaug 98 N (10 kgf) / 74 N (7.5 kef)
Suitable cord (Length about 1000 mm) 1 For belt tension
Wiping cloth 1 For wiping grease (Spline shaft)
Material Wire tie 2
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Ball screw (1) Turn ON the Controller.
spline unit . .. . . .
R | (2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure
emova to keep enough space and prevent the end effector hitting any peripheral equipment.
The brake release switch affects only Joint #3. When the brake release switch is
pressed, the brake for Joint #3 is released simultaneously.
Be careful of the shaft while the brake release switch is being pressed because the shaft
may be lowered by the weight of an end effector.
(3) Turn OFF the Controller.
(4) Detach the wires/tubes from the end effector, and remove the end effector.
(5) This step is only for Cleanroom-model (C with bellows option).
Remove the bellows. For details, refer to /0. Bellows.
(6) Remove the arm top cover and arm bottom cover.
For details, refer to 3. Covers.
(7) Remove the battery board from Arm #2.
(8) Remove the user plate and grounding wire from Arm #2.
(9) Disconnect the following connectors.
Connectors X231, X31, X341, X41 (Hold the clip to remove.)
Connector X32
Connector X63, X64 (Backup cable connector for Joint #3, #4)
(10) Remove the motor unit by pulling it up. Joint #4
7 motor unit
Remove the bolts securing the Joint #4 +
motor unit. 18 3-M4x12 + washer
(11) Remove the screws securing the ball screw [ Joint#2 '
spline of Arm #3 surface. @". motor unit
Joint #4
intermediate shaft
3-M4x12
+ washer
3-M4x12 + washer
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11. Ball Screw Spline Unit
(12) Remove the screws securing the Joint #3
motor unit.

Joint #3

_motor unit
(13) Hold the rotator part of ball screw spline and

Joint #3 motor up together.

73 T
(14) Hold the Joint #3 motor up.

Ball screw
Remove the belt by passing though the
spline rotator part.

spline unit

(15) Remove the screws securing the Joint #4
intermediate unit.

Remove the unit by pulling it up.

(16) Remove the U1 belt.

(17) Hold the spline upper rotator part.

Remove the U2 belt.

(18) Remove the mounting screws of the ball

screw spline shaft on the lower part of Arm
#2.

(19) Remove the ball screw spline unit by pulling it upward from Arm #2.

G series Maintenance Rev.2
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Ball screw (1) Pass the U2 belt through the ball screw spline unit
spline unit and U3 pulley and insert the belt to Arm #2 from U2 belt
Installation above. ,«.TW
1l
kS LI
'.\;g!.jﬁ
[/

(2) Secure the ball screw spline shaft on lower side
of Arm #2.

Be careful not to put the timing belt between the
nut and Arm #2.

(3) Mount the ball screw spline unit.
For the procedure, refer to 8. Arm #4 — 8.2 Replacing the Timing Belt — U2 belt
installation.

(4) Grease the shaft.
For details, refer to 11.1. Greasing the Ball Screw Spline Unit.

(5) Install the arm top cover and arm bottom cover.
For details, refer to 3. Covers.

(6) Turn OFF the Controller and peripheral equipment.

(7) Install the end effector, and connect wires and tubes.

(8) This step is only for Cleanroom-model. Install the bellows.
For details, refer to 10. Bellows.

(9) Perform the calibration of Joints #3 and #4.
For details, refer to /4. Calibration.
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12. Lithium Batter

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

AN

WARNING

Use meticulous care when handling the lithium battery. Improper handling of the
lithium battery as mentioned below is extremely hazardous, may result in heat
generation, leakage, explosion, or inflammation, and may cause serious safety
problems.

<Improper Handling>

- Battery Charge - Deformation by Pressure

- Disassembly - Short-circuit (Polarity; Positive/Negative)

- Incorrect Installation - Heating (85°C or more)

- Exposing to Fire - Soldering the terminal of the lithium battery directly

- Forced Discharge

When disposing of the battery, consult with the professional disposal services or
comply with the local regulation.

Spent battery or not, make sure the battery terminal is insulated. If the terminal
contacts with the other metals, it may short and result in heat generation, leakage,
explosion, or inflammation.

In case of the low lithium battery power, the error to warn the voltage reduction occurs at
the Controller startup (the software startup). All position data will be lost and you will
need to calibrate all joints.

The life span of the lithium battery varies depending on the energizing hours and
installation environment of the Controller. It is about 3 years as a rough guide (when the
Controller is connected to power for 8 hours a day). When the Controller is not
connected to power, the battery consumption will significantly increase compared to when
the Controller is energized. If warnings of voltage reduction occur, replace the lithium
metal battery even if it has not reached the above product life.
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NOTE

&

For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
recommended replacement time for the battery can be checked in the [Maintenance] dialog
box of the EPSON RC+ 7.0.
For details, refer to the following manual.

RC700 series Maintenance Manual 6. Alarm

The battery may run out if it passes the recommended replacement time.

If no warnings of voltage reduction occur, the calibration for all joints is not necessary.
You need to perform calibration if the position moves from the originals after replaced the
battery.

Always use the lithium battery and battery board designated by us.
(Refer to 15. Maintenance Parts List.)

Be careful of the battery polarity to connect it correctly.

Name Quantity Note
Maintenance | Battery unit (Lithium battery) 1 2117879
parts Battery board 1 2120180
Tools Nippers . 1 For cutting wire tie
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Material Wire tie ; For fixing battery unit (battery)

For fixing cable
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12. Lithium Battery

12.1 Replacing the Battery Unit (Lithium Battery)

Battery unit
(lithium battery)
Removal

(M

Turn OFF the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be

3)

“4)

®)

(6)

sure to keep enough space and prevent the end effector hitting any peripheral

equipment.

The brake release switch affects only Joint #3.

pressed, the brake for Joint #3 is released simultaneously.

When the brake release switch is

Be careful of the shaft while the brake release switch is being pressed because the shaft

may be lowered by the weight of an end effector.

Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

Connect the connector of the new lithium battery
(battery unit) to the battery board.

User the unused connector of the two connectors
X60A, X60B on the upper part of the battery board.

Be sure to connect the connector of the new battery
before disconnecting the old battery. If the
current battery is disconnected before connecting
the new one, the robot will lose the origin position
data and the calibration must be executed again.

Cut off the wire tie banding the lithium battery and

remove the lithium battery.

Cut off the wire tie banding the lithium battery,
Remove the battery.

G series Maintenance Rev.2
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Battery unit (1) Mount the new lithium battery to the battery board.
(lithium battery)

Installation
Lithium battery
(battery unit)

Battery board

(2) Fix the cable of lithium battery and connector cable connecting to battery board with
wire tie. Refer to the Removal step (4).

(3) Mount the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(4) Turn ON the Controller.

(5) Check if the Manipulator moves to points (poses) correctly.

To do so, select 2 points (poses) or more from the registered points (poses) and move
the Manipulator to the points (poses).

(6) Ifthe Manipulator does not move to the points (poses) correctly, perform the calibration
of all joints and axes.
For details, refer to /4. Calibration.
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12.2 Replacing the Battery Board

After battery board and parts have been replaced (motors, reduction gear units, brakes,

timing belts, ball screw spline unit, etc.), the Manipulator cannot operate properly because

a mismatch exists between the origin stored in each motor and its corresponding origin

stored in the Controller.

After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to 14. Calibration to perform the calibration.

Battery board (1) Turn OFF the Controller.
Removal

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects only Joint #3.

pressed, the brake for Joint #3 is released simultaneously.

When the brake release switch is

Be careful of the shaft while the brake release switch is being pressed because the shaft

may be lowered by the weight of an end effector.

(3) Remove the arm top cover.

For details, refer to
3.1 Arm Top Cover.

(4) Disconnect the wiring tie connecting the
connector cable.

(5) Disconnect the connectors X61, X62, X63, and
X64 from the battery board.

(6) Loosen the screws securing the battery board
and remove the battery board.

G series Maintenance Rev.2
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Battery board (1) Mount the new battery board and secure it with /2'M4><1 S
Installation SCrews. 7y Battery board

(2) Connect the connectors.
Connectors: X61, X62, X63, X64

(3) Fix the connector cable with wiring tie.

Refer to Removal step (4).

(4) Mount the arm top cover.
For details, refer to 3.7 Arm Top Cover.

(5) Turn ON the Controller.

(6) Perform the calibration of all joints.
For details, refer to /4. Calibration.
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13. LED Lamp

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

Name Quantity Note
Maintenance || oy 1 omp 1 2077258
parts
Cross-point screwdriver 1 For wire removal
Tools .
Nippers 1
Material Wire tie 1
LED Lamp (1) Remove the arm top cover.
Removal For details, refer to 3.1 Arm Top Cover.
(2) Remove the user plate from the Arm #2 cover.
(3) Disconnect the X1 and X2 terminals from the Lens
LED. Lens holder
Rin K
(4) Turn the lens counterclockwise to remove it. g
Then, turn the lens holder counterclockwise to /
. X1 terminal ﬁ X2
remove 1t.
terminal
(5) Remove the LED and ring from the user plate. @L 2
LED Lamp (1) Connect the X1 and X2 terminals to the LED. i
Installation .-

Each terminal must be connected to its terminal
number on the LED.

(2) Put the user plate between the ring and lens holder, and then mount the LED on the arm
top cover.

(3) Install the lens to the lens holder.
(4) Mount the user plate to Arm #2.

(5) Install the arm top cover.
For details, refer to 3.7 Arm Top Cover.
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14. Calibration

14.1 About Calibration

After parts have been replaced (motors, reduction gear units, timing belts, etc.), the
Manipulator cannot execute the positioning properly because a mismatch exists between the
origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”. Note that calibration is not
the same as teaching*.

*: “Teaching” means to teach the Controller coordinate points (including poses) anywhere
in the operating area of the Manipulator.

AN

WARNING

To ensure safety, a safeguard must be installed for the robot system.
For details on the safeguard, refer to EPSON RC+ User’s Guide: 2.4 Installation
and Design Precautions.

Before operating the robot system, make sure that no one is inside the
safeguarded area. The robot system can be operated in the mode for teaching
even when someone is inside the safeguarded area.

The motion of the Manipulator is always in restricted (low speeds and low power)
status to secure the safety of an operator. However, operating the robot system
while someone is inside the safeguarded area is extremely hazardous and may
result in serious safety problems in case that the Manipulator moves
unexpectedly.

190

Command Input
Calibration procedures include the process to input commands. Select EPSON RC+ menu-
[Tools]-[Command Window] to use the command window.

The information above is omitted in the calibration procedure.

Jog Motion

The process to set the jog motion is included in the [Jog & Teach] page of the Robot Manager.
Select EPSON RC+ menu-[Tools]-[Robot Manager] and select the [Jog & Teach] tab to use
the [Jog & Teach] page.

The page above is indicated as [Jog & Teach] in the calibration procedure.

When the calibration procedure is different for each type of software, see your software type.
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14.2 Calibration Procedure
EPSON RC+ has a wizard for calibration.
This section indicates the calibration using the calibration wizard of EPSON RC+.

The same calibration procedure is used for each joint.
The steps below are calibration using Joint #1. Follow the steps below to calibrate other
joints.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2. For details, refer to /4.3 Accurate
Calibration of Joint #2.

When calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.  You cannot
calibrate Joint #4 alone because of the structure of the Manipulator.

NOTE If Err9716 or 5016 (Power supply failure of the absolute encoder. Replace the battery.
& Check the robot internal wiring) occurs, apply the procedure of /4.4 Calibration Procedure
without using Calibration Wizard - 3. Encoder Initialization and then, start the calibration

wizard.
The reference point (a point to check the accuracy) needs to be specified for calibration.

(1) Start the calibration wizard.
i. Select EPSON RC+ menu-[Setup]-[System Configuration].
ii. Select the [Robot]-[Robot**]-[Calibration].

NOTE  Only selected robot can be calibrated.

iii.  Select the joint and click the <Calibrate...> button.

System Configuration 7 X
& Startup ~ Robot 1: Calibration a
= Controller Caution: Calibration may change point locations ose

- General
- Configuration Joint To Calibrate: | 1 V| E Calibrate... i
- Preferences
- Simulator Calibration  Jgint Accuracy
(- Drive Units Values are in encoder pulses
(= Robots
=-Rabot 1 Joint CalPls Hofs
i Model 0
: Col.'ifigu.ration 3 )
Calibration 3 3
i Amplifiers
[+- Inputs / Outputs 4 0
[+ Remote Control
8: ?gg:ﬁp Load Cal... Save Cal...
i E]-- FT:E Sensing v
< T >
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(2) Confirm the warning message and click the <Yes> button.
EPSON RC+ 7.0

To perform a calibration using the wizard, a previously taught reference point is reguired in the current project,

2
-
If you do nok have a reference point, then you cannot use the wizard and you must Fallow the steps For manual
calibration in your robot manual,

Do you have a previously taught reference paint in the current project?

[ Yes l [ Mo ]

(3) Move the joint to calibrate manually to approximate 0 pulse position, as shown in the
dialog. After moving the joint click the <Next> button.

Calibration Wizard: Joint 1

Step 1: Maove To Zera Pulze Pazition

Move Joint 1 to itz approximate zero pulse

- 0 pulse pozition by hand
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0 pulse position of Joint #1:
position aligned with X-axis in
Robot coordinate system

> 0 pulse

0 pulse position of Joint #2:
position where Arms #1
and #2 are in a straight line
(Regardless of the Joint #1
direction.)

0 pulse position of Joint #3:

upper limit position in

motion range

The height of Joint #3
depends on manipulator
model.

Standard model Cleanroom model
0 pulse position of Joint #4:
position where the flat surface
(or groove in the up/down = N
mechanical stop) on the shaft |- > @ 0 pulse
faces toward the tip of Arm #2 : “—

Groove

v l ‘

===
| & |

g——— Flat surface
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(4) Click the <Yes> button to reset the encoder.
EPSON RC+ 7.0

The encoder for joint 1 will now be reset.

2
NP,
Conkinue?

* This window will disappear when the Controller starts up.

(5) Reboot the Controller.

EPSON RC+ 7.0

Restarting Controller

[!Illllll ]

| Cloze

* This window will disappear when the Controller starts up.

(6) Select the reference point to use for calibration, and click the <Next> button.

Calibration Wizard: Joint 1

Step 2 Select Reference Point

Select a reference point to use for calibration

Pairt File: | Ptz pts “ |

Select a point from the
current points to use for
checking the accuracy.

Point: | PO - Referencel

[ Cancel l [ ¢ Back l [ Mext > ]

Calibration Wizard: Joint 1

Step 3 Jog to reference paint

The center
of the shait

Calibration jig at the
- end of the shaft Jog the rabat until the end effectar iz near
(Example]} . o A
the reference point for rough calibration

Sy Target point

=L

Cancel ] I < Back Jog...
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(8) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for

rough calibration.
* Before operating

Then click the <OK> button.

the robot, open the [Jog

& Teach] tab and execute <Motor ON>.

™ Calibration Wizard

Jog

locat 0

Took 0 =

fem 0 v | @ ()38

Jog & Teach | Control Panel

Jogging Currenit Pogition
J1 (deg) L degd B (mem)
Mode: | Jomt %  Speed low  w I Um]l I Uml [ OU:IJ] ) 'World
M (deg) ® Jont
- -~ & [___oooo] | ] [ | © Puise
J1 42 +J3
Current Arm Orentation
& A o Hand ]
1 +J2 343 [ Ry ] | | [ ] CJ
=] =1 —] Jog Distance
J4 J5 J6 J1 deg) 2 Yeg) B @m O Continuous
1,000 1.000 100 O Lorg
< &1 &N M deg) @) Medum
«J4 «J5 6 1.000 O Short

Jog To Reference Point

[

ok ][ Cuecet ]

(9) Click the <Next> button.

Calibration Wizard: Joint 1

Step 3 Jog to reference point

The center
of the shaft

Calibration jig at the
_end of the shaft
{Example}

>£*_TT_— Target point

Cancel l I < Back

Jog the robot until the end effector iz near
the reference point for rough calibration
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(10) The manipulator moves to the reference point. Click the <Execute> button.

Calibration Wizard: Joint 1 ? *

Step 4: Move to Reference Point

1. Select or enter motion command to move near the reference point

2. Click Execute

Input JUMP PO:z (0).

| T

Point selected in step (6)

Motion command to move to reference point:

(®) Predefined: Jump PO :Z(0) v

(O Custom: Go DO

(11) Confirm the message and click the <Yes> button.
EPSON RC+ 7.0

< Ready to move robot to the reference point?
g

{If mecessary, the motors will be burned on and all axes will be locked befare executing motion.)

[ fes ] [ Tio ]

(12) After the manipulator moves to the reference point, click the <Next> button.
Calibration Wizard: Joint 1 ? b4

Step 4: Move to Reference Point

1. Select or enter motion command to move near the reference point

2. Click Execute

Motion command to move to reference paint:

(® Predefined: Jump PO :Z(0) ~

O Custom: Co PO

Cancel < Back Next = ] ecute
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(13) Jog to the accurate reference position.

Calibration Wizard: Joint 1

Step & Jog to reference point

The center
of the shaft

Calibration jig at the

— fgfa;“npﬁl';ﬂaﬁ Jog the robot to the exact reference
position
>§'{T—— Target point
’ Cancel l [ < Back ] Jog...

(14) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for
rough calibration. Then click the <OK> button.

™ Calibration Wizard Jog

locat 0 = Tool 0 « Am D « .m§§§

Jog & Teach | Control Panel
Jogerg Carrent Pog it
J1 e J2 (deg) I3 (mam)

Mode: | Jomt ] Seeed|lov M [ oow] [ _oom] [ ooon] OWees
34 (dog) ©[kort
“ = 1 [___oooo] | ] [ | © Puise
J1 42 «J3
Currenit Aem Orentaton
=2} <A O Hand [:]
Wi 2 93 [Rewy | | | [ ] |
1 P = Jog Distance
34 J5 JE J deg) R Blam O Continuous
1000 1.000 1000, ) Long
(=] — &N M (deg) ®) Medium
sJ4 +J5 «J6 1000 O Short

Jog To Reference Point

[ ox ][ coxe |

* Position Joint #2 only and move Joint #3 to around 0 pulse.
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(15) Click the <Next> button.
Calibration Wizard: Joint 1 @@

Step 5 Jog to reference point

The center
of the shaft

Calibration jig at the
-~ ofthe saft Jog the robot to the exact reference
. y position

-
e —— Target point

[ Cancel ] [ « Back J | Hext » | [ Jog... l

(16) Execute the procedure in “Calibration Using Right / Left Arm Orientations” to

accurately calibrate Joint #2.
Go on to the step (17) for the other joints calibration.

i. Move to another point that has different pose (from righty to lefty) using Jump
command. Click the <Yes> button.

EPSON RC+ 7.0

Warning

\‘\f)
-
The robok will jump to the oppasite arm orientation.

2k ko continue?

ii.

Calibration Wizarnd: Joint 2

Step B: Jog to reference point

The centzr
«of the shaft

Calibration jig at the

- " eg:;;;: sheet Jog the robot to the exact reference
l poztiah

>ﬁs‘_—— Target point

Cancel ] I < Back Jog...
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iii. Jog

..". s

to the accurate reference position and adjust the position. Click the <OK> button.

ahibration Wizard Jog

LOC-“G - TOO‘O L4 h‘mﬂ - ‘mgé;

Jog & Teach | Control Panel
JOgE g Currert Pogition
J1 (deg) J2 (deg) 3 lmem)

Wode: [Jork B8 Seesdlom B I ooo0] | 0000] | oo O Werld
J (deg) @[ Joint
- "::' @ [___ooo] | ] { | © Puise
J1 42 «J3
Current Arm Orentation
A A o Hyd ]
w1 2 43 Ry ] [ ] [ ] CJ
=] =] | Jog Distance
J4 J5 J6 J1 o) Ry Bilam) O Continumus
1000 [ 1000 [ 100 O pore
L | &N &1 M dag) @ Mead i
o4 5 6 1000 O Sort

Jog To Reference Point

Lok ][ concel ]

iv. Click the <Next> button.
Calibration Wizard: Joint 2

Step B Jog to reference point

The center
of the shaft

Calibration jig at the

— fé'f;:;‘; shaft Jog the robot to the exact reference
pozition
>§*_1_—— Target point
Cancel ] [ < Back ] [ Hewt » | [ Jog...
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200

(17) Calibration is complete. Click the <Finish> button.

Calibration Wizard: Joint 1

Finizh

Calibration for Joint 1 has been successfully completed

l

Cancel

l

I < Back l

(18) Move the manipulator to other points and check if it can move without problems.

Teach points where appropriate.
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14.3 Accurate Calibration of Joint #2

When coordinates for the Manipulator working point require calculation, it is important for

Joint #2 to be calibrated accurately.

NOTE IF the calibration of Joint #2 is performed in /4.2 Calibration Procedure, configure
& “Calibration Using Right / Left Arm Orientations” by the wizard.

The reference point is the center of the ball screw The center of the shaft
spline shaft during this calibration.

When there is a misalignment between the center | There is a misalignment
between the center of

of the end effector and the center of the ball screw the end effector and the

spline shaft, remove the end effector and perform |center of the shaft.
the calibration of the shaft. \

Make a calibration jig as shown in the right figure The center
and attach it on the end of the shaft to make the of the shaft
center of the shaft clear.

so that you can easily verify the center of the

Calibration jig at the
end of the shaft

|
|
Decide a target point and mark a cross (x) on it '
|
!
T (Example)

shaft after switching the arm pose between right

and left. .
|

>é Target point

After removing the end effector and performing the calibration, install the end effector and

move the Manipulator to the teaching point to verify whether there is a positional gap. If
there is a positional gap, fine-tune the installation position of the end effector and teach the
point again.

Coordinates for the working point requires calculation in the following cases:

- Teaching the working point by entering the coordinate values (MDI teaching)
- Switching the arm orientation between right and left at a given point

- Using the Pallet command

- Executing CP control (such as liner or circular interpolation)

- Using the Local command

- Pose data specified with relative coordinates <Example: P1+X(100) >

- Vision Guide camera calibrations
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Calibration Using Right / Left Arm Orientations
(1) Check the point data for calibration

Use a pose (point) you can easily verify the accuracy within the work envelop of

both right and left arm. Then, check the number of pose (point) you want to use.

(2) Open the Tools menu | Robot Manager | Control Panel and click the MOTOR ON.

(3) Click the <Free All> button in the [Control Panel] to free all joints. Now, you can
move arms by hands.

(4) Move the arms to the position of point data for calibration in rightly arm orientation.

(5) From the current position, teach any point data number unused.
This point is now called P1.

Specify the point number “1”” and click the <Teach> button in the [Jog & Teach].
(6) Click the <Lock All> button in the [Control Panel] to lock all joints.
(7) Switch to the lefty arm orientation. Then, move the arm to the same point.

>Jump P1/L:Z(0) ' Change the arm orientation from righty to lefty

Z is the maximum position

* If there is interference on the way from right to lefty, click the <Free All> button in
the [Control Panel] and change the arm orientation to lefty by hands. Then, go to
the step (6), (7).

(8) The joints are slightly out of position.

Adjust the gap with the —Z in the Jogging group in the [Jog & Teach]. Then, teach
another point data number unused. This pose (point) is now called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].
(9) Input the new Hofs value.

>Hofs Hofs (1), Hofs (2) + (Ppls(P1l,2) + Ppls(P2,2)) /
2, Hofs (3), Hofs(4)

(10) From the current lefty arm orientation (the position in the step (8)), teach the point data
number used in the step (8). This pose (point) is called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].

(11) Switch to the righty arm orientation. Then, make sure the manipulator move to the
correct position.

>Jump P2/R ' Change the arm orientation from lefty to righty

* If there is any interference on the way from lefty to righty, click the <Free All> button
in the [Control Panel] and change the arm orientation to righty by hands. Then, go
to the step (6), (11).

(12) Move the manipulator to other point data and make sure it moves to the correct position.
Teach some more points if required.

* Delete the two points taught for the Joint #2 calibration.

202 G series Maintenance Rev.2



G3 Maintenance 14. Calibration

14.4 Calibration Procedure without using Calibration Wizard

NOTE This section indicates the calibration without using the calibration wizard of EPSON RC+.
&= For details of calibration using the calibration wizard, refer to /4.2 Calibration Procedure.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2. For details, refer to /4.3 Accurate
Calibration of Joint #2.

You cannot calibrate Joint #4 alone because of the structure of the Manipulator. When
calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.

NOTE The reference point (a point to identify the position of the manipulator) needs to be specified
& for calibration.

Follow steps 1 to 6 described below in order to calibrate the origin.

1. Basic Pose Confirmation

(1)-1 After the part replacement, perform the calibration using the point data currently
registered.
Confirm the point data number (P*) to reconstruct the correct manipulator
position.

* Point data before the parts replacement (motor, reduction gear, belt, etc.) is
necessary for the calibration.

2. Part Replacement

(2)-1 Replace parts as dictated by this manual.

* Be careful not to injure yourself or damage parts during part replacement.
3. Encoder Initialization
(3)-1 Turn ON the Controller when all joints are in the motion range.

(3)-2 Manually move the joint that needs origin alignment to its approximate 0
pulse position.

0 pulse position of Joint #1:
position aligned with X-axis in
Robot coordinate system

) 0 pulse
\&5/
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0 pulse position of Joint #2:
position where Arms #1 and
#2 are in a straight line
(Regardless of the Joint #1
direction.)

0 pulse position of Joint #3:
upper limit position in

motion range

The height of Joint #3
depends on manipulator
model.

Standard model Cleanroom model
0 pulse position of Joint #4:
position where the flat surface
(or groove in the up/down = N
mechanical stop) on the shaft |- > @ 0 pulse
faces toward the tip of Arm #2 : “

Groove

Flat surface

(3)-3 Connect EPSON RC+ to the Controller.

Select the robot to be calibrated. Input as below in the [Command
Window] and execute.

(This example uses “robot 17.)

> robot 1
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(3)-4 Execute the absolute encoder initialization command.

Input one of the following commands to [Command Window] according to the
joint being calibrated.

Joint #1: >EncReset 1
Joint #2: >EncReset 2
Joint #3: >EncReset 3
Joint #4: >EncReset 3, 4

(3)-5 Reboot the Controller.

Select EPSON RC+ menu-[Tools]-[Controller] and click the <Reset
Controller> button.

EPSONRC+ 5.0

Fiebooting Cantraller

(NENRARARARNN ]

Close

* This window will be disappeared when the Controller starts up.

4. Rough Calibration

(4)-1 Execute the following command from the menu-[Tools]-[Command Window].
>calpls 0,0,0,0
* Manipulator does not move.

(4)-2 Execute one of the following commands according to the joint you want to
calibrate from the menu-[Tools]-[Command Window].

Joint #1 >calib 1
Joint#2 >calib 2
Joint #3 >calib 3
Joint #4 >calib 3, 4

5. Calibration (Accurate Positioning)

(5)-1 Turn ON the motors from the EPSON RC+ menu -[Tools]
-[Robot Manager]-[Control Panel].

(5)-2 Click the <Free All> button in the [Control Panel] to free all joints. Now, you
can move arms by hands.

(5)-3 Move the Manipulator by hand to a rough position/posture of the calibration
point data.
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(5)-4 Create the data from the calibration point data.

(5)-5

(5)-6

(5)-7

Enter and execute the following command in [Command Window].

(In this example, P1 is used as the calibration point data.)

> Calpls Ppls(P1,1), Ppls (P1,2), Ppls (P1, 3),
Ppls (P1,4)

Move the joint to the specified point using a motion command.

For example, when the specified point data is “P1”,
execute “Jump P1:Z(0)” from [Jog & Teach].

* The joint NOT being calibrated moves to the original position.

Accurately align the joint* being calibrated to the specified point using jog
commands.

* You must move Joint #3 and #4 to the position when calibrating Joint #4.
Select the jog mode [Joint] from [Jog & Teach] to execute the jog motion.
Execute the calibration.

Enter and execute one of the following commands in [Command Window]
according to the joint being calibrated.

Joint #1: >Calib 1
Joint #2: >Calib 2
Joint #3: >Calib 3
Joint#4: >Calib 3, 4

6. Accuracy Testing

(6)-1

Move the Manipulator to another point to confirm that it moves to the same
position.

If it does not move to the same position, re-calibrate using another point. You
must set the point again if reproducibility cannot be assured through calibration.
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15. G3 Maintenance Parts List

15.1 Common Parts
Overhaul
Part Name Code Old Code Note Reference *1
250 mm 1514457 R13B020023
Z 300 mm 1514458 R13B020024 4.1
Cable Unit 350 mm 1514459 R13B020025
SM | 300 mm 1514460 R13B020026 il
CM | 350 mm 1514461 R13B020027 '
For RC180 R12NZ9002C | R12B020431
For RC700-A
3m | Straight RI12NZ900KA | -
For RC700-A,
L-shaped R12NZ900KD | -
For RC180 R12NZ9002D | R12B020432
For RC700-A,
Sm | Straight R12NZ900KB | -
For RC700-A,
L-shaped R12NZ900KE | -
For RC180 RI12NZ9002E | R12B020433
M/C Cable For RC700-A 4.3
10m | Straight R12NZ900KC | -
For RC700-A,
Loshaped R12NZ900KF | -
For RC700-A, | ¢ 1oNzoooxU | —
Straight
S m T RCT00-A
or "% | R12NZ900XW | —
L-shaped
For RC700-A, | ¢ 1oNzoooxy | —
Straight
20m o RCT00-A
or -A, -
L-shaped R12NZ900XX
AC Servo | Joint #1 1514451 R13B000614 | 200 W 5.1 v
Motor Joint #2 / #3 / #4 1514453 R13B000615 | 150 W 6.1,7.1,8.1 v
Reduction | Joint #1 1856653 R13B010016 52 v
Gear Unit | Joint #2 1856070 R13B010017 6.2 v
Electromag | . 1497639 R13B030501 7.3 v
netic Brake
Joint #3 1510625 R13B030213 | Z 72 v
Timing Belt | _ . 1510626 R13B030214 | Ul 8.2 v
Joint #4
1510627 R13B030215 | U2 8.2 v
. R13A0307002
| Joint #1 1653181 00 5o
O-ring R13A0307001
Joint #2 1653819 00 6.2
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Overhaul
Part Name Code Old Code Note Reference *1
O-ring20
For Multiple
Joint #1 1213267 (I){Ol 3A0312007 layout
mounting
only. -
. R13A0312006
Joint #2 1213266 00 O-ring17 6.2
Brake Release Switch 2117817 OROI 327026401 -
Oil seal (soft metal) 1510206 R13B031233 5.1
With lithium
battery
Installed in
Battery Board 2120180 R13B041202 Arm £ 12.2
ER17330V
(TOSHIBA)
Lithium
battery for
. RI13ZA
Battery Unit 2117879 00 374006003 replacement | 4.1, 12.1
ER17330V
(TOSHIBA)
R13A0300002
LED Lamp 2077258 00 13
. For
For Ball Screw Spline : .
- - purchasing 23
AFB th
Grease ¢ grease,
% SK-1A | - - please 23
For Reduction contact the
Gear Unit SK-2 - supplier of 23
your region.

*1  As arough indication, perform the overhaul (parts replacement) before reaching 20,000 operation hours of the

Manipulator.

For details, refer to 2.2 Overhaul (Parts Replacement).

*2  Regarding purchase of grease

The operation hours can be checked in [Controller Status Viewer] dialog - [Motor On Hours].

Due to the chemicals regulations of individual countries (the UN GHS), we are requesting our customers to

purchase grease required for maintenance from the manufacturers listed in the table below as of April 2015.

Regarding purchase of grease, please contact the following manufacturers. If there is anything unclear, please

contact supplier of your region.

Product name

Manufacturer

URL

THK AFB-LF Grease

THK CO., LTD.

https://www.thk.com/

Harmonic Grease SK-1A
Harmonic Grease SK-2

Harmonic Drive Systems Inc.

https://www.harmonicdrive.net/
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15.2 Parts by Environment Model

15.2.1 S: Standard-model

Overhaul
Part Name Code Old Code | Note | Reference *1
Ball Screw
. 150 mm 1514454 R13B010220 11.1.1 v
Spline
Arm Cover 1514465 R13B030421 | White | 3.1

*1 As a rough indication, perform the overhaul (parts replacement) before reaching 20,000
operation hours of the Manipulator. The operation hours can be checked in [Controller
Status Viewer] dialog - [Motor On Hours].

For details, refer to 2.2 Overhaul (Parts Replacement).

15.2.2 C: Cleanroom-model

Overhaul
Part Name Code Old Code Note | Reference *1
Ball Screw
. 120 mm 1514455 R13B010221 11.1.2 v
Spline
Arm Cover 1514466 |R13B030422 | Plating | 3.1
Bellows 1513008 |R13B030704 | *2 10
Gasket Unit 1514467 |R13B031234 3

*1 As a rough indication, perform the overhaul (parts replacement) before reaching 20,000
operation hours of the Manipulator. The operation hours can be checked in [Controller
Status Viewer] dialog - [Motor On Hours].

For details, refer to 2.2 Overhaul (Parts Replacement).

*2 Common with LS3 series.
The bellows are provided in a unit of one piece. The upper and lower bellows have
the same shape.
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This volume contains maintenance procedures with safety precautions for Manipulators.







G6 Maintenance 1. Safety Maintenance

1. Safety Maintenance

Please read this chapter, this manual, and other relevant manual carefully to understand safe

maintenance procedures before performing any maintenance.

Only authorized personnel who have taken maintenance training held by the manufacturer
or dealer should be allowed to perform the robot maintenance.

®m Do not remove any parts that are not covered in this manual. Follow the
maintenance procedure strictly as described in this manual. Improper removal
of parts or improper maintenance may not only cause improper function of the
robot system but also serious safety problems.

m Keep away from the Manipulator while the power is ON if you have not taken the
training courses. Do not enter the operating area while the power is ON.
Entering the operating area with the power ON is extremely hazardous and may
cause serious safety problems as the Manipulator may move even it seems to be

A stopped.

WARNING | ™ When you check the operation of the Manipulator after replacing parts, be sure to
check it while you are outside of the safeguarded area. Checking the operation
of the Manipulator while you are inside of the safeguarded area may cause serious
safety problems as the Manipulator may move unexpectedly.

m Before operating the robot system, make sure that both the Emergency Stop
switches and safeguard switch function properly. Operating the robot system
when the switches do not function properly is extremely hazardous and may result
in serious bodily injury and/or serious damage to the robot system as the switches
cannot fulfill their intended functions in an emergency.

m 10 shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.

/_\ DO NOT connect it directly to a factory power source.
m Before performing any replacement procedure, turn OFF the Controller and
WARNING related equipment, and then disconnect the power plug from the power source.

Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

B Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
A cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or

CAUTION improper function of the robot system.

® \When operating maintenance of manipulator, secure about 50 cm of empty space
around the manipulator.
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2. General Maintenance

This chapter describes maintenance inspections and procedures. Performing maintenance

inspections and procedures properly is essential for preventing trouble and ensuring safety.

Be sure to perform the maintenance inspections in accordance with the schedule.

2.1 Maintenance Inspection
2.1.1 Schedule for Maintenance Inspection

Inspection points are divided into five stages: daily, monthly, quarterly, biannual, and annual.
The inspection points are added every stage.

If the Manipulator is operated for 250 hours or longer per month, the inspection points must
be added every 250 hours, 750 hours, 1500 hours, and 3000 hours operation.

Inspection Point
Daily Monthly Quarterly Biannual Annual Overhaul
inspection inspection inspection inspection inspection | (replacement)
1 month (250 h) v
2 months (500 h) Y
3 months (750 h) Y v
4 months (1000 h) v
5 months (1250 h) =) v
©
6 months (1500 h) 2 Y v V
7 months (1750 h) % V
8 months (2000 h) < N
Q
9 months (2250 h) < Y \
10 months (2500 h) Y
11 months (2750 h) v
12 months (3000 h) Y S Y S
13 months (3250 h) Y
20000 h v

h = hour
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2.1.2 Inspection Point
Inspection Item
Inspection Point Inspection Place Daily | Monthly | Quarterly | Biannual | Annual
End effector mounting N N J J J
Check looseness or backlash | bolts
of bolts/screws. Manipulator mounting J J J J J
bolts
Check l0oseness of External connectors on
Manipulator (on the \ \ \ V \/
connectors.
connector plates etc.)
Visually check for external External appearance of N N J J J
defects. Manipulator
Clean up if necessary. External cables \ \ \ \
Check for bends or improper
location. Repair or place it | Safeguard etc. \ \ \ \ \
properly if necessary.
Check the brake operation | Joint #3 \ \ \ \ \
Check wheth I
eck w eT er.unusua Whole N N J J J
sound or vibration occurs.

Inspection Method

Inspection Point

Inspection Method

Check looseness or backlash of
bolts/screws.

Use a hexagonal wrench to check that the end effector mounting
bolts and the Manipulator mounting bolts are not loose.

When the bolts are loose, refer to “2.4 Tightening Hexagon Socket
Head Bolts” and tighten them to the proper torque.

Check looseness of connectors.

Check that connectors are not loose.
When the connectors are loose, reattach it not to come off.

Visually check for external
defects.
Clean up if necessary.

Check the appearance of the Manipulator and clean up if
necessary.

Check the appearance of the cable, and if it is scratched, check
that there is no cable disconnection.

Check for bends or improper
location. Repair or place it
properly if necessary.

Check that the safeguard, etc. are located properly.
If the location is improper, place it properly.

Check the brake operation

Check that the shaft does not fall when in MOTOR OFF.

If the shaft falls when in MOTOR OFF and the brake is not
released, contact the supplier.

Also, the break is not released even operated release the break,
contact the supplier.

Check whether unusual sound
or vibration occurs.

Check that there is no unusual sound or vibration when operating.

If there is something wrong, contact the supplier.
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2.2 Overhaul (Parts Replacement)

A

CAUTION

m |f you do not overhaul properly, it may have a serious impact on safety.

m Overhaul timing is based on an assumption that all joints are operated for equal

distance. If a particular joint has a high duty or high load, it is recommended to
overhaul all joints (as many as possible) before exceeding 20,000 operation hours
with the joint as a basis.

NOTE

216

The parts for the manipulator joints may cause accuracy decline or malfunction due to
deterioration of the manipulator resulting from long term use. In order to use the
manipulator for a long term, it is recommended to overhaul the parts (parts replacement).

The time between overhauls is 20,000 operation hours of the Manipulator as a rough

indication.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration / deceleration in
continuous operation) applied on the Manipulator.

For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
recommended replacement time for the parts subject to maintenance (motors, reduction
gear units, and timing belts) can be checked in the [Maintenance] dialog box of the
EPSON RC+ 7.0.
For details, refer to the following manual.

RC700 series Maintenance Manual 6. Alarm”

Note:

The recommended replacement time for the maintenance parts is when it reaches the L10
life (time until 10% failure probability). In the [Maintenance] dialog box, the L10 life is
displayed as 100%.
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The manipulator operation hours can be checked in [Controller Status Viewer] dialog -

[Motor On Hours].

(1) Select EPSON RC+ menu-[Tools]-[Controller] to open the [Controller Tools] dialog.

(2) Click the <View Controller Status> button to open the [Browse For Folder] dialog.

(3) Select the folder where the information is stored.

(4) Click <OK> to view the [Controller Status Viewer] dialog.
(5) Select [Robot] from the tree menu on the left side (Dialog image: EPSON RC+ 7.0)

I Gontroller Status Viewer

Gereral
Input # Output

Program Files
= Ihclude Files
Constant.inc

WISIOM.ine
Fobot Points

Statug Folder: |_RCGTO0_027427_2014-09-30_145019 E] Statuz Date / Time: 2014-09-30 14:50:19

Fiohot
Item Walue
Hadel C4-A6015
Marme mnp01
Serial # C40E001427
tatar On Hours 1286
atar On Count 57
Hols Date 2014/04/24 17:18:40.413
Hols 112251, 28625, 31741, 30416, 4793, -128541, 0.0
atars aff
Power Loy
Arm 1]
Toal 1]
‘world Pasition -25.036, 487 275, 579.295, 89.980, 0.235, 89.967,
Jaint Position 10,468, -37.820, 52126, 92,652, 100.151, 14.842,
Pulse Pasition 304503, 1101601, 1328455, 2188120, -2365212, 2
“weight 1.000
‘weight Length 0.000
Inertia 0.005

For the parts subject to overhaul, refer to 4. G6 Maintenance Parts List.

For details of replacement of each part, refer to each section.

Please contact the supplier of your region for further information.
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2.3 Greasing

The ball screw spline and reduction gear units need greasing regularly. Only use the grease
specified in the following table.

A

CAUTION

m Keep enough grease in the Manipulator. Operating the Manipulator with
insufficient grease will damage sliding parts and/or result in insufficient function of
the Manipulator. Once the parts are damaged, a lot of time and money will be
required for the repairs.

A

CAUTION

m |f grease gets into your eyes, mouth, or on your skin, follow the instructions below.
If grease gets into your eyes
: Flush them thoroughly with clean water, and then see a doctor
immediately.
If grease gets into your mouth
: If swallowed, do not induce vomiting. See a doctor immediately.
. If grease just gets into your mouth, wash out your mouth with water
thoroughly.
If grease gets on your skin
: Wash the area thoroughly with soap and water.

Greasing part Greasing Interval  |Grease Reference

Joint #2 |units

5.2 Replacing the Joint #1 Reduction

Joint #1 |Reduction gear Gear Unit

Overhaul timing SK-1A . . .
6.2 Replacing the Joint #2 Reduction

Gear Unit

Joint #3| |
unit

Ball screw spline

At 100 km of operation
(50 km for first AFB |Greasing the Ball Screw Spline Unit
greasing)

218

Joint #1, 2 reduction gear units

As a rough indication, perform greasing at the same timing as overhaul.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration / deceleration in
continuous operation) applied on the Manipulator.

Joint #3 Ball screw spline unit

The recommended greasing interval is at 100 km of operation. However, greasing timing
also can be checked from the grease condition. Perform greasing if the grease is
discolored or becomes dry.

J

il
. ; i
Normal grease Discolored grease

Perform greasing at 50 km of operation for the first time of greasing.
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NOTE  For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
& recommended replacement time for the grease on the ball screw spline unit can be checked
in the [Maintenance] dialog box of the EPSON RC+ 7.0.
For details, refer to the following manual.
RC700 series Maintenance Manual 6. Alarm

Greasing the Ball Screw Spline Unit

Name Quantity NOTE
For Ball Screw Spline Unit Proper
Grease .
(AFB grease) quantity
Tools Wiping cloth 1 For wiping grease (Spline shaft)
Cross-point screwdriver 1

NOTE
i Cover the surrounding area such as the end effector and peripheral equipment in case the

grease drips.
(1) Turn ON the Controller.

(2) Move the shaft to its lower limit in one of Joint #3, Joint#4
the following methods. Break release switch

- Move the shaft to its lower limit manually

while pressing the brake release switch.

NOTE
& Be careful of the shaft falling and rotating

while the brake release switch is being
pressed because the shaft may be lowered
by the weight of the end effector.

- Move the shaft to its lower limit from
EPSON RC+ 7.0 [Tools]-[Robot
Manager]-[Jog & Teach].

NOTE Make sure that the hand does not interfere

with peripheral equipment.

(3) Turn OFF the Controller.

(4) Wipe off the old grease from the shaft, and
then apply new grease to it.

Grease application range is from the end of

the spline nut to mechanical stop.

Grease ‘jg
application{ \
range
\ Spline nut

Mechanical stopper Shaft
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(5) Apply new grease evenly to the spiral groove
of the ball screw spline unit and the vertical
groove so that the groove is filled.

Grease application example

(6) Turn ON the Controller.

(7) Start the robot manager and move the shaft to the origin position. Be careful not to hit
peripheral equipment.

(8) After moving to the origin position, reciprocate the shaft. The reciprocating operation is
a low power mode operation program that performs from the upper limit to the lower
limit. Run for about 5 minutes to spread the grease over the shaft.

(9) Turn OFF the controller.

End of the
spline nut

220 G series Maintenance Rev.2




G6 Maintenance 2. General Maintenance

2.4 Tightening Hexagon Socket Head Cap Bolts

Hexagon socket head cap bolts are used in places where mechanical strength is required.
(A hexagon socket head cap bolt will be called a “bolt” in this manual.) These bolts are
fastened with the tightening torques shown in the following table.

When it is necessary to refasten these bolts in some procedures in this manual (except special
cases as noted), use a torque wrench so that the bolts are fastened with the appropriate
tightening torques as shown below.

Bolt Tightening Torque Refer below for the set screw.

M3 2.0+ 0.1 N-m (21 £ 1 kgf-cm) Set Screw Tightening Torque

M4 4.0+ 0.2 N-m (41 + 2 kgf-cm) M4 2.4 +0.1 N-m (26 * 1 kgf-cm)
M5 8.0+ 0.4 N-m (82 £ 4 kgf-cm) M5 3.9+ 0.2N-m (40 £ 2 kgf-cm)

M6 13.0 £ 0.6 N-m (133 + 6 kgf-cm)
M8 32.0 £ 1.6 N-m (326 * 16 kgf-cm)
M10 | 58.0 2.9 N-m (590 * 30 kgf-cm)
M12 [100.0 £ 5.0 N-m (1,020 + 51 kgf-cm)

The bolts aligned on a circumference should be fastened in a crisscross pattern as shown in
the figure below.

1 Do not fasten all bolts securely at one time. Divide

5 8 the number of times that the bolts are fastened into

Bolt hole two or three and fasten the bolts securely with a
hexagonal wrench. Then, use a torque wrench so

that the bolts are fastened with tightening torques
shown in the table above.

2.5 Matching Origins

After parts have been replaced (motors, reduction gear units, a brake, timing belts, a ball
screw spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

For calibration, the pulse values for a specific position must be recorded in advance.
Before replacing parts, select easy point (pose) data from the registered point data to check
the accuracy. Then, follow the steps below to display the pulse values and record them.

Execute the following command from the [Command Window].
RC+ >PULSE
PULSE: [Joint#1 Pulse value] pls [Joint #2 Pulse value] pls [Joint #3 Pulse value]
pls [Joint #4 Pulse value] pls
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2.6 Layout of Maintenance Parts

2.6.1 Table Top Mounting type
G6-***S : Standard-model

LED lamp

Ball screw spline unit T
It &Y
lj HA
Joint #3 motor

749

U2 belt

Brake release switch
’ 1 Joint #2 motor

Arm cover
W i

. /Joint #2 reduction gear unit

Cable unit

Z belt

Joint #3 brake
Joint #4 brake

U1 belt

Joint #4 motor Power cable

Joint #1

) . Signal cable
reduction gear unit

Lithium battery and Battery board

Joint #1 motor

(Figure: G6-551S)

G6-***C : Cleanroom-model
G6-***D, P : Protected-model (D: With bellows option)

§ Brake release switch (for D/P)
/ % Gasket (D/P)
Bellows (C/D/P) %% W -
' Gasket (P)
Gasket (P) : Gasket (D/P)
Gasket (C/D/P) I =, ~CGasket (D/P)
Bellows (C/D/P) ]
Gasket (D/P) Gasket (D/P)
Gasket (DIP) Gasket (D/P) Gasket (D/P)
Gasket (D/P)

(Figure: G6-551P)
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2.6.2 Wall Mounting type
G6-***SW : Standard-model

/Power cable
_~Signal cable

LED lamp  grake release switch
Ball screw spline unit T /-\y oover A

u

\E Joint #1 motor

—
J A
Joint #3 motor

Z belt / mﬁ:_

- g E L Joint #1
\ reduction gear unit
U2 belt == =
Joint #3 brak |
) Joint #2 motor Cable unit
Joint #4 brake
Joint #2 reduction gear unit
U1 belt Joint #4 motor
Lithium battery and Battery board (Figure: G6-551SW)
G6-***CW : Cleanroom-model
G6-***DW, PW : Protected-model (D: With bellows option)
Brake release switch (for D/P)
== Gasket (D/ P)\ Gasket (D/P)
= = Gasket (D/P) /
= y Gasket (D/P)
Bellows (C/D/P) = %E B
Gasket (P)
Gasket (C/DIP) ; .3 )

Bellows (C/D/P) —— Gasket (D/P)

Gasket (D/P) / Gasket (P) Gasket (DIP)
Gasket (D/P)

(Figure: G6-551PW)
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2.6.3 Ceiling Mounting type
G6-***SR : Standard-model

LED lamp Brake release switch
u‘: Arm. cover /Power cable
Ball screw spline unij\ Signal cable
Joint #3 motor iga % Joint #1 motor
P Joint #1
Z belt reduction gear unit
U2 belt

\ o
|

Joint #3 brake Joint #2 motor Cable unit

Joint #4 brake
U1 belt
Lithium battery and Battery board (Figure: G6-551SR)

Joint #2 reduction gear unit
Joint #4 motor

G6-***CR : Cleanroom-model
G6-"**DR, PR : Protected-model (D: With bellows option)

= = Brake release switch (for D/P)
= = Gasket (D/P)
== Gasket (D/P) _—
== Gasket (D/P)
Bellows (C/D/P) = = i
/ ' B Gasket (DIP)
I J J:D=u
)
Gasket (P) \ _Gasket (D/P)
Gasket (C/D/P)
Bellows (C/D/P Gasket (D/P)
Gasket (D/P) Gasket (P) Gasket (D/P)

Gasket (D/P
(Figure: G6-551PR)
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All procedures for removing and installing covers in maintenance are described in this chapter.

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and related
equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

m Be careful not to get any foreign substances in the Manipulator, connectors, and
pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.

Name Quantity Note
1497643
Gasket unit 1 Only for Cleanroom-model and
Protected-model
Maintenance 1497644
parts Arm #2 Gasket 1 Only for Cleanroom-model and
Protected-model
Silicon adhesive Only for Table top mounting and
(for the gasket on the I Ceiling mounting/ Protected-model
Connector Plate) & &
Hexagonal wrench For M3 screw
(width across flats: 2.5 1 Only for Wall mounting / Cleanroom-model and
mm) Protected-model
He?cagonal wrench For M4 screw
Tools f:;gth across flats: 3 ! Tightening Torque: 0.9 N-m (9.2 kgf-cm)
Cross-point screwdriver 1 For bellows removal
Only for Cleanroom-model and Protected-model
Wiping cloth 1 For wiping adhesive
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Table Top mounting

Arm cap

Side cover

Wall mounting Ceiling mounting

Connector sub plate Base bottom cover
(Except G6-***SR)

Connector plate

Maintenance plate

Arm top cover

Side cover

" Side cover

Base bottom cover Arm bottom cover
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3.1 Arm Top Cover

A

CAUTION

m Do not remove the arm top cover forcibly. Removing the cover forcibly may result

®m When installing the cover, be careful not to allow the cables to interfere with the

in damage to the cables, disconnection, and/or contact failure. Damaged cables,
disconnection, or contact failure is extremely hazardous and may result in electric
shock and/or improper function of the robot system.

cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Arm Top Cover
Removal

(1) Turn ON the Controller.

(2) Press and hold the brake release switch to let the shaft down. Be sure to keep enough
space and prevent the end effector hitting any peripheral equipment.

NOTE The brake release switch affects both Joints #3 and #4. When the brake release
&= switchis pressed, the brakes for both Joints #3 and #4 are released simultaneously. (Joint

#4 brake is installed to G6-**3** only.)

Be careful of the shaft falling or rotation while the brake release switch is being pushed
because it may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Unscrew the arm top cover mounting bolts, and then lift the cover.

NOTE  When bellows are installed to the manipulator, remove the upper bellows and then

& remove the arm top cover. For bellows removal, refer to 9. Bellows.

The cover cannot be removed completely because user wires and tubes are connected.

However, you can continue regular maintenance.

LED lamp and the cable of the brake release switch are located between the main part
and the cover. Do not pull the cable strong or the connector may be damaged.

G series Maintenance Rev.2 227



G6 Maintenance 3. Covers

Arm Top Cover
Installation

228

G6-***S* (Standard-model)

G6-***C* (Cleanroom-model),

4-M4x12

G6-"**D*, P* (Protected-model)

GG'***C*

G6'***D*, P*

Gasket

1 4-M4x12

- 4-M4x15 (SUS)

Gasket
(G6-***P* only)

(G6-***P* onIy)\<

Gaskets are installed only to G6-***P*,

(1) Set the arm top cover to the arm and secure with

the arm top cover mounting bolts.

After mounting the arm top cover, make sure that
the lower limit mechanical stop does not touch
the cylindrical part of the arm top cover.

Brake release
switch

Lower limit
mechanical stop
Cylinder part
of thearm |
top cover &

When bellows are installed to the manipulator, install the arm top cover and then install

the upper bellows.

For bellows installation, refer to 9. Bellows.
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3.2 Arm Bottom Cover

Unscrew the arm bottom cover mounting bolts, and then pull the cover downward and
remove it.

NOTE  The arm bottom cover may not be removed from the shaft because the end effector is
(&~  installed.
If it is necessary to remove the cover completely (for replacement of the ball screw spline
unit etc.), remove the end effector.

If it is not necessary to remove the cover completely, move the shaft to the lower limit, and
lower the arm bottom cover. Then, perform maintenance or inspection.

When bellows are installed to the manipulator, remove or pull down the lower bellows and
then remove the arm bottom cover. For bellows removal, refer to 9. Bellows.

G6-***C* (Cleanroom-model)
G6-***S* (Standard-model) G6-"**D*, P* (Protected-model)

—

4-M4x10

T 4-M4x10

A gasket is installed to G6-***C* (Cleanroom-model) and G6-***D*, P* (Protected-model).
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3.3 Arm #1 Cover

There are two sets of Arm #1 covers.
- Arm caps
- Side covers

Unscrew the bolts mounting the covers and the caps to remove them.

3.3.1  G6-***S* (Standard-model), G6-***C* (Cleanroom-model)

Arm side (Common part) Base side
Table Top mounting

1 4-M4x5

For the side cover
1 4-M4x15

For the side cover
1 4-M4x15

\ -
For the arm cap :
- 4-Md4x5 Wall mounting

For the side cover
1 4-M4x15

For the arm cap
: 4-M4 x5

Ceiling mounting

‘ For the side cover
1 4-M4x15

For the arm cap
— :4-M4x5
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3.3.2 G6-"**D*/P* (Protected-model)

Arm side (Common part) Base side
Table Top mounting

___—For the arm cap
: 4-M4x5

Gasket

N
For the side cover

d 1 4-M4x15
Gasket Gasket
For the side cover \For the arm cap
: 4-M4x15 : 4-M4x5 Wall mounting
For the side cover
1 4-M4x15
==
Gasket
[ —
T For the arm cap
1 4-M4x5

Ceiling mounting

T For the arm cap
1 4-M4x5

Gaskets are installed to G6-***D*, P* (Protected-model).
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3.4 Connector Plate

A

CAUTION

®m Do not remove the connector plate forcibly. Removing the connector plate
forcibly may result in damage to the cables, disconnection, and/or contact failure.
Damaged cables, disconnection, or contact failure is extremely hazardous and
may result in electric shock and/or improper function of the robot system.

® When installing the connector plate, be careful not to allow the cables to interfere
with the plate mounting and do not bend these cables forcibly to push them into
the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.
When routing the cables, observe the cable locations after removing the connector
plate. Be sure to place the cables back to their original locations.

232
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Unscrew the connector plate mounting bolts and remove the plate.

G6-***S* (Standard-model)

G6-***C* (Cleanroom-model) G6-**D*, P* (Protected-model)
Table

Top
mounting | 4-M4x10

rt to apply

silicon adhesive
Wall
. 4-M4x10— ] 4-M4x10— ]
mounting
C.%_
Ceiling 4-M4x10 ; Gasket
mounting \ 7 6-M4x10

Part to apply
silicon adhesive

A gasket is installed to G6-***D*  P* (Protected-model).

NOTE When installing the gasket to Table Top mounting (G6-***D, P) or ceiling mounting (G6-
V=

***DR, PR), apply silicon adhesive to the gasket installing part on the base side (shaded
part in the photo).
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3.5 Connector Sub Plate

A

®m Do not remove the connector sub plate forcibly. Removing the connector sub
plate forcibly may result in damage to the cables, disconnection, and/or contact
failure. Damaged cables, disconnection, or contact failure is extremely
hazardous and may result in electric shock and/or improper function of the robot
system.

® When installing the connector sub plate, be careful not to allow the cables to
interfere with the plate mounting and do not bend these cables forcibly to push
them into the cover.

CAUTION ) . . .
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the connector
sub plate. Be sure to place the cables back to their original locations.
Unscrew the connector sub plate mounting bolts and remove the plate.
G6-***S* (Standard-model)
G6-***C* (Cleanroom-model) G6-***D*, P* (Protected-model)
Table Top
mounting
o, 4-M4x10
s 4-M4x15
e
Wall
mounting Sealing washer——
Ceiling Gasket 4-M4x15
mounting o /

234

=Y

Spacer

Sealing washer

A gasket, spacers, and sealing washers are installed to G6-***D*, P* (Protected-model).
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3.6 User Plate

Unscrew the user plate mounting bolts and remove the plate.
NOTE Do not remove the nut by force. The nut for the user plate is combined with the user plate.

&= Andif you try to remove the nut, it will damage the user plate.

G6-***S* (Standard-model)
G6-***C* (Cleanroom-model) G6-***D*, P* (Protected-model)

‘ Sealing washer
\ g

\4-maxe 4-M4x10

A gasket and sealing washers are installed to G6-***D*, P* (Protected-model).

3.7 Maintenance Plate
Unscrew the maintenance plate mounting bolts and remove the plate.

G6-***S* (Standard-model)

G6-***C* (Cleanroom-model) G6-***D*, P* (Protected-model)

Table TOP Maintenance
mountmg Maintenance plate

plate 4-M4x10

4-M4 x5
Wall
mounting
Ceiling
mounting

A gasket and spacers are installed to G6-***D*  P* (Protected-model).

G series Maintenance Rev.2 235



G6 Maintenance 3. Covers

3.8 Base Bottom Cover

The base bottom cover is removed only when replacing the gasket unit.

Unscrew the base bottom cover mounting bolts and remove the cover.

G6-"**C* (Cleanroom-model) G6-"**D*, P* (Protected-model)
Table Top
mounting

Gasket
6-M3x8
Ceiling
mounting ] 6-M3x8
N
N Gasket
NOTE -
= A gasket is installed to G6-***D*, P* (Protected-model).

A base bottom cover is not installed to G6-***S* (Standard-model).
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4. Cable

® Do not connect or disconnect the motor connectors while the power to the robot
systemis turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
A DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

WARNING

m Be careful not to get any foreign substances in the Manipulator, connectors, and
pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.

® Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
A forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

CAUTION
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4.1 Replacing Cable Unit

Since the power is supplied to each motor from the lithium battery installed on the battery
board via the battery connector, the position data will not be lost when the Controller is
turned OFF. When the battery connectors are disconnected, the position data will be lost,
and EPSON RC+ will display an error when the Controller is turned ON.

If the error occurs, execute the calibration of all joints and axes.

For details of the calibration, refer to /3. Calibration.

Name Quantity Note
Each manipulator model
Maintenance | Cable unit 1 (Refer to
parts 14. G6 Maintenance parts)
Battery Unit (Lithium battery) 1 2117879
width across flats: 3 mm 1 For M4 screw
Hexagonal wrench | width across flats: 4 mm 1 For M5 screw
width across flats: 5 mm 1 For M6 screw
Spanner width across flats: 5 mm 1 For D-sub connector removal
Tools Nut screwdriver width across flats: 5 mm 1 For D-sub connector removal
Nippers 1 For cutting wire tie
Alcohol Propjcr For wiping grease
quantity
Wiping cloth 1 For wiping grease
Material Wire tie 9
Grease Grease for cable (GPL-224)
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Table Top mounting
Cable Unit
== =
tLI
Wall mounting
u
Cable Unit
Ceiling mounting
u
Cable Unit
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A

CAUTION

m |f the connectors have been disconnected during the replacement of the cable

unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.

For details on the connections, refer to 4.2 Wiring Diagrams.

When installing the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

Cable unit
Removal

240

(1) Turn ON the Controller and change the motor to OFF status (MOTOR OFF).

(2) Press and hold the brake release switch to let the shaft down. Be sure to keep enough
space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects both Joints #3 and #4. When the brake release switch
is pressed, the brakes for both Joints #3 and #4 are released simultaneously. (Joint #4
brake is installed to G6-**3** only.)

Be careful of the shaft falling or rotation while the brake release switch is being pushed
because it may be lowered by the weight of an end effector.

(3) Turn OFF the Controller and disconnect the power cable and signal cable connectors
from thee controller.

(4) Remove the connector plate.
For details, refer to 3.4 Connector Plate.

(5) Connect the spare battery to connector XB11.
- The position data of Joint #1 motor is stored with the battery on Arm #2. Connect
the spare battery otherwise the Joint #1 position data will be lost.

(6) Disconnect the connectors, air tubes, ground wire, D-sub cable, and seven connectors
(X10, X20, X30, X111, X121, X131, XB10) connected to the connector plate (inner
side).

NOTE - Remember the cable layout so that the cables can be reconnected correctly after
& replacement.

(7) The procedure of step (7) differs by mounting types.

Follow the corresponding procedure.
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When using Table Top mounting type or Ceiling mounting type

(7)-1 Remove the saddle part mounting cables
inside the base.

(7)-2 Remove the spring plate.

(7)-3 Cut off the two wire ties binding cables.

When using Wall mounting type
(7)-1 Remove the ground plate.

(7)-2 Remove the spring plate.

(7)-3 Cut the wire tie banding the cables.

(7)-4 Pull out the spring plate.

(7)-5 Remove the saddle part mounting the
cables.

(7)-6 Cut the wire tie banding the spring.

G series Maintenance Rev.2

(8) 2-M4x10

1 Wire tie

Wire tie

Saddle part
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(8) Remove the arm caps and side covers on Arm #1.
For details, refer to 3.3 Arm #1 Cover.

(9) Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(10) Remove the user plate.
For details of user plate removal, refer to 3.6 User Plate.

(11) Disconnect the D-sub cable, air tubes, and D-sub cable
connector of the brake release switch from the '

user plate.

Mounting screws for the D-sub cable are very

small. Be sure to keep the screws.

Press the ring on the fitting and pull out the air \

tube. (06x2, 34x2) Air tube

Brake release switch cable

NOTE  Be sure to observe the connection for connecting the disconnected parts after
(&>  replacement.

(12) Cut off the wire tie binding cables on the Arm #2
side.

Wire tie

(13) Remove the 11 connectors on the Arm side.

X21, X22, X31, X32, X33, X41, X42, X61, X221,
X231, X241

NOTE

(&=  Be sure to keep the connectors excluding X61 of the battery board connected at cables
replacement. Otherwise, the motor will lose position data and the calibration must be
executed again.

(14) Remove the ground terminals mounted to Arm
#2.

Ground terminal

NOTE  Record the connection terminal and the
&~ connection point before disconnect the ground
terminal.

G6-***S*, C*: 2 terminals
G6-***D*, P*: 3 terminals

(15) Remove the saddle part mounting cables inside
Arm #2.

(16) Remove the spring plate.

(17) Cut off the wire ties binding cable and fixing

spring.

Wire tie (17) 2-M5x10
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(18) Disconnect the Base side cables from Arm #1. Table Top mounting

Table Top mounting
: Disconnect from the upper part of Arm #1

Wall mounting, Ceiling mounting

: Disconnect from the lower part of Arm #1

NOTE  When disconnecting the cables, first, disconnect
& the air tubes.  Then, disconnect from the
smaller connectors in order.
Do not try to disconnect the cables forcibly.
Otherwise, connectors may be  stuck,

disconnected, or connector pins may fall off.

(19) Disconnect the cables that were disconnected
from Arm #1 in step (18) to the side of Arm #1.

(20) Disconnect the Arm #2 side cables from the
lower part of Arm #1.

NOTE ~ When disconnecting the cables, first, disconnect
(= the air tubes. Then, disconnect from the
smaller connectors in order.

Do not try to disconnect the cables forcibly.
Otherwise, connectors may be stuck,
disconnected, or connector pins may fall off.

(21) Disconnect the cables that were disconnected to
the lower part of Arm #1 in step (20) to the side
of Arm #1.

(22) Remove the Arm #1 four mounting bolts on the
spring plate side.

(23) Disconnect the cables to the base side.
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Cable unit (1) Apply grease (GPL-224) to the cables. . .
Installati _ Applying positions
nstallation Grease volume: 5 g each (10 g in total) Each cable inside the spring
\ ] L me [ I Air tube

0 —To . .
zGoroe:sTng Grzeogs?:\m Periphery of spring (shaded part)
Spring Spring

(2) Cover both ends of the cables with plastic bags.
(The photo shows one end covered with plastic

bags)

The plastic bags prevent grease adhesion to the
ends of connectors and air tubes during the cable
drawing.

(3) Connect the cables to Arm #1 in the proper
direction.

—]
Arm side —— & Base side

(4) Set the mounting holes of the spring plate to the
base side and mount the spring plate to Arm #1.

4-M6x15

(5) When using Table Top mounting, disconnect the | Table Top mounting
base side cables to the upper part of Arm #1 and
pull the cables into the base.

When using Wall mounting or Ceiling mounting,
disconnect the base side cables to the lower part
of Arm #1 and pull the cables into the base.
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(6) The procedure of step (6) differs by mounting types.

Follow the corresponding procedure.

When using Table Top mounting type or Ceiling mounting type
(6)-1 Mount the spring for cable protection to j

the spring plate with a wire tie. Spring

"/ = Wire tie

A Spring plate

(6)-2 Mount the spring plate to the base.

(6)-3 Move Arm #1 to the right or left until the
arm touches the mechanical stop to
make allowance.

Then, band the cables and air tubes with Wire tie
a wire tie.
NOTE  [fyou band the cables and tubes without
& allowance, the cables are pulled and

may be disconnected during the robot
operation. Make sure to make
allowance.

(6)-4 Remove the plastic bags on the base side
applied in step (2).

(6)-5 Mount the saddle part to the spring plate.
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When using Wall mounting type

(6)-1 Pull out the spring and mount it to the
spring plate with a wire tie.

(6)-2 Mount the saddle part to mount the

cables.

(6)-3 Loosely band the cables with a wire tie.
Be sure to keep the wire tie loose enough

so that the cables move.

(6)-4 Move Arm #1 to the right or left until the
arm touches the mechanical stop to make
allowance. Then, band the cables and
air tubes with a wire tie.

NOTE  [fyou band the cables and tubes without
& allowance, the cables are pulled and may
be disconnected during the robot
operation. Make sure to make

allowance.

(6)-5 Remove the plastic bags on the base side
applied in step (2).

(6)-6 Mount the spring plate.

(6)-7 Mount the ground plate.

246

Saddle part

Wire tie

G series Maintenance Rev.2



G6 Maintenance 4. Cable

(7) Connect the connectors, air tubes, D-sub cable, and connectors to the connector plate
(inner side).

Spring washer
Nut

Plain washer
Ground terminal
D-sub

Air tube
Connector plate

(8) Loosely mount the connector plate with two screws (M4).
For details, refer to 3.4 Connector Plate.

(9) Disconnect the Arm #2 side cables to the lower part
of Arm #1 and pull the cables into Arm #2.

(10) Mount the spring for cable protection to the spring

plate with a wire tie.

Secure the spring plate to Arm 2.

Spring plate

(11) Move Arm #2 until the arm touches the mechanical
stop to make allowance.

Then, band the cables and air tubes with a wire tie.

NOTE If you band the cables and tubes without allowance,

& the cables are pulled and may be disconnected
during the robot operation. Make sure to make
allowance.

(12) Remove the plastic bags on the Arm side applied in step (2).
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(13) Mount the saddle part to the spring plate.

(14) Connect the connectors and the ground wire.
For details, refer to 4.2 Wiring Diagrams.

(15) Bind the excess cables with a wire tie.

(16) Connect the D-sub cable, air tubes, and connector D-sub cable

of the brake release switch cable to the user plate.

\ Air tube
Brake release switch cable

(17) Mount the user plate to the Arm #2 cover.
For details of user plate installation, refer to 3.6 User Plate.

(18) Set and secure the Arm #2 cover without the cables being stuck.
For details, refer to 3.1 Arm Top Cover.

(19) Mount the arm caps and side covers for Arm #1.
For details, refer to 3.3 Arm #1 Cover.

(20) Remove the conector plate mounted loosely in the step (8) and remove the spare battery
in theXB11. Then, mount the connector plate.

NOTE  In this replacement method, calibration is not needed.
However, perform the calibration if it is required.
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Signal Cable

4.2.1
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4.2.2 Power Cable
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4.2.3 User Cable

)-sub 9pin D-sub 9pin

No. Color No. Color
1| RI(BR) 1| R/(BR)
2| R)BR 2| (R/BR
3| V/(BR) 3| V/(BR)
4] (V)/BR 4] (V)/BR
5| Li(B) 5| Li(B)
6| (LB 6] (LB
7] YI(B) 7] YI(B)
8 /B 8| (Y)B
9| (G)BR 9| (G)BR

J-sub 15pin D-sub 15pin

No. Color No. Color
1] LI(W) 1] LIW)
2 OW 2 W
3] YI(W) 3] Y/(W)
4| NIV 4] W
5[ GI(W) 5] GI(W)
6] GYW 6| @)W
7 [ RI(W) 7 | RI(W)
8] R/W 8| R/W
9| VI(W) 9| VI(W)
10| (Vyw 10| (V/W
11| LIBR) 11| L/(BR)
12| (L)/BR 12| (L/BR
13| Y/(BR) 13| Y/(BR)
14| ()/BR 14| (Y)/BR
15| G/(BR) 15| _GI(BR)

@E YIG [@)

Code Cable color Code Cable color
B Black R Red
BR Brown \4 Violet
G Green W White
L Blue Y Yellow

The following table shows the types of the use cable.

Environment Arm length Code Note

450 mm 1497631

S,C 550 mm 1497632
650 mm 1497633
450 mm 1497634

P.D 550 mm 1497635 Waterproof

connector

650 mm 1497636
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4.3 Replacing M/C Cable

NOTE

Since the power is supplied to each motor from the lithium battery installed on the battery
board via the battery connector, the position data will not be lost when the Controller is
turned OFF. When the battery connectors are disconnected, the position data will be lost,
and EPSON RC+ will display an error when the Controller is turned ON.

If the connector connected to the battery was disconnected during cable replacement,
execute calibration.
For details, refer to /3. Calibration.

Name Quantity Note

Maintenance

Each manipulator model

arts M/C Cable 1 (Refer to:
P 14. G6 Maintenance parts)
Tools Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Torque wrench 1

A

CAUTION

m |f the connectors have been disconnected during the replacement of the cable

unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.

For details on the connections, refer to 4.2 Wiring Diagrams.

When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

252
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Table Top mounting

£ M/C Cable
Wall mounting
M/C Cable
u
Ceiling mounting
M/C Cable
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M/C Cable €))
R [
emova @)

€)

NOTE

&
(4)

NOTE
NOTE

M/C Cable 5)
Installation

(6)

()
®)
)

254

Turn OFF the Controller.
Disconnect the power cable and signal cable connectors from the controller.

Remove the Connector Sub Plate.
For details, refer to 3.5 Connector Sub Plate.

Do not pull the Sub plate forcibly.
The M/C cables are still attached to the plate.

Disconnect the connectors.
Connector: X10, X20, X30, X111, X121, X131

Each connector has a unique number.
Each connector has a different shape.

Do not disconect the battery connector (XB10).
Otherwise, the calibration must be executed.

Connect new M/C cable connectors to those of the Cable Unit.
(Connect to the connectors of the Cable Unit with the same number.)

Mount the Connector Sub Plate.
For details, refer to 3.5 Connector SubPlate.

Connect the power cable and signal cable connectors to the controller.
Turn ON the Controller.

If the connector (XB10) falls off from the battery, execute the calibration for Joint #1.
For details, refer to /3 Calibration.

G series Maintenance Rev.2



G6 Maintenance 5. Joint #1

5. Joint #1

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /3. Calibration to perform the calibration.

Joint #1 reduction gear unit

Joint #1 motor
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5.1 Replacing Joint #1 Motor
Name Quantity Note
Maintenance 1497624
parts AC Servo Motor (400 W) 1 1514468
(For S/N:1**** or later)
width across flats: 2.5 mm 1 For M5 set screw, M3 screw
Tools Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Wiping cloth 1 For wiping grease
Grease Grease (SK-1A) 13¢g

Joint #1 motor
Removal

256

(1) Remove the connector plate.

For details, refer to 3.4 Connector Plate.

(2) Disconnect the following connectors.

Connectors X111, X10 (Hold the clip to remove.)
Connector XB10

(3) Remove the maintenance plate.

For details, refer to 3.7 Maintenance Plate.

(4) Remove the spring plate.
For the details, refer to 4.1 Replacing Cable Unit - Cable unit Removal Step (7)-2 for
Table mounting, Ceiling mounting.

(5) Remove the Joint #1 motor unit from the base.

To do so, unscrew the bolts from the Joint #1 motor flange.

Then, pull out the motor straight and downward.

To unscrew the two bolts on the maintenance hole side,

insert a hexagonal wrench through the maintenance hole.

If the motor cannot be pulled out easily, pull it out while moving Arm #1 slowly by

hand.
(6)

Remove the wave generator from the Joint #1 motor.

There is a brass bushing in one of the set screw holes.

Be careful not to lose it.

Remove the motor flange from the Joint #1 motor.

Wave generator

M5 brass bushing

2-M5x8 set screw T =
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Joint #1 motor

Installation

NOTE

=

(1)

)

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon

Socket Head Cap Bolts.

Mount the motor flange on the Joint #1 motor.

Mount the waveform generator on the Joint #1
motor.

Apply grease without touching the motor axis.

Be sure to fit the end face of the waveform
generator to the end face of the motor shaft.
Tighten one of the set screws on the flat face of
the motor shaft until the screw just touches the
surface. Insert a bushing into the other set
screw hole to prevent damage to the motor

shaft. Then, tighten both set screws.

2-M5x8
set screw

= T
—r"

SK-1A grease \ S l
(139) g

A

CAUTION

m See the figures above for the orientation of the waveform generator.
install the waveform generator properly.
generator will result in improper function of the Manipulator.

Be sure to

Improper installation of the waveform

3)

“4)

)

(6)

(7

Insert the oil seal and mount the Joint #1 motor
unit on the base.

Be sure to fit the O-ring properly.

The motor cable must face the connector plate
side.

If it is difficult to mount the motor, push it
while moving Arm #1 slowly by hand.

Connect the connectors.
Connectors X111, X10, XB10

Mount the spring plate.

For the details, refer to 4.1 Replacing Cable Unit - Cable unit Installation Step (6)-

2 for Table mounting, Ceiling mounting.
Mount the connector plate.

For details, refer to 3.4 Connector Plate.

Mount the maintenance plate.

For details, refer to 3.7 Maintenance Plate.

G series Maintenance Rev.2
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(8) Perform the calibration of Joint #1.
For details refer to /3. Calibration.

5.2 Replacing Joint #1 Reduction Gear Unit

A reduction gear unit consists of the following three parts and two attached parts. At
replacing the reduction gear unit, be sure to always replace them all together as one set.

Reduction gear unit : Waveform generator, Flexspline, Circular spline
Attachment : Spacer, Grip ring

For details of the reduction gear unit, refer to /4. Maintenance parts list.

Name Quantity Note
Maintenance ) )
Reduction Gear Unit 1 1480755
Parts
width across flats: 2.5 mm 1
width across flats: 3 mm 1 For M4 screw
Hexagonal wrench :
width across flats: 4 mm 1
width across flats: 5 mm 1 For M6 screw
M4 1 Tightening torque 6.0 N-m
(61.2 kgf:cm)
Torque wrench . .
Tightening torque 22.0 N-m
Tools M6 1
(224.3 kgf-cm)
Nippers 1
Spatula 1 For apply grease
1 For wiping grease (Flange
Wiping cloth w.p. g (Flange)
1 For wiping grease (Bolt)
About 20mm in length
Screw (M4) 2 .
For flexspline removal
Grease Grease (SK-1A) 40 g
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Joint #1 (1) Execute the removal steps from (1) to (5) in 5.7 Replacing Joint #1 Motor and remove
reduction gear the waveform generator.
unit

(2) Remove the arm cap on the base side.

Removal For details, refer to 3.3 Arm #1 Cover.

(3) Turn the Manipulator laterally.

on it so that at least one of them can support the arm while others are removing
the bolts. Removing the bolts without supporting the arm may result in the arm
falling, bodily injury, and/or malfunction of the robot system.

f ® When turning the Manipulator laterally, there must be two or more people to work

CAUTION

(4) Use the extracting M4 screws and remove the
flexspline and the grip ring.

Be sure to keep the spacer.

(5) Remove the circular spline from the base.
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Joint #1 (1) Anew reduction gear unit contains the parts shown
reduction gear in the picture on the right when it is unpacked.
unit

Apply grease (SK-1A) to the waveform generator

Installation and flexspline so that the gear surface is filled with

grease.

(2) Set the hole on the circular spline and the tap hole
on the base.

Loosely secure all bolts in a crisscross pattern so
that the bolts will be secured evenly. Then, using
a torque wrench, tighten each bolt securely in a

crisscross pattern at the torque specified in the

table below.
ltem Bolt type Number of bolts Tightening torque
M4x20 16 6.0 N-m (61.2 kgf-cm)
Joint #1 reduction gear unit
M6x15 8 22.0 N-m (224.3 kgf-cm)
(3) Set the grip ring by aligning it with the tap hole. Q\S-M6x1 5

Set the flexspline by aligning it with the tap hole.

Align the position of the air vent of the spacer.

(4) Apply grease (SK-1A) inside the flexspline.

Grease volume 27 g

(5) Apply grease (SK-1A) to the bearing part of the waveform generator.
(6) Execute steps from (2) to (3) in 5.1 Replacing Joint #1 Motor.
(7) Turn and secure the Manipulator to the mounting position.

(8) Execute steps from (4) to (7) in 5.1 Replacing Joint #1 Motor.

260 G series Maintenance Rev.2




G6 Maintenance 6. Joint #2

6. Joint #2

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.
A m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

WARNING

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

m Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

CAUTION | m Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /3. Calibration to perform the calibration.

Joint #2 motor

Joint #2 reduction gear unit
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6.1 Replacing Joint #2 Motor

Name Quantity Note
Maintenance 1477624
Parts AC Servo Motor (400W) 1 1514468
(For S/N: 1**** or later)
width across flats: 2 mm 1 For M4 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
Tools width across flats: 4 mm 1 For M5 screw
Nippers 1 For cutting wire tie
Wiping cloth 1 For wiping grease
Material Wire tie 4
Grease Grease (SK-1A) 6g

Joint #2 motor
Removal

262

(1) Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (Joint #4 brake is installed to G6-**3** only.)

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(5) Disconnect the connectors X22, X33 connected to the arm top cover.
(6) Cut off the wire tie used for binding the motor cables to the Joint #2 motor.

(7) Disconnect the connectors.
Connectors X221, X21 (Hold the clip to remove.)
Connector X62

(8) Remove the spring plate.
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(9) Remove the Joint #2 motor unit from Arm #2.

To do so, unscrew the bolts from the Joint #2
motor flange. Pull the Joint #2 motor unit

upward to remove.

If the motor cannot be removed easily, pull it out

while moving Arm #2 slowly by hand.

(10) Remove the wave generator from the Joint #2

M4 bushin
motor. 4 9
There is a brass bushing in one of the set screw 2-M4x8
. = set screw
holes. Be careful not to lose it.
(11) Remove the motor flange from the Joint #2

motor.

4-M5x15
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NOTE

&

Joint #2 motor
Installation

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) Mount the motor flange on the Joint #2 motor.

(2) Mount the waveform generator on the Joint #2 Waveform

motor. M4 bushing\ c? generator
2-MAx8 — Zrmm

Apply grease without touching the motor axis. set screw
SK-1A

Be sure to fit the end face of the waveform grease (69)

generator to the end face of the motor shaft.

Tighten one of the set screws on the flat face of
the motor shaft until the screw just touches the
surface. Insert a bushing into the other set screw
hole to prevent damage to the motor shaft.
Then, tighten both set screws.

A

CAUTION

m See the figures above for the orientation of the waveform generator. Be sure to
install the waveform generator properly. Improper installation of the waveform
generator will result in improper function of the Manipulator.
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(3) Mount the Joint #2 motor unit on Arm #2.

If it is difficult to mount the motor, push it while
moving Arm #2 slowly by hand.

(4) Mount the spring plate.
(5) Connect the connectors X221, X21, and X62.

(6) Re-bundle the cables in their original positions

with a wire tie removed in the removal procedure
step (6).

Do not allow unnecessary strain on the cables.

(7) Make sure that the connectors X22 and X33 are connected.

(8) Mount the arm top cover.
For details, refer to 3.1 Arm Top Cover.
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6.2 Replacing Joint #2 Reduction Gear Unit

(9) Perform the calibration of Joint #2.
For details refer to /3. Calibration.

A reduction gear unit consists of the following three parts and two attached parts.

At replacing the reduction gear unit, be sure to always replace them all together as one set.

Reduction gear unit : Waveform generator, Flexspline, Circular spline

Attachment

. Spacer, Grip ring

For details of the reduction gear unit, refer to /4. Maintenance parts list.

Name Quantity Note
Maintenance . .
parts Reduction Gear Unit 1 1480756
width across flats: 2 mm 1
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench -
width across flats: 3 mm 1
width across flats: 4 mm 1 For M5 screw
M3 { Tightening torque 3.0 N-m
T 0 (30.5 kgf-cm)
Tools orque wrene MS ) Tightening torque 12.0 N-m
(122.3 kgf-em)
Nippers 1
Spatula 1 For apply grease
1 For wiping grease (Flange
Wiping cloth w.p. £8 (Flange)
1 For wiping grease (Bolt)
Screw (M3) 2 For flexspline removal
Material Wire tie 4
Grease Grease (SK-1A) 21 g

G series Maintenance Rev.2
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Joint #2 (1) Turn ON the Controller.

re(?uctlon gear (2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure
unit to keep enough space and prevent the end effector hitting any peripheral equipment.
Removal

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (Joint #4 brake is installed to G6-**3** only.)

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Execute steps from (1) to (10) in 6./ Replacing Joint #2 Motor and remove the

waveform generator from the Joint #2 motor.

(5) Use the extracting M3 screws and remove the
flexspline and grip ring from Arm #2.

(6) Remove the circular spline from Arm #2.
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Joint #2
reduction gear
unit
Installation

(M

@

3)

“)

A new reduction gear unit contains the parts
shown in the picture on the right when it is
unpacked.

Apply grease (SK-1A) to the waveform generator
and flexspline so that the gear surface is filled
with grease.

Set the hole on the circular spline and the tap hole
on the base.

Loosely secure all bolts in a crisscross pattern so
that the bolts will be secured evenly. Then, using
a torque wrench, tighten each bolt securely in a
crisscross pattern at the torque specified in the
table below.

ltem Bolt type | Number of bolts Tightening torque

M3x15 16

3.0 N-m (30.5 kgf-cm)

Joint #2 reduction gear unit
M5x15 8

12.0 N-m (122.3 kgf-cm)

Set the grip ring by aligning it with the tap hole.
Set the flexspline by aligning it with the tap hole.
Align the tap hole and mount the flexspline.
Align the position of the air vent of the spacer.

If it is difficult to align the position, move Arm #2
from side to side.

Apply grease (SK-1A) inside the flexspline.

Grease volume 15 g

(5) Apply grease (SK-1A) to the bearing part of the waveform generator.

(6) Execute steps from (2) to (9) in 6.1 Replacing Joint #2 Motor.

G series Maintenance Rev.2
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7. Joint #3

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

m To shut off power to the robot system, disconnect the power plug from the power

m Before performing any replacement procedure, turn OFF the Controller and

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

m Be careful not to apply excessive shock to the motor shaft when replacing the

m Never disassemble the motor and encoder. A disassembled motor and encoder

motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

will cause a positional gap and cannot be used again.
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After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to /3. Calibration to perform the calibration.

Joint #3 motor

/'-n'—r'é

Z belt -
——E
T

Joint #3 brake

8
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7.1 Replacing Joint #3 Motor
Name Quantity Note
Maintenance 1497625
parts AC Servo Motor (200W) 1 1514451
(For S/N: 1**** or later)
width across flats: 2.5 mm 1 For M5 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools Torque wrench (M5) 1 Tightening torqtz; 17 3012 .:;m)
Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 80 N (8.2 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 2

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF). (The brake for Joint #4 is only installed to G6-

**3**_)

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

G series Maintenance Rev.2
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Joint #3 motor
Removal

270

(1

Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

€)
“)

®)

(6)

O

®)

&)

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3*%*.)

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

Cut off the wire tie used for binding the motor cables to the Joint #3 motor.

Disconnect the following connectors.
Connectors X231, X31 (Hold the clip to remove.)
Connector X63

Loosen the Z belt.

Loosen four bolts on the Joint #3 motor unit.
Slide the Joint #3 motor unit to the end of the

arm.
Remove the Joint #3 motor unit from Arm #2.

Unscrew the bolts securing the Joint #3 motor
Remove the Z1 pulley from the Z belt.
Pull the Joint #3 motor unit upward to remove.

unit.

Remove the Joint #3 motor from the Joint #3
motor unit.

(10) Remove the pulley from the Joint #3 motor.

There is a brass bushing in one of the set screw

holes. Be careful not to lose it.

Joint #3

4-M4x12~__,
1le9 motornit

+ Washer

T~

T (9) 4-M5x10

(10) M5 bushing IE)]
l"s

(10) 2-M5x6/
set screw
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NOTE

Joint #3 motor
Installation

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(M

2

3)

“)

NOTE

)

Secure the pulley to the new motor shaft.

Be sure to fit the end face of the pulley to the end
face of the motor shaft.

Tighten one of the set screws on the flat face of the
motor shaft until the screw just touches the
surface.

Insert a bushing into the other set screw hole to
prevent damage to the motor shaft. Then, tighten

both set screws.
Mount the Z plate to the Joint #3 motor.

Screw : 4-M5x12
Tightening torque : 7.0 N-m (71.3 kgf-cm)

Loosen the screws securing the pulley.

Push up the pulley to the brake and tighten the
SCTeW.

Loosen the screws securing the hub.
Push down the hub to the pulley side.

Tighten the screws with the space 0.1 - 0.3 mm
between.

If the hub is secured with the space larger than 0.3
mm, the brake hub may interfere with the movable
plate. This may grind the movable plate and cause

metal powder.

Place the Joint #3 motor unit in the arm so that the
motor cable faces toward the front of the arm.

Make sure that the rotor hub on the end face of the
pulley is completely set in the fitting on the brake
friction plate.

G series Maintenance Rev.2

2-M3x4
Brake hub  Set screw
90°
M5 bushing
2-M5x6
Set screw

Z1 Pulley |

Joint #3 motor

Joint #3 motor

4-M5x12
[Torque:700N-cm
(71.3 kgf-cm)]

Z1 pulley

2-M5x6 1 ﬂ

—

2-M3x4 Set screw

0.1 -0.3mm
Brake hub

Joint #3

4-M4x12~_,
\l¢¢ mMotor unit

+ Washer
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(6) Place the Z belt around the Z1 pulley and the Z2
pulley so that the gear grooves of the belt are fit
into those of the pulleys completely.

(7) Loosely secure the Joint #3 motor unit to Arm #2.

Joint #3
motor unit

Z belt e
ﬁlﬂ [
Z2 pulley 7721 pulley @

NOTE Loosely secure the Joint #3 motor unit to Arm #2 so that the motor unit can be moved

(= by hand, and it will not tilt when pulled. If the unit is secured too loose or too tight,

the belt will not have the proper tension.

(8) Apply the proper tension to the Z belt, and then
secure the Joint #3 motor unit.

At this point, be careful of the battery board.

To remove the battery board, take out the set
screws with cables connected.

Hexagonal wrench (Stubby type) makes it easier
to tighten / remove screws.

| Z belt tension = 80 N (8.2 kgf) |

Joint #3
motor unit

To do so, pass a suitable cord or string around the Joint #3 motor unit near its mounting

plate. Then, pull the cord using a force gauge or similar tool to apply the specified

tension shown in the figure on the right.

Make sure that the brake cables do not touch the pulley.

(9) Connect the connectors.
Connectors X231, X31, X63

(10) Re-bundle the cables in their original positions with a wire tie removed in step (5).

Do not allow unnecessary strain on the cables.

(11) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(12) Perform the calibration of Joint #3.

For details on the calibration method, refer to /3. Calibration.
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Name Quantity Note
Maintenance

Z belt (width 10 mm) 1 1480849

parts
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw

Tools Nippers 1 For cuttir'lg wire tie
Force gauge 1 Belt tension 80 N (8.2 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension

Material Wire tie 2

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF). (The brake for Joint #4 is only installed to G6-

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the
removal steps from (1) to (3).
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Z belt (1) Turn ON the Controller.

Removal (2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes for Joints #3 and #4 are released simultaneously.
(The brake for Joint #4 is only installed to G6-**3%%*.)

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Remove the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

(5) Cut off the wire tie used for binding the motor cables to the Joint #3 motor.

(6) Disconnect the following connectors.
Connectors X231, X31 (Hold the clip to remove.)
Connector X32, X63

(7) Remove the Joint #3 motor unit from Arm #2. 4-M4x12-_, Joint#3
+Washer |lg motor unit

(8) Remove the Z belt.

Remove the bolts securing the spline plate and pull
out the spline plate upward to remove it.
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NOTE
(&  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Z belt (1) Pass a new Z belt through the shaft from above,
Installation and then place it under the spline plate.

(2) Loosely secure the spline plate to Arm #2.

After moving the shaft up and down several

times, secure the spline plate to Arm #2.

(3) Set the Joint #3 motor unit in the arm so that 4-M4x12-__,

motor cable faces toward the back of the arm. +Washer

(4) Place the Z belt around the Z1 pulley and the Z2
pulley so that the gear grooves of the belt are fit

Joint #3
motor unit

into those of the pulleys completely.

(5) Loosely secure the Joint #3 motor unit to Arm #2.
NOTE  Loosely secure the Joint #3 motor unit to Arm #2 so that the motor unit can be moved
= by hand, and it will not tilt when pulled. If the unit is secured too loose or too tight,
the belt will not have the proper tension.

(6) Apply the proper tension to the Z belt, and then ‘ Z belt tension = 80 N (8.2 kgf) ‘

Joint #3
To do so, pass a suitable cord or string around mOtOI’\Uf‘IIt

secure the Joint #3 motor unit.

the Joint #3 motor unit near its mounting plate.
Then, pull the cord using a force gauge or similar
tool to apply the specified tension shown in the
figure on the right.

Make sure that the brake cables do not touch the
pulley.

(7) Connect the connectors.
Connectors X231, X31, X32, X63

(8) Re-bundle the cables in their original positions with a wire tie removed in step (5).
Do not allow unnecessary strain on the cables.

(9) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.
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(10) Perform the calibration of Joint #3.
For details, refer to /3. Calibration.

7.3 Replacing the Brake

Name Quantity Note
Maintenance
Electromagnetic brake 1 1497639
parts
width across flats: 1.5 mm 1 For M3 set screw
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench .
width across flats: 3 mm 1 For M4 screw
Tools width across flats: 4 mm 1 For M5 screw
Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 80 N (8.2 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 3
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A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF). (The brake for Joint #4 is only installed to G6-

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before the replacement procedure following the

removal steps from (1) to (3).
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Joint #3 brake (1) Turn ON the Controller.

Removal (2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes for Joints #3 and #4 are released simultaneously.
(The brake for Joint #4 is only installed to G6-**3%%*))

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Remove the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

(5) Cut off the wire tie used for binding the motor cables to the Joint #3 motor.

(6) Disconnect the following connectors.
Connectors X231, X31 (Hold the clip to remove.)
Connector X32, X63

(7) Remove the Joint #3 motor unit from Arm #2.

(8) Remove the Joint #3 motor from the Z plate.
8 17(8) 4-M5x12

(9) Remove the brake hub from the Z1 pulley. | Joint #3 motor

Z1 pulley
\/Brake hub

T>(9) 2-M3x4
set screw

(10) Remove the brake from the brake plate.
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NOTE

&

Joint #3 brake
Installation

278

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket

Head Cap Bolts.

(1) Mount the brake to the brake plate.

(2) Mount the brake hub to the Z1 pulley.

For the brake hub mounting procedure, refer to
the section 7.1 Replacing Joint #3 Motor - Joint
#3 motor installation - Step (1) - (4).

(3) Mount the motor unit to the Z plate.

Align the position of the disk on the brake and the
hub.

When the brake disk is not aligned, turn ON the
Controller and connect the connector X32.
Press the brake release switch and release the
brake to manually adjust the position.

(4) Mount the Joint #3 motor unit to Arm #2 so that
the open side faces toward the end of the arm.

(5) Connect the connectors.
Connectors X231, X31, X32, X63

2-M3x10 —

_—Joint #3 motor

Z1 pulley
o |_—Brake hub

T>(2) 2-M3x4
set screw

\Z plate

4-M4x12~_ Joint #3
+Washer it motor unit

(6) Re-bundle the cables in their original positions with a wire tie removed in step (5).

Do not allow unnecessary strain on the cables.

(7) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

(8) Perform the calibration of Joint #3.
For details, refer to /3. Calibration.
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8. Joint #4

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

o=

U2 belt =;

Joint #4 motor
Joint #4 brake ]

U1 belt
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Name Quantity Note
. 1497626
Maintenance
parts AC Servo Motor (100 W) 1 1514469
(For S/N:1**** or later)
width across flats: 2 mm For M4 set screw
Hexagonal wrench .
width across flats: 3 mm For M4 screw
Tools Nippers For cutting wire tie

Force gauge

Belt tension 70 N (7.1 kgf)

Suitable cord (Length about 800 mm)

[UNFO U NI (R U

For belt tension
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A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF). (The brake for Joint #4 is only installed to G6-

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).
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Joint #4 motor (1)
Removal
v @)

€)
“)

®)
(6)

O

NOTE

®)

)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.
The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3*%*.)

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.
Cut off the wire tie used for binding the motor cables to the Joint #4 motor.

Disconnect the following connectors. (X42: G6-**3** only)
Connectors X241, X41 (Hold the clip to remove.)
Connector X42, X64

Remove the Joint #4 motor unit from Arm #2.
Be careful not to break the battery board.

Unscrew the bolts securing the Joint #4 motor
unit to the Motor plate. Remove the Ul belt
from the pulley. Pull the Joint #4 motor unit

upward to remove.

Remove the pulley from the Joint #4 motor. /@\/M4 bushing

Y

There is a brass bushing in one of the set screw

holes. Be careful not to lose it. 2-M4>8
set screw
Remove the motor plate from the Joint #4 motor. \ Motor plate
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NOTE

&

Joint #4 motor
Installation

282

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1

@

3)

“4)

®)

NOTE

(6)

Mount the motor plate to the Joint #4 motor.

Secure the pulley to the new Joint #4 motor.

Be sure to fit the end face of the pulley to the end
face of the motor shaft.

Tighten one of the set screws on the flat face of
the motor shaft until the screw just touches the
surface.

Insert a bushing into the other set screw hole to
prevent damage to the motor shaft.  Then,

tighten both set screws.

Place the Joint #4 motor unit in the arm so that
the motor cable faces toward the left of the arm.

Place the U1 belt around the U1 pulley and the
U2 large pulley (upper side) so that the gear
grooves of the belt are fit into those of the pulleys
completely.

Loosely secure the Joint #4 motor unit to Arm #2.

n‘ Motor plate
5|

/QQ/NM bushing

2-M4x8
set screw

81\ 2-M4x12
~, + Washer

14

Loosely secure the Joint #4 motor unit to Arm #2 so that the motor unit can be moved

by hand, and it will not tilt when pulled.
the belt will not have the proper tension.

Apply the proper tension to the Ul belt, and then
secure the Joint #4 motor unit.

To do so, pass a suitable cord or string around the
Joint #4 motor unit near its mounting plate.
Then, pull the cord using a force gauge or similar
tool to apply the specified tension shown in the
figure on the right.

If the unit is secured too loose or too tight,

U1 belt tension = 70 N (7.1 kgf)|
Joint #4

D

R
motor unit \\\‘
IR -
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(7) Connect the connectors.
Connectors X241, X41, X42, and X64. (X42:G6-**3** only)

(8) Re-bundle the cables in their original positions with a wire tie removed in step (5).
Do not allow unnecessary strain on the cables.

(9) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(10) Perform the calibration of Joint #4.
For details on the calibration method, refer to /3. Calibration.
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8.2 Replacing the Timing Belt

Name Quantity Note
Maintenance | U1 belt (width 9 mm) 1 1480850
parts U2 belt (width 20 mm) 1 1480851
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Belt tension :
Force gauge 1 TON (7.1 kef)
Tools 80 N (8.2 kgf)
130 N (13.2 kgh)
Nippers 1 For cutting wire tie
Suitable cord (Length about 800 mm) 1 For belt tension
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A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF). (The brake for Joint #4 is only installed to G6-

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the

removal steps from (1) to (3).
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U1 belt
Removal

(1)

Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be

)
(4)

)

(6)

()

sure to keep enough space and prevent the end effector hitting any peripheral

equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes for Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3%%*))

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

Loosen the bolts securing the Joint #4 motor

unit.

Loosen the blots securing the Joint #4
intermediate shaft unit.

Remove the U2 belt from the U2 small pulley
and remove the Ul belt from the Ul pulley and
U2 large pulley.

Put the Joint #4 motor unit and the Joint #4
intermediate shaft unit to the shaft side and

remove the belt from the pulley.

G series Maintenance Rev.2
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shaft unit

Joint #4
motor unit
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Joint #4 Joint #4
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NOTE

U1 belt
Installation

286

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1)

)

€)

NOTE

(4)

Set the Ul belt around the Ul pulley and U2
large pulley (upper side) so that the gear grooves
of the belt are fit into those of the pulleys
completely.

Set the U2 belt around the U3 pulley and U2
small pulley so that the gear grooves of the belt
are fit into those of the pulleys completely.

Loosely secure the Joint #4 intermediate shaft
unit, Joint #4 motor unit to Arm #2 in this order.

Make sure that the gear grooves of the belt are
fit into those of the pulleys completely.

U2 large pulley il
U1 pulley ™

. Joint #4
Joint #4 Intermediate
motor unit shaft unit

K

6-M4x12 + Washer

Loosely secure the units to Arm #2 so that the motor unit can be moved by hand, and

it will not tilt when pulled.

not have the proper tension.

Apply the proper tension to the U2 belt, and then
secure the Joint #4 intermediate shaft unit.

To do so, pass a suitable cord or string around the
Joint #4 intermediate shaft unit near its mounting
plate. Then, pull the cord using a force gauge
or similar tool to apply the specified tension

shown in the figure on the right.

If the units are secured too loose or too tight, the belt will

U2 belt tension = 130 N (13.2 kgf)|

Joint #4
Intermediate
shaft unit
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(5) Apply the proper tension to the U1 belt, and then ‘ U1 belt tension = 70 N (71 kgf) ‘

Joint #4
To do so, pass a suitable cord or string around the | motor unit

secure the Joint #4 motor unit.

Joint #4 motor unit near its mounting plate.
Then, pull the cord using a force gauge or similar
tool to apply the specified tension shown in the
figure on the right.

(6) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

(7) Perform the calibration of Joint #3.
For details on the calibration method, refer to /3. Calibration.
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U2 belt
Removal

288

(1
@

3)
“4)

®)
(6)

(N

®)
)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be
sure to keep enough space and prevent the end effector hitting any peripheral

equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes for Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3%%*))

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

Cut off the wire tie used for binding the motor cables to the Joint #3 motor.

Disconnect the following connectors.
Connectors X231, X31 (Hold the clip to remove.)
Connector X63, X32

Remove the Joint #3 motor unit from Arm #2.

Remove the bolts securing the Joint #3 motor
plate. Remove the Z belt from the pulley.
Pull the Joint #3 motor unit upward to remove.

4-M4x12~_,
+ Washer

Loosen the bolts securing the Joint #4 motor unit. Joint #4 Joint #4
motor unit intermediate
Loosen the bolts securing the Joint #4 i shaft unit

intermediate shaft unit.

6-M4x12 + Washer
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(10) Remove the U2 belt from the U2 small pulley

and remove the Ul belt from the U1 pulley and intermediate
shaft unit
U1 belt

Joint #4 Joint #4
motor unit

U2 large pulley.

Put the Joint #4 motor unit and the Joint #4
intermediate shaft unit to the shaft side and

remove the belt from the pulley.

(11) Remove the U2 belt.

Remove the bolts securing the spline plate.
Hold the spline plate up and remove the U2 belt
from the shaft by pulling them up.
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NOTE
(&>  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
U2 belt (1) Pass the U2 belt through the shaft and mount the 3-Mdx12
Installation ball screw spline unit to Arm #2. /

(2) Loosely secure the spline plate to Arm #2.

After moving the shaft up and down several

times, secure the spline plate to Arm #2.

(3) Place the Joint #3 motor unit back to Arm #2. ,
Joint #3

(4) Set the Z belt around the Z1 pulley and Z2 motor unit
Z belt
pulley so that the gear grooves of the belt are fit

into those of the pulleys completely.

Z2 pulley | | Z1 pulley

(5) Set the Ul belt around the U1 pulley and U2
large pulley (upper side) so that the gear
grooves of the belt are fit into those of the

pulleys completely.

(6) Set the U2 belt around the U3 pulley and U2

small pulley so that the gear grooves of the belt U2 belt
are fit into those of the pulleys completely.
-
U3 pulley
i U2 small pulley
(7) Loosely secure the Joint #3 motor unit, Joint #4 , Joint #4

. . oo . Joint #4 Intermediate
intermediate shaft unit, Joint #4 motor unit to motor unit shaft unit
Arm #2 in this order. ] \ N

Make sure that the gear grooves of the belt are
fit into those of the pulleys completely.

6-M4x12 + Washer

290 G series Maintenance Rev.2



G6 Maintenance 8. Joint #4

NOTE

®)

)

Loosely secure the units to Arm #2 so that the motor unit can be moved by hand, and

it will not tilt when pulled. If the units are secured too loose or too tight, the belt will

not have the proper tension.

Apply the proper tension to the U2 belt, and
then secure the Joint #4 intermediate shaft unit.

To do so, pass a suitable cord or string around
the Joint #4 intermediate shaft unit near its
mounting plate. Then, pull the cord using a
force gauge or similar tool to apply the specified

tension shown in the figure on the right.

Apply the proper tension to the Ul belt, and
then secure the Joint #4 motor unit.

To do so, pass a suitable cord or string around
the Joint #4 motor unit near its mounting plate.
Then, pull the cord using a force gauge or
similar tool to apply the specified tension shown
in the figure on the right.

(10) Apply the proper tension to the Z belt, and then

secure the Joint #3 motor unit.

To do so, pass a suitable cord or string around
the Joint #3 motor unit near its mounting plate.
Then, pull the cord using a force gauge or
similar tool to apply the specified tension shown

in the figure on the right.

Make sure that the brake cables do not touch the
pulley.

(11) Connect the connectors.

Connectors X231, X31, X32, X63.

|U2 belt tension = 130 N (13.2 kgf)|

Joint #4
Intermediate
shaft unit

| U1 belt tension = 70 N (7.1 kgf) |

Joint #4
motor unit

| Z belt tension = 80 N (8.1 kgf) |

Joint #3
motor unit
pS

(12) Re-bundle the cables in their original positions with a wire tie removed in step (5).

Do not allow unnecessary strain on the cables.

(13) Install the arm top cover and arm bottom cover.

For details, refer to 3. Covers.

(14) Perform the calibration of Joints #3 and #4.

For details, refer to /3. Calibration.

G series Maintenance Rev.2

291



G6 Maintenance 8. Joint #4

Name Quantity Note
Maintenance
Electromagnetic brake 1 1497640
parts
width across flats: 1.3 mm 1 For M2.5 set screw
Hexagonal wrench 3
Tools width across flats: 2 mm 1 For M2.5 screw
Nippers 1 For cutting wire tie
Material Wire tie 1

292

The brake for U axis is installed to G6-**3**,
A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF). (The brake for Joint #4 is only installed to G6-

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the

removal steps from (1) to (3).
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Joint #4 brake (1)
Removal
v @)

€)
(4)

©)

(6)
()

®)
)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes for Joints #3 and #4 are released simultaneously.
(The brake for Joint #4 is only installed to G6-**3%%*,)

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

Disconnect the connector.
Connector X42

Cut off the wire tie banding brake cables.

Remove the rubber cap.

Remove the brake hub. Brake hub
2-M2.5><25\

Remove the brake.
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
&
Head Cap Bolts.
Joint #4 brake (1) Mount the brake to the Joint #4 intermediate oM2.5 szrake hub
Installation shaft unit. TP / Brake

(2) Mount the brake hub to the Joint #4 intermediate
shaft unit.

(3) Mount the rubber cap.
Insert 9 mm to the brake.

If the cap is inserted 10 mm or more, the rotation
part touches the rubber cap and may result in
malfunctions.

_—Rubber cap

Rotator part
(Brake hub)

(4) Connect the connector.
Connector X42

(5) Re-bundle the cables in their original positions with a wire tie removed in step (6).
Do not allow unnecessary strain on the cables.

(6) Install the arm top cover.
For details, refer to 3.1 Arm Top Cover.
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9. Bellows

NOTE  The bellows are provided in a unit of two pieces. The shape varies between the upper and
& lower bellows.

A large amount of dust is emitted when replacing the bellows.

Take the Manipulator to an outer room such as the room in front of the clean room’s entrance,
or take the necessary countermeasures to prevent dust emission before removing the bellows.

Name Quantity Note
Maintenance 150 mm 1497641
arts Bellows 1
P 300 mm 1497642
Tools Cross-point screwdriver 1 For clamp band removal
Bellows (1) Remove the end effector.

Removal (2) Remove the wires and tubes from the end effector.

(3) Turn ON the controller. Stop motor excitation. (MOTOR OFF)

(4) Loosen the two clamp bands on each bellows. Clamp band (small)

Bellows

(5) Pull the bellows, rubber sheet, and clamp bands
out of the shaft.

(The rubber sheet is not used for the upper
bellows.)

Clamp band (large)
Clamp band (small)
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Bellows
Installation

296

(1)

)
€)

“4)

)

To attach the upper bellows, move the shaft to its lower limit.
To attach the lower bellows, move the shaft to its upper limit.

To move the shaft up/down, press and hold the brake release switch.
Be sure to keep enough space and prevent the end effector hitting any peripheral

equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3*%*))

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.

Pass the shaft through the bellows from the larger joint.

Secure the cover side of the bellows.

Upper bellow
The bellows has two joints: cover side
The larger joint must be attached to the cover side.
The smaller joint must be attached to the end face
side of the shaft.

Be careful not to misplace the clamp bands. The

clamp band has three sizes; small, medium, and

Lower bellow
cover side

large.

Attach the mounting part of the bellows until the end

touches the cylindrical part of the cover.

Attach the rubber sheet. Be sure to attach the
rubber sheet so that no space is made between the
bias cut. (No rubber sheet for the upper bellows
cover side)

@ Bellows
B Rubber sheet

las cut Clamp band

Then, secure them with clamp bands.

Secure the end face side of the bellows to the shaft.

Upper bellow

Cover the bearing case (black) on the end face of the
end face

shaft with the bellows mounting part.

Attach the rubber sheet. Be sure to attach the
rubber sheet so that no space is made between the
bias cut.

==

ias cut

Then, secure them with clamp bands.

After completing the attachment of the bellows, move the shaft up/down by hand
several times and rotate Joint #4. Make sure that the bellows can expand and contract
smoothly without any excessive force.
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(6) Turn OFF the Controller and peripheral equipment.
(7) Attach the end effector.

(8) Connect the wires and tubes to the end effector.
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10. Ball Screw Spline Unit

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

NOTE

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF). (The brake for Joint #4 is only installed to G6-

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps from (1) to (3).

Name Quantity Note
Maintenance . . Each manipulator model
Ball Screw Spline Unit 1 (Refer to
parts 14. G6 Maintenance Parts)
Grease For Ball Screw Spline Unit (AFB grease) Propgr
quantity
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Nippers 1 For cutting wire tie
1 Belt tension
Tools Force gauge 70 N (8.2 kgf), 80 N (8.1 kgf),
130 N (13.2 kgf)
Suitable cord (Length about 1000 mm) 1 For belt tension
Wiping cloth 1 For wiping grease
Material Wire tie 2

298
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Ball screw (1)
spline unit
Removal

)

(4)

)

(6)

()

)

)

Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3*%*))

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Detach the wires/tubes from the end effector, and remove the end effector.

This step is only for Cleanroom-model and Protected-model (C, D with bellows option,

P).

Remove the bellows. For details, refer to 9. Bellows.

Remove the arm top cover and arm bottom cover.

For details, refer to 3. Covers.

Cut off the wire tie banding motor cables to the Joint #3 motor.

Disconnect the connectors.
Connectors X231, X31 (Hold the clip to remove.)
Connector X32

Remove the Joint #3 motor from Arm #2.

Remove the bolts securing the Joint #3 motor
plate. Remove the Z belt from the pulley.
Remove the motor by pulling it up.

(10) Loosen the bolts securing the Joint #4 motor unit.

(11) Loosen the bolts securing the Joint #4

intermediate shaft unit.

G series Maintenance Rev.2

Z belt

e

4-M4x12 ”
+ Washer

Joint #4 Joint #4
motor unit intermediate
" shaft unit

" 4-M4x12 + Washer
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(12) Remove the U2 belt from the U2 small pulley
and remove the Ul belt from the Ul pulley and
U2 large pulley.

(13) Put the Joint #4 motor unit and the Joint #4
intermediate shaft unit to the shaft side and
remove the belt from the pulley.

(14) Remove the U2 belt and Z belt.

Remove the bolts securing the spline plate.
Hold the spline plate up and remove the U2 belt
and Z belt from the shaft by pulling them up.

(15) Remove the nut mounting screws of the ball
screw spline shaft on the lower part of Arm #2.

(16) Pull out the ball screw spline unit from Arm #2.

300

| t"°i”t j.“t Joint #4
ntermediate  yjqior unit

shaft unit
U1 belt

U2 large pulley

Z belt
U2 belt
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Ball screw (1) Pass the U2 belt and Z belt through the shaft and
spline unit mount the ball screw spline unit to Arm #2.
Installation

(2) Secure the nut mounting screws of the ball screw
spline shaft on lower side of Arm #2.

Be sure to keep the timing belt from being stuck
between the nut and Arm #2.

(3) Loosely secure the spline plate to Arm #2. Z belt 3-Mdx12

After moving the shaft up and down several U2 belt
times, secure the spline plate to Arm #2.

(4) Place the Joint #3 motor unit back to Arm #2.
Joint #3
motor unit

(5) Set the Z belt around the Z1 pulley and Z2 pulley
so that the gear grooves of the belt are fit into
those of the pulleys completely.

Z2 pulley | | Z1 pulley §

(6) Setthe Ul belt around the U1 pulley and U2 large
pulley (upper side) so that the gear grooves of the
belt are fit into those of the pulleys completely.
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10. Ball Screw Spline Unit

302

0

®)

NOTE

&)

Set the U2 belt around the U3 pulley and U2
small pulley so that the gear grooves of the belt
are fit into those of the pulleys completely.

Loosely secure the Joint #3 motor unit, Joint #4
intermediate shaft unit, Joint #4 motor unit to
Arm #2 in this order.

Make sure that the gear grooves of the belt are fit
into those of the pulleys completely.

U2 belt

=]

U3 pulley
(| U2 small pulley =

Joint #4
Intermediate
shaft unit

Joint #4
motor unit

Joint #3
motor unit

+ Washer

Loosely secure the Joint #3 motor unit to Arm #2 so that the motor unit can be moved

by hand, and it will not tilt when pulled. If the unit is secured too loose or too tight,

the belt will not have the proper tension.

Apply the proper tension to the U2 belt, and then
secure the Joint #4 intermediate shaft unit.

To do so, pass a suitable cord or string around the
Joint #4 intermediate shaft unit near its mounting
plate. Then, pull the cord using a force gauge or
similar tool to apply the specified tension shown
in the figure on the right.

If the string is touching the battery board, remove
mounting screw for the battery board to put it
aside.

(10) Apply the proper tension to the U1 belt, and then

secure the Joint #4 motor unit.

To do so, pass a suitable cord or string around the
Joint #4 motor unit near its mounting plate.
Then, pull the cord using a force gauge or similar
tool to apply the specified tension shown in the
figure on the right.

U2 belt tension = 130 N (13.2 kgf)‘

Joint #4
Intermediate
shaft unit

| U1 belt tension = 70 N (7.2 kgf) |

Joint #4
motor unit
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(11) Apply the proper tension to the Z belt, and then

secure the Joint #3 motor unit. ‘ Z belt tension = 80 N (8.1 kgf) ‘

Joint #3
To do so, pass a suitable cord or string around the motor\ unit

Joint #3 motor unit near its mounting plate.
Then, pull the cord using a force gauge or similar
tool to apply the specified tension shown in the
figure on the right.

Make sure that the brake cables do not touch the
pulley.

(12) Connect the connectors.
Connectors X231, X31, and X32

(13) Re-bundle the cables in their original positions with a wire tie removed in step (4).
Do not allow unnecessary strain on the cables.

(14) If the position of the lower limit mechanical stop was changed for area limit, secure it

to the proper position.

(15) Grease the shaft.
For details, refer to 10.1. Greasing the Ball Screw Spline Unit.

(16) Install the arm top cover and arm bottom cover.

For details, refer to 3. Covers.
(17) Turn OFF the Controller and peripheral equipment.
(18) Install the end effector, and connect wires and tubes to the end effector.

(19) This step is only for Cleanroom-model and Protected-model (C, D with bellows option,
P).

Install the bellows.

For details, refer to 9. Bellows.

(20) Perform the calibration of Joints #3 and #4.

For details, refer to /3. Calibration.
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11. Lithium Battery

11. Lithium Batter

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot

A\ -

system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Use meticulous care when handling the lithium battery. Improper handling of the
lithium battery as mentioned below is extremely hazardous, may result in heat
generation, leakage, explosion, or inflammation, and may cause serious safety
problems.

<Improper Handling>

-Battery Charge *Deformation by Pressure

-Disassembly » Short-circuit (Polarity; Positive/Negative)
-Incorrect Installation  -Heating (85°C or more)

-Exposing to Fire »Soldering the terminal of the lithium battery directly

*Forced Discharge

When disposing of the battery, consult with the professional disposal services or
comply with the local regulation.

Spent battery or not, make sure the battery terminal is insulated. If the terminal
contacts with the other metals, it may short and result in heat generation, leakage,
explosion, or inflammation.

304

In case of the low lithium battery power, the error to warn the voltage reduction occurs at
the Controller startup (the software startup). All position data will be lost and you will

need to calibrate all joints.

The life span of the lithium battery varies depending on the energizing hours and
installation environment of the Controller. It is about 3 years as a rough guide (when the
Controller is connected to power for 8 hours a day). When the Controller is not
connected to power, the battery consumption will significantly increase compared to when
the Controller is energized. If warnings of voltage reduction occur, replace the lithium
metal battery even if it has not reached the above product life.
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NOTE

For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
recommended replacement time for the battery can be checked in the [Maintenance] dialog

box of the EPSON RC+ 7.0.
For details, refer to the following manual.

RC700 series Maintenance Manual 6. Alarm

The battery may run out if it passes the recommended replacement time.

If no warnings of voltage reduction occur, the calibration for all joints is not necessary.

You need to perform calibration if the position moves from the originals after replaced the

battery.

Always use the lithium battery and battery board designated by us.

(Refer to 14. G6 Maintenance Parts List.)

Be careful of the battery polarity to connect it correctly.

Name Quantity Note
Maintenance | Battery unit (Lithium battery) 1 2117879
parts Battery board 1 2120180
Tools Nippers : 1 For cutting wire tie
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Material Wire tie ) For fixing battery unit (battery)

For fixing cable
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11.1 Replacing the Battery Unit (Lithium Battery)

Battery unit (1) Turn OFF the Controller.
(lithium battery)

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be
Removal

sure to keep enough space and prevent the end effector hitting any peripheral
equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3%%*.)

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(4) Connect the connector of the new lithium battery to
the battery board.

User the unused connector of the two connectors
X60A, X60B on the upper part of the battery board.

Be sure to connect the connector of the new battery
before disconnecting the old battery. If the current
battery is disconnected before connecting the new
one, the robot will lose the origin position data and
the calibration must be executed again.

'(\%TE, Except when the Power-Low warning is appearing.

(5) Cut off the wire tie banding the lithium battery and
remove the lithium battery.

(6) Cut off the wire tie banding the lithium battery,

Remove the battery. Lithium battery

Battery board
Battery unit (1) Mount the new lithium battery to the battery board.

(lithium battery)
Installation

(2)) Fix the cable of lithium battery and connector cable connecting to battery board with

wire tie. Refer to the procedure (4).

(3) Mount the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(4) Turn ON the Controller.

(5) Check if the Manipulator moves to points (poses) correctly.

To do so, select 2 points (poses) or more from the registered points (poses) and move
the Manipulator to the points (poses).

(6) Ifthe Manipulator does not move to the points (poses) correctly, perform the calibration
of all joints and axes.

For details, refer to /3. Calibration.
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11.2 Replacing the Battery Board

After battery board and parts have been replaced (motors, reduction gear units, brakes,
timing belts, ball screw spline unit, etc.), the Manipulator cannot operate properly because
a mismatch exists between the origin stored in each motor and its corresponding origin
stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to 13. Calibration to perform the calibration.

Battery board (1) Turn OFF the Controller.

Removal (2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously. (The brake for Joint #4 is only installed to G6-**3%%*.)

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Remove the arm top cover.

For details, refer to
3.1 Arm Top Cover.

(4) Disconnect the wiring tie connecting the
connector cable.

(5) Disconnect the connectors X61, X62, X63, and
X64 connected to the battery board.

(6) Loosen the screws securing the battery board and
remove the battery board.
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NOTE
(&>  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Battery board (1) Mount the new battery board and secure it with
Installation SCrews.

(2) Connect the connectors.
Connectors X61, X62, X63, X64

(3) Fix the connector cable with wiring tie. Refer to
procedure (4).

(4) Mount the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(5) Turn ON the Controller.

(6) Perform the calibration of all joints.
For details, refer to /3. Calibration.
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12. LED Lamp

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock

and/or malfunction of the robot system.
A m To shut off power to the robot system, disconnect the power plug from the power

source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

WARNING

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

Name Quantity Note
Maintenance | | ppyy .0 1 2077258
parts
Cross-point screwdriver 1 For wire removal
Tools i
Nippers 1
Material Wire tie 1
LED Lamp (1) Remove the arm top cover.
Removal For details, refer to 3.1 Arm Top Cover.
(2) Disconnect the X1 and X2 terminals from the
LED.
(3) Turn the lens counterclockwise to remove it.
Then, turn the lens holder counterclockwise to
remove it.
(4) Remove the LED from the arm top cover.
LED Lamp (1) Connect the X1 and X2 terminals to the LED.
Installation Each terminal must be connected to its terminal
number on the LED.
(2) Put the arm top cover between the ring and lens

holder, and then mount the LED on the arm top
cover.

(3) Install the lens to the lens holder.

(4) Install the arm top cover.
For details, refer to 3.1 Arm Top Cover.
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13. Calibration

13.1 About Calibration

After parts have been replaced (motors, reduction gear units, timing belts, etc.), the
Manipulator cannot execute the positioning properly because a mismatch exists between the
origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”. Note that calibration is not
the same as teaching*.

*: “Teaching” means to teach the Controller coordinate points (including poses) anywhere
in the operating area of the Manipulator.

A

WARNING

To ensure safety, a safeguard must be installed for the robot system.
For details on the safeguard, refer to EPSON RC+ User’s Guide: 2.3 Installation
and Design Precautions.

Before operating the robot system, make sure that no one is inside the
safeguarded area. The robot system can be operated in the mode for teaching
even when someone is inside the safeguarded area.

The motion of the Manipulator is always in restricted (low speeds and low power)
status to secure the safety of an operator. However, operating the robot system
while someone is inside the safeguarded area is extremely hazardous and may
result in serious safety problems in case that the Manipulator moves
unexpectedly.

310

Command Input
Calibration procedures include the process to input commands. Select EPSON RC+ menu-
[Tools]-[Command Window] to use the command window.

The information above is omitted in the calibration procedure.

Jog Motion

The process to set the jog motion is included in the [Jog & Teach] page of the Robot Manager.
Select EPSON RC+ menu-[Tools]-[Robot Manager] and select the [Jog & Teach] tab to use
the [Jog & Teach] page.

The page above is indicated as [Jog & Teach] in the calibration procedure.

When the calibration procedure is different for each type of software, see your software type.
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13.2 Calibration Procedure

NOTE

EPSON RC+ has a wizard for calibration.
This section indicates the calibration using the calibration wizard of EPSON RC+.

The same calibration procedure is used for each joint.
The steps below are calibration using Joint #1. Follow the steps below to calibrate other
joints.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2. For details, refer to /3.3 Accurate

Calibration of Joint #2.

When calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.  You cannot

calibrate Joint #4 alone because of the structure of the Manipulator.

If Err9716 or 5016 (Power supply failure of the absolute encoder. Replace the battery.
Check the robot internal wiring) occurs, apply the procedure of /3.4 Calibration Procedure
without using Calibration Wizard - 3. Encoder Initialization and then, start the calibration

wizard.
The reference point (a point to check the accuracy) needs to be specified for calibration.

(1) Start the calibration wizard.
i. Select EPSON RC+ menu-[Setup]-[System Configuration].

ii. Select the [Robot]-[Robot**]-[Calibration].
NOTE

=

iii. Select the joint and click the <Calibrate...> button.

Only selected robot can be calibrated.

System Configuration 7 4
& Startup - Fobat 1: Calibration Cose
[=)-Controller Caution: Calibration may change point locations

- General
- Corfiguration Joint To Calibrate: | 1 V| L(.:_.alibrate... i
- Preferences
. Simulatar Calibration  Joint Accuracy
@ Drive Unks Values are in encoder pulses
[+ Robots P
=+Rabot 1 Joint CalPls Hofs
2 0
E----Arnpl'rfinar&z i g
[H- Inputs / Outputs
[+- Remote Contral
+-R5232
LTCP /P Load Cal... Save Cal...
£

H- Force Sensing

W

< >
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(2) Confirm the warning message and click the <Yes> button.

EPSON RC+ 7.0

To petfarm a calibration using the wizard, a previously taught reference point is required in the current project.

If you do nok hawve a reference point, then you cannok use the wizard and you musk Follow the steps for manual
calibration in wour robot manual,

Do you have a previously taught reference point in the current project?

es ] [ Mo

(3) Move the joint to calibrate manually to approximate 0 pulse position, as shown in the
dialog. After moving the joint click the <Next> button.

Calibration Wizard: Joint 1

Step 1: Move To Zero Pulse Position

Move Joint 1 to its approximate zero pulse

4 0 puise position by hand
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0 pulse position of Joint #1:
position aligned with X-axis in
Robot coordinate system

0 pulse position of Joint #2:
position where Arms #1 and #2
are in a straight line
(Regardless of the Joint #1
direction.)

0 pulse position of Joint #3:
upper limit position in motion
range

The height of Joint #3 depends
on manipulator model.

Cleanroom model,
Standard model Protected model
with bellows option

0 pulse position of Joint #4:

position where the flat surface
(or groove in the up/down
mechanical stop) on the shaft

faces toward the tip of Arm #2

)
o
2
3

Groove

%
&b

o———— Flat surface
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(4) Click the <Yes> button to reset the encoder.

EPSON RC+ 7.0

The encoder for joint 1 will now be reset.

Conkinue?

(5) Reboot the Controller.

EPSON RC+ 7.0

Restarting Controller

[ﬂlllllll

| Cloze

* This window will disappear when the Controller starts up.

(6) Select the reference point to use for calibration, and click the <Next> button.

Calibration Wizard: Joint 1

Step 2 Select Reference Point

Select a reference point to uze for calibration

Point File: | Pointz.pts

Select a point from the

Faint:

PO - Referencel

current points to use for
checking the accuracy.

[ < Back

J |

[ Cancel l

Hest » ]

(7) Click the <Jog...> button to display the [Jog & Teach] dialog.

Calibration Wizard: Joint 1

Step 3: Jog to reference point

The center
of the shaft

Calibration jig at the
__end of the shaft
{Example}

]
¥
}‘;’:—— Target point

Cahcel l [ < Back

Jog the robat until the end effectar iz near
the reference point for raugh calibration

314
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(8) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for

rough calibration.
* Before operating

Then click the <OK> button.

the robot, open the [Jog

& Teach] tab and execute <Motor ON>.

™ Calibration Wizard: Jog

locat 0 = Tool 0 »

hem 0 v | @[5 33
Jog & Teach | Control Panel

Jogging Currenit Pogition
J1 deg) R deg) B (mem)
Mode: Jomt v Speed low v I Unl I Um)l [ Om] 0 'World
M (deg) ® Jomt
o o @ [___oooo] | J [ | O Puise
J1 42 +J3
Current Arm Orentation
e «n o Hand ]
1 +J2 43 [ Rty ] | | [ ] CJ
o =] | Jog Distance
J4 J5 J6 J degd 2 Yeg) 8 @m O Continuous
1,000 1.000 1000 O Lorg
< &1 &n M deg) (@) Medium
«Jd 5 6 1.000 O Shert

Jog To Reference Point

ok ][ concel ]

(9) Click the <Next> button.
Calibration Wizard: Joint 1

Step 3: Jog to reference point

The center
of the shaft

Calibration jig at the
.. end of the shaft | H
{Exsmpia) Jog the robot until the end effector is near

the reference point for raugh calibration

y:ﬁ:_—— Target point

[ < Back ] [ Mext »

J

Catwzel ] Jog...
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(10) The manipulator moves to the reference point. Click the <Execute> button.

Calibration Wizard: Joint 1

Step 4: Move to Reference Point

1. Select or enter motion command to move near the reference point

2. Click Execute

? X

Motion command to move to reference point:

/

(@) Predefined: Jump PD-Z(0) V|

Input JUMP PO:z (0).

Point selected in step (6)

T

() Custom: Co DO

(11) Confirm the message and click the <Yes> button.

EPSON RC+ 7.0

D] Ready to move robot to the reference point?
S,

(If necessary, the motors will be turned on and all axes will be locked befare executing mation, )

(12) After the manipulator moves to the reference point, click the <Next> button.

Calibration Wizard: Joint 1

Step 4: Move to Reference Point

1. Select or enter motion command to move near the reference point

2. Click Execute

Motion command to move to reference point:

@® Predefined: | Jump PO :Z(D) v

() Custom: Go DO

Cancel < Back Next = ] ecute

? *
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(13) Jog to the accurate reference

position.

Click the <Jog> button.

Calibration Wizard: Joint 1

Step 5: Jog to reference paint

The center
of the shaft

Calibraton jig at the
__end of the shaft
(Example)

L3
]
\/

-

Ny —— Target point

Jog the robot to the exact reference
position

[ Cancel

ol

< Back

l

Jog...

(14) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for

rough calibration. Then click the <OK> button.
i™ Calibration Wizard: Jog
LOOOID - TDO‘O - kmﬂ - .m§§§
Jog & Teach | Control Panel
Jogg g Currert Positon
A Geg) X2 (dee) 3 (me)
Wode: ot B9 Soeed|low B | I oo00] | ooo0] [ o] © ¥orld
M (deg) ® Jomt
& ﬂ‘ o | o 7 onme
J1 42 k]
Currenit Arm Qrentation
oA o ‘ 8 Hared ]
1 +J2 J3 | mienty | | ] [ ] D
1 & | Jog Digtance
J4 J5 JB N deg) J2 ideg) B @md O Continuous
1000 1000 1000 O gone
<A &N &N M deg) () Medum
+J4 5 6 1.000 O ghort
Jog To Reference Point
[ ok ][ come |

* Position Joint #2 only and move Joint #3 to around 0 pulse.

G series Maintenance Rev.2

317



G6 Maintenance 13. Calibration

(15) Click the <Next> button.

Calibration Wizard: Joint 1

Step 5: Jog to reference point

The canter
of the shaft

Calibration jig at the
— f;’:a:':;l': shatt Jog the robot to the exact reference
2 : position
=

> —— Target point

[ Cancel } [ « Back J | et » | [ Jog... ]

(16) Execute the procedure in “Calibration Using Right / Left Arm Orientations” to

accurately calibrate Joint #2 only.
Go on to the step (19) for the other joints calibration.

Move to another point that has different pose (from righty to lefty) using Jump

command. Click the <Yes> button.

i.

EPSON RC+ 7.0

9 Warning
\..f/
The robot will jump to the opposite arm orientation.

2K ko continue?

ii. Jog to the accurate reference position. Click the <Jog> button.

Calibration Wizard: Joint 2

Step B: Jog to reference point

The center
of the shaft

Calibration jig at the

- ™ eg:g;: hetl Jog the iobat ta the exact reference
l position

}{_—— Target point

Cancel l I ¢ Back
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iii. Jog to the accurate reference position and adjust the position.
Click the <OK> button.

™ Calibration Wizard: Jog

Jog & Teach | Control Parel

locat 0 » Took 0 » Am 0 - @[3

Jog To Reference Point

[ ox ][ cowe |

Joge re Current Position
J1 (o) 2 Beg) 53 (mm)
Mode: [Jort [ Seesd|low & [ oom] [ oow] [ o] O¥s
H dog) @] Jont
o - O [___ooo] | ] [ ] © Puise
J1 <2 +J3
Current Aem Ormnitaton
=2} =2 ‘ I Haed ]
w] L) 8] e JC_Je0
= = ] Jog Distance
J4 J5 J6 J1 deg) J2 deg) J3 (mm) ) Continuous
1.000 1000 1.000 O Lore
oA &R s M deg) (=) Medium
+J4 5 +JE 1.000 O Sheet

iv. Click the <Next> button.
Calibration Wizard: Joint 2

Step B: Jog to reference point

The center
of the shaft

Calibration jig at the

- fgf;;j‘; shealt Jog the robot to the exact reference
posihion
>5{:—— Target point
Cancel ] [ « Back ] [ Ment » | ’ Joa...
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(17) Calibration is complete. Click the <Finish> button.
Calibration Wizard: Joint 1
Finish

Calibration for Joint 1 has been successfully completed

[ Cancel } I < Back I

(18) Move the manipulator to other points and check if it can move without problems.
Teach points where appropriate.
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13.3 Accurate Calibration of Joint #2

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately.

NOTE  [F the calibration of Joint #2 is performed in /3.2 Calibration Procedure, configure
(&~ “Calibration Using Right / Left Arm Orientations” by the wizard.

The reference point is the center of the ball The center of the shaft

screw spline shaft during this calibration. I

between the center of
i the end effector and the
ball screw spline shaft, remove the end effector | center of the shaft.

and perform the calibration of the shaft. \ |
i

|

When there is a misalignment between the |There is a misalignment |
center of the end effector and the center of the |
|

Make a calibration jig as shown in the right The center
figure and attach it on the end of the shaft to of the shaft
make the center of the shaft clear.

Decide a target point and mark a cross (x) on it

Calibration jig at the
end of the shaft
(Example)

shaft after switching the arm pose between —

|

i

|

so that you can easily verify the center of the '
|

right and left. I
|

>_é Target point

After removing the end effector and performing the calibration, install the end effector and

move the Manipulator to the teaching point to verify whether there is a positional gap. If
there is a positional gap, fine-tune the installation position of the end effector and teach the
point again.

Coordinates for the working point requires calculation in the following cases:

- Teaching the working point by entering the coordinate values (MDI teaching)
- Switching the arm orientation between right and left at a given point

- Using the Pallet command

- Executing CP control (such as liner or circular interpolation)

- Using the Local command

- Pose data specified with relative coordinates <Example: P1+X(100) >

- Vision Guide camera calibrations
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Calibration Using Right / Left Arm Orientations
(1) Check the point data for calibration

Use a pose (point) you can easily verify the accuracy within the work envelop of

both right and left arm. Then, check the number of pose (point) you want to use.

(2) Open the Tools menu | Robot Manager | Control Panel and click the MOTOR ON.

(3) Click the <Free All> button in the [Control Panel] to free all joints. Now, you can
move arms by hands.

(4) Move the arms to the position of point data for calibration in rightly arm orientation.

(5) From the current position, teach any point data number unused.
This point is now called P1.

Specify the point number “1” and click the <Teach> button in the [Jog & Teach].
(6) Click the <Lock All> button in the [Control Panel] to lock all joints.
(7) Switch to the lefty arm orientation. Then, move the arm to the same point.

>Jump P1/L:Z(0) ' Change the arm orientation from righty to lefty

Z is the maximum position

* If there is interference on the way from right to lefty, click the <Free All> button in
the [Control Panel] and change the arm orientation to lefty by hands. Then, go to
the step (6), (7).

(8) The joints are slightly out of position.

Adjust the gap with the —Z in the Jogging group in the [Jog & Teach]. Then, teach
another point data number unused. This point is now called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].
(9) Input the new Hofs value.

>Hofs Hofs (1), Hofs (2) + (Ppls(P1l,2) + Ppls(P2,2)) /
2, Hofs (3), Hofs(4)

(10) From the current lefty arm orientation (the position in the step (8)), teach the point data
number used in the step (8). This point is called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].

(11) Switch to the righty arm orientation. Then, make sure the manipulator move to the

correct position.

>Jump P2/R ' Change the arm orientation from lefty to righty

* If there is any interference on the way from lefty to righty, click the <Free All> button
in the [Control Panel] and change the arm orientation to righty by hands. Then, go
to the step (6), (11).

(12) Move the manipulator to other point data and make sure it moves to the correct position.

Teach some more points if required.

* Delete the two points taught for the Joint #2 calibration.
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13.4 Calibration Procedure without using Calibration Wizard

NOTE This section indicates the calibration without using the calibration wizard of EPSON RC+.

&= For details of calibration using the calibration wizard, refer to /3.2 Calibration Procedure.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2. For details, refer to /3.3 Accurate
Calibration of Joint #2.

You cannot calibrate Joint #4 alone because of the structure of the Manipulator. When
calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.

NOTE The reference point (a point to identify the position of the manipulator) needs to be specified
&= for calibration.

Follow steps 1 to 6 described below in order to calibrate the origin.

1. Basic Pose Confirmation

(1)-1 After the part replacement, perform the calibration using the point data
currently registered.
Confirm the point data number (P*) to reconstruct the correct manipulator
position.

* Point data before the parts replacement (motor, reduction gear, belt, etc.) is
necessary for the calibration.

2. Part Replacement

(2)-1 Replace parts as dictated by this manual.

* Be careful not to injure yourself or damage parts during part replacement.
3. Encoder Initialization
(3)-1 Turn ON the Controller when all joints are in the motion range.

(3)-2 Manually move the joint that needs origin alignment to its approximate 0
pulse position.
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0 pulse position of Joint #1:
position aligned with X-axis in

Robot coordinate system

0 pulse position of Joint #2:
position where Arms #1 and #2
are in a straight line
(Regardless of the Joint #1
direction.)

0 pulse position of Joint #3:
upper limit position in motion

range

The height of Joint #3 depends
on manipulator model.

0 pulse position of Joint #4:
position where the flat surface
(or groove in the up/down
mechanical stop) on the shaft
faces toward the tip of Arm #2

Groove

m— ——— Flat surface

[ ]
&ED
(5

324

Standard model

Cleanroom model,
Protected model
with bellows option

)
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(3)-3 Connect EPSON RC+ to the Controller.

Select the robot to be calibrated. Input as below in the [Command
Window] and execute.
(This example uses “robot 17.)

> robot 1
(3)-4 Execute the absolute encoder initialization command.

Input one of the following commands to [Command Window] according to the
joint being calibrated.

Joint #1: >EncReset 1
Joint #2: >EncReset 2
Joint #3: >EncReset 3
Joint #4: >EncReset 3, 4

(3)-5 Reboot the Controller.

Select EPSON RC+ menu-[Tools]-[Controller] and click the <Reset
Controller> button.

EPSON RC+ 7.0

Restarting Controller

LLLLL L] ]

Cloze

* This window will be disappeared when the Controller starts up.

4. Rough Calibration

(4)-1 Execute the following command from the menu-[Tools]-[Command Window].

>calpls 0,0,0,0
* Manipulator does not move.
(4)-2 Execute one of the following commands according to the joint you want to
calibrate from the menu-[Tools]-[Command Window].

Joint #1 >calib 1
Joint#2 >calib 2
Joint#3 >calib 3
Joint #4 >calib 3, 4

5. Calibration (Accurate Positioning)

(5)-1 Turn ON the motors from the EPSON RC+ menu -[Tools]
-[Robot Manager]-[Control Panel].

(5)-2 Click the <Free All> button in the [Control Panel] to free all joints. Now, you
can move arms by hands.

(5)-3 Move the Manipulator by hand to a rough position/posture of the calibration
point data.
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(5)-4 Create the data from the calibration point data.

(5)-5

(5)-6

(5)-7

Enter and execute the following command in [Command Window].

(In this example, P1 is used as the calibration point data.)

> Calpls Ppls(P1,1), Ppls (P1,2), Ppls (P1, 3),
Ppls (P1,4)

Move the joint to the specified point using a motion command.

For example, when the specified point data is “P1”,
execute “Jump P1:Z(0)” from [Jog & Teach].

* The joint NOT being calibrated moves to the original position.

Accurately align the joint* being calibrated to the specified point using jog
commands.

* You must move Joint #3 and #4 to the position when calibrating Joint #4.
Select the jog mode [Joint] from [Jog & Teach] to execute the jog motion.
Execute the calibration.

Enter and execute one of the following commands in [Command Window]
according to the joint being calibrated.

Joint #1: >Calib 1
Joint #2: >Calib 2
Joint #3: >Calib 3
Joint#4: >Calib 3, 4

6. Accuracy Testing

(6)-1

Move the Manipulator to another point to confirm that it moves to the same
position.

If it does not move to the same position, re-calibrate using another point. You
must set the point again if reproducibility cannot be assured through calibration.

G series Maintenance Rev.2



G6 Maintenance 14. G6 Maintenance Parts List

14. G6 Maintenance Parts List

14.1 Common Parts

Overhaul
Part Name Code Old Code Note Reference | «4
1497624 R13B000607 |400 W
Joint #1, 2 400 W 5.1,6.1 v
1514468 R13B000616 (For S/N: 1#%%* o later)
ACS 1497625 R13B000608 200 W
ervo .
Joint #3 200 W 7.1 v
Mot
otor 1514451 R13B000614 (For S/N: 1¥%#% o later)
1497626 R13B000609 |100 W
Joint #4 100 W 8.1 4
1514469 R13B000617 (For S/N: 1#%+% o later)
Reduction Joint #1 1480755 R13B010011 52 v
Gear Unit  ** | Joint #2 1480756 R13B010012 6.2 v
. | Z axis 1497639 R13B030501 7.3 v
Electromagnetic For GoF*3#+
Brake i or Lyo- v
U axis 1497640 R13B030502 (Z: 300, 330 mm) *1 8.3
Joint #3 1480849 R13B030206 |Z: width 10 mm 7.2 v
Timing Belt ) 1480850 R13B030207 |Ul: width 9 mm
Joint #4 : 8.2 v
1480851 R13B030208 |U2: width 20 mm
With lithium battery
Battery Board 2120180 R13B041202 |Installed in Arm #2 11.2
ER17330V (TOSHIBA)
Lithium battery for
Battery Unit 2117879 | R13ZA00600300 | replacement*3 11.1
ER17330V (TOSHIBA)
O-ring 1480857 R13B031223 | For Motor flange of Joint #1 | 5.1
LED Lamp 2077258 | R13A030000200 | *2 12
AFB
. - - 23
(Ball Screw Spline) )
Grease | SK-1A For purchasing the grease,
*5 | (Reduction Gear i i please contact the supplier 23
( cduction e of your region. '
Unit)
GPL-224 (Cable) - - 4

*1 GO-**1** (Z: 150, 180 mm) do not have U axis Electromagnetic Brake.

*2  Common with E2 series

*3  Common with E2C

*4  As arough indication, perform the overhaul (parts replacement) before reaching 20,000 operation hours of
the Manipulator. The operation hours can be checked in [Controller Status Viewer] dialog - [Motor On
Hours].
For details, refer to 2.2 Overhaul (Parts Replacement).
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*5 Regarding purchase of grease

Due to the chemicals regulations of individual countries (the UN GHS), we are requesting our customers to
purchase the grease required for maintenance from the manufacturers listed in the table below as of April 2015.
Regarding purchase of the grease, please contact the following manufacturers. If there is anything unclear,
please contact the supplier of your region.

Product name Manufacturer URL
THK AFB-LF Grease THK CO., LTD. https://www.thk.com/
Harmonic Grease SK-1A | Harmonic Drive Systems Inc. | https://www.harmonicdrive.net/

https://www.chemours.com/en/brands-
Krytox® GPL-224 Chemours

and-products

** Reduction Gear Unit

A reduction gear unit consists of the following three parts. When replacing the reduction
gear unit, be sure to always replace the waveform generator, flexspline, and circular spline
all together as one set.

Waveform generator

This waveform generator consists of an ellipsoidal cam with ball bearings on its outer
circumference.

The inner ring of bearings is secured to the cam, while the outer ring is capable of flexible
deformation through the ball bearings.

Flexspline Waveform generator

A thin, elastic, cup-shaped metal body with gear
teeth around the outer circumference of the

opening.

Circular spline

A rigid, ring-shaped body with gear teeth on the
inner circumference.

The circular spline has two more teeth than the

flexspline does. Circular spline Flexspline

The splines are greased. Be sure to keep the grease from being attaching to the clothes.

328 G series Maintenance Rev.2



G6 Maintenance

14. G6 Maintenance Parts List

D, P: Protected-model)

(S: Standard-model

C: Cleanroom-model

Part Name Code Old Code Note |Reference Ovir"shaul
S, D(without 180 mm 1495142 | R13B010202 oLl y
bellows) 330 mm 1495143 | R13B010203 .
Ball Screw | 150 mm 1497627 | R13B010204
Spline 300 mm 1497628 |R13B010205
: 10.1.2 v
P, D with| 150 mm 1497629 | R13B010206
bellows
option 300 mm 1497630 | R13B010207
450 mm 1497631 | R13B020012
S, C 550 mm 1497632 | R13B020013
, 650 mm 1497633 | R13B020014 |Inner
Cable Unit wiring 4
450 mm 1497634 | R13B020015 | able
P,D 550 mm 1497635 | R13B020016
650 mm 1497636 | R13B020017
For RC180 RI12NZ90026 | R12B020425
For RC700-A, B
3m | Straight R12NZ900JX
For RC700-A, B
L-shaped R12NZ900K 1
For RC180 R12NZ90027 | R12B020426
For RC700-A, .
Sm | Straight R12NZ900JY
For RC700-A, _
L-shaped R12NZ900K?2
For RC180 R12NZ90028 | R12B020427
M/C Cable |S,C For RCT00-A *4 43
or -A, _
10m | Siraight R12NZ900JZ
For RC700-A, B
L-shaped R12NZ900K3
For RC700-A, | R12NZ900X B
i Y
15m iuaﬁ?:;oo A
or -A, o
L-shaped RI2NZ900Y 1
For RC700-A, | R12NZ900X B
traight Z
20m 1E al}fcmo A
or -A, o
Loshaped R12NZ900Y2
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Part Name Code Old Code Note |Reference Ove*r5haul
For RC180 R12NZ790029 | R12B020428
For RC700-A, B
3Im Straight R12NZ900K4
For RC700-A, N
L-shaped R12NZ900K?7
For RC180 R12NZ9002A | R12B020429
For RC700-A, B
5m Straight R12NZ900K5
For RC700-A, .
L-shaped R12NZ900K 8
1 Cabl For RC180 R12NZ9002B | R12B020430 " 3
M able |D,P .
’ For RC700-A, -
10 m Straight R12NZ900K6
For RC700-A, B
L-shaped R12NZ900K9
For RC700-A, | 19NZ900Y3 —
15 m Straight
For RC700-A, .
-shaped R12NZ900Y5
For RC700-A, | p 19N7900Y4 -
20m Straight
For RC700-A, | p 15N7900Y6 -
L-shaped
S,D 1497637 R13B030402 | White
Arm C ’ 31,32
mover e p 1497638 | R13B030406 | Plating
C, P, D with| 150 mm 1497641 |R13B030701 | *4 *6
Bellows bellows 9
option 300 mm 1497642 |R13B030702 |*6
Gasket Unit | D, P 1497643 R13B031226 2.6
Arm 2 P 1497644 R13B031227 -
Gasket
Brake R13Z7026401
2117817 *2 -
Release 5,C 00
Switch D,P 1497647 R13B060902 | *4 -

*1  G6-**1** (Z: 150, 180 mm) do not have U axis Electromagnetic Brake.

)
*3
*4
*5

the Manipulator.

Hours].

Common with E2 series
Common with E2C

Common with G10/G20 series
As a rough indication, perform the overhaul (parts replacement) before reaching 20,000 operation hours of

For details, refer to 2.2 Overhaul (Parts Replacement).

*6
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The bellows are provided in a unit of two pieces.

The operation hours can be checked in [Controller Status Viewer] dialog - [Motor On

The shape varies between the upper and lower bellows.
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G10 G20 Maintenance 1. Safety Maintenance

1. Safety Maintenance

Please read this chapter, this manual, and other relevant manual carefully to understand safe

maintenance procedures before performing any maintenance.

Only authorized personnel who have taken maintenance training held by the manufacturer
or dealer should be allowed to perform the robot maintenance.

®m Do not remove any parts that are not covered in this manual. Follow the
maintenance procedure strictly as described in this manual. Improper removal
of parts or improper maintenance may not only cause improper function of the
robot system but also serious safety problems.

m Keep away from the Manipulator while the power is ON if you have not taken the
training courses. Do not enter the operating area while the power is ON.
Entering the operating area with the power ON is extremely hazardous and may
cause serious safety problems as the Manipulator may move even it seems to be

f i 5 stopped.

WARNING | ™ When you check the operation of the Manipulator after replacing parts, be sure to
check it while you are outside of the safeguarded area. Checking the operation
of the Manipulator while you are inside of the safeguarded area may cause serious
safety problems as the Manipulator may move unexpectedly.

m Before operating the robot system, make sure that both the Emergency Stop
switches and safeguard switch function properly. Operating the robot system
when the switches do not function properly is extremely hazardous and may result
in serious bodily injury and/or serious damage to the robot system as the switches
cannot fulfill their intended functions in an emergency.

® To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.

ﬁ DO NOT connect it directly to a factory power source.
m Before performing any replacement procedure, turn OFF the Controller and
WARNING related equipment, and then disconnect the power plug from the power source.

Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

B Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
A cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or

CAUTION improper function of the robot system.

® \WWhen operating maintenance of manipulator, secure about 50 cm of empty space
around the manipulator.
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2. General Maintenance

This chapter describes maintenance inspections and procedures. Performing maintenance

inspections and procedures properly is essential for preventing trouble and ensuring safety.
Be sure to perform the maintenance inspections in accordance with the schedule.

2.1 Maintenance Inspection
2.1.1 Schedule for Maintenance Inspection

Inspection points are divided into five stages: daily, monthly, quarterly, biannual, and annual.
The inspection points are added every stage.

If the Manipulator is operated for 250 hours or longer per month, the inspection points must
be added every 250 hours, 750 hours, 1500 hours, and 3000 hours operation.

Inspection Point
Daily Monthly Quarterly Biannual Annual Overhaul
inspection inspection inspection inspection inspection | (replacement)

1 month (250 h) S

2 months (500 h) S

3 months (750 h) \ \

4 months (1000 h) \

5 months (1250 h) = S

6 months (1500 h) 2 y y y

7 months (1750 h) % \

8 months (2000 h) < N

9 months (2250 h) 2 S S
10 months (2500 h) \
11 months (2750 h) \
12 months (3000 h) S S S S
13 months (3250 h) S

20000 h v

h = hour
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2.1.2 Inspection Point
Inspection Item
Inspection Point Inspection Place Daily | Monthly | Quarterly | Biannual | Annual
End effector mounting N N J J J
Check looseness or backlash | bolts
of bolts/screws. Manipulator mounting J J J J J
bolts
Check l0oseness of External connectors on
Manipulator (on the \ \ \ V \/
connectors.
connector plates etc.)
Visually check for external External appearance of N N J J J
defects. Manipulator
Clean up if necessary. External cables \ \ \ \
Check for bends or improper
location. Repair or place it | Safeguard etc. \ \ \ \ \
properly if necessary.
Check the brake operation | Joint #3 \ \ \ \ \
Check wheth I
eck w eT er.unusua Whole N N J J J
sound or vibration occurs.

Inspection Method

Inspection Point

Inspection Method

Check looseness or backlash of
bolts/screws.

Use a hexagonal wrench to check that the end effector mounting
bolts and the Manipulator mounting bolts are not loose.

When the bolts are loose, refer to “2.4 Tightening Hexagon Socket
Head Bolts” and tighten them to the proper torque.

Check looseness of connectors.

Check that connectors are not loose.
When the connectors are loose, reattach it not to come off.

Visually check for external
defects.
Clean up if necessary.

Check the appearance of the Manipulator and clean up if
necessary.

Check the appearance of the cable, and if it is scratched, check
that there is no cable disconnection.

Check for bends or improper
location. Repair or place it
properly if necessary.

Check that the safeguard, etc. are located properly.
If the location is improper, place it properly.

Check the brake operation

Check that the shaft does not fall when in MOTOR OFF.

If the shaft falls when in MOTOR OFF and the brake is not
released, contact the supplier.

Also, the break is not released even operated release the break,
contact the supplier.

Check whether unusual sound
or vibration occurs.

Check that there is no unusual sound or vibration when operating.

If there is something wrong, contact the supplier.
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2.2 Overhaul (Parts Replacement)

A

CAUTION

m |f you do not overhaul properly, it may have a serious impact on safety.

m Overhaul timing is based on an assumption that all joints are operated for equal

distance. If a particular joint has a high duty or high load, it is recommended to
overhaul all joints (as many as possible) before exceeding 20,000 operation hours
with the joint as a basis.

NOTE

336

The parts for the manipulator joints may cause accuracy decline or malfunction due to
deterioration of the manipulator resulting from long term use. In order to use the
manipulator for a long term, it is recommended to overhaul the parts (parts replacement).

The time between overhauls is 20,000 operation hours of the Manipulator as a rough

indication.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration / deceleration in
continuous operation) applied on the Manipulator.

For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the
recommended replacement time for the parts subject to maintenance (motors, reduction
gear units, and timing belts) can be checked in the [Maintenance] dialog box of the
EPSON RC+ 7.0.
For details, refer to the following manual.

RC700 series Maintenance Manual 6. Alarm

Note:

The recommended replacement time for the maintenance parts is when it reaches the L10
life (time until 10% failure probability). In the [Maintenance] dialog box, the L10 life is
displayed as 100%.
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The manipulator operation hours can be checked in [Controller Status Viewer] dialog -
[Motor On Hours].

(1) Select EPSON RC+ menu-[Tools]-[Controller] to open the [Controller Tools] dialog.
(2) Click the <View Controller Status> button to open the [Browse For Folder] dialog.
(3) Select the folder where the information is stored.

(4) Click <OK> to view the [Controller Status Viewer] dialog.

(5) Select [Robot] from the tree menu on the left side (Dialog image: EPSON RC+ 7.0)

I Gontroller Status Viewer

Status Folder: | _RGTO0021427_2014-09-30_14501%9 E] Statuz Date / Time: 2014-09-30 14:50:19
Fiohot
Gereral
Input # Output
Item Walue -~

Hadel C4-A6015

Program Files Mame mip01

= hclude Files Senial # CAOEO01 427

Constant.inc tatar On Hours 1286
VISIO_N-‘”C atar On Count 57

Rabat Points Hels Date 2014/04/24 17:15:40:413
Hols 112251, 286285, 91741, 30416, -4793, 128541, 0.0,
atars aff
Power Loy
Arm 1]
Toal 1]
‘world Pasition -25.036, 487 275, 579.295, 89.980, 0.235, 89.967,
Jaint Position 10,468, -37.820, 52,126, 92,652, -100.151, 14.842,
Pulse Pasition 304909, 1101601, 1328495, 2188120, -2365212, 2
“weight 1.000
‘weight Length 0.000
Inertia 0.005

w

For the parts subject to overhaul, refer to /5. G10 G20 Maintenance Parts List.
For details of replacement of each part, refer to each section.

Please contact the supplier of your region for further information.
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2.3 Greasing

The ball screw spline and reduction gear units need greasing regularly. Only use the grease
specified in the following table.

CAUTION

m Keep enough grease in the Manipulator. Operating the Manipulator with
insufficient grease will damage sliding parts and/or result in insufficient function of
the Manipulator. Once the parts are damaged, a lot of time and money will be
required for the repairs.

CAUTION

m If grease gets into your eyes, mouth, or on your skin, follow the instructions below.

If grease gets into your eyes

: Flush them thoroughly with clean water, and then see a doctor immediately.
If grease gets into your mouth

. If swallowed, do not induce vomiting. See a doctor immediately.

. If grease just gets into your mouth, wash out your mouth with water thoroughly.
If grease gets on your skin

: Wash the area thoroughly with soap and water.

Greasing part Greasing Interval Grease Reference

Joint #1 | Reduction 5.2 Replacing the Joint #1 Reduction Gear Unit
Joint #2 | gear units 6.2 Replacing the Joint #2 Reduction Gear Unit

Overhaul timing SK-1A

Joint #3

Ball screw At 100 km of operation

spline unit (50 km for first greasing)

AFB |Greasing the Ball Screw Spline Unit

Joint #4 | Backlash-less gear | In Joint #3 greasing AFB G10 only

338

Joint #1, 2 reduction gear units

As a rough indication, perform greasing at the same timing as overhaul.

However, it may vary depending on usage condition and degree of the load (such as when
operated with the maximum motion speed and maximum acceleration / deceleration in
continuous operation) applied on the Manipulator.

Joint #3 Ball screw spline unit

The recommended greasing interval is at 100 km of operation. However, greasing timing
also can be checked from the grease condition. Perform greasing if the grease is
discolored or becomes dry.

J

; i i §l
Normal grease Discolored grease

Perform greasing at 50 km of operation for the first time of greasing.
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NoTE For the EPSON RC+ 7.0 Ver. 7.2.x or later (firmware Ver.7.2.x.x or later), the

(&= recommended replacement time for the grease on the ball screw spline unit can be checked
in the [Maintenance] dialog box of the EPSON RC+ 7.0.
For details, refer to the following manual.
RC700 series Maintenance Manual 6. Alarm

Greasing the Ball Screw Spline Unit

Name Quantity NOTE
For Ball Screw Spline Unit Proper
Grease .
(AFB grease) quantity
Tools Wiping cloth 1 For wiping grease (Spline shaft)
Cross-point screwdriver 1

NOTE
i Cover the surrounding area such as the end effector and peripheral equipment in case the

grease drips.

(1) Turn ON the Controller.

(2) Move the shaft to its lower limit in one of
the following methods.

Joint #3. Joint #4
Break release switch

- Move the shaft to its lower limit manually

while pressing the brake release switch.

while the brake release switch is being
pressed because the shaft may be lowered
by the weight of the end effector.

- Move the shaft to its lower limit from
EPSON RC+ 7.0 [Tools]-[Robot
Manager]-[Jog & Teach].

NOTE Make sure that the hand does not interfere

. . . \ ;
with peripheral equipment. ’ﬁ\ Arm #1

(3) Turn OFF the Controller.
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340

(4)

©)

(6)
()

®)

)

(10)

Wipe off the old grease from the shaft, and
then apply new grease to it.

Grease application range is from the end of e —m
the spline nut to mechanical stop.

Grease

application{
range ) Spline nut

/N

Mechanical stopper

Apply new grease evenly to the spiral groove
of the ball screw spline unit and the vertical

groove so that the groove is filled.

Grease application example

Turn ON the Controller.

Start the robot manager and move the shaft to the origin position. Be careful not to hit
peripheral equipment.

After moving to the origin position, reciprocate the shaft. The reciprocating operation is
a low power mode operation program that performs from the upper limit to the lower
limit. Run for about 5 minutes to spread the grease over the shaft.

Turn OFF the controller.

Wipe off excess grease on the end of the

spline nut and mechanical stop.

End of the =
spline nut ]
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Greasing Joint #4 Backlash-less gear (G10 only)

Name Quantity Note
Mair;t:rr:: "°® | For Ball Screw spline (AFB grease) qi?rﬁ?try
Flat blade screwdriver 1
Tools Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Grease gun (or Plastic syringe) 10 to 20g
Wiping cloth 1 For wiping grease

(1) Remove the arm top cover.

For details, refer to

3.1 Arm Top Cover.

(2) Remove the blind cap.

(3) Apply grease with a grease gun or a plastic syringe

(without needle).

Put 10 to 20 g of grease into the plastic syringe and

apply 5 g to the backlash-less gear, so as to fill in the

gear grooves.

G series Maintenance Rev.2
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2.4 Tightening Hexagon Socket Head Cap Bolts

Hexagon socket head cap bolts are used in places where mechanical strength is required.
(A hexagon socket head cap bolt will be called a “bolt” in this manual.) These bolts are
fastened with the tightening torques shown in the following table.

When it is necessary to refasten these bolts in some procedures in this manual (except special
cases as noted), use a torque wrench so that the bolts are fastened with the appropriate
tightening torques as shown below.

Bolt Tightening Torque Refer below for the set screw.

M3 2.0+ 0.1 N-m (21 + 1 kgf-cm) Set Screw Tightening Torque
M4 4.0+ 0.2N-m (41 + 2 kgf-cm) M4 2.4 +0.1N-m (26 + 1 kgf-cm)
M5 8.0+ 0.4 N-m (82 4 kgf-cm) M5 3.9+ 0.2N-m (40 £ 2 kgf-cm)
M6 13.0 £ 0.6 N-m (133 * 6 kgf-cm)
M8 32.0 £ 1.6 N-m (326 * 16 kgf-cm)
(
(

M10 | 58.0+2.9 N-m (590 * 30 kgf-cm)
M12 [100.0 + 5.0 N-m (1,020 + 51 kgf-cm)

We recommend that the bolts aligned on a circumference should be fastened in a crisscross
pattern as shown in the figure below.

1 Do not fasten all bolts securely at one time. Divide
5 8 the number of times that the bolts are fastened into

Bolt hole two or three and fasten the bolts securely with a

3 4 | hexagonal wrench. Then, use a torque wrench so
that the bolts are fastened with tightening torques
shown in the table above.

2.5 Matching Origins

After parts have been replaced (motors, reduction gear units, a brake, timing belts, a ball
screw spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

For calibration, the pulse values for a specific position must be recorded in advance.
Before replacing parts, select easy point (pose) data from the registered point data to check
the accuracy. Then, follow the steps below to display the pulse values and record them.

EPSON B Execute the following command from the [Command Window].
RC+ >PULSE

PULSE: [Joint#1 Pulse value] pls [Joint #2 Pulse value] pls [Joint #3 Pulse value]
pls [Joint #4 Pulse value] pls
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2.6 Layout of Maintenance Parts

G10-65*** manipulator of S/N: 1*#*** or later is different from other models in its
maintenance parts position.
For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.

2.6.1 Table Top Mounting type

G10
G10-***S : Standard-model

LED lamp Brake release switch
Ball screw spline unit
. \
Joint #4 motor _|

Joint #4 brake

Arm cover

Joint #2 motor

Joint #2 reduction gear unit

Cable unit

Joint #3 motor

Power cable

7 belt Joint #3 brake

L e Signal cable

Joint #1
reduction gear unit

Joint #1 motor Q

Lithium battery and Battery board

(Figure: G10-851S)

G10-***C : Cleanroom-model
G10-***D, P : Protected-model (D: With bellows option)
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Brake release switch (for D, P)

Gasket (D, P)

Gasket (P)

| /s/ Gasket (P)

Bellows (C, D, P)

Gasket (P) ‘é'=“
O-ring (D, P)

Gasket (C, D, P)”

/

Bellows (C, D, P)

Gasket (D, P)
Gasket (D, P)

/

i

Gasket (D, P)

Gasket (D, P) Gasket (D, P)

Gasket (D, P)

(Figure: G10-851P)
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G20
G20-***S : Standard-model

LED lamp Brake release switch

Joint #4 motor Arm cover
/

Ball screw spline unit i
i ~ Joint #2 motor
Joint #3 motor _|
N . Joint #2 reduction gear unit
| '

Cable unit

—T P A =

=

Z belt
Lithium battery and Battery board

Joint #4 reduction gear unit

U belt Power cable

Joint #3 brake Joint #1 - Hogl—Tos I Signal cable
reduction gear unit

Joint #1 motor

(Figure: G20-851S)

G20-***C : Cleanroom-model
G20-***D, P : Protected-model (D: With bellows option)

Brake release switch (for D, P)

Gasket (D, P)

Gasket (P)
Bellows (C, D, P) m
s , Gasket (P)
1) | | I I"|F=|J""
Gasket (P) /Gasket (D, P)
Gasket (C, D, P)~ e . _/__Gasket (D, P)

/

Bellows (C, D, P)

Gasket (D, P)

| Gasket (D, P)
Gasket (D, P) o

Gasket (D, P)

Gasket (D, P)

(Figure: G20-851P)
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2.6.2 Wall Mounting type

G10
G10-***SW : Standard-model

Power cable
LED lamp Brake release switch

Ball screw spline unit Arm cover

Joint #4 motor d_} /--/

soint#4 brake | 1 |1
&

Joint #1 motor

Z belt =

-

Lithium battery and Battery board

| Joint #1
reduction gear unit

|
Joint #2 motor
Cable unit
Joint #2 reduction gear unit
Joint #3 motor

e -
=1 i
i T P
Il 3

Joint #3 brake (Figure: G10-851SW)

G10-***CW : Cleanroom-model
G10-*DW, PW : Protected-model (D: With bellows option)

Brake release switch (for D, P) Gasket (DC,S P)k ‘(D P
Gasket (D, P) asket (D, P)

Gasket (P) " o
Gasket (D, P) |

Bellows (C, D, P)

Gasket (P)
O-ring (D, P)

~ ==

Gasket (C, D, P)

Bellows (C, D, P) / = = = = Gasket (D, P)
Gasket (D, P) Gasket (D, P)
Gasket (D, P (Figure: G10-851PW)
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G20
G20-***SW : Standard-model

Brake release switch

Power cable
Joint #4 motor / Signal cable

LED lamp

Arm cover
Ball screw spline unit

Joint #3 motor

\ .
o) (—_7 Joint #1 motor
== — =
Zbelt — == EL _ I Joint #1
L‘_W' L ) reduction gear unit
Lithium battery and Battery board \ Joint #2 motor Cable unit

Joint #3 brake Joint #2 reduction gear unit

Joint #4 reduction gear unit
U belt

(Figure: G20-851SW)

G20-***CW : Cleanroom-model
G20-***DW, PW : Protected-model (D: With bellows option)

Gasket (D, P) Gasket (D, P)
Brake release switch (for D, P)
Gasket (D, P)

Gasket (P) T T ]

= Gasket (D, P) &
J Bm m Gasket (P) |

3

Bellows (C, D, P)

Gasket (P)

Gasket (C, D, P)

Bellows (C, D, P)

Gasket (D, P)
Gasket (D, P)

Gasket (D, P)
Gasket (D, P

(Figure: G20-851PW)
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2.6.3 Ceiling Mounting type
G10
G10-***SR : Standard-model

LED lamp Brake release switch

Arm cover Power cable

Signal cable

Joint #1 motor

Joint #1
reduction gear unit

T
Joint #2 motor

Cable unit
Joint #2 reduction gear unit
Joint #3 motor

Joint #3 brake (Figure: G10-851SR)

Lithium battery and Battery board

G10-***CR : Cleanroom-model
G10-***DR, PR : Protected-model (D: With bellows option)

Brake release switch (for D, P)

Gasket (D, P)
Gasket (P)

Gasket (D, P)

Gasket (D, P)

Bellows (C, D, P)

: Gasket (P) Gasket (D, P)
Gasket (P)_ ALl __Ti
O-ring (D, P)—{ — rf‘
o= 1 /8 Gasket (D, P)
Gasket (C, D, ngg I [IGAT
Bellows (C, D, P) —= Gasket (D, P)
Gasket (D, P) Gasket (D, P)
Gasket (D, P

(Figure: G20-851PR)
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G20
G20-***SR : Standard-model

Brake release switch
LED lamp

Joint #4 motor

Arm cover Power cable

Ball screw spline unit Signal cable

Joint #3 motor

=== U]

a L |

Z belt El - i Joint #1
& . e ) reduction gear unit
Lithium battery and Battery board \ Joint #2 motor Cable unit
Joint #3 brake Joint #2 reduction gear unit
Joint #4 reduction gear unit
U belt (Figure: G20-851SR)

G20-***CR : Cleanroom-model
G20-***DR, PR : Protected-model (D: With bellows option)

Gasket (D, P)
Brake release switch (for D, P)
Gasket (D, P)
Gasket (P)
Gasket (D, P) &

Bellows (C, D, P) H

lﬂw .| Gasket (P)
M 1& Iu 1|

= n 0o

Gasket (C, D, P) -

Gasket (D, P)

Gasket (P)

Gasket (D, P)

Bellows (C, D, P) = = = = Gasket (D, P)
Gasket (D, P) Gasket (D, P)

Gasket (D, P (Figure: G20-851PR)
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2.6.4 G10-65***: For S/N: 1**** or later

The following maintenance parts have been added for G10-65*** manipulator of S/N:
1**%% or later.

Standard model G10-65*S*
Radiating unit

=
0

T

T
1

T -]
; Heat sink

Cleanroom model G10-65*C*
Radiating unit

oo

— @
%Heat sink

Protection model  G10-65*P*
Radiating unit

== @
%Heat sink/
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All procedures for removing and installing covers in maintenance are described in this chapter.

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with the
power ON is extremely hazardous and may result in serious bodily injury as the
Manipulator may move abnormally, and also may result in electric shock and/or
malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and related
equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

m Be careful not to get any foreign substances in the Manipulator, connectors, and
pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.

Name Quantity Note
. 1499592
Gasket unit ! Only for Cleanroom-model and Protected-model
Maintenance 1499593
parts Arm #2 Gasket ! Only for Cleanroom-model and Protected-model
Silicon adhesive Only for Table top mounting and Ceiling mounting
(for the gasket 1 / Protected-model
on the Connector Plate)
Hexagonal wrench For M3 screw
(width across flats: 2.5 mm) ! Only for Wall mounting / Protected-model
Hexagonal wrench For M4 screw
Tools (width across flats: 3 mm) 1 Tightening Torque: 0.9 N-m (9.2 kef-cm)

Only for Cleanroom-model and Protected-model

For bellows removal

Cross-point screwdriver 1 Only for Cleanroom-model and Protected-model

Wiping cloth 1 For wiping adhesive
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G10 G20 Maintenance 3. Covers

Table Top mounting

Arm top cover

Base bottom cover (Except G10/G20-***S)

~__-Side cover

Wall mounting
Connector sub plate

Maintenance plate

Arm top cover

=1 Side cover
Arm bottom cover

352

Ceiling mounting
Base bottom cover
(Except G10/G20-***SR)

Maintenance plate
Arm top cover

Side cover
Arm cap

Connector sub plate

Connector plate

5 Side cover
Arm bottom cover

G series Maintenance Rev.2




G10 G20 Maintenance 3. Covers

3.1 Arm Top Cover

A

CAUTION

®m Do not remove the arm top cover forcibly. Removing the cover forcibly may result
in damage to the cables, disconnection, and/or contact failure. Damaged cables,
disconnection, or contact failure is extremely hazardous and may result in electric
shock and/or improper function of the robot system.

® When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.
When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Arm Top Cover
Removal

(1) Turn ON the Controller.

(2) Press and hold the brake release switch to let the shaft down. Be sure to keep enough
space and prevent the end effector hitting any peripheral equipment.

NOTE  The brake release switch affects both Joints #3 and #4. When the brake release switch
& s pressed, the brakes for both Joints #3 and #4 are released simultaneously.

Be careful of the shaft falling or rotation while the brake release switch is being pushed
because it may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Unscrew the arm top cover mounting bolts, and then lift the cover.

NOTE  When bellows are installed to the manipulator, remove the upper bellows and then

&  remove the arm top cover. For bellows removal, refer to 9. Bellows.

The cover cannot be removed completely because user wires and tubes are connected.
However, you can continue regular maintenance.

LED lamp and the cable of the brake release switch are located between the main part
and the cover. Do not pull the cable strong or the connector may be damaged.
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G10-***S* (Standard-model)  G10-***C* (Cleanroom-model)

G10-***D*/P* (Protected-model)

™ 4-M4x15

Gasket

Gaskets

Gaskets are installed to G10-***P*,
O-ring is installed to G10-***D*, P*.

G20-***S* (Standard-model)  G20-***C* (Cleanroom-model)
G20-***D*/P* (Protected-model)

Gasket
(G20-***P* only)

Gasket
(G20-***P* only) i

Gaskets are installed to G20-***P*,

Arm Top Cover (1) Setthe arm top cover to the arm and secure with Br?tki release
switc

Lower limit
mechanical stop

Installation the arm top cover mounting bolts.

After mounting the arm top cover, make sure | Cylinder par‘t\

that the lower limit mechanical stop does not of the arm

touch the cylindrical part of the arm top cover.

When bellows are installed to the manipulator, install the arm top cover and then install

the upper bellows. For bellows installation, refer to 9. Bellows.
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G10 G20 Maintenance 3. Covers

3.2 Arm Bottom Cover

Unscrew the arm bottom cover mounting bolts, and then pull the cover downward and
remove it.

NOTE ~ The arm bottom cover may not be removed from the shaft because the end effector is

= installed.

If it is necessary to remove the cover completely (for replacement of the ball screw spline
unit etc.), remove the end effector.

If it is not necessary to remove the cover completely, move the shaft to the lower limit, and
lower the arm bottom cover. Then, perform maintenance or inspection.

When bellows are installed to the manipulator, remove or pull down the lower bellows and
then remove the arm bottom cover. For bellows removal, refer to 9. Bellows.

G10/G20-***C* (Cleanroom-model)
G10/G20-***S* (Standard-model) G10/G20-***D*, P* (Protected-model)

-—————

TT4-M4x10

A gasket is installed to G10/G20-***C* (Cleanroom-model) and G10/G20-***D*/pP*
(Protected-model).
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3.3 Arm #1 Cover

There are two sets of Arm #1 covers.
- Arm caps
- Side covers

Unscrew the bolts mounting the covers and the caps to remove them.

3.3.1 G10/G20-***S* (Standard-model), G10/G20-***C* (Cleanroom-model)

Arm side (Common part) Base side
Table Top mounting

For the arm cap
1 4-M4x8

For the side cover
1 4-M4x15

For the arm cap
1 4-M4x8

For the side cover

1 4-M4x8

For the arm cap
1 4-M4x8
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G10 G20 Maintenance 3. Covers

3.3.2 G10/G20-***D*, P* (Protected-model)

Arm side (Common part) Base side
Table Top mounting

i

7 — For the arm cap
| i 1 4-M4x8

Gasket . Gasket

Sealing washer! |

. é !A A

Fo_rit]l\e/l:lﬂescover \For the arm cap
: : 4-M4x8

For the side cover

Gaskets - 4-M4x15

For the arm cap
: 4-M4x8

Sealing washer

For the side cover
! Gaskets - 4-M4x15

: n For the arm cap
b
o S Vi

Gaskets and sealing washers are installed to G10/G20-***D*  P* (Protected-model).
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3.4 Connector Plate

A

CAUTION

m Do not remove the connector plate forcibly. Removing the connector plate
forcibly may result in damage to the cables, disconnection, and/or contact failure.
Damaged cables, disconnection, or contact failure is extremely hazardous and
may result in electric shock and/or improper function of the robot system.

®m When installing the connector plate, be careful not to allow the cables to interfere
with the plate mounting and do not bend these cables forcibly to push them into
the cover. Unnecessary strain on cables may result in damage to the cables,
disconnection, and/or contact failure. Damaged cables, disconnection, or
contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system. When routing the cables, observe the
cable locations after removing the connector plate. Be sure to place the cables
back to their original locations.

Table Top
mounting

Unscrew the connector plate mounting bolts and remove the plate.

G10/G20-***S* (Standard-model)
G10/G20-***C* (Cleanroom-model)

G10/G20-***D*, P* (Protected-model)

)

o 8-M4x10

LI VS -

Y

)
_‘:‘(N. BN
N —
I‘ F
l’ ’l
T e

-,

S

ﬁmf IR
I

Part to apply . BT
silicon adhesive

i

Wall
mounting

Ceiling
mounting

Part to apply

silicon adhesive ﬁ

NOTE

358

A gasket is installed to G10/G20-***D*  P* (Protected-model).

When installing the gasket to Table Top mounting (G10/G20-***D, P) or Ceiling mounting
(G10/G20-***DR, PR), apply silicon adhesive to the gasket installing part on the base side
(shaded part in the photo).
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G10 G20 Maintenance 3. Covers

3.5 Connector Sub Plate

A

®m Do not remove the connector sub plate forcibly. Removing the connector sub
plate forcibly may result in damage to the cables, disconnection, and/or contact
failure. Damaged cables, disconnection, or contact failure is extremely
hazardous and may result in electric shock and/or improper function of the robot
system.

®m When installing the connector sub plate, be careful not to allow the cables to
interfere with the plate mounting and do not bend these cables forcibly to push
them into the cover.

CAUTION i ) ) )
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the connector
sub plate. Be sure to place the cables back to their original locations.
Unscrew the connector sub plate mounting bolts and remove the plate.
G10/G20-***S* (Standard-model)
G10/G20-***C* (Cleanroom-model) G10/G20-***D*, P* (Protected-model)
Table Top
mounting
Wall 4-M4x15—
mounting Sealing washer—
Ceiling
mounting

A gasket, spacers, and sealing washers are installed to G10/G20-***D*, P* (Protected -

model).
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3.6 User Plate

Unscrew the user plate mounting bolts and remove the plate.

NOTE Do not remove the nut by force. The nut for the user plate is combined with the user plate.
& And if you try to remove the nut, it will damage the user plate.

G10/G20-***S*
G10/G20-***C*

Standard-model)

(
(Cleanroom-model) G10/G20-***D*, P* (Protected-model)

P
L

kSealing washer

t 4-M4x10

A gasket and sealing washers are installed to
G10/G20-***D*, P* (Protected-model).

3.7 Maintenance Plate

Unscrew the maintenance plate mounting bolts and remove the plate.

G10/G20-***S* (Standard-model)

G10/G20-***D*, P* (Protected-model)

Table Top

mounting Maintenance

plate

4-M4><E\
\ -

Wall Maintenance
mounting plate\
r”,—’ /
N
4-M4x8
Ceiling |
. Maintenance ggsket '
mounting plate o
-7 Spacer
4-M4x8

A gasket and spacers are installed to G10/G20-***D*, P* (Protected-model).
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3.8 Base Bottom Cover

The base bottom cover is removed only when replacing the gasket unit.

Unscrew the base bottom cover mounting bolts and remove the cover.

G10/G20-***C* (Cleanroom-model) G10/G20-***D*, P* (Protected-model)

Table Top
mounting

Gasket

Ceiling
mounting

NOTE A gasket is installed to G10/G20-***D*, P* (Protected-model).

&

A base bottom cover is not installed to G10/G20-***S* (Standard-model).
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4. Cable

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

® To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
& DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

WARNING

m Be careful not to get any foreign substances in the Manipulator, connectors, and
pins during maintenance. Turning ON the power to the robot system when any
foreign substances exist in them is extremely hazardous and may result in electric
shock and/or malfunction of the robot system.

m Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
A forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

CAUTION
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4.1 Replacing Cable Unit

Since the power is supplied to each motor from the lithium battery installed on the battery
board via the battery connector, the position data will not be lost when the Controller is
turned OFF. When the battery connectors are disconnected, the position data will be lost,
and EPSON RC+ will display an error when the Controller is turned ON.

If the error occurs, execute the calibration of all joints and axes.
For details of the calibration, refer to /4. Calibration.

Name Quantity Note
Each manipulator model
Maintenance | Cable unit 1 (Refer to
parts 15. Maintenance parts)
Battery Unit (Lithium battery) 1 2117879
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
width across flats: 5 mm 1 For M6 screw
Spanner width across flats: 5 mm 1 For D-sub connector removal
Tools Nut screwdriver width across flats: 5 mm 1 For D-sub connector removal
Nippers 1 For cutting wire tie
Alcohol zlrlzlr)lfirty For wiping grease
Wiping cloth 1 For wiping grease
Material Wire tie 8
Grease Grease for cable (GPL-224) 10g
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G10 G20 Maintenance 4. Cable

NOTE G10-65*** manipulator of S/N: 1**** or later is different from other models in its form.

& For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.

Table Top mounting

G20

Cable Unit Cable Unit

Wall mounting
G10

T T | Il i N | | I |
Cable Unit Cable Unit
Ceiling mounting
G10 L G20
i [
LY ﬂ’
l
S —| | I | S | I
Cable Unit Cable Unit
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G10 G20 Maintenance 4. Cable

A

CAUTION

m |f the connectors have been disconnected during the replacement of the cable

unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.

For details on the connections, refer to 4.2 Wiring Diagrams.

When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.
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Cable unit €))
R I
emova @)

3)
“4)

)

NOTE

(6)

NOTE

(N

366

Turn ON the Controller and change the motor to OFF status (MOTOR OFF).

Press and hold the brake release switch to let the shaft down. Be sure to keep enough

space and prevent the end effector hitting any peripheral equipment.

The brake release switch affects both Joints #3 and #4. When the brake release switch

is pressed, the brakes for both Joints #3 and #4 are released simultaneously.

Be careful of the shaft falling or rotation while the brake release switch is being pushed

because it may be lowered by the weight of an end effector.

Turn OFF the Controller and disconnect the power cable and signal cable connectors

from thee controller.

Remove the connector plate.

For details, refer to 3.4 Connector Plate.

Connect the spare battery to connector XB11.
- The position data of Joint #1 motor is stored with the battery on Arm #2. Connect
the spare battery otherwise the Joint #1 position data will be lost.

Disconnect the air tubes, ground wire, D-sub cable, and seven connectors (X10, X20,
X30, X111, X121, X131, XB10) connected to the connector plate (inner side).
Remember the cable layout so that the cables can be reconnected correctly after

replacement.
The procedure of step (7) differs by mounting types.

Follow the corresponding procedure.

When using Table Top mounting type or Ceiling mounting type

(7)-1 Remove the saddle part mounting cables
inside the base.

(7)-2 Remove the spring plate.

(7)-3 Cut off the two wire ties binding cables. Saddle part

L W/ (1) 2Max10
Ve, 7

/25 Spring plate

When using Wall mounting type

(7)-1 Remove the ground plate.
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G10 G20 Maintenance 4. Cable

(7)-2 Remove the spring plate.

(7)-3 Cut the wire tie banding the cables.

(7)-4 Pull out the spring plate.

(7)-5 Remove the saddle part mounting the
cables.

(7)-6 Cut the wire tie banding the spring.

(8) Remove the arm caps and side covers on Arm #1.
For details, refer to 3.3 Arm #1 Cover.

(9) Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(10) Remove the user plate.

Wire tie

1 Saddle part

For details of user plate removal, refer to 3.6 User Plate.

(11) Disconnect the D-sub cable, air tubes, and
connector of the brake release switch from the
user plate.

NOTE Mounting screws for the D-sub cable are very
& small. Be sure to keep the screws.

Press the ring on the fitting and pull out the air
tube. (06x2, 94x2)

Be sure to observe the connection for connecting
the disconnected parts after replacement.
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D-sub cable

Air tube
Brake release switch cable
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G10 G20 Maintenance 4. Cable

(12) Cut off the wire tie binding cables

(13) Remove the 11 connectors on the

NOTE

&

(14) Remove the ground terminals

NOTE

&

on the Arm #2 side.

Arm side.

X21, X22, X31, X32, X33, X41,

Wire ties

G20 Wire ties

X42, X61, X221, X231, X241

Be sure to keep the connectors excluding X61 of the battery board connected at cables

replacement. Otherwise, the motor will lose position data and the calibration must be

executed again

mounted to Arm #2. '

Record the connection terminal
and the connection point before
disconnect the ground terminal.

G10/G20-***S*/C*: 3 terminals
G10/G20-***D*/P*: 3 terminals

G10 Ground terminal G20 Ground terminal

(15) Remove the saddle part mounting cables inside Arm #2.

(16) Remove the spring plate.

G10

(17) Cut off the two wire tie binding cables.

(18) Disconnect the Base side cables from Arm #1.

NOTE

368

Table Top mounting
: Disconnect from the upper part of Arm #1

Wall mounting / Ceiling mounting
: Disconnect t from the lower part of Arm #1

When disconnecting the cables, first, disconnect
the air tubes. Then, disconnect from the
smaller connectors in order.

Do not try to disconnect the cables forcibly.
Otherwise, connectors may be stuck,
disconnected, or connector pins may fall off.
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(19) Disconnect the cables that were disconnected | Table Top mounting
from Arm #1 in step (18) to the side of Arm #1.

(20) Disconnect the Arm #2 side cables from the lower
part of Arm #1.

NOTE  When disconnecting the cables, first, disconnect
& the air tubes. Then, disconnect from the

smaller connectors in order.

Do not try to disconnect the cables forcibly.

Otherwise, connectors may be stuck,
disconnected, or connector pins may fall off.

(21) Disconnect the cables that were disconnected to
the lower part of Arm #1 in step (20) to the side of
Arm #1.

(22) Remove the spring plate mounting | Arm #1 side Arm #2 side
bolts on both the Arm #1 side and »
the Arm #2 side.

=i
=/ & 1518

2-M6x30 + washer

(23) Disconnect the cables to the base side.
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When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket

NOTE
Head Cap Bolts.
Cable unit (1) Apply grease (GPL-224) to the cables.
Installation Grease volume: 5 g each (10 g in total)

Applying positions
Each cable inside the spring

Air tube

Periphery of spring (shaded part)

Connector
X221,231,241
X21,22,31,32,33
X41,42

X61

(2) Cover both ends of the cables with plastic bags.

Arm side
200 mm 200 mm
58 Greasing Greasing
P
[ Spring Spring

(The photo shows one end covered with plastic bags)

NOTE  The plastic bags prevent grease adhesion to the ends of |

connectors and air tubes while drawing the cables.

Base side

\\ P

Connector
X121,131
X20,30
XB10

(4) Set the mounting holes of the spring plate to the base side and mount the spring plate

to Arm #1.

Arm #1 side

Arm #2 side

V5518

+ washer
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(5) When using Table Top mounting, disconnect the
base side cables to the upper part of Arm #1 and
pull the cables into the base.

When using Wall mounting or Ceiling mounting,
disconnect the base side cables to the lower part of
Arm #1 and pull the cables into the base.

(6) The procedure of step (6) differs by mounting types.
Follow the corresponding procedure.

When using Table Top mounting type or Ceiling mounting type

(6)-1 Mount the spring for cable protection Spring_|

to the spring plate with a wire tie.

(6)-2 Mount the spring plate to the base.

(6)-3 Move Arm #1 to the right or left until
the arm touches the mechanical stop to
make allowance.

Then, band the cables and air tubes
with a wire tie.
NOTE If you band the cables and tubes
& without allowance, the cables are
pulled and may be disconnected during
the robot operation. Make sure to
make allowance.

(6)-4 Remove the plastic bags on the base
side applied in step (2).

(6)-5 Mount the saddle part to the spring
plate.
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When using Wall mounting type

(6)-1 Pull out the spring and mount it to the
spring plate with a wire tie.

(6)-2 Mount the saddle part to mount the
cables.

(6)-3 Loosely band the cables with a wire tie.
Be sure to keep the wire tie loose enough
so that the cables move.

(6)-4 Move Arm #1 to the right or left until the
arm touches the mechanical stop to make
allowance.

Then, band the cables and air tubes with
a wire tie.
NOTE  If you band the cables and tubes without
(&  allowance, the cables are pulled and may
be disconnected during the robot
operation. Make sure to make
allowance.

(6)-5 Remove the plastic bags on the base side
applied in step (2).

(6)-6 Mount the spring plate.

(6)-7 Mount the ground plate.

372

) Saddle part

Wire tie
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(7) Connect the air tubes, D-sub cable, and connectors to the connector plate (inner side).

Spring washer

Nut

Plain
washer

Ground
terminal
D-sub

Air tube
Connector plate

<\

N\ ._,*

(8) Loosely mount the connector plate with 2 screws (M4).

For details, refer to 3.4 Connector Plate.

(9) Disconnect the Arm #2 side cables to the lower part
of Arm #1 and pull the cables into Arm #2.

(10) Mount the spring for cable protection to the spring
plate with a wire tie.

Secure the spring plate to Arm #2.
Wire tie

e

\

Spring

Spring plate

(11) Move Arm #2 until the arm touches the mechanical
stop to make allowance (push the cables toward the

spring by approx. 20 mm).
Then, band the cables and air tubes with a wire tie.
NOTE  Ifyou band the cables and tubes without allowance,
& the cables are pulled and may be disconnected

during the robot operation. Make sure to make

allowance.

Wire tie

(12) Remove the plastic bags on the Arm side applied in step (2).
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(13) Mount the saddle part to the spring plate.

(14) Connect the connectors and the ground wire.

For details, refer to 4.2 Wiring Diagrams.

(15) Bind the excess cables with a wire tie. D-sub cable

(16) Connect the D-sub cable, air tubes, and connector
of the brake release switch cable to the user plate.

To secure the ground wire, tighten it with the

terminal of D-sub cable.

Air tubes
Break release switch cable

(17) Mount the user plate to the Arm #2 cover.

For details of user plate installation, refer to 3.6 User Plate.

(18) Set and secure the Arm #2 cover without the cables being stuck.

For details, refer to 3.1 Arm Top Cover.

(19) Mount the arm caps and side covers for Arm #1.

For details, refer to 3.3 Arm #1 Cover.

(20) Remove the conector plate mounted loosely in the step (8) and remove the spare battery
in theXB11. Then, mount the connector plate.

NOTE  In this replacement method, calibration is not needed.
& However, perform the calibration if it is required.
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Signal Cable

4.2.1

®

4BIT NO 010N

ISlIe JoJ MOJIBA | A sbueio o)
SN
)
\nitart, SUUM M anig a
va-vr[9 | [ [ va-wrlc |
vanr(s | [ e[l ] BIOAL A usLIln| 9
P [ [on| [ [ o]
/Tioneq\ yoxX PoX pay Y| umoug ug
\wnicy /
- Juld d 3oelg S|
wo| va-er[y | [ [ iva-erlz |
of aele | _ L. 1000 8|gBD | 89P0y | Jojoo 8igeD | epo)d
o~ 1T ToN “oN| Z-
/ kiayeq \ £9X £0X. v Y v Y
\wnit / - Z- % - hE
S
[ mo[ iva-zre | [ [ a-erfe J
o] Ivaear|L | [ | vaer - L
N [ I [ e wosx |gosx
zoX
yox| eox| zox| lox
= w8  Iva-if[z | [ [ va-ire
_1_ I L I [ marp
[ — [ [ [Con] [ [
[ I@ 19X
ofeig plouslos p#uloroL [ 9] -awa |1 H N 21920 O/
| T y o e
Zox . 1 (W) 001 06 0€=1
B o4 B o4 . Te—a
8 [aNO PON3 |¥ ¥9/(9) [aNO¥ONa [¥ | 1 e el
y i o [Md vl 99/ [ Wmd vONa [€ ! ) T [
T yi T -sv|z N 2K ! Q\,: 9€+) I |
il il L [N sy 1L apeq I i
9| n0od — 0105 N 10105 oN | wnig Wl !
z 17X | R !
i | |
o105 oN ! i |
i
% uopng eseapy MeigoL [ 1] -awa b ! il |
i 1 - Z9/d] _aN9 AvZ]0S
! o . \aid V2 | 6%
. ¥8/(©) [aNo ON3 [OF Za/A| NS yON3 [OF ; 28/A | ONS ¥ONa | 92
@Xelg plouslos g4 julor oL T 9O | Wd voNa [6 TU/A | WMd PONT [6 - 2/A | ¥Md ¥ONT | 02
FEIR - s ) -sv |8 . - Zamo -sv|ce
53 [43A00 QE/A S G 52 1 T [2E) S|z
a6 - ¥g() | _aNo vz [9 | 2dd| _aNo Az |9 ¢ T I
1ve0 8 B) o4[s B) 945 : @A E] ] IS T
Z 9 [OND €ON3 |7 W [aNS 0N [ r W [GNOEON3 [¥ 18/A [ ONOeON3 [ . V@/A[ANO EON3 [ 9F_|
N[ Nsod |9 N [UMd EONI [€ | QWA ¥Md €ON3 [€ WA [ EMd €N VU/A| WMd €ONT [E | L VA ¥Md €ON3 [ 61|
i Sd- [§ T -sele | W) -se e W) st 18749 -se e T - (R -se| 6
1 Sd |7 i 1 sl ] SE L . W v VD SE |1 t T [RIE) SE
9] A0od[e 10105 N 10100 “oN H 10100 “oN 10105 “oN iRl
[4 1eX Lex | 0eX 0EX Al !
| |
% ! ooueusuEI 104 | | |
1 /haeneq i
neq\ 1 |
1 \wnigyr / | i
o] ! N7 | ! 3] 1043u00 0L
@ = o e " | 1ve0 |2 " | |
I - ! |
@ I3 | @lll D | e[l | Rl |
| 1003 [ oN] | I
! olax i |
1 ] I |
53 i A ]
8 n [(TVE) ELRIE] zad dn-To | ; - V/d 83 [ €2
1v80 B) BE] B) 945 - M(©) nels | 1a/d AR, L zad dW- [z
9 [N _zoN3 (| GNSZoN3 [ : WD [GNS ZoN3 [# 28/0 [aNS ZON3 [ : - 28/0 | NS zoN3 | 1L
y | nsod yi N [WMdZONT [ | A | ¥Md 2oN3 [€ GW/A | 9Md ZONT 2910 | ¥Md 2oN3 + - 240 [ wmd ZoN3 [ OF
TN Sd: S TN szl | (@) -stle WO -5tz Z8M -st|z T 28 A
1 sd ¥ i sz n szt (Al D 2 STt L M sz €
g Anood[e — 10100 oN 9103)| oN 10005 oN| 10105 N ol !
z 12X [£23 123 ozx 1l |
L | [
10105 N, e 9, il "
12X ! GIin . o | |
| o o 1 |
H O B) 945 B} o4 s Wl
i 9 [aNS 1oN3 [ | T80 | NS 1ONa [¥ L 18/0 [GNS JON3 [ 9
1 y vi o [WMdIONT [€ | /0 | uMd 1ON3 [€ — + 190 [ WMd L1ON3 | §
! M Sdv v ™ -si[e [T Sl H— - (=) -S|z
il Sd il SH[b VUM SUb + M si|c
| 9] nood — 10[03| N 10105 oN| F = 10100 oN
| 0IX 0IX L]
| l
1 10[00 ON "
H X |
CINYY 3svg |

375

G series Maintenance Rev.2



G10 G20 Maintenance 4. Cable

4.2.2 Power Cable
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G10 G20 Maintenance 4. Cable

4.2.3 User Cable

D-sub 9pin D-sub 9pin

No. Color No. Color
1] RIBR) 1| RI(BR)
2| R/BR 2| (R/BR
3| VI(BR) 3| V/(BR)
4] (V)/BR 4] (V)/BR
5| LiB) 5| Li(B)
6| (LB 6] (LB
7] YI®) 7] YI(B)
8| ()/B 8| (Y)B
9| (G)/BR 9| (G)BR

D-sub 15pin D-sub 15pin

No. Calor No. Color
1] LWy 1] L/(W)
2 W 2 W
3] YIW) 3] Y/(W)
4| MW 4] W
5 GI(W) 5] GI(W)
6| (GYW 6] (G/W
7 [ RI(W) 7 | RI(W)
8| R/W 8| RIW
9| VIW) 9| VI(W)
10 (WW 10| (VW
11| LIBR) 11| L/(BR)
12| (L/BR 12| (L)/BR
13| YI(BR) 13| Y/(BR)
14| (V)/BR 14| (Y)/BR
15| _GI(BR) 15| _GI(BR)

@} YIG E@)

Code Cable color Code Cable color
B Black R Red
BR Brown Vv Violet
G Green W White
L Blue Y Yellow

The following table shows the types of the use cable.

Environment | Arm length Code Note
650 mm 1563046
S/C 850 mm 1499531
1000 mm 1499532
650 mm 1563047
P/D 850 mm 1499533 Waterproof connector
1000 mm 1499534
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4.3 Replacing M/C Cable

NOTE

Since the power is supplied to each motor from the lithium battery installed on the battery
board via the battery connector, the position data will not be lost when the Controller is
turned OFF. When the battery connectors are disconnected, the position data will be lost,
and EPSON RC+ will display an error when the Controller is turned ON.

If the connector connected to the battery was disconnected during cable replacement,
execute calibration.
For details, refer to /4. Calibration.

Name Quantity Note
Maintenance Each manipulator model
arts M/C Cable 1 (Refer to
P 15. Maintenance parts)
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
Tools
Torque wrench 1

A

CAUTION

m [f the connectors have been disconnected during the replacement of the cable

unit, be sure to reconnect the connectors to their proper positions. Refer to the
block diagrams.

Improper connection of the connectors may result in improper function of the robot
system.

For details on the connections, refer to 4.2 Wiring Diagrams.

When mounting the cover, be careful not to allow the cables to interfere with the
cover mounting and do not bend these cables forcibly to push them into the cover.
Unnecessary strain on cables may result in damage to the cables, disconnection,
and/or contact failure. Damaged cables, disconnection, or contact failure is
extremely hazardous and may result in electric shock and/or improper function of
the robot system.

When routing the cables, observe the cable locations after removing the cover.
Be sure to place the cables back to their original locations.

Be sure to connect the cables properly. Do not allow unnecessary strain on the
cables. (Do not put heavy objects on the cables. Do not bend or pull the cables
forcibly.) The unnecessary strain on the cables may result in damage to the
cables, disconnection, and/or contact failure. Damaged cables, disconnection,
or contact failure is extremely hazardous and may result in electric shock and/or
improper function of the robot system.

378
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G10 G20 Maintenance 4. Cable

NOTE G10-65*** manipulator of S/N: 1*%** or later is different from other models in its form.
= For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.
Table Top mounting
G20
[
M/C Cable
M/C Cable
Wall mounting
i — i
M/C Cable M/C Cable
G20
S N S Nl
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M/C Cable (1)
R |
emova (2)

)

NOTE

&
“4)

NOTE

&

NOTE

=

M/C Cable 5)
Installation
(6)
(7)
(®)
©)
380

Turn OFF the Controller.
Disconnect the power cable and signal cable connectors from the controller.

Remove the Connector Sub Plate.
For details, refer to 3.5 Connector Sub Plate.

Do not pull the Sub plate forcibly.
The M/C cables are still attached to the plate.

Disconnect the connectors.
Connector: x10, x20, x30, x111, x121, X131

Each connector has a unique number.
Each connector has a different shape.

Do not disconect the battery connector (XB10)

Otherwise, the calibration must be executed.

Connect new M/C cable connectors to those of the Cable Unit. |
(Connect to the connectors of the Cable Unit with the same number.)
Mount the Connector Sub Plate.
For details, refer to 3.5 Connector SubPlate.
Connect the power cable and signal cable connectors to the controller.
Turn ON the Controller.
If the connector (XB10) falls off from the battery, execute the calibration for Joint #1.

For details, refer to /4 Calibration.
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G10 G20 Maintenance 5. Joint #1

5. Joint #1

/N

WARNING

Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

NOTE

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.
G10-65** manipulator of S/N: 1**** or later is different from other models in its form.

For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.

G10

-

G20

g A

Joint #1 reduction gear unit ﬂ Joint #1 reduction gear unit

Joint #1 motor Joint #1 motor/
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G10 G20 Maintenance 5. Joint #1

5.1 Replacing Joint #1 Motor
Name Quantity Note
) 1499527
Maintenance
arts AC Servo Motor (750 W) 1 1546181
P (For S/N: 1**** or later)
width across flats: 2.5 mm 1 For M5 set screw
width across flats: 3 mm 1 For M4 screw
Hexagonal wrench )
Tools width across flats: 4 mm 1 For M5 screw
width across flats: 5 mm 1 For M6 screw
Wiping cloth 1 For wiping grease
Grease Grease (SK-1A) 28 g
Joint #1 motor (1) Remove the connector plate.

Removal

382

)

3)

(4)

)

(6)

(7)

For details, refer to 3.4 Connector Plate.

Disconnect the following connectors.
Connectors X111, X10 (Hold the clip to remove.)
Connector XB10

Remove the maintenance plate.
For details, refer to 3.7 Maintenance Plate.

Remove the spring plate.

For the details, refer to 4.1 Replacing Cable Unit - Cable unit Removal Step (7)-2 for

Table mounting, Ceiling mounting.

To do
so, unscrew the bolts from the Joint #1 motor flange.

Remove the Joint #1 motor unit from the base.

Then, pull out the motor straight and downward.

To unscrew the two bolts on the maintenance hole side,
insert a hexagonal wrench through the maintenance
hole.
out while moving Arm #1 slowly by hand.

If the motor cannot be pulled out easily, pull it

Remove the wave generator from the Joint #1 motor.

There is a brass bushing in one of the set screw holes.

Be careful not to lose it.

Remove the motor flange from the Joint #1 motor.

Wave generator
M5 brass bushing

2-M5x8
set screw

G series Maintenance Rev.2




G10 G20 Maintenance 5. Joint #1

NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Joint #1 motor (1) Mount the motor flange on the Joint #1 motor.
Installation

Motor flange

4-M6x20

(2) Apply grease around the motor shaft.

Grease volume: 28 g

(3) Mount the waveform generator on the Joint #1 motor. | Wave generator
M5 brass bushing

Be sure to fit the end face of the waveform generator L=/

to the end face of the motor shaft. Tighten one of the ! \

set screws on the flat face of the motor shaft until the 2-M5x8
set screw

screw just touches the surface. Insert a bushing into

the other set screw hole to prevent damage to the
motor shaft. Then, tighten both set screws. 7

-1 W Put the end /%
faces together ~u [~

m See the figures above for the orientation of the waveform generator. Be sure to
install the waveform generator properly. Improper installation of the waveform
CAUTION generator will result in improper function of the Manipulator.

(4) Insert the oil seal and mount the Joint #1 motor unit
on the base.

Be sure to fit the O-ring properly.

The motor cable must face the connector plate side.

If it is difficult to mount the motor, push it while
moving Arm #1 slowly by hand.

(5) Connect the connectors X111, X10, and XB10.

(6) Mount the spring plate.
For the details, refer to 4.1 Replacing Cable Unit - Cable unit Installation Step (6)-2
for Table mounting, Ceiling mounting.

(7) Mount the connector plate.
For details, refer to 3.4 Connector Plate.

(8) Mount the maintenance plate.
For details, refer to 3.7 Maintenance Plate.
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(9) Perform the calibration of Joint #1.
For details refer to /4. Calibration.

5.2 Replacing Joint #1 Reduction Gear Unit

A reduction gear unit consists of the following three parts and two attached parts. At

replacing the reduction gear unit, be sure to always replace them all together as one set.

Reduction gear unit : Waveform generator, Flexspline, Circular spline

Attachment

: Spacer, Grip ring

For details of the reduction gear unit, refer to 15. G10/G20 Maintenance parts list.

Name Quantity Note
Maintenance | p cduction Gear Uni 1| 1489327
Parts eduction Gear Unit
width across flats: 2.5 mm 1 For M5 set screw
Hexagonal wrench width across flats: 4 mm 1 For M5 screw
width across flats: 6 mm 1 For M8 screw
M5 i Tightening torque
10.0 N-m (101.9 kgf'cm)
Torque wrench - -
M8 ) Tightening torque
Tools 30.0 N-cm (305.9 kgf'cm)
Nippers 1
Spatula 1 For applying grease
1 For wiping grease (Flange
Wiping cloth 'p' EE (Flange)
1 For wiping grease (Bolt)
About 20mm in length
Screw (M5) 2 . .
For removing flexspline
. P
Materials ROCTITE 241 ropér For locking screw
quantity
Grease Grease (SK-1A) g
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G10 G20 Maintenance 5. Joint #1

Joint #1 (1) Execute the removal steps from (1) to (5) in 5.1 Replacing Joint #1 Motor and remove
reduction gear the waveform generator.
unit

(2) Remove the arm cap on the base side.
Removal

For details, refer to 3.3 Arm #1 Cover.

(3) Turn the Manipulator laterally.

on it so that at least one of them can support the arm while others are removing
the bolts. Removing the bolts without supporting the arm may result in the arm
CAUTION falling, bodily injury, and/or malfunction of the robot system.

f ® When turning the Manipulator laterally, there must be two or more people to work

(4) Use the extracting M5 screws and remove the spacer, $\8-M8x20
flexspline and the grip ring. ©—spacer
—Flexspline

(5) Remove the circular spline from the base. 111
bt 16-m5x25

&
Circular
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(,\%E When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Joint #1 (1) Anew reduction gear unit contains the parts shown in
reduction gear the picture on the right when it is unpacked.
unit
Installation

(2) Apply LOCTITE 241 on the screws.
Set the hole on the circular spline and the tap hole on

the base. @ “Circular
S spline

ik}
Wﬁnlun@\m-msxzs

Apply grease (SK-1A) on the gear side of the circular
spline.

Loosely secure all bolts in a crisscross pattern so that
the bolts will be secured evenly. Then, using a

torque wrench, tighten each bolt securely in a

crisscross pattern at the torque specified in the table

below.
ltem Bolt type Number of bolts Tightening torque
Joint #1 reduction gear M5x25 16 10.0 Nm(101 9 kgfcm)
unit M8x20 8 30.0 N-m(305.9 kgf-cm)
(3) Apply LOCTITE 241 on the screws. B—8-M8x20
Set the grip ring by aligning it with the tap hole. & spacer
—~Flexspline

Apply grease (SK-1A) on the gear side of the

flexspline.
Set the flexspline by aligning it with the tap hole.

Align the position of the air vent of the spacer and
secure the flexspline.

(4) Apply grease (SK-1A) inside the flexspline.

Grease volume: 43 g

(5) Apply grease to the bearing part of the waveform generator.
(6) Execute steps from (2) to (4) in 5.1 Replacing Joint #1 Motor.
(7) Turn and secure the Manipulator to the mounting position.

(8) Execute steps from (5) to (7) in 5.1 Replacing Joint #1 Motor.
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6. Joint #2

/N

WARNING

Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

NOTE

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.
Refer to /4. Calibration to perform the calibration.

G10-65*** manipulator of S/N: 1**** or later is different from other models in its form.

For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.

G10

Joint #2 motor Joint #2 motor

=g
g
ﬁJoint #2 reduction \‘/Joint #2 reduction
k=) gear unit gear unit
5 Ll 7
i - —
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Name Quantity Note
. 1499528
Maintenance
Parts AC Servo Motor (600W) 1 1546180
(For S/N: 1**** or later)
width across flats: 2.5 mm 1 For M5 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools ; ) .
Nippers 1 For cutting wire tie
Spatula 1 For grease up
Wiping cloth 1 For wiping grease
Material Wire tie 3
Grease Grease (SK-1A) 28
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G10 G20 Maintenance 6. Joint #2

Joint #2 motor (1) Turn ON the Controller.

Removal (2) Push down the shaft to its lower limit while pressing the brake release switch.

Be sure to keep enough space and prevent the end effector hitting any peripheral

equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.
(3) Turn OFF the Controller.

(4) Remove the arm top cover.

For details, refer to 3.1 Arm Top Cover.

(5) Cut off the wire tie used for binding the motor cables to the Joint #2 motor.

(6) Disconnect the following connectors.
Connectors X221, X21 (Hold the clip to remove.)
Connector X62

(7) This step is for the Radiating Unit:

(7)-1 Remove the mounting bolt of the heat
sink (Hexagon socket head cap bolt (fully
threaded)) mounted on the radiating unit

side beneath the arm.

The radiating unit side is the right side

from the arm forefront.

(7)-2 Remove the insulation lock that secures
the plate of radiating unit and rotate the
radiating unit.

At this point, be sure to keep the plate
mounted.

(8) Remove the spring plate.
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(9) Remove the Joint #2 motor unit from Arm #2.

To do so, unscrew the bolts from the Joint #2
motor flange. Pull the Joint #2 motor unit

upward to remove.

If the motor cannot be removed easily, pull it out
while moving Arm #2 slowly by hand.

(10) Remove the wave generator from the Joint #2 M5 bushing

motor. i 'E' - ‘4\

There is a brass bushing in one of the set screw N, 2M5<8
= set screw

holes. Be careful not to lose it.

(11) Remove the motor flange from the Joint #2
motor.

4-M5x15
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NOTE

V=

Joint #2 motor
Installation

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1) Mount the motor flange on the Joint #2 motor.

Set the spring plate mounting hole of the motor

flange in the counter direction to the motor cable.

(2) Apply grease around the motor shaft.

Grease volume: 28 g

(3) Mount the waveform generator on the Joint #2

M5 bushing
motor. - _ﬁ_ - .{
Be sure to fit the waveform generator edge to the ' 2-M5x8
set screw

motor shaft edge. Tighten one of the set screws
on the flat face of the motor shaft until the screw

just touches the surface. Insert a bushing into -
Put the end '

faces together — : :
motor shaft. Then, tighten both set screws. Tq%_——!—r’r

the other set screw hole to prevent damage to the

For G10 series manipulator of

S/N: 1**** or later: %
"'TLFI

Put a space of 6.5 mm or less between the

waveform generator edge and the motor shaft
edge.

A

CAUTION

m See the figures above for the orientation of the waveform generator. Be sure to
install the waveform generator properly. Improper installation of the waveform
generator will result in improper function of the Manipulator.

(4) Mount the Joint #2 motor unit on Arm #2.
If it is difficult to mount the motor, push it while
moving Arm #2 slowly by hand.

At this point, be careful about the direction of the

spring plate mounting hole of the motor flange.
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(5) This step is for the Radiating Unit.

Mount the radiating unit to the motor using insulation lock tie. Then, secure the
mounting bolt of head sink pipe beneath the arm. To do so, be careful not to move
the plate. For details, refer to /3. Radiating Unit.

(6) Mount the spring plate.
(7) Connect the connectors X221, X21, and X62.

(8) Re-bundle the cables in their original positions
with a wire tie removed in the removal procedure

step (5).

Do not allow unnecessary strain on the cables.
(9) Mount the arm top cover.
For details, refer to 3.1 Arm Top Cover.
(10) Perform the calibration of Joint #2.

For details, refer to /4. Calibration.
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6.2 Replacing Joint #2 Reduction Gear Unit

A reduction gear unit consists of the following three parts and one attached parts.

replacing the reduction gear unit, be sure to always replace them all together as one set.

Reduction gear unit : Waveform generator, Flexspline, Circular spline

Attachment

. Spacer

For details of the reduction gear unit, refer to /5. G10/G20 Maintenance parts list.

At

Name Qty. Note
1489326
Reduction Gear Unit 1 1525071
(For G10-65***/G10-85%**:
S/N: 1**** or later)
width across flats: 2.5 mm 1 For M5 set screw
Hexagonal wrench | width across flats: 4 mm 1 For M5 screw
width across flats: 6 mm 1 For M8 screw
Tightening t
Maintenance M5 1 ISWIERINg forque
10.0 N-m (102 kgf-cm)
parts Torque wrench . .
M8 i Tightening torque
30.0 N-m (306 kgf-cm)
Nippers 1
Spatula 1 For apply grease
1 For wiping grease (Flange
Wiping cloth ‘p. 28 ( £c)
1 For wiping grease (Bolt)
Length about 20 mm
Screw (M5) 2 .
For flexspline removal
Material Wire tie 3
Grease Grease (SK-1A) 71g
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Joint #2 (1) Turn ON the Controller.
reduction gear
unit

Removal

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Execute steps from (1) to (9) in 6.1 Replacing Joint #2 Motor and remove the waveform

generator from the Joint #2 motor.

(5) Use the extracting M5 screws and remove the
flexspline from Arm #2.

(6) Remove the circular spline from Arm #2.

394
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Joint #2
reduction gear
unit
Installation

(M

@

3)

“)

A new reduction gear unit contains the parts
shown in the picture on the right when it is
unpacked.

Set the hole on the circular spline and the tap hole
on the base.

Apply grease (SK-1A) on the gear side of the
circular spline.

Loosely secure all bolts in a crisscross pattern so
that the bolts will be secured evenly. Then, using
a torque wrench, tighten each bolt securely in a
crisscross pattern at the torque specified in the
table below.

G10 '
f
16-M5x25" 1

ltem Bolt type Number of bolts Tightening torque
M5x25 16 10.0 N-m (102 kgf-cm)
Joint #2 reduction gear unit
M8x20 8 30.0 N-m (306 kgf-cm)

Apply grease (SK-1A) on the flexspline teeth.
Set the flexspline by aligning it with the tap hole.
Aligning the tap hole and mount the flexspline.
Align the position of the air vent of the spacer.

If it is difficult to align the position, move Arm #2
from side to side.

Apply grease (SK-1A) inside the flexspline.

Grease volume 43 g

G10 G20
Spacer—_ 5\8-M8><
Flexspline _ &

(5) Apply grease to the bearing part of the waveform generator.

(6) Execute steps from (2) to (9) in 6.1 Replacing Joint #2 Motor.
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7. Joint #3

/N

WARNING

Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.
Refer to 14. Calibration to perform the calibration.
G10-65*** manipulator of S/N: 1**** or later is different from other models in its form.

For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.

G20

Joint #3 motor Joint #3 motor

Z belt
Joint #3 brake

396

Z belt
Joint #3 brake
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7.1 Replacing Joint #3 Motor

Name Quantity Note
Maintenance 1497624
parts AC Servo Motor (400W) 1 1514468
(For S/N: 1**** or later)
width across flats: 2 mm 1 For M4 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 130 N (13.3 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
Wiping cloth 1 For wiping grease
Material Wire tie 1

Joint #3 motor
Removal

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down

due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

(M
@

3)
“4)

®)
(6)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch.
Be sure to keep enough space and prevent the end effector hitting any peripheral
equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.
Cut off the wire tie used for binding the motor cables to the Joint #3 motor.

Disconnect the following connectors.
Connectors X231, X31 (Hold the clip to remove.)
Connector X63
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398

()

(8)

)

When you use the plate of 4-point mounting,
remove the plate.

When removing the battery unit mounting
bolts, be sure to keep the connectors connected
to the battery unit.

If connectors of the battery unity are
disconnected, you need to perform calibration

again.

When you use the plate of 3-point mounting,
loosen the mounting bolts.

Loosen the Z belt.

Loosen four bolts on the Joint #3 motor unit.
Slide the Joint #3 motor unit to the end of the
arm.

Remove the motor from the Joint #3 motor unit.

(10) Remove the brake unit mounting bolts from the

Joint #3 motor unit.

Leave the brake unit mounted on Arm #2.

(11) Remove the pulley from the Joint #3 motor.

There is a brass bushing in one of the set screw

holes. Be careful not to lose it.

4-point mounting
G10 G20
'.!\'4-M4><10

2-M5x20 \GZO

2-M5x10 ——1l s

il

S A

;
i

s

S p—

\
4
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NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Joint #3 motor
Installation

NOTE

&

(1)

)

3)

(4)

Secure the pulley to the new motor shaft.

Be sure to fit the end face of the pulley to the
end face of the motor shaft.

Tighten one of the set screws on the flat face
of the motor shaft until the screw just touches
the surface.

Insert a bushing into the other set screw hole
to prevent damage to the motor shaft. Then,

tighten both set screws.

Align the brake disk to the hub and mount the
Joint #3 motor to the plate.

Be sure to pass the motor through the belt.

Place the Joint #3 motor to the plate so that
the motor cable faces toward the left from the
end of Arm #2.

2-Mdx5 ]

1 2-M5x20 620
itV 2-MB5x10 —
- 61!‘ nh

Cable

Place the Z belt around the Z1 pulley and the Z2 pulley so that the gear grooves of

the belt are fit into those of the pulleys completely.

G10
Z belt

Z2 pulley[] Z1 pulley

Loosely secure the Joint #3 motor unit to
Arm #2.

Loosely secure the Joint #3 motor unit to
Arm #2 so that the motor unit can be
moved by hand, and it will not tilt when

pulled. If the unit is secured too loose or

too tight, the belt will not have the proper

motor unit

tension.
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400

(5) Apply the proper tension to the Z belt, and then secure the Joint #3 motor unit.

To do so, pass a suitable cord or string around the Joint #3 motor unit near its

mounting plate. Then, pull the cord using a force gauge or similar tool to apply the

specified tension shown in the figure on the right.

Make sure that the brake cables do not touch the pulley.

(G10 : Z belt tension = 130 N (13.3 kgf)

‘G20 : Z belt tension = 130 N (13.3 kgf)‘

Joint #3
motor unit

4-M4x15 + Washer

Joint #3
motor unit

LI— V-i\’iﬁ?

_ Force gauge

4-M4x15 + Washer

(6) When you use the plate of 4-point
mounting, mount the plate.

When you use the plate of 3-point mounting,

mount the plate with pressing it to the motor

side*.

* (G10 series: Joint #4 motor side
G20 series: Joint #3 motor side

NOTE  When mounting the battery unit mounting
= bolts, be sure to keep the connectors

connected to the battery unit.

If connectors of the battery unity are
disconnected, you need to perform
calibration again.

(7) Connect the connectors X231, X31, and X63.

4-point mounting
G10 G20

(8) Re-bundle the cables in their original positions with a wire tie removed in step (5).

Do not allow unnecessary strain on the cables.

(9) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(10) Perform the calibration of Joint #3.

For details on the calibration method, refer to /4. Calibration.
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The length and the replacement procedure of the timing belts for G10 series and G20 series

are different.

Name Quantity Note
Maintenance G10 : width 12 mm 1 1489329
parts | 2 c! G20 : width 12 mm 1| 1493781
width across flats: 1.5 mm 1 For M3 set screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 160 N (16.3 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
Wiping cloth 1 For wiping grease
Material Wire tie 2
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7.2.1 Replacing the Timing Belt : G10

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before the replacement procedure following the
removal steps.

Z belt (1) Execute the removal steps from (1) to (10) in 7.1 Replacing Joint #3 Motor to remove
Removal : G10 the Joint #3 motor.

Do not remove the brake unit from Arm #2.

(2) Remove the Joint #4 motor unit from Arm #2. 4-M4x15 Joint#4
motor unit

Pull out the U belt from the Ul pulley to remove
it.

(3) Remove the brake hub.

Loosen the two set screws and pull out the brake
hub.

(4) Remove the brake. 4-Mé12—_ . Wave washer

f

3
=

There is a wave washer between the housing and
the bearing. Be careful not to lose it.

The gear for Z axis is a backlash-less gear. Be
sure to keep the gear and pinion engage.

If the gear is out of joint, refer to step (7) in Ball Screw Spline Unit Installation of
10.2.1 Replacing the Ball Screw Spline Unit: G10 to engage the gear.

(5) Remove the Z belt.

Remove the bolts securing the spline plate. Hold
the spline plate and pull out the Z belt from the
shaft upwards.
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NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Z belt €))
Installation : G10

@
3)

“)

®)

(6)

0

®)

NOTE

Pass a new Z belt through the shaft from above, and
then place it under the spline plate.

Pass the belt through Arm #2.

Loosely secure the spline plate to Arm #2.
After moving the shaft up and down several times,
secure the spline plate to Arm #2.

Mount the brake to the Joint #4 intermediate pulley
unit.

When mounting the brake, be sure to keep the wave
washer from being stuck.

Secure the brake hub with the two set screws.

Align the brake disk to the hub and mount the Joint
#3 motor to the plate.

Be sure to pass the motor through the belt.

Place the Joint #3 motor to the plate so that the
motor cable faces toward the left from the end of
Arm #2.

Place the Z belt around the Z1 pulley and the Z2
pulley so that the gear grooves of the belt are fit
into those of the pulleys completely.

Loosely secure the Joint #3 motor unit to Arm #2.

Loosely secure the Joint #3 motor unit to Arm #2
so that the motor unit can be moved by hand, and
it will not tilt when pulled. If the unit is secured
too loose or too tight, the belt will not have the

proper tension.

G series Maintenance Rev.2

4-M4x12_
Brake \E Wave washer

=

Bearing—i

2-M3><4\',‘|‘~-
set screw .

15 —2-M5x20

7
'\2-M5x 10

1
‘.‘v.',z\4-M4><‘I 5+ Washer

Joint #3
motor unit

403




G10 G20 Maintenance 7. Joint #3

(9) Set the Joint #4 motor unit in Arm #2.

Place the Joint #4 motor unit in Arm #2 so that
the motor cable faces toward the left from the end
of the arm.

The screws are not secured in this step.

(10) Place the U belt around the U1 pulley and the U2
pulley so that the gear grooves of the belt are fit
into those of the pulleys completely.

(11) Loosely secure the Joint #4 motor unit to Arm #2.

Loosely secure the Joint #4 motor unit to Arm #2
NOTE 5o that the motor unit can be moved by hand, and
N it will not tilt when pulled. If the unit is secured
too loose or too tight, the belt will not have the

proper tension.

4-Max15~_,  Joint #4
+Washer i1t motor unit

U belt

U2 pulley TT U1 pulley

4-M4x15~,, Joint #4
+Washer 411! motor unit

(12) Apply the proper tension to the Z belt and

‘G1O : Z belt tension = 130 N (13.3 kgf)‘

U belt, and then secure the Joint #3 motor

Joint #3

unit and Joint #4 motor unit. motor unit

To do so, pass a suitable cord or string
around the motor unit near its mounting
plate. Then, pull the cord using a force
gauge or similar tool to apply the specified

tension shown in the figure on the right. ‘G10 : U belt tension = 160 N (16.3 kgf)‘

Make sure that the brake cables do not
touch the pulley.

Joint #4
motor unit

4-M4x15 + Washer
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(13) When you use the plate of 4-point mounting, 4-point mounting
mount the plate. 4-M4x10—_,,

When you use the plate of 3-point mounting,
mount the plate pressing it to the Joint #4 motor Plate
side.

When mounting the battery unit, be sure to keep
the connectors connected to the battery unit.

If connectors of the battery unity are
disconnected, you need to perform calibration

again.

(14) Re-bundle the cables in their original positions with a wire tie removed in the removal
procedure. Do not allow unnecessary strain on the cables.

(15) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.

(16) Perform the calibration of Joint #3.
For details, refer to /4. Calibration.
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Z belt
Removal : G20

Z belt
Installation : G20

406

7.2.2 Replacing the Timing Belt : G20

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before the replacement procedure following the
removal steps.

(1) Execute the removal steps from (1) to (10) in 7./ Replacing Joint #3 Motor to remove
the Joint #3 motor.

Do not remove the brake unit from Arm #2.

(2) Remove the Z belt.

Remove the bolts securing the spline plate. Hold
the spline plate and pull out the Z belt from the shaft
upwards.

(1) Pass a new Z belt through the shaft from above, and then place it under the spline
plate.

(2) Pass the belt through Arm #2.

(3) Loosely secure the spline plate to Arm #2.
After moving the shaft up and down several times, secure the spline plate to Arm #2.

(4) Execute steps from (2) to (10) in 7.1 Replacing Joint #3.
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7.3 Replacing the Brake

Name Quantity Note
Maintenance | Electromagnetic G10 1 1499588
parts brake G20 - -
width across flats: 1.5 mm 1 For M3 set screw
width across flats: 2.5 mm 1 For M3 screw
Hexagonal wrench i
Tools width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Nippers 1 For cutting wire tie
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 3

Joint #3 brake
Removal

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the
removal steps.

(1) Execute the removal steps from (1) to (10) in 7.1 Replacing Joint #3 Motor to remove
the Joint #3 motor.

(2) Remove the brake unit from Arm #2. Brake unit

(3) Disconnect the connector.

Connector X32

(4) Remove the brake from the brake support.

(5) Remove the brake hub from the Z1 pulley.

G series Maintenance Rev.2 407




G10 G20 Maintenance 7. Joint #3

NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Joint #3 brake (1) Mount the brake hub to the Z1 pulley. B
. T 2-M3x4
|nSta”at|0n e K Set screw

(2) Mount the brake support to the brake.

(3) Mount back the Joint #3 brake unit to Arm
#2.

The screws are not secured in this step.
(4) Connect the connector.

Connector X32

(5) Execute steps from (2) to (10) in 7.1 Replacing Joint #3.
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8. Joint #4

/N

WARNING

Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

A

CAUTION

Be careful not to apply excessive shock to the motor shaft when replacing the
motors. The shock may shorten the life cycle of the motors and encoder and/or
damage them.

Never disassemble the motor and encoder. A disassembled motor and encoder
will cause a positional gap and cannot be used again.

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to 14. Calibration to perform the calibration.

G10-65*** manipulator of S/N: 1**** or later is different from other models in its form.

For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.

Joint #4 brake G20

H E >Joint#4 motor
| (with brake)

Joint #4 motor

Joint #4 Reduction gear unit (gear)

a==——
1 —— 1
U belt

Joint #4 Reduction gear unit
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8.1 Replacing Joint #4 Motor

The shape and the replacement procedure of the Joint #4 AC servo motor for G10 series and

G20 series are different.

Name

Quantity

Note

Maintenance
parts

AC Servo Motor

150W

G10

150W with brake

G20

1499529

1533638
(For S/N: 1**** or later)

1499530

1546182
(For S/N: 1*** or later)

Tools

Hexagonal wrench

width across flats

: 1.5 mm

G20

For M3 set screw

width across flats

: 2 mm

For M4 set screw

width across flats

1 2.5 mm

G20

For M3 screw

width across flats

: 3 mm

For M4 screw

Nipper

For cutting wire tie

Force gauge

G10

Belt tension
160 N (16.3 kgf)

G20

Belt tension
200 N (20.3 kgf)

Scale

G20

Ring mounting height
16.5 mm

Suitable cord (Length about 800 mm)

For belt tension

Material

Wire tie

410

8.1.1 Replacing the Joint #4 Motor: G10

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps.
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Joint #4 motor (1)
Removal: G10
v 2)

)
(4)

)
(6)

()

NOTE

(8)

)

Turn ON the Controller.

Push down the shaft to its lower limit while pressing the brake release switch. Be
sure to keep enough space and prevent the end effector hitting any peripheral
equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.
Remove the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.
Cut off the wire tie used for binding the motor cables to the Joint #4 motor.

Disconnect the following connectors.
Connectors X241, X41 (Hold the clip to remove.)
Connector X64

When you use the plate of 3-poin mounting, loosen 3-point mounting
the plate mounting bolt.

Be sure to keep the connectors connected to the
battery unit.
If connectors of the battery unity are disconnected,

you need to perform calibration again.

When you use the plate of 4-point mounting, you do
not have to loosen the plate mounting bolt.

Remove the Joint #4 motor unit from Arm #2. 4-MAx15-_  Joint #4
1

Remove the U belt from the Ul pulley. Pull the |+Washer Hﬁotor unit

Joint #4 motor unit upward to remove.

Remove the Ul pulley and the motor plate from the

Pulley
Joint #4 motor. I / M4 bushing
-7 - ~
. . 2.
There is a brass bushing in one of the set screw holes. 2-M48
) set screw
Be careful not to lose it. % Bearing
) \Motor plate

\Joint #4 motor
g 3— 2-M4x15
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NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Joint #4 motor (1)
Installation: G10

)

)

(4)

NOTE

)

412

Mount the U1 pulley and the motor plate to the new
Joint #4 motor.

Pull the pulley to the motor side with SON force to
pressurize the bearing while securing the pulley.

Tighten one of the set screws on the flat face of the

motor shaft until the screw just touches the surface.

Insert a bushing into the other set screw hole to
prevent damage to the motor shaft. Then, tighten

both set screws.

Place the Joint #4 motor unit in the arm so that the
motor cable faces toward the left from the end of
Arm #2.

Place the U belt around the Ul pulley and the U2
pulley so that the gear grooves of the belt are fit into
those of the pulleys completely.

Loosely secure the Joint #4 motor unit to Arm #2.

Loosely secure the Joint #4 motor unit to Arm #2
so that the motor unit can be moved by hand, and it
will not tilt when pulled. If the unit is secured too

loose or too tight, the belt will not have the proper

Pulley
S \‘/M4 bushing

T\ 2-M4x8
set screw

\ Bearing
i, Motor plate

Joint #4 motor
83— 2-M4x15

Joint #4

4-M4x15-_
H motor unit

+Washer 111}

U belt

U2 pulley|[U1 pulley

tension.
Apply the proper tension to the U belt, and
then secure the Joint #4 motor unit. ‘610 + U belt tension = 160 N (16.3 kgf)‘
) ) Joint #4
To do so, pass a suitable cord or string around | motor unnt
the Joint #4 motor unit near its mounting SR
. - \ AN
plate.  Then, pull the cord using a force ‘ Force gauge
gauge or similar tool to apply the specified
tension shown in the figure on the right. 4-M4x15 + Washer

Make sure that the brake cables do not touch
the pulley.
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(6) When you use the plate of 3-point mounting, mount

3-point mounting

the plate with pressing it to the Joint #4 motor.

Be sure to keep the connectors connected to the
NOTE battery unit.
&= If connectors of the battery unity are disconnected,
you need to perform calibration again.

When you use the plate of 4-point mounting, you
do not have to mount the plate.

(7) Connect the connectors X241, X41, and X64.

(8) Re-bundle the cables in their original positions with a wire tie removed in step (5).

Do not allow unnecessary strain on the cables.

(9) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(10) Perform the calibration of Joint #4.

For details on the calibration method, refer to /4. Calibration.
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Joint #4 motor
Removal: G20

414

8.1.2 Replacing the Joint #4 Motor: G20

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps.

(1) Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be
sure to keep enough space and prevent the end effector hitting any peripheral
equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.
(4) Remove the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.
(5) Cut off the wire tie used for binding the motor cables to the Joint #4 motor.

(6) Disconnect the following connectors.
Connectors X241, X41 (Hold the clip to remove.)
Connector X64

(7) Remove the Joint #4 motor from the reduction 2-M4x10-_,
"

ear unit.
& Joint #4 motor —_

Unscrew the reduction gear unit bolts securing Reduction
the Joint #4 motor shaft and bolts securing the gear unit

Joint #4 motor.

(Securing the motor shaft)

(8) Remove the ring from the Joint #4 motor. Io. Ring
: L _-="" 1 T~._ _-Bushing
There is a brass bushing in the both set screw o ! >
holes. Be careful not to lose it. /
2-M3x8
set screw
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G10 G20 Maintenance 8. Joint #4

NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Joint #4 motor (1) Mount the ring to the Joint #4 motor. o Ring
Installation: G20 _ =7 .. Bushing
Be sure to fit the end face of the ring 16.5 mm from o : >
the end face of the motor shaft. 2-M3x8
. t
Tighten one of the set screws on the flat face of the Set serew
motor shaft until the screw just touches the surface. 16.5mm]_
Insert a bushing into the other set screw hole to "
prevent damage to the motor shaft. Then, tighten
both set screws.
(2) Secure the Joint #4 motor to the reduction gear unit 2-M4x10-_,
"

so that the Joint #4 motor cable faces toward the left

Joint #4 motor—_
from the end of Arm #2.

Reduction

(3) Secure the motor shaft to the reduction gear unit.

(4) Connect the connectors X241, X41, and X64.

(6) Re-bundle the cables in their original positions with a wire tie removed in the removal
procedure.

Do not allow unnecessary strain on the cables.

(7) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.
(8) Perform the calibration of Joint #4.

For details on the calibration method, refer to /4. Calibration.
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8.2 Replacing the Timing Belt

The length and the replacement procedure of the timing belts for G10 series and G20 series

are different.

Force gauge

Name Quantity Note
Maintenance U belt width 15 mm G10 1 1489330
e
parts width 20 mm G20 1 1493784
width across flats: 1.5 mm | G10 1 For M3 set screw
Hexagonal B
width across flats: 3 mm 1 For M4 screw
wrench -
width across flats: 4 mm 1 For M5 screw
Nippers 1 For cutting wire tie
Tools

Belt tension:
130N, 160N, 200N
(13.3 kgf, 16.3 kgf, 20.4 kgf)

Suitable cord (Length about 800 mm)

For belt tension

416
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U belt
Removal: G10

NOTE

8.2.1

Replacing the Timing Belt: G10

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down

due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by

following the removal steps from (1) to (3).

(1)

Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

)
(4)

)

(6)

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes for Joints #3 and #4 are released simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being pressed

because the shaft may be lowered by the weight of an end effector.

Turn OFF the Controller.

Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

When you use the plate of 4-point mounting, remove
the plate.

When removing the mounting bolt of battery unit, be
sure to keep the connectors connected to the battery
unit.

If connectors of the battery unity are disconnected,
you need to perform calibration again.

When you use the plate of 3-point mounting, loosen
the plate mounting bolt.

Loosen the Z belt.

Remove the four bolts securing the Joint #3 motor
unit and slide the Joint #3 motor unit to the arm end
side.

G series Maintenance Rev.2

4-point mounting

Battery unit

3-point mounting

4-M4x15 + Washer-_

Joint #3
motor unit
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418

0

®)

©

Remove the Joint #4 motor unit from Arm #2.

Pull out the U belt from the U1 pulley to remove it.

Remove the brake hub.

Loosen the two set screws and pull out the brake hub.

Remove the brake.

There is a wave washer between the housing and the

bearing. Be careful not to lose it.

The gear for Z axis is a backlash-less gear. Be sure
to keep the gear and pinion engage.

If the gear is out of joint, refer to step (7) in Ball
Screw Spline Unit Installation of 10.2.1 Replacing
the Ball Screw Spline Unit: G10 to engage the gear.

(10) Remove the Z belt from the Z pulley and remove the

U belt.

Remove the bolts securing the spline plate. Hold
the spline plate and pull out the Z belt from the Z
pulley upwards to remove the U belt.

4-M4><15\“ Joint #4
+Washer {71 motor unit

2-M3x4
set screw .

7~3-M5x15
Spline plate

————ca
———

Ubelt __
/L

LTS
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G10 G20 Maintenance 8. Joint #4

NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

U belt €))
Installation: G10

@

3)

NOTE

“)

®)

(6)

NOTE

Hold the spline plate and place the U belt around the
U2 pulley so that the gear grooves of the belt are fit
into those of the pulleys completely.

Place the Z belt around the Z1 pulley and the Z2
pulley so that the gear grooves of the belt are fit into
those of the pulleys completely.

Loosely secure the Joint #3 motor unit to Arm #2.

Loosely secure the Joint #3 motor unit to Arm #2 so
that the motor unit can be moved by hand, and it will
not tilt when pulled. If the unit is secured too loose

or too tight, the belt will not have the proper tension.

Mount the brake to the Joint #4 intermediate pulley
unit.

When mounting the brake, be sure to keep the wave
washer from being stuck.

Secure the brake hub with the two set screws.

Loosely secure the Joint #4 motor unit to Arm #2.

Loosely secure the Joint #4 motor unit to Arm #2 so
that the motor unit can be moved by hand, and it will
not tilt when pulled. If the unit is secured too loose

or too tight, the belt will not have the proper tension.

G series Maintenance Rev.2

Spline plate

U belt
I

— 4-M4x15
+ Washer

Joint #3
motor unit

—
T
————t—ce

»— Brake hub

2-M3x4__
set screw

e =

Joint #4

4-M4x15~_,
iT % motor unit

+ Washer
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G10 G20 Maintenance 8. Joint #4

(7) Apply the proper tension to the Z belt and U
belt, and then secure the Joint #3 motor unit
and Joint #4 motor unit.

To do so, pass a suitable cord or string around
the motor unit near its mounting plate.
Then, pull the cord using a force gauge or
similar tool to apply the specified tension
shown in the figure on the right.

Make sure that the brake cables do not touch

the pulley.

(8) When you use the plate of 4-point mounting, mount

the plate.

When you use the plate of 3-point mounting, mount
the plate with pressing it to the Joint #4 motor.

NOTE

& When mounting the battery unit, be sure to keep the
connectors connected to the battery unit.
If connectors of the battery unity are disconnected,
you need to perform calibration again.

‘G10 : Z belt tension = 130 N (13.3 kgf)‘

Joint #3
motor unit

(G10 : U belt tension = 160 N (16.3 kgf)

Joint #4
motor unit

Force gauge

———

4-M4x15 + Washer

4-point mounting

(9) Install the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(10) Perform the calibration of Joint #3.

For details, refer to /4. Calibration.
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8.2.2 Replacing the Timing Belt: G20

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps.

U belt (1) Turn ON the Controller.

Removal: G20 (2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being pressed
because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Remove the arm top cover and the arm bottom cover.

For details, refer to 3. Covers.

(5) When you use the plate of 4-mounting plate, remove 4-point mounting

the plate. 4-M4x10—_,

'

Battery unit

When you use the plate of 3-point mounting, loosen 3-point mounting
the plate mounting bolts.

4

Be sure to keep the connectors connected to the i .
Battery unit

battery unit.

If connectors of the battery unity are disconnected,
you need to perform calibration again.

(6) Loosen the Z belt.

4-Max15

-
Loosen four bolts on the Joint #3 motor unit. Slide J;i\rl]\:a: ; er
the Joint #3 motor unit to the end of the arm. motor unit
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(7) Remove the Joint #4 motor unit from Arm #2. A-Md 5/ Hv Joint #4
1 motor unit

+ Washer /

(8) Remove the Z belt from the Z pulley and remove the
U belt.

Remove the bolts securing the spline plate.
Hold the spline plate and pull out the Z belt from the
Z pulley upwards and remove the U belt.
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U belt

NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

(1

Installation: G20

@

)

NOTE

“4)

)

(6)

NOTE

Hold the spline plate and place the U belt around the
U2 pulley so that the gear grooves of the belt are fit
into those of the pulleys completely.

Place the Z belt around the Z1 pulley and the Z2
pulley so that the gear grooves of the belt are fit into
those of the pulleys completely.

Loosely secure the Joint #3 motor unit to Arm #2.

Loosely secure the Joint #3 motor unit to Arm #2 so
that the motor unit can be moved by hand, and it will
not tilt when pulled. If the unit is secured too loose

or too tight, the belt will not have the proper tension.

Set the Joint #4 motor unit in Arm #2.

Place the Joint #4 motor unit in Arm #2 so that the

motor cable faces toward the left from the end of Arm
#2.

Place the U belt around the Ul pulley and the U2
pulley so that the gear grooves of the belt are fit into
those of the pulleys completely.

Loosely secure the Joint #4 motor unit to Arm #2.

Loosely secure the Joint #4 motor unit to Arm #2 so
that the motor unit can be moved by hand, and it will
not tilt when pulled. If the unit is secured too loose

or too tight, the belt will not have the proper tension.

G series Maintenance Rev.2

V74
22 pulley1Z1 pulley g

4-M4x15-"

an !

+Washer i1
Joint #3 LA

11 Joint #4
4-Mascrs” i) Joint#4
h 14t Motor unit

+ washer /
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G10 G20 Maintenance 8. Joint #4

(7) Apply the proper tension to the Z belt and U

belt, and then secure the Joint #3 motor unit
and Joint #4 motor unit.

To do so, pass a suitable cord or string around
each motor unit near its mounting plate.
Then, pull the cord using a force gauge or
similar tool to apply the specified tension
shown in the figure on the right.

Make sure that the brake cables do not touch
the pulley.

G20 : Z belt tension = 130 N (13.3 kgf)‘

Joint #3
motor unit

Force gauge

NEe—

4-M4x15 + Washer

G20 : U belt tension = 200 N (20.4 kgf)

Joint #4
motor unit
-

%Force gauge

4-M4x15 + Washer

How to apply the proper tension to the U belt of G20

There is a bolt on the Z axis plate part to apply tension to the U belt.

(Since it is difficult to apply 200N tension on the U belt only by human power.)
The procedure to apply tension using the bolt is as follows.

We recommend the Tensometer U series from Gates Unitta for measuring the belt

tension.

Tensometer setting
Weight 5.25 g/m

1. Loosen the nut.
Be careful about the motor flange.
It may break with too much power.
2. Screw the bolt and push in the U axis plate.

3. Use the ultrasonic gauge to apply the proper

tension to the U axis belt.
4. Secure the U axis unit.
5. Place back the bolt to the position.
Secure the nut.
Loosen the nut.

Width 20 mm  Span 297.5 mm

G20: U belt tension
Bolt + nut for adjustment (M4)
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(8) When you use the plate of 3-point mounting, mount the ) .
4-point mounting

plate. 4-M4x10—_

When you use the plate of 3-point mounting, mount the
plate with pressing it to the Joint #3 motor.

NOTE When mounting the battery unit, be sure to keep the 3-point mounting
& connectors connected to the battery unit.
If connectors of the battery unity are disconnected, you
need to perform calibration again. £
Battery unit

(9) Install the arm top cover and the arm bottom cover.
For details, refer to 3. Covers.
(10) Perform the calibration of Joint #3.

For details, refer to /4. Calibration.
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8.3 Replacing the Brake

The brake of Joint #4 for G20 series is built in the motor.

Replace the motor to change the

brake.
Name Quantity Note
Maintenance | Electromagnetic GI10 1 1497639
parts brake G20 - -
width across flats: 1.5 mm 1 For M3 set screw
Hexagonal wrench width across flats: 3 mm 1 For M4 screw
width across flats: 2 mm 1 For M2.5 screw
Tools ; X .
Nippers 1 For cutting wire tie
Force gauge 1 Belt tension 160N (16.3 kgf)
Suitable cord (Length about 800 mm) 1 For belt tension
Material Wire tie 1

Joint #4 brake
Removal: G10

426

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down

due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before the replacement procedure following the

removal steps from (1) to (3).

(1) Turn ON the Controller.

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being pressed

because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Remove the arm top cover.

For details, refer to 3.1 Arm Top Cover.

(5) Disconnect the connector X42.

(6) Cut off the wire tie used for binding the brake cables.
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(7) When you use the plate of 3-point mounting, loosen 3-point mounting
the plate mounting bolt.

NOTE  Be sure to keep the connectors connected to the
& battery unit.
If connectors of the battery unity are disconnected,
you need to perform calibration again.

When you use the plate of 4-point mounting, you do
not have to loosen the plate mounting bolt.

(8) Loosen the U belt. 4-M4x15 + Washer

Loosen bolts on the Joint #4 motor unit. Slide the | Joint#4 ﬂ

Joint #4 motor unit to the end of the arm. motor unit

(9) Remove the brake hub.

Loosen the two set screws and pull out the brake hub.

(10) Remove the brake.
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428

NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Joint #4 brake (1)
Installation: G10

)

)

NOTE

&

(4)

NOTE

)

(6)
()

Mount the brake.

Secure the brake hub with the two set screws.

Loosely secure the Joint #4 motor unit to Arm #2.

Loosely secure the Joint #4 motor unit to Arm #2
so that the motor unit can be moved by hand, and
it will not tilt when pulled. If the unit is secured
too loose or too tight, the belt will not have the

proper tension.

When you use the plate of 3-point mounting,
mount the plate with pressing it to the Joint #4
motor.

When mounting the battery unit, be sure to keep
the connectors connected to the battery unit.
If connectors of the battery unity are disconnected,

you need to perform calibration again.

When you use the plate of 4-point mounting, you
do not have to mount the plate.

2'M3><4\ }/ Brake hub

set screw g,

Joint #4 "
motor unit ~_§

Apply the proper tension to the U belt, and

then secure the Joint #4 motor unit.

‘ G10 : U belt tension = 160 N (16.3 kgf)

To do so, pass a suitable cord or string around
the Joint #4 motor unit near its mounting
plate. Then, pull the cord using a force
gauge or similar tool to apply the specified

tension shown in the figure on the right.

Joint #4
motor unit

\’:L% Force gauge

4-M4x15 + Washer

Connect the connectors X42.

Re-bundle the cables in their original positions with a wire tie removed in step (6).

Do not allow unnecessary strain on the cables.
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(8) Install the arm top cover.
For details, refer to 3.1 Arm Top Cover.

8.4 Replacing the Reduction Gear Unit

The shape and the replacement procedure of the reduction gear unit for G10 series and G20

series are different.

Name Quantity Note
Maintenance ) . G10 1 1499535
Reduction Gear Unit
parts G20 1 1493783
width across flats: 2.5 mm | G10 1 For M3 screw
Hexagonal wrench | width across flats: 3 mm 1 For M4 screw
width across flats: 4 mm 1 For M5 screw
Tools . . .
Nippers 1 For cutting wire tie

Force gauge

Belt tension
130N, 160N, 200N
(13.3 kef, 16.3 kef, 20.4 kef)

Reduction Gear
Unit
Removal: G10

Reduction Gear
Unit
Installation: G10

8.4.1 Replacing the Reduction Gear Unit (Gear): G10

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the

motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.

Move the shaft down to its lower limit before the replacement procedure following the

removal steps.

(1) Refer to the removal steps (1) to (13) in 10.2.1
Replacing the Ball Screw Spline Unit: G10 and

remove the U belt.

(2) Secure the Z gear.

Before removing the reduction gear unit, secure the Z

gear with pressure on the Z gear.

(3) Remove the reduction gear unit.

(4) Remove the bearing.

(1) Mount a new bearing.

(2) Mount a new reduction gear unit.

' Reduction

gear unit

(3) Execute the installation steps (3) to (23) in 10.2.1 Replacing the Ball Screw Spline Unit:

GI10.
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8.4.2 Replacing the Reduction Gear Unit: G20

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before the replacement procedure following the
removal steps.

Joint #4 (1) Refer to the removal steps (1) to (7) in 8.2.2 Replacing | T
Reduction gear the Timing Belt: G20 and remove the Joint #4 motor 2-M4x10
unit unit from Arm #2.
Removal: G20 Joint #4 motor
(2) Remove the Joint #4 motor from the reduction gear T~
. ==, Joint #4
unit. . .
reduction gear unit
Unscrew the bolt of reduction gear unit securing the M3x10: To secure
Joint #4 motor shaft and bolt securing the Joint #4 the motor shaft
motor.
(3) Remove the plate. ) Plate
Joint #4

reduction gear unit

(4) Remove the U pulley. Joint #4
%/ reduction gear unit
1 /Pulley
o

I
6-M4><1 5
b4
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NOTE

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket

Head Cap Bolts.
Joint #4 (1) Mount the U pulley. / Joint #4 .
Reduction gear reduction gear unit
unit it /Pulley
Installation: G20

1.!!!!'1

(2) Mount the plate. @\ Plate

Joint #4
reduction gear unit

/4-M5><1 8

(3) Mount the Joint #4 motor to the reduction gear unit.

Secure the blot of the reduction gear unit securing
the Joint #4 motor shatft.

(4) Execute the installation steps (4) to (10) in
8.2.2 Replacing the Timing Belt: G20.

reduction gear unit
M3x10: To secure
the motor shaft
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9. Bellows

NOTE

=

The bellows are provided in a unit of two pieces. The shape varies between the upper and
lower bellows.

A large amount of dust is emitted when replacing the bellows.

Take the Manipulator to an outer room such as the room in front of the clean room’s entrance,

or take the necessary countermeasures to prevent dust emission before removing the bellows.

Name Quantity Note
Maintenance Bellows 150 mm 1 1497641
parts 390 mm 1499591
Tools Cross-point screwdriver 1 For clamp band removal
Bellows (1) Remove the end effector.
Removal

432

(2) Remove the wires and tubes from the end effector.

(3) Turn ON the controller. Stop motor excitation. (MOTOR OFF)

(4) Loosen the two clamp bands on each bellows. Clamp band (small)

Bellows

Clamp band (medium)
out rubber sheet

(5) Pull the bellows, rubber sheet, and clamp bands
out of the shaft.

(The rubber sheet is not used for the upper
bellows.)

Clamp band (small)
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G10 G20 Maintenance 9. Bellows

Bellows (1) To attach the upper bellows, move the shaft to its lower limit.
Installation To attach the lower bellows, move the shaft to its upper limit.

To move the shaft up/down, press and hold the brake release switch.
Be sure to keep enough space and prevent the end effector hitting any peripheral
equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(2) Pass the shaft through the bellows from the larger joint.

(3) Secure the cover side of the bellows.

The bellows has two joints:
The larger joint must be attached to the cover
side.

Upper bellow
cover side

The smaller joint must be attached to the end face
side of the shaft.
Be careful not to misplace the clamp bands.

The clamp band has three sizes; small, medium,
and large.

Attach the mounting part of the bellows until the
end touches the cylindrical part of the cover.

Attach the rubber sheet. Be sure to attach the
rubber sheet so that no space is made between
the bias cut. (No rubber sheet for the upper

bellows cover side) BeIIov;/s

Rubber sheet
@ Clamp band
Bias cut
Then, secure them with clamp bands.
(4) Secure the end face side of the bellows to the
Upper bellow

shaft. M end face

Cover the bearing case (black) on the end face of

the shaft with the bellows mounting part.

Attach the rubber sheet. Be sure to attach the
rubber sheet so that no space is made between
the bias cut.

==

ias cut

Lower bellow
end face

Then, secure them with clamp bands.
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(5) After completing the attachment of the bellows, move the shaft up/down by hand
several times and rotate Joint#4. Make sure that the bellows can expand and contract
smoothly without any excessive force.

(6) Turn OFF the Controller and peripheral equipment.

(7) Attach the end effector.

(8) Connect the wires and tubes to the end effector.
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10. Ball Screw Spline Unit

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

® To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

NOTE

After parts have been replaced (motors, reduction gear units, brakes, timing belts, ball screw
spline unit, etc.), the Manipulator cannot operate properly because a mismatch exists
between the origin stored in each motor and its corresponding origin stored in the Controller.
After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”.

Refer to /4. Calibration to perform the calibration.
The replacement procedure of the ball screw spline unit for G10 series and G20 series are
different.

Name Quantity Note
, Each manipulator model
Maintenance . .
arts Ball Screw Spline Unit 1 (Refer to
P 15. G10 G20 Maintenance parts)
. . Proper
Grease For Ball Screw Spline Unit (AFB grease) quantity
width across flats: 1.5 mm ‘ GI10 1 For M3 set screw
Hexagonal ;
width across flats: 3 mm 1 For M4 screw
wrench -
width across flats: 4 mm 1 For M5 screw
Nippers 1 For cutting wire tie
. . Only for Cleanroom-model
Cross-point screwdriver 1
Tools and Protected-model
G10 Belt tension: 130N, 160N
(13.3 kgf, 16.3 kgf)
Force gauge I 1 G20 Belt tension: 130N, 200N
(13.3 kgf, 20.4 kef)
Suitable cord (Length about 1000 mm) 1 For belt tension
Wiping cloth 1 For wiping grease
10.1.1 Replacing the Ball Screw Spline Unit: G10
A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
NoTE  motor is in OFF status (MOTOR OFF).
=

Note that the brake will not work during the replacement procedure.
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Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps from (1) to (3).

Ball screw (1) Turn ON the Controller.
spline unit
Removal : G10

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure
to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being

pressed because the shaft may be lowered by the weight of an end effector.
(3) Turn OFF the Controller.

(4) Detach the wires and tubes from the end effector, and remove the end effector.

(5) This step is only for Cleanroom-model and Protected-model (C, D with bellows option,
P).
Remove the bellows.

For details, refer to 9. Bellows.

(6) Remove the arm top cover and arm bottom cover.

For details, refer to 3. Covers.

(7) Cut off the wire tie banding motor cables to the Joint #3 motor and Joint #4 motor.

(8) When you use the plate of 4-point mounting, remove 4-point mounting

the plate. 4-M4x10—_

When you use the plate of 3-point mounting, loosen Plate
the plate mounting bolt. )

Battery unit

NOTE  When removing the battery unit mounting bolts, be

3-point mounting

&~ sureto keep the connectors connected to the battery
unit.  If connectors of the battery unity are
disconnected, you need to perform calibration again.

436 G series Maintenance Rev.2



G10 G20 Maintenance 10. Ball Screw Spline Unit

(9) Loosen the Z belt.

4-M4x15
+ Washer\
Loosen four bolts on the Joint #3 motor unit.  Slide Joint #3
the Joint #3 motor unit to the end of the arm.

motor unit

(10) Remove the Joint #4 motor unit from Arm #2.

4-M4x1 5\',
+ Washer

Joint #4
i1 motor unit

Unscrew the bolts securing the Joint #4 motor unit to
the motor plate.

Remove the U belt from the Ul
pulley.

Pull the Joint #4 motor unit upward to
remove.

(11) Remove the brake hub.

2—M3><4\ - Brake hub
Loosen the two set screws and pull out the brake hub. | Set screw g

(12) Remove the brake.

4-M4x12-__
. . n! Wave washer
There is a wave washer between the housing and the Brake—
bearing. Be careful not to lose it.

(13) Remove the U belt.

(14) Remove the Joint #4 intermediate pulley.

Remove the shaft from the bearing and remove the
intermediate pulley from the lower side of Arm #2.

G series Maintenance Rev.2

437



G10 G20 Maintenance 10. Ball Screw Spline Unit

(15) Remove the nut mounting screws of the ball screw
spline shaft on the lower part of Arm #2.

(16) Pull out the ball screw spline unit from Arm #2.

NOTE
(&>  When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Ball screw (1) Pass the Z belt through the shaft and mount the ball screw spline unit to Arm #2.
spline unit

(2) Secure the nut mounting screws of the ball screw

Installation : G10

438

spline shaft on lower side of Arm #2.

Be sure to keep the timing belt from being stuck
between the nut and Arm #2.

(3) Mount the Joint #4 intermediate pulley.

Place the M4 bolt position of the Z axis gear to the end of the arm.

Insert the intermediate pulley from the lower side of Arm #2 and engage the gear.

(4) Remove the bolt of the Z gear.

The gear for Z axis is a backlash-less gear consists of
two gears.

The gear and pinion is pressurized. Be sure to keep
the gear and pinion engage.

If the gear is out of joint
1. Rotate the main gear and the assist gear in
the opposite direction and shift one tooth of
the gear. (The pin pushes the spring and
generates pressure.)

2. Use the tap to mount the M4 bolt.

3. Make sure that the pin position of the main
gear is near the center of the slotted hole.

=—> _Main gear

Assist gear

Slotted hole
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10. Ball Screw Spline Unit

®)

(6)

(7

®)

&)

Hold the spline plate and place the U belt to the U2
pulley.

Set the Z belt around the Z1 pulley and Z2 pulley so
that the gear grooves of the belt are fit into those of
the pulleys completely.

Loosely secure the spline plate to Arm #2.

After moving the shaft up and down several times,
secure the spline plate to Arm #2.

Mount the brake to the Joint #4 intermediate pulley
unit.

When mounting the brake, be sure to keep the wave
washer from being stuck.

Secure the brake hub with the two set screws.

(10) Loosely secure the Joint #3 motor unit to Arm #2.

NOTE

=

Loosely secure the Joint #3 motor unit to Arm #2 so
that the motor unit can be moved by hand, and it will
not tilt when pulled. If the unit is secured too loose

or too tight, the belt will not have the proper tension.

G series Maintenance Rev.2

! ?7\3-M5><15
:/U belt
=

=

Spline plate

4-M4X12\‘“'! Wave washer

Brake—}
?Bearing

2-M3x4
set screw

.

Joint #3
motor unit
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(11) Set the Joint #4 motor unit in Arm #2.

Place the Joint #4 motor unit in Arm #2 so that the
motor cable faces toward the left from the end of the
arm.

The screws are not secured in this step.

(12) Place the U belt around the U1 pulley and the U2
pulley so that the gear grooves of the belt are fit
into those of the pulleys completely.

(13) Loosely secure the Joint #4 motor unit to Arm #2.

NOTE  Loosely secure the Joint #4 motor unit to Arm #2

&~ so that the motor unit can be moved by hand, and
it will not tilt when pulled. If the unit is secured
too loose or too tight, the belt will not have the
proper tension.

4-M4x15-_,  Joint #4
+Washer i1 motor unit

U belt

U2 pulley|{U1 pulley

Joint #4
motor unit

(14) Apply the proper tension to the Z belt and U belt, and then secure the Joint #3 motor

unit and Joint #4 motor unit.

To do so, pass a suitable cord or string around the motor unit near its mounting

plate. Then, pull the cord using a force gauge or similar tool to apply the specified

tension shown in the figure on the right.

Make sure that the brake cables do not touch the pulley.

(G10 : Z belt tension = 130 N (13.3 kgf)

‘G10 : U belt tension = 160 N (16.3 kgf)

Joint #3
motor unit

4-M4x15 + Washer

Joint #4
motor unit

4-M4x15 + Washer
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(15) When you use the plate of 4-point mounting,

4-point mounting

mount the plate without pressing it to the Joint #4
motor.

When you use the plate of 3-point mounting,
NOTE mount the plate with pressing it to the motor.

& When mounting the battery unit, be sure to keep
the connectors connected to the battery unit.
If connectors of the battery unity are disconnected,

you need to perform calibration again.

S
Battery unit
Plate

(16) Re-bundle the cables in their original positions with a wire tie removed in the removal
procedure. Do not allow unnecessary strain on the cables.

(17) If the position of the lower limit mechanical stop was changed for area limit, secure it
to the proper position.

(18) Grease the shaft.
For details, refer to 10.1. Greasing the Ball Screw Spline Unit.

(19) Install the arm top cover and arm bottom cover.
For details, refer to 3. Covers.

(20) Turn OFF the Controller and peripheral equipment.
(21) Install the end effector, and connect wires and tubes to the end effector.

(22) This step is only for Cleanroom-model and Protected-model (C / D with bellows option
/ P).
Install the bellows.
For details, refer to 9. Bellows.

(23) Perform the calibration of Joints #3 and #4.

For details, refer to /4. Calibration.
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10.2.2 Replacing the Ball Screw Spline Unit: G20

A brake is mounted on the motor of Joints #3 and #4 to prevent the shaft from moving down
due to the weight of the end effector while the power to the Controller is OFF or while the
motor is in OFF status (MOTOR OFF).

Note that the brake will not work during the replacement procedure.
Move the shaft down to its lower limit before starting the replacement procedure by
following the removal steps from (1) to (3).

Ball screw (1) Turn ON the Controller.
spline unit
Removal : G20

(2) Push down the shaft to its lower limit while pressing the brake release switch.
Be sure to keep enough space and prevent the end effector hitting any peripheral

equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake
release switch is pressed, the respective brakes of the Joints #3 and #4 are released

simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Turn OFF the Controller.

(4) Detach the wires and tubes from the end effector, and remove the end effector.

(5) This step is only for Cleanroom-model and Protected-model (C, D with bellows
option, P).
Remove the bellows.

For details, refer to 9. Bellows.

(6) Remove the arm top cover and the bottom cover.

For details, refer to 3. Covers.

(7) Cut off the wire tie banding motor cables to the Joint #3 motor and Joint #4 motor.

(8) When you use the plate of 4-point mounting, remove 4-point mounting
the plate. 4-Max10—,,

When removing the battery unit mounting bolts, be
sure to keep the connectors connected to the battery
unit.

If connectors of the battery unity are disconnected,
you need to perform calibration again.

When you use the plate of 3 mounting, loosen the

plate mounting bolts.
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(9) Loosen the Z belt. 4-M4><15\
. . . + Washer
Loosen four bolts on the Joint #3 motor unit. Slide Joint #3 H”
oin T

the Joint #3 motor unit to the end of the arm. motor unit

(10) Loosen the U belt.

Loosen the bolts mounting the Joint #4 motor unit on
the motor plate. Slide the Joint #4 motor unit to the
end of the arm.

(11) Remove the nut mounting screws of the ball screw
spline shaft on the upper part of Arm #2.

(12) Remove the nut mounting screws of the ball screw
spline shaft on the lower part of Arm #2.

(13) Pull out the ball screw spline unit from Arm #2. Ball screw

& spline unit
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NOTE
When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.
Ball screw (1) Pass the Z belt through the shaft and mount the ball _ Ba||-| scre\(\tl
3 spline uni
spline unit screw spline unit to Arm #2. S, °P

Installation: G20

(2) Secure the nut mounting screws of the ball screw
spline shaft on lower side of Arm #2.

Be sure to keep the timing belt from being stuck
between the nut and Arm #2.

(3) Loosely secure the spline plate to Arm #2. 3-M5x15

After moving the shaft up and down several times,

secure the spline plate to Arm #2.

(4) Set the Z belt around the Z1 pulley and Z2 pulley so
that the gear grooves of the belt are fit into those of
the pulleys completely.

(5) Loosely secure the Joint #3 motor unit to Arm #2.

Joint #3

NOTE  Loosely secure the Joint #3 motor unit to Arm #2 so .
motor unit g

&~ that the motor unit can be moved by hand, and it will
not tilt when pulled. Ifthe unit is secured too loose
or too tight, the belt will not have the proper tension.

(6) Place the U belt around the U1l pulley and the U2
pulley so that the gear grooves of the belt are fit into

those of the pulleys completely.
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(7) Loosely secure the Joint #3 motor unit to Arm #2. 4-MAAS—_ - Joint #4

+ Washer motor unit

NOTE  Loosely secure the Joint #3 motor unit to Arm #2 so
& that the motor unit can be moved by hand, and it will
not tilt when pulled.  If the unit is secured too loose
or too tight, the belt will not have the proper tension.

(8) Apply the proper tension to the Z belt and U ‘GZO . Z belt tension = 130 N (13.3 kgf)‘

Joint #3
and Joint #4 motor unit. motor unit

belt, and then secure the Joint #3 motor unit

To do so, pass a suitable cord or string around

each motor unit near its mounting plate.

Then, pull the cord using a force gauge or A-MAx15 - Washer

similar tool to apply the specified tension

shown in the figure on the right.
g g G20 : U belt tension = 200 N (20.4 kgf)

Make sure that the brake cables do not touch Joint #4
motor unit_

the pulley.

Force gauge

4-M4x15 + Washer

(9) When you use the plate of 4-point mounting, 4-point mounting

mount the plate without pressing it to the 4-M4x10—_,

motor.

When you use the plate of 3-point mounting,

mount the plate with pressing it to the motor. Battery unit

3-point mounting

NOTE  When mounting the battery unit, be sure to
& keep the connectors connected to the battery
unit.

If connectors of the battery unity are

disconnected, you need to perform

calibration again.

(10) Re-bundle the cables in their original positions with a wire tie removed in the removal
procedure.

Do not allow unnecessary strain on the cables.

(11) If the position of the lower limit mechanical stop was changed for area limit, secure it
to the proper position.
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(12) Grease the shaft.
For details, refer to /0. 1. Greasing the Ball Screw Spline Unit.
(13) Install the arm top cover and arm bottom cover.

For details, refer to 3. Covers.
(14) Turn OFF the Controller and peripheral equipment.
(15) Install the end effector, and connect wires and tubes to the end effector.

(16) This step is only for Cleanroom-model and Protected-model (C, D with bellows option,
P).

Install the bellows.
For details, refer to 9. Bellows.
(17) Perform the calibration of Joints #3 and #4.

For details, refer to /4. Calibration.
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11. Lithium Batter

® Do not connect or disconnect the motor connectors while the power to the robot

system is turned ON. Connecting or disconnecting the motor connectors with

the power ON is extremely hazardous and may result in serious bodily injury as

the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

A m To shut off power to the robot system, disconnect the power plug from the power

source. Be sure to connect the AC power cable to a power receptacle.

WARNING DO NOT connect it directly to a factory power source.
m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.
® Use meticulous care when handling the lithium battery. Improper handling of the
lithium battery as mentioned below is extremely hazardous, may result in heat
generation, leakage, explosion, or inflammation, and may cause serious safety
problems.
<Improper Handling>
-Battery Charge *Deformation by Pressure
A -Disassembly *Short-circuit (Polarity; Positive/Negative)
-Incorrect Installation  -Heating (85°C or more)
CAUTION -Exposing to Fire *Soldering the terminal of the lithium battery directly

*Forced Discharge

® When disposing of the battery, consult with the professional disposal services or
comply with the local regulation.
Spent battery or not, make sure the battery terminal is insulated. If the terminal
contacts with the other metals, it may short and result in heat generation, leakage,
explosion, or inflammation.

In case of the low lithium battery power, the error to warn the voltage reduction occurs at
the Controller startup (the software startup). All position data will be lost and you will
need to calibrate all joints.

The life span of the lithium battery varies depending on the energizing hours and installation
environment of the Controller. It is about 3 years as a rough guide (when the Controller is
connected to power for 8 hours a day). When the Controller is not connected to power, the
battery consumption will significantly increase compared to when the Controller is
energized. If warnings of voltage reduction occur, replace the lithium metal battery even
if it has not reached the above product life.
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NOTE

&

For the EPSON RC+ 7.0 Ver. 7.2 .x or later (firmware Ver.7.2.x.x or later), the recommended
replacement time for the battery can be checked in the [Maintenance] dialog box of the
EPSON RC+ 7.0.
For details, refer to the following manual.

RC700 series Maintenance Manual 6. Alarm

The battery may run out if it passes the recommended replacement time.

If no warnings of voltage reduction occur, the calibration for all joints is not necessary.
You need to perform calibration if the position moves from the originals after replaced the
battery.

Always use the lithium battery and battery board designated by us.
(Refer to 15. G10/G20 Maintenance Parts List.)

Be careful of the battery polarity to connect it correctly.

Name Quantity Note

Maintenance | Battery unit (Lithium battery) 1 2117879

parts Battery board 1 2120180

Nippers 1 For cutting wire tie
Tools Hexagonal wrench (width across flats: 3 mm) 1 For M4 screw
(For Replace Battery board)
Material Wire tic 2 For ﬁx%ng battery unit (battery)
2 For fixing cable
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11.1 Replacing the Battery Unit (Lithium Battery)

Battery unit (1) Turn OFF the Controller.
(lithium battery)

(2) Push down the shaft to its lower limit while pressing the brake release switch. Be
Removal

sure to keep enough space and prevent the end effector hitting any peripheral
equipment.
The brake release switch is applied to both Joints #3 and #4. When the brake release

switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

(4) Connect the connector of the new lithium battery to the battery board.

User the unused connector of the two connectors X60A, X60B on the upper part of
the battery board.

Be sure to connect the connector of the new battery before disconnecting the old
battery. If the current battery is disconnected before connecting the new one, the
robot will lose the origin position data and the calibration must be executed again.

Except when the Power-Low warning is appearing.

<)
[~ N
Battery board

(5) Cut off the wire tie banding the cables of used lithium battery.

(6) Cut off the wire tie banding the lithium battery and remove
the lithium battery.

Battery board
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Battery unit (1) Mount the new lithium battery to the battery board.
(lithium battery)
Installation (2) Refer to the Removal step (4) to mount cables of the

lithium battery and the connector from the battery board.

(3) Mount the arm top cover. Battery board

For details, refer to 3.7 Arm Top Cover.

(4) Turn ON the Controller.
(5) Check if the Manipulator moves to points (poses) correctly.

To do so, select 2 points (poses) or more from the registered points (poses) and move
the Manipulator to the points (poses).

(6) If the Manipulator does not move to the points (poses) correctly, perform the
calibration of all joints and axes.

For details, refer to /4. Calibration.
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11.2 Replacing the Battery Board

After battery board and parts have been replaced (motors, reduction gear units, brakes,
timing belts, ball screw spline unit, etc.), the Manipulator cannot operate properly because
a mismatch exists between the origin stored in each motor and its corresponding origin
stored in the Controller.

After replacing the parts, it is necessary to match these origins.
The process of aligning the two origins is called “Calibration”.
Refer to 14. Calibration to perform the calibration.

Battery board (1) Turn OFF the Controller.

Removal (2) Push down the shaft to its lower limit while pressing the brake release switch. Be sure

to keep enough space and prevent the end effector hitting any peripheral equipment.

The brake release switch is applied to both Joints #3 and #4. When the brake release
switch is pressed, the respective brakes of the Joints #3 and #4 are released
simultaneously.

Be careful of the shaft falling and rotating while the brake release switch is being
pressed because the shaft may be lowered by the weight of an end effector.

(3) Remove the arm top cover.

For details, refer to 3.1 Arm Top Cover.

(4) Cut off the wire tie banding the connector cables.

©)

(6)
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Battery board (1) Mount the new battery board and secure it with screws.

Installation
(2) Connect the connectors X61, X62, X63, and X64.

(3) Refer to the Removal step (4) to mount the cables of
connector with wire tie.

(4) Mount the arm top cover.

For details, refer to 3.7 Arm Top Cover.

(5) Turn ON the Controller.

(6) Perform the calibration of all joints.

For details, refer to /4. Calibration.
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12. LED Lamp

/N

WARNING

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

m Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.

Name Quantity Note
Maintenance
Cross-point screwdriver 1 For wire removal
Tools ;
Nippers 1
Material Wire tie 1
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12. LED Lamp

LED Lamp
Removal

LED Lamp
Installation

454

(1

@
3)

“4)

(D

@

)
“4)

Remove the arm top cover.
For details, refer to 3.1 Arm Top Cover.

Disconnect the X1 and X2 terminals from the LED.

Turn the lens counterclockwise to remove it. Then, turn the lens holder
counterclockwise to remove it.

Remove the LED from the arm top cover.

LED

X1 terminal/
oo

G20 % |
f ol

X2 terminal

Connect the X1 and X2 terminals to the LED.

Each terminal must be connected to its terminal number on the LED.

Put the arm top cover between the ring and lens holder, and then mount the LED on
the arm top cover.

Install the lens to the lens holder.

Install the arm top cover.

For details, refer to 3.1 Arm Top Cover.
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13. Radiating Unit

/N

® Do not connect or disconnect the motor connectors while the power to the robot
system is turned ON. Connecting or disconnecting the motor connectors with
the power ON is extremely hazardous and may result in serious bodily injury as
the Manipulator may move abnormally, and also may result in electric shock
and/or malfunction of the robot system.

m To shut off power to the robot system, disconnect the power plug from the power
source. Be sure to connect the AC power cable to a power receptacle.
DO NOT connect it directly to a factory power source.

WARNING | Before performing any replacement procedure, turn OFF the Controller and
related equipment, and then disconnect the power plug from the power source.
Performing any replacement procedure with the power ON is extremely hazardous
and may result in electric shock and/or malfunction of the robot system.
® The radiating unit can be very hot after the robot operation. DO NOT touch and
wait until it cools down enough to touch for the replacement work.
NOTE  G10-65*** manipulator of S/N: 1**** or later is different from other models in its form.
& For the detail, refer to 2.6.4 G10-65***: For S/N: 1**** or later.
Name Quantity Note
Maintenance . )
parts Radiating Unit 1 1546193
Hexagonal wrench (width across flats: 3 mm) 1 For M4 screws
Tools Spanner (width across flats: 20 mm) 1 For mounting pillar
Nippers 1 For cutting wire tie
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13. Radiating Unit

Radiating Unit (1
Removal

@
3)
“)

NOTE

6))
NOTE

&

NOTE

Remove the arm top cover.

For details, refer to 3. Covers.

Remove two insulation lock ties that secure the Joint #2 motor and plate.

Remove the radiating sheet from to the plate.

Remove the mounting bolt located in the radiating
unit side of heat sink (Hexagon socket head cap
bolt (fully threaded)).

The radiating unit side is the right side from the

arm forefront.

Pull out the radiating unit upward.

To do so, be careful not to pull out the plate too from the pipe.

When tightening hexagon socket head cap bolts, refer to the 2.4 Tightening Hexagon Socket
Head Cap Bolts.

Radiating Unit (1
Installation
(2)

3)

“4)

®)

NOTE

456

Insert the radiating unit to the arm from above.

Apply the radiating sheet to the plate.

Make sure the gray color side of radiating sheet faces to the plate.

To do so, put the plate as upper side as possible.

Press the plate to the Joint #2 motor and secure the plate and motor using the
insulation lock ties in two points (up/down) of the plate.

Be careful not to catch the motor cable.

Secure the heat sink mounting bolt with the pillar.

Hold the pillar with the spanners to avoid it from rotating.

Mount the arm top cover.
For details, refer to 3. Covers.

During the installation, be sure to keep the plate attached to the pipe.
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14. Calibration

14.1 About Calibration

After parts have been replaced (motors, reduction gear units, timing belts, etc.), the
Manipulator cannot execute the positioning properly because a mismatch exists between the
origin stored in each motor and its corresponding origin stored in the Controller.

After replacing the parts, it is necessary to match these origins.

The process of aligning the two origins is called “Calibration”. Note that calibration is not
the same as teaching*.

*: “Teaching” means to teach the Controller coordinate points (including poses) anywhere
in the operating area of the Manipulator.

AN

WARNING

To ensure safety, a safeguard must be installed for the robot system.
For details on the safeguard, refer to EPSON RC+ User’s Guide: 2.3 Installation
and Design Precautions.

Before operating the robot system, make sure that no one is inside the
safeguarded area. The robot system can be operated in the mode for teaching
even when someone is inside the safeguarded area.

The motion of the Manipulator is always in restricted (low speeds and low power)
status to secure the safety of an operator. However, operating the robot system
while someone is inside the safeguarded area is extremely hazardous and may
result in serious safety problems in case that the Manipulator moves unexpectedly.

Command Input
Calibration procedures include the process to input commands. Select EPSON RC+ menu-
[Tools]-[Command Window] to use the command window.

The information above is omitted in the calibration procedure.

Jog Motion

The process to set the jog motion is included in the [Jog & Teach] page of the Robot Manager.
Select EPSON RC+ menu-[Tools]-[Robot Manager] and select the [Jog & Teach] tab to use
the [Jog & Teach] page.

The page above is indicated as [Jog & Teach] in the calibration procedure.

When the calibration procedure is different for each type of software, see your software type.
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14. Calibration

14.2 Calibration Procedure

NOTE

458

EPSON RC+ has a wizard for calibration.
This section indicates the calibration using the calibration wizard of EPSON RC+.

The same calibration procedure is used for each joint.
The steps below are calibration using Joint #1. Follow the steps below to calibrate other
joints.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2.  For details, refer to /4.3 Accurate
Calibration of Joint #2.

When calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.  You cannot

calibrate Joint #4 alone because of the structure of the Manipulator.

If Err9716 or 5016 (Power supply failure of the absolute encoder. Replace the battery.
Check the robot internal wiring) occurs, apply the procedure of /4.4 Calibration Procedure
without using Calibration Wizard - 3. Encoder Initialization and then, start the calibration

wizard.
The reference point (a point to check the accuracy) needs to be specified for calibration.

(1) Start the calibration wizard.
i. Select EPSON RC+ menu-[Setup]-[System Configuration].
ii. Select the [Robot]-[Robot**]-[Calibration].

NOTE

&

iii. Select the joint and click the <Calibrate...> button.

System Cenfiguration 7 x

Only selected robot can be calibrated.

Robet 1: Calibration

(- Startup Cloze
- Controller Caution: Calibration may change point locations
- General
. Carfiguration Joint To Calibrate: | 1 = | E Calibrate. .. i
- Preferences
. Simulator Calibration  Joint Accuracy
- Drive Units Values are in encoder pulses
- Robats P
EI-Robat 1 Joint CalPls Hofs
~Modd 0
é----Coll'lflgu.ratlon 2 )
i Calibration
o 3 0
- Amplifiers i i
H- Inputs / Outputs
- Remate Control
Load Cal... Save Cal...

H-TCP £/ IP
H-- Force Sensing

——h.

[E
[
[-R5232
[
[E

L
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(2) Confirm the warning message and click the <Yes> button.

EPSON RC+ 7.0

Tao perform a calibrakion using the wizard, a previously taught reference point is reguired in the current project.

If you do not have a reference poink, then you cannok use the wizard and you must Fallow the skeps For manual
calibration in your robot manual.

Do you have a previously kaught reference paint in the current project?

[ Wes l [ Mo ]

(3) Move the joint to calibrate manually to approximate 0 pulse position, as shown in the
dialog. After moving the joint click the <Next> button.

Calibration Wizard: Joint 1

Step 1: Move To Zero Pulze Pozition

Move Joint 1 toits approximate zero pulse

0 puise poszition by hand
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0 pulse position of Joint #1:
position aligned with X-axis in

Robot coordinate system

A

0 pulse position of Joint #2:
position where Arms #1 and #2
are in a straight line
(Regardless of the Joint #1

direction.)

0 pulse position of Joint #3:
upper limit position in motion

range

The height of Joint #3 depends , \
on manipulator model. | |

100

Cleanroom model /
Protected model
with bellows option

Standard model

0 pulse position of Joint #4:
position where the flat surface

— A

(or screw hole 1) on the shaft N SN Y
- o) 0 pulse

faces toward the tip of Arm #2 NN S

\

;; Screw hole 1 and flat surface are located
in the center of the shaft.
Screw hole 2— <:L|

| Screwhole 1 grew hole 1 and 2 are located at right
Flat surface

angles to one another.
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(4) Click the <Yes> button to reset the encoder.
EPSON RC+ 7.0 X

The encoder For joint 1 will now be reset.

2
e
Continue?

(5) Reboot the Controller.
EPSON RC+ 7.0

Restarting Controller

[IIIIIIII ]

| Close

* This window will disappear when the Controller starts up.

(6) Select the reference point to use for calibration, and click the <Next> button.

Calibration Wizard: Joint 1

Step 2 Select Reference Point

Select a reference point to use for calibration

Point Eile: | Points. pts

Select a point from the
current points to use for
checking the accuracy.

Paint: | PO - Referencel

Calibration Wizard: Joint 1

Step 3 Joa to reference paint

The centzr
«of the shaft

Calibration jig at the
he sh . .
iz enid o the shall Jag the rabot until the end effectar iz near

{E: e o ——
T the reference point for raugh calibration

=L

S Target point

Cancel ] [ < Back Jog...
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(8) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for
rough calibration. Then click the <OK> button.
* Before operating the robot, open the [Jog & Teach

|n‘ Calibration Wizard Jog

Jog & Teach | Control Parel
JOge rg

locat 0 » Took 0

Current Pogition

tab and execute <Motor ON>.
RIX
Am 0~ @338

N (dee) £ (o) B (men)
Mode Jort_ ) Soemd [lom ¥ [_oow] [_oom] [_oom] O
M (dee) @/ Jom
- A @ [ oom] | ] | | © Pyise
a1 42 3
Current Arm Orentation
A S o Hored ]
1 +J2 43 [ Rienty | | ] | ] D
=~ =] | Jog Distance
J4 45 J6 J1 o) RGe) Bilam) O Continuous
1000 1000 1000] O Lone
<N &N &1 M deg) (&) Medium
+Jd +J5 «J6 1.000 O Short

Jog To Reference Point

[

ok ] [_comcet ]

(9) Click the <Next> button.

Calibration Wizard: Joint 1

Step 3: Jog to reference point

The centesr
of the shaf

Calibration jig at the

~ end of the shaft
(Example}

>ﬁ!‘:—— Target point

Jog the robaot until the &nd &

the reference point for rough calibraktion

[ Cancel l [ < Back

|l

Nest » ] [ Jog..

ffectar iz near

G series Maintenance Rev.2



G10 G20 Maintenance 14. Calibration

(10) The manipulator moves to the reference point. Click the <Execute> button.

Calibration Wizard: Joint 1 ? b4

Step 4: Move to Reference Point
1. Select or enter motion command to move near the reference point
2. Click Execute

Input JUMP PO:z (0).

Metion command to move to reference point: / T
@® Predsfined: | Jump PO Z(0) v Point selected in step (6)
(O Custom: Co DO

(11) Confirm the message and click the <Yes> button.
EPSON RC+ 7.0

< Ready to move robat to the reference point?
.

(If necessary, the mators will be turned on and all axes will be locked befare executing mation, )

[ es ] [ Io ]

(12) After the manipulator moves to the reference point, click the <Next> button.
Calibration Wizard: Jaint 1 ? X

Step 4: Move to Reference Point
1. Select or enter motion command to move near the reference point

2. Click Execute

Motion command to move to reference point:

®) Predefined: | Jump PO :Z(0) v

(O Custom: Go DO

Cancel = Back MNext > ] ecute
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(13) Jog to the accurate reference position.

Calibration Wizard: Joint 1

Click the <Jog> button.

Step 5; Jog to reference point

The center
of the shait

Calibration jig at the
__end of the shaft
(Example}

>5-T{h_—— Target point

[ Cancel l I

Jog the robat to the exact reference
pozition

Jog...

(14) Jog the end effector to approximate reference point in the [Jog & Teach] dialog for

rough calibration.

™ Calibration Wizard: Joe

Then click the <OK> button.

Jog & Teach | Control Panel

locat 0

Tool 0 =~ AmOD

464

Jog To Reference Point

Lok [ Come ]

Joge e Current Pogition
J1 (deg) J2 o) B (mm)
Mode: Jomt w  Speed low v I Um]l I Um)| [ Oﬂ:ﬂ] O World
J (deg) @] ot
- “ i [___oooo] | ] [ ] © Pulse
J1 42 +J3
Current Arm Orsentation
== oA o Hand ]
+J1 )2 43 | rienty | | | [ ] D
=] = ] Jog Distance
J4 J5 J6 Jl deg) 2 @eg) Bmm O Continuous
1.000 1.000 1.000 O Lore
<1 ] «n M deg) (® Medum
+J4 +J5 +J6 1.000 O Short

* Position Joint #2 only and move Joint #3 to around 0 pulse.
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(15) Click the <Next> button.

Calibration Wizard: Joint 1

Step 5: Jog to reference point

The center
of the shaft

Calibration jig at the
— fgga:ﬁ;;, shall Jog the robot to the exact reference
2 : position
=

> —— Target point

[ Cancel ] [ « Back J | et » | [ Jog... ]

(16) Execute the procedure in “Calibration Using Right / Left Arm Orientations” to

accurately calibrate Joint #2 only.
* Go on to the step (19) for the other joints calibration.

Move to another point that has different pose (from righty to lefty) using Jump

command. Click the <Yes> button.

i.

EPSON RC+ 7.0

‘\Warning

9
<&/
The robat will jump to the opposite arm arientation.

O to continue?

ii. Jog to the accurate reference position. Click the <Jog> button.

Calibration Wizard: Joint 2

Step B: Jog to reference point

The center
of the shait

Calibration jig at the

_.end of the shaft
- — iExamplal Jog_t_he robat to the exact reference
l posihian

>§"_<.T—— Target point

Jog...

Cancel l I ¢ Back

465
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466

iii. Jog to the accurate reference position and adjust the position.

button.

™ Calibration Wizard: Jog

Click the <OK>

locat 0 « Tool0 « Am o0 - @ [3)35%
Jog & Teach | Control Panel
Joggreg Current Position
J1 (deg) 2 Gog) £ {mem)
Mode: |Joit ] Seesd[lom M [ oo0] [ oow] [ o] O ¥
S Gog) OJF T
— 3 T oo | ] ] O Puise
J1 2 «J3
Current Aem Ormrtaton
<A = a Hand D
1 +J2 43 | renty || ] | | D
=~ P ] Jog Distance
J4 J5 J6 J1 (dee) J2 (deg) Bam O Continuous
1.000 1.000 1000 O Lore
<A | e | M dag) ) Madum
+4 J5 J6 1000 O Fhont
Jog To Reference Point
[ ok ][ cece |

iv. Click the <Next> button.
Calibration Wizard: Joint 2

Step B: Jog ta reference point

The center
of the shait

Calibraton jig 2t the

™ fg:s;fnp'!ls hetl Jog the iobat ta the exact reference
position
>_£"_ff—— Target point
Cancel ] [ < Back ] [ Mest » | [ Jog...
G series
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(17) Calibration is complete. Click the <Finish> button.
Calibration Wizard: Joint 1
Finish

Calibration for Joint 1 has been successfully completed

e i

(18) Move the manipulator to other points and check if it can move without problems.
Teach points where appropriate.
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14.3 Accurate Calibration of Joint #2

When coordinates for the Manipulator working point require calculation, it is important for

468

NOTE

Joint #2 to be calibrated accurately.

IF the calibration of Joint #2 is performed in 14.2 Calibration Procedure, configure

“Calibration Using Right / Left Arm Orientations” by the wizard.

The reference point is the center of the ball
screw spline shaft during this calibration.

When there is a misalignment between the
center of the end effector and the center of the
ball screw spline shaft, remove the end effector
and perform the calibration of the shaft.

Make a calibration jig as shown in the right
figure and attach it on the end of the shaft to
make the center of the shaft clear.

Decide a target point and mark a cross (x) on it
so that you can easily verify the center of the
shaft after switching the arm pose between right
and left.

The center of the shaft

There is a misalignment
between the center of
the end effector and the
center of the shaft.

The center
of the shaft
|
i
!
i
| Calibration jig at the
! end of the shaft
i " (Example)

>é Target point

After removing the end effector and performing the calibration, install the end effector and

move the Manipulator to the teaching point to verify whether there is a positional gap. If

there is a positional gap, fine-tune the installation position of the end effector and teach the

point again.

Coordinates for the working point requires calculation in the following cases:

- Teaching the working point by entering the coordinate values (MDI teaching)

- Switching the arm orientation between right and left at a given point

- Using the Pallet command

- Executing CP control (such as liner or circular interpolation)

- Using the Local command

- Pose data specified with relative coordinates <Example: P1+X(100) >

- Vision Guide camera calibrations
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Calibration Using Right / Left Arm Orientations
(1) Check the point data for calibration

Use a pose (point) you can easily verify the accuracy within the work envelop of

both right and left arm. Then, check the number of pose (point) you want to use.

(2) Open the [Tools] menu - [Robot Manager] - [Control Panel] and click the MOTOR
ON.

(3) Click the <Free All> button in the [Control Panel] to free all joints. Now, you can
move arms by hands.

(4) Move the arms to the position of point data for calibration in rightly arm orientation.

(5) From the current position, teach any point data number unused.
This point is now called P1.

Specify the point number “1” and click the <Teach> button in the [Jog & Teach].
(6) Click the <Lock All> button in the [Control Panel] to lock all joints.
(7) Switch to the lefty arm orientation. Then, move the arm to the same point.

>Jump P1/L:Z(0) ' Change the arm orientation from righty to lefty

Z is the maximum position

* If there is interference on the way from right to lefty, click the <Free All> button in
the [Control Panel] and change the arm orientation to lefty by hands. Then, go to
the step (6), (7).

(8) The joints are slightly out of position.

Adjust the gap with the —Z in the Jogging group in the [Jog & Teach]. Then, teach
another point data number unused. This point is now called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].
(9) Input the new Hofs value.
>Hofs Hofs (1), Hofs (2) + (Ppls(P1l,2) + Ppls(P2,2)) /
2, Hofs (3), Hofs (4)

(10) From the current lefty arm orientation (the position in the step (8)), teach the point data
number used in the step (8). This point is called P2.

Specify point number “P2” and click the <Teach> button in [Jog & Teach].

(11) Switch to the righty arm orientation. Then, make sure the manipulator move to the

correct position.

>Jump P2/R ' Change the arm orientation from lefty to righty

* If there is any interference on the way from lefty to righty, click the <Free All>
button in the [Control Panel] and change the arm orientation to righty by hands.
Then, go to the step (6), (11).

(12) Move the manipulator to other point data and make sure it moves to the correct

position. Teach some more points if required.

* Delete the two points taught for the Joint #2 calibration.
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14.4 Calibration Procedure without using Calibration Wizard

NOTE This section indicates the calibration without using the calibration wizard of EPSON RC+.
= For details of calibration using the calibration wizard, refer to /4.2 Calibration Procedure.

When coordinates for the Manipulator working point require calculation, it is important for
Joint #2 to be calibrated accurately. Execute the procedure in “Calibration Using Right /
Left Arm Orientations” to accurately calibrate Joint #2. For details, refer to /4.3 Accurate
Calibration of Joint #2.

You cannot calibrate Joint #4 alone because of the structure of the Manipulator. When
calibrating Joint #4, you must calibrate Joint #3 and #4 at the same time.

NOTE  The reference point (a point to identify the position of the manipulator) needs to be specified

for calibration.
Follow steps 1 to 6 described below in order to calibrate the origin.
1. Basic Pose Confirmation

(1)-1 After the part replacement, perform the calibration using the point data currently
registered.
Confirm the point data number (P*) to reconstruct the correct manipulator
position.

* Point data before the parts replacement (motor, reduction gear, belt, etc.) is
necessary for the calibration.

2. Part Replacement

(2)-1 Replace parts as dictated by this manual.
Be careful not to injure yourself or damage parts during part replacement.

3. Encoder Initialization
(3)-1 Turn ON the Controller when all joints are in the motion range.

(3)-2 Manually move the joint that needs origin alignment to its approximate 0
pulse position.
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0 pulse position of Joint #1:
position aligned with X-axis in
Robot coordinate system
A 0 pulse

0 pulse position of Joint #2:
position where Arms #1 and #2

are in a straight line
(Regardless of the Joint #1
direction.)

0 pulse position of Joint #3:
upper limit position in motion

range

The height of Joint #3 depends , .
on manipulator model.

100

Cleanroom model /
Protected model
with bellows option

Standard model

0 pulse position of Joint #4:
position where the flat surface

— A
(or screw hole 1) on the shaft N N

- & 0 pulse
faces toward the tip of Arm #2 N

“’/

Screw hole 1 and flat surface are located
in the center of the shaft.
Screw hole 2 o

X Screw hole 1 Screw hole 1 and 2 are located at right

Flat suface  4ngles to one another.
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(3)-3 Connect EPSON RC+ to the Controller.

Select the robot to be calibrated. Input as below in the [Command
Window] and execute.
(This example uses “robot 17.)

> robot 1

(3)-4 Execute the absolute encoder initialization command.

Input one of the following commands to [Command Window] according to the
joint being calibrated.

Joint #1: >EncReset
Joint #2: >EncReset
Joint #3: >EncReset
Joint #4: >EncReset

w w N -

(3)-5 Reboot the Controller.

Select EPSON RC+ menu-[Tools]-[Controller] and click the <Reset
Controller> button.

EPSON RC+ 7.0

Restarting Controller

Close

* This window will disappear when the Controller starts up.

4. Rough Calibration

(4)-1 Execute the following command from the menu-[Tools]-[Command Window].

>calpls 0,0,0,0
* Manipulator does not move.
(4)-2 Execute one of the following commands according to the joint you want to
calibrate from the menu-[Tools]-[Command Window].

Joint #1 >calib 1
Joint#2 >calib 2
Joint #3 >calib 3
Joint #4 >calib 3, 4

5. Calibration (Accurate Positioning)

(5)-1 Turn ON the motors from the EPSON RC+ menu -[Tools]
-[Robot Manager]-[Control Panel].

(5)-2 Click the <Free All> button in the [Control Panel] to free all joints. Now, you
can move arms by hands.

(5)-3 Move the Manipulator by hand to a rough position/posture of the calibration
point data.
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(5)-4 Create the data from the calibration point data.

Enter and execute the following command in [Command Window].

(In this example, P1 is used as the calibration point data.)

> Calpls Ppls(P1,1), Ppls (P1,2), Ppls (P1, 3),
Ppls (P1,4)

(5)-5 Move the joint to the specified point using a motion command.

For example, when the specified point data is “P1”,
execute “Jump P1:Z(0)” from [Jog & Teach].

* The joint NOT being calibrated moves to the original position.

(5)-6 Accurately align the joint* being calibrated to the specified point using jog
commands.

* You must move Joint #3 and #4 to the position when calibrating Joint #4.
Select the jog mode [Joint] from [Jog & Teach] to execute the jog motion.
(5)-7 Execute the calibration.

Enter and execute one of the following commands in [Command Window]
according to the joint being calibrated.

Joint #1: >Calib 1
Joint #2: >Calib 2
Joint #3: >Calib 3
Joint#4: >Calib 3, 4

6. Accuracy Testing

(6)-1 Move the Manipulator to another point to confirm that it moves to the same
position.
If it does not move to the same position, re-calibrate using another point. You
must set the point again if reproducibility cannot be assured through calibration.
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15. G10/G20 Maintenance Parts List

15.1

15. G10/G20 Maintenance Parts List

Common Parts

Part Name Code Old Code Note Reference Ove*TauI
1499527 | R13B000610 [ 750 W
Joint #1 5.1 4
750 W
1546181 | R13B000624 (For S/N: 1**** or later)
1499528 | R13B000611 | 600 W
Joint #2 600 W 6.1 4
1546180 | R13B000623 (For S/N: 1*%*** or later)
AC Servo - 1497624 | R13B000607 (400 W . ,
Motor om 400 W .
1514468 | R13B000616 (For S/N: 1**** or later)
1499529 | R13B000612 | 150 W
G10 150 W 8.1.1 v
Joint #4 1533638 | R13B000618 (For S/N: 1*¥%*** or later)
1499530 | R13B000613 | 150 W with brake
G20 : 8.1.2 v
150 W with brake
1546182 | R13B000625 (For S/N: 1¥%%* or later)
Joint #1 1489327 | R13B010013 52 4
Joint #2 1489326 | R13B010014
. (For G10-65***/G10- | 6.2 v
Iéii?%ﬁ Joint #2 1525071 | R13B010028 |g5++*
S/N: 1**** or later)
G10 1499535 | R13B031601 8.4.1 4
Joint #4
G20 1493783 | R13B010015 8.4.2 v
Electroma | 7 axis 1499588 | R13B030503 7.3 v
gnetic
Brake U axis 1497639 | R13B030501 |G10 only *1 83 v
G10 1489329 | R13B030209 (Z : width 12 mm 7.2.1 4
Joint #3
Timing G20 1493781 | R13B030211 [Z:  width 12 mm 722 v
Belt G10 1489330 | R13B030210 |Ul: width 15 mm 8.2.1 v
Joint #4
G20 1493784 | R13B030212 |Ul: width 20 mm 8.2.2 v

*1  Common with G6 series

*4  As arough indication, perform the overhaul (parts replacement) before reaching 20,000 operation hours of
the Manipulator. The operation hours can be checked in [Controller Status Viewer]| dialog - [Motor On

Hours].

For details, refer to 2.2 Overhaul (Parts Replacement).
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Part Name Code Old Code Note Reference
With lithium battery
Battery Board 2120180 R13B041202 Installed in Arm #2 11.2
ER17330V (TOSHIBA)
. Spare lithium battery *2
Battery Unit 2117879 R13ZA00600300 ER17330V (TOSHIBA) 11.1
O-ring 1489339 |R13B031228 g;’r Motor flange of Joint | 5 |
LED Lamp 2077258 R13A030000200 | *3 12
Ball Screw Spline: AFB  *3 - - For purchasing the 10.1
Grease | Reduction Gear Unit: ) ) grease, please contact 23
*5| SK-1A *3 the supplier of your )
Cables: GPL-224 - - region. 4.1
Radiating Unit 1546193 R13B031906
Heat Sink 1529403 R13B031907 For G10-65*** only 13
Radiating Sheet 1529402 R13B031908

*2  Common with E2C

*3  Common with E2 series

*5 Regarding purchase of grease

Due to the chemicals regulations of individual countries (the UN GHS), we are requesting our customers

to purchase grease required for maintenance from the manufacturers listed in the table below as of April

2015.

Regarding purchase of grease, please contact the following manufacturers.

unclear, please contact our supplier of your region.

If there is anything

Product name Manufacturer

URL

THK AFB-LF Grease

THK CO., LTD.

https://www.thk.com/

Harmonic Grease SK-1A

Harmonic Drive Systems Inc.

https://www.harmonicdrive.net/

Krytox® GPL-224

Chemours

https://www.chemours.com/en/brands-
and-products

Reduction Gear Unit

A reduction gear unit consists of the following three parts (for Joint #1 and Joint #2).

When

replacing the reduction gear unit, be sure to always replace the waveform generator,

flexspline, and circular spline all together as one set.

Waveform generator

This waveform generator consists of an ellipsoidal
cam with ball bearings on its outer circumference.
The inner ring of bearings is secured to the cam,
while the outer ring is capable of flexible

deformation through the ball bearings.

Flexspline
A thin, elastic, cup-shaped metal body with gear
teeth around the outer circumference of the opening.

Circular spline

Waveform generator

Circular spline Flexspline

A rigid, ring-shaped body with gear teeth on the inner circumference.

The circular spline has two more teeth than the flexspline does.

The splines are greased. Be sure to keep the grease from being attaching to the clothes.
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15.2 Parts by Environment Model
(S: Standard-model C: Cleanroom-model D, P: Protected-model)

Part Name Code Old Code Note | Reference OviTauI
S.D 180 mm 1499537  |R13B010208
(without bellows) | 420 mm 1499538  |R13B010209
150 mm 1499575  |R13B010210
For 1 102.1 v
G10 390 mm 1499576  |R13B010211
P, D with 150 mm 1499577 |R13B010212
gau bellows option {390 mm 1499578  |R13B010213
Crew
Spline S.D 180 mm 1499579  |R13B010214
(without bellows) | 420 mm 1499580 |R13B010215
150 mm 1499584  |R13B010216
For 1 10.2.2 v
G20 390 mm 1499585 |R13B010217
P, D with 150 mm 1499586  |R13B010218
bellows option | 390 mm 1499587 |R13B010219
650 mm 1563046 |R13B020033
S,C 850 mm 1499531  [R13B020018
) 1000 mm 1499532 | R13B020019 |Inner
Cable Unit wiring |4
650 mm 1563047 | R13B020034 | .10
P,D 850 mm 1499533 |R13B020020
1000 mm 1499534  [R13B020021
For
RCIS0 | RIZNZ90026 | R12B020425
For
T m RC700-A, | R12NZ900JX —
Straight
For
RC700-A, | R12NZ900K 1 —
L-shaped
For R12NZ90027 | R12B020426
RC180
For
M/CCable |S.c |sm  |RC700-A, JRI2ZNZ900JY - *] 43
Straight
For
RC700-A, | R12NZ900K2 —
L-shaped
For R12NZ90028 | R12B020427
RC180
For
10m RC700-A, | R12NZ900JZ —
Straight
For
RC700-A, | R12NZ900K3 —
L-shaped
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15. G10/G20 Maintenance Parts List

Part Name Code Old Code Note | Reference Ove&waul
For RC700-A, | ¢ 15Nz900xy -
Straight
M T RCT00A
or “ | R12NZ900Y1 —
M/C Cable |8, C L-shaped %] 43
able s .
For RC700-A, | p17Nz900xZ —
Straight
0m T RCT00A
or -A, B
L-shaped R12NZ900Y2
For RC180 R12NZ90029 | R12B020428
For RC700-A, -
3m |Straight R12NZ900K4
For RC700-A, .
L-shaped R12NZ900K7
For RC180 R12NZ9002A | R12B020429
For RC700-A, .
Sm | Straight R12NZ900K5
For RC700-A, .
Loshaped R12NZ900K8
For RC180 R12NZ9002B | R12B020430
M/C Cable |P,D For RC700-A *1 43
10 m | Straight R12NZ900K6 —
For RC700-A, -
L-shaped R12NZ900K9
For RC700-A, | ¢ 19NZ900Y3 -
Straight
S m T RCT00-A
or -A, B
Loshaped R12NZ900YS5
For RC700-A, | ¢ 1oNZ900Y4 —
Straight
20m T RCT00A
or -A, B
Loshaped R12NZ900Y6
S.D 1499589 R13B030410 | White
Arm Cover - 31,32
C,P 1499590 R13B030414 |Plating
C, P, D with | 150 mm 1497641 R13B030701 | *1 *5
Bellows bellows N 9
option 390 mm 1499591 | R13B030703 | *5
Gasket Unit |D, P 1499592 R13B031231 2.6
Arm #2 P 1499593 R13B031232 -
Gasket
Brake S, C 2117817 R137702640 %3 i
Release 100
Switch P,D 1497647 R13B060902 | *1 -

*]1 Common with G6 series

*3  Common with E2 series

*4  As arough indication, perform the overhaul (parts replacement) before reaching 20,000 operation hours of
the Manipulator. The operation hours can be checked in [Controller Status Viewer] dialog - [Motor On

Hours]. For details, refer to 2.2 Overhaul (Parts Replacement).

*5 The bellows are provided in a unit of two pieces. The shape varies between the upper and lower
bellows.
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