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é]{‘) 1. Safety

1.1. Introduction

The main purpose of this chapter is to describe the safety precautions for users and operators who repair
and manipulate the industrial robot.

This manual describes safety precautions for robot manipulator and controller, in complies with the safety
regulation of EU Machinery Directive 98/37/EC(2006/42/EC) and US OSHA. And the robot manipulator and
controller is manufactured to comply with the safety standards EN ISO 10218-1:2006 and ANSI/RIA R15.06-
1999.

Every operator, who installs, replaces, adjusts, manipulates, maintains, and repairs, must read thoroughly
and fully understand the manipulation and maintenance manual, in particular, the special attention must
be paid to the WARNING symbol, the most important marking related to the safety.

Installation, replacement, adjustment, manipulation, maintenance, and repair of robot system must be
performed by the personnel who was duly trained for these purposes, following the indicated operating
procedure.

This company is planning and carrying out the relevant training such as maintenance, repair, and
manipulation for the above operations; so robot users make sure:that robot operators should get the
relevant training. And make sure that the robot handling work should be carried out only by the operators
who completed this training course.

Hyundai Robotics user of industrial robot has responsibility to observe the safety regulation related to
robot adopted in corresponding countries and responsibility to design, install and operate safety
equipment well in order to protect workers who work at robot system.

In high-risk areas concerning robot systems in which robots, tools, and accessories operate, there must
be a method of protection to stop the workers or objects from entering the area according to ANSI/RIA
R15.06-1999.

H D Hyunpas 12
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1. Safety

1.1.1. Cautions

Must observe the following items when transporting, installing, and operating the
robot.

(1) When the robot is transported, installed, or operated, the robot may fall over, get overturned
or the arm may fall. Therefore, do not enter the range where the robot may fall over or get
overturned or the arm may fall.

(2) If the pressure of the gas spring decreases, the robot arm may fall, so never go under in the
direction where the arm may fall. To prevent the arm from falling when the pressure of the gas
spring is excessively reduced, do not perform operation in a direction other than the direction
of the origin of axis 2. Move axis 2 to the origin, and then supplement the pressure of the gas
spring or replace the gas spring.

(3) Replace the gas spring every 20,000 hours or when the pressure decreases so fast that the
proper working pressure (125 bar—140 bar) cannot be maintained.

(4) When transporting or carrying out the robot, do not allow a large impact or vibration to be
applied to it. In particular, if there is a large impact or vibration when transporting or carrying
out a robot with a tool attached, the arm may slip or _have a failure.

(5) If grease with different specifications are mixed, an abnormal sound may occur, so, do not allow
them to be mixed.

1.1.2. General Matters

(1) The contents of the manual may be modified without prior notice, and we do not bear any legal
responsibility for errors.

(2) We do not bear any legal responsibility for the occurrence of problems such as an accident or
damage to the systems applied to the robot.

} HYUNDAI
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The areas for which the robot can be applied and the environment in which it can be used are as follows.
Applicable areas

It is applied to the industrial robot used by installing on the surface of wall or plane (axes addable). It is
also appropriate for controlling operation in the dotted section or consecutive section.

Major application is

Spot welding

Arc welding

Cutting

Handling

Assembly

Application such as Sealing
Palletizing

Grinding

For the other use than the above emergency application, make a contact with our company to consult
on the robot use and possible applications.

Disable environment

Our robot must not be used in a highly explosive environment and the areas contaminated by oil,
flammable materials or chemical materials. (Prohibited to be installed and manipulated.)

HID Hyunpal 1-4
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1. Safety

1.2. Relevant Safety Regulations

The robot is designed as per ISO 10218-1:2006 safety standards for industrial robots, and furthermore in
comply with ANSI/RIA 15.06-1999 regulations.

1.3. Safety Training

All the personnel who intend to teach, operate or inspect the robot must be trained in an approved
robotic operation and safety training course before start-up. The safety training course includes the
following details:

Purpose and functions of safety devices

Safety procedure to handle the robot

Performance of robot or the robot system and possible hazards
Tasks associated with any specific robot applications

Safety concepts, etc.

1-5 FID Hyunpal
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1.4. Safety Related Nameplate

1.4.1. Safety Marking
For the purpose of effective safety instructions, the following safety symbols are used in this manual.

Table 1-1 Safety marking

Symbols Descriptions
Indicate a highly dangerous situation, meaning that operating or handling
Warnin in @ wrong manner could result in death or serious injury to personnel,
9 or damage to equipment. Attention should be paid to the operation and
handling.
Mandatory Indicate the compulsory measures that should be taken
Prohibited Indicate the prohibited actions and/or' operations that should not be
performed.

1.4.2. Safety Nameplate

Identification plates, warning label and safety symbols are attached to the robot and to the inside and
outside of control panel. The designation labels and cable Mark for wire harness between the robot and
control panel, and the cables inside/outside of control panel are provided.

All of these plates, labels, symbols and marks constitute safety-relevant parts of the robot and the control
panel. They must remain attached to the robot manipulator and control panel at their clearly visible
positions all the time for the safety and their full performance.

The painted markings on the floor and signs indicating dangerous zones must be clearly distinguished in
form, color, and style from other markings on the machine near the robot system or inside the plant
facilities where the robot system is installed.

It is forbidden to remove, cover, or paint over by way of spoiling the clearly visible
identification plates, warning labels, safety symbols, designation labels and cable marks.

HID Hyunpal 1-6
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1. Safety

1.5. Definition of Safety Functions

Emergency Stop Functions — IEC 204-1,10,7
There is one emergency stop button on the controller and teach pendant respectively. If necessary,
additional emergency buttons can be connected to the robot's safety chain circuit. The emergency stop
function, which overrides all other robot controls, can bring the current operation to a halt by cutting off
the power supply to the motors of individual axes. This function will also shut down the power supply to
other dangerous functions, which are controlled by the robot, to prevent them from being used

Safety Stop Function - EN ISO 10218-1:2006
A safety stop circuit needs to be configured, and, through this circuit, each robot should be connected
with the safeguards and interlocks. The robot should have a number of electrical input signals which can
be used to connect external safety devices, such as safety gates, safety pads, and safety lamps. These
signals allow the robot's safety functions to be activated by all equipment, including peripheral equipment
and the robot itself.

Speed Limitation Function - EN ISO 10218-1:2006
In a manual mode, the maximum speed of the robot is limited to 250 mm per second.
The speed limitation applies not only to the TCP(Tool Center Point), but to all parts of manual mode robot.
The speed of equipment mounted on the robot should be possibly monitored.

Restricting working Envelope - ANSI/RIA R15.06-1999
Operation area of each axis is restricted by soft limit and hardware limit. Axis 1, 2, and 3 can also be
restricted by means of mechanical stopper.

Operation Mode Selection - ANSI/RIA R15.06-1999
The robot can be operated either in the manual mode or auto mode. In the manual mode, the robot can
be operated only by using the teach pendant.

} HYUNDAI
b ) HD Rroeorics



HS210E

1.6. Installation

1.6.1. Safety Fence

Install safety fence against the possible collision between the robot and workers, so
that no worker may approach the robot.

Install safety fence against the possible collision between the robot and workers, so that no worker may
approach the robot. When operators or other personnel enter the robot's working envelope by accident,
it may cause an accident. Install the safety fence to stop the robot when one, who intends to replace for
TIP DRESSING or TIP changing replacement, or to inspect welding equipment, opens the fence gate and
approaches the equipment during operation.
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Figure 1.1 Recommended size for safety net and entrance gate (slot type entrance gate)

1.5m (60") Min

0.3m (12") Max

/\
v

4.9cm(1.875") Max  4.9cm(1.875") Max
Figure 1.2 Recommended size for safety net and entrance gate (square type entrance gate)
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1. Safety

Enough space for safety net should be secured by covering robot operating area so as that
workers would not have difficulty in teaching work or repairing work, and the safety net should
have solid structure in order that it would not move easily and man cannot enter over easily.

Safety net should be installed by static type in principle, and should not have hazardous parts
such as prominence and depression or keen part, etc.

Install the safety fence with an entrance gate, and register the safety plug at the gate so that it
does not open unless pulling the plug out. Wiring should be carried out in a way that the robot
should be in the operation ready OFF status as well as in the motor OFF status when the safety
plug is pulled out or safety net is open.

In order to operate the robot with the safety plug pulled out, wiring should be carried out in a
way that will allow the playback to take place at a low speed.

The emergency stop button should be installed at a place where it can be pushed quickly by the
operator.

If no safety net is to be installed, devices such as photoelectric switches, and mat switches,
should be installed, instead of the safety plug, to cover the overall area within the robot’s
operation range in a way that the robot can be stopped automatically when a person enters the
robot’s operation range.

Operation area of robot (hazardous area) should be distinguished by the method like painting
on floor.
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9 ) HD Rroeorics



HS210E

1.6.2. Placement of Robot & Peripheral Equipment

Q)]

(2)

(3)

(4)

(5)

(6)

(7)

(8)

9)

Please make sure that robot and peripheral equipment should be arranged by following
method.

In case of connecting primary power of controller or peripheral devices, please work after
checking whether supply power has been deleted. There is a possible danger of electric shock
because the high voltage such as 220V and 440V is used as its primary power.

Post a sign [No enter during operation] up the safety fence gate, and inform the operators of
its purport.

Arrange such devices as controller, interlock panel, and other manipulation panels to be handled
outside of the safety fence.

When installing operation stand, install the emergency stop button on the stand. Make sure that
stopping in an emergency situation can be initiated from any place from which the robot is
operated.

Make sure that the robot manipulator and the wiring and piping of controller, interlock panel,
and timer should not be placed in the way of operator's working range so that they would not
be directly stepped on by FORK and LIFT. Otherwise, the operator may suffer electrocution or
the wire may suffer disconnection.

Place the controller, interlock panel, and handling stand within the sight of robotic performance.
It may cause a major accident to operate the robot while the robot is malfunctioning in an area
where the robot’s activity can not be observed, or while the operator is working on it.

Restrict the robot's working envelope by using the soft limits and the mechanical stopper if the
necessary working envelope is narrower than the robot’s workable envelope. When the robot
is to move beyond the restricted envelop due to abnormal operation, such as the robot being
handled in a wrong way, the robot will be stopped automatically in advance thanks to the
function that restricts the workable envelop.

During the welding work, spatter could fall down to workers or the workers could be injured
by burning, or fire could break out. Install such devices as a glare shield or a cover in the full
sight of robot's working envelope.

Make sure that the device indicating the robot's running condition, whether automatic or manual
mode, can be noticeable even from a slightly distant location. In the case of automatic start-up,
a buzzer or a warning lamp will be useful.

(10) Make sure that there is no projecting part in the robot's peripheral equipment. Cover it, if

necessary. It usually could cause an accident if the operator comes in touch with it. And it may
cause a major accident when the operator tumbles while being astonished at the sudden
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movement of the robot.

(11) Don't make the system designed to allow the workers to carry the Work in and out using their
hands through the safety fence. It could be a cause of accident associated with compressing or
amputating.
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Figure 1.3 Arrangement of LCD robot peripheral devices and workers
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1.6.3. Installing the Robot

Please install the robot in accordance with following method surely.

Install the robot as per the planning and layout which has been previously reviewed and studied for its
optimized performance and functionality. In case of poor conditions for robot installation, the serious
problems can take place, including error of relative position between robot and workpiece during
operation, bad performance quality of robot caused by vibration, shortening lifetime, and cause of serious
accidents. Thus, pay attention to the following precautions when installing the robot.

General Safety Precautions

Q)]

()

(3)

(4)

(5)

(6)

(7)

8)

Design and install the robot system properly in compliance with laws, regulations, and safety
requirements enable in the country where the robot system is installed.

If the robot must be installed on the ceiling or wall instead of the floor, consult our engineer.
All the workers for the robot system must have the complete knowledge on the information
specified in the application and supplementary manual, and. proficiently operate and handle the

industrial robot.

Installation workers of robot must follow the safety instructions and apply them to the
installation when they face any safety problems.

System provider must ensure that all the circuits utilizing safety functions perfectly perform in a
safe way.

Install main power supply to be disconnected from outside of the robot’s working envelope.

System provider must ensure that all the circuits utilizing emergency stop function perfectly
perform in a safe way.

For the immediate emergency stop, install emergency stop button within the accessible distance
for the operator.

: HYUNDAI _
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Technical Safety Precautions

Q)]

()

(3)

(4)

(5)

(6)

(7)

(8)

9)

Eliminate any interference with peripheral equipment considering the dimension and working
envelope.

Avoid such place for installing which is directly exposed to the sun, extremely humid,
contaminated by oil or chemicals, and containing a large amount of metal powder and explosive
gas.

Install at the ambient temperature ranged 0~45C.

Secure sufficient space for the easier disassembly and maintenance.

Install safety fence with a gate, and prohibit any person from entering the robot's working
envelope.

Remove any obstacles out of the robot’s working envelope.

Take a special measure, considering thermodynamics of controller, if the robot is installed near
the heating elements or places exposed directly to the sun.

Take a special measure if the robot is installed in a place of abundant dust such as metal powder
in the air.

Install the robot not to transmit welding electric current. In other word, insulate SPOT GUN
with/from the robot’s wrist.

(10) Grounding is very critical in preventing electric shock and malfunction caused by noise, and thus

install as following instructions.

@ Install an exclusive grounding terminal using class 3 or higher. (For the input voltage of
400V of higher, use special class 3 or higher.)

@ Connect grounding line into the grounding bus-bar inside of the control panel.

® In case of direct grounding on the floor by anchoring, two-point grounding both by robot
manipulator and by controller can produce a “ground loop” and contrariwise cause
abnormal operation. In this case, connect the grounding line to the base of robot
manipulator and disconnect the second grounding point to the controller. If the robot
vibrates even after stopping, double-check the grounding status because the possible main
causes could be an incomplete grounding or “ground loop”.

@ In the use of internal transgun(GUN), there is a possible danger of dropping because the
primary power cable is directly connected to the spot gun. In this case, directly connect the
grounding line to the base of robot manipulator in order to prevent any electric shock and
protect the control panel, but do not connect it to the controller.
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1.6.4. Space for Robot Installation

Install robot after securing sufficient space for maintaining the robot manipulator, controller, and other
peripheral equipment. To install the main body and controller, please secure the above mentioned
installation area. Install controller outside of the safety fence in order to monitor the robot manipulator
and to operate in a safe way.

When installing, be sure to make it easier to perform the maintenance when opening the Controller door.
Secure the available space. The specifications of the controller can change according to the type of the
controller. (For more details, please refer to the “Maintenance manual”.)
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1.7. Safety Operation for Robot Handling

Follow the safety instructions to prevent any accidents. Don't modify nor ignore safety devices or circuits
at any time, and be careful of electric shock.

All the normal operations in an automatic mode must be performed outside of the safety fence. Check
the robot's working envelope if anyone is inside before operating.

1.7.1. Safety Precautions for Robot Handling

A

(M

(2)

(3)

(4)

(5)

(6)

(7)

Please observe following countermeasures because safety is very important for the
test operation of the robot.

Do not handle the robot other than such personnel as operators handling the robot and other
possible operators and supervisors who were designated as whom duly trained in an approved
robotic training course and become familiar enough with the proper operation of the safety and
robotic functions.

Be sure to wear helmets, goggles, and safety shoes.

Perform the work in pairs. One person must be ready to press the emergency stop button in an
emergency while the other must perform his work quickly but carefully within the robot’s
working envelope. Always check the escape route before working.

Make sure that there is no one in the working envelope when the power source is on.

Operations such as teaching must be performed outside of the robot's working envelope.
However, if the operation is performed within the working envelope after stopping the robot,
enter the envelope with safety plug or key switch for converting to automatic mode. Make sure
that other operators do not change it into automatic mode by accident. Also, pay close attention
to the specific direction of robotic movement in case of abnormal operation and malfunction.

In case of an unexpected axis fall, never place your body in the direction of the axis fall and the
compression range.

Motor brake slippage, balance spring failure, etc., can cause the axis to fall; check before
teaching. For gas springs, mandatorily check if proper pressure is maintained before teaching.

Supervisors should follow the instructions below.

M Be located at a place where you could take an entire view of robot, and commit yourself
to monitoring.

@ Press the emergency stop button immediately when abnormality is found.

® Anyone is forbidden to be near the operating area other than those who are engaged in
the operation.

In a manual mode, the speed of teaching is limited to 250mm/sec.
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(8) In teaching, post a sign [Under Teaching].
(9) Operators must pull the safety plug out, and enter the safety fence with the plug.
(10) Do not use any devices causing noise in and around the teaching area.

(11) Handle the teach pendant button, while checking the teaching point with your naked eyes, and
do not handle it just relying on your sense.

AHZ) It is a repairing part to be prepared for when you buy many sets.

(13) In teaching, check and examine carefully under your feet. In particular, in high teaching for more
than 2M, secure a safe zone on which you may step before teaching.

A(M) Instructions for any abnormal operations.

Press immediately the emergency stop button when any abnormal operations are found.
Be sure to check if the relevant equipment is stopped when checking the abnormality in an
emergency stop.

In case that the robot stops automatically due to power failure, investigate possible causes
and take actions after confirming that the robot completely stops.

In case of malfunction of emergency stop devices, immediately disconnect the main power
and investigate possible causes to take necessary actions.

Investigation of the failure must be conducted only by a designated person. For the re-
operation after emergency stop, operators must clarify the cause of failure and take
necessary actions, and then operate the robot again following the proper procedure.

®©@ & 0 006

(15) Write out the operating rules proper to working details and installing location regarding the
operation and handling method for the robot, and the necessary actions for robot's any failure.
In addition, it is recommended to operate the robot in accordance with the operating rules.

(16) Instructions when the robot stops
Make sure not to approach the robot even when it seems to be stopped. Most accidents occur
from a sudden movement of robot which seemed to be stopped when one approaches it. The
conditions that the robot stops are as follows.

Table 1-2 State of Robot Stop

No. State of Robot Drive Power Access

Pause
! (Minor failure, Pause switch) ON X

Emergency stop

2 (Major failure, Emergency stop switch, Safety gate) OFF O

3 Input signal standby of peripheral equipment ON X
(START INTERLOCK)

4 Playback Completion ON X

H D Hyunpas 1-18
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5 Standby ON X

Even in the accessible state of robot, be watchful against any possible sudden movement of
robot. Make sure to avoid approaching the robot without precautions for emergency under all
circumstances.

B During temporary halt, the entrance countermeasure same as entrance of teaching work should
be considered at the case (nozzle contact, welded part detected, arc error, and so on) of opening
entrance gate for simple management against error.

(17) Clean up any split oil, tools, and impurities in the safety fence after completing robotic operation.
Accidents such as conduction may occur in the working envelope contaminated by oil, or
scattered tools on its floor. Make a habit of organizing and cleaning things up.

} HYUNDAI
-9 ) H ROBOTICS




HS210E

1.7.2. Safety Precautions for Operating Test

Please observe following countermeasures because safety on robot operation is very
important.

In case of operating test, errors in design or teaching and inferiority in manufacturing are possibly seen
in the entire system such as teaching program, jig, and sequence. Thus, be more careful and safe in case
of operating test. Accidents may occur by these combined causes.

(1) Before handling, check the stop buttons and signal functions to stop the robot such as
emergency stop button or stop button. And then, check the abnormality - detective movements.
Above all, it is the most critical to check all the stop signals. It would be the most important to
stop the robot when any possible accidents are predicted.

(2) In case of operating test, start the robot at low speed(approximately 20%~30%) in the variable
speed function, and repeat it more than one cycle to check the movements. If any errors are
found, immediately correct them. After then, increase in speed (50% — 75% — 100%) gradually,
and repeat more than one cycle respectively to check the.movements. Operating at high speed
from the very beginning may cause a serious accident.

(3) In case of operating test, it is hard to predict what problems would happen. Do not enter the
safety fence during operating test. Unexpected accidents are likely to occur because of its low
reliability.
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1.7.3. Safety Precautions for Automatic Operation

Q)]

(4)

(5)

(6)

Please observe following countermeasures because safety on robot automatic
operation is very important.

While posting a sign [Do Not Enter During Operation] up the safety fence gate, ask the operators
not to enter during operation. If the robot stops, you may enter the safety fence under your full
understanding of the situation.

Be sure to check if any operators are inside of the safety fence when starting the automatic
operation. Operating without checking the presence of operators may cause a personal injury.

Before starting the automatic operation, check and confirm that the program number, step
number, mode, and starting selection are in the possible state for automatic operation. If starting
with the other programs or steps selected, the robot could move in an unpredicted way, and
lead to an accident.

Before starting the automatic operation, check if the robot is properly located to get started.
Check whether the program number or step number is identical with the location of robot. Even
if it's all identical, accidents are still possible to occur due to an abnormal movement when the
robot is differently located.

Be prepared to immediately press the emergency stop button when starting the automatic
operation. Immediately press the emergency stop button in case of robot's unexpected
movements or emergency.

Be sure to detect any abnormalities by checking the route, condition, or sound of robot
movement. Sometimes the robot may be abnormally operated including a sudden break down.
However, it will show a certain indication before the break down. Understand the robot's normal
condition well in order to catch the symptom in advance.

When any abnormality is detected from the robot, immediately stop and take proper actions on
it. Using the robot before any proper actions taken may cause an interruption of produce as
well as serious failure leading to a very serious personal injury.

When checking the robot’s movement after the proper actions taken for the abnormality, do
not operate the robot with operators inside of the safety fence. Unexpected accidents are
possibly to occur because its low reliability may cause another abnormality.
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1.8. Safety Precautions for Access to Safety Fence

Please observe following countermeasures because safety on robot automatic
operation is very important.

The robot is very heavy and strong, even at low speeds. When entering the safety fence, one must
observe the relevant safety regulations of its pertinent country.
The operators always must be aware of the unexpected movements of robot. Robots are able to move
fast shortly after being stopped. The operators should know that the robot is able to move in a different
route, without any notice, by means of external signals. Thus, when trying to stop the robot during
teaching or operating test, one should be able to stop the robot with a teach pendant or control panel.
When entering the working envelope through the safety gate, you must take the teach pendant with
yourself so that other people can not operate the robot. Make sure to post up the control panel a sign
indicating the state of robot handling.
People must understand the followings when they are to enter the robot’s working envelope

(1) Do not enter the working envelope other than teaching person.

(2) Operation set-up mode of controller must be a manual mode in the control panel.

(3) Always wear the approved working suite.(Do not wear a loose clothes as you please)

(4) Do not wear gloves when handling controller.

(5) Do not leave innerwear such as underwear, shirts, or necktie out of the working suite.

(6) Do not wear personal accessories such as big earrings, rings, or necklaces.

(7) Make sure to wear safety shoes, helmet, and goggles and if necessary, wear other self-
protective outfit such as safety gloves.

(8) Make sure that the emergency stop circuit is working correctly and in its proper function, turns
MOTOR OFF when pressing the emergency stop button in the control panel and teach pendant
before handling the robot.

(9) Make your posture face-to-face with the robot manipulator when performing your work.

(10) Follow the predetermined working procedure.

(11) Be prepared for emergency exit or safe place considering that the robot may unexpectedly rush
at you.
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1.9. Safety Precautions for Maintenance and Repair

1.9.1. Safety Precautions for Controller Maintenance and Repair

Q)]

()

(3)

(4)

(5)

(6)

(7)

(8)

9)

Please observe following safety countermeasures on repair and check for robot
controller.

Maintenance and repair of the robot must be performed by the personnel who was duly trained
in the special maintenance training course and has a good knowledge of maintenance.

Perform your work following the maintenance procedures for controller.

Perform your maintenance and repair in a safe way by securing emergency exit or safe place.
Before the daily maintenance, repair, or changing parts, be sure to power down. In addition,
post a warning sign [Do Not Input Power] up the primary power so that other operators may
not input power by accident.

When changing parts, be sure to use the specified ones.

When you open the door of controller, you should turn off power, and please start working
after 3 minutes.

If sufficient illuminance is not secured when you perform maintenance and inspection inside the
controller, you should use external lights.

Please do not touch heat radiating plate of servo AMP and recovery resistance because they
are very hot.

After completing maintenance, be sure to close the door completely after checking if tools or
other things are still remained in the controller.
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1.9.2. Safety Precautions for Robot System & Manipulator Maintenance

Q)]

(2)

3)

(4)

(5)

Please observe following safety countermeasures on repair and check for robot
controller.

Refer to the safety precautions for Controller maintenance and repair.

Perform your maintenance and repair for the robot system and manipulator, following the
indicated procedures.

Be sure to disconnect the primary power of controller. Post the warning sign [Do not input
power] up the primary power to prevent other workers from connecting the power.

Make sure that the Arm is fixed and immovable before maintenance and repair since dropping
or moving of the robot's Arm may cause a danger during maintenance and repair.

If the pressure of the gas spring decreases, the robot.arm may. fall. Thus, make sure never to go
under the direction where the arm may fall. To prevent the arm from falling in cases when the
gas spring’s pressure excessively decreases, do not operate in a direction other than the origin
of the second axis. After moving the second axis to the origin, increase the pressure of the gas
spring or replace the gas spring.

1.9.3. Necessary Actions after Maintenance and Repair

Q)]

(2)

(3)

(4)

(5)

(6)

(7)

Please install the robot in accordance with following method surely.

Check if the cables or parts of controller are properly connected.

After maintenance is completed, carefully check that no tools are left around or inside of the
controller and manipulator. Make sure that the door is firmly closed.

Do not turn on the power if any problems or critical failures are detected.

Be sure that there is no one within the working envelope, and that you are in a safe place before
turning on the power.

Turn on the main circuit breaker on the control panel.
Check the current position and status of robot.

Operate the manipulator at low speed.
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1.10. Safety Functions

1.10.1. Operating a Safety Circuit
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Figure 1.5 Configuration for safety chain

The robot's safety system is based on a two-channel safety circuit that is continuously monitored. If an
error is detected, the power supply to the motors is disconnected and the motor brake is applied. To
return the robot to MOTOR ON mode, the switches of two-channel circuit must be connected. If one of
the two-channel circuit switches shorts, the contactor of motor will be disconnected leading to the
application of brake, and finally the robot will be stopped. Furthermore, when safety circuit is
disconnected, the interrupting call will be sent automatically to the controller to find out the possible
reason for the interruption.

The safety control circuit of operation is based on dual safety electric circuit in which the controller and
MOTOR ON mode are operated interactively. In order to be in MOTOR ON mode, the safety circuit
consisted of several switches must be all connected. MOTOR ON mode indicates that drive power is
supplied to the motors. If one of the contactors is disconnected, the robot will always return to MOTOR
OFF mode.

MOTOR OFF mode indicates that drive power is removed from the robot's motors and the brakes are
applied. The status of the switches is displayed on the teach pendant. (Refer to the I/0 monitoring screen
of "SERVICE" menu, TOperation manualy .)
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Safety circuit

The emergency stop buttons on the controller panel and on the teach pendant and external emergency
stop buttons are included in the safety circuit of operation. Users may install the safety devices (safety
plug, safety stop device for safe place) which are operated in the AUTO mode. In a manual mode, the
signals of these safety devices are ignored. You can connect the general safety stop devices that is active
in all operating modes. No one can enter the working envelope in an automatic operation mode due to
the unconditional operation of the safety devices (door, safety mat, safety plug etc.). These signals are
also generated in a manual mode, but the controller will keep the robot operating while ignoring the
robot's teaching. In this case, maximum speed of robot is restricted to 250mm/s. Thus, the purpose of this
safety stop function is to secure the safe area around the manipulator while one approaches the robot
for maintenance and teaching.

When the robot is stopped with the limit switch, change the robot’s position by operating it with the

pendant key at the constant setting mode. (Constant setting mode refers to the state of entry into the
menu F[F2]: Systemy; menu)

The safety circuits must never be by-passed, modified or changed in any way.
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1.10.2. Emergency stop
An emergency stop should be activated when people or equipment is located at the dangerous area. The
emergency stop buttons are located both on the control panel and on the teach pendant.
All safety control devices such as emergency stop buttons on the control panel must be located outside
the working envelope and easily accessible at any time.

Status of Emergency stop

When the button is pressed, the robot will operate as follows.
Robot stops immediately in any cases.

B Disconnect the servo system power.

B Motor brake is activated.

B Emergency stop message is displayed on screen.

For the emergency stop, the following two methods can operated simultaneously.

(1) Emergency stop for control panel and teach pendant (Basic)
Above the control and teach pendant console.

(2) Emergency stop of external system
External emergency stop device (button etc.) can be connected to the safety electric circuit in
accordance with applied standard for the emergency stop circuit.

(Please refer to system board in “basic configuration of controller”) At this time, the emergency
stop must be connected to be “Normal On” and it must be check for proper operation during

test run.
External
Emegency
TBEM :
EXEM1- 1
24 ~
EXEM1+ 2 ,
T
EXEM2+ 3 ) :
» 24 ~
EXEM2- 4

A

Figure 1.6 Connection with external emergency halt switch through system board terminal block TBEM
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1.10.3. Operating Speed

To teach the robot, the operating mode switch must be in a MANUAL mode. Then the maximum speed
of robot is limited to 250mm/s.

1.10.4. Connecting the Safety Devices

External safety devices such as light beams, light curtains, safety plug, and safety mats which can be
adapted by the system builder execute interlocking the controller by way of connecting with safety circuit
within the controller. These devices are used for safety device during execution of normal program in an
automatic mode.

1.10.5. Restricting the working Envelope

When the robot is not necessary to reach certain area for specific applications, working envelope of the
robot can be limited to secure the sufficient safety working area. This will reduce the damage or loss in
case of robot's collision with external safety devices such as safety fence, etc. The movement of axes 1,
2, and 3 of HR, HX, HS and HA can be limited by means of mechanical stopper or electrical limit switches.
In this case, the corresponding software limitation parameters must be also changed. If necessary,
movement of wrist 3 axes can be restricted, too. Limitation of working envelope for all the axes could be
carried out by the user. The robot is delivered to customer as the status of full working envelope setting.

® Manual mode: Maximum speed is 250mm/s.
In a manual mode, by means of worker’s selection, workers may enter the safeguard area.

® Auto mode : The robot can be operated via remote controller.
All safety devices such as safety door, safety mats, etc. are activated.
No one may enter the safety device area of robot.

1.10.6. Monitoring Function

(1) Motor monitoring function
Motors are protected against overload by means of onboard sensors.

(2) Voltage Monitoring Function
For the protection of, the servo amp module turns off the power switch when the voltage is too
low or too high.
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1.11. Safety Related to End Effectors

1.11.1. Gripper

(1) When a gripper is used to grip a workpiece, there should be safety precautions for unexpected
dropping of the loaded workpiece.

(2) When any end effectors or devices are installed on the robot arm, use the required size and
piece of bolt, and securely fasten as per the required torque using torque wrench. Do not use
the bolt which has rust or dirt on its surface.

(3) End effector must be designed and manufactured not to exceed the maximum allowable load at
the wrist of robot. Even though power or air supply stops, the gripped workpiece must not be
dropped from the gripper. In order to remove any risks and problems which may cause personal
injury and/or physical damage, the sharp edge and projecting part of end effector must be made
dull and smooth.

1.11.2. Tool / Workpiece

(1) It must be possible to replace tools such as milling cutters in a safe manner. Make sure that
safety devices are working correctly until the cutters stop rotating.

(2) Tool must be designed to keep in gripping workpiece securely even though a power failure or

a control failure takes place. It must be possible to release workpiece from the gripper in a
manual mode.

1.11.3. Pneumatic and Hydraulic Systems
(1) The special safety regulations will apply to pneumatic and hydraulic systems.
(2) Since residual energy of pneumatic and hydraulic systems can be still remaining even after the

robot stops, particular care and attention must be paid by users. Internal pressure of equipment
must be removed whenever starting the repair work for pneumatic and hydraulic systems.

} HYUNDAI
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1.12. Liabilities

The robot system has been built in accordance with the latest technical standards and approved safety
rules. Nevertheless, the serious accidents such as death or personal injury still may take place due to the
collision between the robot system and peripheral equipment.

The robot system must be used by operator who has a full technical knowledge on its designated use
and also pay his close attention to the possible dangers and risks involved in its operation. The use of
robot system is subject to compliance with these operating instructions and the operation and
maintenance manual supplied together with the robot system. The safety related functions of robot
system must not be used for any purposes other than safety.

When you use the robot system for any other or additional purposes than its designated usage, you must
review whether it is enable in accordance with design criteria. The manufacturers cannot take any
responsibility for any damage or loss which resulted from such misuse or improper use. The users shall
have the full responsibility for the risks caused by such misuse or improper use. When you use and operate
the robot system for its designated use, you must have a good command of all the information contained
at these operating instructions as well as the maintenance manual.

The robot system may not be put into operation until it is-ensured that the functional machine or plant
into which the robot system has been integrated conforms to the specifications of the EU Machinery
Directive 98/37/EC(2006/42/EC) and US OSHA.

The following harmonized standards in particular were taken into account with regard to the safety of
the robot system.

H  ANSI/RIA R15.06-1999
Industrial Robots and Robot Systems - Safety Requirements
H  ANSI/RIA/ISO 10218-1-2007
Robots for Industrial Environment - Safety Requirements - Part 1 - Robot
® SO 11161:2007
Safety of machinery - Integrated manufacturing systems - Basic requirements
B ENISO 13849-1:2008
Safety of machinery - Safety-related parts of control systems - Part 1: General principles for
design (ISO 13849-1:2006)
B EN 60204-1:2006
Safety of machinery - Electrical equipment of machines - Part 1: General requirements (IEC
60204-1:2005 (Modified))
B ENISO 10218-1:2006
Robots for industrial environments - Safety requirements - Part 1: Robot (ISO 10218-1:2006)

Users must take the full responsibility for any accident caused by their negligence or non-observance of
these instructions. The manufacturer will not take any liabilities and responsibilities for any damages or
losses caused by the misuse or malfunction of such equipment which is not included in the contract
between manufacturer and user and provided by user, or such equipment which is installed around the
robot system arbitrarily by the user. User must take the full liabilities and responsibilities for any risks and
damages caused by such equipment.

: HYUNDAI )
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U 2. Specifications

."&J‘

2.1. Robot Machinery Part

H5210 = = =
|—> Specification No
Robot Type
> Payload
Series Name

Figure 2.1 Robot Machinery Part

HS210E
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2. Specifications

2.2. Location of Robot Identification Plate

The model name, serial number, and manufacturing date of robot are written down in the name plate.
Identification plate is located at the bottom of the main body (Left or right side) as shown in the following

figure.

 AHYUNDAI [g, (¢

Product Name : Robot Manipulator
Model Name :
Serial Number

Year of Manufacture :
Weight(Net) : Kg

Manufactured by

Hyundai Robotics Co., Ltd.

50, Techno sunhwan-ro 3-gil, Yuga-myeon, Dal gun, Daegu, 43022, Korea
@ Tel : 82-53-670-7114 Home page : www. hyundai-robotics.com @
Fax: 82-53-615-6517 Made in Korea

[OLD]

> HD e [es CE€

Model

Serial No.:

Date ; 52
Weight kg =Y

HD Hyundai Robotics Co., Ltd.
50, Techno sunhwan-ro 3-gil, Yuga-eup, Dalseong-gun, Daegu, 43022, Korea
Home page : www.hyundai-robotics.com

Made in Korea

[NEW]

Figure 2.2 The location of identification plate
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2.3. Basic specifications
Table 2-1 Basic Specification for Each Model

HS210E

ltem Specification
Model name HS210E
Payload 210kg
Structure Articulated

Degree of freedom

6 (6-axes S, H, V, R2,B, R1)

Driving method

AC servo

Installation type

To be fixed on the floor (floor mount)

S Swivel +3.142 rad (£180° ), +3.107 rad (£178° ) LS Option'
. H | Horizontal +0.175 ~2.705 rad (+10° ~ 155° )
Main
a5 v | Vertical +1.396 ~ ~1309 rad (+80° ~ -75° )
Maximum
opertion H/V |Interference +0.262 ~ 2.967 rad (15° ~ 170° ),
range
R2 | Rotation 2 +3.665 rad (+£210° )
Wrist | 5 | Bending +2.182 rad (£125° )
axis
R1 | Rotation 1 +3.665 rad (+210° )
S Swivel 2.094 rad/s (120° /s)
Main | 1 | Horizontal 1833 rad/s (105° /s)
axis
Vv Vertical 1.920 rad/s (110° /s)
Max. speed
R2 | Rotation 2 2.269 rad/s (130° /s)
Wrist | B | Bending 2.269 rad/s (130° /s)
axis
R1 1 3.578 rad/s (205° /s)
Payload 2,059 N.m (210 kg)

: H HYUNDAI
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2. Specifications

ltem Specification
R2 R°t;“°" 1,334 N.m (136 kgf.m)
Wrist torque B | Bending 1,334 N.m (136 kgf.m)
R1 [Rotation 1 706 N.m (72 kgf.m)
Positional repeatability? + 0.09 mm
Main body weight 970 kg
Ambient temperature 0~ 45T (273 ~ 318 K)
;:jltf;':rt:;:t Relative humidity 20 ~ 85 %RH
Vibration 0.5G or below

! LS Option: Maximum operation angle when a limit switch for limitng the angle is attached.
2 Conforms to ISO 9283.

} HYUNDAI
25 ) HD Rroeorics



HS210E

2.4. External dimensions and operation area of the main body

RZ666
ange of
otation Center

(@]
o
1 Motion Range of
i B—axis Rotation Center
s @]
O
w
1
1857 _ 2666 |

Figure 2.3 External dimensions and operation area of the robot’s main body
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2.5. Axis Identification

Table 2-2 Axis motion

2. Specifications

Axis Name Operation Teach Pendant Button

S Arm Swivel X+(S+) X-(S-)

H Arm Forward and Y+ (H+) Y-(H-)
Backward

Vv Arm Upward and Z+(V+) 7-(v-)
Downward

R2 Wrist Rotation 2 RX+(R2+) RX-(R2-)

B Wrist Bend RY+(B+) RY-(B-)

R1 Wrist Rotation 1 RZ+(R1+) RZ-(R1-)

Figure 2.4 Robot Dimension and Axis

HYUNDAI

2-7
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2.6. Detailed drawing of the wrist axis attachment surface

When attaching a working tool to the flange of the front end of the wrist axis, please use P.C.D. 125 bolts.

10-M10 TAP DP.16
(PCD 125)

@160400,063

2-810H7 REAMER DP.12
(PCD 125)

Figure 2.5 Detailed drawing of the wrist axis attachment surface

2.6.1. Precautions when using an application cable clamp

When using an application cable clamp, ensure a minimum of 200 mm of space to the “H” mark in the
following figure on the tool side. This space is necessary for application cable clamp replacement and to
prevent the cable from bending.

If there is insufficient space from the “H” mark, disassembling the clamp and replacing the cable may be
hard. The tool may need to be disassembled. Thus, carefully design the tool considering clamp
disassembly and cable replacement for minimized repair time.

When attaching the clamp to the tool side, round the corners to prevent cable splitting due to
interference between the corners of the tool hole and the cable, and protect the cable with an anti-

wear protective cover.
To prevent the cable from being disconnected from the clamp when the robot is operated, determine

the amount of rubber surrounding the cable.

ROBOT SIDE, TOOL SIDE APPLICATION CABLE
CLAMP(OPTION)

12 "y TOOL

A, |
RUBBER /
N

\

78

%woz(bOOL)
/|
|
|
T\\
%4
b

4—M6x16L(12.9T) BOLT
(Tightening torque 140 kgf.cm)

E |
\\\ \\\ //
\\ 4-M6 TAP DP.14

N
5

H D Hyunpas )-8
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2. Specifications

2.7. Application Wiring and Inspection Wiring Diagram

The robot body has an air unit (optional) and a connector (optional) to connect additional equipment.
The following figures display user application connectors (optional).
[Note]l Max. air pressure: 5 bar (5.1 kgf/cm2, 72.5 psi)

USER AR (Re3/8)
SERVO GUN ENCODER USER POWER
(Option) (Option)

=

I 4
USER 1/0 s %
SERVDGUN gOtWER USER SIGNAL
(Option) (Option)
Welding Power Air Servo Gun
3-912(25S0Q) OD:g12-1D:@8 Power/Encoder

N Water In/Out /@
wllﬂ@ OD:216-ID:g12 /@
Intelligent TC detection line USER 1I/O Box !
2-10P X 0.35Q | —

@

q

[

Figure 2.6 Application Wiring and Inspection Wiring
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CMR2(M)

(ROBOT SERVO GUN POWER-ANRI1A)

AMRTA

(ROFHV.6C—1.55Q)

1. Moker : HARTING

2. Type

Crimp Terminal(F) 09 12 005 2733
Housing 19 20 003 1252
Crimp Contacts (F) 09 33 000 6204

Backside

CERT(M) (ROBOT SERVO CUN ENCODER-AER1A)

ROIREV-SB, 2P-0.35Q AERIA

1. Moker : HARTING

2. Type
Crimp Terminal(F) 09 36 008 2732
Housin 19 20 003 1252

9
Crimp Contacts (F) 09 15 000 6204

Terminal 1/0 Box
ASR1A
ROIREV=SB, 10P-0.35Q
1. Moker : BOXCO
ASR1B Auminum Terminol Box  BC-AL-40P2
) ROIREV-SB, 10P-0.35Q
Backside
1. Mok : VEIOWULLER
2 e
Cimp Termino(M) 165 117 0000
4 127 436 0000
Coang P 120 360 o000
Gimp Conloct () 125 152 0000
Cinp Contaet ) 165 135 0000

Figure 2.7 Details of the application connector

HYUNDAI -
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2. Specifications

2.8. Restricting the Working Envelope

When installing the robot, take into account that the working envelope can be adjusted freely within the
entire working envelope.

Limiting the motion range is useful when:

B During robot operation
B When the robot is likely to collide with another device
B When the length of the application cables or hose pipes are limited

There are three methods to use to limit the motion range of the robot as follows:

B Software limit (applied to the entire axis)
B Limit switch (1-3 axis: optional application)
B Mechanical stopper (1-3 axis)

A [Warning]

The mechanical stopper is a physical device. The robot should not exceed the area occupied by the
mechanical stopper. The mechanical stopper of a 1-3 axis is fixed. The mechanical stopper with a 4-6 axis
is applied only within the software limits.

Once the mechanical stopper is collided with, its strength cannot be guaranteed. Therefore, please ensure
it is replaced after impact.

2.8.1. Axis 1(Axis S)

By adding one more mechanical stopper, the working envelope of the 1st axis can be limited. (by 30 °).
If the 1st STOPPER BLOCK and STOPPER are deformed due to a great impact, they must be replaced.

} HYUNDAI
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5, 3. Instructions HS120E

3.1. Robot Component Name
The following [Figure 3.1] show and name each component of the robot.

Arm Frame Arm Pipe Wrist
(%* EE'H%‘) <%} H}O‘E)

Mechanical Interface

(= ojme Th=)

Upper Frame

(¥% Zag)

H-Axis [ imit Switch

Lower Frame

Base.Body
o~ s

Figure 3.1 Name of Robot Components

[Notel The basic 3-axis limit switch is an option.

H HYUNDAI 3-2
ROBOTICS



3. Instructions

3.2. Location of Safety Nameplate

In order to prevent any accidents, safety marking plates such as [Figure 3.2] are attached to the robot.
Do not remove or replace it unnecessarily.

5 &0
6 E)
® J
o | ON =y
- —
o Z
S-axis Qver un
Limit Switch| THO @

[GREASE 0U
VIEW'B"
GADUS 53 V220C 2|
Every 6 months
Guantity 7 CC

A[AUT\UN

VIGO GREASE RED

6-Axis Encoder Battery

5-Axs Encoder Battery
Maker
Standard  ERGCIAA] 36V

Replacement : Every two year| Replacement - Every fwo year|
Marell Maker Maxell
Sfandard  ER6CIAA) 36V

R2-Axis Motqr
R1-Axis Motof
HYUNDA] &“UT‘DN A[AUT\UN
ray» E—

)

—axis Qver riin
Limit Switch

[0PTION]

Arm can arsp and crush

4-Axis Encoter Batler

HYUNDAI Replacement + Every 1vo year
oher el
"
] USER meiEn Standard  ERL(AAl 36V
Zert e
# H-Axis Mofo

3-Axis Encoter Batlery [/ varing FoE -
e e Replacement - Every two year Lﬂiﬁ,j XXXXX-XX
| HRCE &A1 GAS SPRING MAKER! D]% Maker tasell ke (2% 299 267)
ICKERETE 22 Standard  ER6C(AAl 36V
e
GADUS S3 V2200 2
Every 6 months.
Quanhity 7 CC
5 2a7i= ] of
TAUTION REASE 0U
UPPER FRAMES #8®
Arm can 699 and crusn
1.2-Axis Encoder Battery o
Replacement . Every two year| =
Maker Maxel
i 3 Standard  ERGCIAR) 26V
> AHYUNDAY @)
tmonas >+ C€ A\ oo
s ey
Model Name
Serial Number Arm tan drop and crush. [GREASE 0UT]
Year of Manufacture
Weight(Net) Kg

[OLD]
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A wZenin
WARNING
HS2T0E e

T

[NEW]

Figure 3.2 Location of Safety Nameplate (HS210E)
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3. Instructions

3.3. Transportation method

The robot can be transported using a crane and forklift. When moving the robot, put the robot into a
posture suitable for each transport situation as shown in the figure below, and transport it using eyebolts
and designated transportation equipment.

You need to move or unload the robot slowly and very carefully.

When unloading the robot onto a floor, be careful not to cause a strong collision between the
bottom installation surface of the robot and the floor surface.

Never transport the robot by means other than the specified transport equipment and methods.
When transporting the robot, be very careful not to allow the motors, connectors, cables, etc.
of the robot to be damaged by the crane wire or forklift.

When transporting the robot, make it keep its horizontal level.

When transporting the robot using a forklift, check the bolts fixing the transport equipment and
tighten any loose bolts.

When you disassemble or assemble the transport equipment (forklift brackets), the manipulator
will slide. Fix the robot with bolts using the robot fixing bolt holes to prevent the robot from
falling over.

Robot fixing bolt hole

HD rosorics




3.3.1. Using Crane

|
2]
L),
el =yl
S
[a]

I center of gravity center of gravity

Eye bolt 4-M24

HS120E

Crane

Capacity minimum 2.5ton
Wire rope

Capacity minimum 1.0ton/ea
Length 2.5m

T es

Take precautions not to damage
the motors encoders, cables, etc.

AL

150

(%o
€2 /N0)

S- Axis 0
H- Axis 150
V- Axis -60
R2- Axis 0
B- Axis -90
R1- Axis 0

Figure 3.3 Transporation method: Using a crane

H HYUNDAI
ROBOTICS

3-6



3. Instructions

The following lifting instructions are valid for a "naked" robot. If additional equipment is put on the robot,
the center of gravity may change and make lifting dangerous.

A

Never walk under the robot.

Pose the robot as shown in the Figure..

Install 4-M24 eye bolts to the base body.

Fasten wire ropes (4 units) to the eye bolts (4 units).

Minimum crane capacity: 2.5 tons. Minimum rope capacity: 1 ton/unit

Attach a protective hose (50 cm) to the robot’s main body to prevent damage.
Observe the safety regulations when carrying out the lifting operation.

Fix the ropes carefully to avoid damaging the robot's motors, connectors, and cables.
Weight of the main body: 970 kg

HD rosorics
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3.3.2. Forklift use

A forklift can be used to carry the main body of the robot.

For safety reasons, please pay attention to the following procedures:

Refer to the figures to see the basic position of each model.

Check if the fixing bolts of the forklift bracket if they are loosened. Make sure to tighten them.
The forklift bracket must have sufficient strength to withstand the load.

Make sure there is no collision between the forklift’s fork and the bracket.

Before transporting the robot using a forklift, check if the robot is level.

Transport the robot at low speed.

Comply with safety regulations.

A Precautions

During transportation, do not lean on the robot body.

Make sure the robot body does not hit the floor during loading and unloading.

Comply with safety rules when working with the forklift.

When transporting the forklift using an SKID, check if the bolts between the robot and the SKID
are tightened. If not, connect them firmly.

To prevent collisions between the forklift bracket and the robot, disassemble the transport
equipment before operating the robot. Transportation method: Using a forklift (Base body type)

H HYUNDAI 3-8
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3. Instructions

1176
‘ 1044
4-M24 TAP THRU
4=M12 TAP THRU D .
> o
5, D
=) i
N
o~
o
T _&O
o640 :
< —
o =x
N Forkliff
' O y Capacity
. Min. 25ton
o center of @) S 750
=24 gravity center of . : /
gravity .
200 5

82

628

828 (Transport equipment)

1046 Forklift bracket(Option)
S- Axis 0
H- Axis 150
V- Axis -60
R2- Axis 0
B- Axis -90
R1- Axis 0

Figure 3.4 Transportation Method : Forklift use (BASE BODY TYPE)
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176
1044
4—-M24{ TAP THRU
4-M12| TAP THRU D -
o )
ao )
M
o
fe)
; 20
640 -
o3 -
(@) c o ]
® B 5 = [
N Forklift
S X y y Capacity
= O Q A 7500 Min. 2.5fon
B enzy Az : 3 /
EEN
200 T dekin :
A o o |6
[@N) I
S 7 @880 o |
:
628 S8rEY|
828 (Transport equipment)
1046 Forklift bracket(Option)
S- Axis 0
H- Axis 150
V- Axis -60
R2- Axis 0
B- Axis -90
R1- Axis 0

Figure 3.5 Transportation Method : Forklift use (LOWER FRAME TYPE)
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3. Instructions

3.4. Storage of the robot

To store the robot for non-use, position it as shown in [Figure 3.3].

[Caution]

If not placed as instructed, the robot may fall. For long-term storage, take extra care to ensure that it
does not fall.

3-11 H HYUNDAI
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3.5. How to Install

NOTE:
ABefore starting to unpack and install the robot, read the safety regulations and other instructions very
carefully.

If the robot is to be used in an environment other than designated conditions of use, please contact the
service center.

Warning:
The installation shall be made by qualified installation personnel and should conform to all national and
local codes.

When unpacking the robot, check if it has been damaged during transporting or unpacking. In addition,
strictly keep the following installation instructions because installation method and foundation are very
important to maintain a good robot performance.

3.5.1. Operating Conditions

(1) Ambient temperature should range from 0°C to 45C.

(2) Ambient humidity should range from 20% to 85% RH, without dew condensation.

(3) Less dust, oil, or moisture.

(4) No flammable, corrosive liquid or GAS.

(5) No impact and shacking.

(6) No electrical noise generator near the robot.

(7) If the robot is not immediately installed, keep it in a dry area at an ambient temperature
between -15C~ and 40°C.

H HYUNDAI 3-12
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3. Instructions

3.5.2. Installation the Robot Manipulator

When it comes to the rigidity of the foundation floor where the robot will be installed, the floor should
be constructed with concrete more than 300 mm thick to minimize the dynamic influence of the robot.
When installing the robot, repair uneven spots, cracks, and others on the floor and fix the mounting plate
by using M20 chemical anchors. If the concrete is not more than 300 mm in thickness, an independent
foundation should be constructed, meaning that it is required to carry out reviewing before the
construction work. Place the robot’s main body on the mount plate, and then fasten it with 8 bolts of
M20.

® Bolt : M20*70 (strength grade: 12.9)
® Plain washer : T =4mm or above, Inner diameter (ID) = 24, Hardness = HrC 35 or above
® Fastening torque: 5700 kgfcm

3-13 HYUNDAI
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3.5.3. Accuracy of Installation Surface

The floor plan of the robot installation surface should be less than or equal to 0.5 mm.
If the floor plan is not suitable, the robot’s performance may be hampered due to base
body deformation and damage.

Figure 3.6 Accuracy of Installation surface

H HYUNDAI 3-14
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3. Instructions

3.5.4. Dimension of Installation Surface

To attach the robot’s base body, fix the bottom surface of the swivel base.
Refer to [Figure 3.7]1 for dimensions.

- 530 5
400 e
7
4—M!
8 .
i
=
I +H
iy >
E [N
Tl B |
% i
I 5
™~
%
a \
!

i

/
’Z,/
=4

©: Machining .
for positioning| | 10/£5, £01
(option)

Figure 3.7 Dimension of Robot Installation
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3.5.5. Robot Cable Connection

A

N Power cable

Figure 3.8 Robot Cable Connection (HS210E)

The robot is connected to the controller through a power cable and a signal cable. 0| Cable Connect
these cables to the connector on the back of the robot base. .Connect the ground wire or pneumatic
and optional cable connection, refer to 2.7 Application Wiring and Inspection Wiring Diagram’ page.

A Make sure to turn OFF the power of the controller before connecting the cables.

H HYUNDAI 3-16
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3. Instructions

3.5.6. Emergency Stop time & Distance

The following items are the response time and distance for an emergency stop during the max speed
operation of each axis (S, H, and V) with the standard load.

® HS210E
S-axis
Max time : 0.85 seconds
Max Moving Distance : 5433 Inch/ 1380 mm
H-axis
Max time : 0.89 seconds
Max Moving Distance : 61.18 Inch / 155.5 mm
V-axis
Max time : 0.81 seconds
Max Moving Distance : 4740 Inch / 1204 mm

3-17 HYUNDAI
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3.6. Allowable Load of Wrist Axis

3.6.1. Permitted load torque estimation

The load, which will be applied to the mechanical interface of robot's wrist axis, is restricted by allowable
weight, allowable load torgue and allowable moment of inertia.

B Step1
Calculate the position of the center of gravity at the center of rotation of the B axis (Lx, Ly and
L2).
L« Position of the center of gravity in the direction of X axis
L,: Position of the center of gravity in the direction of Y axis
L, Position of the center of gravity in the direction of Z axis

B Step?2
Calculate the distance from B axis and R1 axis to the center of gravity.

LB =\ sz + I—zz , LRl = va + Lz2
Lgs: Distance from the center of rotation of B axis to the center of gravity.

Lr:- Distance from the center of rotation of R1 axis to the center of gravity

B Step3
Calculate the load torque from the calculated distance.

Ty = MglLg Try = MgLp,

Tg: Load torque at the center of rotation of B axis
Tgr,: Load torque at the center of rotation of R1 axis
M: Mass of load

g: Gravitational acceleration

B Step4
Check if the load torque calculated in Step 3 is below the limit value, based on the table of
allowable load torques.

H HYUNDAI 3-18
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.. 210kg

[mm] 600

3. Instructions

500

80kgq

210k \\
\

400 600

800 1000
Ls [mm]

Figure 3.9 Troque diagram of the wrist axis

AAIIowable Load Torque

Table 3-1 Allowable Load Torque

Allowable Load Torque
Payload
R2 Axis Rotation B Axis Rotation R1 Axis Rotation
210 kg Less than 1,334 N:'m (136 kgf-m) Less than 706 N'm (72 kgf-m)

3-19
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3.6.2. Permitted inertia moment estimation

Refer to [Table 3-2] in using the robot so that the load does not exceed the allowable condition.

B Step1
Calculate moment of inertia of the load at the center of each wrist axis.
(Ja4, JaSy Jaﬁ)
Jas - Moment of inertia at the center of rotation of the R2 axis
Jas - Moment of inertia at the center of rotation of the B axis
Jas - Moment of inertia at the center of rotation of the R1 axis

B Step?2
Check if the moment of inertia is below the limit value, based on the table of allowable moments of inertia
below.

A Allowable Moment of Inertia

Table 3-2 Allowable Moment of Inertia

Allowable Moment of Inertia
Payload
R2 Axis Rotation B Axis Rotation R1 Axis Rotation
210 kg 200 kgm® (20.4 kgf-m-s® ) 155 kg'm* (15.8 kgf-m-s* )

H HYUNDAI 3-20
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3. Instructions

3.6.3. Example of permitted torque and inertia moment calculation

(1) Case #1 Simple 2-D model

| el
T

297

{Bam—

06

571

el =

Figure 3.10 2-D load model

o

M - Load weight

Jix — Inertia moment in X direction from weight center of load
Jyy — Inertia moment in Y direction from weight center of load
J;z — Inertia moment in Z direction from weight center of load
Jas~ Inertia moment from R2 axis rotation center

Jas~ Inertia moment from B axis rotation center

Js6~ Inertia moment from R1 axis rotation center

= Load condition: Stainless steel with width, depth, and thickness of 292 mm each (Mass 141.3kg)
(Mass 141.3kg)

@® Weight limit
Load weight: 141.3 < 210 kg

@ Limit of the allowable torque
Position of the center of gravity based on the B axis: LX = 366 mm, LY =0 mm and LZ = -76 mm

The distance from the B and R1 axes to the center of gravity is calculated as follows.
Distance based on the B axis: Ly = V0.3662 + 0.0762 = 0.374 m
Distance based on the R1 axis: Lg; = 0.076 m
Load torque of the B axis: Tg = MgLp = 52.8 kgfm < 136 kgfm
Load torque of the R1 axis: Tgry = MgLg, = 10.7 kgfm < 72 kgfm

® Limit of the allowable moment of inertia
Moment of inertia of the load at the center of gravity
Jxx=2.83 kgm?, Jyy= 2.83 kgm?, Jzz= 2.83 kgm?
Moment of inertia of the B axis (Ja5)
Jas = ML% + ], = 141.3 X 0.374% + 2.83 = 22.6 < 200 kgm?
Moment of inertia of the R1 axis
Jae = ML%; + ] = 141.3 X 0.0762 + 2.83 = 3.65 < 155 kgm?
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@ Conclusion
It is safe because the weight, torque and inertia moment all satisfy the limited condition.

(2) Case #2 Complicated 3-D model

A
|

260

&
&

Figure 3.11 HS165 3-D load model 2-D shape (HS210E)

Aluminum block shape combination
(0 =0.00287 g/mm?, : 201.3 kg)

m; (60 X300 X 300) 15.5kg
m; (520 X440 x 220) 144.5kg
ms (300 X300 X 160) 41.3kg

mi - i Weight of i block load

LXi - i Weight center location in X axis direction of | block
LYi - i Weight center location in Y axis direction of | block
LZi - i Weight center location in Z axis direction of | block

® Weight limit
Load weight : 201.3 < 210 kg

® Permitted torque limit

You can calculate the weight center location for the total load from the B axis rotation
center as follows

_ Yim;Ly _ 15.5x 250 + 144.5 x 480 + 41.3 x 890

= = = 546.4
* =TS m, 2013 mm

Ly, = 0 mm (Symmetric to Y axis)

H HYUNDAI 3-22
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3. Instructions

L _Limily 155X 0+ 1445 x 260 +413x260 __
2= Ty m, 2013 - crnimm

The weight center location for the total load from the B axis rotation center Lx = 546.4mm, Ly
=0mm, Lz =-240.0mm

Distance from B axis to center of gravity L = v0.5462 + 0.2402 = 0.596 m
Distance from R1 axis to center of gravity Lg; = v0.240% + 0.0 = 0.240 m

B axis load torque T = MgLg = 120.0 kgfm < 136 kgfm
R1 axis load torque Tgr; = MgLp; = 48.3 kgfm < 72 kgfm

x1y1z1 - x, y and z direction length of block m1
X2 y2 z2 — X, y and z direction length of block m2
x3y3 z3 — X, y and z direction length of block m3

LX1, LY1, LZ1 — Weight center location of block m1 from B axis rotation center
LX2, LY2, LZ2 - Weight center location of block m2 from B axis rotation center
LX3, LY3, LZ3 - Weight center location of block m3 from B axis rotation center

Ixx1, Jyy1, Jzz1 — Inertia moment by x, y and z axis from the weight center of block m1
Ixx2, Jyy2, Jzz2 — Inertia moment by X, y and z axis from the weight center of block m2
Jxx3, Jyy3, Jzz3 - Inertia moment by x, y and z axis from the weight center of block m3

Figure 3.12 3-D load model 3-D shape

- HYUNDAI
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@ Permitted inertia moment limit

Table 3-3 Inertia moment from weight center by block

HS120E

Block weight (kg) | Weight center(Ly, Ly, L7) Jx Jyy )z
m; (15.5) (0.25, 0, 0) 0.232 kgm? 0.121 kgm? 0.121 kgm?
m; (144.5) (0.48, 0, -0.26) 2.913 kgm? 3.838 kgm? 5.586 kgm?
m; (41.3) (0.89, 0, -0.26) 0.398 kgm? 0.398 kgm? 0.620 kgm?

B axis inertia moment (J.s)

Jas = ) [mat; + 12 + Jyyi]

4

= [15.5 x (0.25%) + 0.121] + [144.5 x (0.482 + 0.26%) + 3.838]
+ [41.3 x (0.892 + 0.26%) + 0.398] = 83.9 < 200 kgm?

R1 axis inertia moment (Ja6)

Jas = ) [mali + 12) + Ja]

4

[15.5 X (0%) + 0.232] + [144.5 x (0.26%) + 2.913]

+ [41.3 x (0.26%) + 0.398] = 16.1 < 155 kgm?

Conclusion
It is safe because the weight, torque and inertia moment all satisfy the limited condition.

g H HYUNDAI
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3 4. Inspection i

e

==

This chapter provides the instructions for regular inspection and overhaul necessary for the prolonged
lifetime of robot performance.

Inspectoin plan

Inspection is positively necessary to continue and maintain the high performance of robot for long-term
operation.

There are daily inspection and regular inspection. [Table 4-1] shows basic periods for regular inspections,
so inspectors should make an inspection according to the indicated periods.

And overhaul every 35,000 operating hours.

The inspection periods have been reviewed for SPOT Welding. In case of high precision work such as
handling, it is recommended to inspect at the half intervals of that period as shown in [Table 4-11.

Table 4-1 Inspection Schedule

The main body, motors, reducers, gas springs, and the bearings of

Daily Inspection Dail
1y Tnspectl y gas springs

3months Wiring, bolts, reducers, and the bearings of gas springs

Yearly Inspection 6months Gas spring, Gas spring bearing, Timing belt

1years Limit switches/dogs and breaks

2 HD e



4.2. Inspection ltems and Period

Table 4-2 Inspection Items and Period

4. Inspection

Inspection
Intervals
Inspection "
No D 36 ltems Inspection method Standards Remark
al
M M
ly
Robot Manipulator and Axes common
. Examine dirt and dust with naked
1 @) Cleaning
eyes
Examine any cable damages
Examine cable fixing bracket
2 o Inspection tightening bolts paint marking with
wiring naked eyes
Examine any cable cover damages
with naked eyes
3 o Main bolts Examine paint marking with naked
eyes
Check if the
Limit Switch/ | Check the ON-OFF function-of limit |-Smergency - stop
4 Do switch lamp is on when
9 the limit switch is
ON.
Check the abnormal heating
5 © Motor Check the abnormal sound
Check the ON/OEF operation of When the brake
brake release switch release  switch s
6 Brake Note) Turn the switch off in a OFF. ARM of End
second because the ARM of .
. . Effect will not be
working axis may be dropped when drooped
the brake release switch is on pped.
Axis S, H,V
Check if noise is generate
7 | O Reducer Check if the vibration is
generated
Gas sprin
8 0 pring Check the pressure 125 ~140bar
pressure
Check if the bearing section is | The bearing
Gas spring overheated and if there are | section is normal,
9 @) . . . .
bearing foreign substances. Check if the | and the grease is
vibration is generated. maintained
Axis R2, B, R1
4-3 H D HYUNDAI
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HS210E

Check if noise is generate
10 @) Reducer Check if the vibration is
generated
1 o End effector | Check the paint markings with
bolts the naked eyes
Rotate each axis in the You should not be
12 @) Gap forward/reverse direction to able to feel the gap
check if there is a gap. with your hand
. ‘ there |s‘any dlver.5|on by rotating should not  feel
13 (@) Diversion each axis to the right and reverse . .
. diversion by touch
direction
@) Check the presence of play by ‘ .
4 Repl
14 O Timing Belt rotating the B / R1 axis in the tsi? et‘5 . Eplzcmg
forward / reverse direction € timing be

B If the robot is being used in severe conditions (e.g., spot welding, grinding, etc.), shorten the
check cycle to ensure the robot system’s performance.

B Check all visible cables. If there is a damaged cable, replace it with a new one.

B Check if the mechanical bumper is deformed or damaged. If the bumper is damaged or the dog
is broken, immediately replace it with a new one.

B Check the tightening torque of the main bolts in [Figure 4.1].

B To check if the power transmission devices (e.g., motors, reducers, etc.) are normal, check if
abnormal sound is generated in automatic or teaching mode.

B Regularly inspect the gas spring to maintain proper operating pressure. If the pressure decreases,
inject gas.

B Replace the gas spring after being used for a certain period.

B Replace the gas spring every 20,000 hours or when a proper operating pressure (125-140 bar)
cannot be maintained even after the gas is injected.

B |[f aload is correctly estimated, the gas spring pressure can be checked on the teaching pendant.
Thus, see the controller function guide and perform the gas spring pressure inspection function.
There are two pressure inspection types: “command-type gas spring pressure inspection” and
“stop position gas spring pressure inspection.” It is recommended to use the “command-type
gas spring pressure test” with higher accuracy.

B [f an error or alarm related to the gas spring pressure drop is generated on the teaching pendant,
mandatorily check the gas spring pressure.

B When the timing belt is checked or replaced, the tool may fall due to its weight. Thus, operate

the robot so that the tool does not fall.

2 HD e



4 3. Inspection of Main External Bolts

A

The recommended bolt torque is shown in [Figure 4.1].

4. Inspection

Apply the appropriate torque, where required, using the torque wrench and place the paint marking
where the check-up is completed. Use 12.9T (strength grade) for bolts.

Table 4-3 Inspection part for main bolts

No. Inspection parts No. Inspection parts

1 H-axis reduction gear seal bolt 9 B-axis reduction gear seal bolt
2 H-axis motor seal bolt 10 B-axis motor seal bolt

3 V-axis reduction gear seal bolt 11 R1-axis reduction gear seal bolt
4 V-axis motor seal bolt 12 R1-axis motor seal bolt

5 Upper gas plate attachment bolt 13 End effector attachment bolt
6 Arm pipe attachment plate 14 B axis idler attachment bolt

7 R2-axis reduction gear seal bolt 15 R1 axis idler attachment bolt
8 R2-axis motor seal bolt

HD rosorics
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4= M10y8 _W10:30
73.5 N=m(7.5kgf m) 35 N-m @kgﬂm]

3 a1k
129 M-m{13.2kgf.m)

B)z-u8x35
37.7 N-m(3 Bkgl.m)

1239 N—(l 3.2kgf.m)

O = 19 7.2 N-m{3.8kgf.m)

37.2 N-m(3.8kgf.m)/ 37.2 N-m{(2.Bkgf.m)

&

|
@ =z 37.2 N—m@akqf.m} /

73,5 N-m(7 Skgf.m) A

3
129 N-m(13,2kqf.m)

3

}3

129 N-r(13.2Kgl.m)

Figure 4.1 Inspection Part for Main Bolts
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4. Inspection

4.4. Timing belt check

The fifth and sixth axes of the wrist axis are driven by timing belts. For timing belt drives, check the belt

tension every 1,500 hours or if vibration or noise is generated. Improper timing belt tension may have a
Asignificant adverse impact on robot performance.

Operate the robot in the indicated position to prevent the check axis from falling due to the tool’s own

weight before the timing belt is checked.

When checking the timing belt in a position where the tool falls due to its own weight, tool fall or axis

position distortion may occur.

B Checking the timing belt
(M Operate the robot in the timing belt inspection position to prevent the axis from falling
due
to the tool’s weight.
- 5 (B)-axis timing belt inspection position
: Upper arm: 0 degrees relative to the ground (level with the ground). Teaching pendant angle:
fourth (R2) axis —90 degrees
- sixth (R1)-axis timing belt inspection position
- Upper arm: 0 degrees relative to the ground (level with the ground). Teaching pendant angle:
fourth axis, 0 degrees; fifth axis, —90 degrees
Turn off the power.
Remove the wrist cover.
Place the microphone of the sonic belt tensioner at the “tension measuring part,” as shown
in the following figure, and apply shock to the belt near the measuring part with your finger.
Check the tension frequency value.
If the tension frequency value is out of the tension frequency range of the following table,
slightly loosen the bolt of the idle roller.
Rotate the idle roller to adjust the timing belt tension, and tighten the idle roller bolt (340
kgf-cm).
Check the tension frequency value again and repeat the steps @ to ® within the tension
frequency range in the following table.
Assemble the wrist cover.
Turn on the power.

® Q ©0 ®ee

©®©

% Slight vibration generated at low speeds of 15% to 35% may affect the idle roller and
cause abnormal or resonance sounds. Still, no functional problems may occur.
Adjust the belt tension to 60 Hz to reduce abnormal or resonance sounds.

% The recommended tension of EV-8YU-1136 is 60 Hz.

2 HD R



oto]§ Z2{(IDLE ROLLER)

EV=8YU—1136(BELT)

Figure 4.2 Timing belt tension check area

Table 4-4 Timing belt tension

HS210E

Fifth (B)-Axis Sixth (R1)-Axis
New product adjustment range 65 ~ 70 Hz 70 ~ 75 Hz
Scope of use 55 ~ 65 Hz 55 ~ 70 Hz
Readjustment range 65 ~ 70 Hz 70 ~ 75 Hz

2 HD e
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DY 5. Maintenance

HS210E

5.1. Injecting Grease after Replacing Grease or Replacing the Reducer

A\

/Caution \

If the grease is not properly injected, the internal pressure in the injection part may suddenly
increase, causing oil seal damage, oil leakage, and abnormal operation. An abnormal sound
may occur when replacing the current grease with new grease of a different specification, so

make sure that different types of grease should not be mixed. Therefore, you must observe
Qhe followina items when iniection arease. /

(1) Must wear protective glasses before injecting or inspecting the grease.
(2) Must remove the outlet plug before injecting the grease.

(3) When the plug is loosened, the grease and plug may be abruptly discharged. Block the outlet
with a thick cloth to prevent the discharged object from damaging parts of your body, such as
the face, and keep a safe distance (Do not look into the grease outlet.)

(4) If possible, do not use a compressed rair pump powered by factory-supplied air, and limit the
grease injection pressure to 1.5 bar (1.5 kgf/cm2, 0.15 MPA) or less.

(5) Use only the specified grease. Otherwise, the reducer may be damaged or other problems may
be caused.

(6) After injecting the grease, check whether there is any leakage from the grease outlet and
whether there is any pressure at the inlet. Remove the residual pressure according to the method
suggested for each axis, and then connect the plug.

(7) To prevent accidents, wipe off any spilled grease on the robot body or floor.

(8) If the robot is used at an ambient temperature of 35°C or higher, the grease replenishment and
replacement cycles should be shortened by half.

(9) When replacing grease, replace the specified amount and inject new grease as much as the
amount of the discharged grease.

(10) If an abnormal sound is generated from the reducer part during operation after replenishment
or replacement of grease, at low temperature, at low speed, or after long-term non-operation,
you need to operate the robot while checking the state of the abnormal sound for 1 to 2 days.
Abnormal sound caused by grease will disappear

(11) f grease with a different specification is injected into a reducer part greased already, an
abnormal sound may occur from the reducer part. Therefore, do not mix different types of

grease.

(12) An abnormal sound may occur even if the old grease is replaced with the new grease of the

P HD eaees



5. Maintenance

same designated specification as the old grease.

(13) Replacing the grease is not a work for completely removing the old grease. A significant amount
of old grease will remain.

B Grease replacement cycle

(e N

rease replacement cycle

v" S-axis reducer and arm frame gear box : Every 24,000 hours

v' Other reducers : Every 12,000 hours
v" Gas spring bearing : Every six months (every three
\ months in adverse situations) /

B Measures for and Causes of Abnormal Grease Sound

If an abnormal sound is generated in the reducer part despite using the specified grease, check the
condition for 1 to 2 days while performing operation. The abnormal sound usually disappears.

- It can be checked that the abnormal sound will disappear even when the concerned axis is
operated at high speed for about 5 to 10 min or more.

- When the old grease is discharged as much as possible (about 90% or more) and replaced
with new grease, abnormal grease sound can be minimized (When the grease is discharged
while the axis is rotating at low speed, the grease discharge time can be shortened.)

Abnormal sound usually occur in the following cases.

- During operation after replacement of grease/reducer
- During operation after a long-term non-operation

- During operation at low speed

- During operation at low temperature

- When using unspecified grease

- Mixing of grease of different specifications

P HD enea



B Rate of the grease injection amount based on VIGO GREASE

HS210E

VIGO GREASE REO RV GREASE LB0O REMARKS
Specific gravity (25° Q) 0.99/cr? 0.87g/crt
Rate of the grease injection amount 100% 96.7%
- VIGO GREASE REO, EUREKA 114 No.0 — RV GREASE LB00
B Rate of the grease injection amount based on EUREKA
VIGO GREASE REO RV GREASE LB00 REMARKS
Specific gravity (25° Q) 0.99/cr 0.87g/crt
Rate of the grease injection amount 100% 96.7%

- EUREKA 114 No.0 — RV GREASE LB00

- Please avoid using EUREKA grease. When the use of EUREKA grease is necessary, please contact us.

HD
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5. Maintenance

5.1.1. Grease Injection Amount for Each Axis

Amount of injection when replacing a Amount of injection when replacing the
reducer (A) grease (A)*80% or more

Axis VIGO GREASE REO RV GREASE LB0O VIGO GREASE REO RV GREASE LB00
(de g (de g cc g (e g

S 4,222 3,800 4,222 3,673 3,378 3,040 3,378 2,939
2,889 2,600 2,889 2,513 2,311 2,080 2,311 2,011

Vv 2,778 2,500 2,778 2,417 2,222 2,000 2,222 1,933
R2 1,111 1,000 1,1 967 889 800 889 773
B 756 680 756 658 604 544 605 526
R1 1,144 1,030 1,144 995 916 824 915 796

5.1.2. Amount of Injection for the Arm Frame Gear Box

Amount of injection
when replacing the

Classification grease Remarks
GADUS S2 V46 2

cC g

GEAR BOX - - Not applicable for HS210E.

5.1.3. Plug Size for Each Axis

= (Axis) Fa+t =
S G1/4 G1/4
H G1/4 G1/4
\Y G1/4 G1/4
R2 G1/4 G1/4
B G1/4 G1/4
R1 G1/4 G1/4
GEAR BOX - -
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5.1.4. Sequence for Replacing the Grease

Q)]
(2)
(3)

(4)
(5)

(6)

(7)

8)

9)

Move the robot into a posture that allows grease injection to be performed without any
interference with surrounding facilities.

Move the robot into a posture so that the positions of the grease inlet and outlet are as far
apart as possible.

Turn off the power of the controller.

Remove the plugs from the grease inlet and outlet.

When grease is injected while the outlet plug is not removed, the internal pressure will rise
and

the grease will be momentarily spurting out. Before injecting the grease, you must check
whether the outlet plug is removed.

Decrease the air pressure of the oil pump to the minimum pressure at which grease can be
discharged.

Attach a grease receiver such as vinyl with an opened entrance to the grease outlet to
prevent contamination of the surrounding area.

The entrance of the grease receiver must be kept opened to prevent the pressure inside the
grease barrel from rising.

Prepare the oil pump and grease receiver in a way that enables you to measure the amounts
of injected grease and discharged grease.

(10) Inject the grease by connecting the injection-hose to the inlet.

(11) Inject the grease until the color of the grease discharged through-the grease outlet changes

sufficiently to the color of the new grease.

(12) Compare the amounts of injected grease and discharged grease and then if grease is

excessively injected, you should subtract the excess grease to make sure that the amount of
the injected grease is the same as that of the discharged grease, by referring to the
“Sequence for Subtracting the Residual Pressure” and the “Sequence for Discharging the
Grease.”

5.1.5. Sequence for Subtracting the Residual Pressure

Q)]

(2)

(3)

Move the robot into a posture to ensure that it has no interference with surrounding facilities
when it is operating.

Attach a grease receiver such as vinyl with an opened entrance to the grease outlet to
prevent contamination of the surrounding area.

Operate the robot in the following conditions within the range that will not cause
interference with the surroundings.

Axis Operation angle (axis Playback speed Operation time
1/axis 2/axis 3)

Axis 1-Axis 3 | 80° /90° /70° or above 50 % Minimum 20
minutes

Axis 4—Axis 6 60° /120° /60 50~100 % Minimum 20
or above minutes

Arm gearbox 60° /120° /60 50~100 % Minimum 20
or above minutes
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5. Maintenance

(4) Wipe the outlet with a cloth and assemble the plug back into place.
(5) Measure the discharged grease so that it can be included in the amount of discharged grease.

5.1.6. Sequence for Discharging the Grease

(1) Check the difference between the amount of the injected grease and the amount of the
discharged grease, and then determine the amount of grease to be discharged.

(2) Move the robot into a posture to ensure that it has no interference with surrounding facilities
when it is operating.

(3) Attach a grease receiver such as vinyl with an opened entrance to the grease inlet to prevent
contamination of the surrounding area.

(4) Prepare a grease receiver with a size that takes into consideration the amount of grease to
be discharged.

(5) Install an air precision regulator set adjusted to 0.025 Mpa to the grease outlet.
The air precision regulator set consists of an air hose, a stop valve, and male push-to-
connect fittings. Before installing the set, you need to open and close the stop valve to
ensure that the instructed pressure is not exceeded. After that, put the stop valve handle in
the Stop state so that air is not supplied.

(6) When discharging grease, pay attention so that the pressure at the grease injection part
does not exceed 0.025 Mpa.

(7) Check if the plug of the inlet where the grease will be discharged is removed

(8) Open the stop valve to allow the grease to be discharged by air pressure, and check the
amount of the discharged grease.

(9) If the amount of the discharged grease is insufficient, rotate the robot slowly so that the
grease can be easily discharged.

(10) When the discharging of the grease is completed, remove the grease receiver and regulator
set.

(11) Remove the contaminated grease around the inlet and outlet with a clean cloth.

(12) Connect the plugs to the outlet and inlet.

N N

If air is supplied at too high a pressure to the inside of the grease barrel, etc. of the gearbox
where grease is injected, there is a risk of grease suddenly ejecting. It must be covered so
that the grease being charged from the grease outlet can only be discharged to the grease
receiver. When discharging grease, you should wear safety clothing such as protective glasses,
a face shield, and protective clothing.

To ensure that the pressure inside the grease barrel does not exceed 0.025 Mpa, you should
set the pressure of the regulator by increasing its pressure from 0 Mpa to 0.025 Mpa gradually
before installing it to the grease barrel. After that, check whether the set pressure is
appropriate by opening and closing the stop valve several times, and then install the regulator

set to the outlet of the grease barrel. After installing the set, open and close the stop valve
\icheck once more if the pressure is appropriate. /
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AR IN

(I \v.s\w.,
=

Air prcision regulator
Figure 5.1 S Axis reducer grese inlet/outlet
Figure 5.2 H axis reducer grease inlet/outlet

Stop valve

4

Crease Outlet
PLUG 61

AIR OUT
5.1.7. S-Axid Reduction Gear (HS210E)

5.1.8. H-Axis Reduction Gear (HS210E)

5-8
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5. Maintenance

5.1.9. V-Axis Reduction Gear (HS210E)

Grease outlet
(PLUG G1/4)

Grease Inlet
PLUG G1/4

Figure 5.3 V-axis reducer grease injection/discharge port

5.1.10. R2-Axis Reduction Gear

7
Grease Outlet Grease Inlet
(PLUG G1/4)  (PLUG GI/4)

Figure 5.4 R2-axis reducer grease injection/discharge port
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5.1.11. B-Axis Reduction Gear

Crease Inlet
(PLUG G1/4)

Figure 5.5 B-axis reducer grease injection/discharge port
5.1.12. R1-Axis Reduction Gear

Grease Qutlet
(PLUG G1/4)

Grease Inlet
(PLUG GW/4)

Figure 5.6 R1-axis reducer grease injection/discharge port
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5. Maintenance

5.1.13. Gas Spring Bearing

Crease Inlet
(CAP 1/8)

Grease Outle
(PLUG G1/4 Grease Inlet

N , — (CAP 1/8)

Figure 5.7 Gas Spring Grease Inlet/Outlet

(1) Open a nipple cap 1/8, and inject grease using a grease gun through the grease nipple A-PT1/8.

v" Grease type : GADUS S2 V46 2
v" Initial amount of grease injection: 15cc (13.5g)
v Amount of grease refueling: 7cc (6.39)

(2) Lubricate and fill with grease through the grease nipple until the new grease comes out of the
gap between the Nilos Ring and the bearing in the 360° direction of the bearing.

(3) Using a cloth, wipe off any grease discharged due to excessive filling

(4) Wipe the inlet with a cloth and reassemble the nipple cap.

] HYUNDAI
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5.2. Battery Replacement
5.2.1. Precautions for Battery Storage

The position data of each axis is preserved by the backup batteries. The batteries need to be replaced
every two years. To replace batteries observe the following procedure.

(1) Keep the power on. Press the Emergency Stop button to prohibit the robot motion.

Attention

A Replacing the batteries with the power supply turned off causes all current position data to be
lost. Therefore, zeroing will be required again.

(1) Detach the battery cover
(2) Take out the old batteries from the battery cover

(3) Insert new batteries into it. Pay attention to the direction of batteries.

v Battery Spec :ER6V-T1 (AA) 3.6V
v" Manufacturer : TOSHIBA

(4) Reinstall the battery cover.

HYUNDAI }
) HD ROBOTICS 12



5. Maintenance

B-AXIS
BATTERY BRACKET

R2—AXIS
BATTERY BRACKET

V=AXIS
BATTERY BRACKET

RT-AXIS
BATTERY BRACKE T

S, H=AXIS
BATTERY BRACKET

Figure 5.8 Location of Battery Replacement

A\ [ sertn )

v" Do not dispose the batteries. Dispose of the battery with industrial waste according to
the laws and other rules in the country where the controller is installed.

v" Do not recharge the batteries, otherwise batteries may result in exploding or
overheating.

v" Do not use any batteries other than the recommended one.

v" Change the batteries only with the specified one.

v" Do not short positive and negative terminals of battery.

\\/ Do not expose batteries to high temperature or flame /

} HYUNDAI
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5.3. Internal Wiring

Replacement cycle of internal wiring depends on follows.

B Continuous operation
B Operating speed
B Atmosphere/environment

HS210E

Inspect on a regular basis, every three months and check any damage on the cables or cable protect
spring. If any damage, replace it.

Replace the cable every 24,000 operating hours regardless of working condition.

A fAttention

v
v
v

v

k\/

As all the wires are flexible type, do not use any wires other than specified one.
Wiring replacement must be done by unit.

Do not use any Cable, protective spring, and Hose that have external damage as they may

cause future problems.
When purchasing robot cables, make inquiry of our service office about wiring type.
Specify the length of wiring for connecting the robot with the controller.

~

J

: HYUNDAI -
) HD ROBOTICS >-14



5. Maintenance

5.4. Replacing the timing belt
The replacement cycle of the timing belt is affected by the following items.

B Continuous operation
B Operation speed
B Surrounding environment

Check periodically every 1,500 hours and check the timing belts and pulleys for any damage. If the damage
is found, replacement should be performed.

(1) Operate the robot in the timing belt inspection position, specified in “4.4. Checking the
A timing belt,” to prevent the axis from falling due to the tool’s weight.

(2) (Turn off the controller. Take action so other users do not turn on the power.

(3) Remove the wrist cover.

(4) Loosen the tightening bolts of the idle roller.

(5) Remove the timing belt and place a new timing belt from the driven pulley to the motor
pulley.

(6) Adjust the timing belt with the-idle roller so the belt tension frequency falls within the
proper range.

(7) Tighten the tightening bolts of the idle roller.

(8) Repeat the steps (6) ~ (7) above until the tension meets the reference value in Table
4-4 Timing belt tension.

(9) Assemble the wrist cover.

(10) If the origin of the axis is out of position after the power is turned on, set the origin
by referring to “6.5 Encoder zero setting”.

Caution \

v' Timing belts are vulnerable to oil. Please pack them individually before storing them.

Store the timing belts away from direct sunlight.

v Keep the ambient temperature not too high or too low when storing them (should meet
the reference conditions of using the robot).

v' Before replacing the timing belt, check the teeth of the timing belt and pulley for any
damage such as scratch.

K\/ Do not fold the timing belt excessively. j

>
S

\
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5.5. B- and R1-Axes Motor/Encoder Cable Assembly

The assembly and replacement of the B- and R1-axes motor/encoder cables are affected by the following

items..

The external cable is stuck in the arm pipe rib.

When assembling the cover arms (1) and (2), the external cable is stuck in the bulkhead.
Check the condition of the Teflon tape on the cylindrical side of the arm pipe.

Whether to fix the external cable to the bracket with cable ties (2 locations)

Check if the external cables of the motor and encoder are disconnected or damaged. If the cable is
damaged, replace it with a new one.

(1
A o
(3)
(4)
(5)
(6)
(7)

(8)
9)

Turn off the controller. Take action so other users do not turn on the power.
Disassemble the B- and R1-Axes motor/encoder cable connectors (4 areas) installed on
the bracket AP(1).

Loosen the tightening bolts (M5x8, 8 areas) of the cove arms (1) and (2) to disconnect
the arm.

Loosen the tightening bolts and washers (M5x12+SW-A-Mb5, 8 areas) of the B- and R1-
Axes Motor Bracket (2 areas).

Loosen the tightening bolts and washers (M5x16+SW-B-M5) of the B- and R1-Axes
Plate Assy (2 areas).

Remove the cable tie fixed to the cable gland and motor encoder cable.

Completely pull out the cable drawn out to the wrist body through the arm pipe hole.
Assemble the external cable to be replaced from the bracket AP(1) to (2) and (7) to (4).
After replacement, align the external cables in the cable bracket (6) and secure them
with cable ties. This is to prevent interference with the oil supply boss and rib of the
arm pipe when the fourth axis is rotated.

(10) Before assembling cover arms (1) and (2), check if there is interference with the rib

and boss and secure them with tightening bolts (M5x8, 8 areas). Turn on the power. If
the origin of the axis is wrong, see “6.5 Encoder origin setting”
and set the origin.

P HD
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5. Maintenance

Cable,Bracket/Motor

2-SB5X12

Bulkhead

* Bulkhead

' Caution
1 of stuck

L A
Cable :Bulkhead

CoverArm(1)
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6. Troubleshooting HS210E

6.1. Troubleshooting Procedure

If a failure occurs during robot's operation, but it does not stem from the controller, it must be caused by
damage on machine parts. The way to troubleshoot as quick and easy as possible should be to diagnose
the problem. In addition, it is necessary to determine which parts cause the problem.

Q)]

(2)

(3)

Step 1: Which axis occurs the problem?
First of all, check which axis causes the malfunction. In case that it is hard to detect the problem,
check the following possible mechanical defaults.

® s there any parts making noise?
® Is there any parts generating an overheating?
® |[s there any parts have a play or backlash?

Step 2: Which parts have been damaged?

If the abnormal axes are determined, investigate which parts cause trouble. There could be
many causes for one phenomenon. Refer to [Table 6-1] for the cause and phenomenon of the
trouble.

Step 3: Dealing with malfunction parts

If the malfunction parts are confirmed, conduct relevant repair procedure based on the chapter
F6.3 Diagnostics and Resolutions for Major Parts Failure; . Contact our service office if you

have any difficulties in dealing with problems.

H D Hyunoar 6-2
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6. Troubleshooting

6.2. Trouble Spymptoms and Possible Causes

As shown in [Table 6-1], there may be many parts as the cause of one phenomenon.
Refer to next page to determine which part is malfunction.

Table 6-1 Trouble phenomenon and cause

normal Part Reducer | Brake | Motor Encode | Backlas Grease Ga'\s Timing
Problem r h Spring Belt
Overload [Note 1] o) o} o) o}
Position deviation O ) O O @) @)
Abnormal sound @) @)
O O O O
occurrence [Note3] [Note4]
V|brat|f)n during o o @) o
operation [Note 2] [Note3]
Trajectory deviation @) o)
Free fall of axis O ) 0 o)
Abnormal heat @) 0 O 0 o)
Malfunction, o
runaway
[Note] Overload -------- A phenomenon that occurs when a motor is subjected to a load that exceeds

its rated specification conditions.

For example, the temperature relay or circuit breaker is blocked.

[Note 2] Vibration during operation ------- The vibration occurs during robot operation.

[Note 3] If an abnormal sound is generated from the reducer grease part during operation at low speed,

operate while checking the part for one to two (1-2) days. Generally, the abnormal sound disappears.
- You can confirm that the abnormal sound disappears during the operation of the axis for 5 to
10 minutes at high speed.
- Grease discharges can be minimized by draining the existing grease (about 90% or more) and
replacing it with a new grease. (If the existing grease is drained while rotating the axis at low
speed, the grease discharging time can be shortened.)

Abnormal sounds may occur in the following cases:

- During operation after replacing grease/reducer

- During operation after a long period of nonuse

- During operation at low speed

- During operation at low temperature

- Unspecified grease is being used

- Greases with different specifications are being mixed
[Note 4] Slight vibration generated at low speeds of 15% to 35% may affect the idle roller and cause
abnormal sound or resonance. Still, no functional problems may occur.

_ HYUNDAI
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6.3. Diagnostics and Resolutions for Major Parts Failure

Z ! 5 Warning

~

v When required to replace the motor and reducer of the H axis and V axis, you must fix
the arm with a fall-prevention bolt or pin before the work so that the arm does not fall
when the brake release switch is turned “On” and “Off.”

v When required to replace the motor and reducer of the R2 axis, B axis, and R1 axis, you
should move the robot into a posture where the tool does not rotate and fall when the

k brake release switch is turned “On” and “Off.” j

6.3.1. Reducer

If the reducer is damaged, vibration and abnormal sound are generated. When this happens, it may cause
abnormal heating or overload and deviations that disturb normal operation. In addition, the part may not
move completely, or there may be a positional deviation.

To prevent the arm from falling when a reducer is replaced, secure the arm with bolts or pins before

replacement.

B Inspection method

0]

@
®

Check for vibration, abnormal sound, abnormal heat, motor overload error, etc., during
operation.

Check for an abnormal grease sound, tool overload, or delay in grease replacement.
Before an error occurs, check if the robot touched or collided with a peripheral device, etc.
(The reducer may be damaged by contact impact.)

B Action

0]

CXS,

If it is determined that an abnormal sound is generated from the grease,

- operate the axis at high speed until the sound disappears.

- discharge as much of the old grease as possible and replace it with new grease if the
abnormal sound does not disappear even after a long operation time at high speed.

Take measures to avoid tool overload or interference and collision with surroundings.

In the case of overload, collision, presence of foreign substances inside the reducer, and a
prolonged period of grease nonreplacement, the reducer should be replaced with a new
one. If there are difficulties in replacing the reducer, please contact our service department.

PH
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6. Troubleshooting

6.3.2. Brakes

In case of brakes failure, each axis possibly drops with the motors [OFF]. Or, in reverse, brakes possibly
operate even with the motors [ONI. The latter causes overload and noise

When intending to operate the entire robot without the motors [ONI, operate it with the brake release
switch [ON]. Before turning the switch [ONI], take necessary precautions to prevent the ARM from
dropping as the robot ARM will drop by gravity

Diagnostics

Check if the brake can be heard in operation, by turning the brake release switch [ON] [OFF]
alternately with the motors [OFF]. If not heard, the brake cable may be broken. (When operating
the brake release switch [ONI[OFF], be careful of ARM dropping. The brake release switch is
located on the panel in the controller cabinet door.)

Resolution

If cables turn out to be good condition, replace the motor

6.3.3. Motor

Motor failure causes abnormal operation of robot such as staggering at stop, irregular twitching and noise
in operation. Besides, it may cause overheating and abnormal sound

Check the reducer and fulcrum bearing as well in order to determine which part causes the abnormality.
It is because that similar phenomenon is observed when the reducer is damaged

Diagnostics
Check for overheating and abnormal sound
Resolution

Replace the motor

} HYUNDAI
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6.3.4. Encoder

Position offset, malfunction, and out of control movement as well as staggering at stop, irregular twitching
may occur when the Encoder is in bad condition. This case has nothing to do with such phenomena as
mechanical abnormal sound, overheating, and vibration

A To prevent the arm from falling when replacing the motor, secure the arm with bolts or pins before the
motor replacement.

B Diagnostics
@M Check for any encoder data failure
@ Use reference pins and blocks to check the positional data is correct at pin position
® Check for any irregular variations in the encoder data when moving each robot axis
@ Replace the servo amp board, BD542 to check errors

B Resolution

@ If cabling turns out to be in good condition without any damage, replace the encoder
@ If there is no error after replacing the servo amp board BD542, replace the servo amp board

FID Hyunpal 6-6
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6. Troubleshooting

6.3.5. Gas spring

Excessive reduction in the gas spring pressure may cause the motor to overheat, overload, and drop the
A axis.
Fill the gas spring with nitrogen gas to prevent the pressure from dropping more than 5 bar from the
standard pressure.

Regularly lubricate the upper and lower bearings of the gas spring to prevent damage to the bearings.
Before checking the gas spring, mandatorily check if the controller and external power are turned “OFF.”
In addition, take action to ensure that the controller or external power is not accidentally turned “ON” by
others.

Mandatorily wear safety glasses when checking the gas pressure.

B Inspection method

M Check if the gas spring pressure is within the proper range.

@ Check if the grinding powder is generated in the gas spring bearing.

® If grease is not injected into the bearing for a long time, operate the robot and check if
abnormal vibration is generated.

B Action

Fill the gas spring with nitrogen gas so pressure becomes 140 bar.

Replace the old gas spring with a new one if it is operating at low pressure.

Lubricate the bearing with grease.

If an error occurs in the bearing, replace it with a new one.

If you have any problems, please contact our service department.

For information on gas refilling, see “Gas refilling of gas spring.”

For information on pressure standards and replacement, see “Assembly and replacement of
gas spring.”

OO0

A Warning

v Comply with the proper operating pressure of the gas spring to prevent the axis from
falling.
v" Regularly lubricate the bearing to prevent premature damage to the bearing.

_ HYUNDAI
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6.3.6. Timing Belt

If the tension of the timing belt drops, it may cause vibration and misalignment.
Please manage the timing belt by performing inspection periodically.

C Before inspecting the timing belt, make sure that the controller and external powers are in the TOFF;
state. Also, take measures to prevent the controller and external powers from being turned “ON”
accidentally by other people.

B Diagnostics

@® Shake the tool to check for clearance.
@ Open the wrist cover and check the belt for breakage or damage.

B Resolution

@ If there is clearance due to the belt tension drop, adjust the tension to keep it at a proper
level.

@ If the belt is found to be damaged, replace the belt immediately. Carry out a replacement
in compliance with “5.4 Replacing the timing belt.”

® Please be advised that dust may be generated-initially-after the timing belt is replaced.

FID Hyunpal 6-8
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6. Troubleshooting

6.4. Motor Replacement

A Warning

When motor is separated, the ARM will drop due to its built-in brakes inside the motor for holding robot's
posture. To prevent this drop, please make sure safety measures, such as suspending the arm with devices
like a crane, etc., or fixing the 1 arm and the 2™ arm with fixing pins, are employed

In case of contacting the motor right after it stops, ensure the motor temperature. Motor weights are

listed as follows. Be careful when dealing with the motor

Table 6-2 Motor Weight by Axis

Axis

S

R1

Weight(kg)

23.7

23.7

23.7

7.2

7.2

7.2

w

arning

o

In this work, there is a part performed with the motor [ON]. Therefore, perform the work in pairs.
An observer must always be ready to activate an emergency stop. The other performs the work
quickly and carefully. An escape route should be determined before starting work

\

/

PH
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6.4.1. Necessary Tools and Parts

Table 6-3 Necessary Tools

HS210E

Tool Name i Part No.(Model) Remark
Name
M8 Torque wrench (Lock
type)
SHV M12 Torque wrench(Lock
Torque wrench .
( prepared b type) Use torque wrench and extension on
P ::er) 4 M8 Torque wrench (Lock the market
type)
R2, B, R1 M6 Torque wrench (Lock
type)
Table 6-4 Necessary parts
Part name Axis name Use Part number (type)
H axis and V axis o) M20 x 250 (Standard)

Drop-prevention bolts (option)

Wrist axis (R2, B, R1)

(When overhauling the robot, a leveling bulb can be used to focus on the precise starting point. To focus
on the precise starting point, please contact us.)

H HYUNDAI
ROBOTICS



6. Troubleshooting

6.4.2. How to Replace Motor

A/Attention \

Since the robot has a built-in brake inside the motor for keeping the arm posture, the arm will
drop when the motor is disconnected. Therefore, in order to prevent the fall, the user must
take safety measures such as hanging the arm with a crane, etc. and fix the first and second
arms by inserting the fixing bolts. /

Q)]

(2)

(3)

(4)

(5)

(6)

(7)

8)

9)

Put the controller into TEACH mode and select motors [ON]. When the motors [On] state cannot
be obtained, check the respective ARM is firmly fixed while supporting it to prevent dropping.
And then begin at step No.4

The axis for which a motor is to be replaced should be put into the basic posture.

Refer to [Figure 6.1 ~ 6.4] in the case of the main axes (S, H an V).
In the case of the H and V axes, insert a fixing bolt to prevent the arm from dropping.
In the case of the wrist axes (R2, B and R1), set the origin by using the scale of each axis.

Turn the main power [OFF] with the controller power [OFF]
Disconnect the connector from the motor

Remove attachment bolts of motor and pull the motor out of robot. When removing motors of
axis H or V, be sure not to damage the lip of oil seal due to the gear attached to the axis of
motor

Detach the gear from the motor shaft. Not give excessive impact to the motor shaft

Assemble the gear after lightly applying grease to the shaft

The bolt used to attach the gear to the shaft should be cleaned and removed of grease before
using. Apply Loctite 243 to the screw part of the bolt, and then tighten it using a torque wrench
in a regular torque. Besides, slowly tighten the bolt in a symmetrical order

Assemble the motor on the robot after applying a small amount of grease to the lip of oil seal
and applying a moderate amount of grease to the teeth of gear. When assembly the main axis
motor, be sure not to damage the lip of oil seal

(10) Connect the connector to the motor

(11) When replacing the axis H or V, replenish the grease as the amount as it lost

(12) Reset the encoder of the axis whose motor is replaced

} HYUNDAI
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Warning
Before encoder correction, check motor connections, with motors [ON], while pressing the Enable switch
for 2~3 seconds.

(1) Perform the encoder calibration about the axis whose motor is replaced. Refer to the chapter
[Encoder Calibration] in the controller operating manual.

(2) Remove M20 bolt, a supporting bolt for preventing possible dropping of axis H, V.

(3) Confirm that there is no error in robot's motion.

bl BE

MZ0X250L

Figure 6.1 1 Arm (H axis) fixing bolt insertion position

HYUNDAI ]
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6. Troubleshooting

gyspen g2

M20X250L

S5—AXIS INPUT GEAR

MBx80 /

SW—B—- M8

Figure 6.3 Motor assemblies of the H and V axes

i HYUNDAI
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TH8x65/GSWCB—-M8
H AXIS INPUT GEAR
H AXIS MOTOR

TH8x65/GSWC8-M8

VOAXIS INPUT GEAR
VE

V AXIS MOTOR
H-AX1S MOTOR

V-AX1S MOTOR

Figure 6.4 Motor assemblies of the H and V _axes
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6. Troubleshooting

A Caution

if the entire upper arm is not completely attached to the mechanical stopper in a
gravitational direction when replacing the motor of the V-axis, the upper arm may rotate
when the motor is being dismantled.

B—AXIS MOTOR

TH6X25

Figure 6.5 Motor assemblies of the wrist axes
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6.5. Encoder Zero Setting

It is necessary to reset the origin when encoder date has been corrupted due to some problems and when
the motor is replaced.

Scale is used for deciding the location of the reference position of each axis of the robot. When the user
replaces the motor, set the encoder using the scale to set the zero point of each axis.

A Waning

In this work, there is a part performing in the state of motor [ON]. Therefore, this work must be
performed in pairs. One must always be ready to activate an emergency stop. The other must perform
the work quickly but carefully.

An escape route should be determined before tarting work.

HYUNDAI i
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6. Troubleshooting

6.5.1. Zero Setting
(1) Put the controller into TEACH mode and select [MOTOR ON].
If you cannot select MOTOR On due to abnormality, set the origin position of the robot by using
the brake release switch.
(2) Move respective axes to the basic posture, and then set them by the scale mark.
(3) Reset the Encoder. Refer to 76.5.2 Encoder Reset; for the method of encoder reset.

(4) Correct the encoder. Refer to FController Operation Manual “7.5.4 Serial encoder reset”; .

(5) Confirm that there is no problem in robot motion.

R1-AX1S

Figure 6.6 Method of Zero Setting

- : HYUNDAI
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6.5.2. Encoder Reset

(1) Turn off the motor.

(2) Open the serial encoder reset window. ( F[F2]: Systemy — U5: Initialize;, — T4: Serial
encoder reset; )

Record ond hanual out

Serial encoder reset

[_ 4 Auis Execution type State I
o=z g
g (@) MEtERE] (7 Enor release [ Reset [
— H (@) Motexe, () Error release () Reset I_ R
W (@) Mot exe, () Error releasze () Reset |—
Cad R2 (@) Motexe, (7) Eror release (7) Reset I— D
B (@) Mot exe, () Eror release  (7) Reset [
= Jog inch. all (@) Mot exe, (7) Error release  (7) Reset [ Soft key.
= T (@) Mot exe, () Error release () Reset [
= T2 (@) Mot exe, (7) Error release  (7) Reset [
T3 (@) Mot exe, () Eror release () Reset I_
DuickOpen T4 (@) Motexe, () Error release () Reset I_ =ty
2 X
BB B 3 N1 UINWMAI e
£? - T ITe | Execut .

(3) Use keys like [ 1, [ 11, [SHIFT]+[—][—] to move to a desirable axis, then press the [Execute]
key.

(4) After the encoder is reset, please make sure the controller power is turned on.

HYUNDAI ]
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6. Troubleshooting

6.5.3. Encoder offset and Selection

® It is necessary to compensate encoder data for the basic position of each axis.
® Refer to TEncoder offset; in the Controller Manual for details.

[Encoder offset Screen]

g
e Encoder offset e e
Adjust[%s] Current[#s] #ngle[deg]
S = [ GEEMIEE [hex] [ DOFFo0D [hex] | 0709 [dea] Ty

H = [ FFCOEE [hex] O3 FD [hex] 57230 [deg]
Funto v = [ FrCOiE3 [hex] OSFEDDD. [hex] Ta52 [deg]

Cad Re = | FRCHON Chex] | OWFFFED [hex] [ 025 [deg] ]
B = [ FFCOBAD [hex] [O0SFFAES [hex] [ -G0.740 [deg]

u o Rl = [ FFCOIEFE [hex] [T OWFETCE [hex] | 3407 [degl soft by,
TI = [ (0083E3A [hex) [ FFFTBCE [hex] [ -1886,336 [mm]

=, T2 = [TFETS thed [ UHEST (hed [ ZTETE [mm
T3 = [ FFCO0ZFA [hex] [ O0FFFDOE [hex] [ -0.116 [deg]

Quickpen T4 = [ FFCOOEST [hex] [~ OGFFTF [hexl | 00 [degl User key
@ 3
Help Pter movving the selected axis with the jog key, press the [Apphy] key FRENET
z?

Table 6-5 Data range after the resetting

Axis Data range after the resetting Pulse count per rotation of the encoder

All axes 0~ 8,191 8,192

(1) Select the axis, move the axis to a standard position using the [Axis operation] key, and press
the T[F11: Applys key.

(2) Place the robot’s entire axis as the standard position using the [Axis operation] key and press
the T[F2]: Apply all; key to carry out encoder offset correction for the entire axis.

(3) To save the set data, press the T[F7]: Complete; key. The [ESC] key will prevent the changes
being saved.

A Warning

In case of encoder DATA compensation after replacing motor, check if the motor power is on with the
power TONj,4

_ HYUNDAI
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7. Recommended Spare Parts

7. Recommended Spare Parts

The recommended spare parts for robot are as follows. Please check robot serial number and

manufacturing date when purchasing, and contact our service office.

[Category]

A : Regular maintenance parts (what is replaced regularly)
B : Essential spare parts (what is of high frequency)

C : Essential component parts

D : Machine parts

Table 7-1 Spare Parts List

i PLATE NO Product Name and Specification Ql.'lan Remark
gory tity
A R7900004400 GREASE VIGO GREASE REO 1CAN=16KG 1 C
R7900004402 RV GREASE LB0O 1CAN=16KG ommon
A R7900054780 GREASE GADUS S2 V46 2 (1CAN=15KG) 1 Common
A R1001-6202-P02 | ENCODER BATTERY 6 Common
B | RS3462-7081-0308 | MOTOR 3 S/HIV-Axis
B | RS3462-7081-0335 | MOTOR 3 | R2/B/R-Axis
B | R3462-7082-0602 | REDUCER 1 S-Axis
B | R3462-7082-0410 | REDUCER 2 H/V-Axis
B | R3462-7082-0429 | REDUCER 1 R2-Axis
B | R3462-7082-0510 | REDUCER 1 B-Axis
B | R3462-7082-0512 | REDUCER 1 R1-Axis
WRIST
C R3642-7412-001 | WRIST ASSY 1 oy
C R3462-7112-112 | S-AXIS INPUT GEAR 1 For S-axis
Motor
C R3462-7212-113 | INPUT GEAR(1) o | For H/V-axis
Motor
For R2-axis
C R3462-7312-337 | GEAR INPUT(2) 1
Motor
C R3462-7412-184 | PULLEY(1) 5 | For B/R1-axis
Motor
C R3462-7412-184 | PULLEY(2) 1 For B-Axis
reducer
7-21 H HYUNDAI
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G PLATE NO Product Name and Specification Ql."an Remark
gory tity
C R3462-7412-184 | PULLEY(3) 1 For R1-Axis
reducer
For S-Axis
D R3462-7112-P03 | BALL BEARING 1| AU AR
LOWER
D R3462-7112-P04 | OIL SEAL 1 R AME
D R3462-7112-P05 | O-RING 1 For 5-Axis
motor
D R3462-7112-P06 | O-RING 1 BASE BODY
D R3462-7112-P07 | O-RING 1 For S-Axis
reducer
For H/V-Axis
D R3462-7212-P03 | OIL SEAL 2 | NPT GEAR
D R3462-7212-P04 | O-RING 5 | For HV-Axis
motor
D R3462-7212-P05 | O-RING 5 | For HV-Axis
reducer
D R3462-7212-P06 | O-RING , | For HIV-Axis
reducer
For R2-Axis
D R3462-7312-P03 | BALL BEARING 1| NeUT CoaR
For R2-Axis
D R3462-7312-P04 | OIL SEAL 1| INPUT CEAR
D R3462-7312-P05 | OIL SEAL 1 For R2-Axis
reducer
D R3462-7312-P06 | O-RING 1 For R2-Axis
reducer
D R3462-7312-P07 | O-RING 1 For R2-Axis
motor
D R3462-7312-P08 | O-RING 1 HOLLOW(1)
D R3462-7412-P05 | BALL BEARING 1 For B-Axis
reducer
GEAR
D R3462-7412-P06 | BALL BEARING 1 NPUT()
D R3462-7412-P07 | BALL BEARING 1 HOUSING
GEAR
D R3462-7412-P08 | BALL BEARING 2 NPUTG)
D R3462-7412-P09 | BALL BEARING 2 | ROLLER IDLER
D R3462-7412-P10 | TAPER ROLLER BEARING 2 HOUSING

PH
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7. Recommended Spare Parts

G PLATE NO Product Name and Specification Ql."an Remark
gory tity
PILLEY
D R3462-7412-P11 | TIMING BELT 2
1,2),3)
D R3462-7412-P12 | OIL SEAL 1 HOUSING
D R3462-7412-P13 | OIL SEAL 1 PULLEY(2)
D R3462-7412-P14 | OIL SEAL 1 | WRIST BODY
D R3462-7412-P15 | OIL SEAL 1 For Ri-Axis
reducer
D R3462-7412-P16 | O-RING 1 For B-Axis
reducer
D R3462-7412-P17 | O-RING 1 | ForRi-Axis
reducer
D R3462-7412-P18 | O-RING 1 HOUSING
D R3462-7412-P19 | O-RING 1 COVER
D R3462-7412-P20 | O-RING 1 | SHAFT GEAR
D R3462-7412-P21 | O-RING 1 For R1-Axis
reducer
D R3462-7230-002 | GAS SPRING ASSY 1 | GAS SPRING
D R3462-7230-P02 | SPHERICAL BEARING 1 | GAS SPRING
Option
D R3462-7004-P01 | LIMIT SWITCH 1 !
(S-Axis)
_ _ Option
D R3462-7004-P02 | LIMIT SWITCH 2 VA
7-23 H D Hyunpa
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8. Dismantling

DY 8. Dismantling

et

8.1. Materials of individual parts of the robot

The robot consists of several materials as shown in [Table 8-1]. In order to prevent adverse effects on
the human body or the environment, some parts should be properly arranged and sealed.

Table 8-1 Table of materials for individual parts

Parts Materials
Battery NiCad or Lithium
Wiring, Motor Copper
Base body, Lower Frame, Upper Frame etc. Cast Iron
Brakes, Motors Samarium Cobalt(or Neodymium)
Wiring, Connectors Plastic / Rubber
Reducers, Bearings Qil / Grease
Wrist cover etc. Aluminum alloy cast

H HYUNDAI 8-2
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8.2. Disposing of the gas spring assembly unit
Since the gas spring is assembled with a high compressive force, failure to observe the following
procedure during disposal may cause personal injury and property damage. Be sure to follow the
procedures.

8.2.1. Disconnecting the gas spring assembly unit

The H axis must be at the angle and posture as shown in [Figure 9.1] during the work of disconnecting
the assembly unit. In this posture, the compressive force of the gas spring is minimized, allowing the
assembly unit to be disconnected from the robot. Therefore, even if the gas spring assembly unit is
disconnected from the main body, the compressive force will be kept in balance by the spring, helping
minimize the risk factor during the disconnection process.

If the disconnection work is carried out to dispose of the gas spring or perform internal maintenance
works, please carry out the disconnection work after completely removing the gas in compliance with the
procedures of “9.3. Releasing the gas of the gas spring.”

S- Axis 0
H- Axis 90
V- Axis 0
R2- Axis 0
B- Axis 0
— R1- Axis 0

Figure 8.1 Posture for disconnecting the gas spring
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8. Dismantling

/Caution \

v When disconnecting and assembling the gas spring assembly unit, fasten or loosen the bolt
A of the hinge by rotating the bolt 45 degrees or less alternately between the upper and
lower bolts so that the hinge will not be tilted excessively, as shown in the figure below.
Excessive tilting of the hinge will cause damage to the bolt screws, and such a damaged
bolt screw will damage the tap of the lower frame, making it difficult to perform the
disconnecting and assembling process.
v" The shape of each part such as hinge can be changed according to the mass production

K design. /

LOWER FRAME

LOWER FRAME

—

=

[Bolt rotation amount 45 degrees or below: Approved] [Bolt rotation amount 45 degrees or above: Not Approved]

8.2.2. Disposing of the gas spring assembly unit

The gas spring assembly unit disconnected from the main body still has a high compressive force inside
itself. So, be sure to completely remove the gas according to the procedures of “9.3. Releasing the gas of
the gas spring” and confirm that the pressure is removed completely before carrying the disposal work.
In addition, some grease may be left inside, handle it in compliance with relevant regulations in an
environment sensitive to contamination.

H HYUNDAI 8-4
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:’,}' 9. Maintenance of the Gas Spring 9.Maintenance of the Gas Spring

Please manage the gas spring to keep its pressure at a proper level through periodic maintenance, and
replace the gas spring when its pressure drops abnormally within a short period of time when taking into
consideration the number of uses.

Caution

v" As nitrogen gas is charged at high pressure, please comply with the safety regulations
of the country.

v Comply with the proper operating pressure of the gas spring to prevent the axis from
falling. If you need to operate the H-axis manually, check if the gas spring pressure is
within the proper range.

v" Fill only with nitrogen gas.

(DO NOT fill with gases other than nitrogen gas or liquid nitrogen.)

v" Mandatorily wear safety glasses when working

v Fill with nitrogen gas to prevent the pressure from dropping more than 5 bar from the
standard pressure.

v" DO NOT look directly into the gas inlet or pressure gauge.

v" If an internal part of the gas spring is damaged, ensure that no part of the body or
major equipment is located in the operating direction of the spring, and completely
remove the gas.

(If an internal part breaks, the compression force may.cause the part to be ejected at
high speed, resulting in an accident.)

v' Separate the gas spring assembly at an angle of 90 degrees to the robot H-axis
(teaching pendant). The position allows the compression force of the gas spring to be
minimized for separation. (Other positions have a high gas compression force, causing
the bolts to bounce off at high speed during separation, which can lead to an accident.)

v" For safety considerations and to maintain product performance, the disassembly and
assembly of the parts inside the gas spring should be performed with specified
standard work tools and equipment with proper training and understanding of the
product. Thus, if you have any questions, contact us.

v" When measuring gas pressure, please comply with the “Check of gas spring pressure”
section, as incorrect operations or mistakes of a measuring device may cause a
reduction in gas pressure.

v' Before checking the gas spring, mandatorily check if the controller and external power
are turned “OFF.” In addition, take action to ensure that the controller or external
power is not accidentally turned “ON” by others.

v' Before replacing the gas spring, remove the gas pressure.

v" When replacing the gas spring, replace the bearing as well.

v" Regularly lubricate the bearing with grease.

(Every six (6) months or every three (3) months under severe conditions)

v When purchasing gas injection parts, please include the thread specifications for the

nitrogen gas cylinder connection.

H HYUNDAI 9-2
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9.1. Checking the gas spring pressure

Q)]
()
(3)
(4)

(5)
(6)

7)

(8)

Set the H axis of the robot at the 90 ° posture, and cut off the power to the controller.
Remove the plug installed in the gas inlet of the spring.

Check if the handle ® is locked (Clockwise lock).

Check if the gas release pin ® is protruding. If it is protruding, turn the handle ©
counterclockwise so that the pin does not protrude.

Turn the base handle ® of the pressure tester clockwise to connect it to the gas inlet completely.
Slowly turn the O handle clockwise until the pressure gauge reading indicates the pressure
range (do not turn the O handle excessively. Otherwise, the gas release pin ® will go inwards
excessively, damaging the value inside the gas spring.

The gas pressure according to the surface temperature of the gas spring is as shown in the table
below.

After the pressure is checked, turn the handle O counterclockwise to retract it, and then turn
the handle ® counterclockwise to release the residual gas inside the tester.

Turn the base handle ® of the pressure tester counterclockwise to disconnect it and mount the
plug again.

| [mix
| m
Figure 9.1 Checking the gas spring pressure
Table 9-1 Table of the pressure for each surface temperature of the gas spring]
Temperature | 5 10 15 20 25 30 35 40 45
(C)
Pr(e;::‘)'e 126 | 128 | 130 | 133 | 135 | 137 | 140 | 42 | 14 | 147

Upon each gas pressure measurement, the pressure will drop approximately 0.5 bar.

position may be different. Please refer to the manual enclosed together when purchasing

f:} Depending on its type, the cross pressure tester may have a different name and its handle

the tester.
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9.Maintenance of the Gas Spring

9.2. Replenishing the gas for the gas spring

A [ cun D

v

v

\

.

Nitrogen gas filling is performed under high pressure. So, please comply with the safety
regulations of the relevant country.

Fill nitrogen gas only.

(Never fill any other gas or liquefied nitrogen other than nitrogen gas)

Be sure to wear protective glasses when working.

Never look into the gas inlet or pressure gauge directly.

Replenishing and filling the gas must be performed after the gas spring is assembled to
the robot.

Once the gas is filled, please use it after waiting for about 30 minutes for the temperature
to return to the level of room temperature.

Before checking the gas spring, be sure to check whether the controller and external
powers are in the FOFF; state. Also, take measures to prevent the controller and
external powers from being turned FON; accidentally by other people.

9.2.1.

(M
(2)
(3)

(4)
(5)

(6)
(7)

8)

9)

When the nitrogen gas bottle pressure exceeds 150 bar

Set the H axis of the robot at the 90 ° posture, and cut off the power to the controller
Remove the plug installed in the gas inlet of the spring.

Make sure that the bleed value  and shutoff value @ of the charging armature are closed
(clockwise lock)

Turn the knob O counterclockwise to prevent the release pin ® from being protruding.

Turn the knob ® of the pressure tester (= armature) clockwise to connect it to the gas inlet
completely.

Check whether the valve O is closed.

Connect the regulator connection part screw to the nitrogen gas bottle screw.

If the gas bottle pressure is 150 bar or below, the booster should be mounted, in addition to the
regulator (conditions for the nitrogen gas bottle that can be used to fill the gas without a booster:
The pressure of the gas bottle should be 150 or above and the bottle should have the capacity
to fill the gas spring with the gas with a pressure of 140 bar).

The gauge ® indicates the target gas pressure and the gauge ® indicates the gas bottle
pressure.

Open the knob @ of the nitrogen gas bottle and turn the handle ©@ of the regulator (@) to set
the target gas pressure (the target gas pressure is designated in the “Table 9-1 Table of the
pressure for each surface temperature of the gas spring”).

(10) Fill the gas up to the target pressure by opening the shutoff value @ slowly.
(11) If the target pressure is reached, close the shutoff valve @ and open the bleed value ® to

release the residual pressure inside the pressure tester (armature).
Do not loosen the bleed value ® by turning it 360 ° or more.

(12) Close the bleed valve ® to adjust the gas pressure of the gas spring.
(13) Check the pressure of the pressure gauge © by turning the knob O clockwise slowly.

Take precautions not to let the release pin ® to go inwards excessively, causing damage to the

H HYUNDAI 9-4
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valve mounted to the gas spring.

(14) If the gas pressure is too high, adjust the gas pressure to the desired level by opening and
closing the bleed valve ® slightly.

(15) Bring the release pin ® back to its original position by turning the knob O counterclockwise.

(16) When the pressure is checked, check whether the shutoff value @ is closed, and then open the
bleed valve ® to completely release the residual pressure inside the pressure tester (= armature).

(17) Lock the knob @ of the nitrogen gas bottle and loosen the regulator connection part to
disconnect it from the gas bottle.

(18) Loosen the shutoff connection part to disconnect it from the pressure tester (armature).

(19) Turn the knob ® of the pressure tester (= armature) counterclockwise to disconnect it from
the gas spring.

(20) Check the check valve of the gas spring for oil or gas leaking.
Warning! Do not look directly into the check valve hole if the gas bottle is filled with gas.

(21) Fasten the G1/8 plug to the gas spring.
Once the gas is filled, please use it after waiting for about 30 minutes for the temperature to
return to the level of the room temperature.

Nitrogen Gas bottle

GYS BOOSTER KIT S FERLENISHING ARRTLRE KIT 5=2A1
B-=e LM ARE == =32 HELICE

Figure 9.2 Replenishing the gas spring with the gas

Depending on the type, the gas replenishing kit may have a different name and its handle

position may vary. Please refer to the manual enclosed when purchasing the kit.
When it is necessary to replenish or fill the gas by using the booster, please refer to the

manual enclosed when purchasing the kit.

9-5 H HYUNDAI
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9.Maintenance of the Gas Spring

9.2.2. When the nitrogen bottle pressure is 150 bar or below (Replenishing the gas by using
the booster)

Q)]

(2)

(3)

(4)

(5)

(6)

7)

&)

9)

Set the H axis of the robot at the 90 ° posture, and cut off the power to the controller.
Remove the plug installed in the gas inlet of the spring.

Check if the bleed value Band shutoff valve Q of the pressure tester are closed (Clockwise
lock).

Turn the knob © counterclockwise so that the release pin 8 does not protrude.
Turn the knob B of the pressure tester clockwise to connect it to the gas inlet completely.

Check whether the handle U, shutoff valve @), knob & (the knob of the air hose owned by
the customer), and the shutoff valve are closed.

Connect the regulator connection part screw to the nitrogen bottle screw.

(Each connection part of the hoses should be connected to each connection inlet)
Since the specification of the nitrogen bottle screw varies among countries, be sure to
purchase a regulator that can meet the specification of the nitrogen bottle screw.

The gauge ® indicates the target gas pressure of the nitrogen bottle; and the gauge ®
indicates the pressure of the nigrogen bottle.

Open the knob @ of the nitrogen bottle and turn the handle of the regulator to set the target
gas pressure (The targe gas pressure is the designated in the “Table 9-1 Table of the pressure
for each surface temperature of the gas spring”).

(10) Open the shutoff valve @ of the hose connected to the regulator @, and turn the shutoff

value @, which is to be connected to the pressure tester, counterclockwise slowly until the
pointer of the pressure gauge ® and the pointer of the gauge ® are matching.

(11) Connect the air hose connection part to the booster, and then open the knob & (the knob

of the air hose owned by the customer). Then, the booster will operate.
Fill the gas until the pointer of the pressure gauge ® reaches the target pressure.

¥ The minimum air pressure for the filling process is 5 bar or higher.
Replace the nitrogen bottle when the residual pressure of the bottle is below 30 bar or lower.

(12) If the target pressure is reached, close the shutoff valve @ and open the bleed valve Bto

release the residual pressure inside the pressure tester.
(Do not loosen the bleed value ® by turning it 360 ° or more)

(13) Close the bleed valve ®. While turning the knob 0O clockwise slightly, check whether the

pointer of the pressure gauge © matches with the target pressure. If it is confirmed that they
are matching, stop turning it.

Take precautions not to let the release pin ® go inwards excessively, causing damage to the
valve mounted to the gas spring.

. H HYUNDAI 9-6
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(14) If the pressure exceeds the target pressure, adjust the gas pressure to the desired level by
opening and closing the bleed valve @ slightly.

(15) Turn the knob O counterclockwise to retract the release pin ®.

(16) When the pressure is checked, open the bleed valve ® to completely release the residual
pressure inside the pressure tester.

(17) Lock the knob ® of the air hose and disconnect it from the booster.
(18) Close the shutoff valve @ of the hose connected to the regulator and lock the handle ©.

(19) Lock the knob @ of the nitrogen bottle and disconnect the hose connected to the regulator
® from the booster and open the shutoff valve @ to release the residual pressure inside.

(20) Disconnect the shutoff connection part from the pressure tester.

(21) Turn the knob ® of the pressure tester counterclockwise to disconnect it from the gas spring.
Fasten the G1/8 plug to the gas spring.
Once the gas is filled, please use it after waiting for about 30 minutes for the temperature to
return to the level of the room temperature.

"g“ //
\/ &
V ¥/
AN > __— Pressure adjust handle
p ¢
0y &2
_~Nitrogen Gas bottle
SAlr Hose A
(®8)
%%, -
W AR Plug AR Socket
/v?, T 1/4 TAP
,a av ” o
, 4\'
@ ~ Booster J0: SANG \nm IMATIC CO: SMC
M DEL = CM22 MODEL @ XX1305-096

Figure 9.3 Replenishing the gas of the gas spring by using the booster

Depending on the type, the gas replenishing kit and the booster may have a different
shape and name. Please refer to the manual enclosed when purchasing the kit

9-7 H HYUNDAI
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9.Maintenance of the Gas Spring

9.3. Releasing the gas for the gas spring

The gas of the gas spring is released in the following cases.

- When the gas spring needs to be disconnected from the robot, but it is impossible to set the H axis at
the 90° posture because the H axis does not operate.

- When transporting robots by air. (It is regulated by law that air transport of machinery with high-
pressure equipment should be performed after the pressure is removed.)

Caution
If the gas is released abruptly, colored oil inside the spring may be ejected. Make sure that the
gas can be released slowly.

(M
(2)
3)
(4)
(5)
(6)
7)

(8)

Remove the plug installed in the gas inlet of the spring.

Check if the handle @ is locked (clockwise lock)

Check if the gas release pin ® is protruding. If it is protruding, turn the handle O counterclockwise
so that the pin does not protrude.

Turn the base handle ® of the pressure tester clockwise to connect it to the gas inlet completely.
Slowly turn the handle O clockwise until the pressure gauge reading indicates the pressure range
(Do not turn the O handle excessively. Otherwise, the gas release pin ® will go inwards excessively,
damaging the value inside the gas spring).

Turn the gas release handle ® counterclockwise slowly to release the gas completely.

Warning! Never look into the gas outlet hole directly:

Turn the handle O counterclockwise to retract the release pin,-and then turn the base handle ® of
the pressure tester counterclockwise to disconnect it

Fasten the G1/8 plug to the gas spring.

Figure 9.4 Releasing the gas of the gas spring

H HYUNDAI 9-8
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9.4. Replacing the assembly unit of the gas spring (disconnecting and
assembling)
When replacing the gas spring assembly unit, please replace the bearings assembled to the BS joint.

9.4.1. Disconnecting the gas spring assembly unit

The H axis must be at the angle and posture as shown in [Figure 9.1] during the work of disconnecting
the assembly unit. In this posture, the compressive force of the gas spring is minimized, allowing the
assembly unit to be disconnected from the robot. Therefore, even if the gas spring assembly unit is
disconnected from the main body, the compressive force will be kept in balance by the spring, helping
minimize the risk factor during the disconnection process

However, when it is needed to carry out the disconnection work to dispose of the gas spring or
perform internal maintenance works but it is impossible to set the H axis at the 90° posture because the

H axis does not operate, please completely remove the gas in compliance with “9.3. Releasing the gas of
the gas spring.”

H- Axis 9 °

Figure 9.5 Posture for disconnecting the gas spring
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9.Maintenance of the Gas Spring

[Danger]

equipment).

v" Postures at which the disconnection of the gas spring assembly unit must not be
performed: H axis is at other degrees than at 90 °
(If the H axis is at other postures than at 90 °, the compressive force of the gas
spring will be excessive, meaning that if the hinge bolts are loosened, the thread of
the screw will be broken by the pressure of the gas spring, and the bolt will be
bounced off at high speed, causing accidents involving people or damage to the

9.4.2. Assembling the gas spring assembly unit

The H axis must be at the angle and posture as shown in [Figure 9.6] during the work of assembling the
assembly unit. In this posture, the compressive force of the balance spring is minimized, making it possible

to assemble the robot.

S- Axis 0
H- Axis 90
V- Axis 0
R2- Axis 0
B- Axis 0
R1- Axis 0

Figure 9.6 Posture for assembling the gas spring
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A\ casin )

v When disconnecting and assembling the gas spring assembly unit, fasten or loosen the bolt
of the hinge by rotating the bolt 45 degrees or less alternately between the upper and
lower bolts so that the hinge will not be tilted excessively, as shown in figure 9.7 below.

v" Excessive tilting of the hinge will cause damage to the bolt screws, and such a damaged
bolt screw will damage the tap of the lower frame, making it difficult to perform the
disconnecting and assembling process.

v" The shape of each part such as hinge can be changed according to the mass production

\ design. /
LOWER FRAME ®LCEXT | OWER FRAME

[Bolt rotation amount 45 degrees or below: Approved] [Bolt rotation amount 45 degrees or above: Not Approved]

Figure 9.7 Cautions in fastening/loosening the gas spring hinge bolts

9-11 H HYUNDAI
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9.4.3. Technical data of the gas spring

Table 9-2 Technical data of the gas spring

9.Maintenance of the Gas Spring

Classification

Data

Remarks

Pressure medium

Nitrogen gas / Hydraulic oil

Maximum filling pressure

Stroke length 160mm
Operation temperature 0T ~80°T

Gas volume 0.9 liter

140 bar

Proper working pressure

140 bar ~ 125 bar

Target pressure for
maintenance and
management

Minimum allowable pressure

105 bar

Weight

About 14 kg

gas spring.”

For the pressures, refer to the “Table 9-1 Table of the pressure for each surface temperature of the

% The minimum allowable pressure may vary depending on the motor load of the robot.

H HYUNDAI
ROBOTICS
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9.4.4. Parts for measuring the gas spring pressure and for filling the gas

Table 9-3 Parts for measuring the gas spring pressure and for filling the gas

Quan
Part name and specification Plate No. tity Shape Type of
per supply
unit
GAS SPRING & BS JOINT
& BELLOWS(1) & Nipple R3462-7230-001(1) 1
Bearing Collar R3462-7230-218 2 Hyundai
Robotics
Spherical Bearing 22208 R3462-7230-P02 2 (Option)
Nilos Ring 22208JV R3462-7230-P03 4
_ Hyundai
o o e LT | R3462-T230R01 | Robotics
or measuring the pressure (Option)

REPLENISHING ARMATURE KIT-1
+ GAS BOOSTER KIT-1

1. For filling the gas when the Pty e Oyl
nitrogen bottle pressure is 150 bar | p3169_7930-R05 ! “ Hyunqai
or below + R3462-7230-R03 | | / + Robotics
2. ltem to be included when the ! :' (Option)
customer places an order '

. Specification of the nitrogen
bottle connection part screw
REPLENISHING ARMATURE KIT-1
1. For filing the gas when the Pressure tester  Pressure regulator Charging h
?;t(l)'obgen bottle pressure exceeds A mw Hyundai

ar A .
2. ltem to be included when the R3462-7230-R05 ! 8 m RObO.tICS
(Option)

customer places an order

. Specification of the nitrogen
bottle connection part screw
GAS BOOSTER KIT-1
1. For boosting the pressure when
the nitrogen bottle pressure is 150
bar or below Hyundai
2. AIR INLET PLUG MALE : R1/4 R3462-7230-R03 1 Robotics
3. Item to be included when the (Option)

customer places an order
. Specification of the nitrogen
bottle connection part screw

9-13 H HYUNDAI
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9.Maintenance of the Gas Spring

Air Hose and quick coupling _ : C—AMM Custome
(for supplying air) -, r
1B
9.4.5. Gas spring protective cover
Category Bellows Plastic Cover Remarks
Exterior
Material RUBBER(integrated type) PLASTIC(split type)

Disassembly of gas
spring for replacement
of protective cover

0]

X

O Small: Cable tie
O Large: 12W x @103

O Small: 12W x @54
O Large: 12W x @103

CLAMP specifications O Wrench size : - O Wrench size : 8mm
O Tightening torque : - O Tightening torque : 60kg/cn
General type General type
CLAMP image

When to replace

Tearing

Damage by external impact

Precautions for
assembly

Pore location / Assemble
toward the inside (robot side)

Assemble without any gaps in the
divisions

PH

HYUNDAI
ROBOTICS
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9.Maintenance of the Gas Spring

Internal wiring is shown in a connection diagram per unit, and thus utilizes it to inspect and
replace the wiring.

BJ3 BOX User Connector

Figure 10.1 Manipulator Configuration
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9.Maintenance of the Gas Spring
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9.Maintenance of the Gas Spring
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9.Maintenance of the Gas Spring
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9.Maintenance of the Gas Spring
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9.Maintenance of the Gas Spring

GRC: 477, Bundangsuseo-ro, Bundang-gu, Seongnam-si, Gyeonggi-do

Daegu: 50 Technosunhwan-ro 3-gil, Yuga-eup, Dalseong-gun, Daegu-si

Ulsan: Room 201-5, Automotive and Shipbuilding Engineering Hall, Maegoksaneop-ro 21, Buk-gu, Ulsan-si
Middle Region: Song-gok-gil 161, Yeomchi-eup, Asan-si, Chungcheongnam-do

Gwangju: Room 101, Building B, Pyeongdongsandan-ro 170-3, Gwangsan-gu, Gwangju-si

ARS 1588-9997 | 1 Robot Sales, 2 Service Sales, 3 Purchasing Consultation, 4 Customer Support, 5 Investment Queries, 6

Recruitment,

and Other Queries www.hyundai-robotics.com
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