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1 Introduction

KUKA

Valid for KR 50 PA
KR50 PAC
1 Introduction

1.1 Robot documentation

The documentation of this robot comprises the following parts:
- Assembly instructions for KR 50 PA with KR C2
-  Parts catalog on storage medium

Each of these parts is a separate document that is attached to the robot.

The assembly instructions and parts catalog for the controller are not part of this documenta-
tion.

1.2 Representation of warnings and notes

VA
VA
VA

Warnings marked with this pictogram are relevant to safety and must be observed.
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Assembly Instructions

Notice!

These warnings mean that damage to property may occur, if no precautions are
taken. They contain references to safety-relevant information or general safety

measures. These warnings do not refer to individual hazards or individual pre-

cautionary measures.

@ Information!
These hints serve to make your work easier or contain references to further informa-
tion.

L]}
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2 Purpose

2 Purpose

2.1 Intended use
Use
Handling of tools or fixtures for processing or transferring components or products, e.g.
- Palletizing
- Handling
-  Depalletizing

Use is only permitted under the environmental conditions specified in Chapter 4.

Misuse

Any use or application deviating from the intended use is deemed to be impermissible mis-
use; examples of such misuse include:

- Transportation of persons and animals

- Use as a climbing aid

- Operation outside the permissible operating parameters
- Use in potentially explosive environments

- Use in underground mining

Notice!

Changing the structure of the manipulator, e.g. by drilling holes, etc., can result
in damage to the components. This is considered improper use and leads to
loss of guarantee and liability entitlements.

&

Notice!

Deviations from the operating conditions specified in the technical data or the
use of special functions or applications can lead to premature wear. KUKA
Roboter GmbH must be consulted.

&

MA KR 50 PA, KR C2 03.11.01 en 7 of 104



Assembly Instructions

2.2 Target group
This documentation is aimed at users with the following knowledge and skills:
- Advanced knowledge of mechanical engineering
- Advanced knowledge of electrical and electronic systems
- Knowledge of the robot controller system

@ Information!
For optimal use of our products, we recommend that our customers take part in a
course of training at KUKA College. Information about the training program can be
found at www.kuka.com or can be obtained directly from our subsidiaries.

L]}
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3 Product description

3 Product description

@: Information!
This description applies analogously to all of the industrial robots listed in Chapter 1,
regardless of the variant or model shown in the illustrations.

3.1 General

The industrial robot consists of the manipulator (= robot arm and electrical installations), con-
trol cabinet, teach pendant and connecting cables (Fig. 1). The manipulator is dealt with in
this document. The control cabinet, teach pendant and connecting cables are described in
separate documentation.

The KR 50 PA robot is a multi-axis industrial robot, driven in axes 2 and 3 by AC servomotors.
The fifth axis is positively driven by a parallel kinematic system.

1 Manipulator
2 Control cabinet
3 Connecting cables

Fig. 1 Industrial robot (example: floor-mounted)

This section is subdivided in accordance with the breakdown of the manipulator into its main
subassemblies.
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Assembly Instructions

3.2 Mounting frame

The KR 50 PA robot is equipped with a mounting frame for installing tools (Fig. 2) for a pay-
load of 50 kg.

The mounting frame is fastened to the arm (4) via bearing (2) and is driven by the parallel
arm (3) via bearing (1). It is equipped with five standardized mounting flanges, which consti-
tute the interfaces to the tooling.

Directions of rotation, axis data and permissible loads can be found in Chapter 4, “Technical
data”.

Bearing in parallel arm
Bearing in arm
Parallel arm

Arm

Mounting frame
Mounting flange

OO WN =

Fig.2 Mounting frame

10 of 104
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3 Product description (continued)

33 Arm

The arm assembly (Fig. 3/7) embodies the driven element of axis 3 of the robot. The arm
is flange-mounted to the side of the link arm (5) through a bearing and is driven by main axis
motor unit A3 (6) via the parallel link arm (4). The drive motor is installed in the rotating column
at the same height as rotational axis A2.

The effective software swivel range extends from +15° to +145°, referred to the electrical
zero position of axis 3, and depends on the position of axis 2 (as depicted in Fig. 3). The
swivel range is limited by mechanical limit stops with a buffer function in addition to the soft-
ware limit switches.

The arm assembly comprises the parallel arm (2), the arm (7), the coupler (3) and the cou-
pling rod. The latter are the connecting and guide elements used to drive the mounting frame

).
The arm (7) is a hollow structural element optimized by means of CAD and FEM. This
technology provides high strength with the lowest possible weight.

The mounting frame (9) is fastened to the front end of the arm via a bearing (8); the mounting
frame is driven by the parallel arm (2).
+15° °°l

1 2 i
\ .
) 3
- —© 4
A
= 5
6
9 8 7
1 Bearing in parallel arm 6 Coupling rod
2 Parallel arm 7 Arm
3 Coupler 8 Bearinginarm
4 Parallel link arm 9 Mounting frame
5 Link arm

Fig.3 Arm
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3.4 Link arm

The link arm (Fig. 4/1) is the driven element of axis 2. It pivots about rotational axis 2 (4)
through an effective software range from -15° to -120° - referred to the electrical zero posi-
tion of axis 2. The mechanical zero position corresponds to the horizontal position of the link
arm (1) in Fig. 4. The link arm assembly also includes the parallel link arm (2). Driven by a
crank, the parallel link arm moves the arm. The link arm is driven by main axis motor unit A2
(3) via a gear unit.

The effective software swivel range is limited by mechanical limit stops with a buffer function
in addition to the software limit switches.

-120°
(m: 5
15,0 |
/ 1
| \ 2
-15° |
' 3
O S
2 4
Link arm

Parallel link arm

Main axis motor unit A2 (hidden)
Rotational axis 2

Coupler

abhowNn =

Fig. 4 Link arm with turning range

The link arm (Fig. 5/2) contains the gear unit A2 (3) at its lower end. The gear unit A 2 (3)
is used both as drive element and to support the link arm assembly (2). Reference notches
(5, 9) are provided to define the mechanical zero position of axes 2 and 3. The signal cables
and power supply lines of the electrical installations are routed in the interior of the link arm
housing from the rotating column to the arm (see Chapter 8, “Electrical installations”).

12 of 104
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3 Product description (continued)

8
N
L2
j ,7 3
7 F L-I \ iﬁl
L R | 14 =
6 _‘—E“u [@ \ ”_ 4
e
==t H \
[ T o i ] 5
1 Arm 6 Crank
2 Link arm 7 Gear unit A3
3 Gear unit A2 8 Parallel link arm
4 Rotational axis 2 9 Reference notch A3
5

Reference notch A2

Fig. 5 Structure of link arm

3.4.1 Main axis motor units A2 and A3

The robot axes 2 and 3 (main axes) are driven by motor units as shown in Fig. 6. Each motor
unit for the main axis drives consists of a brushless AC servomotor (1) with a permanent-
magnet single-disk brake and hollow-shaft resolver (2), both integrated in the AC servomo-
tor. The motor units for axes 2 and 3 have the same design, function, and rated power.

The permanent-magnet single-disk brake performs a holding function when the servomo-
tors are at rest and contributes to the braking of the respective axis in the event of short-cir-
cuit braking (e.g. if one or more of the enabling switches is released while in Test mode).
Short-circuit braking is not used to stop the robot under normal circumstances.

1 AC servomotor
2 Hollow-shaft resolver

Fig. 6 Motor unit for main axis drive
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3.5 Rotating column

The rotating column (Fig. 7) is the stationary part of the robot. Its base flange (6) features
three attachment holes (5) for holding the robot down and two locating boreholes (4), with
which the robot can be placed on two locating pins (accessories, see also robot Chapter 7,
“Installation, connection, exchange”). These pins serve to center the robot on the mounting
platform, and ensure a consistently reproducible installation position.

In the rotating column, the installation cables leading to the link arm are routed stress-free
through the rotating column of the robot in a flexible tube. If an energy supply system is
installed, this flexible tube will also contain the hose lines and control cables.

The sockets for the connecting cables from the robot to the control cabinet are located on
the sides of the two junction boxes (1) mounted at the rear of the base frame. The connec-
tions for the energy supply system A1-A5 are also installed in this area.

1
2
3
6 5 4
1 Junction box 4 Fastening holes
2 Rotating column housing 5 Base flange
3 Gear unit A2 6 Locating boreholes (2x)

Fig. 7 Structure of rotating column
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3

3.6

3.7

3.8

Product description (continued)

Working range limitation for A2

Mechanical stops for axis 2 can be supplied as the “Working range limitation” accessory.
Working range limitation can be used to provide task-related mechanical safeguarding, i.e.
the electronically specified working ranges (software limit switches) are in addition limited
mechanically.

The working range limitation system is described in separate documentation.

Working range monitoring for A2

Axis 2 can be fitted with working range monitoring (accessory). This consists of position
switches and slotted rings as accessories to which adjustable cams are attached (see robot
Doc. Module “Working Range Monitoring”). Depending on the axis position, the cams acti-
vate a switch, whose signal allows the continuous monitoring of the robot position.

If axis 2 is equipped with working range monitoring, an energy supply system with an addi-
tional control cable is required.

The working range monitoring is described in separate documentation.

Energy supply system

For use in certain production technologies, the robot can also be equipped with an “energy
supply system A1 - A5”, integrated in the area from the rotating column A1 to the wrist A5,
and an “energy supply system A5 - tool”. The energy supply system A1 - A5 consists of a
hose and cable bundle for transmitting the energy, fluids and signals typical of the technologi-
cal process concerned. The hose and cable bundle may comprise electric cables and hoses,
the flexible tube A1 and the interface A5 on the wrist. The flexible tube accommodates the
cables and hoses, thereby minimizing the stress to which they are subjected. It is fastened
in such a way that it does not impair the robot motion and is protected against damage.
The energy supply system is described in separate documentation.

L]}
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4 Technical data

4 Technical data

@ Information!
This description applies analogously to all of the industrial robots listed in Chapter 1,
regardless of the variant or model shown in the illustrations.

4.1 General

The KR 50 PA robot is a two-axis industrial robot for installation on the floor or ceiling. It is
suitable for all palletizing tasks. The main areas of application are:

- Palletizing
- Handling
- Depalletizing

Notice!
Using the manipulator for purposes other than those mentioned above is consi-
dered contrary to its designated use (see Chapter 2, “Purpose”).

Fig. 8 shows the industrial robot with the manipulator (= robot arm and electrical installations)
and the control cabinet.

The following data apply, unless otherwise indicated, to both floor-mounted and ceiling-
mounted robots.

1 Mounting frame 5  Connecting cables

2 Arm 6  Control cabinet (see

3 Link arm separate documentation)
4 Rotating column

Fig. 8 Principal robot components

L]}
MA KR 50 PA, KR C2 03.11.01 en 17 of 104



Assembly Instructions

4.2 Principal data

Type KR 50 PA

Number of axes 2

Load limits see following table and Fig. 9
Robot type KR 50 PA
Rated payload [kg] 50
Suppl. load, arm [kq] 20
Max. total load [kg] 70

Max. total load

| Suppl.load | | Payload |

Fig. 9 Load distribution

Axis data See the following table

All specifications in the “Range of motion” column are re-
ferred to the electrical zero of the robot axis concerned.
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4 Technical data (continued)

KR 50 PA

o Wrist, rated payload 50 kg

Axis Range of motion, Speed
software-limited

2 -15°to -120° 153°/s

3 +15°* to +145° * 212°/s

* Maximum value, referred to the link arm, depending on the position of axis 2

Fig. 10 Robot axes and their possible motions

Pose repeatability +0.05 mm

Mounting position floor, ceiling

Principal dimensions see Fig. 12

Working envelope see Fig. 12

Working area approx. 1.6 m?2
The reference point is the intersection of the mounting flange face
with axis 6.

Load center of gravity P see Fig. 11.

L]}
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Mounting flange DIN/ISO' mounting flange 5x (Fig. 14).
The mounting flange is depicted in the zero position. The symbol
¢ indicates the position of the locating element (bushing). Six M8
screws of grade 10.9 are to be used for attaching payloads. The
grip length of the screws in the flange must be at least 1.5 x nomi-
nal diameter.

Depth of engagement: min. 12 mm / max. 14 mm

T DIN/ISO 9409-1-A100-6-M8

Weight 492 kg

Principal dynamic loads see Fig. 15

Drive system Electromechanical, with transistor-controlled AC servomotors.
Installed motor capacity 5.700 kW

Protection rating of the electric parts
IP65
Ready for operation, with connecting cables plugged in
(acc. to EN 60529)

Ambient temperature During operation:
278 Kto 328 K (+5 °C to +55 °C),
for operation with SafeRDC:
278 Kto 323 K (+5 °C to +50 °C),
during storage/transportation:
233 Ko 333 K (-40 °C to +60 °C).
Start-up:
278 K10 288 K (+5 °C to +15 °C)
At these temperatures, it may be necessary to warm up the robot.

Other temperature limits available on request.

Humidity class DIN EN 60721-3-3, Class 3K3
Sound level < 75 dB (A) outside the working envelope.
Color Base (stationary): black (RAL 9005)

Moving parts: KUKA orange 2567
Plates see Fig. 16 to Fig. 26.

Stopping distances and times see separate documentation.
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4 Technical data (continued)

Notice!

W Loading curves (Fig. 11) correspond to the maximum load capacity! The values
of the payload and the principal moment of inertia must be checked in all cases.
Exceeding this capacity will reduce the service life of the robot and generally
overload the motors and the gears; in any such case KUKA must be consulted
beforehand.

@ Information!
The values determined here are necessary for planning the robot application.
For commissioning the robot, additional input data are required in accordance with the
KUKA software documentation.

Robot flange coordinate system

| Lxy = JLx® + Ly? Permissible mass inertia at the
| design point (Lxy = 100 mm,
[ Lz = 200 mm)
| 0.3 payload kgmZ.
CAUTION:
It is imperative for the load data to
be entered in the controller!

Lz, NI ‘ Load center of gravity P
\\_X
+I Ly

Lxy (mm)
200 - 30 kg

- 35 kg

— 40 kg

E——50kg 45 kg
100

E Lz (mm)
[ HHHH\IHHH\HIHH\HHIHH\HHI\HHHHIHH\HHIHH\HHI»

O 100 200 300 400 500 600 700

Fig. 11 Load center of gravity P and loading curves for KR 50 PA
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Suppl. load
uPP 850 200
+15° 2)
2) .
120 Load center of gravity
z +145°
| = I
7 ==
\Fo ~ |
h =
1 \
o Y \
s g 3

1389

1180

o
1628

/ Interference radius

330

1160

1240

1991

1) Maximum value, referred to the link arm, depending on the position of axis 2

NOTICE: The supplementary load
center of gravity must be located as
close as possible to rotational axis
3 and to line a in Fig. 13.

The reference point for the working
envelope is the center of the lower
mounting flange surface.

View Y, see Fig. 13.

Fig. 12 Principal dimensions and working envelope (software values)
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4 Technical data (continued)

View Y from Fig. 12

a
+ 380104

Interference contour for suppl. load

7 100

7 -
¥ —9 JT/;
) s

4x M12, max. 18 deep

Support brackets for suppl. load (2x)

Notice!
For attaching the supplementary load, all four of the M12x18 tapped holes must be
used. The maximum tightening torque is 35 Nm.
The depth of engagement of 18 mm must not be exceeded under any circumstances.

Fig. 13 Attachment holes for supplementary load
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M8 fastening screws; 10.9
Depth of engagement: min. 12 mm
max. 14 mm

A
l 2
MmN
1L NI g
—— 1

6x60°=360" f

At the lateral and front mounting flange surfaces
the centering hole (2) is located above.

| ‘ 2
o gH7
o ¢ 6317 -
< ~all} -
© "5 130
%
Fitting length
1 Mounting frame
2 Locating element
Section A - A

Fig. 14 DIN/ISO mounting flange for mounting frame

. ___________________________________________________________________________________________________________________________________________________|]
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4 Technical data (continued)

The specified forces and moments already include the payload and the inertia force (weight)
of the robot.

—1 [1 )
: 1 I ey -
o
[e]

Fy = \Vertical force Fymax = 18,000N
Fh = Horizontal force Fhmax = 9,000 N
My = Tilting moment Mgmax = 22,000 Nm
Total mass = robot + total load for type

495 kg + 70kg KR 50 PA

Fig. 15 Principal loads acting on floor or ceiling due to manipulator and total load
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@ @O

Fig. 16 Plates on robot (see also Fig. 17 to Fig. 26)

ACHTUNG! CAUTION! ATTENTION!
Faserverbund- fiber composite matériau renforcé
werkstoff material par fibres
- nicht bohren - no drilling - ne pas percer
- keine Schlagbelastung - no sharp impacts - exclure les chocs
- keine Temperaturbe- - no tempera- - pas de tempéra—
lastung > 80° C tures > 80° C ture > 80° C 2X
- Handbuch beachten - observe manual - respecter le manuel
Artikel-Nr.  00-109-364 D/GB/F @

Fig. 17 Warning sign, fiber composite material

®

Fig. 18 High voltage warning sign
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4 Technical data (continued)

4x on all motors.

Fig. 19 Hot surface warning sign

Onallmotors. | C € [

Fig. 20 Drive motor rating plate

Schrauben M8 Qualitat 10.9

Einschraubtiefe min.10mm max. 12 mm

Klemmlanée min. 12 mm

Fastening screws M8 quality 10.9

Engagement length min. 10mm max. 12 mm

Screw grip min. 12 mm

Vis M8 qualite 10.9

Longueur vissee min. 10mm max. 12 mm @
Longueur de serrage min. 12 mm ArtNr. 00-131-768

Fig. 21 Fastening instructions on the wrist
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ACHTUNG! WARNING! ATTENTION!

Vor dem Entfernen des Motors Roboterachse
gegen Kippen sichern!

Only remove motor when robot axis is secu-

red!

Avant démontage du moteur bloquer 'axe 2x

concerné! ) @
Artikel-Nr.  00-133-318 de/en/ff

Fig. 22 Instructions for safeguarding against toppling of A2, A 3

Roboter GmbH

ZugspitzstraBe 140

86165 Augsburg.Germany
Typ

Type Type XXXXXXXXXXXXXXXXXXXXXXXXKX
Artikel-Nr. Article No. No. d’article XXXXXXXXX
Serie-Nr. Serial No. No. Se’rie# XXXXXX]
Baujahr Date Annee de fabric. XXXX-X
Gewicht Weight  Poids XXXX kg
Traglast Load Charge XXX kg
ReichweiteRange  Porfee XXXX MM
$TRAFONAME[="#....." XXXXXXXXXXXXXXXXXXXXXXXXXXX]
..\MADA\ XXXXXXXXXXXXX XXX XXX XX XXX XXX

1l
‘ @

Fig. 23 Robot identification plate (example)

A
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4 Technical data (continued)

O

ACHTUNG! WARNING! ATTENTION

Vor Aufstellung, Inbetriebnahme, Montage- und
Wartungsarbeiten die Betriebsanleitung und
Sicherheitshinweise lesen und beachten!

Before installation, start-up, maintenance or
disassembling read and follow the safety
directions and operating instructions!

Avant installation, mise en service, réparation et
maintenance veuillez lire les chapitres
correspondants du manuel ainsi que les
consignes de sécurité et les respecter!

Artikel-Nr.  00-133-318 D/GB/F

MA KR 50 PA, KR C2 03.11.01 en

Fig. 24 Reference to operating instructions

00-104-232

Fig. 25 Danger zone

Transportstellung:
Transport position:
Position de transport:

A1 A2
-120°| -145°
ACHTUNG! CAUTION! A'I'I'El,\lTION!
Vor dem Losen der The robot mustbe ~ Le robot doit etre
Fundamentbefesti- in the transport amene en position
gungsschrauben  position before the  de transport avant de
muss der Roboter in - holding-down bolts  desserrer les boulons
Transportstellun are slackened! de fixation des
gebracht werden! fondations!

Artikel-Nr.: 00-133-318 de/en/fr

Fig. 26 Transport position plate

2X
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5 Safety

KUKA

5 Safety

5.1 Representation of warnings and notes
Safety

A B
A B

Y
¢

Notice!

These warnings mean that damage to property may occur, if no precautions are
taken. They contain references to safety-relevant information or general safety
measures. These warnings do not refer to individual hazards or individual pre-
cautionary measures.

@ Information!
These hints serve to make your work easier or contain references to further informa-
tion.

5.2 General

Notice!

v This “Safety” chapter refers to a mechanical component of an industrial robot.
If the mechanical component is used together with a KUKA robot controller, the “Safety”
chapter of the operating instructions or assembly instructions of the robot controller
must be used!
This contains all the information provided in this “Safety” chapter. It also contains addi-
tional safety information relating to the robot controller which must be observed.

Where this “Safety” chapter uses the term “industrial robot”, this also refers to the indi-
vidual mechanical component if applicable.

L]}
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5.2.1 Liability

Assembly Instructions

The device described in this document is either an industrial robot or a component thereof.
Components of the industrial robot:

= Manipulator

= Robot controller

= Teach pendant

= Connecting cables

= External axes (optional), e.g. linear unit, turn-tilt table, positioner
=  Software

= Options, accessories

The industrial robot is built using state-of-the-art technology and in accordance with the rec-
ognized safety rules. Nevertheless, misuse of the industrial robot may constitute a risk to life
and limb or cause damage to the industrial robot and to other material property.

The industrial robot may only be used in perfect technical condition in accordance with its
intended use and only by safety-conscious persons who are fully aware of the risks involved
in its operation. Use of the industrial robot is subject to compliance with this document and
with the declaration of incorporation supplied together with the industrial robot. Any functional
disorders affecting the safety of the robot system must be rectified immediately.

Safety information

Safety information cannot be held against KUKA Roboter GmbH. Even if all safety instruc-
tions are followed, this is not a guarantee that the industrial robot will not cause personal inju-
ries or material damage.

No modifications may be carried out to the industrial robot without the authorization of KUKA
Roboter GmbH. Additional components (tools, software, etc.), not supplied by KUKA Ro-
boter GmbH, may be integrated into the industrial robot. The user is liable for any damage
these components may cause to the industrial robot or to other material property.

In addition to the Safety chapter, this document contains further safety instructions. These
must also be observed.

5.2.2 Intended use of the industrial robot

(&

The industrial robot is intended exclusively for the use designated in the “Purpose” chapter
of the operating instructions or assembly instructions.

Information!

Further information is contained in the “Purpose” chapter of the operating instructions
or assembly instructions of the component.

Using the industrial robot for any other or additional purpose is considered impermissible
misuse. The manufacturer cannot be held liable for any damage resulting from such use. The
risk lies entirely with the user.

Operating the industrial robot and its options within the limits of its intended use also involves
observance of the operating and assembly instructions for the individual components, with
particular reference to the maintenance specifications.
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Misuse

Any use or application deviating from the intended use is deemed to be impermissible mis-
use.

This includes e.qg.:

=  Transportation of persons and animals

= Use as a climbing aid

= Operation outside the permissible operating parameters
= Use in potentially explosive environments

] Operation without additional safeguards

= Qutdoor operation

5.2.3 EC declaration of conformity and declaration of incorporation

This industrial robot constitutes partly completed machinery as defined by the EC Machinery
Directive. The industrial robot may only be put into operation if the following preconditions
are met:

= The industrial robot is integrated into a complete system.
Or: The industrial robot, together with other machinery, constitutes a complete system.

Or: All safety functions and safeguards required for operation in the complete machine
as defined by the EC Machinery Directive have been added to the industrial robot.

= The complete system complies with the EC Machinery Directive. This has been con-
firmed by means of an assessment of conformity.

Declaration of conformity

The system integrator must issue a declaration of conformity for the complete system in ac-
cordance with the Machinery Directive. The declaration of conformity forms the basis for the
CE mark for the system. The industrial robot must be operated in accordance with the appli-
cable national laws, regulations and standards.

The robot controller is CE certified under the EMC Directive and the Low Voltage Directive.

Declaration of incorporation

The industrial robot as partly completed machinery is supplied with a declaration of incorpo-
ration in accordance with Annex I B of the EC Machinery Directive 2006/42/EC. The assem-
bly instructions and a list of essential requirements complied with in accordance with Annex
| are integral parts of this declaration of incorporation.

The declaration of incorporation declares that the start-up of the partly completed machinery
remains impermissible until the partly completed machinery has been incorporated into ma-
chinery, or has been assembled with other parts to form machinery, and this machinery com-
plies with the terms of the EC Machinery Directive, and the EC declaration of conformity is
present in accordance with Annex Il A.

The declaration of incorporation, together with its annexes, remains with the system integra-
tor as an integral part of the technical documentation of the complete machinery.
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Terms used

Assembly Instructions

Axis range

Range of each axis, in degrees or millimeters, within which it may
move. The axis range must be defined for each axis.

Stopping distance

Stopping distance = reaction distance + braking distance
The stopping distance is part of the danger zone.

Workspace

The manipulator is allowed to move within its workspace. The work-
space is derived from the individual axis ranges.

Operator (User)

The user of the industrial robot can be the management, employer or
delegated person responsible for use of the industrial robot.

Danger zone

The danger zone consists of the workspace and the stopping dis-
tances.

Service life The service life of a safety-relevant component begins at the time of
delivery of the component to the customer.

The service life is not affected by whether the component is used in a
robot controller or elsewhere or not, as safety-relevant components are
also subject to ageing during storage.

KCP/smartPAD The KCP/smartPAD (KUKA Control Panel) teach pendant has all the
operator control and display functions required for operating and pro-
gramming the industrial robot.

Manipulator The robot arm and the associated electrical installations.

Protected space

The safety zone is situated outside the danger zone.

Stop category 0

The drives are deactivated immediately and the brakes are applied.
The manipulator and any external axes (optional) perform path-ori-
ented braking.

Note: This stop category is called STOP 0 in this document.

Stop category 1

The manipulator and any external axes (optional) perform path-main-
taining braking. The drives are deactivated after 1 s and the brakes are
applied.

Note: This stop category is called STOP 1 in this document.

Stop category 2

The drives are not deactivated and the brakes are not applied. The ma-
nipulator and any external axes (optional) are braked with a normal
braking ramp.

Note: This stop category is called STOP 2 in this document.

System integrator
(plant integrator)

System integrators are people who safely integrate the industrial robot
into a complete system and commission it.

T

Test mode, Manual Reduced Velocity (<= 250 mm/s)

T2

Test mode, Manual High Velocity (> 250 mm/s permissible)

External axis

Motion axis which is not part of the manipulator but which is controlled
using the robot controller, e.g. KUKA linear unit, turn-tilt table, Posiflex.
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5 Safety (continued)

5.3 Personnel

The following persons or groups of persons are defined for the industrial robot:

. User
. Personnel

Notice!

All persons working with the industrial robot must have read and understood
the industrial robot documentation, including the safety chapter.

User

The user must observe the labor laws and regulations.

This includes e.qg.:

= The user must comply with his monitoring obligations.

= The user must carry out instructions at defined intervals.

Personnel

Personnel must be instructed, before any work is commenced, in the type of work involved
and what exactly it entails as well as any hazards which may exist. Instruction must be carried
out regularly. Instruction is also required after particular incidents or technical modifications.
Personnel includes:
=  System integrator
= Operators, subdivided into:

- Start-up, maintenance and service personnel

- Operating personnel

- Cleaning personnel

Notice!

Installation, exchange, adjustment, operation, maintenance and repair must be
performed only as specified in the operating or assembly instructions for the
relevant component of the industrial robot and only by personnel specially
trained for this purpose.

System integrator
The industrial robot is safely integrated into a complete system by the system integrator.
The system integrator is responsible for the following tasks:

] Installing the industrial robot

= Connecting the industrial robot

= Performing risk assessment

. Implementing the required safety functions and safeguards
= Issuing the declaration of conformity

= Attaching the CE mark

= Creating the operating instructions for the complete system
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Operator
The operator must meet the following preconditions:
=  The operator must be trained for the work to be carried out.

= Work on the industrial robot must only be carried out by qualified personnel. These are
people who, due to their specialist training, knowledge and experience, and their famil-
iarization with the relevant standards, are able to assess the work to be carried out and
detect any potential hazards.

Example

The tasks can be distributed as shown in the following table:

X| X X[ X| X| X| X

X| XX X X X]| X]| X]| X]|] X]| X|X

Notice!
Work on the electrical and mechanical equipment of the industrial robot may
only be carried out by specially trained personnel.

5.4 Workspace, safety zone and danger zone

Working zones are to be restricted to the necessary minimum size. A workspace must be
safeguarded using appropriate safeguards.

The safeguards (e.g. safety gate) must be situated inside the safety zone. In the case of a
stop, the manipulator and external axes (optional) are braked and come to a stop within the
danger zone.

The danger zone consists of the workspace and the stopping distances of the manipulator
and external axes (optional). It must be safeguarded by means of physical safeguards to pre-
vent danger to persons or the risk of material damage.
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(1) Workspace (8) Stopping distance
(2) Manipulator (4) Safety zone

Fig. 27 Example: axis range A1

5.5 Overview of protective equipment

The protective equipment of the mechanical component may include:
= Mechanical end stops

= Mechanical axis range limitation (optional)

= Axis range monitoring (optional)

] Release device (optional)

=  Labeling of danger areas

Not all equipment is relevant for every mechanical component.

5.5.1 Mechanical end stops

Depending on the robot variant, the axis ranges of the main and wrist axes of the manipulator
are partially limited by mechanical end stops.

Additional mechanical end stops can be installed on the external axes.

Notice!

v If the manipulator or an external axis hits an obstruction or a mechanical end
stop or axis range limitation, this can result in material damage to the industrial
robot. The manipulator must be taken out of operation and KUKA Roboter GmbH
must be consulted before it is put back into operation.
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5.5.2 Mechanical axis range limitation (optional)

(&

Some manipulators can be fitted with mechanical axis range limitation in axes A1 to A3. The
adjustable axis range limitation systems restrict the working range to the required minimum.
This increases personal safety and protection of the system.

In the case of manipulators that are not designed to be fitted with mechanical axis range limi-
tation, the workspace must be laid out in such a way that there is no danger to persons or
material property, even in the absence of mechanical axis range limitation.

If this is not possible, the workspace must be limited by means of photoelectric barriers, pho-
toelectric curtains or obstacles on the system side. There must be no shearing or crushing
hazards at the loading and transfer areas.

Information!

This option is not available for all robot models. Information on specific robot models
can be obtained from KUKA Roboter GmbH.

5.5.3 Axis range monitoring (optional)

(&

Some manipulators can be fitted with dual-channel axis range monitoring systems in main
axes A1 to A3. The positioner axes may be fitted with additional axis range monitoring sys-
tems. The safety zone for an axis can be adjusted and monitored using an axis range moni-
toring system. This increases personal safety and protection of the system.

Information!

This option is not available for all robot models and not for the KR C4. Information on
specific robot models can be obtained from KUKA Roboter GmbH.

5.5.4 Options for moving the manipulator without drive energy

A Erpmemmmmmmmenss

Description

The following devices are available for moving the manipulator after an accident or malfunc-
tion:

] Release device (optional)
The release device can be used for the main axis drive motors and, depending on the
robot variant, also for the wrist axis drive motors.

] Brake release device (optional)
The brake release device is designed for robot variants whose motors are not freely
accessible.

= Moving the wrist axes directly by hand
There is no release device available for the wrist axes of variants in the low payload
category. This is not necessary because the wrist axes can be moved directly by hand.
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@ Information!
Information about the options available for the various robot models and about how to
use them can be found in the assembly and operating instructions for the robot or re-
quested from KUKA Roboter GmbH.

Notice!

W Moving the manipulator without drive energy can damage the motor brakes of
the axes concerned. The motor must be replaced if the brake has been damaged.
The manipulator may therefore be moved without drive energy only in emergen-
cies or exceptional situations, e.g. for rescuing persons.

L]}
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5.5.5 Labeling on the industrial robot

(&

All plates, labels, symbols and marks constitute safety-relevant parts of the industrial robot.
They must not be modified or removed.

Labeling on the industrial robot consists of:
= Identification plates

= Warning labels

] Safety symbols

= Designation labels

= Cable markings

] Rating plates

Information!

Further information is contained in the technical data of the operating instructions or
assembly instructions of the components of the industrial robot.

5.6 Safety measures

5.6.1 General safety regulations

A B
£ FEmmm
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The industrial robot may only be used in perfect technical condition in accordance with its
intended use and only by safety-conscious persons. Operator errors can result in personal
injury and damage to property.

It is important to be prepared for possible movements of the industrial robot even after the
robot controller has been switched off and locked. Incorrect installation (e.g. overload) or me-
chanical defects (e.g. brake defect) can cause the manipulator or external axes to sag. If
work is to be carried out on a switched- off industrial robot, the manipulator and external axes
must first be moved into a position in which they are unable to move on their own, whether
the payload is mounted or not. If this is not possible, the manipulator and external axes must
be secured by appropriate means.
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KCP/smartPAD

The user must ensure that the industrial robot is only operated with the KCP/smartPAD by
authorized persons.

If more than one KCP/smartPAD is used in the overall system, it must be ensured that each
KCP/smartPAD is unambiguously assigned to the corresponding industrial robot. They must
not be interchanged.

External keyboard, external mouse

An external keyboard and/or external mouse may only be used if the following conditions are
met:

= Start-up or maintenance work is being carried out.
=  The drives are switched off.
=  There are no persons in the danger zone.

The KCP/smartPAD must not be used as long as an external keyboard and/or external
mouse are connected.

The external keyboard and/or external mouse must be removed as soon as the start-up or
maintenance work is completed or the KCP/smartPAD is connected.

Faults

The following tasks must be carried out in the case of faults in the industrial robot:

= Switch off the robot controller and secure it (e.g. with a padlock) to prevent unauthorized
persons from switching it on again.

= Indicate the fault by means of a label with a corresponding warning (tagout).
] Keep a record of the faults.

= Eliminate the fault and carry out a function test.

Modifications

After modifications to the industrial robot, checks must be carried out to ensure the required
safety level. The valid national or regional work safety regulations must be observed for this
check. The correct functioning of all safety circuits must also be tested.

New or modified programs must always be tested first in Manual Reduced Velocity mode
(T1).

After modifications to the industrial robot, existing programs must always be tested first in
Manual Reduced Velocity mode (T1). This applies to all components of the industrial robot
and includes modifications to the software and configuration settings.
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5.6.2 Transportation

Manipulator

The prescribed transport position of the manipulator must be observed. Transportation must
be carried out in accordance with the operating instructions or assembly instructions of the
robot.

Robot controller

The robot controller must be transported and installed in an upright position. Avoid vibrations
and impacts during transportation in order to prevent damage to the robot controller.

Transportation must be carried out in accordance with the operating instructions or assembly
instructions of the robot controller.
External axis (optional)

The prescribed transport position of the external axis (e.g. KUKA linear unit, turn-tilt table,
etc.) must be observed. Transportation must be carried out in accordance with the operating
instructions for the external axis.

5.6.3 Start-up and recommissioning

e € D e

Before starting up systems and devices for the first time, a check must be carried out to en-
sure that the systems and devices are complete and operational, that they can be operated
safely and that any damage is detected.

The valid national or regional work safety regulations must be observed for this check. The
correct functioning of all safety circuits must also be tested.

Notice!

The passwords for logging onto the KUKA System Software as “Expert” and
“Administrator” must be changed before start-up and must only be communi-
cated to authorized personnel.

Notice!

If additional components (e.g. cables), which are not part of the scope of supply
of KUKA Roboter GmbH, are integrated into the industrial robot, the user is re-
sponsible for ensuring that these components do not adversely affect or disable
safety functions.

Notice!

If the internal cabinet temperature of the robot controller differs greatly from the
ambient temperature, condensation can form, which may cause damage to the
electrical components. Do not put the robot controller into operation until the
internal temperature of the cabinet has adjusted to the ambient temperature.
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Function test

The following tests must be carried out before start-up and recommissioning.

It must be ensured that:

=  Theindustrial robot is correctly installed and fastened in accordance with the specifica-
tions in the documentation.

= There are no foreign bodies or loose parts on the industrial robot.

= All required safety equipment is correctly installed and operational.

=  The power supply ratings of the industrial robot correspond to the local supply voltage
and mains type.

=  The ground conductor and the equipotential bonding cable are sufficiently rated and
correctly connected.

=  The connecting cables are correctly connected and the connectors are locked.

Machine data

It must be ensured that the rating plate on the robot controller has the same machine data

as those entered in the declaration of incorporation.

The machine data on the rating plate of the manipulator and the external axes (optional) must

be entered during start-up.

5.6.4 Manual mode

Manual mode is the mode for setup work. Setup work is all the tasks that have to be carried
out on the industrial robot to enable automatic operation. Setup work includes:

= Jog mode

= Teach

= Programming

] Program verification

The following must be taken into consideration in manual mode:

= If the drives are not required, they must be switched off to prevent the manipulator or
the external axes (optional) from being moved unintentionally.

New or modified programs must always be tested first in Manual Reduced Velocity
mode (T1).

= The manipulator, tooling or external axes (optional) must never touch or project beyond
the safety fence.

= Workpieces, tooling and other objects must not become jammed as a result of the in-
dustrial robot motion, nor must they lead to short-circuits or be liable to fall off.

= All setup work must be carried out, where possible, from outside the safeguarded area.
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If the setup work has to be carried out inside the safeguarded area, the following must be
taken into consideration:

In Manual Reduced Velocity mode (T1):

= If it can be avoided, there must be no other persons inside the safeguarded area.

If it is necessary for there to be several persons inside the safeguarded area, the follow-
ing must be observed:

- Each person must have an enabling device.
- All persons must have an unimpeded view of the industrial robot.
-  Eye-contact between all persons must be possible at all times.
=  The operator must be so positioned that he can see into the danger area and get out
of harm’s way.
In Manual High Velocity mode (T2):

=  This mode may only be used if the application requires a test at a velocity higher than
Manual Reduced Velocity.

= Teaching and programming are not permissible in this operating mode.

= Before commencing the test, the operator must ensure that the enabling devices are
operational.

= The operator must be positioned outside the danger zone.

= There must be no other persons inside the safeguarded area. It is the responsibility of
the operator to ensure this.

5.6.5 Automatic mode

Automatic mode is only permissible in compliance with the following safety measures:
= All safety equipment and safeguards are present and operational.

=  There are no persons in the system.

= The defined working procedures are adhered to.

If the manipulator or an external axis (optional) comes to a standstill for no apparent reason,
the danger zone must not be entered until an EMERGENCY STOP has been triggered.

5.6.6 Maintenance and repair

After maintenance and repair work, checks must be carried out to ensure the required safety
level. The valid national or regional work safety regulations must be observed for this check.
The correct functioning of all safety circuits must also be tested.

The purpose of maintenance and repair work is to ensure that the system is kept operational
or, in the event of a fault, to return the system to an operational state. Repair work includes
troubleshooting in addition to the actual repair itself.

The following safety measures must be carried out when working on the industrial robot:

= Carry out work outside the danger zone. If work inside the danger zone is necessary,
the user must define additional safety measures to ensure the safe protection of per-
sonnel.

= Switch off the industrial robot and secure it (e.g. with a padlock) to prevent it from being
switched on again. If it is necessary to carry out work with the robot controller switched
on, the user must define additional safety measures to ensure the safe protection of
personnel.

= If it is necessary to carry out work with the robot controller switched on, this may only
be done in operating mode T1.
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= Label the system with a sign indicating that work is in progress. This sign must remain
in place, even during temporary interruptions to the work.

= The EMERGENCY STOP systems must remain active. If safety functions or safe-
guards are deactivated during maintenance or repair work, they must be reactivated
immediately after the work is completed.

Faulty components must be replaced using new components with the same article number
or equivalent components approved by KUKA Roboter GmbH for this purpose.

Cleaning and preventive maintenance work is to be carried out in accordance with the operat-
ing instructions.

Robot controller

Even when the robot controller is switched off, parts connected to peripheral devices may
still carry voltage. The external power sources must therefore be switched off if work is to
be carried out on the robot controller.

The ESD regulations must be adhered to when working on components in the robot control-
ler.

Voltages in excess of 50 V (up to 600 V) can be present in various components for several
minutes after the robot controller has been switched off! To prevent life-threatening injuries,
no work may be carried out on the industrial robot in this time.

Water and dust must be prevented from entering the robot controller.

Counterbalancing system

Some robot variants are equipped with a hydropneumatic, spring or gas cylinder counterbal-
ancing system.

The hydropneumatic and gas cylinder counterbalancing systems are pressure equipment
and, as such, are subject to obligatory equipment monitoring. Depending on the robot vari-
ant, the counterbalancing systems correspond to category 0, Il or lll, fluid group 2, of the
Pressure Equipment Directive.

The user must comply with the applicable national laws, regulations and standards pertaining
to pressure equipment.

Inspection intervals in Germany in accordance with Industrial Safety Order, Sections 14 and
15. Inspection by the user before commissioning at the installation site.

The following safety measures must be carried out when working on the counterbalancing
system:

= The manipulator assemblies supported by the counterbalancing systems must be se-
cured.

= Work on the counterbalancing systems must only be carried out by qualified personnel.
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Hazardous substances

The following safety measures must be carried out when handling hazardous substances:
=  Avoid prolonged and repeated intensive contact with the skin.

= Avoid breathing in oil spray or vapors.
= Clean skin and apply skin cream.

Notice!

To ensure safe use of our products, we recommend that our customers regularly
request up-to-date safety data sheets from the manufacturers of hazardous sub-
stances.

5.6.7 Decommissioning, storage and disposal

The industrial robot must be decommissioned, stored and disposed of in accordance with
the applicable national laws, regulations and standards.

. ___________________________________________________________________________________________________________________________________________________|]
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5.7

Applied norms and regulations

Electrical equipment of machines
Part 1: General requirements

2006/42/EC Machinery Directive: 2006
Directive 2006/42/EC of the European Parliament and of
the Council of 17 May 2006 on machinery, and amending
Directive 95/16/EC (recast)

2004/108/EC EMC Directive: _ 2004
Directive 2004/108/EC of the European Parliament and of
the Council of 15 December 2004 on the approximation of
the laws of the Member States relating to electromagnetic
compatibility and repealing Directive 89/336/EEC

97/23/EC Pressure Equipment Directive: 1997
Directive 97/23/EC of the European Parliament and of the
Council of 29 May 1997 on the approximation of the laws
of the Member States concerning pressure equipment
(Only applicable for robots with hydropneumatic counter-
balancing system.)

EN ISO 13850 Safety of machinery: _ 2008
Emergency stop - Principles for design

EN ISO 13849-1 Safety of machinery: 2008
Safety-related parts of control systems;
Part 1: General principles of design

EN ISO 13849-2 Safety of machinery: 2008
Safety-related parts of control systems;
Part 2: Validation

EN ISO 12100 Safety of machinery: . 2010
General principles of design, risk assessment and risk re-
duction

EN ISO 10218-1 Industrial robots: Safety 2011

EN 614-1 Safety of machinery: 2006
Ergonomic design principles - Part 1: Terms and general
principles

EN 61000-6-2 Electromagnetic compatibility (EMC): 2005
Part 6-2: Generic standards; Immunity for industrial envi-
ronments

EN 61000-6-4 Electromagnetic compatibility (EMC): 2007
Part 6-4: Generic standards; Emission standard for indu-
strial environments

EN 60204-1 Safety of machinery: 2006

MA KR 50 PA, KR C2 03.11.01 en

47 of 104




Assembly Instructions

KUKA

48 of 104 MA KR 50 PA, KR C2 03.11.01 en



6 Transportation

KUKA

6 Transportation

@: Information!
This description applies analogously to all of the industrial robots listed in Chapter 1,
regardless of the variant or model shown in the illustrations.

VAN

The most important factor in deciding on the method of transportation is the installation posi-
tion of the manipulator.

The manipulator can be transported as follows:
=  With lifting tackle and crane (Fig. 30, left-hand side)

The manipulator can be suspended from the hook of a crane by means of lifting tackle at-
tached to two M16 DIN 580 eyebolts on the rotating column and the opening in the parallel
link arm.
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Fig. 28 Transport position

= With fork lift truck (Fig. 30, right-hand side)

Assembly Instructions

@ Information!
The manipulator (Fig. 29/1) can also be lifted by fork lift truck.
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For transport with a fork lift truck, two open-ended fork slots (2) are provided on the rotating
column. This allows the manipulator to be picked up from two sides.
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Fig. 30 Transporting floor-mounted and ceiling-mounted manipulators

If the manipulator is to be transported away from its site of operation, the following is to be
observed:

Remove tools and additional devices should they prevent the transport position from
being reached or generally impede transportation.

Put the robot into operation and move it into the transport position (Fig. 31).
A2 A3

-120°  +145°
All angles refer to the display on the KCP

Fig. 31 Transport position
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For further work steps, see Chapter 7, “Installation”.
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7 Installation

(&

Information!

This description applies analogously to all of the industrial robots listed in Chapter 1,
regardless of the variant or model shown in the illustrations.

71 General

A
¢

VAN

Notice!

When putting the robot into operation either for the first time or after an ex-
change, zero adjustment must be carried out in accordance with the Operating
Handbook, Software KR C2, Chapter “Start-up”, Section “Mastering/Unmaster-
ing”.

Before any installation and exchange work is started, any attached tools or additional equip-
ment that would hinder the installation and exchange work must be dismounted.

The description of the installation and exchange operations is subdivided into job steps with
numbers in brackets appearing before them. The text which immediately follows these steps
must also be read if it is specially marked by a warning triangle or either of the hand sym-
bols. This is because many of these marked texts refer to the preceding job step.
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Example:
(8) Lower the manipulator slowly without tilting it.

Notice!
v The manipulator must be lowered vertically downwards until both locating pins
are free.

Some of the specially marked texts refer exclusively to everything that follows - until the in-
struction is expressly revoked or the work is completed at the end of a section.

N
¢ Smmmmm———

7.2 Information for planning

In the planning and design phase, care must be taken regarding the functions or applications
to be executed by the kinematic system. The following conditions can lead to premature
wear. They necessitate shorter maintenance intervals and/or earlier exchange of compo-
nents. In addition, the permissible operating parameters specified in the technical data must
be taken into account during planning.

= Continuous operation near temperature limits or in abrasive environments.

= Continuous operation close to the performance limits, e.g. high rpm of an axis.
= High duty cycle of individual axes.

= Monotonous motion profiles, e.g. short, frequently recurring axis motions.

= Static axis positions, e.g. continuous vertical position of a wrist axis

If one or more of these conditions are to apply during operation of the kinematic system,
KUKA Roboter GmbH must be consulted.
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7 Installation (continued)

7.3 Principal loads

Forces occur during operation of the manipulator which must be safely transmitted to the
floor or ceiling. The forces that have to be taken into account are specified in Fig. 32. The
data given in the illustration can also be used as a basis for more extensive static investiga-
tions.

The specified forces and moments already include the payload and the inertia force (weight)
of the manipulator.

—1 [1 )
: 1 I ey -
o
[e]

Fy = \Vertical force Fymax = 18,000N

Fn = Horizontal force Fhmax = 9,000 N

My = Tilting moment Mimax = 22,000 Nm

Total mass = manipulator + totalload for type

495 kg + 70kg KR 50 PA

Fig. 32 Principal loads acting on floor (or ceiling) due to manipulator and total load
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7.4 Mounting variants

The robot can be installed on the floor or on the ceiling.

There are three mounting variants for installing the robot on the floor and one variant for ceil-
ing mounting.

7.4.1  Mounting base with centering

This variant requires a level and smooth surface on a concrete foundation with adequate load
bearing capacity. The concrete foundation must be able to accommodate the forces occur-
ring during operation. There must be no layers of insulation or screed between the bedplates
and the concrete foundation. When producing foundations from concrete, observe the load-
bearing capacity of the ground and the country-specific construction regulations. The quality
of the concrete must meet the requirements of the following standard:

= C20/25 according to DIN EN 206-1:2001/DIN 1045-2:2008

If the surface of the concrete foundation is not sufficiently smooth and even, the differences
must be evened out with a suitable leveling compound.

When using resin-bonded anchors, use only resin and anchors from the same manufacturer.
No diamond tools or core drills may be used for drilling the anchor holes; for preference, dril-
ling tools supplied by the anchor manufacturer are to be used. Observe also the manufactur-
er’s instructions for the use of resin-bonded anchors.

To make the anchor holes a drilling template is also available (Fig. 33). The center of the ma-
nipulator, axis 1, is defined by the hole (1).

Fig. 33 Drilling template

To avoid distorting the manipulator rotating column or the adapter plate when fastening it to
the concrete foundation, differences in level between the concrete foundation and the rotat-
ing column must be corrected using leveling compound (filling compound).

Fig. 34 shows the components of this mounting base. In Fig. 35 the dimensions of the con-
crete base and the orientation to the working envelope are depicted.

Features:
- Manipulator installed on the concrete foundation.
- Manipulator fastened by means of nine chemical anchors.
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7 Installation (continued)

Fig. 34 Mounting base with centering

o |nstallation

Notice!
When using chemical anchors (resin-bonded anchors), only resin capsules and
anchors (threaded rods) from the same manufacturer may be used.

No diamond tools or core drills may be used for drilling the anchor holes; for
preference, drilling tools supplied by the anchor manufacturer are to be used.

The manufacturer’s instructions for the use of resin-bonded anchors must also
be observed.

1040

Fig. 35 Orientation of working envelope and concrete foundation

(1) Lift the manipulator with fork lift truck or lifting tackle.

(2) Fasten each of the three bedplates (Fig. 36/3) to the manipulator (2) or to the drilling
template by means of two M20x55-8.8-A2K hexagon bolts (1) and conical lock wash-

ers.
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(8) Mark the position of the manipulator in relation to the working envelope (Fig. 35/1) on
the concrete foundation (2) and bring the manipulator to the installation position.

(4) Align the manipulator horizontally.

-
&
[s2]
(=]
[s2]
1
2
[s2]
[=]
[s2]
-
&
3

39.9

175

310.1

Fig. 36 Bedplates, connecting dimensions

(5) If necessary, determine the differences in level. If large differences in level are present,
steps (6) to (9) must be followed.

(6) Apply leveling compound (Fig. 37/2) to the concrete foundation (4) or the underside of
the bedplates.

@ Information!
“Knauf leveling compound”, for example, is a suitable compound for this purpose. It is
applied with a toothed spatula (tooth height > 2 x difference in level (5)).

Notice!
w The area (3) under each hexagon bolt (1) must be kept free from leveling com-
pound or it must be cleared after the compound has been applied.

(7) Set the manipulator or the drilling template down in the still plastic leveling compound
and adjust its position slightly if necessary.

(8) Remove excess leveling compound.
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7 Installation (continued)

Fig. 37 Leveling compound

Notice!

If large differences in level need to be compensated for, more leveling com-
pound must be applied. The maximum leveling compound thickness specified
by the manufacturer must not be exceeded.

(9) Allow the leveling compound to set in accordance with the manufacturer’s instructions.
The curing time is approximately three hours and is longer at temperatures below 293 K
(20 °Q).

@ At the end of the curing time, the anchor holes can be drilled.

(10) Drill nine anchor holes (Fig. 38/5) through the holes of the bedplates; depth in concrete
120 +5/-0 mm.

(11) Insert nine resin capsules (4).

(12) Insert one threaded rod (3) into each anchor hole (5). To do this, secure the setting tool
(2) ina hammer drill (1), attach the threaded rod, and insert it in the anchor hole at max.
750 r.p.m. The threaded rod is set correctly if the resin is completely mixed and the an-
chor hole in the concrete is completely filled to the upper edge. If the anchor hole is not
completely filled, the threaded rod must be pulled out againimmediately and a new resin
capsule inserted.

(13) Allow the resin to cure.

The curing time is as follows:

Temperature: Time:

293 K (+20 °C) 20 minutes
283K (+10°C) 30 minutes
273K ( 0°C) 1 hour
268 K (-5°C) 5 hours

(14) Mount the hexagon nuts (6) together with washers and tighten the hexagon nuts with
a torque wrench in diagonally opposite sequence, increasing the tightening torque to
the specified value in several stages (Ma = 80 Nm).

Notice!
Retighten the hexagon nuts (6) after 100 hours of operation.
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C20/25 according to DIN EN 206-1: 2001/DIN
1045-2: 2008

Fig. 38 Installation with resin-bonded anchors
The manipulator is now ready for connection to the controller. If the bedplates were posi-

tioned using the drilling template, this must be removed and the manipulator installed as de-
scribed in Section 7.5.1.
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7.4.2

Installation (continued)

Machine frame mounting

(&

The machine frame mounting is used to install the manipulator on a customer-provided steel
structure. Fig. 39 shows the components of this mounting base. Fig. 40 gives the dimensions
for the substructure and the orientation to the working envelope.

Features:
- For floor- and ceiling-mounted manipulators

- Robot installed on a steel structure prepared by the customer or on a KUKA linear
unit.

- Robot fastened by means of six M20x55-8.8 ISO 4017 hexagon bolts.

Fig. 39 Machine frame mounting

Installation

(1) Prepare the mounting surfaces (Fig. 40/2) on the steel structure in accordance with
Fig. 40.

Information!

The maximum permissible difference in level between the individual mounting surfaces
(2) is 1.0 mm.

(2) Prepare six M20 tapped holes for the fastening screws (3) and two locating holes for
the locating pins (1, 4).

(8) Insert the locating pins (1, 4).

Information!

The position of the different locating pins in relation to the working envelope is impor-
tant:

Looking forwards from the manipulator towards the working envelope, the long locating
pin (1) must be on the left and the short locating pin (4) must be situated on the right.

The intended installation position of the manipulator, i.e. the correct orientation in rela-
tion to the working envelope (Fig. 35/1), must be taken into account when drilling the
holes.
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=

M=
e p~

6605

(511)

M20x55 /\ 120°
3x 120° (=360°)

Fig. 40 Machine frame mounting, connecting dimensions

The steel foundation is now ready for the installation and connection of the manipulator. This
is carried out in accordance with the procedures given in Section 7.5.1.
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7 Installation (continued)

7.4.3 Adapter plate

Features:
- For floor-mounted manipulators.
- Manipulator installed on steel structure or a KUKA linear unit.

- Easy removal and installation with optimum repeatability of the installation posi-
tion.

Accessory: Machine frame mounting

@: Information!
The adapter plate is mounted and screwed onto a substructure that is prepared by the
user. It must be ensured that the substructure is able to withstand safely the loads spe-
cified in Fig. 32.

Fig. 41 Adapter base plate

e |nstallation
(1) Prepare the substructure in accordance with Fig. 42.
(2) Bring the adapter plate (1) to the site of installation, set it down and align it.
(8) Insert eight M24x60 ISO 4017 Allen screws (4) and tighten them with a torque wrench.
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Fig. 42 Adapter plate, connecting dimensions

(4) Insert the locating pins (2, 3).

The steel foundation is now ready for the installation and connection of the manipulator. This
is carried out in accordance with the procedures given in Section 7.5.1.
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KUKA

7.5 Installation
This description applies to manipulators with mounting variant 1 (Section 7.4.1), 2 (Section
7.4.2) or 3 (Section 7.4.3). If the manipulator is to be installed on the floor in an inclined posi-
tion, KUKA must be consulted beforehand.

7.5.1 Floor-mounted robots

VAN

This description applies to all mounting variants for floor-mounted manipulators only. If the
manipulator is to be installed on the floor in an inclined position, KUKA must be consulted
beforehand.

The procedure for carrying out the work (whether for the first time or as an exchange) is as
follows:

(1) Check that the locating pins (Fig. 43/1) are undamaged and fitted securely.

Notice!
Damaged locating pins must be replaced by new ones.
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KUKA

Fig. 43 Locating pins

VAN

(20 Move the manipulator into its transport position.
A2 A3

-120° +145°
All angles refer to the display on the KCP

Fig. 44 Transport position for floor-mounted robots
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KUKA

(8) Lift the manipulator with fork lift truck or lifting tackle.

VA
VA

(4) Lowerthe manipulator (Fig. 45/5) vertically onto bedplates (4) or steel structure. Iflifting
tackle is used, particular care must be taken to ensure exact vertical positioning in order
to avoid damaging the pins (3) during this operation.

Notice!

As the manipulator is lowered, the boreholes (2) must be aligned as accurately
as possible with the two pins (3). If this operation is carried out inaccurately, it is
more likely that parts will be damaged.

Fig. 45 Installing the robot on the floor

(5) Insert six M20x55-8.8 ISO 4017 hexagon bolts (1) together with conical lock washers
and tighten them with a torque wrench in diagonally opposite sequence, increasing the
tightening torque My to the specified value in several stages (Ma = 370 Nm).

(6) Retighten the hexagon bolts after 100 hours of operation.
(7) Remove the lifting tackle if necessary.
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KUKA

(8) Connect the connecting cables and ground conductors (see Chapter 9, “Connecting
cables”).

VAN

(9) Putthe manipulator into operation and move it into a suitable position to install the end-
effector and additional equipment.

VAN

(10) Install the end-effector and additional equipment.

(11) Connect all other cables.
(12) Put the robot into operation.

@ Information!
The relevant documentation must be observed when putting the manipulator and the
attached peripheral equipment into operation.
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KUKA

7.5.2 Ceiling-mounted robots

This description only applies to ceiling-mounted manipulators with mounting variant 2 (Sec-
tion 7.4.2).

For installation on the ceiling, the manipulator can be transported in a transport frame - al-
ready in the correct orientation. It is removed from this frame by fork lift truck and brought
to the site of installation (Fig. 46).

Fig. 46 Transporting the manipulator for mounting on the ceiling

The procedure for mounting the manipulator on the ceiling (whether for the first time or as
an exchange) is as follows:

(1) Check that the locating pins (Fig. 43/1) are undamaged and fitted securely.

Notice!
Damaged locating pins must be replaced by new ones.

¢

VAN
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KUKA

A2 A3

-120°  +145°
All angles refer to the display on the KCP

1339

1449 'G

Fig. 47 Transport position for ceiling-mounted manipulators

(2) Raise the manipulator (Fig. 48/4) vertically with the fork lift truck and place it onto the
ceiling structure (1).

Notice!

v As the manipulator is raised, the boreholes (3) must be aligned as accurately as
possible with the two pins (2). If this operation is carried out inaccurately, it is
more likely that parts will be damaged.

A i

Insert six M20x55-8.8 1SO 4017 hexagon bolts (5) together with conical spring washers
and tighten them with a torque wrench in diagonally opposite sequence, increasing the
tightening torque My to the specified value in several stages (Ma = 370 Nm).
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KUKA

Fig. 48 Installing the manipulator on the ceiling

(4) Retighten the hexagon bolts (5) after 100 hours of operation.
(5) Remove the fork lift truck.

(6) Connect the ground conductors and connecting cables (see Chapter 9, “Connecting
cables”).

(7) Putthe manipulator into operation and move it into a suitable position to install the end-
effector and additional equipment.

VAN

(8) Install the end-effector and additional equipment.

(9) Connect all other supply lines required.

(10) Put the robot into operation.

@ Information!
The relevant documentation must be observed when putting the manipulator and the
attached peripheral equipment into operation.
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8

8.1

Electrical installations

Electrical installations

(&

Information!

This description applies analogously to all of the industrial robots listed in Chapter 1,
regardless of the variant or model shown in the illustrations.

The electrical installations of the robot form a separate assembly. It includes the “cable set”
(Fig. 49), containing all the electric cables (Fig. 50 to Fig. 51). The cable set has plug-and-
socket connections so that exchanges can be quickly carried out. This dispenses with the
need for wiring work.

The arrangement, designation and allocation of the cables may be noted from the various
diagrams. The connectors are provided with identification labels. The ground conductors are
fastened with cable lugs to threaded bolts.

Description

Installed on the base frame is the plate (Fig. 49/3) with two junction boxes (1, 5). The motor
cables for axes 2 and 3 are grouped together in junction box X04 (5) and are wired up to a
rectangular flange-mounted connector. This connector is at the same time the connector on
the robot for the connecting cable (“motor cable”) between the robot and the control cabinet.
The connector consists of four separate connector modules and two dummy modules. The
connector modules are each assigned a particular motor connector (e.g. XM2). The ground
conductors (3) are connected to a ground conductor rail (Fig. 56) in the junction box (5).

The control cables for axes 2 and 3 are grouped together in junction box X04 (Fig. 49/1) and
are connected to an RDC board. Each control cable has a separate connector and can there-
fore be exchanged individually. The interface at the junction box (1) with the connecting cable
(“data cable”) between the robot and the control cabinet is formed by a 17-pole right-angle
connector (2).

The cables from X01 and X04 (drive cables A, A3) are grouped together with two clamps to
form a cable harness and routed to the respective motor units.

The cables installed in the robot are summarized in tabular form in Fig. 50 and are shown
schematically in Fig. 51.
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Junction box X04 for control cables
17-pole right-angle connector
Plate

Ground conductor

Junction box X01 for motor cables

Fig. 49 Cable set assembly

Assembly Instructions
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8 Electrical installations (continued)

Cable from to Cable from to
Bolt on push-in Bolt on base frame || Control cable A2 Connector X2 XP2
module 00-139-721
Bolt on motor box | Bolt on base frame || Control cable A3 Connector X3 XP3
X01 00-139-720
Bolt on link arm Bolt on arm Connecting cable con- | Connector X9 X31
nection
00-107-132
Protective circuit Bolt on RDC box Bolt on base frame || Mastering cable Connector X10 X32
00-145-056 X04 00-106-299
Ground conductor A1 Bolt on base Bolt on link arm
00-144-741 frame
Motor cable A2 Connector X30 XM2
00-145-018
Motor cable A3 Connector X30 XM3
00-145-025

Fig. 50 Table of cables installed, KR 50 PA

NOTICE: The exact arrangement of
junction boxes X01 and X04 is shown

in Fig. 49.

Board
]
—Hxe D- X312
. —H—xs (= X32
X4 X"’Ig
- 1X3 X9
Cxo ——
X1
Modules
atof
X04
Dummy
module
%= X30
X01
Fig. 51 Electrical installations (overview)
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8.2 Cabling plans and pin allocation diagrams

Connector X30, Pin no. | Assignment Connector X31, Pin no. | Assignment
o 1 Not connected
B E GND
g 3 +24V
E 4 /CLK_A1
° s CLK_A1

6 FSX1

b1 A2/motor U a 7 /FSX1

b2 A2/motor V s |8 DX1

b3 A2/motor W s o /DX1
e |10 /FSR1
g [ FSR1
T 12 /DR1

ct A3/motor U a |13 DR1

c2 A3/motor V s |14 JCLK_X1

c3 A3/motor W s | CLK_X1
% 16 Coding
2 17 Not connected
2o
2
£
a

el Not connected e

e2 Not connected E

e3 Brake + A2 g

e4 Not connected §

e5 Brake - A2 ‘g’

e6 Not connected -

1 Not connected o

f2 Not connected E

3 Brake + A3 g

4 Not connected E,

5 Brake - A3 3

6 Not connected E

® Grd. conductor

@ Grd. conductor

Fig. 52 Connector pin allocation X30 Fig. 53 Connector pin allocation X31
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8 Electrical installations (continued)

Motor Brake Motor temp. Resolver
L — —_—— -
M af I_ 1
) )
N T I_S1 S3 S2 S4 Rf R2J
Uy - - -
S) "
1 2 6 4 45 _ = 8 19 11412 192 41047
M2 Y- VU U T XP2 VY OTOTVYVY TYYVYVYC
I R I R e Connector 11 11 110 1 1
housin
o g 41> d_p 4_pbq_
1 T Housin T T ] [
Cf————f— — 14 X01 9 Housing C—j | C—i\/:f f——D
X04 o ¢
+ 2|1 7 4
x30p - V1. - .02 _ ?1- X30d3 15 _ x2 A o AR AT A8 S A
£
@ Rail
Fig. 54 Cabling plan, drive A2
Motor Brake Motor temp. Resolver
M - 7
) )
W S S1 S3 S2 S4 R1 R2
O ~ T 1St | R2,
® +
1 2 6 4 45_ = 8 19 11912 192 01047
M- - DY - - U LGV AR VA WA VAV AVAY
Connector
1 1T 11 housing — o 1 1T
o .1 4. p 4. pqp
A I S _ - N
Cf————f— — 14 Housing  Housing C—j | C—j\/(f f——>
X01 X04y 1 ¢
+ 211 918 3]7]6|5]4
1 2 3 _ X303 45 X3 NN Lo L NN N NN AN

Fig. 55 Cabling plan, drive A3
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. -+
Link arm
Bolt
[e
Rotating column 9 —|-#-
als
s|sS
, ' X| X%
) Pin ) i
'Base frame
Junction box X04 ' 1 ' v
Control cable _L_| n Jb e I -
Junction box X01 for motor cables

Fig. 57 Cabling plan, RDC board connecting cable
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Fig. 58 Cabling plan, mastering

L]}
MA KR 50 PA, KR C2 03.11.01 en 79 of 104



Assembly Instructions

KUKA

80 of 104 MA KR 50 PA, KR C2 03.11.01 en



9 Connecting cables

KUKA

9 Connecting cables

(&

Information!

This description applies analogously to all of the industrial robots listed in Chapter 1,
regardless of the variant or model shown in the illustrations.

9.1 General

¢

O S

Connecting cables are all the cables running between the manipulator and the control cabinet
(Fig. 59). They have plug-in connections at both ends. The terminal allocation of the connec-
tors is given in list form (Section 9.7). In order to avoid the connectors being mixed up, the
ends of each cable are provided with a designation label, which must match the correspond-
ing connection point on the manipulator or on the control cabinet. The cable connections on
the manipulator and the control cabinet are shown in Fig. 59.

The interfaces of the connecting cables are the junction boxes on the manipulator (Fig. 61)
and the connector panel on the control cabinet (Fig. 62).

Notice!
The connectors must be inserted carefully to avoid damaging the contacts.

For connecting cables of length > 25 m an additional 16 mm? ground conductor is essential
to provide a low-resistance connection between the robot and the control cabinet in accor-

dance with DIN EN 60204-1.
The ground conductors are fastened with cable lugs to threaded bolts. The threaded bolts

are included in the scope of supply.

KR C2 control Robot
cabinet
Mot I
X20 G otor cable (= X30
X21( Data cable (= X31 L
J l §
. i _ Ground conductor 16 mm2 jﬁ
P .
e © @ =

Fig. 59 Connecting cables
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9.2 Routing of cables

The following points must be observed when routing the cables:

- Bending radius of the cables for fixed installation
* Motor cable 150 mm
* Control cable 60 mm
must be observed

-  Protect cables against exposure to mechanical stress.
- Route the cables without tension (no tensile forces on the connectors).
- Cables are only to be installed indoors.

- Observe permissible temperature range (fixed installation) 263 K (-10 °C) to
343 K (+70 °C).

- Route the motor cables and the control cables separately in metal ducts (Fig. 60);
if necessary, additional measures must be taken to ensure electromagnetic com-
patibility (EMC).

1 2 3 4
7 6 5
1 Cable duct 5 Data cables
2 Welding cables 6 Motor cables
3 Separating web 7 Equipotential bonding conductor 16 mm?
4 Cover

Fig. 60 Routing of cables in cable ducts

9.3 Junction boxes on the manipulator

The plug-in connections on the manipulator are located on the junction boxes on the rotating
column: on junction box X01 (motor box) for the motor cable, on junction box X04 (RDC box)
for the data cable. The allocation of the junction boxes to the respective connectors for the
different manipulators may be noted from Fig. 61.

Equipotential bonding between control cabinet and robot must be established using an M8
grounding bolt at each end.

The ground conductor is part of the connecting cable set assembly for cable lengths of 25 m
or greater.
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9 Connecting cables (continued)

9.4 Coding

Motor cable:
Connectors X20 and X30 are each fitted with two coding pins, which prevent them from being

used incorrectly for the KR 350 or KR 500.

Data cables:
Connector X21 is provided with a coding pin at pin 16, and connector X31 has a coding hole

at pin 16. This ensures that the data cables cannot be connected to the Interbus connectors.

X30
a

X31 ® O o e o @

LEE X04 X01 @
| E

2 O

Fig. 61 Junction boxes

9.5 Connector panel on the control cabinet
The connector panel (Fig. 62) is accessed by opening the door to the cabinet.
The connected cables are routed under the control cabinet to the rear.

v\/_\/\/\/\/

SIS

=0

Fig. 62 Connector panel on the control cabinet
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9.6 Configuration of the connecting cables

1
| X20 |

1
| X30 |

Rectangular connector
with central locking lever

X0 S

[o] o

] Motor A1

o] Motor A2

Motor A3

Lol Motor A4/ brake A1, A4
Lell  Motor A5 / brake A2, A5
OIII. Motor A6 / brake A3, A6

Coding pin

Cable diameter approx. 30 mm

X30

Motor A1
Motor A2
Motor A3
o] Motor A4 / brake A1, A4
Motor A5 / brake A2, A5
Motor A6 / brake A3, A6

Coding hole

Circular connector, 17 contacts

Cable diameter approx. 11 mm
Fig. 64 Data cable

o
m

|

[©

PE bolt
Ring cable lug, M8x30 stud
8.4 mm hole M8 nut mech. galv. DIN 913
VS8 washer
8.4 washer
M8 nut <+——— (Cable lug
VS8 washer
Ground plate
Manipulator The screw thread
*—— in the frame must
— be free from
grease and paint.
Fig. 65 Grd. conductor
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9 Connecting cables (continued)

9.7 Connector pin allocation

Connector X20/X30, Pin no. | Assignment Connector X21/X31, Pin no. | Assignment
at Al A1/motor U o |1 1 Not connected
a2 A2 Al/motor V 8 |2 2 GND
a3 A3 A1/motor W E 3 24V
c |4 4 A1/CLKO
3 |5 5 A1/CLKO
g |6 6 FSi
b1 B1 A2/motor U 17 7 /FSi
b2 B2 A2/motor V 8 8 Di
b3 B3 A2/motor W 9 9 /Di
10 10 /FSo
11 11 FSo
12 12 /Do
ci C1 A3/motor U 13 13 Do
c2 c2 A3/motor V 14 14 /CLKi
c3 C3 A3/motor W 15 15 CLKi
16 16 Coding
17 17 Not connected
di D1 A4/motor U
d2 D2 Not connected
d3 D3 Brake +
A1/A4
d4 D4 Ad/motor V
d5 D5 Brake -
A1/A4
dé D6 Ad/motor W <
el E1 A5/motor U
e2 E2 Not connected
e3 E3 Brake +
A2/A5
e4 E4 A5/motor V
e5 E5 Brake -
A2/A5
€6 E6 A5/motor W
f1 F1 A6/motor U
f2 F2 Not connected
3 F3 Brake +
A3/A6
fa4 F4 A6/motor V
5 F5 Brake -
A3/A6
6 F6 A6/motor W
PE Grd. conductor
PE Grd. conductor *) all jumpers in X30
Fig. 66 Connector pin allocation X20/X30 Fig. 67 Connector pin allocation X21/X31
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10 Tightening torques

10 Tightening torques

@: Information!
The following tightening torques are valid for screws and nuts where no other specifica-

tions are given.

Notice!
Too high a tightening torque can cause the screws to be overloaded and to frac-
ture. This might result in damage to the components.

Tighten the screws with the specified torque in order to avoid damage.

10.1 Tightening torques, standard

Strength classes

Screw thread 8.8 10.9 12.9
M1.6 0.17 Nm 0.24 Nm 0.28 Nm
M2 0.35 Nm 0.48 Nm 0.56 Nm
M2.5 0.68 Nm 0.93 Nm 1.10 Nm
M3 1.2 Nm 1.6 Nm 2.0 Nm
M4 2.8 Nm 3.8 Nm 4.4 Nm
M5 5.6 Nm 7.5 Nm 9.0 Nm
M6 9.5 Nm 12.5 Nm 15.0 Nm
M8 23.0 Nm 31.0 Nm 36.0 Nm
M10 45.0 Nm 60.0 Nm 70.0 Nm
M12 78.0 Nm 104.0 Nm 125.0 Nm
M14 125.0 Nm 165.0 Nm 195.0 Nm
M16 195.0 Nm 250.0 Nm 305.0 Nm
M20 370.0 Nm 500.0 Nm 600.0 Nm
M24 640.0 Nm 860.0 Nm 1030.0 Nm
M30 1330.0 Nm 1700.0 Nm 2000.0 Nm
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1 Consumables, safety data sheets

11 Consumables, safety data sheets

11.1  Safety data sheet for Optitemp RB1 cable grease

The following extract from the safety data sheet according to 91/155/EEC must be observed when han-
dling Optitemp RB1.

1 Designation of substance/formulation and manufacturer

Trade name: Optitemp RB1 Art. no. 08020
Use: Lubrication

Firm: Optimol Olwerke Industrie GmbH

Address: Postfach 80 13 49, D-81613 Munich

Tel.: +49 89 4183 116

Fax: +49 89 4183 192

2 Composition / Information about the components

Chemical components:
Synthetic oil based lubricating grease, lithium soap and additives.

Hazardous components:
This product contains no substances requiring declaration as a hazardous
substance.

3 Possible hazards

This product is NOT classified as hazardous according to the German Dangerous Substances Order.

4 First aid measures

Eyes: Immediately rinse thoroughly with plenty of water for several minutes.

Skin: Wash thoroughly as soon as possible with soap and water or a suitable skin
cleansing agent. If the skin has a tendency to dry out, apply suitable skin cream.

Inhalation: Remove from zone of exposure — occurrence unlikely.

Ingestion: Consult a doctor immediately. Do NOT induce vomiting.

5 Fire-fighting measures

Extinguishing agents

Suitable extinguishing agents:
Not essential. Sufficient ventilation is recommended in industry, however.

Unsuitable extinguishing agents:
Water jet.

6 Measures after unintended release

Personal safety precautions:
Spilled product constitutes a considerable slip hazard.

Environmental protection measures:
Prevent the product from entering the drainage system or surface waters.

Disposal information:
Pick up in container. Dispose of as waste.
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7 Handling and storage

Handling: No special measures required.

Storage: Store product in original container only. Do not store in direct sunlight. Never leave
the container open.

Technical Instructions on Air Quality Control / Annex E (Class):
I

Water hazard classification:
1 (manufacturer’s classification based on the law of mixtures acc. to the German
Administrative Regulation on the Classification of Substances Hazardous to Waters
into Water Hazard Classes (VWVwS))

8 Personal protective equipment

Personal protective equipment:
Avoid contact with skin and eyes. Wear oil-proof gloves if handling repeatedly or for
prolonged periods. A high standard of personal hygiene is necessary.

9 Physical and chemical properties

10 Reactivity

Conditions to be avoided:
Temperatures above 180 °C

Substances to be avoided:
Strong oxidizing agents.

Hazardous decomposition products:
None if used for designated purpose.

11 Toxicological information

The following toxicological analysis is based on the known toxicity of the individual components. Expected
LDsg oral (rat) > 2g/kg. Expected LDsg dermal (rabbit) > 2g/kg.

Effects on health

On eyes: Can cause temporary irritation.
On skin: Can make the skin dry. Can cause temporary irritation.
With occasional contact of short duration, irritation is unlikely.
If inhaled: The low volatility of the product makes inhalation unlikely at room temperature.
If ingested: Can cause nausea, vomiting and diarrhea.
Chronic effects: Repeated or prolonged skin contact can cause long-term changes in the skin.

12 Ecological information

General assessment:
If used for the designated purpose and disposed of correctly, no adverse effects are
expected on the environment.

Mobility: Non-volatile. Paste-like. Insoluble in water.

Persistence and degradability:
Not determined.

Bioaccumulation potential:
Bioaccumulation is unlikely due to the low water-solubility.

Ecotoxicity: Ecotoxicity for fish, daphniae and algae is not assumed. An inhibitory effect on
activated sludge bacteria is not assumed.
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13 Disposal information

This product must be disposed of in accordance with all pertinent regulations governing the disposal of
waste and used lubricants.

Waste code: Recommended means of disposal:
Unused product: 54 202 SAV
Used/contaminated product: 54 202 SAV
Packaging: 54 202 SAV, SAD

Container reconditioning

14 Transport regulations

This product is NOT classified as a dangerous good for the purpose of transportation according to the
German Law concerning the Conveyance of Dangerous Goods.

15 Regulations

EC regulations: EC Safety Data Sheet Directive 91/155/EEC
EC Directive on Dangerous Preparations 88/379/EEC
EC Framework Directive on Waste 91/156/EEC
EC Directive on Hazardous Waste 91/689/EEC

National regulations (Germany): Law concerning the Conveyance of Dangerous Goods
Water Resources Law (WHG)
Chemicals Law (ChemG)
Dangerous Substances Order (GefStoffV)
Law concerning Life-cycle Management and Waste (KrW-AbfG)
Federal Immission Control Act (BlmschG)
Technical Guideline on Air (TA-Luft)

16 Other information

All information is based on the current state of our knowledge. It is intended only to describe our product
with regard to the safety data. It is not intended to provide assurance of particular properties.

The product may only be used for the scope of work specified above; any other use requires prior
consultation with KUKA. Using the product for any purpose other than for its designated use could lead to
risks which are not described in this document.

Further information on the use of the product may be found in the relevant technical specifications.
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11.2 Safety data sheet for Optimol Olit CLS lubricating grease

The following extract from the safety data sheet according to 91/155/EEC must be observed when han-
dling Optimol QOlit CLS.

1 Designation of substance/formulation and manufacturer

Trade name: Optimol Olit CLS Art. no.: 08202
Use: Lubrication

Firm: Optimol Olwerke Industrie GmbH

Address: Postfach 80 13 49, D-81613 Munich

Tel.: +49 89 4183 116

Fax: +49 89 4183 192

2 Composition / Information about the components

Chemical components:
Lubricating grease based on mineral oil and lithium-calcium soap grease as
thickener.

Hazardous components:
This product contains no substances requiring declaration as a hazardous
substance.

3 Possible hazards

This product is NOT classified as hazardous according to the German Dangerous Substances Order.

4 First aid measures

Eyes: Rinse thoroughly with plenty of water for several minutes; consult a doctor if
necessary.

Skin: Wash thoroughly with soap and water; replace lost skin grease with skin cream.

Inhalation: Not applicable.

Ingestion: Do NOT induce vomiting; consult a doctor immediately.

5 Fire-fighting measures

Extinguishing agents

Suitable extinguishing agents:
Foam, dry powder, CO».

Unsuitable extinguishing agents:
Water.

6 Measures after unintended release

Personal safety precautions:
No special safety precautions required.

Environmental protection measures:
Contain polluted or extinguishing water.
Prevent it from entering the drainage system or surface waters.

Disposal information:
Bind lubricant with a suitable binding agent and dispose of it in accordance with
regulations.
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7 Handling and storage

Handling: No special measures required if handled in accordance with specifications.

Storage: Store in a dry, dust-free atmosphere in closed, original containers at temperatures
between 10-20 °C. Avoid large variations in temperature!

Do not store together with strong oxidizing agents.
Do not leave container outdoors; protect from direct sunlight.

Technical Instructions on Air Quality Control / Annex E (Class):
Not applicable.

Water hazard classification:
Not applicable.

8 Personal protective equipment

Personal protective equipment:
The usual precautions when handling lubricants must be observed. Avoid prolonged
contact with the skin. Do not eat, drink, smoke or take snuff during work. Change
contaminated working clothes. Clean skin and apply skin cream after work.
Wear protective neoprene gloves.

9 Physical and chemical properties

10 Reactivity

Conditions to be avoided:
The product is stable.

Substances to be avoided:
Strong acids and oxidizing agents.

Hazardous decomposition products:
Dependent on decomposition conditions: oxides of C, S, P.

11 Toxicological information

Effects on health
on eyes: Contact with eyes can cause temporary irritation of the conjunctiva.
on skin: Avoid prolonged or repeated contact with the skin, as mild irritation may occur.

12 Ecological information

General assessment:
Prevent the lubricant from entering soil, surface waters and drainage system.

13 Disposal information

This product must be disposed of in accordance with all pertinent regulations governing the disposal of
waste and used lubricants.

Waste code: Recommended means of disposal:
Unused product: 54 202

Packaging: Contaminated packaging should be emptied
optimally; it can then be recycled after
appropriate cleaning.

14 Transport regulations

This product is NOT classified as a dangerous good for the purpose of transportation according to the
German Law concerning the Conveyance of Dangerous Goods.
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15 Regulations

EC regulations: EC Safety Data Sheet Directive 91/155/EEC
EC Directive on Dangerous Preparations 88/379/EEC
EC Framework Directive on Waste 91/156/EEC
EC Directive on Hazardous Waste 91/689/EEC

National regulations (Germany): Law concerning the Conveyance of Dangerous Goods
Water Resources Law (WHG)
Chemicals Law (ChemG)
Dangerous Substances Order (GefStoffV)
Law concerning Life-cycle Management and Waste (KrW-AbfG)
Federal Immission Control Act (BlImschG)
Technical Guideline on Air (TA-Luft)

16 Other information

All information is based on the current state of our knowledge. It is intended only to describe our product
with regard to the safety data. It is not intended to provide assurance of particular properties.

The product may only be used for the scope of work specified above; any other use requires prior
consultation with KUKA. Using the product for any purpose other than for its designated use could lead to
risks which are not described in this document.

Further information on the use of the product may be found in the relevant technical specifications.
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1 Consumables, safety data sheets (continued)

11.3 Safety data sheet for Optigear Synthetic RO 150 oil

1 Designation of substance/formulation and manufacturer

Product name: Optigear Synthetic RO 150 SDS no.: 465036
Historical SDS no.: DE-05254, FR-465036, SK-5254

Use of substance or formulation:
Lubricant
For specific instructions for use, see the corresponding technical data sheet or
contact a company representative.

Supplier: Deutsche BP Aktiengesellschaft, Industrial Lubricants & Services
Address: Erkelenzer Strasse 20, D-41179 Ménchengladbach

Country: Germany

Tel.: +49 (0)2161 909 319

Fax: +49 (0)2161 909 392

Emergency hotline: Carechem: +44 (0)208 762 8322

e-mail address: MSDSadvice@bp.com

2 Possible hazards

The preparation is classified as hazardous in accordance with Directive 1999/45/EC in its altered and
adapted version.

Environmental hazards:
Harmful to aquatic organisms, may cause long-term adverse effects in the aquatic
environment.

Sections 11 and 12 contain more detailed information on health hazards, symptoms and environmental
risks.

3 Composition and information about the components

Chemical characterization:
Synthetic lubricant and additives.

Chemical description:
CAS no. % EINECS/ELINCS. Rating
Dithiocarbamic acid,
dibutyl-, methylene ester
10254-57-6 1-5 233-593-1 R52/53

Tridecanamine, n-tridecyl,
branched, compounds with
molybdenum hydroxide
oxide (1:1)
280130-32-7 0.1 -1 442-990-0 Xi; R41,
R38 N;
R50/53

Refer to Section 16 for the full text of the above R-phrases.
The occupational exposure limit values, where available, are specified in Section 8.
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4 First aid measures

Eye contact: In case of contact, rinse eyes immediately with plenty of water for at least 15
minutes. If irritation occurs, consult a doctor.
Skin contact: Wash affected areas of skin with soap and water, or use suitable cleaning agent.

Change clothing and shoes if they become contaminated with product. Wash
clothing before reuse. Clean shoes thoroughly before reuse. If irritation occurs
consult a doctor.

Inhalation: Take affected person into fresh air. Consult a doctor if symptoms persist.

Ingestion: Do NOT induce vomiting. If the person is unconscious, do not give anything by
mouth. Consult a physician immediately.

5 Fire-fighting measures

Suitable extinguishing agents
In the event of a fire: use water spray (mist), foam, dry chemicals or CO». This
substance is harmful to aquatic organisms. Extinguishing water contaminated with
this product must be contained and prevented from entering surface waters or the
sewage or drainage system.

Unsuitable extinguishing agents:
Do NOT use water jets.

Hazardous decomposition products:
The decomposition products may include the following materials:
Carbon oxides
Nitrogen oxides
Sulfur oxides

Unusual fire/explosion hazards:
This product is not inherently explosive in accordance with the applicable rules.

Special fire-fighting measures:
Not specified.

Protection of fire-fighters:
Fire-fighters must wear self-contained positive pressure breathing apparatus
(SCBA) and full protective gear.
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6 Measures after unintended release

Personal safety precautions:
No measures should be taken that involve a risk to personnel or have not been
adequately trained. Evacuate the environment. Refuse access to personnel who
are not required or are unprotected. Do not touch or step on any spilled substance.
Avoid breathing in any spray or vapors. Ensure adequate ventilation. Where there
is insufficient ventilation, wear suitable respiratory equipment. Use suitable
protective equipment (see Section 8).

Environmental protection measures:
Prevent released material from dispersing or flowing away and from coming into
contact with soil, surface waters and drainage system. Notify the relevant
authorities if the product has caused pollution (sewers, surface waters, ground or
air). Substance is a water pollutant.

Large spills: Stop the leak if you can do so without risk. Remove container from spill area.
Approach the spill area only with a following wind. Prevent entry into drainage
system, surface waters, basements or confined areas. Flush spilled material into a
wastewater treatment plant, or proceed as follows. Contain spilled material using a
non-combustible absorbent (e.g. sand, soil, vermiculite, diatomaceous earth) and
collect it in the designated containers for disposal in accordance with the local
regulations (see Section 13). Disposal should be entrusted to a recognized waste
disposal company. Contaminated absorbents can be just as dangerous as spilled
material. Note: See Section 1 for contact in emergencies and Section 13 for
disposal information.

Small spills: Stop the leak if you can do so without risk. Remove container from spill area.
Absorb spill with inert material and place it in a suitable container for disposal.
Disposal should be entrusted to a recognized waste disposal company.

7 Handling and storage

Handling: Spilled and leaked product must be prevented from coming into contact with soil
and surface waters. Wash thoroughly after handling.
Storage: Keep containers tightly sealed. Keep containers in a cool, well-ventilated area.
Germany - storage class:
10
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8 Exposure limits and personal protective equipment

Ingredient name ACGIH TLVs:
Base oil — unspecified

Limits to monitor: ACGIH (USA).
TWA: 5 mg/m? 8 hour(s). Form: mineral oil mist
STEL: 10 mg/m3 15 minute(s). Form: mineral oil mist

The ACGIH values are enclosed for information and orientation purposes. Further information can be
obtained from your supplier.

While this section contains specific OELs for individual components, different components may be
contained in any mists, vapors or dusts that are generated. The specific OELs may thus not necessarily be
applicable to the product as a whole and are merely provided for general information purposes.

Limitation and monitoring of exposure

Limitation and monitoring of exposure in the workplace:
Provide exhaust ventilation or other engineering controls to keep the relevant
airborne concentrations below their respective occupational exposure limits.

Hygiene measures: Wash hands, forearms and face thoroughly after handling chemical products and
before eating, smoking or using the toilet, as well as at the end of the working day.

Personal protective equipment

Respiratory protection:
Not essential. Sufficient ventilation is recommended in industry, however.

Hand protection: Wear protective gloves if prolonged or repeated contact is likely.
Chemical-resistant protective gloves. Recommended: nitrile gloves
The right choice of protective gloves is dependent on the chemicals to be handled,
the working conditions, and the condition of the gloves themselves (even the best
chemical-resistant protective gloves start to leak after repeated contact with
chemicals). Most protective gloves only provide protection for a short period of
time, after which they must be disposed of and replaced. As the specific working
conditions and the chemicals concerned differ from case to case, appropriate safety
measures must be developed for each individual application. Protective gloves
should therefore be selected in consultation with the supplier/manufacturer, giving
full consideration to the specific working conditions.

Eye protection: Protective goggles with side shields to guard against splashing.
Skin and body: Wear appropriate clothing to avoid prolonged skin contact.

9 Physical and chemical properties

General information regarding appearance

Physical state Liquid.
Color: Green.
Odor: Slight.
Important information on health, safety and the environment
Flash point: Open cup: 230 °C (446 °F) [Cleveland]
Vapor pressure: <0.01 kPa (<0.075 mm Hg) at 20°C
Viscosity: Kinematic: 150 mm?2/s (150 cSt) at 40°C
Pour point: -36°C
Density: < 1000 kg/m3 (< 1 g/cm3) at 20 °C
Solubility: Insoluble in water.
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1 Consumables, safety data sheets (continued)

10 Stability and reactivity

Stability: The product is stable. No hazardous polymerization occurs under normal storage
conditions and in normal use.

Conditions to be avoided:
No specific data.

Substances to be avoided:
Reactive or incompatible with the following substances: oxidizing materials.

Hazardous decomposition products:
The combustion products may include the following compounds:
Carbon oxides
Nitrogen oxides
Sulfur oxides
No hazardous decomposition products should be formed under normal conditions
of storage and use.

11 Toxicological information

12 Ecological information

Persistence / degradability:
Inherently biodegradable.
Mobility: Non-volatile. Liquid. Insoluble in water.

Environmental hazards:

Harmful to aquatic organisms, may cause long-term adverse effects in the aquatic
environment.

13 Disposal information

Disposal information

Disposal information / waste specifications:

Generation of waste should be avoided or minimized if at all possible. Disposal of
surplus material and products not suitable for recycling must be entrusted to a
recognized waste disposal company. Disposal of this product and of its solutions
and by-products must at all times comply with the environmental protection
requirements, waste disposal legislation and the requirements of local authorities.
Prevent released material from dispersing or flowing away and from coming into
contact with soil, surface waters and drainage system.

Unused product

European Waste Catalog (EWC):
13 02 08* Synthetic machine oils, gear oils and lubricating oils
Use of the product for purposes other than those specified and/or the presence of
impurities can necessitate the use of a different waste code number by the waste
producer.

Packaging

European Waste Catalog (EWC):
15 01 10* Packaging containing the residue of hazardous materials or
contaminated by hazardous materials.

14 Transport information
Not hazardous as defined by the transport regulations (ADR/RID, ADNR, IMDG, ICAO/IATA).
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15 Regulations

Classification and labeling have been performed according to EU directives 1999/45/EC and 67/548/EEC
as amended and adapted.

Labeling requirements

Risk (R) phrases:
R52/53 - Harmful to aquatic organisms, may cause long-term adverse effects in
the aquatic environment.

Safety (S) phrases:
S61 - Avoid release to the environment. Refer to special instructions/safety data
sheet.

Miscellaneous provisions

Inventories:
European inventory: All components are listed or exempted.

US inventory (TSCA 8b): All components are listed or exempted.
Australian inventory (AICS): All components are listed or exempted.
Canadian inventory: At least one component is not listed.

Inventory of Existing Chemical Substances in China (IECSC): All components
are listed or exempted.

Japanese inventory of Existing and New Chemical Substances (ENCS):
At least one component is not listed.

Korean Existing Chemicals Inventory (KECI): All components are listed or
exempted.

Philippine Inventory of Chemicals and Chemical Substances (PICCS): All
components are listed or exempted.

Water hazard classification (WGK),

classification acc. to the German Administrative Regulation on the Classification of Substances
Hazardous to Water into Water Hazard Classes (VWVwS):
1, Annex no. 4
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16 Other information

Full text of R-phrases referred to in Sections 2 and 3:
R41 - Risk of serious damage to eyes.
R38 - Irritating to skin.
R50/53 - Very toxic to aquatic organisms, may cause long-term
adverse effects in the aquatic environment.
R52/53 - Harmful to aquatic organisms, may cause long-term adverse
effects in the aquatic environment.

History:

Date of issue: 23/11/2007.

Date of previous issue: 31/08/2007.

Prepared by: Product Stewardship Group

Notes for the reader:

All reasonably practicable steps have been taken to ensure this data sheet and the health, safety and
environmental information contained in it is accurate as at the date of issue specified below. No warranty
or representation, express or implied, is made as to the accuracy or completeness of the data and
information in this data sheet.

The data and advice issued are valid if the product is sold for the application(s) specified. The product
should not be used for purposes other than the applications specified without prior consultation with us.

It is the responsibility of the user to check this product and to use it with care, while observing all the
relevant laws and regulations in force.

The BP Group accepts no responsibility for any damage or injury resulting from uses other than the stated
product use of the material, from any failure to adhere to recommendations, or from hazards inherent in
the nature of the material. Those purchasing the product for supply to third parties for use at work have a
duty to take all necessary steps to ensure that any person handling or using the product is provided with
the information on this data sheet. Employers have a duty to tell employees and others who may be
affected of any hazards described in this sheet and of any precautions that should be taken.
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11.4 Safety data sheet for Microlube GL 261 lubricant

The following extract from the safety data sheet according to 91/155/EEC must be observed when han-
dling Microlube GL 261.

1 Designation of substance/formulation and manufacturer

Trade name: Microlube GL 261 Article no.: 020195
Use: Lubricant

Firm: KLUBER LUBRICATION MUNCHEN KG

Address: Geisenhausenerstr. 7, D-81379 Munich

Tel.: +49 89 7876 0

Fax: +49 89 7876 333

2 Composition / Information about the components

Chemical characterization:
- Mineral oil
- Lithium special soap
- UV indicator

Hazardous components:
This product contains no substances requiring declaration as a hazardous
substance.

3 Possible hazards

This product is NOT classified as hazardous according to the German Dangerous Substances Order.

4 First aid measures

Eyes: Rinse thoroughly with plenty of water for several minutes; consult a doctor if
necessary.

Skin: Wash thoroughly with soap and water; replace lost skin grease with skin cream.

Inhalation: If oil vapor has been inhaled, ensure plentiful supply of fresh air and consult a
doctor if necessary.

Ingestion: Consult a doctor if symptoms persist.

5 Fire-fighting measures

Extinguishing agents

Suitable extinguishing agents:
Foam, fine water spray, dry powder, CO».

Unsuitable extinguishing agents:
Full water jet.

Special fire-fighting measures:
Cool containers at risk from fire with water spray.
Residue from after a fire and contaminated fire-extinguishing water must be
disposed of in accordance with the applicable regulations.

In the event of fire, the following can be released:
Carbon monoxide (CO), hydrocarbons.

Special protective equipment:
Do not inhale gases from explosions and combustion.
Usual measures for fires involving chemicals.
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6 Measures after unintended release

Personal safety precautions:
No special safety precautions required.

Environmental protection measures:
Contain polluted or extinguishing water.
Prevent it from entering the drainage system, surface waters or other waterways.

Procedure for cleaning/removing:
Bind lubricant with a suitable binding agent and dispose of it in accordance with
regulations.

Additional instructions:
No hazardous materials are released.

7 Handling and storage

Handling: No special measures required.
Storage: Store in well sealed containers in a cool and dry place.
Do not store together with oxidizing agents or food.

Storage class in accordance with VCI:
11

8 Exposure limits and personal protective equipment

Additional information for the design of technical systems:
No further information.

Components with applicable occupational exposure limit values:
The product contains no relevant amounts of materials that are subject to
monitoring of limit values in the workplace.

Additional instructions:
These values are based on the lists valid at the time of issue.

Personal protective equipment

General protective and hygiene measures:
Immediately take off any contaminated, soaked clothing.
Avoid prolonged and intensive contact with the skin.
Thoroughly clean the skin after work and before taking breaks.

Respiratory protection and eye protection:
Not essential.

Hand protection: Appropriate measures for precautionary skin protection are recommended.

9 Physical and chemical properties

State: Paste

Color: Tawny

Odor: Product-specific

Pour point: >220 °C (DIN ISO 2176)

Flash point: Not applicable.

Risk of explosion: The product presents no danger of explosion.
Density (20 °C): ~ 0.89 g/cm3

Solubility: Insoluble in water.
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10 Stability and reactivity

Thermal decomposition / conditions to be avoided:
No decomposition if handled and stored correctly.

Substances to be avoided:
Oxidizing agents.
Hazardous reactions:
No hazardous reactions known.

Hazardous decomposition products:
None if used for designated purpose.

11 Toxicological information

Prolonged contact with the skin can cause irritation and/or dermatitis.

12 Ecological information

Measures at wastewater treatment facilities:
The product can be separated by mechanical means.

General information: Prevent from entering groundwater, surface waters or the drainage system.
Water hazard classification 1 (manufacturer’s classification): low hazard to waters

13 Disposal information

Waste code number: No waste code number for this product can be defined in accordance with the
European Waste Catalog (EWC) until the purpose of use has been assigned by the
customer.

The waste code number should be determined in consultation with the regional
disposal service.

Contaminated packaging:

Recommendation: Contaminated packaging should be emptied optimally; it can then be recycled after
appropriate cleaning.

14 Transport regulations

This product is NOT classified as a dangerous good for the purpose of transportation according to the
German Law concerning the Conveyance of Dangerous Goods.

15 Regulations

EC regulations: The product is not subject to labeling obligations due to the method of calculation in
the latest version of the “EC General Classification Directive for Preparations”.

Water hazard classification:
WGK 1 (manufacturer’s classification): low hazard to waters in accordance with the
German Administrative Regulation on the Classification of Substances Hazardous
to Water into Water Hazard Classes (VWVwS) 17.5.99 Annex 4

16 Other information

All information is based on the current state of our knowledge. The information does not represent any
assurance of product characteristics, however, and does not establish a legally valid contractual
relationship.

104 of 104 MA KR 50 PA, KR C2 03.11.01 en



	1 Introduction
	1.1 Robot documentation
	1.2 Representation of warnings and notes

	2 Purpose
	2.1 Intended use
	2.2 Target group

	3 Product description
	3.1 General
	3.2 Mounting frame
	3.3 Arm
	3.4 Link arm
	3.4.1 Main axis motor units A2 and A3

	3.5 Rotating column
	3.6 Working range limitation for A2
	3.7 Working range monitoring for A2
	3.8 Energy supply system

	4 Technical data
	4.1 General
	4.2 Principal data

	5 Safety
	5.1 Representation of warnings and notes
	5.2 General
	5.2.1 Liability
	5.2.2 Intended use of the industrial robot
	5.2.3 EC declaration of conformity and declaration of incorporation
	5.2.4 Terms used

	5.3 Personnel
	5.4 Workspace, safety zone and danger zone
	5.5 Overview of protective equipment
	5.5.1 Mechanical end stops
	5.5.2 Mechanical axis range limitation (optional)
	5.5.3 Axis range monitoring (optional)
	5.5.4 Options for moving the manipulator without drive energy
	5.5.5 Labeling on the industrial robot

	5.6 Safety measures
	5.6.1 General safety regulations
	5.6.2 Transportation
	5.6.3 Start--up and recommissioning
	5.6.4 Manual mode
	5.6.5 Automatic mode
	5.6.6 Maintenance and repair
	5.6.7 Decommissioning, storage and disposal

	5.7 Applied norms and regulations

	6 Transportation
	7 Installation
	7.1 General
	7.2 Information for planning
	7.3 Principal loads
	7.4 Mounting variants
	7.4.1 Mounting base with centering
	7.4.2 Machine frame mounting
	7.4.3 Adapter plate

	7.5 Installation
	7.5.1 Floor--mounted robots
	7.5.2 Ceiling--mounted robots


	8 Electrical installations
	8.1 Description
	8.2 Cabling plans and pin allocation diagrams

	9 Connecting cables
	9.1 General
	9.2 Routing of cables
	9.3 Junction boxes on the manipulator
	9.4 Coding
	9.5 Connector panel on the control cabinet
	9.6 Configuration of the connecting cables
	9.7 Connector pin allocation

	10 Tightening torques
	10.1 Tightening torques, standard

	11 Consumables, safety data sheets
	11.1 Safety data sheet for Optitemp RB1 cable grease
	11.2 Safety data sheet for Optimol Olit CLS lubricating grease
	11.3 Safety data sheet for Optigear Synthetic RO 150 oil
	11.4 Safety data sheet for Microlube GL 261 lubricant


