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Foreword

©1SO

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commission

Draft Internatjonal Standards adopted by the technical committees are circulated to the member bedies

Publication aq

International $tandard 1SO 9946 was prepared by Technical Committee ISO/TC 184, Industrial automati
and integratiop, Subcommittee SC 2, Robots for manufacturing environment.

This second [edition cancels and replaces the first edition (ISO 9946:1991) of, which it constitutes

revision.

Annexes A ar

EC) an-all mattare aof alactratachnical ctaondardiZoatinn
= o Ot Tttt e o O e ot CrirreotrStaroar oo ot

an International Standard requires approval by at least 75 % of the member bodies casting

d B of this International Standard are for information only.

for voting.
a vote.

pn systems

A technical
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Introduction

ISO 9946 is part of a series of International Standards dealing with manipulating industrial robots. Other
International Standards cover such topics as safety, performance criteria and related testing methods, coordinate
systems, terminology, and mechanical interfaces. It is noted that these standards are interrelated and also related to
other International Standards.

The numbegofmanipulating-industrialrobots-used-in-a-manufacturing-environmentis-constantiy-inereasing and this

has underlined the need for a standard format for the specification and presentation of robot characteristics.

The objectfve of ISO 9946 is to assist users and manufacturers in the understanding and comparigon of various
types of robots.

ISO 11593:1996 contains a vocabulary and a format for the presentation of automatic end effeqtor exchange
systems cHaracteristics.

Annex A offthis International Standard provides a recommended format for the presentation of robot specification.
Annex B provides a description of the symbols of performance criteria.

NOTE Hor the purposes of this International Standard, the term "robot” mieans "manipulating industrial robot]'.
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INTERNATIONAL STANDARD
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Manipulating industrial robots — Presentation of characteristics

1 Scope

This International Standard specifies how characteristics of robots shall be presented by the manufacturer.

2 Normative references

The follow

Internationgl Standard. At the time of publication, the editions indicated were valid. Allstandards

revision, a
possibility ¢
registers of
ISO 8373:1
ISO 9283:1
ISO 9409-1
ISO 9787:~

ISO 10218

3 Definit

For the pur,

3.1
centre of th

is the posifjon of the wrist refetence point when each active joint in the arm is in the middle position

range

4 Units

Unless othé

ng standards contain provisions which, through reference in this text, constitute prov
nd parties to agreements based on this International Standard are encouraged to i
f applying the most recent editions of the standards indicated below. Members of IEC and
currently valid International Standards.

994, Manipulating industrial robots — Vocabulary.

998, Manipulating industrial robots — Performance criteria-and related test methods.
:1996, Manipulating industrial robots — Mechanical interfaces — Part 1: Plates (form A).

1), Manipulating industrial robots — Coordinate_systems and motion nomenclatures.

1992, Manipulating industrial robots — Safety:

ons

poses of this International Standard, the definitions given in ISO 8373 and the following defi

e working space

(Cw)

brwise stated, all dimensions are as follows:

isions of this
are subject to
vestigate the
ISO maintain

nition apply.

of its moving

length
angle i
time in

mass i

o o o o o o

in millimetres (mm);
n radians (rad) or degrees (°);
seconds (s);

n kilograms (kg);

force in newtons (N);

velocity in metres per second (m/s), radians per second (rad/s) or degrees per second (°/s).

1)

This International Standard is subject to revision and the year of publication will be inserted at a later stage.
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5 Characteristics

5.1 General

©1SO

The manufacturer shall provide information related to the various characteristics and requirements as described in

this clause as

part of the robot documentation.

5.2 Application

The manufact

Examples of t

urer shall specify the main type(s) of application(s) for which the robot is intended.

nical annlications-are
1> L o

O handling;

O assembly;

O spot welg
O arc weldi
O machinin
O spray pai

O adhesive
O inspectio
5.3 Power s

The manufac
combination)

auxiliary equi
specifications

The manufac
hydraulic, pn¢g
by individual

5.4 Mechar

ing;
"9,
SH
hting;

sealing;

.

ource

urer shall specify all external power sgurces, including type (e.g. electrical, hydraulic, pn
required for proper operation of the’robot (e.g. mechanical structure motion actuato
pment [e.g. gripper]), together with) the maximum power consumption required from e
shall also include permissible ranges and fluctuations.

urer shall also specify thetype of power utilized to control axis and auxiliary motion (¢
umatic). Where more than’one type of power is utilized, the manufacturer shall include a

hotion.

ical structure

The manufacturer shall-specify the type of the mechanical structure and the number of mechanical axes
drawing of the structure’shall be provided detailing the axis motions. This drawing may be part of {
required for describing the working space (see 5.5).

Examples of

O rectangul

eumatic or
rs, control,
hch. These

.g. electric,

breakdown

An outline
he drawing

echanical structures:

ar robot;

O  cylindrical robot;

O polar robot;

O articulated robot.

If the robot is mobile, the way in which it is guided shall be indicated.
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5.5 Working space

The boundaries of the working space of the wrist reference point including the alignment pose and centre of the
working space (C,) shall be illustrated in a drawing with at least two views (one the projection of the locus of the
maximum reach of the robot arm in the base coordinate Xj - Y; plane (see ISO 9787) and the other the projection of
the locus of the maximum reach of the arm on the base coordinate X; - Z; plane). The drawing shall also provide
information on any limitation of secondary axis motion at any point(s) in the working space of the wrist reference
point (see figure 1 for an example of a 5-axis robot and figure 2 for an example of a 6-axis robot).

In the drawings, it is recommended that the details of the working space and range of movement of secondary axes
are given in tabular form as shown in the examples of figures 1 and 2.



https://standardsiso.com/api/?name=5476247bd8667ef12b3cf9c76142087a

1ISO 9946:1999(E)

©1SO

Dimensions in millimetres

Key
1 Wrist referepce point
2 Alignment ppse
3 4th axis
4 5th axis
Point in space Working space Range of movement of secondary axes
of the wrist reference point
X1 (mm) Zy (mm) 4th 5th
1 925 1635 + 75° +170°
-90° - 150°
2 1610 1 959U + 7O T 16U
-90°
3 1750 1140 + 75° +180°
- 105°
4 1310 345 + 45° +180°
-120°
5 870 600 + 45° + 150°
-120° - 170°
6 840 1000 + 75° + 140°
-120° - 150°
7 1350 750 - -

Figure 1 — Example of a 5-axis robot working space
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Dimensions in millimetres
Key
1 Wrist ref¢rence point
2 Alignmernt pose
3 4th axis
4 5th axis
5 6th axis
Point in ppace Working space Range of movement of secondary axes
of the wrist reference point
X1 (mm) Zy (mm) 4th 5th 6th
1 925 1635 +210° + 75° 4170°
-90° -{150°
2 1610 1550 +210° + 75° +180°
-90°
3 1750 1140 +210° + 75° +180°
- 105°
4 1310 345 +210° +45° +180°
-120°
5 870 600 +210° + 45° + 150°
-120° -170°
6 840 1000 +210° + 75° + 140°
-120° - 150°
7 1350 750 - - -

Figure 2 — Example of a 6-axis robot working space
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5.6 Coordin

ate system

©1SO

The manufacturer shall specify base and mechanical interface coordinate systems in accordance with 1ISO 9787.
Any deviations to 1ISO 9787 shall be stated by the manufacturer.

5.7 Externa

| dimensions and mass

The manufacturer shall specify external dimensions in millimetres (mm), and mass in kilograms (kg) of the
mechanical structure and control unit.

5.8 Base mounting surface

The manufaq
recommendat
performanceg

The permissit

turer shall provide the base mounting surface description (for example in a drg
ions on the mounting of the robot base necessary to ensure that safe operation
are obtained.

le mounting positions and orientations of the robot should be specified togethetwith any li

safety or performance relative to each position and orientation.

5.9 Mechar

The manufac
recommendat
appropriate In

5.10 Contra

ical interface

urer shall provide the mechanical interface description including any drawings, specifi
ions necessary for mounting the end effector to the robot{wrist. Where applicable, rg
ternational Standard(s) shall be provided (see, for example, 19O 9409-1).

The manufaclurer shall specify

0O Control dinit type and all relevant information, for -example its capability, special provisions (
schemes).

0 Task program memory storage:
basic capacity
maximun capacity

O Motion cgntrol method:
pose-to-gose (PTP)
continuodyis path (CP)

O Motion cntrol type:

Servo
non-serv

O Path intefpolation-method:

linear
circular

\wing) and
and rated

mitations in

ations and
pference to

b.g. control

parabolic
other

O Number of controlled axes:
basic number of axes
additional number of axes (with interpolation)
additional number of axes (without interpolation)

O Pendant/operator controls

O Input/output interfaces:
signal types and levels
continuous or multiplexed signal
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0O Data interfaces:
data formats/control formats

O Network interfaces:
physical characteristics
communication protocols
5.11 Task programming and program loading

The manufacturer shall specify the type of task programming method and the means used for program loading.

5.11.1 Examples of programming methods

0 Manudl Data Input

0 Teach
manudlly leading the robot end effector
manudlly leading the robot on a mechanical simulating device
manuglly programming by a teach pendant

174

O  Off-ling
0 Goal directed

5.11.2 Examples of program loading means

0O Data links
O Disks
0 Tapes

0 Memofy cards
5.12 Environment

The manufpcturer shall specify the limits ‘of environmental conditions within which the rated performances can be
achieved, qr the degree of protection.of the robot against environmental conditions.

The manufacturer shall specify. the limits for storage and operation without damage when different.
Environmental conditions-include but are not necessarily limited to

0 Tempgrature (operating and storage/transport)
(degrees Celsius) (°C)

0 RelatiyeChumidity (per cent) (%)

0 Altitude limit (metres) (m)

O Electromagnetic interference

O Atmospheric contaminants

O Vibrations

5.13 Load

The various load characteristics shall be specified in terms of

O mass (kilograms) (kg)


https://standardsiso.com/api/?name=5476247bd8667ef12b3cf9c76142087a

ISO 9946:1999(E) ©1SO

O thrust (newtons) (N)
O torque (newton metres) (N-m).
These values should be stated in terms of the mechanical interface coordinate system.

The manufacturer shall specify the rated load of the robot. It is recommended that the relation between the
maximum mass and the position of the centre of gravity of the mass is shown as in figure 3.

Where required, the manufacturer shall specify any limitation of the load and what influence it has on other specified
characteristics and conditions (e.g. velocity, acceleration). Where the robot can carry some additional mass
(e.g. mass on arm) it shall be specified.

Where requirged, the manufacturer shall specify the maximum thrust and maximum torque (see figurg 4). Where
thrust and torue are dependent on the robot configuration then this shall be specified.

L, {mm)
A
600
e
.4
10
400
171 20]
e N
200 S
60 1 \
| [
] -
0 200 400 600 800 1000 L, (mm)
Key
1 Mass (kg)

2 Centre of grpvity of the mass

Figure 3 — Load diagram
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Axis Thrust Torque
N N-m
Xm
Ym
Zm

Figure 4 — Thrust and torque valu€es

5.14 Velqcity

Unless oth¢rwise stated, the manufacturer shall specify the velotity under the following conditions:
O atacgnstant rate of distance per unit of time where-no acceleration or deceleration is active;
O with the rated load applied.

The manufcturer shall specify at least

O the mgximum individual axis velocity for each axis;

O the ratpd path velocity with the.shape of the path and the related performance criteria.

5.15 Resplution

For servo-gontrolled axes;-the manufacturer shall specify the resolution of each axis in terms of millimetres, or
radians, or|degrees, whichever is appropriate.

5.16 Performanee criteria

The manufaetarershal-provide-information-h-accordance-with1S0-9283forthese—perormance-eritéria which are

guaranteed. The performance criteria in ISO 9283 are the following:
O pose accuracy and pose repeatability;

O multi-directional pose accuracy variation;

O distance accuracy and distance repeatability;

O position stabilization time;

O position overshoot;

O drift of pose characteristics;


https://standardsiso.com/api/?name=5476247bd8667ef12b3cf9c76142087a

1ISO 9946:1999(E)

O exchangeability;

O path accuracy and path repeatability;
O path accuracy on reorientation;

O cornering deviations;

O path velocity characteristics;

O  minimum posing time;

O static corfipliance,
0 weaving fleviations.

5.17 Safety

The manufacturer shall specify that the robot complies with ISO 10218 or other relevant safety standards.

10

©1SO
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Annex A
(informative)

Recommended format of presentation for robot specifications

Date of issue

Trademark Manufacturer's NAME  .......coovvciiiieeeeeeieriiieeeeee e it seieee s e

""""""""""""""""""""""""""" 1Y oo LY SRS~ SUSTSURURSRY FOSOR

Country

................................................... TYPE e S e [

Main application(S) (SEE 5.2)  .oooiuiiieiiiiiie it ettt e e s e

Power sofirce (see 5.3): — external (types and characteristicsS) 2.7 i e
— maximum PoWer CONSUMPLION ... eiirieeee e e esrnenees e
— robot axis CONSUMPLION  ...eiiiiitme it siree e srnee |
— auxiliary motions CoONSUMPLIONCN . .. eirieees e

Mechanicpl structure, working space and coordinate system (see 5.4, 5.5 and 5.6)

Drgwing
External dimensions and mass (see 5.7)

Mechanical structure Control unit

11
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