INTERNATIONAL
STANDARD

ISO
9283

Second edition
1998-04-01

Manipulating industrial robots —
Performance criteria and related tes
methods

Robots manipulateurs industriels’— Critéres de performance
d'essai correspondantes

et méthodes

= — Reference number
— ISO 9283:1998(E)


https://standardsiso.com/api/?name=2ab15d2a9a49c6213c430370d232b51b

ISO 9283:1998(E)

Contents
Page

1 SEOPE ..o 1
2 Normative references ............cocoooiiiiiii 2
3 DEfINItIONS ... 2
4 UNIES e, 2
5 Apbreviations and symbols ... 3
51 Bpsic abbreviations. ... 3
5.2 Quantities ..o 3
53 INICES ... e, 4
54 Other symbols ..o e 4
6 Performance testing conditions ...« e, 4
6.1 Rpbot mounting ...l 4
6.2 Cpnditions prior to testing .)...........ccoooiiiieeeeee e 4
6.3 Operating and envirermental conditions ..................................... 5
6.4 Displacementmeasurement principles ................ccccooeveeeeeinn.. 5
6.5 Instrumentation ... 6
6.6 L1>ad to the mechanical interface ............................................ 6
6.7 Test veloCIties ..o 8
© 1SO 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Genéve 20 » Switzerland
Internet  central@iso.ch

X.400

c=ch; a=400net; p=iso; o=isocs; s=central

Printed in Switzerland



https://standardsiso.com/api/?name=2ab15d2a9a49c6213c430370d232b51b

©180

6.8 Definitions of poses to be tested and paths to be followed .......
6.9 NUMDbBEr Of CYCIES ....oooiiiiie e
6.10 TeStProCeAUIe ......cccviiiiiieiiii e
6.11 Characteristics to be tested - Applications ..............ccccccceeiniiie
7 Pose characteristics ...........cocooviiiiiiicce e
71 General description .........ccccooiiiiiiiiiii e
T-2—Poseaccuracy andpose repeatabitity s
7.3 Distance accuracy and repeatability .................50
7.4 Position stabilization time ................ccccoooco
7.5 Position overshoot ...........ccoccovveic )
7.6 Drift of pose characteristics .........ean oo
7.7 Exchangeability .............c.. ™A
8 Path characteristics ....&a0 i
8.1 General ... S e b
8.2 Path accuracy = .....oocooeiiiiieeee e
8.3 Path repeatability ...
8.4 Path/accuracy on reorientation .................ccccooccovvviiin o,
8.5 Cornering deviations ...........cccccccceiviiiieiiiiieeieeeee e
8.6 Path velocity characteristics ..............cccoooeviiiiiiii b
9 Minimum posing time .............ccocoviiiiiiiiiee o
10 Static compliance ..........cccccoiiiiiiiii e
1 Application specific performance criteria ........................ o
HA—Weavingdeviatons —————————— e
12 Test report ...
Annex

A (normative)  Parameters for comparison tests

B (informative) Guide for selection of tests for typical applications

C (informative) Example of a test report

ISO 9283:1998(E)


https://standardsiso.com/api/?name=2ab15d2a9a49c6213c430370d232b51b

ISO 9283:1998(E)

©1S0O

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of

national sta
Standards i
body interes
the right to

governmen
ISO collabo
all matters d

ndards bodies (ISO member bodies). The work of preparing International
5 normally carried out through 1SO technical committees. Each member

ted in a subject for which a technical committee has been established has
e represented on that committee. International organizations,

I and non-governmental, in liaison with ISO, also take part in the work.
ates closely with the International Electrotechnical Commission (IEC)-en
f electrotechnical standardization.

Draft International Standards adopted by the technical committees are cireulated to the

member bo
ISO Counci
the votes c3
favour, and

Internationa
Industrial ay
manufacturi

This second
Amendment

lies for approval before their acceptance as International Standards by the

. In accordance with ISO/IEC Directives they are approved if two-thirds of
st by the P-members of the technical committee or sub-committee are in

not more than one-quarter of the total number of votes-cast are negative.

Standard 1ISO 9283 was prepared by Technical Committee ISO/TC 184,
tomation systems and integration, Subcommittée SC 2, Robots for
ng environment.

edition cancels and replaces the first edition (ISO 9283:1990 and
1:1991), of which it constitutes a’technical revision.

Annex A forins an integral part of this International Standard. Annexes B and C are for

information ¢

bNly.
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Introduction

1SO-9283ispartofa-series-ofinternational-Standards-deating-with-manipulating
industrial robots. Other International Standards cover such topics as safety,|general
characteristics, coordinate systems, terminology, and mechanical interfaces; It is noted
that these International Standards are interrelated and also related-to other

International Standards.

ISO 9283 is intended to facilitate understanding between users and manufagturers of
robots and robot systems. It defines the important perfortnance characteristics,
describes how they shall be specified and recommends.how they should bej tested. An
example of how the test results should be reportedds included in Annex C of this
International Standard. The characteristics for which test methods are givenin this
International Standard are those considered fo “affect robot performance significantly.

It is intended that the user of this International Standard selects which perfomance
characteristics are to be tested, in accerdance with his own specific requirements.

The tests described in this International Standard may be applied in whole ¢r in part,
depending upon the robot typéand requirements.

The core part of ISO 9283-teals with testing of individual characteristics. Specific
parameters for comparison testing is dealt with in Annex A (normative) for
pose-to-pose characteristics and path characteristics.

Annex B (informative) of this International Standard provides guidance for selection of
tests for typical applications.

Annéx-C (informative) of this International Standard provides a recommendgd format
of th€ test report including the minimum required information and the summary of the
test results.
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This International Standard does not specify which of the above performance characteristics are to be

testing a pa
and verifyin
testing or ad

ticular robot. The tests described in this International Standard are primarily intended for dg
y individual robot specifications, but can also be used for such purposes as prototype testin
ceptance testing.

racteristics

chosen for
pveloping
g, type

To compar

Performance charactensics betweemn different Tobots; as defimed i thisttermatiorat-Stam

Jard, the

following parameters have to be the same: test cube sizes, test loads, test velocities, test paths, test cycles,
environmental conditions.

Annex A provides parameters specific for comparison testing of pose-to-pose characteristics and path

characterist

ics.

This International Standard applies to all manipulating industrial robots as defined in ISO 8373. However, for the
purpose of this International Standard the term "robot" means manipulating industrial robot.
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2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All International Standards are
subject to revision, and parties to agreements based on this International Standard are encouraged to investigate
the possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO
maintain registers of currently valid International Standards.

ISO 8373:1994, Manipulating industrial robots — Vocabulary.
1ISO 9787:1990, Manipulating industrial robots — Coordinate systems and motions.

1ISO 9946:1991, Manipulating industrial robots — Presentation of characteristics.

3 Definitipns

For the purpdse of this International Standard, the definitions given in ISO 8373 and the following definitibns
apply.

3.1 cluster: Set of measured points used to calculate the accuracy and the repeatability’ characteristics
(example shqwn diagrammatically in figure 8).

3.2 barycentre: For a cluster of n points, defined by their coordinates (x; —y{ — z;), the barycentre df that

cluster of points is the point whose coordinates are the mean values x, y<$/and z calculated by formulag given in
7.2.1.

3.3 measuripg dwell: Delay at the measurement point prior to recording data (e.g. time between contrql signal
"in position" gnd the "start measuring" of the measuring device):

3.4 measurihg time: Time elapsed when measurements-are recorded.

4 Units

Unless othenyise stated, all dimensions are as follows:

— length in millimetres ... (mm)

— angle in|radians or degrees....L.)................. (rad) or (°)

— timeindeconds = T (s)

— mass inlkilograms = ANA (kg)

— forceinpewtons _ \~ .., (N)

— velocity jn metressper second....................... (m/s),
degrees|pefisecond  ......cceeiiiieeeinenne, (°/s ) or
radians persecord—— M7 {raes)
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5 Abbreviations and symbols

ISO 9283:1998(E)

For the purposes of this International Standard, the following abbreviations and symbols apply.

5.1 Basic abbreviations

A Accuracy

R Repeatability

v Variation

F Fluctuation

d Drift

P ose

D Distance

T Path (trajectory)

\ Velocity

W Weaving

E Fxchangeability

5.2 Quantities

ab,c Orientation (angular components) about the X, y, and z-axis
XY z | inear coordinates along the x-, y-, z-axis
n Number of measurement cycles

m INumber of measurement points along the path
S Standard deviation

D Distance between two points

/ Distance between the attained pose-and the barycentre of the attained poses
v Path velocity

AP Pose accuracy

RP Pose repeatability

VAP Multi-directional pose-accuracy variation
AD Distance accuracy

RD Distance repeatability

t Position tabilization time

ov Position overshoot

dAP Drift of pose accuracy

dRP Drift of pose repeatability

AT Path accuracy

RT Path repeatability

CR Cornering round-off error

(0/0)] Cornering overshoot

AV Path velocity accuracy

RV Path velocity repeatability
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FvV Path velocity fluctuation

ws W
WF W

5.3 Indices

eaving stroke error

eaving frequency error

a, b, ¢ Indicates an orientation characteristic about the x-, y-, z-axis

X, ¥, z Indicates a positioning characteristic along the x-, y-, z-axis

c Command

-

Ind

Indicates the i-th abscissa

ontac tha [t Avals

Ind

J
k Ind
h
1,2..... Ind

ot oyCicT

cates the k-th direction
cates the h-th direction
cates the pose number 1,2 ....

Coiner point (edge)

e
g Poi
p Pos

ht where the robot performance falls within the specified path characteristics
ition

5.4 Other symbols

CitoCg C
EitoE, C
G TH
O¢ O

NOTE 1 — FU

6 Perforn

brners of the test cube
brners of the rectangular plane for the measurementof path characteristics
e barycentre of a cluster of attained poses

igin of the measurement system coordinates

rther symbols are explained in the respective.subclauses.

hance testing conditions

6.1 Robot mounting

The robot sh

6.2 Conditig

The robot sh

all be mounted incaccordance with the manufacturer's recommendations.

ns prior to testing

procedures Tnd functional tests shall be satisfactorily completed.

all beteompletely assembled and fully operational. All necessary levelling operations, alignn

hent

©1S0

The tests shall be preceded by an appropriate warm-up operation if specified by the manufacturer, except for the
test of drift of pose characteristics which shall start from cold condition.
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If the robot has facilities for adjustment by the user that can influence any of the tested characteristics, or if
characteristics can be recorded only with specific functions (e.g. calibration facility where poses are given by off-
line programming), the condition used during the test shall be specified in the test report and (where relevant for
individual characteristics) shall be kept constant during each test.

6.3 Operating and environmental conditions
The performance characteristics as specified by the manufacturer and determined by the related test methods in

this International Standard, are valid only under the environmental and normal operating conditions as stipulated
by the manufacturer.

6.3.1 Op

The normal operating conditions used in the tests shall be as stated by the manufacturer.
Normal operating conditions include, but are not limited to, requirements for electrical, hydraulic and| pneumatic
power, ppwer fluctuations and disturbances, maximum safe operating limits (see 1ISO 99486).
6.3.2 Enyironmental conditions

6.3.2.1 General

The envifonmental conditions used in the tests shall be as stated by the manufacturer, subject to the
requirements of 6.3.2.2.

Environmental conditions include temperature, relative humiditys electromagnetic and electrostatic fields, radio
frequency interference, atmospheric contaminants, and altitude limits.

6.3.2.2 Tpsting temperature

The amblent temperature (8) of the testing envifonment should be 20° C. Other ambient temperatures shall be
stated and explained in the test report. The testing temperature shall be maintained at

0+2)°d
The robo} and the measuring instruments should have been in the test environment long enough (preferably

overnight) so that they are in a thérmally stable condition before testing. They shall be protected from draughts
and extefnal thermal radiationZe.g. sunlight, heaters).

6.4 Displacement measurement principles

The meapured pasition and orientation data (x; y;, z, a; b; ¢;) shall be expressed in a base coordingte system
(see ISO|9787)( or in a coordinate system defined by the measurement equipment.

If the robtcommand-posesand-pathsaredefimed-manothercoordimate systen(e-g- by off-time programming)
than the measuring system, the data must be transferred to one common coordinate system. The relationship
between the coordinate systems shall be established by measurement. In this case the measurement poses
given in 7.2.1 shall not be used as reference positions for the transformation data. Reference and measurement
points should be inside of the test cube and should be as far away from each other as possible (e.g. if P; to Ps
are measurement points, Cs, C4, Cs, Cg may be used).
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For directionai components of the performance criteria, the relationship between the base coordinate system and

the selected ¢

oordinate system shall be stated in the test results.

The measurement point shall lie at a distance from the mechanical interface as specified by the manufacturer.
The position of this point in the mechanical interface coordinate system (see 1ISO 9787) shall be recorded (see

figure 7).

The sequence of rotation used when calculating the orientation deviation should be in a way so that the
orientation can be continuous in value. This is independent if the rotation is about moving axes (navigation angles
or Euler angles), or rotation about stationary axes.

Unless otherwise specified, the measurements shall be taken after the attained pose is stabilized.

6.5 Instrume

For path charn
acquisition eq
characteristic

Thm s m sy i
1

& measurir
stim

instrums

calculati

The total unce

6.6 Load to t

All tests shall

gravity, moments of inertia, according to the manufacturer's specification. The rated load conditions shal

specified in th

To characteri

of rated load feduced to 10 % as indicated in table 1 or some other value as specified by the manufactur

When a part ¢
as part of the

Figure 1 show
The TCP is th

the test repori.

htation
pcteristics, overshoot and pose stabilization measurements, the dynamic characterisii¢s of

5 being measured is obtained.

mated andl stated in the test report. The

systemattic errors associated with the method used;

uipment (e.g. sampling rate) shall be high enough to ensure that an adequate representati

.

ca lIDrdleU dﬂO Ine uncenalmy OI measurement sn
arameters should be taken inté-account:

shail
lowin

PR B ST P
usedq 101 tie es

U)

g instruments

ts be
fol gpa

ntation errors;

DN errors.

priainty of measurement shall not exceed 25 % of the-tagnitude of the characteristic undef

he mechanical interface

be executed with a test load equal to 100 % of rated load conditions, i.e. mass, position of
e test report.

re robots with load dependentperformances, additional optional tests can be made with the
f the measuring instrumentation is attached to the robot, its mass and position shall be con
test load.

s an example-Of test end effector with CG (centre of gravity) and TCP (tool centre point) of
e measurement point (MP) during the test. The measurement point position shall be specif

the data

n of the

Ail be

test.

centre of

be

mass

Br.

sidered

sets.
edin
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Table 1 - Test loads
Characteristics to be tested Load to be used
100 % of rated load The mass of rated load
reduced to 10 %
(X = mandatory) (O = optional)
Pose accuracy and pose repeatability X 0]
Multi-directional pose accuracy variation X 0]
Distance accuracy and distance repeatability X —
Position dtabilization time X O
Position gvershoot X o
Drift of pqse characteristics X —
Exchangefability X @)
Path accuIAracy and path repeatability X 0]
Path accullracy on reorientation X 0]
Cornering deviations X —
Path velocity characteristics X O
Minimum|posing time X 0]
Static compliance — See clause 10
Weaving|deviations X 0]
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Ly (Xmp)

| 8 4 X

Lz

TCP

Zn

Figure 1 - An example of test end effector

6.7 Test velocities

All pose characteristics shall be tested at the maximum velogity achievable between the specified poses, i.e. with
the velocity pverride set to 100 %, in each case. Additionaltests could be carried out at 50 % and/or 10|% of this
velocity.

For path characteristics, the tests shall be conducted at 100 %, 50 %, and 10 % of rated path velocity afs
specified by|the manufacturer for each of the characteristics tested (see table 3). Rated path velocity shall be
specified in the test report. The velocity specified for each test depends on the shape and size of path. The robot
shall be ablg to achieve this velocity overatieast 50 % of the length of the test path. The related perforfnance
criteria shalllbe valid during this time.

It shall be reported if the velocitychas been specified in pose-to-pose mode or continuous path mode, if
selectable.

A summary pf the test velacities is given in tables 2 and 3.
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Table 2 - Test velocities for pose characteristics

Velocity
Characteristics to be tested
100 % of rated velocity 50 % or 10 % of rated
velocity
(X = mandatory)
(O = optional)

Pose accuracy and pose repeatability X @]
Multi-directional pose accuracy variation X O
Distance accuracy and repeatability X 6]
Position ptabilization time X O
Position pvershoot X Q

Drift of ppse characteristics X —
Exchangeability X O
Minimunj posing time See clause, 9-and table 20

Table 3 - Test velocities for path characteristics

Charactgristics to be tested

Velocity

100 % of rated path
velocity

(X = mandatory)

50 % of rated path
velocity

10 % of rated path
velocity

(X = mandatory) (X = mandatory)

Path acduracy and path repeatability X X K

Path acduracy on reorientation X X

Cornering deviations X X K

Path velpcity characteristics X X K

Weavind deviations X X K
6.8 Defin{tions of\poses to be tested and paths to be followed

6.8.1 Objfctive

This subclause describes how five suitable positions are located in a plane placed inside a cube within the
working space. It also describes test paths to be followed. When robots have a range of motion along one axis,
small with respect to the other, replace the cube by a rectangular parallelepiped.
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6.8.2 Location of the cube in the working space

A single cube, the corners of which are designated C, to C, (see figure 2), is located in the working space with
the following requirements fulfilled:

— the cube shall be located in that portion of the working space with the greatest anticipated use;
— the cube shall have the maxinﬁum volume allowable with the edges parallel to the base coordinate system;

A figure showing the location of the cube used in the working space shall be included in the test report.

Plane (3} U1-L,-0U7-Tg Plane (D) L,-C3-Lg-Csg
Ce
Z Z
|
Y <Y
X X
Base Base
coordinate coordinate
system system
Z Z
?<* <
X X
Base Base
coordinate coordinare
system system
Figure 2 - Cube within the working space

10


https://standardsiso.com/api/?name=2ab15d2a9a49c6213c430370d232b51b

©1S0

6.8.3 Location of the planes to be used within the cube

ISO 9283:1998(E)

One of the following planes shall be used for pose testing, for which the manufacturer has declared the values in

the data sheet to be valid:

a) Ci-C2-Cy-Cg
b) C2-C3-Cg-Cs
¢)  Cs-Cu-Cs-Ce
d) Cs-Ci-Cs-Cy

The test report shall specify which of the four planes has been tested.

6.8.4 Posds to be tested

Five measlirement points are located on the diagonals of measuring plane and correspond to,(P; to Fs) in the
selected plane transformed by the axial (Xyp ) and radial (Zyp ) measurement point offsety The points |P to Ps are

the positiops for the wrist reference point of the robot.

The measyrement plane is parallel to the selected plane, see figures 3 and 7.

The test pgses shall be specified in base coordinates (preferred) and/or joint ceordinates, as specified by the

manufactufer.

P, is the intersection of the diagonals and is the centre of the cube. The points P, to Ps are located atfa distance
from the ends of the diagonais equal to (10 + 2) % of the length of the'diagonal (see figure 4). If this i not
possible then the nearest point chosen on the diagonal shall be réeported.

The poses|to be used for pose characteristics are given in table 4.

Table 4 - Poses to be used for pose characteristics

Characteristics to be tested Poses

P, P, P3 P, Ps
Pose accuracy and pose repeatability X X X
Multi-directional pose accuracy yariation X — —
Distancejaccuracy and distahce — X — X —
repeatablflity
Position $tabilization time X
Position ¢vershaot X X X X
Drift of pgse’characteristics X — — — —
Exchangeability X X X X X

11
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— Selected plane

Test cube Maesurement plane
/
\T\!\L\
. ‘
| |
! l\
o 4
(/ \\ e@c / \\,+
AR g B

|
/ — Measurement point (MP)

Centre of gravity (CG)

Machanical interface coordinate system MP = TCP

Figure 3 - Selected plane and measuremeént plane

Z
<Y
X
Base
coordinate
system

12

L = length of diagonal
Example showing plane a)C1-C,-C3-Cg with
poses P1-P2-P3-P,-Ps

Figure 4 - Poses to be used

©1S0
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6.8.5 Movement requirements

Al joints shall be exercised during movement between all poses.

During the test care should be taken not to exceed the manufacturing operation specification.

6.8.6 Paths to be followed

6.8.6.1 Location of the test path

The cube

described in 6.8.2 shall be used.

The test path shall be located on one of the four planes shown in figure 5. For six axis robots, plane 1 shall be
used unless otherwise specified by the manufacturer. For robots with less than six axes the plane to be used
shall be ag specified by the manufacturer.

During thd measurement of the path characteristics the centre of the mechanical interface shouldlie in the plane
selected ($ee figure 3), and its orientation should be kept constant to that plane.

6.8.6.2 Shapes and sizes of the test paths

Figure 6 gives an example of the position of a linear path, a rectangular path and twe-circular paths in one of four

available

st planes.

The shapg of the test path should be linear or circular except for cornering deviations (see 8.5 and fiqure 22). If
paths of ofher shapes are used they shall be as specified by the manufacturer and added to the test

eport.

For a linedr path in the diagonal of the cube, the length of the path shall be 80 % of the distance betwleen
opposite dorners of the selected plane. An example is the distanee P, to P4in figure 6.

Another lifear path Psto Pg can be used for a reorientation test, described in 8.4.

For the ci

fcular path test, two different circles should be-tested. See figure 6.

The diameter of the large circle shall be 80 % of the length of the side of the cube. The centre of the

be P1.

The smal

P, . See flgure 6.

A minimufn number of command-poses shall be used. The number and location of the command po

method o

program

ing) shall be spegified in the test report.

circle shall

circle should have a diameter of 10 % of the large circle in the plane. The centre of the cirgle shall be

$es and the

programming (teach.programming or numerical data entry through manual data input or off-line

For a recfangular path{th€ corners are denoted Ej, Ez, E3 and E,, each of which is at a distance fron its
respective corner of-the plane equal to (10 + 2) % of a diagonal of the plane. An example is shown in figure 6 in
which P,,|P3, P4 andP5 coincide with E4, E;, E3 and E, respectively.

13
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Plane 1"

Plane 2

zZ
1‘<Y
X
Base Base b
coordinate coordinate 14 N
system system = g 1
Y] o
1) Usg¢ with 6 axis robots.
Plane 3 Plane &
i
z z T T/
I —rTFTF
| | HAH
< ~ Il |
\X b Y
Base Base i
coordipate coqndinate 11Tt l Py
syste system <7 / J J }\ < ,
//

Figure 5 - Definitions of planes for location of test path

C, E, (P3)

S = side length of cube.

Figure 6 - Examples of test paths

Base
coordinate
system

©1S0
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6.9 Number of cycles

The number of cycles to be performed when testing each characteristic is given in table 5.

Table 5 - Number of cycles

Characteristic to be tested

Number of cycles

Pose accuracy and pose repeatabiiity

ISO 9283:1998(E)

30
Multi-directional pose accuracy variation 30
Distance accuracy and distance repeatability 30
Position dtabilization time 3
Position gvershoot 3

Drift of pgse characteristics

Continuous cycling during
8 hours

Exchangefability 30
Path achuracy and path repeatability 10
Path accuracy on reorientation 10
Cornering deviations 3
Path velgcity characteristics 10
Minimum| posing time 3
Weaving|deviations 3

6.10 Test procedure

The sequdnce of testing has no influence,on.the results, but it is recommended to perform position stabilization
time test pfior to the pose repeatability test, for determination of the measuring dwell. Tests for overshoot, pose
accuracy gnd repeatability may be peormed concurrently. The test for drift of pose characteristics shall be

performed|independently.

Pose charhcteristics shall be-tested under pose-to-pose or continuous path control. Path characteristics shall be

tested under path control,

The deterrination of the'path accuracy and repeatability can be done in parallel to that of the velocity provided

that the measuringdevice is suitably equipped.

it is recormimendéd that the velocity tests are performed prior to the measurement of the path accurady and to

use the id¢ntical path parameters. This ensures the usage of the correct reference quantities during

determination of The path criteria.

When programming the constant path velocity, care should be taken to ensure that the velocity override control is
set at 100 % and that the velocity is not automatically reduced as a result of any limitations of the robot along the

path to be followed.
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Simultaneous testing could be
— path accuracy/repeatability and velocity characteristics;

— cornering overshoot and round-off error.

Except for drift of pose characteristics, data collection for one characteristic with one set of conditions shall be
carried out over the shortest period of time.

Any programmed delays used for measurements, e.g. measuring dwell and measuring time, should be stated in
the test report.

6.11 Characteristics to be tested - Applications

The tests dlscribed in this International Standard may be applied in whole or in part, depending upon-the robot
type and requirements (application).

Guidance f@r the selection of essential robot tests for some typical applications is provided in~Annex B.

7 Pose€ characteristics
7.1 General description

Command pose (see figure 7): Pose specified through teach programmirig, numerical data entry through manual
data input gr off-line programming.

The commgnd poses for teach programmed robots are to be defined as the measurement point on the| robot (see
figure 7). TIis point is reached during programming by moving the robot as close as possible to the defined
points in the cube (P, P> ...... ). The coordinates registered anithe measuring system are then used as
"command pose" when calcuiating accuracy based on the.¢onsecutive attained poses.

Attained polse (see figure 7): Pose achieved by the rébot under automatic mode in response to the comnmand
pose.

Pose accurgacy and repeatability characteristics; as defined in this clause, quantify the differences which occur
between a gommand and attained pose, ahd the fluctuations in the attained poses for a series of repegt visits to
a command pose.

These errofs may be caused by

— internal dontrol definitions,

— coordinate transformation-errors,

— differences between,the dimensions of the articulated structure and those used in the robot control dystem
model,

— mechani¢al-faults such as clearances, hysteresis, friction, and external influences such as temperattre.

The method of data entry for the command pose depends on the facilities of the robot control and has a
significant influence on the accuracy characteristics. The method used shall be clearly stated in the data sheet or
test report.

16


https://standardsiso.com/api/?name=2ab15d2a9a49c6213c430370d232b51b

©1S0 ISO 9283:1998(E)

If the command pose is specified by numerical data entry, the relationship (i.e distance and orientation) between

different command poses is known (or can be determined) and is required for the specification and measurement
of distance characteristics (see 7.3).

For the measurement of pose accuracy using numerical data entry, the position of the measurement system
needs to be known relative to the base coordinate system (see 6.8.4).

Centre of the
mechanical interface

Coordinate system
parallel to the base
T coordinate system

\\ .
\

Measurement point
(Toolgentre point)

j-th attained pose

Command pose

Figure 7 - Relation between command and attained pose
(figures 8 and 9 also show this relationship)

7.2 Pose|accuracy and pose-Ttepeatability

7.2.1 Poge accuracy (AR)

Pose accluracy expresses the deviation between a command pose and the mean of the attained posgs when
approachling the eommand pose from the same direction.

Pose acduracy is divided into

a) positioning accuracy: the difference between the position of a command pose and the barycentre of the
attained positions, see figure 8;

b) orientation accuracy: the difference between the orientation of a command pose and the average of the
attained orientations, see figure 9.

17
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_Example of one
attained position

Position of G: X, ¥, Z

UT givtll by e
command pose P

Figure 8 - Positioning accuracy and repeatability

Mean value of
attained orienfations

Virtual projection point
of different positions
according fo figure 8

Coordinate system

Command orientation

NQTE - The same figure can be applied for banda.

Figure 9 - Orientation accuracy and repeatability

The pose acclracy-is-calculated-asfolows:

Positioning accuracy

APy = (x - xS + (y -y ) +(z- z.)

4P, =(x-x,)
APy= (y_yC)
AP:= (E_ZC)

©I1SO
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with

_ ] &

X = — D, X;
n I

_ ] n

y == Y,
n I

_ n

z = - Zj
n ol

;, ; and z are the coordinates of the barycentre of the cluster of points obtained after repeating the same
pose njtimes.

X, ¥eahd z. are the coordinates of the command pose;
x;, y;and z; are the coordinates of the j-th attained pose.

Orientation accuracy

AP, |= (a - a.)
APy |= (b - b.)
AP, |= (E - ¢)
with

Q|
Il
S [~
M-
8

S
Il
|

b,

1

- T
cC = I Cj
I

il

Theselvalues are thé.ivean values of the angles obtained at the same pose repeated n times.

a., b, @and ¢, are-the angles of the command pose.

a, b;and-Cpare the angles of the j-th attained pose.
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Table 6 gives a summary of test conditions for pose accuracy.

Table 6 - Summary of test conditions for pose accuracy

© SO

10 % (optional)

The mass of rated load reduced to

100 % of rated velocity
50 % of rated velocity

10 9L Af ratad yalacitg

Load Velocity Poses Number of
cycles
100 % of rated load 100 % of rated velocity
50 % of rated velocity P, —P,—P, 30
10 % of rated velocity
- P4 - Ps

U7 OTatC UV CTOTIty

— Starting from P,, the robot successively moves its mechanical interface to the poses P, Py, P, P,,

P,. Each

of the ppses should be visited using a unidirectional approach as shown by either of the'cycles illugtrated in
figure 1D. Approaching directions used during the test shall be similar to those used ‘When programming.

— For eagh pose, positioning accuracy (AP,) and orientation accuracy (AP,, AP, AP, ) are calculated.

Oth cycle

1st cycte

2nd cycle

30th cycle

OR

1st cycle

2nd cycle

30th cycle

P4 Ngwmeasurement is taken

/s

Ps —= Py—=—P3 —= P —mf

P —= P,—=— P3 —= Pyr>— P,

-

P —=— P, —=, P3&=—=— P, — P,

Py —=— Pg

/s

Py —— Pg

/

/s

P, Oy Po

Pz — P

/s

Pe —P,| P,

/

/s

af*P4 in the Oth cycle

Pe b P, —— —_— y—— P
3 P b / P3| P3 / P2 | P2 taken only at the
/ / / / / arrival poses

P ——P, | P, —= P3| Py —=Py|Pp ——P;y

Figure 10 - lllustration of possible cycles

Measurement are

20
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7.2.2 Pose repeatability (RP)

Pose repeatability expresses the closeness of agreement between the attained poses after n repeat visits to the
same command pose in the same direction.

For a given pose, the repeatability is expressed by
— the value of RP, which is the radius of the sphere whose centre is the barycentre and which is calculated as
below (see figure 8);

— the spread of angles * 3S,, + 3S,, + 3S, about the mean values, a, b, and ¢
where S,, S, and S, are the standard deviations (see figure 9)

where

Position|ng repeatability

RP, =1 + 38,

with

with

NOTE 2 — This criterion can be calculated even if the distances are not normally distributed.
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Table 7 gives a summary of test conditions for pose repeatability.

Table 7 - Summary of test conditions for pose repeatability

© SO

Load Velocity Poses Number of
cycles
100 % of rated load 100 % of rated velocity
50 % of rated velocity Py —P,—Ps 30
10 % of rated velocity
— P4 —Ps

The mass of rated load reduced to
10 % (optional)

100 % of rated velocity

50 % of rated velocity
10 % of rated \/plnr‘if\/

The prod

For each

alen he gy

VT GA

(=110

7.2.3 Multi-g

Multi-directia

edure is the same as in 7.2.1.
pose, RP and angular deviations RP,, RP, and RP, are calculated. For spegial.application

onents RP,, RP,, RP

ressed nents RP,, RP,, RP,.

irectional pose accuracy variation (vAP)

nal pose accuracy variation expresses the deviation between'the’ different mean attained p

achieved when visiting the same command pose n times from three orthogonal directions (see figure 11

— VAP, is the maximum distance between the barycentres of theluster of points attained at the end
different [paths.

— VAP, vAPs, VAP, is the maximum deviation between thé‘mean value of the angles attained at the e
different [paths.

Multi-directignal pose accuracy variation is calculated-as follows:

vAP, = thax \/(x_h xSt (v It (2 -2)  hk=123

Three is the humber of approaching paths.

vAP, = max |(a, - ax) k= 1,2, 3

vAP, = mjax |(b, - B} k = 1,23

vAP, = mjax [(cp&Je )\ h k= 1,23

5 RP may

pSes

).
Df

nd of
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Table 8 gives a summary of test conditions for multi-directional pose accuracy variation.

Table 8 - Summary of test conditions for multi-directional pose accuracy variation

Load Velocity Poses Number of
cycles
100 % of rated load . : 100 % of rated velocity
' 50 % of rated velocity P, —P,—P, 30
10 % of rated velocity
The mass of rated load reduced to 100 % of rated velocity
10 % (optional) 50 % of rated velocity

TO % of rated velocity

- The rolpot is programmed to move its mechanical interface to the poses according to three approz ch paths
parallel to the axes of base coordinate system. For P, in the negative direction and for)Ps and P, approach

from inide the main body of the cube (see figures 11 and 12). If this is not possible,the approach directions
used shall be as specified by the manufacturer and shall be reported.

- For ea¢h pose VAP, , VAP,, VAP,, VAP, are calculated.

— Attained pose

\ - /) / \E :
_ o = Path 3
67:X2.¥2.22
Gz

Attained posg

Figure 11 - Multi-directional pose accuracy variation
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1st cycle path1 —=— Pq||path1 —— Pol[path1 —=— P,
path2 —— Pq||path2 —=— Py|[path2 —— P,
path3 —=— P,(|path3 —=— Pyf|path3 —=— P,

30th cycle | path1 —=— Pq|[path1 —=— Py|[path1 —— P,
path2 —= Pq[[path2 —=— P2|{path2 —— P,
path3 ——=— Pq||path3 —=— Pp||path3 —— P,
Figure 12 - lllustration of the cycle

© 180

7.3 Distance accuracy and repeatability

Characterist

cs applicable only to robots with the facility for off-line programming or manual data input.

7.3.1 General

Distance acq
in the distan
distances fo

The distancsg

uracy and repeatability characteristics as defined in this clause quantify the deviations whi

a series of repeat movements between the two poses.

a) by comnpanding both poses using off-line programming

b) by comm

The method

anding one pose by teach and programming a distance through manual data input.

used shall be reported.

7.3.2 Distanlce accuracy (AD)

Distance acq

mean of the

Given that th
is the differe

24

attained distances.

e command poses are P, P, and the attained poses are P, P,, the positioning distance
hce in distance betweenP,, P, and P,;, P, (see figure 13) and the distance being repeate

ce between two command poses and two sets of mean attained-poses, and the fluctuationg

accuracy and repeatability can be measured by commanding the pose in one of two ways

uracy expresses the deviation in positioning and orientation between the command distand

th occur
n

e and the

Bccuracy
i n times.

Figure 13 - Distance accuracy
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Distance accuracy is determined by the two factors positioning distance accuracy and orientation distance
accuracy.

The positioning distance accuracy AD;, is calculated as follows

AD, = D - D.

where

. ] n

D = - D_,'
n ‘=

D, = |P, - Py

= \/(Xl_i - xy) vy - V) (2 - zy)

D. ¥ |Pg - P

= \/(xcl - xa) (Vo - V) F (za - za)

with
Xq1, Yod @nd z, as the coordinates of P, available in the robot controller
Xoo Y4 @nd z, as the coordinates of P g available in the robot controller
X1 Yypland zy, as the coordinates'of P,
Xy Yoland zy as the coordinates of P
n as the-number of repetitions

Positioning distance accutacy can also be expressed for each base coordinate system axis. The calqulation is as
follows:

ADx = Hx \ Dcx
AD.\, = E - Dc_v
AD: = Ez - Dcz
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where
. 1 n . 1 H
D, = ;;Dv ngixz/ - Xy
b, = typ, =1y
v n = Y n - y//' y?,

Dcx = |Xc1 - Xe2

Dcy =WC‘I - YC2|

Dcz =|Zc1 - Zc2t

The orientatign distance accuracy is calculated equally to single axis distance accuracy

AD(; = Ha - D(‘(I

ADb = E - Dc‘/r

AD. = DJ- D..

where

- ] H ] n

Da = - Du' = — i 2j
ne n ;lau “

o ] H ] n

Dy = =2 Dy — — D by - by

b n“ hi n;’ lj 2%

o ] < ]

DL = - D( - - 21 - T
n< / n _,-Z;!CU €2

Dca zlad - a02|
ch = lbc1 B bc2]

Dcc = iCc1 - Cc2|
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with
ac1: bch and Cc7
a, by, and ¢,
as; by, and ¢y

ay by, and ¢y

as the orientations of P, available in the robot controller
as the orientations of P, available in the robot controller
as the orientations of P,

as the orientations of P,,

n as the number of repetitions.

Table 9 gives a summary of test conditions for distance accuracy.

Table 9 - Summary of test conditions fordistanceaccuracy ]

ISO 9283:1998(E)

50 % of rated velocity
10 % of rated velocity

Load Velocity Poses Number of
cycles
100 % of|rated load 100 % of rated velocity P, ~©, 30

—  The ropot is programmed to move its mechanical interface successively'to poses P, and P,, starting from P,.
The measurements are taken unidirectionally (see figure 14).

- Atleast as a minimum, the value of AD, shall be reported.

7.3.3 DistIance repeatability (RD)

Oth cycle / Py,

Ist cycle B2 PL No measurement is taken
t P, in the Oth cycle

2nd cycle Pp —=FP, atre y

30th cycle Py, —=—P,

Figure 14 - lllustration of the cycle

Distance repeatability is the closeness of agreement between several attained distances for the same command
distance, repeated n times in the same direction.

Distance repeatability includes positioning and orientation repeatability.

Distance repeatability for a given command distance is calculated as follows:
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2. (D;=D)
RD = +3|&
n-1
Z (Dxi - Hx)z
RD, = + 3 j=1
' n-1
(Dy/' - Dv)2
=1
RD, £ *3\|*
g n-1
H —
(DZ_/' - Dz)
RD. ¥+ +3|&
n-1
For orientation the following calculation apply
Z (Dai - 50)2
RD,= 3]
_)2
RD}, = =+ 3
~ )2
(DL[ - Dc)
RD.= H3
with the different variables.as defined in 7.3.2.
Table 10 gjves a summary of test conditions for distance repeatability.
Table 10 - Summary of test conditions for distance repeatability
Load Velocity Poses Number of
cycles
100 % of rated load 100 % of rated velocity
50 % of rated velocity P,— P, 30

10 % of rated velocity

— Same procedure as in 7.3.2. At least as a minimum, the value of RD shall be reported.
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7.4 Position stabilization time

The position stabilization time is a robot performance which quantifies how quickly a robot can stop at the
attained pose. Figure 15 illustrates in three dimensions an example of approach to the attained pose. It shall be
understood that the position stabilization time is also related to the overshoot and other performance parameters
of robots.

\ Limit band

Approaching path

Attained position

Figure 15 - Stabilization time and position overshoot, three dimensional presentation

The position stabilization time shall be measured in the same manner as the overshoot in 7.5. The rgbot runs the
same cycje as in 7<2)! with the test load and the test velocities. After the robot approaches the command pose
P.. the pgsition_of the measurement point shall be continuously measured until stabilization is achieved.

The positjon~stabilization time is measured as the elapsed time from the instance of the initial crossing into the
limit band until the instance when the robot remains within the Timit band. The Timit band is defined as the
repeatability as defined in 7.2.2 or a value stated by the manufacturer.

This procedure shall be repeated three times, for each pose the mean value t of the three cycles is calculated
(see figure 16).

29


https://standardsiso.com/api/?name=2ab15d2a9a49c6213c430370d232b51b

ISO 9283:1998(E)

Distance (from attained position)

) (2) Stabilization time (t)
\ —
\
\
\
N
\
‘o 8 /\ /\ ’ \ Limit band

Vo Attained position

Table 11 gives a summary of test conditions for position stabilization time:

Time

Figure 16 - Stabilization time and position overshoot

Table 11 - Summary of test conditions forposition stabilization time

© SO

Curve (1): Example of an overdamped approach, see not'e 3
Curve (2): Example of an oscillating appreach where DV, exists

10 % (optid

Load Velocity Poses Number of
cycfles
100 % of rgted load 100 % of rated velocity
50 % of rated velocity P, 3
10 % Of rated velocity
The mass qgf rated load reduced to 100.% of rated velocity

nal) 50 % of rated velocity
10 % of rated velocity

7.5 Position

The purpose|
stops at atta
stabilization

overshoot

of measuring position overshoot is to quantify the robot capability to make smooth and accurate
ned poses. It shall be understood that the position overshoot is also related to the position
ime;

The oversho
crossing into

oT 1S measured as the maximum distance from the ataned position after the mstance of the initial
the limit band and when the robot goes outside the limit band again.

NOTE 3 — For robots which are overdamped (curve 1 in figure 16) the overshoot will be zero.

To measure

the position overshoot, the robot runs the same cycle as in 7.2.1 with the test load and the test

velocities. The position overshoot is equal to the over travel distance at the measurement point P, . The
overshoot shall be measured three times, the maximum value of the three cycles shall be calculated (see

figure 16).
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OV = max ()V/.

OV, =max D,; if max D,, > limit band

=0 if max D, < limit band

max D, = max\/<x,/ —x_,)u +(y,.v,, —y/.)“ +(z,/. _Z,/) i=1,2, ... m

where i repfesents the number of samples measured after the robot has reached the limit band.
For special|applications OV may also be expressed by its components OV,, OV,, OV,
Table 12 giyes a summary of test conditions for position overshoot.

Table 12 - Summary of test conditions for position overshoot

Load Velocity Poses Némber of
cycles
100 % of fated load 100 % of rated velocity
50 % of rated velocity P, 3
10 % of rated velocity
The masg of rated load reduced to 100 % of rated velocity.
10 % (opfional) 50 % of rated velogity

10 % of rated velocity

7.6 Drift of| pose characteristics

Drift of posk accuracy (dAP) is the variatioh. of pose accuracy over a specified time (7). This can be cqlculated as
follows:

dAP, = | AP,.;- AP, |
dAP, = | APy - AP, ;|
daP, = | AP,.., - APs 1

dAP, = | APy VAP, ;|

where AP fsdefiredHin72-4—with-refationto-the-command-pose-taughtunderceld-conditions:
The maximum values should be reported.

Drift of pose repeatability (dRP) is the variation of pose repeatability over a specified time (7). This can be
calculated as follows:
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drP, = | RP;-; - RPr:Tl

dRP,=| RP,.,-RP,_; |

dRP, = | RPy_ - RPy1 |

dRP,= | RP,_,- RP,_; |

where RP is defined in 7.2.2.

The maximum values should be reported.

Table 13 gives a summary of test conditions for drift of pose characteristics.

Table 13 - Summary of test conditions for drift of pose characteristics
Load Velocity Poses Number |of
cycles
100 % of rpted load 100 % of rated velocity P, 8 h continuous
50 % of rated velocity cycling
10 % of rated velocity

- Drift measurements should begin from cold (immediately after actuation of the main power) and gontinued
over deveral hours in the warmed up state. The following sequence<should be followed:
1. Prdgramming of test cycle with power on;

2. Power off the robot for 8 h;
3. Restart the robot and start programmed automaticcycle.

- Measprement cycle: The robot is programmed.to move its mechanical interface to P, starting from P,. All
joints jhave to be moved when returning frem-P, to P, (10 times)

- Warnt-up cycle: All joints have to be moved over 70 % of its full range with maximum possible velocity (see
also table 13) when returning from~PR; to P, sequence (10 times). See also diagram in figure 17. The values
may He selected different for sgecial applications

- The npeasurements can be-stopped before eight hours if the rate of change of the drift (dAP) for five
continuous sets is less than 10 % of the largest rate of change during the first hour. The measurgments are
used 1o calculate pose,accuracy and repeatability (see 7.2.1 and 7.2.2). The results are plotted oh a graph

32
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START

Measurement
cycle

- P> P4 10X

s

P;"' Py

Temperature
stable state
reached ?

S
ye END

‘HO

Warm up cycle | 10 min

T
i
|

Figure 17 - lllustration of the drift measurement
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Figure 18 - Drift of pose characteristics
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7.7 Exchangeability (E)

Exchangeability expresses the deviation of the barycentres when different robots of the same type are
exchanged under the same environmental conditions, mechanical mounting and use of the same task
programme.

The E value is the distance between barycentres from the tests of the two robots which have the maximum
deviation in the tests (see figure 19).

Attained poses

of robot 2
£

Affained poses
of robot 1

o
~N
<1
w
~<|
g
NI
N
N

G1:X1,¥1.2Z4

Attained poses AP %

of robot 3
AP4

G3:X3.Y3.23
AP3
0c \
Y

X

Figure 19 - Exchangeability

The exchangeability is due to mechanical tolerances, errors of axis calibration and robot mounting errors

The test posep for the exchangeability testshall be P, , P, , P, , P, and P5 and shall be the same for all thie robots
tested.

The command poses for all five paints'shall be set using the first robot and shall remain the same for the pther
robots during fthe test.

The test shalllbe executed at 100% of rated load and 100% of rated velocity and shall be performed on fljve
robots of the $ame type.

Table 14 givep a.summary of test conditions for exchangeability.

Table 14 - Summary of test conditions for exchangeability

Load Velocity Poses Number of Number of
cycles for robots
each robot '

100 % of rated load 100 % of rated velocity P, — P, —
P, — Py 30 5
— Py
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The first robot shall be installed on a mounting place as specified by the manufacturer. For each point Py, P2, Ps,
P, and Ps the barycentres shall be calculated in the same reference coordinate system.

The position accuracy (AP, ) for each of the other robots shall be calculated using the same mechanical base
mounting referénce while maintaining the measurement system fixed and using the same task programme.

The exchangeability is calculated as below

E =

max \/(xh—xk)2+(yh-yk)2+(z;,-z;,)2 h,k=1,2, ...... 5

NOTE 4 — The test can be executed with the same robot controller, using the calibration data specific for each manipulator (definition, see
ISO 8373), in accordance with the manufacturer specifications.

8 Path cf

- 8.1 Genera

Path accurg
general illug

The path cH
programmir

— e N

\aracteristics

cy and repeatability definitions are independent of the shape of the comniand path. Figure
tration of path accuracy and path repeatability.

aracteristics described in the following subclauses are generally valid for all methods of
g.

\‘ Barycentre G

j-th attained

Command path

Normal plane to command

(Xei, Yei, Zei) path at Xei, Yei, Zei

PO gives a

X

Figure 20 - Path accuracy and path repeatability for a command path
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8.2 Path accuracy (AT)

Path accuracy characterizes the ability of a robot to move its mechanical interface along the command path in the
same direction n times.

Path accuracy is determined by the two factors

— the difference between the positions of the command path and the barycentre line of the cluster of the
positions of the attained paths (i.e. positioning path accuracy, AT, in figure 20);

— the difference between command orientations and the average of the attained orientations (i.e. orientation
path accuracy).

The path agcuracy is the maximum path deviation along the path obtained in positioning and orientatioh.

Positioning jpath accuracy, AT, is defined as the maximum of the distances between the positions of the
command gath and the barycentres G, of the n measurement cycles, for each of a number of'calculatdd points
(m) along the path.

The positioning path accuracy is calculated as follows

2

ATy b omax \(x - xa) + (9= v,) (2= z) 1< m

— ] n o ] n
) TR YA 3
R j=i n e

When calcylating AT, the following should be taken intoyaccount

— depending on the shape of the command path-and the test velocity, the number of points along the¢
commgnd path and corresponding normalplanes are selected. The selected number of normal plgnes shall
be statpd in the test report.

- Xg,Ys8nd z, are the coordinates ofthe j-th point on the command path.

- X;,¥;gdnd z; are the coordinates of the intersection of the j-th attained path and the i-th normal plane.

Orientation |path accuracies.AT,, AT, and AT, are defined as the maximum deviation from commande
orientationg along the path.

ATa= max ‘ai = A 1 = ] ..... m
ATy = mbsbe bl =1
AT.= max lc,- -co P=1...m
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where

. ] n . ] Hn . ] h
a =~ a b= —D b ¢ = =D
=1 =1 =i

a,;, b, and ¢, are the command orientations at the point (xg, ¥ Z ).
a; bjand c; are the attained orientations at the point (x;, y;, z;)

Table 15 gives a summary of test conditions for path accuracy.

n -

ISO 9283:1998(E)

Table 15 - Summary of test conditions for path accuracy

Load Velocity Shape of path Number of
cI,rllcles
100 % ofj rated load 100 % of rated velocity Linear path
50 % of rated velocity E,—Es
10 % of rated velocity Circularpaths 10

Large and small

circles
S€e 6.8.6.2 and
figure 6
The mask of rated load 100 % of rated velocity
reduced fo 10 % 50 % of rated velocity
(optional 10 % of rated velocity
Whilst the[calculation of path accuracy is made in planes\érthogonal to the command path, the measiirements of

the attaing

The progr.

8.3 Path n

Path repe
path repe

For a give

- RT,i

epeatability (RT)

ted n times.

— the mpximum of the spread of angles about the mean value at the different calculated points.

the erycentre line (see figure 20).

d path may be carried out as a function of either distance or time.

bmmed start and end points of the cycleshall lie outside the chosen test path.

h path followed{n'times in the same direction, path repeatability is expressed by

tability expresses the eloseness of the agreement between the attained paths for the samg¢ command

5 the maximum RT,; which is equal to the radius of a circle in the normal plane and with its|centre on

The path repeatability is calculated as follows:

RTP =

max RT, = max [l_i+ 38,] i=1
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RT, =
RT}, =
RT. = maqg
with @, b,, |

Path repeata
accuracy.

For special a

i

2 (e -¢)
k 3| L—— i=1... m
n-1

,a,,,b, and ¢, as defined in 8.2.

1] i
pility shall be measured using the same test procedure as that used for the measurement o

pplications*AT may also be expressed by its components RT,, RT,, RT..
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8.4 Path accuracy on reorientation

To record the influence of three-directional orientation alterations on a linear path in a simple way, i.e. with
measuring only positioning path accuracy (AT, ) the following test, as illustrated in figure 21 shall be applied.

a) b)
Definition of the orientation Definition of the orientation
alteration around Y, alteration around X, and Z,
B.-angle at P¢ (Start) +30° A, -angle at Pg (Start) +30°
B,-angle from Py to P, -30° A.-angle from Pg to P, 0
B,-angle from P, to Pg +30° C.-angle from P, to P, -30°
: C,-angle from P, to Pg 0°
A.-angle from Pg to P, -30;

Lecal
Coordinate
system

Xn CA”

Figure 21 | Définition of orientation alterations a) around y, -axis, b) around x, -and z, -axes

In the test plane E,....E,, according to figure 4, additional points P...Py will be marked, as defined in figure 6, with
equal distances from each other. A local coordinate system shall be arranged for definition of orientations with
X.Y.-plane parallel to the selected plane E,...E, and the linear path Ps...Pg parallel to the Y -axis.

The path shall be followed with constant velocity of the tool centre point, TCP, from start point Ps to Pq and back
from P, to P,. The orientation shall be done continuously in the areas described in figure 21, without stop at the
points Ps...P,. Velocity and load shall be in accordance with 8.2, see also table 16.

Path accuracy on reorientation shall be calculated similar to the path accuracy as defined in clause 8.2.
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Table 16 gives a summary of test conditions for path accuracy on reorientation.

Table 16 - Summary of test conditions for path accuracy on reorientation

© 180

Load Velocity Shape of path Number of
cycles
100 % of rated load 100 % of rated velocity Linear path
50 % of rated velocity Ps — Py
10 % of rated velocity 10

See 8.4, figures 6
and 21

The mass of rated load

100 % of rated velocity

reduced tg~+6-% 56-%ofrated-vetoeity
(optional) 10 % of rated velocity
8.5 Cornerjng deviations
Cornering deviations can be categorized into two general types:
- sharp corpers;
- rounded gorners.
To achievelsharp corners changes of the velocity have to be allowed te maintain precised path control} This

normally re

Sharp corn
constant pa

Velocity va
cases the 1

Rounded ¢
certain limi
methods) g
and if not 0

If a smooth

8.5.1 Corn

th velocity to the second path orthogonal to the first one.
fiation around the corner depends of the type of control system and shall be recorded. (In ¢

eduction can be nearly up to 100% of the applied test velocity).

s. Depending of the control system discrete paths such as radii or spline functions (smooth
re programmable or will be alitornatically used. In this case a reduction of the velocity is no
therwise stated limited byymaximum 5% of the applied test velocity.

ing method is used in-programming, it shall be stated in the test report.

ering round-off error (CR)

Cornering found-off-error is defined as the maximum value calculated from three consecutive measurg

cycles. For
path is calg

each'cycle the minimum distance between the corner point (x,, ¥., Z. in figure 22) and the §
ulated as follows.

sults in large velocity fluctuations. To maintain constant velocity, rounding of corners is reqy

ers are realised when the robot moves from the firstpath without delay time and with progra

brners are used in order to prevent considerable overshoot and to keep mechanical strain |

ired.

mmed

ertain

nder

ng
desired

ment
httained

CR=max CR,

j=1,2,3

CR;
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where

Xe, Ye, @nd z, are the coordinates of the command corner point;

X; ¥, and z; are the coordinates of the command corner point on the attained path corresponding to the
measurement point /.

8.5.2 Cornering Qvershoot (CO) v

Cornering overshoot is defined as the maximum value calculated from three consecutive measurement cycles.

For each cycle the maximum deviation from the command path after the robot started on the second path without
delay time and with programmed constant path velocity is measured.

If the seco
cornering

ction, the
vershoot is calculated as follows:

[co=max|[cO, j=1,2, 3]

CO‘I = max \/(xl = xci)2 + (y, 'yc,)2 i=1... m
where

X, and y| are the coordinates of the point on the command path corresponding to measurement ppint z.;
x;, and y; are the coordinates of the point on the attained path corresponding to measurement poipt z;.

This equaffion is only true when (y; - y,; ) has a positive value. If (yp: ¥} has a negative value, cornerirjg
overshoot [does not exist.

co

Second command path

(Xe.Ye Ze)
Direction of travel

Attained paths

Repeatability tube
similar to figure 20

First command ;attL
——
/\\_ A

Figure 22 - Cornering overshoot and cornering round-off error at a sharp corner
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8.5.3 General test conditions

Table 17 gives a summary of test conditions for cornering deviations.

© 180

Table 17 - Summary of test conditions for cornering deviations

Load Velocity Corners Number of
cycies
100 % of rated load 100 % of rated velocity E, — E;— E; — E4 3

50 % of rated velocity (see figure 6 in 6.8.6.2)

10 % of rated velocity

The start position shall be halfway between E, and E,. All four corners shall be measured. Continuous path

programmin
executing th

_ If not stated
Cornering oV
measured. T
Both criteria

sharp corner

8.6 Path ve

8.6.1 General description

Performancs
path
path

path

An idealized

:

btherwise the orientation is orthogonal to the plane of the rectangular path.

ershoot can be calculated from measuring the deviation from the command path and each
o establish command path values the position of the corner points can be(either measured
teaching in the case of teach programming or known in the case of manual data input.

shall be used to command the rectangular path. Any automatic reduction in velocity when
path shall be as specified by the manufacturer and shall be stated in the test report.

smoothing) shall be reported.

ocity characteristics

characteristics of a robot with respect to path. velocity are divided into three criteria. These
velocity accuracy (AV);

velocity repeatability (RV);

velocity fluctuation (FV).

graph of these criteria is shown in figure 23.

~_Pathvelocity

Path velocity accuracy (AV)

repeatability (RY)

|

Command velocity (v)

Path velocity
fluctuation (FV)

|

[

!
J
|

Ti.,

path

during

CR and CO shall be measured at the same measuring sequences Any programming alternative (e.g.

are

|

42

TreamTvatte —

Time

Figure 23 - Path velocity characteristics
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Table 18 gives a summary of test conditions for path velocity characteristics.

ISO 9283:1998(E)

Table 18 - Summary of test conditions for path velocity characteristics

Load

Velocity

Number of cycles

100 % of rated load

100 % of rated velocity

10 % of rated velocity

50 % of rated velocity 10
10 % of rated velocity

The mass of rated load reduced to 100 % of rated velocity

10 % (optional) 50 % of rated velocity 10

In cases Where significant velocity fluctuations along the path occur, repeated measurements taken &
of time myst be referred to the same points in space along the command path.

The measurement shall be taken during the stable velocity state on the centre portion eof the test path

on 50 % df the length.

Path velogity characteristics are tested on the same linear path as that used for path accuracy (see 8

and FV are calculated with n = 10.

8.6.2 Path velocity accuracy (AV)

Path velogity accuracy is defined as the error between the command velocity and the mean value of
velocities fachieved during n repeat traverses along the path and<s expressed as a percentage of the

velocity. Rath velocity accuracy is calculated as follows:

¥ - v
AV = 4 x 100
Ve
where
| ] no__
Y = T Vi
n =
. ] m
v, = — Vi
m iy
where
v, Listhe command velocity:

s a function

length and

2). AV, RV

he attained
command

v, is the attained velocity for i-th measurement and j-th replication;

m is the number of measurements along the path.

8.6.3 Path velocity repeatability (RV)

Path velocity repeatability is a measure of the closeness of agreement of the velocities attained for the same

command velocity.

Unless otherwise stated, path velocity repeatability shall be stated as a percentage of command velocity
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BAY

RV = + (—— x 1 00)
Ve
where
S, =

with v, v, and v as defined in 8.6.2.
Path velocity repeatability shall be measured using the same test procedure as that used for the megsirement of
path velocity accuracy.
8.6.4 Path yelocity fluctuation (FV)
Path velocity fluctuation is the maximum deviation in velocity during one replication@th’one command jvelocity.
The path vqlocity fluctuation is defined as the maximum of velocity fluctuation foreach replication.
FV = mgx [ma}x (viy) - rni]n (v,,)} j=1.... n
with v;as dgfined in 8.6.2.
Path velocity fluctuation shall be measured using the same.tést procedure as that used for the measurgment of

path velocit

9 Minim
The posing
predetermin
taken for a

Unless oth4g

characterisfics when making'moves between the test poses in the specified minimum posing time.

Posing timg

NOTE 5 - Th
Therefore the
time directly.

 accuracy.

LUm posing time

time is the time between departure from and arrival at a stationary state when traversing a
ed distance and/or sweeping/through a predetermined angle under pose-to-pose control. T|
robot to stabilize at the attained pose, as defined in 7.4, is included in the total posing time.

rwise stated the rebot’shall be able to achieve the specified pose accuracy and repeatabilit

is a non linear function of the distance travelled.

esults of the posing time measurements can be used to give an indication of cycle time but cannot be used to cg

he time

e posing.time of a robot forms a contribution to, but is not the only factor involved in, the determination of cycle tifne.

lculate cycle

Load to the mechanical interface and velocities during the test are the same as for pose characteristics indicated

in 6.6.

The velocities to be used for the test are 100 % of the rated velocity and in addition the test shall be performed
with optimized velocities for each part of the cycle if applicable to achieve a shorter posing time. The velocities
used shall be stated in the test report.
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The number of cycles is three.
Tables 19 and 20 give a summary of test conditions for minimum posing time.

Table 19 - Poses and distances for minimum posing time

Poses P1 P1¢1 P1.z P1+3 P1+4 P1+5 P1~6 P14»7

Distance from previous pose 0 -10 +20 -50 +100 | -200 +500 | -1000
(D, =D, =D,)

Table 20 - Summary of test conditions for minimum posing time

Load Velocity Poses Number of
cycles
100 % ofrated load 100 % of rated velocity P, — Py — P 3
Optimized velocities — Pl —PLi=—

P1+5 - P1+6 Do F)1+7
(see table’19)

The mass of rated load reduced to 100 % of rated velocity 3
10 % (optional) Optimized velocities

- In order to include short distances for posing time measurement, achiumber of poses are programmed or
taugnt along the diagonal of the cube defined in 6.8.4 with centre*point P,. The component distgnces
D, =D, = D, between consecutive poses follow an alternating progression as shown in table 19fSee also
figurp 24.

- The humber of poses and distances depends on the size of the selected cube.

- For ¢ach travel, the mean value of the three cycles is calculated and the results are given in a table, with
the gistance between poses indicated.

Figure 24 - lllustration of the cycle
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Static compliance is the maximum amount of displacement per unit of applied load. The load should be applied
to and the displacement measured at the mechanical interface.

The static compliance should be specified in millimetres per newton with reference to the base coordinate

system.

The forces used in the tests shall be applied in three directions, both positive and negative, parallel to the axes of
the base coordinate system.

The forces shall be increased in steps of 10 % of rated load up to 100 % of rated load, one direction at a time.
For each force and direction the corresponding displacement is measured.

The measu

The measur
mechanical

11 Application specific performance criteria

111 WeavI-g deviations

Performancé characteristics of a robot with respect to weaving deviations aredevided into two criteria.
are:

— weaving gtroke error (WS)

— weaving frequency error (WF)

Weaving islcombination of one or more motions superimposed oh a path, mainly used for arc welding.
11.1.1 Weayving test path

The path defined in figure 25 is a saw-toothed wave path with a command weaving stroke S, and a wez
distance W), generated by a command weaving.frequency F. , both stated by the manufacturer. At lea
weave distapces shall be located within the selected plane according to figures 5 and 6 with Py as symr,
point and th¢ centre line parallel to P, - P3.

ement shall be made WIh the servos on ana the brakes OIl.

bment procedure is repeated three times for each direction. This test is done with theléentr

nterface placed at P, as defined in 6.8.4.

e of the

hese

ve
st 10
netric
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P? P3

Direction of weaving velocity V.,

\ \
‘ 2

Sc

10 weave distances WD

°

o0—

PS P1,

Figure 25 - Weaving test path in the selected plane

11.1.2 Weaving stroke error (WS)

The wedving stroke error, in percentage, shall be calculated from the difference between the commpand weaving
stroke S| and the measured mean attained weaving stréke S, , see figure 26, as follows:

.5 100 (%)
X
S 0

¢

| I

WS =

11.1.3 Weaving frequency error (W)

The wegving frequency error, in.percentage, shall be calculated from the difference between the cgmmand
weaving|frequency F. and the attained weaving frequency F, as follows:

f,—F.
WF=-"F = x 100/(%)

C

where
F =10 W, dF. =10 uas
= X — = X ——
a 1owp, C e 10 WD,
with

WV, = command weaving velocity
WV, = attained weaving velocity

WD, = command weave distance
WD, = mean attained weave distance
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WV WV,

Ss

10 x WD

12 Test report

The test repgrt shall consist of a cover sheet(s) and one or more test result sheet§. The cover sheet shd
general information regarding the robot, measurement set-up and the test conditions (physical environm
up/warm-up,|instrumentation, programming method etc.) and the tests conducted. The test result sheets

10 x WD, ;

1

Figure 26 - lllustration of attained and command weaving path

provide a sujnmary of the various tests performed with the uncertainty of measurement.

All reports shall include all robot programmes and software programme parameters used during each te

Annex C gives an example of a test report and shows the minimum required information for the cover sh

result sheetd.
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