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Foreword

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 (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is one of a family of standards dealing with the requirements of components of robot
systems for industrial environments.

This document contains the vocabulary for end-effector exchange systems. This document does not
contain any details for the development and design of these systems.

For the terms related to coupling and releasing forces (see 3.4), all permissible maximum values for the
load characteristics are valid for the sum of both static and dynamic loads and all load characteristics

are s

ated for the reference plane

Fort
shou
dime
direq
of th
requ

he terms related to magazine interfaces of the tool-mounted part (see 3.7), the perform

nsions of the exchange system (see 3.2). The defined coordinate system is/still valic
tion of insert movement into the magazine is different from the coupling dixection at t
e tool. They differ in their value and their direction as well as in the force of coupling wj
red to assemble or release the tool part from the robot part of the interface.

hnce criteria

Id be used in the same sense as those used in the terms related to the extermal-shape and main

| even if the
he exchange
ork which is
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INTERNATIONAL STANDARD ISO 11593:2022(E)

Robots for industrial environments — Automatic end
effector exchange systems — Vocabulary

1 Scope

This document defines terms relevant to automatic end-effector exchange systems used as a part of
robofsystems imaccordance withr 1SO-10218-2:

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
[SO dnd IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.6rg/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 | General terms and definitions

3.1.1
autor‘natic end-effector exchange system
coupling device between the mechanical.interface and the end-effector enabling automaticlexchange of
end-¢ffectors, made up of a robot-mountéd part (3.1.2) and one or more tool-mounted parts (3.1.3)

Note|1 to entry: Also referred to as tool changer, quick-change device, automatic tool changer| robotic tool
changer or robot coupler.

3.1.2
robgt-mounted part
partjof an automatic end=éffector exchange system (3.1.1) that is attached to the mechanical interface of
a mapipulator

Note |l to entry: Also referred to as master or robot side.

3.1.3
toolimounted part
part pfan automatic end-effector exchange system (3.1.1) that is attached to the end-effecto

Note 1 to entry: Also referred to as slave or tool side.

3.1.4
couple, verb
join the robot-mounted part (3.1.2) to the tool-mounted part (3.1.3)

3.1.5
uncouple, verb
release the tool-mounted part (3.1.3) from the robot-mounted part (3.1.2)

3.1.6
lock, verb
actuate the locking elements to secure the tool-mounted part (3.1.3) to the robot-mounted part (3.1.2)

©1S0 2022 - All rights reserved 1
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unlock, verb
actuate the locking elements to allow the uncoupling of the robot-mounted part (3.1.2) from the tool-
mounted part (3.1.3)

3.1.8
dock, verb

couple (3.1.4) and lock (3.1.6) the robot-mounted part (3.1.2) to the tool-mounted part (3.1.3) when the
tool-mounted part is held in the magazine (3.1.10)

3.19

1

undock, ver
unlock (3.1.]
when the to

3.1.10

magazine
storage meg
mounted paj

Note 1 to ent

3.1.11
interface fd
description
[SO 9409-2:

3.1.12
cable routi
position and

3.2 Term

3.2.1

structural
overall dimg
robot-mount

Note 1 to ent

U

bl-mounted part is held in the magazine (3.1.10)

ns of end-effectors that are docked (3.1.8) and undocked (3.1.9) from the associated r
'ts (3.1.2)

Fy: Also referred to as tool stand, tool storage rack or nest.
r robot side and tool side

hnd marking for robot part and tool part in accordance.with ISO 9409-1:2004, Clause §
002, Clause 8

g
dimension of routing and tracking of cable\fer robot part and tool part in one drawing

s related to the external shape and main dimensions of the exchange syste

shape
bnsions of device comprising ‘external diameter (or width), depth, length of the indiv
ed part (3.1.2), and lengthof the individual tool-mounted part (3.1.3)

Fy: See Figure 1.

/) and uncouple (3.1.5) the tool-mounted part (3.1.3) from the robot-mounted part (3.1.2

obot-

, and

p

m

idual

%1\1 ~ _____L-i__ﬁ:a r— j{g Ej_-i-‘_))
] by

a) exchange systems coupled

b) exchange systems uncoupled
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3.2.

faceito-face dimension
distgnce measured from the robot interface to the tool interface

Note [l to entry: See Figure 1 a), item 4.

Note |2 to entry: The tolerance of the coupling length of the robot part () and the coupling leng

part
leng

3.3
3.3.

coupling direction

direqtion in which the robot-mounted part (3.1:2) and/or the tool-mounted part (3.1.3) a
eachfother

Note|[l to entry: See Figure 2.

Note 2 to entry: Couplings may be either lateral or axial:

ISO 11593:2022(E)

tool-mounted part D  external diameter (circular shape) (mm)
robot-mounted part A width (for other) (mm)
surface B depth (for other) (mm)
total length of the coupling (when coupled) L length from the robot mounting flange to the coupling
flange (mm)
L. length of the robot-mounted part (mm)

L. length of the tool-mounted part (mm)

ipure I— Extermal sitape and maim dimensions of tire excirange system witen coupled and

uncoupled

y.

L) has a significant effect on the pose accuracy of the complete’system when using differg
th of the coupled system is calculated as Ly, * A.

Terms related to positioning and orientationin coupling

1

lateral coupling direction [se¢e‘Figure 2 a)]: the motion of coupling runs parallel to the level of
fhe interface;

3xial coupling direction'fsee Figure 2 b)]: the motion of coupling runs vertical to the level of sep
interface.

th of the tool
nt tools. The

e moved to

separation of

aration of the

2 3 —

a) Lateral positioning and orientation in cou- b) Axial positioning and orientation in coupling

pling

© IS0 2022 - All rights reserved
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Key

1  coupling direction 3 level of separation

2 tool-mounted part 4  robot-mounted part
Figure 2 — Positioning and orientation in coupling

3.3.2

length of the approach distance

L

a
total dlstan ce of npnv’)flnn of t]f\n rnlf\n‘f: mnuntod pnrt (Q 1 ')) ')nd/r\v' the tnnl mnuntar’ pgv‘t ('2 1 '2) 1 the
coupling dir¢ction (3.3.1) until the complete coupling of both parts

Note 1 to ent}y: L, is expressed in millimetres.
Note 2toentfy: L, =L 4 + L,y + L3

Note 3 to entfy: For axial coupling direction, the approach distance runs vertical to the reference plane (3.6.7). On
lateral coupling direction, it runs parallel to the reference plane.

Note 4 to entfy: See Figure 3.

1 : ~"
!
| AT °
; ~J
AN | /
| =
g ~
\2

O

Key
1  coupling|direction L, length of the approach distance (mm)
2 tool-moynted part L,; distance of operation for precentring (mm)
3 robot-m¢unted part L,, distance of operation for centring (mm)
L,; distance of operation thereafter until the complete
coupling (mm)
Figure 3 — Axial coupling direction
3.3.3

start position
location of the robot-mounted part (3.1.2) of the exchange device in relation to the tool-mounted part
(3.1.3) shortly before the coupling process begins

Note 1 to entry: The start position can be defined in the Cartesian coordinate system as (X, Y;, Z).

Note 2 to entry: See Figure 4.

4 © IS0 2022 - All rights reserved
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Z 1
Z
S
Key
1  dtart position (X,, Y, Z,) X; Cartesian coordinate X axis
X, dtart X axis coordinate Y, Cartesian coordinate X axis
Y, dtartY axis coordinate Z; Cartesian coordinate X axis
Z, dtartZ axis coordinate
Figure 4 — Demonstration of axial coupling direction
3.4 | Terms related to coupling and releasing forces
3.4.1
coupling foree
FC
forcq te-be applied by the robot in order to couple (3.1.4) the robot-mounted part (3.1.2) of the exchange

system with the fool-mounted part (3.1.3]
Note 1 to entry: F_ is expressed in Newtons.

Note 2 to entry: During this process, the tool-mounted part is considered to be held in the tool magazine
(3.1.10). The coupling force includes all external forces required to couple all mechanical, electrical, hydraulic or
pneumatic connectors.

3.4.2

releasing force

Fe

force to be applied by the robot in order to release the robot-mounted part (3.1.2) of the exchange system
from the tool-mounted part (3.1.3)

Note 1 to entry: F, is expressed in Newtons.

© IS0 2022 - All rights reserved 5
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Note 2 to entry: During this process, the tool-mounted part is considered to be held in the tool magazine (3.1.10).
The releasing force includes all external forces required to release all mechanical, electrical, hydraulic or
pneumatic connectors.

3.4.3
maximum bending moment

Mbmax
permissible bending moment, if only load of bending occurs

Note 1 to entry: My .. is expressed in Newton-metres.

3.4.4
maximum forsional moment
M

omax
permissiblejtorsional moment, if only load of torsion occurs

Note 1 to entfy: M

omax 1S expressed in Newton-metres.

3.4.5
maximum {ensile force
anax. . . . .

permissiblejtensile force, if only load of tension occurs

Note 1 to entfy: F, ., is expressed in Newtons.

3.4.6
maximum ¢ompressive force
F

pmax_ . . .
permissible|compressive force, if only load of compression occurs

Note 1 to entfy: F, ., is expressed in Newtons.

3.4.7
maximum lateral force
Flmax_ . .
permissible|lateral force, if only lateral force occurs

Note 1 to ent}y: Fy,., is expressed in Newtons.

3.5 Terms related to mass-and inertia of the coupled system

3.5.1
centre of gravity in the'coupled system
L
d%stance of the centre of gravity in the coupled system from the reference plane (3.6.7) of the mechahnical
interface of the4obot

Note 1 to ent N Lg is eXPt essedmrmiimetres:

3.5.2

moment of inertia of the coupled system

I

moment of inertia of the coupled system about the Z_ axis

Note 1 to entry: I is expressed in Newton-metres.

Note 2 to entry: For Z, see Figure 6.

6 © IS0 2022 - All rights reserved
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3.5.3
mass

m

physical property of a material that defines its weight relative to the force of gravity and its resistance

to ch
Note

Note

anges in acceleration due to inertia
1 to entry: m is expressed in kilogrammes.

2 to entry: Mass is distinct from weight due to the force of gravity

3.5.4
massofrohot part

mr
mass

Note

3.5.5
mas
my

mass

Note

3.6

3.6.1
posi
pern|

Note
be fix

(3.5.3) of the robot-side component of the exchange system

1 to entry: m,.is expressed in kilogrammes.

5 of tool part

(3.5.3) of the tool-side component of the exchange system

1 to entry: m, is expressed in kilogrammes.

Terms related to tolerances and uncertainty

fion tolerance in the start position
lissible uncertainty of the pose accuracy for the components of the exchange system

1 to entry: To permit the assembly of both parts of the exchange system, the start position (3.
ed with a defined accuracy. The position tolerance in the start position is fixed by the attaine

a cylindrical space.

Note
thed

Note

2 to entry: The command start position represents the centre of the tolerancing space, which
ameter s in the circular directién dnd the height fin the axial direction.

B to entry: See Figure 5.

3.3) needs to
l pose within

is marked by

©ISO
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Key
X

rtarget

C>===] 5
ﬂ /- : T N N
=)
\\:!F&
Yr,actual /
| ractual
ntarget rtarget

0,5As

Cartegian pose in the X axis (target)

Xractual Cartegian pose in the X axis (actual)

Y,

rtarget

Cartegian pose in the Y axis (target)

Y} actual Cartegian pose in the Y axis (actual)

o

3.6.2
orientation
permissible

Note 1 to entfy: Fh€ orientation tolerance is fixed with a precise accuracy.

|

r,actual

igure 5 — Axial coupling direction, position tolerance in the start position

tolerancetin the start position
uncertainty of the orientation accuracy for the components of the exchange system

Z

rtarget:

Z

rtarget
Zyactual Cartesian pose in the Z axis (actual)

Cartesian pose in the Z axis (target)

diameter of the lateral tolerance area

s
f

height of the axial tolerance

Note 2 to ent

and limit value of the distortion (3.6.4).

1 . dor s P | N 1 £ 41 4 ) FIN L Lpl : 1 )} 6 3
Yy TTITUTTCITUAUUIT TUTCT AITCT IS UTTTITICU TT UTITUITICT T WU TITTAS UT TS T T VUTUE U LITETITISUTIYTITITETIT (9. 0. )

Note 3 to entry: All values concerning the orientation tolerance are related to the mechanical interface coordinate

system X, Y., Z,,.

Note 4 to entry: See Figure 6.

© IS0 2022 - All rights reserved
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1 dtart position (X,, Y, Z,) mechanical interface X axis

X; (artesian coordinate X axis axis of rotation along X,
Y, (artesian coordinate Y axis mechanical interface Y axis
Z, (artesian coordinate Z axis axis of rotation along Y,

mechanical interface Z axis

<~ N < 8
5 5% R g%

axis of rotation along Z |
Figure 6 — Démonstration of orientation tolerances of axial coupling directjon

3.6.3
limit value of the misalignment
pernjissible mtaXimum deviation of the attained pose from the command pose according t¢ the X, and
Y., axes (rotations +a and +f respectively)

Note [L to’entry: The limit values of the misalignment can normally be regarded as identical and ar¢ represented
as limit values of the misalignment +0,5a and +0,58 respectively.

Note 2 to entry: See the position tolerance in the start position (3.6.1) in Figure 5 and the orientation tolerance in
the start position (3.6.2) in Figure 6.

3.64
limit value of the distortion
permissible maximum deviation of the attained pose from the command pose according to the Z , axis

Note 1 to entry: The limit value of the distortion is represented as the limit value of the distortion +0,5y.

Note 2 to entry: See Figure 5 and Figure 6.

©1S0 2022 - All rights reserved 9
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3.6.5
tolerance of the coupling path

deviation of the coupling path within the approved position tolerance in the start position (3.6.1)

3.6.6
coupling repeatability

measured position and orientation uncertainty of the robot system’s ability to perform the coupling

action multiple times

Note 1 to entry: The coupling repeatability defines the deviation between the robot part and the tool part in
case of multiple coupling operations. The reference point is the centre of the interface on the robot part in the

mechanical interface coordinate system Ym' Vm' 7m' and on the togl partin the coordinate system X VU Z.. The
command pope is placed on the Z axis of the mechanical interface coordinate system X, Y, Z,, and is digplaced

by L, in the djrection of Z ..

Note 2 to entfy: See Figure 6 and Figure 7.

Note 3 to entty: See ISO 9409-1:2004, Clause 6, and ISO 9409-2:2002, Clause 8.

Note 4 to ently: The deviations will be decomposed into deviation of position, expressedin millimetres [in lateral
direction (As}); in axial direction (Af,)], and deviation of orientation, expressed in rad’or degree [misaligrment

(ay, B); distortion (y,)].

10
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O,SASt

)

1

o

Ym

)

o]
j X S
| ttatget

ttarget t,actual | tactual

. t;actual
Zo)

m

ttarget
Key
X mechanical interface X axis Z mechanical interface Z axis
Xi targht tool X axis (target) Zi target to0l Z axis (target)
Xt actual tool X axis (actual) Zy actual t001 Z axis (actual)
Y, | mechanical interface Y axis Af,  deviation of position in axial directign
Y targpt tool Y axis (target) As,  deviation of position in lateral direction
Y} actual toOl Y axis (actual) o) command pose of tool part of interface after

coupling
° attained pose of tool part of interface pfter coupling
Figure 7 — Demonstration of coupling repeatability

3.6.7

reference plane
tool mounting surface on the tool part of the exchange system designed in accordance with
IS0 9409-1:2004 and ISO 9409-2:2002

Note 1 to entry: See Figure 8.

©1S0 2022 - All rights reserved 11
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Key

1 referenc
2 tool-mot
3 robot-m

3.7 Term

3.71
interface o}l
orientation
magazine (3}

Note 1 to ent

F
L
Mb
1
MO
F
P

e plane F, tensile force\(Ny
nted part F; lateral fof¢e)(N)
unted part F, compressive force (N)

rientation in the magazine
.1.10) and the orientation of the magazine itself

Fy: See Figure'9.

M, bending moment (N-m)
M, ~¥orsional moment (N-m)

Figure 8 — Reference plane and load characteristics

s related to magazine interfaces of the tool-mounted part

of the exchange system and the tool as a function of how it is held by the tool chdnger

12
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3
- —= V%
o —3

4 5 6 7

8 9 10 11
Key
1 ange 7  herizontal (tool standing)
2 ol 8. ~ldnclined standing (tool hanging)
3 agazine 9 ™ inclined standing (tool standing)
4  Yertical (tool standing) 10 inclined hanging (tool hanging)
5 Yertical (tool hanging) 11 inclined hanging (tool standing)
6  horizontal (tool hanging)

Figure 9 — Orientations of the tools held in the magazine

3.7.2
pose€ tolerance ahead of/drive-in
poseltolerance measur€dat the TCP at the beginning of the drive-in to the magazine (3.1.10)

Note |l to entry: The pose needs to be fixed by the supplier (e.g. by providing a drawing).

3.7.3
lay-off force
Fy
forcd mecessary for the lay-off of the tool into the magazine (3.1.10)

Note 1 to entry: F, is expressed in Newtons.

3.74

lay-off moment

M,

moment necessary for the lay-off of the tool into the magazine (3.1.10)

Note 1 to entry: M, is expressed in Newton-metres.

©1S0 2022 - All rights reserved 13
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removal force

F

\%

force necessary for the removal of the tool from the magazine (3.1.10)

Note 1 to entry: F,, is expressed in Newtons.

3.7.6

removal moment

M

\%

moment necessary for the removal of the tool from the magazine (3.1.10)

Note 1 to ent

3.8 Term

3.8.1
tool exchan

ttotal .
total time ng

Note 1 to ent
Note 2 to ent
Note 3 to ent
Note 4 to ent
Note 5 to ent
(3.1.3) and b

particular pel

Note 6 to en
characteristi

Fy: M, is expressed in Newton-metres.

s related to tool exchange timing

ge time

cessary to execute the combination of motions necessary for a compléete exchange oper
[y t,ora 1S €xpressed in seconds.

[Vibiotal =L ¥ Lt L+ b3ty s+ lg g+ L+ i+ lgg

ry: See Figure 10.

Fy: The tool exchange time is valid only for a specified\periphery and a specified exchange cycl
ry: The times t, ,, t3 4, t5 ¢ and t; g are influencéd by the way of magazining the tool-mounteq
z/i;}ﬁir;esulting demands of the safety distance and the velocities. These times are specific

ry: The times ¢, ¢, t. and t, depend-upon the kind of the end-effector exchange system an

Cs for the used end-effector exchangejsystem.

htion

©

| part
for a

d are
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