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Foreword

1ISO (tha Intarnatiaonal Oraanizatian far Standardigatian) 1o o 1y
T tSHRaHoRa—HgaRHEaHoR—+or—otahRa

Tz a oo o vy

eration of national standards bodies (ISO member bodies):

preparing International Standards is normally carriedcout

technical committees. Each member body interested “in 4
which a technical committee has been establishéd)has thd
represented on that committee. International organizations, g
and non-governmental, in liaison with ISO, also ‘take part in th
collaborates closely with the International~Eléctrotechnical
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted“by the technical con
circulated to the member bodies_for voting. Publication as an
Standard requires approval by af\least 75 % of the member b
a vote.

International Standard ISO~11593 was prepared by Technica
ISO/TC 184, Industrial@&tomation systems and integration, S
SC 2, Robots for manufacturing environment.

Annex A of this\lnternational Standard is for information only.
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Introduction

ISO 11593 is

one af a series of standards dealing with the requirements of

manipulating
terminology,
teria and rel
robot compdg
interrelated

Automatic e
handling dey
presentation
change time
dard does nq
systems.

industrial robots. Other documents cover such topics as
general characteristics, coordinate systems, performance cri-
ted test methods, safety, robot programming languages, and
nion standards to MMS. It is noted that these standards are
nd also related to other International Standards.

kchange systems for end effectors increase in importance for
ices. This International Standard contains the vocabulary and
of characteristics, e.g. forces, moments (torques), and ex-
5, for end effector exchange systems. This International Stan-
t contain any details for the development and design of these
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Manipulating industrial robots — Automatic end effector
exchange systems — Vocabulary and presentation of

characteristics

1 Scope

This Interpational Standard defines terms relevant to automatic end effector exehange systems used for manipulat-
ing industfial robots operated in a manufacturing environment.

The termg are presented by their symbol, unit, definition and description. The definition includes applicable refer-
ences to ¢xisting standards.

Annex A grovides a format for the presentation of automatic ep’effector exchange systems charactetistics.

2 Normative references

The follow
national S

and partiefs to agreements based on this.International Standard are encouraged to investigate the po

plying the
currently

ISO 8373:(1994, Manipulating industrial robots — Vocabulary.
ISO 9409{1:1996, Manipulating industrial robots — Mechanical interfaces — Part 1: Plates (form A).
ISO 9409R:1996, Manipulating industrial robots — Mechanical interfaces — Part 2: Shafts (form A).

ISO 97871990, Manipulating industrial robots — Coordinate systems and motions.

ing standards contain provisions which, through reference in this text, constitute provisions

of this Inter-

andard. At the time of publicationi.the editions indicated were valid. All standards are subjeft to revision,

5sibility of ap-

most recent editions of the.standards indicated below. Members of IEC and ISO maintaih registers of

alid International Standargds:

3 Term

For the pu

s and definitions

rposes of this International Standard, the definitions given in ISO 8373 apply.
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No. [

Term

Symbol

Unit

Definition and description

3.1 External shape and main dimensions o

f the exchange system

Ltotal

Tool L
Surface
_} i Ja
T e R
\____.L L 'ﬁ.
Rebot
Lr Lr

ml 1 1m

L 4}

and tool side

3.1.1 | strjuctural shape Overall dimensions of device:
D mm external diameter (for circular shape)
A m width } (for other)
B mm depth
L, mm length of the individual robot-mounted part
L mm length of the individual tool-mounted part
3.1.2 | fage-to-face dimension Distance measured from the robot interfade to the
tool interface:
Liotal T A mm length of the coupled systems;
LA mm coupling length of the robot part;
Lt A mm coupling length of the tool part.
The tolerance of the length L. and Lq has ja signifi-
cant effect on the pose accuracy of the domplete
system when using different tools.
3.1.3 | centre of gravity in the Lg mm Distance of the centre of gravity in the coupled sys-
coupled system tem from the reference plane of the mechanical in-
terface of the robot.
3.1.4 | moment of inertia of 1 kg-m2 Moment of inertia of the coupled system about the
the coupled system Z axis.
3.1.5 | mass my kg Mass of the robot part.
my kg Mass of the tool part.
3.1.6 | interface for robot side Description and marking for robot part and tool part

according to ISO 9409-1 and ISO 9409-2.
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No. Term Symbol Unit Definition and description

3.1.7 | cable routing Position and dimension of routing and tracking of
cable for robot part and tool part in one drawing.

3.2 Positioning and orientation in coupling procedures

3.2.1 | coupling direction The coupling direction is the direction in which the
robot-mounted and/or the tool-mounted part are
moved to each other.

Kinds of coupling direction:

On axial coupling direction the motion of coupling
runs vertical to the level of separation of the inter-

Tace.
[ ] /— Rob¢t part
5 o« ]
I
!
]
Coupling
direction I X Levdl of separation
i
|
N [
T~ Tool part

On lateral coupling direction the motior} of coupling
runs parallel to the level of separation [of the inter-
face.

Robot gart
Coupling \ :
direction —

R \

|

___‘,_F__,_, _m‘;ﬁk

L

Tool part : Level of separation
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No. Term Symbol Unit Definition and description
3.2.2 | length of the approach Ly mm The length of the approach distance shows the
distance total distance of operation of the robot-mounted
(and/or tool-mounted) part in coupling direction until
the complete coupling of both parts.
The approach distance results from the total of the
following single coupling distances:
La mm distance of operation for precentring;
Lao mm distance of operation for centring;
La3 mm distance of operation thereafter until the complete

coupling

Ly =Lg1 + Lay + Lg3.

On axial coupling direction the approach distance
runs vertical to the reference rplane, on lateral
coupling direction it runs parallel)to the rg¢ference
plane.

Example for axial coupling\direction:

— Robdt part
Coupling ‘ T

La3

direction

La2
La

part
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3.2.3 | start position Xs mm The start position represents the position of the
Ys mm robot-mounted part of the exchange device in re-
Zs mm lation to the tool-mounted part shortly before the

coupling process begins. If the start position is re-
lated to a typical kind of arrangement, the start
position can be defined in the cartesian coordinate
system X;, Y;, Z; of the robot (according to
ISO 9787) as Xg, Ys, Zs.

Example for axial coupling direction:

Start positign (Xs, Ys.Zs)

Y4
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No.

Term

Symbol

Unit

Definition and description

3.2.4

position tolerance in
the start position

1%}

mm
mm

To permit the assembly of both parts of the ex-
change system, the start position must be fixed
with a defined accuracy. The position tolerance in
the start position is fixed by the attained pose

within a cylindrical space.

The command start position represents the centre
of thus tolerancing space, which is marked by the
diameter s in circular direction and the height f in

axial direction.

Example for axial coupling direction:

Y. actual

&

Y. target

o
| - target

Z actual

X

X targe

actual
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No.

Term

Symbol

Unit

Definition and description

3.25

orientation tolerance in
the start position

The orientation tolerance must be fixed with a pre-
cise accuracy. All values concerning the orientation
tolerance are related to the mechanical interface
coordinate system Xm, Ym, Zm.

The command value for the orientation is given by
the alignment Xy, Ym, Zm, A, B, C.

T Start position

Z4

X1

NOTE — The orientation tolerance is deflned from the
two measures “limit value of the misaljgnment” and
“limit value of distortion”.

3.2.6

limit value ¢fithe mis-
alignment

+05«

058

rad or
degree
rad or
degree

The limited deviations of the attained ppse from the
command pose according to the Xy, [and Y., axis
(rotations + @ and + f respectively) car} normally be
regarded as identical and are represepted as limit
values of the misalignment +0,5 « arld +0,5 8 re-
spectively (see the figure in 3.2.5).

3.2.7

limit value of the dis-
tortion

+05y

rad or
degree

The deviation of the attained pose from the com-
mand pose according to the Z, axis is represented
as limit value of the distortion £ 0,5 y (see the figure
in 3.2.5).

3.2.8

tolerance of the cou-
pling path

The deviation of the coupling path shall be within
the approved position tolerance in the start pos-
ition.
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No. Term Symbol Unit Definition and description
3.2.9 | coupling repeatability The coupling repeatability defines the deviation be-
tween the robot part and the tool part in case of
multiple coupling operations. Reference point is the
centre of the interface on the robot part (according
to ISO 9409-1 and ISO 9409-2) in the mechanical in-
terface coordinate system X, Ym, Zm and on the
tool part in the coordinate system Xi, Vi, Z;. The
command pose is placed on the Z,, axis of the me-
chanical interface coordinate system Xm, Ym. Zm
and is displaced by L, in the direction of Zp,.
The deviations will be decomposed into deviation of
nasitiaon
St mm — in lateral direction (sy),
f mm — in axial direction {(f),
and deviation of orientation
o Bt rad or — misalignment (a4, B1),
degree
Yt rad or — distortion (yy).
degree
O,SAst
| IS {
\ |
! |
S
n
o
Ym Xm
T s
Y target : ’: °
tTarge | ! X; target
Y+ actual : i X, actual f
[}
1 [}
\ [

N

| T
"Z, actual

Zol
Z+ target

© command pose of the tool part of the interface
after coupling

e attained pose of the tool part of the interface
after coupling
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Definition and description

3.3 Coupling and releasing forces

3.3.1

coupling force

Fe

The force to be applied by the robot i
couple the robot-mounted part of the

n order to
exchange

system with the tool-mounted part. During this

process the tool-mounted part is consid
held in the tool magazine.

The coupling force includes all external

ered to be

forces re-

quired to couple all mechanical, electrical, hydraulic

or pneumatic connectors.

3.3.2

releasing force

The force to be applied by the robot in order to re-

fease the robot-mounted part of the exq
tem from the toolmounted party ([
process the tool-mounted part is, €onsid
held in the tool magazine.

The releasing force includes‘all“externa
quired to release all mechanical, electrica
or pneumatic connectors.

hange sys-
uring this
ered to be

forces re-
|, hydraulic

3.4 Load characteristics

3.4.1

feference plane

NOTE — All permissible maximum values
characteristics/are valid for the sum of bot|
dynamic loads) ‘All load characteristics are sf
reference‘plane.

The teference plane is the tool mounting
thertool part of the exchange system de
caording to ISO 9409-1 and I1SO 9409-2.

f

7

Fi

”W

or the load
h static and
ated for the

surface on

bsigned ac-

obof-mounted
art

[ool-mounted
art

L Reference
plane M,
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No. Term Symbol Unit Definition and description
3.4.2 | maximum bending Mpymax N-m Permissible bending moment, if only load of bend-
moment ing occurs.
3.4.3 | maximum torsional Momax N-m Permissible torsional moment, if only load of tor-
moment sion occurs.
3.4.4 | maximum tensile force Frmax N Permissible tensile force, if only load of tension
occurs.
3.45 | maximum compress- Fpmax N Permissible compressive force, if only load of com-
ive force pression occurs.
3.4.6 | maximum lateral force Fimax N Permissible lateral force, if only lateral force occurs.
3.5 iMiagadine interiace of the (00l Mmounied part

3.5.1 | interface orientation in
tHe magazine

I

Vertical

(tool standing)

NOTES

1 Darfarmane i
1 1 UllUllllGll\.:e Cl ouOU!d be US d !n

ritar B
noia O,
sense as those used in 3.2. The defined coordinate sys-
tem is still valid even if the direction)of insert movement
into the magazine is different frany'the coupling direction

at the exchange of the tool.
2 Fy, Fy, My, and My are-forces or moments, tp be prod-

uced between robot orteol on one hand and the maga-
zine on the other hand if a tool will be laid off into the
magazine or will be removed from the pmagazine.
(Example: Forceyto push away safety relevant|elements
at the magazine that prevent the dropping of| the tool.)
They differin*their value and their direction as|well as in
the force of coupling work which is required tolassemble
or release the tool part from the robot part off the inter-
face:

ia o he same
1 LRA~3 Pele i B by

For reasons of different design the interfdce orien-
tation in the magazine should be shown.

Flange
/’J Tool
Magazine
=]
r’—l—<
—r=
Vertical Horizontal Horizorjtal

(tool hanging)

(tool hanging) (tool sfanding)

<&

2
Q
N

Inclined standing
(tool hanging)

Inclined standing
(tool standing)

Inclined hanging
(tool hanging)

Inclined hanging
(tool standing)

10
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3.5.2 | pose tolerance ahead Pose tolerance measured at the TCP at the begin-
of drive-in ning of the drive-in to the magazine. The pose must

be fixed by the supplier (e.g. by drawing).

3.5.3 | lay-off force Fy N Force necessary for the lay-off of the tool into the
magazine.

3.5.4 | lay-off moment M, N-m Moment necessary for the lay-off of the tool into
the magazine.

3.5.5 | removal force F, N Force necessary for the removal of the tool from
the magazine.

3.5.6 | removal moment M, N-m Moment necessary for the removal of the tool from
the magazine.

3.6 Too| exchange time

3.6.1 | [tool exchange time total S The tool exchange time is the result gf all single
motions which are necessaty,for a cdmplete ex-
change operation as desaribed below. The tool ex-
change time is valid onli. for a specifiefl periphery
and a specified exchange cycle.

A 5
3 \74
1 8 6
= pe=, 2 = 7
1 2 2 3 k 5 6 7 8
P Y D B » 2 P Disfrance

NOTES

1 The times 11,2, 134, 15,6 and 7,8 are influenced by the
way of magazining the tool-mounted part and by the re-
sulting demands of the safety distance and the approved
velocities. These times are specific for a particular per-
iphery.

2 The times 1, ts, tc, and t depend upon the kind of the
end effector exchange system and are characteristics for
the used end effector exchange system.

3.6.2 | drive-in time 2 s Drive-in of the robot-mounted and coupled tool-
mounted part into the magazine with reduced vel-
ocity (from position 1 to position 2).

11
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Unit

Definition and description

3.6.3

releasing time

o2=1

Releasing of the exchange system by unlocking the
locking elements to allow the separation between
the robot-mounted part and the tool-mounted part
(at position 2).

3.6.4

separation time

3=1s

Separation of the robot-mounted part and the tool-
mounted part in the magazine by operation along
the approach distance L, contrary to the coupling
direction (from position 2 to position 3).

3.6.5

drive-away time

134

Drive of the robot-mounted part with reduced vel-
ocity to the intermediate position 4 near the tool-

mounted parttfromrposition Stopositionm 4.

3.6.6

convey time

a5

Drive to a second intermediate position’d
tool-mounted part (appropriate on'the to
start position).

The time t4,5 is relevant to)the distance
the position of the tool-mounted part laid
the position of the tool-mounted part to bg
and is specific to the periphery, magazine
exchange cycle (frem position 4 to position

near the
b of the

between

off and
coupled
and the
5).

3.6.7

brlng-on time

56 =134

Drive of the 4obot-mounted part with red
ocity to the’ start position of the couplin

with the tool-mounted part to be coupled (from pos-

ition 5to-position 6).

iced vel-

g action

3.6.8

cqupling time

15,7 = I¢c

Ceupling of robot-mounted part and tool
part along the approach distance L, in the
direction (from position 6 to position 7).

mounted

coupling

3.6.9

logking time

177 =Kk

Locking of the end effector exchange sy

using the locking elements to connect the robot-

mounted part with the tool-mounted part
ition 7).

stem by

(at pos-

3.6.10

difive-off time

17.8=192

Drive-off of the end effector exchange sys
the magazine with reduced velocity (from g
to position 8).

em from
osition 7

3.6.11

S

stem-specific ex-

change time

ty=1t +1g
+ e + I

The system specific exchange time is th¢ total of

all specific exchange system time items of
exchange time.

the total

12
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B

bending moment, maximum  3.4.2
bring-on time 3.6.7

Alphabetical index

interface  3.1.6
interface orientation in the
magazine 3.5.1

ISO 11593:1996(E)

P

pose tolerance ahead of
drive-in  3.5.2
position tolerance in the start

position— 32 4
P -

C

cable routi 3.1.7

centre of gravity in the coupled
system 1.3

compressive force, maximum 3.4.5

convey tim¢ 3.6.6

coupling difection  3.2.1

coupling repeatability 3.2.9

coupling tinhe  3.6.8

D

deviation of orientation 3.2.9
deviation of position 3.2.9
drive-away time 3.6.5
drive-in timg  3.6.2

drive-off timpe  3.6.10

F

face-to-facqg dimension 3.1.2
force, coupling 3.3.1
force, releaping 3.3.2

L

lateral force, maximum 3.4.6

lay-off force 3.5.3

lay-off moment 3.5.4

length of the approach distance 3.2.2
limit value of the distortion 3.2.7
limit value of the misalignment 3.2.6
locking time 3.6.9

M
mass 3.1.5

moment of inertia of the coupled
system 3.1.4

]

orientation tolerance in the start
position 3.2.5

R

reference plane 3.4.1
releasing time 3.6.3
removal force 3.5.5
removal moment 3.5.6]

S

separation time 3.6.4
shape, structural 3.1.1
start position 3.2.3

system-specific exchang
time 3.6.11

[©]

T

tensile force, maximum | 3.4.4

tolerance of the coupling path 3.2.8
tool exchange time 3.4.1
torsional moment, maximhum 3.4.3

13
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Format for the presentation of automatic end effector exchange systems

This annex (
exchange sy

characteristics

A.1 General information

A.1.1 Pro

Huct (supplier/distributor) and model

rovides a format for the presentation of the information to describe different automatic-e
stems. These details are not intended to be used for the development or design of theseisy

A.1.2 Gra

simple pictu

phical presentation

es with main dimensions

hd effector
btems.

as follows 0
A.2 External shape and main dimensions of the exchange system

A.2.1 robot part O

A.2.1.1 circular shape O

A.2.1.1.1 |external diameter D mm
A.2.1.2 rectangular or squared shape O

A.2.1.21 |width A mm
A.2.1.2.2 Ldepth B faataa)
A.2.2 tool part O

A.2.21 circular shape O

A.2.2.1.1  external diameter D mm
A222 rectangular or squared shape O

A2.221 width A mm
A.2.222 depth B mm

14
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A.23 length measured from the robot interface to the tool interface

A.2.3.1 length of the coupled system Liotal mm
A.2.3.2 length of the individual robot mounted part L, mm
A233 length of the individual tool mounted part Ly mm

A.3 Load characteristics

The approyed-rraxdrmuar-vatues—fer-thetoad-characteristies—are—valid-forthe—total-of- both—static—and—
and are to|be supplied by the supplier/distributor of the automatic exchange system. All load chdra
stated for the reference plane.

A.3.1 mass, robot part M, kg
A.3.2 mass, tool part My kg
A3.3 maximum bending moment Mpmax —— N-m
A3.4 maximum torsional moment Momax —— N'm
A.3.5 maximum tensile force Frmax N
A.3.6 maximum compressive force Fpmax N
A3.7 maximum lateral force Fimax N
A.4 Pitch circle and shaft diameter

A.4.1 pitch circle diameter accordingto ISO 9409-1

A.411 plate, robot mounted d; mm
A.4.1.2 plate, tool mounted d; mm
A.413 other

A.42 shaft diaméter according to ISO 9409-2

A.42.1 shaft dy mm
A.4.2.2 slot yes [ no [

A.4.2.3 other

namic loads
teristics are

15
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