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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
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Introduction

This part of ISO 17874 deals with mechanical master-slave manipulators used for nuclear applications.

These devices replace the hands and arms of the operators in areas inaccessible to personnel (mostly behind
shielding walls).

Meghanical master-slave manipulators were originally developed for hot cells, which were\"designed for
resgarch and development for nuclear power reactor-fuel elements. They are now also in use_in other nuclear
installations, such as fabrication or reprocessing plants for fuel elements, waste-treatment stations and
decpmmissioning of nuclear facilities.

Thig part of ISO 17874 should be of assistance to designers of nuclear plants,as-well as to mahufacturers,
usefs and license authorities.
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Scope

part of ISO 17874 specifies the criteria for the selection, installation jand use of a
ter-slave manipulator, for remote handling of radiaoactive materials in a nuclear facility.

part of ISO 17874 deals only with the technical aspects related to themanipulator and its in
nuclear facility in which it is intended to be installed.

articular, the process apparatus and the manipulator features need to be studied in parallel
mize all the functionalities of the manipulator.

ever, this part of ISO 17874 does not cover the fundamental design criteria of the nuclear faci
ess involved, maintenance of the process equipment,intervention for other purposes).

Normative references

following referenced documents are‘indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
Ument (including any amendments)-applies.

11933-1:1997, Componen(s'for containment enclosures — Part 1: Glove/bag ports, bungs fa
s, enclosure rings and interchangeable units

11933-2:1997, Components for containment enclosures — Part 2: Gloves, welded bags,
ote-handling tongs and for manipulators
10648-2:1994, Containment enclosures — Part 2: Classification according to leak tig

bciated checking methods

17874-1:2004, Remote-handling devices for radioactive materials — Part 1: General requirem

mechanical

terface with

in order to

ity (e.g. the
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ents
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31

Terms and definitions

the purposes of this document, the following terms and definitions apply.

mechanical master-slave manipulator
manipulator reproducing the effects of the hand and arm movements of the operator by means of mechanical

tran

smission elements, installed in a shielding or a containment wall
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3.2
arm

effectively reproduces the functions of a human arm, respecting in most cases the same distribution and

corresponding articulations

NOTE 1 The corresponding articulations are shoulder, upper arm, elbow, forearm, wrist joint, etc.

NOTE 2  The motions of a manipulator master arm and its associated slave arm are generally parallel.

3.3

master arm

arm located outside a hot cell and equipped with a handle on which the operator acts

3.4

slave arm

arm located inside a hot cell and equipped with tongs to grip the work-piece

3.5

axis

directions gf a Cartesian coordinate system defined from the operator's standing\point, considered as| the
origin of thi$ system

NOTE The following axes are considered: Axis X: from right to left along the shielding wall; Axis Y: forward int¢ the
shielded cell] Axis Z: up towards the ceiling of the shielded cell.

3.6

balancing

characterisfic allowing the manipulator to be maintained with negligible forces applied by the operator in st

positions throughout the whole operating volume by mechanical'means (e.g. counterweights)

3.7

connection tube

component(mounted inside the through-wall tube, which transmits the motions of the master arm to the s
arm by rotalion and by internal mechanical elements

NOTE The connection tube can be withdrawn into the operating room.

3.8

disconnection

mechanical| operation allowing @dhe”separation of two assembled elements, such as the disconnection
slave arm dr a master arm fram'the connection tube

3.9

extended rpach (Z-motion)

a motorized mechanical extension of the slave arm, by a double telescope, serving to adjust the worl
length and henge\to extend the reach across the working volume

3.10

gaiter of a manipulator

booting US

able

ave

of a

King

specially profiled flexible sleeve designed to protect the mechanical parts of the slave arms of a manipulator
from contamination or to provide continuity of the leak-tightness of a hot cell

3.1
handle

component fixed at the end of the master arm and gripped by the operator, facilitating the control of the
movement of the manipulator

© ISO 2004 - All rights reserved
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3.12

indexing motions (X- and Y-motion)

an adjustable mechanical or electrical displacement between the slave arm position and the corresponding
master-arm position, to enlarge the working volume and minimize operator strain

3.13
jaws
components fixed on the end of the tongs which facilitate the handling of an object

NOTE The jaws can be disconnectable.
31

jOiIl

articulation

assembly of several pieces allowing one or more rotational motions

3.14
op¢rating volume
spage in which the operation of a tong is possible, considering all the positions in which the different
comnponents of the slave arm of a manipulator can be moved

31
ope€rator side removal
opefation consisting of extracting a part or the whole of a manipulator from the operator side of the|hot cell

3.17
origntation motion
rotation motions around certain axes of the manipulator

NOTE 1 According to the axis considered, the three following motions are distinguished: tilt (a), twist () &nd swivel or
azimuth motion (y).

NOTE 2 In articulated manipulators, the orientation motion can be accomplished around the forearm axis ¢r around the
armfaxis.

31
ton
gripping device fixed at the slave-arm end of the manipulator and consisting of an actuator assemily and jaws

31

thrqugh-wall tube
cylipdrical piece mounted in the wall of a hot cell and allowing the passage of the mechanical linking elements
between the diffefent parts of a manipulator from the outside to the inside of the hot cell

NOTE The through-wall tube contains the connection tube.

3.2
poslitiohing motion
motion effecting a displacement of the tongs (or end-effector)

NOTE According to the axis considered, three different motions are distinguished: X, Y and Z.

4 General architecture and classification

4.1 General architecture
A mechanical master-slave manipulator is a fixed assembly mounted on a shielded enclosure wall. It

comprises three main components, a master arm, a slave arm and a connection tube equipped with
mechanical elements ensuring the connection between the master arm and the slave arm.

© 1SO 2004 - All rights reserved 3
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The connection tube is generally installed horizontally through the enclosure wall. It shall be constructed in
such a manner that the motions, forces, and torques, executed by the hand of the operator on the handle of

the master arm, are transmitted respectively to the slave arm and the tongs.

The manipulator shall ensure force reflection from the slave arm to the master arm. The transmission
elements shall be reversible in motion and communicate forces and torques reversibly, in all positions.

Depending on the final use (mounting on By hot cells or a-By hot cells), the connection tube can be unsealed
or sealed. In addition, the slave arm can be equipped with a gaiter, the aim of which is to realize the protection
or the leak-tightness of the manipulator slave arm. The jaws of the tongs or the complete tongs assembly can

be exchanged by remote control.

The masterfarm and slave arm are arranged to have identical kinematics. Additional components are.prov|ded
on the master arm, in particular, counter-weights balancing the arms of the master-slave manipulators @and,
where necgssary, lockable brakes and/or the control elements for motorized relative motions, -or off-sets
between th¢ slave arm and the master arm (i.e. indexing).

4.2 Classkification

4.2.1 Introduction

As defined in ISO 17874-1, mechanical master-slave manipulators ar€ classified into two categqries

(see Figure|1):

— mechahical master-slave manipulator with telescopic arms;

— mechahical master-slave manipulator with articulated arms

Mechanical
master-slave manipulator

With telescopie arms

With articulated arms

Without With
disconnectable disconnectable
arms arms

Without
disconnectable
arms

Figure 1 — Classification of mechanical master-slave manipulators

© ISO 2004 - All rights reserved
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4.2.2 Mechanical master-slave manipulators with telescopic arms

Depending on the type, this kind of mechanical master-slave manipulator (see Figure 2) permits the
transmission of forces up to the maximum magnitude that an operator would employ in unaided manual
activity. They are suitable for complicated tasks, and are usually installed in pairs on a working station.

Manipulators with telescopic arms are designed for hot cells of all sizes with shielding walls made mainly of
concrete or even of lead. They constitute the main working devices in such types of cells, which are generally
of large dimensions.

A version with short arms is available, if higher forces must be executed than are possible with mechanical
masgter-slave manipulators with articulated arms.

Thefre are also compact manipulators with a double telescope in the slave arm, availablecfor’hot|cells with a
restricted height.
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1 tong with parallel jaws 8 through-wall tube
2 slave arm 9 shielding window
3 connection tube 10 microphone
4  counter-weights 11 sound-transmission cable
5 masterarm 12 loudspeaker
6 handle 13 hot cell
7 shielding wall 14 operating room

Figure 2 — Mechanical master-slave manipulator with telescopic arms
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4.2.3 Mechanical master-slave manipulators with articulated arms

This kind of mechanical master-slave manipulator (see Figure 3) permits the transmission of forces up to a
medium level such as an operator could easily employ repeatedly in unaided manual activity. They are
suitable for complicated tasks, and are usually installed in pairs on a working station. They are designed for
hot cells of all sizes, with shielding walls typically of lead, or even steel.

They are also often used in containment enclosures with thick concrete shielding walls. They have
small dimensions and therefore provide a relatively small working volume. They are used instead of
remote-handling tongs, if a larger working volume is available or/and more dexterity is needed.
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Key
1 tong with parallel jaws 8 through-wall tube
2 slave arm 9 shielding window
3 connection tube 10 upper arm
4 counter-weights 11 forearm
5 master arm 12 overhang
6 handle 13 hot cell
7 shielding wall 14 operating room

Figure 3 — Mechanical master-slave manipulator with articulated arms
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4.3 Kinematics

4.3.1 General

The manipulator shall have seven motions, three positioning motions (see Figure 4), three orientation motions
(see Figure 5) and one gripping motion, according to the definitions given in ISO 17874-1.

Figure 4 — Positioning motions Figure 5 — Orientation and gripping

4.3.2 Manipulators with telescopic arms

For[manipulators with telescopic-arms, for which the motion along the Z axis is performed by transjation of the
tubgs (see Figure 6).

© 1SO 2004 - All rights reserved 7


https://standardsiso.com/api/?name=8692022a58a6e097c959ef0443b90904

ISO 17874-2:2004(E)

4
8 <
X
Y

9 <

10

11
Key
1 right-leftmotion (around the Y axis) 7 tongs rotation (around the Y axis) (twist motion)
2 forward-packward motion (around the X axis) 8 shoulder
3 arm rotalion (around the Z axis) (swivel or azimuth  motion) 9 telescopic arm
4  up-down motion (along the Z axis) 10 wrist joint
5 gripping|motion 11 handle (master side)/tongs (slave side)
6 wrist rotation (around the X axis) (tilt\metion)

Figure 6 — Mechanical master-slave manipulator with telescopic arms

This kind of manipulator'shall be equipped with an electrical indexing of the Y-motion (forward-backward)|and
X-motion (right-left). Jtmay also include an electrical extension of the Z-motion (up and down), consisting |of a
double telegcopic arm? The latter is called extended reach.
The indexirjgcallows the range of action of the slave arm to be increased, while keeping the master arm|in a

good ergon

Mechanical

m
VTG PUSTUUTT.

master-slave manipulators with telescopic arms are differentiated in the following way.

— Manipulators without disconnectable arms. In this case, the functional links between the master arm and
the slave arm are directly realized by cables or tapes.

— Manipulators with disconnectable arms. In this case, the links by cables or tapes are interrupted at the
level of the connection tube, where the motion transmissions are performed by rotating shafts and gears.

This solution consequently allows the disconnection of the slave arm. In many cases, the disconnection of the

master arm

is also possible.

© ISO 2004 - All rights reserved
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4.3.3 Manipulators with articulated arms

For manipulators with articulated arms, the motion along the Z axis is performed by a combination of two
rotations around the shoulder axis and the elbow axis (see Figure 7).

This kind of manipulator can be equipped with electrical or mechanical indexing of the upper arm.

4
8 Jl
X
9 Y
10 {
11 <
124
134
Key
1 Fight-left motion (around the Y axis) 8 shoulder
2 forward-backward motion (around the X axis) 9 upper arm
3 |prm rotatiom(around the Z axis) (swivel or azimuth motion) 10 elbow
4  up-down:motion (along the Z axis) 11 forearm
5 pripping motion 12 wrist joint
6 wrist rotation (around the X axis) (tilt motion) 13 handle (master side)/tongs (slave side)
7  tongs rotation (around the Y axis) (twist motion)

Figure 7 — Mechanical master-slave manipulator with articulated arms

5 Basic considerations for the choice of a manipulator

5.1 General criteria

The design constraints of the manipulator determine the field of use offered by the two categories of
manipulators.

© 1SO 2004 - All rights reserved 9
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Mechanical

master-slave manipulators with telescopic arms

are designed to be installed in walls of large thickness (generally about 1 000 mm),
provide operation in relatively large volumes,
offer generally a reduced dexterity compared to those equipped with articulated arms,

provide a large range of load capacities (up to 45 kg),

hot cell),

provide
arms.

Mechanical
are des
provide
provide

impose
installa

5.2 Particular criteria

5.2.1 Intrpduction

This clausd lists the technical characteristics which have to be specified to enable the choice of the typ
manipulator.

5.2.2 Maih characteristics of the manipulators

5.2.21  General

The characieristics of the equipment'shall be chosen in accordance with Clause 7 of ISO 17874-1:2004.
5.2.2.2 LUoad capacity

It is necesgary to definethe task to be performed as precisely as possible. For this purpose, the follo
parameters|shall be specified:

— the makimurias well as the likely weight of the loads to be handled (objects, tools)");

— forces [static and dynamic) to be exerted on objects:

for dec

allow two possibilities of maintenance (operator side removal or disconnection of the slave arm inside the

a large variety of features compared to mechanical master-slave manipulators with articul

master-slave manipulators with articulated arms

igned for operation in a limited working volume, generally between 100 mm and500 mm),
a restricted range of load capacities (up to 12 kg),

a better dexterity than those with telescopic arms,

maintenance-access constraints (operator side removal), affecting the general design of|
tion.

hted

the

ving

torques (static and dynamic) to be applied by the rotation of the operator's hand or arm;

ontamination, compressed air chisel);

capacity.

1) Handling means moving a piece in the whole space using the tongs.

2) Liftingm

10

eans moving a piece in the vertical direction using a hook.

the reaction provided by tools (e.g. hydraulic shear, impact wrench, vibration sources, high-pressure jets

weight of the objects to be lifted?). The lifting capacity may be significantly higher than the handling

© ISO 2004 - All rights reserved
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To increase the lifetime of the mechanical master-slave manipulator, its use near the limit of its maximum load
capacity has to be avoided.

The key parameter dictating the choice of manipulator type is generally the maximum weight to be handled.
Table 1 gives the required maximal load capacities, according to the class of the manipulators.

NOTE Because of the resultant significant decrease of dexterity, care should be taken when working in extreme
positions.

Table 1 — Classification of mechanical master-slave manipulators according

to their maximal load capacity (handling capacity)
77

Manipulator class Light (L) Medium (M) Heavy.(H)

Maximum load capacity <10 10 - 20 >,20
(handling capacity)
(kg)

5.2.2.3 Geometric characteristics
For [this purpose, the following aspects shall be considered:

— |the operating volume of the master arm; this parameter shall be taken into account especially regarding
the layout of the front face of the shielded enclosure and‘any adjacent equipment or structures;

— |the operating volume of the slave arm; this parameter shall be taken into account especially tp guarantee
the required accessibility to the process equipment; the adequacy of the operating volume in gombination
with the foreseen load capacity shall also be chécked;

— |the spaces required for the operationsand the maintenance of the manipulator, as recommended by the
manufacture, have also to be respected.

5.2.2.4 Dexterity
Thel| dexterity of a manipulator characterizes the ease with which it can perform complex tasks.

Thel| dexterity cannot readily be quantified, but is adversely affected by the no-load forces (frictign, dynamic
mags, etc., see 5.2.8))0r excessive flexure and is improved by the provision of a smooth actibn, minimal
backlash (or play);;and good operator ergonomics (see 5.2.4).

Accprdingly, 4t'can be said that the dexterity can be increased by reducing the values of the fijiction to be
ovefcome by-the operator in the no-load condition. For a given manipulator, dexterity varies invergely with the
load applied.

It should—also be noted that, in exireme positions, the dexterity is reduced (and some complicated tasks
cannot be performed) owing to loss of effective motions in one or more axes.

5.2.2.5 Reliability

For a given manipulator, the reliability depends critically on the working conditions, which in general can be
foreseen. To achieve a good reliability, it is therefore necessary to avoid the use of the manipulator in extreme
working conditions (e.g. frequent use at maximum load capacity, or with exposure to degradation due to a
chemical atmosphere, or with inadequately trained operators, etc.).

In addition, to maximize the reliability, the maintenance intervals and procedural instructions of the
manufacture have to be respected.

© 1SO 2004 — Al rights reserved 1
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5.2.3 No-load forces and torques

A significant contribution to the total force to be overcome by the operator comes from the no-load forces and
torques, including residual balancing errors and the spring tension of the tong (which has to open
automatically when relieved of the force of the operator's hand).

Generally, the no-load forces and torques shall be as low as possible. The no-load forces and torques are
influenced by the load capacities (manipulator classes), the general design of the manipulator, the tension in
any cables or tapes, the presence of gaiters, seals and a number of other variables.

These no-load forces and torques shall be provided by the manufacturers upon request, using the
standardizgd measurement methods described in Annex A.

5.2.4 Flexures and backlashes
Although flexures and backlashes do not contribute additional forces for the operator te overcome, they
adversely dffect the dexterity of the manipulator by introducing a requirement for nugatory>movements of the
master arm and any indexing system. In addition, the flexure (that is, elastic distortion\of the compongnts
of the manfipulator) represents stored energy in the affected motions that may cause problems, such as
spring-back if rapidly released.
Accordingly}, flexures and backlashes shall be minimized while recognizing the'inevitable design compromijses
of the increased cost and/or weight of more rigid components and the friction.that can be associated with anti-
backlash mechanisms. The reduction of flexures and backlashes is therefofe also a compromise with respect
to the increase of the no-load forces and torques described above.

The flexure|and backlash behaviour of the manipulator shall be provided by the manufacturers upon reqyest,
using the standardized measurement methods described in Anhex A.

5.2.5 Other criteria

Other parameters, such as those listed in 1ISO 17874-1, have to be considered if relevant (e.g. easg of
decontamination, maintainability, resistance to_radiation).

5.3 Mouhting of the master-slave.manipulators

5.3.1 General

The positioning of the manipulator in the enclosure wall shall take into account the following aspects.

5.3.2 Height of the connection tube axis with regard to the level where the operator stands
Concerning|this variable, the following considerations apply.

— Manipylaters with articulated arms and manipulators with telescopic arms, of small dimensions: the hgight
depenga onthe—dimensions—ofthe typc of- master=stave |||a||ipuiatU|. Ht-statt-tebetweem4+856—mmrand

2 500 mm.

— Manipulators with telescopic arms for shielded enclosures of large dimensions: for usual manipulators,
the standard height is 3 050 mm.

The connection tube is specific to the type of manipulator. It is installed in a through-wall tube embedded in

the enclosure wall. Since the established products of different manufacturers differ in the required diameter of
the through-wall tube, care has to be exercised in the choice of diameter for any particular installation.

12 © 1SO 2004 — All rights reserved
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It is possible to fit size-reduction rings to accommodate smaller connection tubes in larger through-wall tubes,
but not vice versa. The recommended range or standard dimensions of internal diameters of through-wall

tubes is shown below for each type of manipulator:

5.3.

A

for master-slave manipulators with articulated arms: 160 mm to 170 mm;
for master-slave manipulators with telescopic arms of small dimensions: 190 mm;

for master-slave manipulators with telescopic arms of large dimensions: 254 mm.

orking station is generally equipped with two similar master-slave manipulators. The_intera

is distance

between the through-wall tubes varies from 700 mm (master-slave manipulators with small operating volume)

to 9

Th

inst

5.3.
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equ
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rang
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5.4.
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NOTE

0 mm (master-slave manipulators with large operating volume).

actual value recommended by manufacturers depends on the design of the manipulator and
ced when the overall hot-cell design is implemented, in order to avoid collisions during motion
optimal ergonomic conditions for the operator(s) are achieved with the two master-slave man
blled on the working station.

B Operating volume of the master arm

operating volume of the master arm shall be free of obstacles. It shall be checked that itemsg|
pment are not installed in the front face, near the manipulator working station (e.g. ventil
ice penetrations, electric cables, walk-ways, control.consoles), because they would interfg
e of action of the master-slave manipulator.

Leak-tightness and protection against‘contamination

1 General

rder to avoid the spread of radioactive contamination into the operator areas, a containmen
Ided or unshielded, is generally.provided and characterized by a total permissible leakag
10648-2). This total permissible leakage rate results from the contribution of all of the local |
penetrations through the enelosure walls (doors, windows, ventilation ducts, service penetratig
as the contribution of all the manipulator penetrations.

commonly accepted.that the local leakage rate due to the manipulator penetrations through th
should be maintained at a level not higher than the leakage rate of the rest of the enclosu
re a specific {eak-tightness is specified by the end-user, the manufacturer has to comply with {
Cification and to demonstrate the compliance with the specifications.

e’

must not be
. Moreover,
ipulators so

of auxiliary
ation ducts,
re with the

enclosure,
e rate (see
paks due to
ns, etc.) as

e enclosure
e. In cases
he required

leakitightness can be obtained in two different ways, according to the chosen manipulator maintenance

unsealed connection tube, with or without a gaiter;

sealed connection tube, typically with a gaiter.

A variation of this configuration is also available without a gaiter, in which case leak-tightness is not ensured.

The specified leakage rate of the manipulator during standard maintenance procedures shall be maintained as
far as possible at a level no greater than that of normal operation.

©IS
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5.4.2 Gaiters for manipulators

Gaiters for mechanical master-slave manipulators are flexible sleeves covering the slave arm. There are two
categories of gaiters, according to the function intended:

protecti

leak-tig

on gaiters;

ht gaiters.

These two categories of gaiters shall be used in order to comply with the following objectives:

a)
radioad
contrib
sealed

b) A leak

in the g

of the

polluta

A manipulg
operating ¢
technique fi

the leak-tig
achieved by

The choice
gaiter depe
be contradi
high le
special

presen

necess

A proteeti

It doeg
ite to the leak-tightness of the hot cell or of the containment enclosure, which is ensured-by
connection tube.

tive contamination and any physical or chemical pollutants present inside the hot ce

rtight gaiter is designed to ensure the leak-tightness of the hot cell or the containment enclo
ase of an unsealed connection tube. This type of gaiter also ensures a high stahdard of proted

nts present inside the hot cell.

tor has to be equipped with only one category of gaiter, which, depends upon the inter]
bnditions. Gaiters shall be designed to suit the manipulator category, the gaiter interchangea
br maintenance, the environmental conditions (radiation exposuré, mechanical damage, etc.)
htness requirements. The leak-tightness of the hot cell orithe containment enclosure shal
seals placed between the through-wall tube and the connection tube.

of a manipulator equipped with a sealed or unsealed connection tube and the use of an additi
nds on several operational parameters which have<to*be taken into account. Some of these ¢
Ctory, so that a compromise has to be made. These parameters are as follows:

bk-tightness;

internal atmosphere;

Ce of high temperature or aggressive atmosphere;

ity of maintenance of the manipulator (from inside or outside the hot cell);

freque
allowe
necess
proced

high le

I

t use of the manipulator;

periods of disuseg;

ity of replacefment of the gaiter;

Lre of removal of the manipulator from of the shielded cell;

el.of radiation inside the cell;

the
not
the

sure
tion

manipulator slave arm against the radioactive contamination and anyprphysical or chenical

ded
Dility
and

be

bnal
buld

good d
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exterity (e.g. reduced no-load forces and backlashes) and maximum operating volume;

need for a large viewing angle;

mechanical impact by objects during work;

need for transportation equipment for the manipulators inside or outside the hot cell;
removal concept for damaged manipulators and likely frequency of such damage;
acceptable decontamination efforts before any repair;

contamination risk in the operating room.
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5.4.3 Installation and replacement of gaiters

Installation and replacement of the gaiter are accomplished as follows:

a)

for leak-tight gaiters, from the outside of the enclosure and after removal of the manipulator;

b) for protection gaiters, at the same time as the whole slave arm, using an auxiliary lifting device inside

6

6.1

6.1.

This
use

6.1.

Wh
dyn

of radioactive contamination exists.

In t
beh
dev

the hot cell.

Different ioulat |' thod , iated : |

Unsealed connection tube, with a gaiter

1 General

solution applies to all types of mechanical master-slave manipulators. Depending on the ty|
 (leak-tight gaiter or protection gaiter), the slave arm is totally or partly protected.

P Use of a protection gaiter

bn a protection gaiter is used (see Figure 8), the containment®of the hot cell shall be perf
amic way. Accordingly, this technique is not recommended for Huclear applications where a rig

pe of gaiter

ormed in a
k of spread

nis configuration, the protection gaiter is mounted .oii¢a ring which has to be fastened to thg slave arm
nd the shoulder pivot (see Figure 9). The slave arm is exchangeable by remote control, us
ce which is kept inside the hot cell.

ing a lifting

©IS

Figure 8 — Use of a protection gaiter Figure 9 — Fastening of a protection gaiter
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6.1.3 Use of a leak-tight gaiter

6.1.3.1 General

When a leak-tight gaiter is used, the continuity of the static containment of the hot cell is ensured. This
technique is therefore especially recommended for highly contaminated hot cells (a-By or neutron hot cells).

6.1.3.2 Method 1

In this configuration [see Figure 10 a)], the gaiters are mounted on an ejectable support ring fastened to the

containme

16

enciosure wall locdted bernina the py snielding wall.

a) General view
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a b~ W N -

The
a)
b)

The
mol

1 2 6 1 8
L —1
5 10
b) Gaiter mounted on a type 1 support ring, c) Gaiter mounted on a type 3 support ring,
fixed on a type 1 enclosure ring fixed on a glove'port used as a type 3 enclpsure ring

gaiter 6 gaiter
enclosure ring 7 glove port
Shielding wall 8 support ring
support ring 9 shielding wall
enclosure wall 10 enclosure;wall

Figure 10 c)].

mounting is to be accomplished by one of the following options:

gaiter fixed on a type 1 support ring, mounted on a type 1 enclosure ring [see Figure 10 b)];

Figure 10 — Gaiter fastened on a support ring, fixed on the containment enclosure wall

gaiter fixed on a type 3 support ring, mounted on a glove port used as a type 3 enclosure ring [see

only permissible variation of this system is described in the following configuration, where the gaiter is
nted on.the inner liner of a highly contaminated hot cell (see Figure 11).

© 1SO 2004 - All rights reserved
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b) Gaiter mounted/6n\a type 1 support ring,

a) General view

FOLIPOLOMCLOPOLPELAF RO
AR R R R R
S R S SR SE S S

2 3

fixed on a type 1 enclosure ring

c) Gaiter mounted on a type 3 support ring,

PSS,

NN

8

fixed on a type 3 enclosure ring

gaiter 5 glove port
support HFRgF—————————6—-enclosureFing
enclosure ring 7 shielded wall
gaiter 8 innerliner
Figure 11 — Gaiter fixed onto the inner liner of a leak-tight concrete hot cell

© ISO 2004 - All rights reserved


https://standardsiso.com/api/?name=8692022a58a6e097c959ef0443b90904

ISO 17874-2:2004(E)

Depending on the type of support ring, the gaiter is either:

— fixed directly on a type 3 support ring, which is attached to a glove port used as a type 3 enclosure ring
thus terminating the inner liner, or

— mounted on a type 1 support ring, fixed on a type 1 enclosure ring, which is screwed onto a flange
located at the termination of the inner liner.

NOTE References to type 1, type 2 and type 3 support rings and enclosure rings are derived from ISO 11933-2.

6.1.3.3 _ Method 2

In this configuration, the gaiters shall be mounted on a support ring fixed at the inner end of-the through-wall
tube (on the side opposite to the operator).

The] support ring is to be mounted either directly on the through-wall tube [when a type’3 support fing is used,
[seg Figure 12 a)], or indirectly through a containment enclosure ring [when a type‘hsupport ring is used, see
Figyre 12 b)].

SN NN
i

G P S s T P T A

3 L 5
a) Gaiter mounted on atype 3 support ring, b) Gaiter mounted on a type 1 support ring,
fixed on a trough-wall tube fixed on a type 1 enclosure ring
Key|
1 nside enclosure
2 paiter
3 pupport ring
4 enclosuyre ring
5 through-wall tube

Figure 12 — Gaiter fixed to a through-wall tube
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6.1.3.4 Method 3

In this relatively primitive configuration, the gaiters were mounted directly on the flange of a glove or bag port
fixed on the shielding wall at the operator side (see Figure 13).

WARNING — This solution is no longer recommended, because it entails a breach of containment
during mounting and removal of the manipulator for maintenance, etc.

|
/| |
o
o
(" R RN
HE
o
: il X
ook

Key

1 gaiter tefminated in a bead.and sealed at the wall flange using a clamping system
2 slave arl
3 master grm

NOTE o.longer recommended.

Figure 13 — Mounting of a gaiter fixed on a glove/bag port on shielding wall at the operator side
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6.1.3.5 Additional requirements

In the two recommended configurations, the gaiters maintain the leak-tightness of the containment enclosure,
when the manipulator is removed from the wall from the operator side (see Figure 14).

Exchanges of leak-tight gaiters are generally made by remote control, using an ejecting device. The different
techniques for exchanging such gaiters are described in ISO 11933-2.

Profiles, designs, material of construction and additional recommendations concerning gaiters for
manipulators are also described in ISO 11933-2.

oo

Figure 14 — Example of exchange of a manipulator, removal from the operator side

6.2| Unsealed connection.tube, without gaiter

Thig technique is only applicable for By hot cells, with no contamination. This solution applies to all categories
of mechanical master-slave manipulator with disconnectable arms. The three components of the manipulator
(theglmaster arm, the slave arm and the connection tube) are exchangeable by remote control.

Thel containment™of the hot cell can only be realized dynamically.

NOTE This technique has frequently been used in the past for some nuclear applications, but because it does not
offeff a-Continuity of the static leak-tightness of the hot-cell wall, it is no longer recommended for use in nucleaf installations
whefe any risk of contamination may occur.

6.3 Sealed connection tube

In this solution (see Figure 15), the leak-tightness between the connection tube and the through-wall tube is
ensured by seals. Generally, the connection tube is itself leak-tight by construction, so this technique ensures
the continuity of the leak-tightness of the enclosure of the hot cell.

For continuous monitoring of the leak-tightness, the through-wall tube can be provided with a double-seal
system, with an interspace as a control medium.

This solution applies only to mechanical master-slave manipulators with disconnectable arms. The slave arm
is exchangeable by remote control.
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Gaiters associated with this technique will be of one of the following types.

— A protection gaiter for protecting the slave arm to some extent against the contamination and possible
corrosive atmosphere of the containment enclosure. Protection gaiters are identical to those described in
6.1.2;

— A a leak-tight gaiter (e.g. when a high level of containment or protection of the slave arm is required).
Care shall be taken in this case, to avoid excessive overpressure or underpressure of the volume
between the gaiter and the slave arm during operation. Leak-tight gaiters are identical to those described

in 6.1.3.
The inclusipn of a HEPA filter permits breathing of the volume enclosed by the gaiter while controlling| the
associated pontamination path (see Figure 16).
A
T
1=
X
__b_ (/V/] — —
T
-\ p | -+ [+
N——— = O E— _
] [FRE>
777,
s .

Figure15 — Principle of a sealed connection tube
(Detail “A” is enlarged in the insert on the right)

6.4 Design of the lower end of the gaiters

6.4.1 General

The nature of the work to be done and the constraints imposed by the manipulator model shall be considered
in the design of the lower end of the gaiter. Parameters considered shall include the following.

6.4.2 Lateral and rotational motion required for the gaiter to accomplish the work to be done

The designers shall ensure that the gaiters incorporate an adequate number and disposition of bellows
segments to accommodate the full movement possible in each degree of freedom (i.e. motion) of the slave
arm, with special attention to combinations of extreme movements. It shall be ensured that, at the extremes of
the movements required, the material of the gaiter(s) is nowhere strained close to its elastic limit, making due
allowance for ageing effects which may be accelerated by the working atmosphere, the presence of gritty
particulates for elevated operational temperature, etc.
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Key|
1 HEPA filter

Figure 16 — Principle of addition of a HEPA filter on a leak-tight gaiter

6.4.3 Forces placed upon the gaiter during gperation, with respect to lifting and rotational| movement
and|the mechanical protection of the gaiters.

Examples shown in Figure 17 b) and c) are_suitable for application of a direct force. The exampje shown in
Figyre 17 a) shall be used with caution.Thé gaiter may be damaged while connecting the end-effgctor (tongs
or tool) to the slave arm, and the material of the gaiter remains in the load path of the applied forcep.

Thel example shown in Figure 18.applies when a protection gaiter is used.

a) Gaiter with disconnectable half-tong b) Gaiter with removable jaws
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c) Gaiter with removable tongs

disconng

ctable wrist

Figure 17 — Termination of a leak-tight gaiter at the tongs

Figure 18 — Termination of a‘protection gaiter at the tongs
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6.5 Special case of double gaiters

Double gaiters may be used when a high-purity internal atmosphere in the containment enclosure is required
(e.g. inert gases containing only traces of impurities of H,O or O,) or in the case of high o contamination (see
Figure 19).

The double gaiters are fitted on two support rings, situated one behind the other, and mounted on a specially
profiled enclosure ring (an enclosure ring with two or three grooves, see ISO 11933-1). At the tongs side,
double gaiters are mounted in the same way as single gaiters. The use of a double-gaiter system allows a
purge of the intermediate atmosphere. The space between the two gaiters is to be filled with the same gas as
that desired in the containment enclosure.

P1<P2<P3=P4 6

A
9 10

Key

1 internal gaiter 7 external gaiter

2 HEPA filter 8 inter-sleeve pressure P2

3 reservoir regulated to P2 9 circuit of inert gas

4  HEPA filter on intermediate purge gas-line at pressure P3 10 intermediate purge

5 manometer P1 internal-enclosure pressure
6 HEPA filter P4 operator-side pressure

Figure 19 — Design of a double gaiter with intermediate purge
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Maintaining a negative pressure between the two gaiters permits the detection of any leaks arising in either
one of them, and the safe replacement of the leaking one. Such a double-gaiter system also reduces the risk
of contamination of the slave arm.

The technique for replacement of a double-gaiter assembly is similar to that for a simple gaiter. During this

procedure, the volume between the old and the new double-gaiter assembly is purged using the gas line
marked 10 in Figure 19).

6.6 Replacement of manipulator gaiters

6.6.1 Learr-tfg-ht*gaiters (DUU Figulc 20)

The gaiter-fleplacement procedure shall be achieved as follows:

— the exghange begins by removing the jaws of the tongs, or the whole tongs, in the hot cell; the end of the
gaiter is then also separated from the manipulator arm;

— subseduently, from outside the hot cell, the manipulator slave arm is removed,“keeping the hot|cell
leak-tight [see Figure 20 a)];

— the gaiter is then exchanged, without breaking the leak-tightness of thesconnection, using the method
appropriate to the kind of seal; for gaiters described above (methods 1<and 2 of 6.1.3), an ejection deyvice
shall b¢ designed to suit the support ring and the through-wall tube characteristics [see Figure 20 b)];

— finally, the manipulator is replaced and the forward end of the.slave arm is connected to the new gditer;
the jawls (or tongs assembly) are then re-installed.

NOTE A special ejection device is necessary to change a double-gaiter system properly.

6.6.2 Protection gaiters (see Figure 21)

Changing @ protection gaiter is not possible. in;an active hot cell; an assistance cell or a dedicated
maintenange work-shop must be used aftef removal of the whole slave arm. The gaiters-replacement
procedure ghall be achieved in the following way.

— The exchange begins by disconpection of the slave arm from the connection tube [see Figure 21 a)].|It is
necesdary, to avoid damage_during this procedure, to be sure that the lifting operation is performed
strictly using the methodology.and the lifting points indicated by the manufacturer.

— The replacement operation is performed in most cases without direct visibility by the operator. [The
addition of a suitable’viewing system is, however, recommended, such as mirrors or a TV cameral To
facilitae the removal of the arm, the overall hot-cell design must make allowances for the operdting
volumg necessary/for the installation and the access requirements of the handling equipment.

— The slaye arm is transported to a nearby maintenance cell using a special lifting device or to| the
maintehance wnrk-qhnln hy means aof a3 francpnr’rnﬁnn cask

— The replacement of the connection tube, when necessary [see Figure 21 b)], is performed in the
horizontal direction from the operator side towards the hot cell, the new connection tube progressively
pushing ahead the old one, which is introduced into a special container installed in the hot cell.

— Finally a new slave arm, or the old one after appropriate maintenance or decontamination, is connected
onto the new connection tube, in a reverse manner.

Bearing in mind the tasks to be performed with the master-slave manipulator, it may be advantageous to

choose a type of slave arm equipped with a wrist joint which can be disconnected by remote control. This
solution allows:
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— arelatively small sub-assembly which may be strongly contaminated and/or irradiated to be left in the hot
cell, and

— a standard replacement by remote operation of this sub-assembly (which may be subject to rapid
degradation in a hostile atmosphere).

CAUTION — These replacement procedures are those recommended to be used when a master-slave
manipulator equipped with a disconnectable telescopic arm is used, even if the design of this type of
equipment permits the front (operator-side) removal.
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1 ejection device
used gaiter
3 new gaiter
b) Exchange of gaiters using an ejection device

Figure 20 — Usual method of replacement of a leak-tight manipulator gaiter
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Figure 21 — Usual method of replacement of a man
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6.6.3 Special attention

Both of the exchange procedures described above break the radiation protection shielding (y or neutron
shielding). To avoid this risk, the radiation sources have to be removed from the hot cell before starting the
operation, or a special shielded plug has to be mounted on the through-wall tube.

6.7

Attachment of leak-tight manipulator gaiters

The attachment of leak-tight manipulator gaiters is achieved using support rings which are mounted on

encl

osure rings.

The)

71

In d
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7.2
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diffe

The)
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standard dimensions of the enclosure rings and support rings shall be in accordance with ISO.

Accessories

Connection tubes with shielding

rder to ensure additional gamma or neutron shielding, connectioniubes may be equipp
wing components:

high-density material (lead, stainless steel, cast iron, etc.) which contributes additionally to
flux attenuation;

neutron-absorbing material (borated polyethylene, compressed wood, etc.), which confer:
neutron flux attenuation.

se materials are usually provided in the form;of rings inserted into the connection tube. T
ected connection tube greatly reduces the direet’'shine-path for radiation.

rcumstances where very strong neutron or gamma sources are to be encountered, one or m
hrough-wall tube diameter may be inserted to improve the shielding continuity.

Balancing
no-load balancing of a( master-slave manipulator, in all positions of the range of movenm
brtant characteristic, bécause it allows the operator to perform a task with essentially the same
rent positions and with minimal fatigue.

balancing is~generally performed with adjustable counterweights installed on the mast¢
etimes also-on the slave arm.

aster-sfave manipulator can be designed with two types of balancing:

a-basic balancing (no-load, optimized in the reference position of all motions);

11933-1.

ed with the

the gamma

5 additional

[his kind of

bre steps in

ents, is an
dexterity in

r arm, and

extended balancing, to achieve no-load balancing in all effective positions.

In the case of master-slave manipulators with disconnectable arms, a master arm can be implemented with
slave arms of various lengths. The balancing shall be then adjusted, e.g. by adding or removing appropriate
weights foreseen for this purpose.
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7.3 Terminations

7.3.1 Slave-arm terminations

A pair of tongs or a gripper assembly generally terminates the slave arms. Such assemblies shall be readily
disconnectable from the slave arm. The disconnection is performed in the hot cell by means of a
disconnection station.

The tongs are linked to the slave-arm wrist via an adaptor on the wrist-joint (see Figure 22). In the case of a
fixture with a leak-tight gaiter, the tongs are linked to the leak-tight connection assembly.

The tongs ¢
— with dig
— without

If a master
gripper ass
generally e
Consequen
are likely to

Standard ja
dimensions

Figure 22 — Principle for the connection of disconnectable tongs

an be supplied:
connectable jaws, or
disconnectable jaws.

slave manipulator has to be employed in a production facility, the jaws (and/or the entire tong
embly) are frequently used in ‘the course of typical mechanical handling processes and
kposed to a high level of irradiation and contamination. They cannot be readily decontaming
tly, they are often defined-as.consumable elements. In such cases, types with disconnectable j
be more cost-effective overall.

ws for master-slavemanipulator tongs have to follow the dimensions indicated in Figure 23. O
are available.

s or
are
ted.
aws

ther

30
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Dimensions in millimetres

155
9

85

80

Figure 23 — Dimensions of jaws

7.3.2 Master-arm terminations

Thel end of the master arm is‘equipped with a handle, which can receive either:

— |a force handle, or.

— |the control box-for the electrically actuated motions, where present.

7.4| Electricity supply

Meghanical master-slave manipulators should be supplied with DC electricity at a low voltage, in jaccordance

4 bl 1 L | N 4
with—treTocat TEYUIatory Ty ITeT TS,

7.5 Various

7.5.1 General

The main accessories necessary for the implementation of mechanical master-slave manipulators are the

following.
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7.5.2 Ejection device

An ejection device is a mechanism allowing the ejection of a leak-tight gaiter and its replacement by a new
gaiter without breaking the hot-cell containment (see ISO 11933-1 and ISO 11933-2).

There are various types of ejection devices for the implementation of gaiters mounted on standard support
rings, which differ regarding:

— the diameter of the enclosure ring,

— the type_of enclosure ring (with a single, double or triple groove)

— the thigkness of the shielded wall, or

— the typg of gaiter (e.g. a single- or double-gaiter system).
Ejection deyices can be of the mechanical or pneumatic type.
7.5.3 Disg¢onnection station

A disconngction station is a mechanical device installed inside the hot cell and used to connect or
to disconngct, in remote operation, the different components of a mastersslave manipulator (especially| the

wrist-joint gnd the tongs). It is a specific device designed to complement the master-slave manipulator
work-station.

The installgtion of a disconnection station in a hot cell requires a suitable working area. Its operation is
generally accomplished using a hook or crane. Annexe B describes some typical disconnection statjons
frequently ip use.
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A.1 General

AA1

The| determination of no-load forces and torques, flexures and backlashes shall“be carried oy
follqwing procedure.

For

ISO 17874-2:2004(E)

Annex A
(normative)

Method of measurement of no-load forces and torques, flexures and

backlashes

1 Introduction

t using the

the purpose of this procedure, the reference and the initial positions(of the mechanical nmaster-slave
manipulator shall be defined.

A.1[2 Reference position

Thig corresponds to the position of the master-slave maniputator, when all the motions are in the positions
indicated by the manufacturer. This position is defined forrall types of manipulators in an X, Y and Z
coofdinate system, referred to the position of the first articulation (shoulder joint).

A. 113 Initial position

Thig corresponds to the position required in order to carry out a specified test. This position is|usually the
reference position.

A.2

A.2

A.2

For
extr|

motjons are-tovbe placed in the reference position, with the braking systems released.

A2

Measurements of no-load forces3)
1 General principle

1.1 Mechanicalkmaster-slave manipulators with telescopic arms

emities of~the manual motion in the Z direction with any electrical Z-motion fully retracted

1(2y "Mechanical master-slave manipulators with articulated arms

this type of manipulator, master and slave arms shall be held in the vertical position, half-way between the

The other

For this type of manipulator, master and slave forearms shall be held in a vertical position with the upper arms
at an angle to be specified by the manufacturer, to achieve the normal operational reference position. The
other motions shall be placed in the reference position, with the braking systems released.

A.2

.2 Preparation of the equipment

Before carrying out the measurement, the following precautions shall be taken or verifications made.

3)
tens

In the present test method, when measuring the no-load forces and torques, residual balancing errors and the spring

ion of the tong are not taken into account.
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— The tension in the cables, tapes or chains shall be specified for the tests.

— Lubricants shall be as specified by the manufacturers.

— The ambient temperature during the test shall be recorded and the equipment shall be identified.

— The position of the master-slave manipulator shall be in the initial position as defined in A.1.3.

A.2.3 Methodology

A.23.1

By means
necessary
shall be ta
the opposit

A23.2 X

The point o
at a distang
normal to th

The wrist-rd

the principlg X- (and Z-) motions of the arm.

of a dynamometer acting on the master arm at the initial position defined in A.1.3;\a@ force
move the master arm by about 100 mm or 15° shall be applied. The reading of the dynamometer
en during a slow steady motion covering the 100 mm or 15° movement, and shall berepeatdd in
direction, with the recorded result being the average of the results of the two directions.

tmotion
F attachment of the dynamometer and direction of the force shall be on the wrist of the master arm,

e d, from the axis of the wrist to be specified by the manufacturer;the force exerted being both
e master arm and held within the ZX-axis plane throughout the mieasurement (see Figure A.1)

tation motion shall be locked during this test to ensure that the X-motion tested is solely a resylt of

D

-

34

Figure A.1 — Measurement of no-load forces for the X-motion
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A.2.3.3 Y-motion

In the case of manipulators with articulated arms, this part of the test shall be carried out twice, once with the
shoulder articulation blocked and a second time with the elbow articulation blocked instead.

The point of attachment of the dynamometer shall be on the wrist of the master arm, at a distance d, from the
axis of the wrist to be specified by the manufacturer, the force exerted being both normal to the master arm
and held within the ZY-axis plane throughout the measurement (see Figure A.2).

The wrist rotation motion shall be locked during this test to ensure that the Y-motion tested is solely a result of
the principle Y- (and Z-) motions of the arm.

TRy

+ - + -

Figure A.2 — Measurement of no-load forces for the Y-motion
A.2]13.4 Z-motion

The| point of attachmentfthe dynamometer and direction of the force shall be on the wrist of the master arm,
with the force exerted.remaining parallel to the master arm (at the forearm for manipulators with articulated
armis) throughout theymeasurement (see Figure A.3).

For|mechanicaltmaster-slave manipulators with articulated arms, the shoulder and elbow rotatigns shall be
freg]
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A235 o

The points
handle at a
Figure A.4)

Figure A.3 — Measurement of no-load forces for the Z-motion

tMotion

bf action of the two forces comprising the couple which applies the torque shall be on the opergtion

well-determined position, to allow an @ccurate torque (force x distance) value to be recorded (see
The couple shall be applied within(the YZ plane.

%
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Figure A.4 — Measurement of no-load forces for the a-motion
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The points of action of the two forces comprising the couple which applies the torque shall be on the operation

handle at a well-determined position, to allow an accurate torque (force x distance) value to be recorded (see
Figure A.5). The couple shall be applied within the XZ plane.

~

-

4

A.2{3.7 y-Motion

The)
han

o
~

Figyre A.6). The couple'shall be applied within the XY plane.

Figure A.5 — Measurement of no-load forces for the 3-motion

points of action of the two-forces comprising the couple which applies the torque shall be on th
Hle at a well-determined’position, to allow an accurate torque (force x distance) value to be re

e operation
corded (see
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|
T ™

Figure A.6 — Measurement of.no-load forces for the y-motion

A.3 Flexture and backlash measurements

A.3.1 General principle

The slave arm is to be in a vertical position and, if possible, the master arm is also vertical. The tongs
perpendicular to the slave arm,the gripping motion operating in a horizontal plane.

— For a mechanical master-slave arm with telescopic arms, to half-way between the extremes in t
directign manually, (the electrical Z-motion has to be completely retracted if it exists). The other mo
are to e placed.in the reference position, with the braking systems released.

— For a mechanical master-slave arm with articulated arms, in the reference position for all the moti

A.3.2 Methodology

A.3.2.1 General
Use a graduate plate and an indicator as shown in the following drawings.

Progressively release the test force until it becomes equal to zero and note the values indicated on

are

e’z
ons

pons,

the

graduated plate at the extrema. Repeat the measurement three times and record the resulting average

extremum values for each motion tested.
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