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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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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. “Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 85, Nuglear energy, Subcommittee S
rotection.

consists of the following parts, under the general title ‘Remote handling devices for radioaq
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Mechanical master-slave manipulators
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This part of 1ISO 17874 deals with power manipulators used for nuclear applications. These manipulators
consist mainly of multipurpose remote handling devices.

These devices replace hands and arms and even light hoists, depending on the model used, in areas
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Cessible 10 personnel (mostly behind shielding walls).

hents for nuclear power reactors. They are now also in widespread use in other nuclear, install
plants for reprocessing of fuel elements, waste treatment stations, and decommissioning
ities.

rnative manipulators used in these fields and resulting in a wide variety of different designs are|
e skill in an emergent phase or applied uniquely in special circumstances.and are not address
current edition of this standard.

er manipulators are sometimes modified or especially designed_for non-nuclear applications.
17874 does not address the special requirements of any of.these applications. Although des
be taken advantage of standardized features and components from the nuclear sector to achi
cost-effective designs for other purposes where appropriate.

part of ISO 17874 is intended to provide assistance to designers of nuclear process and rese|
ell as manufacturers, users and licensing authorities.

er manipulators were originally developed for hot cells designed for research and development in fuel

ations, such
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Remote handling devices for radioactive materials —

Part 4:
Power manipulators
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Scope
part of ISO 17874 defines the main features of power manipulators for use inionizing radiat

nes basic principles which relate to the design and testing of power manipulators for use behi
5, mainly in hot cells.

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
iment (including any amendments) applies.

2768-1:1989, General tolerances — Part 1: Talerances for linear and angular dimensi
idual tolerance indications

11933-5:2002, Components for containment enclosures — Part 5: Penetrations for electric
its

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

Terms and definitions

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

axi

diregtions of\a.Cartesian coordinate system defined from the operator standing point, considered 4§
of this system

NOTE The following axes are considered: Axis X: from right to left along the shielding wall. Axis Y: for]

on fields. It
nd shielding

For dated
referenced

bns  without

al and fluid

bnts

s the origin

ward into the

shielded cell. Axis Z: up to the ceiling of the shielded cell.

3.2
arm

(manipulator) component reproducing effectively the functions of an human arm, respecting in most cases the
same distribution and corresponding articulations

NOTE Corresponding articulations are shoulder pivot, upper arm, elbow pivot, forearm, wrist pivot, etc.

© I1SO 2006 — All rights reserved
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3.3

mechanical arm

arm of a power manipulator being able to execute positioning and orientation motions and equipped with an
end-effector

3.4
shoulder hook
device similar to a crane hook attached near the shoulder pivot

3.5
grip hook
end-effectof with a linear motion for lifting and handling an object

3.6
disconnection
mechanical|operation allowing the separation of two assembled component

EXAMPLE Disconnection of the mechanical arm from the transporter.

3.7
jaws
components fixed on the end of the tongs, which facilitates the handling of an object

NOTE The jaws can be disconnectable.

3.8
operating yolume
space in which the operation of tongs are possible, considerinlg all the positions in which the diffdrent
components of the slave arm of a manipulator can be moved

3.9
gaiter
specially profiled flexible sleeve designed to protectthé mechanical arm and optionally also the telescope

NOTE This component is also called a booting (USA).

3.10
drum manipulator
simplified ppwer manipulator designed-to transport and to stack radioactive waste drums

3.1
orientation motion
rotation motgions around ¢ertain axes of the manipulator

NOTE According.to the axis considered, the three following motions are distinguished: tilt (), twist (£) and swivel or
azimuth motipn (»):

3.12
positioning 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.

3.13
tongs
gripping device fixed at the end of the mechanical arm and consisting of an actuator assembly and jaws

3.14

handle

component gripped by the operator, facilitating the control of the movements of the manipulator and fixed at
the operating consol

2 © I1SO 2006 — All rights reserved
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3.15
transporter
kinematical system for moving and positioning the mechanical arm within the operating volume

3.16
power manipulator
manipulator driven by electrical motors (open loop in position)

4 Applications of power manipulators
Power manipulators are used inside buildings, especially in hot cells. They consist of a méehanical arm
mounted on a transporter running on rails, or sometimes on a remotely controlled vehiclec~Fransporters on
rail§ usually consist of a movable bridge, a carriage and a vertical telescope (see Figure 1)./The afm can also
be ipstalled on a rail vehicle on the cell floor.
They allow, in most cases, the exertion of high forces and therefore the handling-of*heavy objedts, typifying
theif application. Power manipulators can be used as the only remote handlingrdevices, but in medium-sized
and| large hot cells they are generally used in combination with mechanicalmaster-slave maniptilators (see
ISO[17874-2). Both categories assist each other.
The|l mobility gives the power manipulators a large working volume;-“which is not offered by [mechanical
magter-slave manipulators. They are used for tasks to be performied in areas that cannot be [reached by
meg¢hanical master-slave manipulators and for transportation of objects over significant distances.
Thel relatively low working speed is one of the disadvantages-of power manipulators. In addition, they are not
suit@ble for complicated tasks.
7 T v a2 e " " R :
B AR SRR : ‘
{
Key|
1 movable bridge
2 [carriage
3 |telescope with hoist N
4 |shoulder pivot
5 Jarticulated arm
6 [tongs
7  |shouldertieok : |
8 |hotcell :
9 |transmission cable R
10 "operatmgconsote T 0 T
11 control cabinet oo
12 shielding wall
13 shielding window
14 operating room

a

The movable bridge, the carriage and the telescope with hoist constitute the transporter.

Figure 1 — Power manipulator — Design for hot cells

© I1SO 2006 — All rights reserved
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5 General features

A power manipulator, within the meaning of this part of ISO 17874-4, is an electric motor-driven handling
device operated remotely using speed control achieved by switches or potentiometers and analogue control
(traditionally) or digital control. As a general rule, it exhibits the following characteristics: it has an articulated

mechanical

arm which is located on a positioning system, called a transporter (see Figure 1).

The arm is in most cases fitted with a tong with parallel jaws, by means of which objects can be handled and
forces and torques exerted. The tongs are to be arranged to rotate without limit. The tongs can be exchanged
(in some cases remotely) for other gripper types (typically a grip hook) or mechanical or electrically driven

tools by means of in-cell fixtures. With the aid of a liftin

hook), it is

The transp
telescope W
available ag

The speed
the manipu
transmitted
or by pre-sq

The maxim
designed fo

rotatior

arm rof

lifting,

6 Requ

6.1

Power ma
requiremen

corrosive atmosphere, excessive humidity or temperature).

distinguishe

inclinatjon of hand, forearm and upper arm:

hook on the articulated shoulder (called a shou
ossible to lift substantially heavier objects than can be lifted with the tongs [see Figure 2 a)]c

brter in most cases consists of a movable bridge, a cross-travel carriage and a vertical"mul
ith a hoist for application in hot cells (see Figure 1). The functions of a light crane can be m
a result of the load capacity of the hoist of the vertical telescope.

Ider

tiple
ade

of each motion can be fixed, controlled in several steps or continuously adjustable depending on

ator model. The operational forces are currently not directly reflected, but-the gripping force ca
to the operator by appropriate means. The gripping force can be measured and limited by st
lection or by means of an indicator and a variable sound.

Um velocities of different power manipulator models vary in a wide range. For power manipuls
r use in hot cells, the following characteristics are available:

of the tongs: 10 r/min;
1 r/min;
ation: 5 r/min;

arriage and bridge travel: 5 m/min.

rements

Gene¢ral aspects

hipulators have to  meet a number of technical and safety specifications and in add
s concerning the-operating environment (e.g. the presence of contamination, ionizing radia
Four classes of load capacity can
d: light, medium;’heavy and super-heavy, as given in Table 1.

h be
Eps,

tors

tion
ion,
be
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Table 1 — Classes of power manipulators defined by load capacity

Load capacity, m
kg
Class of_load Tong Grip hook
capacity
Horizontal arm Arm position Shoulder hook °
position @ Horizontal 2 Vertical P

Light 20 < m <50 — — 250 < m <500
Medium 50 <m<125 50 <m<125 50 < m <1000 500 < m <1000
Hedvy 125 < m <300 125 < m <300 125 < m <35 000 T 000.<|n <3 000
Suger heavy 300 < m <500 300 < m <500 300 < m <5000 3000<|m <5000

a

b
and

The load capacities for arms in the horizontal position are derived from the strength of the drive mechanisins.

The additional load capacities in the vertical position are optional; they should be defined according to the operationa
are achieved by appropriate design of the pivots, hoists and transporter mechanism.

The load capacities of the shoulder hooks are based on the capacities of the hoist and transportenmechanism.

requirements

In 4
vert
on 4

The
com

b) |manipulators intended for exchange of.process components, having a double-grip hook in
articulated arm at the lower end of the vertical telescope;
c) |remotely operated cranes, derived-fftom power manipulator transporters, having no vertical tele

ddition to the preferred transporters for hot cells which consist of‘a movable bridge, a car
cal telescope (see Figure 1), there are transporters with different, designs in use, e.g. movable
sidewall with a boom, movable portals, swivelling stands and<®ther special designs.

re are also simplified manipulators for special purposes which are derived from power manipul
mon simplified manipulators are the following:

drum manipulators designed to transport and to, stack radioactive waste drums, having a 13
that can be tilted [see Figure 2b)] instead of anzarticulated arm;

fiage and a
b mountings

ators. Three

rge gripper

stead of an

scope.
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a) A

Key

A ON -

shouldd
articulat
grip hog
shouldd

ower manipulator with a grip hook b) Drum manipulator

5
6
7

I pivot multiple telescope with hoist
ed arm
k

r hook

gripper for drums
waste drum

Figure 2 — Power manipulators — Examples

6.2 Matdrials

Since poweg

important {

materials d

compatibilit

designed to
significantly

the deterge

If different
measures.

bearing sea

field, so as

r manipulators are generally large, heavy units oflequipment that are difficult to access safely,
b minimize the frequency of intervention fofZtheir maintenance and repair. Accordingly,
f component parts with exposed surfaces shall be protected against corrosion, ensu
y with their function; corrosion can bexpromoted by ionizing radiation. All surfaces shal
facilitate a high standard of decontamination. The decontamination processes envisaged shal
degrade the functionality of the components, even when used repeatedly (e.g. the compatibili
nt type with the material of construction).

materials are bonded to ©he another, any contact corrosion shall be prevented by suit
n certain cases, organic fmaterials have to be used for specific applications (e.g. cable installat
Is, lubricants). In this(case, the material selected shall take into account the predicted radis
o avoid significant degradation between normal maintenance intervals.

6.3 Surface treatment

Aluminium

decontamin
mechanical
appropriate

blloys shall’be anodized. Steels that are not rust-resistant shall be painted in a manner to facil
ation t(typically one coat of primer and two top coats), and if the surfaces are subjecte
stress, they shall be suitably plated (e.g. in hard chrome). Stainless steels shall be subjected t
surface treatment, e.g. they shall be pickled and passivated. Depending on the environm

it is
the
ring

be
not
y of

able
ons,
tion

tate
d to
D an
ntal

conditions, other surface treatments may be applied (e.g. painting or galvanization of carbon steel surfaces).
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6.4.

ISO 17874

Design features

1 Main features

-4:2006(E)

The mechanical arms of power manipulators have four to eight motions including one to three pivots. A highly
movable arm (eight motions including three pivots), as compared to the preferred design (five motions
including two pivots), meets the requirements of 1ISO 17874-1:2005, Clause 6, concerning remote handling
devices for multiple purposes (see Figures 3 and 4). In most cases, the arms have five to seven motions.

Eac

6.4.

As
diffe

a)

In th
and
the
arm

Med
to §
des

b)

In t
mar

The]
des

fronp the drive units to the arm links. “Fhe pivots of these mechanical arms can perform unlimitg

bec
This
mot}
Figu

Med
cap

Thig

NOT

h motion is provided with one motor.

> Pest

ar as the arrangement of the drives for the pivots is concerned, there are three diffetent d
rent properties, as described in a) to c), below.

Distributed drives
is design, all of the drives are located adjacent to the point of application which facilitates mog
a rapid dismantling capability of the components of the arm. For example, the elbow motor
Lpper arm and directly drives the elbow pivot. If the arrangement of the-Wrist assembly, forearn
is staggered, continuous rotation of the pivots is allowed (see Figures 5 and 6).
hanical arms with distributed drives, dependant on the model, have a wide range of load cap
00 kg, generally 50 kg to 200 kg). The mechanical arms_are between 0,45 m and 3,0m lo
gns 0,9 mto 1,7 m.

Drives in a central housing

ipulators. These designs are especially suitable for use with computer-controlled systems (see

gn makes the arm slender. Concentric hollow shafts are used for transmission of movements

huse of the staggered arrangement of the wrist, forearm and upper arm [see Figure 7b)].
design of mechanical arm has generally seven motions (three positioning motions, three

ons and one gripping ‘motion), according to the requirements of Clause 5 in 1ISO 17874-1

re 8).

heity (25 kgio:240 kg). The mechanical arms are between 1,0 m and 5,0 m long.

mechanical arm can also be installed in a through-wall or through-roof tube configuration.

E Assemblies consisting of multiple computer-controlled mechanical arms can also be used f

esigns with

ular design
s placed in
h and upper

acity (30 kg
ng, in most

nis design, all drives are located in a centralghousing, similar to slave arms of electrical master-slave

7.6).

drive units shall be located above the:-shoulder pivot in a central drive housing [see Figurg 7 a)]. This

hnd torques
d rotations,

orientation
:2004 (see

hanical arms~with drives in a central housing, dependant on the model, have a wide rapge of load

or combined

ope

ations, e.g. two mechaniCal arms or design ©.4.2 D), wWhich provides Increased dexterity, or a combinatio

of two arms

[one of design 6.4.2 b) and one of design 6.4.2 a)], which provides, when associated, increased dexterity and load
capacity.
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Key
Components
Mechanical arm:

tongs

wrist assembly
wrist pivot
forearm

elbow pivot
upper arm
shouldér pivot
shouldgr housing

0 N b WN -

Transporter

9  multiplg telescope with hoist
10 movable bridge
11 carriage

Motions

12  bridge fravel (X)

13 carriagp travel (Y)

14 lifting/lowering (2)

15 arm rofation

16 inclinatjon of upper arm

17 inclinatjon of forearm

18 inclinatjon of tongs

19 swivelling of tongs

20 extractfon / retraction of tongs
21 rotation of tongs

22 gripping
NOTE The preferred design has no motions 18;197and 20 (see Figure 9).

Figure B — Power manipulator with synergistic drives and a highly movable arm for hot cells —
Subdssemblies and motion possibilities

Figure 4 — Power manipulator with synergistic drives and a high movable arm — Kinematic diagram

8 © I1SO 2006 — All rights reserved
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Key
Components

Mechanical arm:

1 tongs

2 wrist assembly

3 forearm 8 < 9

4 upperarm ‘~ -7
5  shoulder housing ol W D

Transporter: \»/‘\

©

6 | multiple telescope with hoist 7 .. [©

7 | movable bridge =

8 | carriage 6 A/i
Mdtions 11 10
9 | carriage travel (Y) =)

10| bridge travel (X) g Eg'? 17 12

11| arm rotation (by telescope rotation) I ‘

12| lifting/lowering (2) L 5 13

13| inclination of upper arm 3 Q}

14| inclination of forearm 2 ((f. 14

15] inclination of tongs 1 _. 15

16| extraction and retraction of tongs ,‘ 16

17| rotation of tongs / ‘ 18 17

18| gripping ~<

NOTE The mechanical arm of this example has seven*motions.

Figure 5 — Power manipulator with distributed drives and three pivots for hot cells|—
Subassemblies and motion possibilities

%& :

s
o
Zag\q)y,l/a

<

Figure 6 — Power manipulator with distributed drives and three pivots — Kinematic diagram
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c) Mixed

arrangement of drives with some synergistic features

This design option consists of a combination of distributed drives and drives located in a central housing. In
other terms, mixed arrangement means that the drives units for the pivots are designed in such a manner that
they share the total torque. The other drive units conform to the design in 6.4.2 a).

In this configuration, the drives of the elbow pivot and/or of the wrist pivot are placed above the shoulder pivot.
The necessary transmission elements are located in the upper arm end forearm. The remaining drives are

located in a

distributed manner.

Typically, roller-chains are used for the elbow and wrist pivots, arranged such that the forearm and the wrist

assembly v
correspond
of adjustme
near the h
backwards,
reduces thg

Mechanical

to 500 kg,
designs 1

6.4.3 Hol

The housin

ill retain their orientation in space as the upper arm is moved (see Figures 3, 9 and 10).
5 to the synergistic movement of the human arm, with which operators are familiar. If small*an
nt are made at the shoulder pivot, with the upper arm near the vertical position and the-fore
prizontal position, then the end-effector and wrist can be moved approximately\forward
with a simple translation motion. This arrangement, by distributing the total torqueito’be produ
total drive power required and permits the use of the same type of drive unit for,each pivot.

arms with synergistic drives, dependant on the model, have a wide range of load capacity (2

enerally 50 kg to 200 kg). The mechanical arms are between 0,7 m and-5,8 m long and in 1
to2m.

sings

Js can be made of aluminium or carbon steel (appropriately painted) or stainless steel, and

seals, dep
telescope

For electricplly driven tools an electrical socket shall be previded; this should be mounted on an approp
position on the arm, e.g. at the wrist assembly near the tong. Connection devices shall be designed for ren

operation.

The carria
cable or ch

Another de
units, whic
telescope,

flask and tr{?nsfer system in the eeiling.

Housings, t

6.4.4 Mai

Power man

nding on the operational requirements. An option is<t0 use gaiters over the pivots and
the transporter, if necessary with a small positive pressure if the leakage is acceptable.

of a transporter shall be equipped. with housing for some of the drive units and a drum for
in of the hoist.

5ign option allows the carriagé:to be split into two components, a chassis and housing for the ¢

can be disconnected and_reconnected remotely. In this design, the mechanical arm and
gether with all the drives;“can be removed from the hot cell and replaced quickly using a suit

blescopes, anddmechanical arms can be sealed for underwater applications.

htenance

pulators shall be easy to maintain; this applies in particular to bearings, couplings and gears.
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and

electric cables shall be easy to replace. Subassemblies of the same nominal type shall be interchangeable.
Similarly, it should be possible to interchange elementary component. If the equipment available in the hot
cells does not offer any alternative recovery option, then suitable devices shall be provided for the adjustment
or shifting of the movable components concerned in the event of failure any of the drives.

10
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Additional recommendations are addressed to the following particular components:

a) housings: special attention shall be taken in designing of housings in order to obviate the retention of
contamination during operation and maintenance phases;

b) electrical motors: when they are protected from contamination by pressurized air, care shall be taken to
add special remote handling filter;

c) electrical cables: their friction properties shall guarantee a low sliding effort within cable carrier chains.

6.4.5 _Safety

Regarding cable drives, at least 1,5 turns shall remain wound on the cable drum whencthe telescope is

conpletely extended. Chains used as a means of suspension shall be stressed only to 6ne qudrter of their

breaking load. Suitable devices shall be provided to prevent cables from running off \the cabl

pulleys or

chal|ns running off the sprocket wheels. Screwed connections shall be secured*against spontaneous
slagkening.
Intefmittent welds and spot welds shall be avoided in the travelling rails and,the components of the power

mal

ipulator. All welds should avoid poor alignment of the edges, should bée-fiee of cracks and oth

orde¢r to maximize safety.

We
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The
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trav
brid
carf

Ovs
clut

Fail
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faill

ds that are exposed to contamination in service shall be of/such a nature that the quality
nce corresponds to the quality of the adjacent surfaces.

deflection of the transporter at the nominal load shall be-suitably matched to the operating ¢
case of movable bridges with a span-to-wheel axes distance ratio exceeding approxim
blling wheels at both ends of the span should be"driven in a manner that prevents misalign
be. Energy absorbing buffers shall be providedito limit the travelling motions of the bridge
age.

rload protection shall be provided for the mechanical components of the kinematic systems (
Ch, overload cut-out device, current limitation).

ire-recovery strategies shall be elaborated in the overall design for those failures identified i
lysis and operational requirements of the plant as being of significant hazard and/or risk. |
matic breaking or self-locking gear trains should be considered for all the motions to accommgd
res.

At Igast one creeping/speed shall be provided for each movable bridge and carriage when the nom

are
ine

xcess of 3 m/min. The lifting and lowering speeds of the hoisting unit shall not deviate by more

from the rated.speeds at the nominal load. At the articulated joints, the lowering speed at the n

sha
with
preg

I not exceed the lifting speed by more than 40 %. With power manipulators that can exert a gr
the, parallel jaw tong in excess of 100 daN at half opening width, provision for force indicat
election is necessary. The gripping surfaces shall be grooved to assist the holding of objects.

r defects in

of the weld

nditions. In
tely 3, the
ment of the
and of the

2.g. slipping

n the safety
h particular,
date power

inal speeds

in excess of 5 m/min. A creeping speed is also necessary for the hoisting unit when the nominal speed is

e than 20 %
pminal load
pping force
on or force

Power manipulators have the capability to inflict damage on other equipment in the cell, which is located in
areas with limited viewing possibilities. In the case of specific requirements, it shall be possible to prevent
potential damage either by physical limitations of the work envelope (e.g. by limit switches) or by programming
areas by means of the control system to be inaccessible areas.
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Key

Components

Mechanical prm:

1 tong

2 wrist

3 forearrl

4  upper grm

5 mast

6  centrallhousing with drives
Transporter

7  multipl¢ telescope with hoist
8  movable bridge

9  carriage

Motions

10 bridge fravel (X)

11 carriagp travel (Y)

12 lifting/lowering (2)

13 arm rofation

14 inclinatjon of upper arm
15 inclinafjon of forearm
16 rotation of forearm

17 inclinafjon of tongs

18 rotation of tongs

19 gripping

b) Detail showing possibility of unlimited joint rotations

Figure 7 — Power manipulator with drives in a central housing and with a bridge transporter —

12

Subassemblies and movement possibilities
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6.5

Con

fronp manufacturers catalogues. However, special nuclear-safety applications can require the mo

sSuc

Suc

reqirements of 1ISO 11933-5. Where specifically nuclear demands need to be met (e.g. resista

leve

nud
invd

NOT
6.6
Ton

artiq
Figu

R

Electrical equipment
hponents used in the transmission of electrical energy, to, from or within a hot cell, are genef
N “off-the-shelf” products.

h components may be considered suitable for most applications, but only provided they com
Is of radiation or specific leak tightness), the materials and components shall be specially
learized”. The components used-for-special applications related to nuclear safety, or sug

Iving remote handling, shall be developed as needed.

E Specific aspects of electrical equipment are described in Annex A.

Dimensions of tongs with parallel jaws (standard tongs)

ulated arm inrthie horizontal position. Currently, tongs are manufactured to the designs i

fro

NOTE The dimensions of the tongs for small power manipulators are not standardized, as there are a

res 11 a) and-11 b). Design 11 a) shall be used for load capacities, m, such that 50 kg < m <
300 kg-<vim < 500 kg. Design 11 b) shall be used for load capacities from 200 kg < m < 300 k¢

Figure 8 — Power manipulator with drives in a central housing — Kinematic diagram

ally chosen
dification of

ply with the
nce to high
adapted or
h as those

gs with parallel jaws shall be dimensioned according to Table 2, corresponding to the load capacity of the

lustrated in
200 kg and

).

arge number

Of Spcu;a: CAPP:;UCAt;UI ST
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Key L - T
Components 3 . 9 10
Mechanical arm: " . R 1
1 tong S B — .
2  forearm S
3  elbow pivot o 5 EHT ",’
4 upperarm L 8 !
5  shoulder hook |
6  shoulder pivot ki |
T
Transporter: 6 ' >\
p c < | 12
7  multiplg telescope with hoist |
8  movablg bridge IA ™ |
9 carriagg
3 | }\ 3
Motions yJ |
10 carriagg travel (Y) :
11 bridge fravel (X) |
12 arm rotgtion (by telescope rotation)
13 lifting/Idwering (2) 14
14 inclinatjon of upper arm
15 inclination of forearm
16 rotation of tong
17 gripping 17 16 15
NOTE The preferred design is often operated by means of two joysticks.
Figure 9 — Power manipulator with synergistic drives —
Subassemblies and motion possibilities and preferred design for hot cells
4
Pig y X
a
) o
/N8
Figure 10 — Power manipulator with synergistic drives —
Kinematic diagram of preferred design for hot cells
14 © 1SO 2006 — All rights reserved
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Dimensions in millimetres

B 322 _
B 308 _
A ‘
I A
A-A
90°  w| 8 5 <
y Q v
o Y
o~N
A
R \
A
A I II' ‘II |
i ’
o |.n_
x|
i ’
Y I o) I
Y
a) Tongs for load eapacities, m, such that 50 kg < m <200 kg and 300 kg < m <500 kg
A
_6
A /
A &
1 T § = Y
_ Y LN Y
£ o t
¢ - ev = A
[
Y < e 4
Y . h
- < >
Y
b) Tongs for load capacities, m, such that 200 kg < m < 300 kg
Key
1 jaws

Figure 11 — Tongs with parallel jaws for power manipulators
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Table 2 — Typical tong dimensions

Dimensions in millimetres

Load call(gacity, m Jab by by I, A byC hy© hy © (b
50 < m <200 150 24,8 — 90 — 84 240 158 104
200 < m <300 200 35 20 100 85 125 360 195 160
300 < m <500 300 46 — 100 — 125 500 290 220

NOTE 1  Material of the tongs: stainless steel.

NOTE 2 Ggneral tolerances of dimensions: in accordance with class ¢ of ISO 2768-1:1989.

@  The tongs shall be able to be closed until d = 0.

b Minimun] dimensions.

¢ Maximurh dimensions.

6.7 Dimensions of grip hooks

Grip hooks |(see Figure 12) are to be dimensioned according to Table 3, cofresponding to the load capacity of
the telescopic hoist (see Table 1).

\
T

A N

o

Figure 12 — Grip hook for power manipulators
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Dimensions in millimetres

Load capacity, m p b c d . ’ g i ; /
kg ’
m < 1000 50 13 12,7 79 40 32 60 92 100 205
m < 3 000 50 20 16 68 46 35 63 111 114 180

NOF

NOTE 1  Material of the grip hook: stainless steel.

FE-2—Generat-toterancesof dimenstons—imaccordance-withctasscofHSO-2768-+4989—

6.8| Dimensions of shoulder hooks

Shaulder hooks (see Figure 13) are to be dimensioned according to Table 4, corresponding fto the load
capgcity of the telescopic hoist (see Table 1).

A

¥

Figure 13 — Shoulder hook

© I1SO 2006 — All rights reserved
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Table 4 — Typical shoulder hook dimensions

Dimensions in millimetres

Load capacity, m p b c d e f g h ;
kg
m < 1000 R7 10 50 25 R5 22 8 50 <30
m < 3 000 R9 12 60 30 R5 26 9 60 <40
m < 4 000 R9 15,5 65,5 20 R5 20 23 80 <35
m <5000 R11 14 70 35 R5 30 10 70 < §0

NOTE 1  Material of the grip hook: stainless steel.

NOTE 2 Gg¢neral tolerances of dimensions: in accordance with class c of ISO 2768:1989.

7 Operating devices and control systems

7.1 Geng¢ral

The following types of operating elements are used:

— push-bpttons (each for one speed of one motion direction);

— operatipg elements for movement (each for one individual mation);
— joysticKs (for two to four motions each);

— six mofion-operating devices;

— compujer-based systems.

All operating devices shall be equipped with features requiring positive operator actions to maintain motiors of
the manipulator. For example, push buttons should be equipped with a spring in order to stop the motion if the

operator releases the push-button.

Specific prdvisions for each category are detailed in 7.2 to 7.6.

7.2 Push-buttons

Push-buttons are us€d)in conjunction with controls which make it possible to execute the manipulator motjons
in one or miore spéed steps. For this purpose, one or more push-buttons, depending on the number of sgeed
steps, shall|be pravided for each of the two directions of a motion.

18 © ISO 2006 — All rights reserved
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Operating elements for one motion

With some models, operating elements for one individual motion can be actuated in both directions. The
speed shall increase continuously with deviation from the “off” position. Three different variants are in use.

a)

b)

Elements with a rotary actuation are used for all kinds of motions.

Pure rotation motions (arm and tong rotation) are operated by elements with rotary actuation and for all
other motions (translation motions, pivots, swivelling of tong and gripping) elements with linear actuation

are used.

7.4

A reg
ofte
righ
swif
joys
It is
wat

7.5

Ops
mair
maq
corr
Suc
tran

Joy
are

Often two elements with a rotary actuation are used per motion, one for both directions of thg
and the other one for the force variation. They are arranged on the operating console within
figure of the manipulator.

Joysticks

duction in the number of operation elements can be achieved by the use of joysticks. Two j
h used for operating power manipulators of the preferred design (eight(motions, see Figure
joystick, the four motions of the arm are operated with gripping covéred by an additional th
ch. The three motions of the transporter are operated by means ‘of the left joystick. The ¢
tick actuation shall coincide with the directions of the manipulator metions starting from the bag
then possible, after a very short training period, to operate the,'manipulator with the two joys
Ching only through a shielding window without looking at the control box.

Six-motion operating devices

rating devices for the six motions of a mechanical arm and gripping allow the operation
ipulator with only one hand or one hand and@he arm, respectively. The actuation of the ma
e by different features depending on the type‘of the operating device. With devices operated I
esponding to the Cartesian coordinate system, generally three forces and three torques must
h devices usually have the form of a“sphere or a handle. With a variant in handle design,

arms are operated by one hand and the arm. The six motions of a mechanical arm that can
divided into two groups (oriéntation and positioning motions). A switch is used for gripping.

slation motions and three torques must’be applied. Gripping is actuated by an additional switch.

movement
h schematic

bysticks are
b). With the
ree position
irections of
ic positions.
sticks, while

of a power
nipulator is
y one hand
be applied.
three small

e executed

With operating devices far 'six motions, the forces, torques or deflections applied on the operafing devices

sha
sim

7.6

Con
a p

| be executed very“precisely to avoid drifting of other motions when these are not intend
ltaneously.

Computer-controlled systems

nputer-controlled systems are capable of providing all types of controls described in 7.2 to 7.6.
rogrammable automatic point-to-point control can be made available for operations whig

repeated. The primary control mode is speed-control, remotely operated.

ed to move

In addition,
h must be

Computer control can provide a relatively simple interface, allowing the operator to carry out movements in
any direction, while the computer coordinates the six rotation and pivot motions of the arm automatically to
achieve the desired effect. For example, translation motions in the directions of the coordinate axes (x, y and
z) can be performed while the tong remains in its orientation in space. Another example is to provide rotation
motions around coordinate axes (x, y and z) centred at the tong. For these features, an appropriate number of
position transducers shall be installed in the mechanical arm.

Six-motion operating devices operated with one hand or one arm (see 7.5) are advantageous. It shall be
possible to limit the gripping force and the torques of all other motions by current-limiting.

Also, single switches for one motion each, touch-screen or a PC with keyboard are used.
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Speed may

A PCis gen

be selected in an appropriate range according to the operational requirements.

erally used for programming.

8 Manipulator vehicles

A special transporter category for power manipulators is that of vehicles which can be moved independently
on the ground. Manipulator vehicles are used for interventions if radioactive sources must be handled or in
radioactive contaminated areas or after accidents with radioactive material or in nuclear plants. Manipulator

vehicles ar

also used for decommissionina operations-in nuclear facilities
~J Lad

Small, med

a) Manipu
0,6mt
some t
control
typicall

For safe manipulation and manoeuvring, a vehicle should have at least four TV cameras, one each
head, on the gripper, on the body for travelling forward and on the bady for travelling backwards.

pan-tilt

It is de

TV camera system with zoom-lenses on the pan-tilt head is advantageous.

b) Mediun
have tV
with arj
Drive 3
class o

c) Typica
power

The control

9 Spec

um-sized and large manipulator vehicles shall be distinguished as follows.

lator vehicles of small sizes generally have the following dimensions: length: 0,9 m tot,3 m, w
b 1,0 m. They can pass through door apertures in buildings. Mostly, they have two tracks, althg
ypes have four tracks with a geometric variable chassis to enhance the mobilityThey are remd
ed either by cable or via radio with storage batteries on board. The poewer manipulator
y has a load capacity of 20 kg to 100 kg. Observation is made by TV (see Figure 14).

Sirable to allow the sides of the vehicle to be viewed as wellk For that purpose, the use of a st

h-sized manipulator vehicles have dimensions similat’to those of a small passenger car. T
vo tracks and are remotely controlled via radio. They are equipped either with storage batterie
engine and generator. The power manipulator-arm generally has a load capacity up to 25(
nd work observation are achieved by means*of a number of TV camera views, as for the s
f such vehicles.

ly, manipulator vehicles of large sizes\are equipped with a manned shielded cabin and one or
manipulator arms.

system is similar to that of a<power manipulator in a hot cell.

al tongs and tools

Large-size
described i

a) end-effectors interchangeable with the standard tong, such as

— spg¢cial tongs: 90° angle tong, pipe tong, double pipe tong, combination pliers, tong for ints

power manipulators can be fitted with a number of special tongs and tools, such as tH
a) and b) below:

dth:
ugh
tely
arm

bn a

[

ereo

hey
S or

kg.
mall

two

ose

Brior

Su

rface gripping,

— tools adapter for socket wrenches,

— tools which are operated by gripping drive: shears, pincers, side cutting pliers, cutting hook, and

— electric tools: impact wrench, 90° angle impact wrench, driling machine, bow saw, disk saw,

pa

20

rting-off grinder, hammer, cutting hook, shears, nibbler.
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b) tools adapted for gripping by the standard tong, such as
— electric tools-impact wrench, disk saw, parting-off grinder, mechanical shears,
— hydraulic shears, and
— for treatment of concrete, pneumatic chipping hammer, percussion drill, hydraulic split off device.

NOTE Other tools can also be adapted, if they meet certain conditions imposed by the manipulator model used,
especially the limits of weight and reaction forces and torques.

Key

mechanicalarm (power manipulator with 6 motions)
vehicle

TV-camera

SWIvelling unit

task spot-light

microphone

driving light

cable for signals and power

o NOoO ks WN -

Figure 14 — Manipulator vehicle of small sizes — Example with variable chassis geometry
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