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PREFACE

This Standlard was prepared by the Standards Austyalia Commitles SFA1 on Genergl
Principles for the Safeguarding of Machinery as a revision of AS 4024.1(Ing—1902,
Sufeguarding of machinery, Past 1t General principles.

During the preparation of this Slandard the Comunitice retained the concepts provided in
BS 5304, Code of practice for safety of miachinery mxdl considered a pumber of documents
cmanating from the Internationat Stardards Crgastization Commitice on Safety of Machinery,

It is intended that this Standavd eontain the general underlying prineiples for the safery of
machine systems in general. whilst leaving requiremients unigue to 8 partisular type of
waching in & Standard covering the guarding of hat class of maching. Therefore, within the
Standard, emphasis has been placed en the principles of risk control selative to the hazards
assoclated with maching sysiains in general, without regard 1o 3 specific type. In this way,
it is hoped that eagincers, designers and other personsd who may be requited to design, build,
or evaiuate the sffectiveness of muching safely systemnss, will be able to apply the principles
to many applications not specificully included herein. Particular ¢imphasis hag been placed
on the selection of appropriste safeguarding methods.

The conlent of the Standard js presented in a logical sequence, starting with the basic
principles to be foflowed and leading to bazard recognilion and risk assessment,

The Sections dealing with the sclection of risk conirel measures, machine and control system
design and sufegunrding introduce a hicrarchy of guerding, whiek become ingreasingly
strifigent as the perceived risk increascs.

Al phases of machine life are congidered and sections denting with installation and
maintenatice are included because during these phases, the risk of injury is frequently higher
than that experienced during normal production phases. The importance of safe working
praclices ag pact of (he overnll machine system is emphasized.

The Standurd applies ergonemic principles to machinery and workplace design, with the
intended result that this will lead 1o improved safety awd operadonal efficicny,

Developments are constantly being introdueed and experience being gained, This not only
serves (o counter the dangers associated with new ieelnologics and mannfaeturing methods
but also to improve the safety of traditionsl types of machinery, Users of this Standard should
thersfare make themselves aware of any new codes of practice which may be publisled from
time to time and any other relevam new developments,

The lerms ‘hormative’ and 'infonuatve’ have been used in this Blandard 1o define the
application of the appendix o which they apply. A ‘normative’ appendix is an integral part
of o Standard, whereas an ‘informative’ appendix is only for information uad guidinee.
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7 AS 02T - 1090

STANDARLRS AUSTRALIA

Australian Standard
$afeguarding of machinery

Part 1: General principles

SECTION | SCOPE AND GENERAL

L1 SCOPE This Sunderd identifies the hazerds and risks arvising from (e use of
industrind machinery and deseribes methods for the elimination or migimization of these
buzards and risks, as well as the solfeguarding of machinery md the uge of safe working
practices. The Standard deseribes and illusiraics & mamber of safety principles and provides
guidelines by which it is possible {o assess which measure or methods it is practicable to
adept in panicelsr cireumstances, Although reference 5 made to specific types of machine,
specific recommendations are wot given for cvery type of machine or application.

Reference is made Lo nonamechanical hazards but these ace nof covered in detail,

12 OBRIECTIVE  The ohjective of this Standard i3 10 enable designers, anofaslurers,
suppliers, employers and users of machinery o minimize the risks to henlth ané safety of
cmployees and others working with or otherwise near machinery,

L3 APPLICATION  This Standard is intended for those who design. manufacture, supply,
nstall, wse, maintain or modily machinery, msshinery guarding or safety devices.

The Standzrd s alse intended to be used by those concerned whb information, instruction and
Iraining in safe working practices, and identifies the existence of Standards for a number of
particdar clagses of machine.

Alternative methods of providing safety to tiose given may be used provided that the fevet
of safety offered by the ahernstive is s feast equivalent 1o tha provided by the methods
given in (bis Standard.

Some reguiatory anlborities have specific requireisents relating w e furms that guarding
may take and to the order in which gearding lechniques may be considered. Users of this
Standard ghould therefore make themselves aware of any specific requirements ip the
jurlsdiction where the machinery will be uged,

This Standard may still be wsed in these jurisdictions w idemify the most appropriate level
ol system iategrity required, and to provide guidanes in other aspects of machine system
safety,

Ed REFERENCED AND RELATED DOCUMENTS The following decuments are
refarred o in this S rmdard:

AS
121g Pawer presses— Safety requirements

1318 Use of colour for the marking of physienl hazards and the identifiention of certain
equiptent in industry

1319 Safety sipns for e ocoupational environment

1345 Identification of the centents of piping conduits apd Juets

Documents

CORYRIGHT Document Sharing Hub

Full document details: AS 4024.1-1996 scan


http://www.avadocuments.com/doc/as-4024-1-1996-scan
http://www.avadocuments.com/doc/as-4024-1-1996-scan

AS ADZAT o 1026 $
AS
1543 Elecirical equipment of industrial machines

1657 Fixed platforms, wulkways, staivwzys and ladders— Design, construction  and
inglallation

1680 Interior lighting
1680.1 Part 1: Gencral prineiples and recommendations

1893 Code of practice for the guarding and salc vse of metal and paper cutting guillotines
2671 Fluiil power——Hydraulic systems and components

2788 Elyid power— Pocumatic systems and components

2865 Safe working in a cenfined spuce

3000 Eleetrical Installations— Buildings, sttuctures and premises (known as SAA Wiring

Rules)
ASINZS
1337 Bye prolectors for industrinl applications
TRG
617 Grapbicul symbels for disgrims

G17-7  Part’: Switchgear, centrolgenr and protective devices

Worksafe Austealin
Exposure staudards for atmospherie contaminants in the eccupational environment

Relnfed ducuments  Atiention is drawn to the follewing related docunzents:

SAA HB
9 Oceupational personal protection
59 Ergonontics—The human fnctor—A Practical approsch to wark systems design.

1.5 DEFINITIONS For the pusposc of this Standard, the definitions below apply.

1.5.1 Administrative controls—that part of a risk-minimization system which ulilizes
pracedures (including pesmits to wark, process or werk instructions and safe work practices)
and other shimilar means to protect persons working in close proximity Lo or with mnchinery
wha would otherwise he sxposed to risk.

1.5.2 Condrol device—s means by which commands or iustrictions are initiated {rom, or
cotumunicated belween an operator ard a maching, or between clements of & machine 10
crsure it an sppropriate and intended culcome to 8 specific circunistance eventuates,

1.53  Conirol system—a structured group of control devices for the purpose of effectively
managing the operalion of machinery, including safety funetions.

NOTE: There may be multiple control systems within speci fic mochinery, each of which has control
aver diserete Gmetionsl blocks. The control systems in these machives operate in an ittegraled
fashion Providing overall operational mahegemest of the machine fimctions, inchiding safegoarding,

1.5.4 Danger-—3a state or condition in which personal fnjury s reasonably foreseeable,

1.55 Danger zone-—any zone within or arosnd machinery in which any person fs subject
1o & risk to health or sufety.

1.5.6 Dresigner—a person who designs plant for use in a workplace, or plant intended to
be used in a workplace, or is responsible for the design.

1.5.7 Exposed person——means any person whelly or partipliy in a danger zone.
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L5338  Failure to danger-—any filure of the machinery, its associated saleguards, control
clrenils or its power supply that leaves the mmachinery in an unsafe eondition,

1.5.%  Failure to safety—mny failure of the machinery, ils associnted ssfeguards, consrol
circuits or #ts power supply that feaves the machinery in a safe condition.

LA Guard--a physieal barrier that prevems or reduces access to o danger point or ares.
LEIL Hagarde—a source of potentially dariaging energy or & situation that may pive rise
to personil tnjury or disease.

L5142 Integrity—the ability of devices, systems and procedures 1o perform (heir function
without failure or defeat.

LAI3  Interlocl~a safery device that connecls a guard or maching element with the
control syslem or the power systein of the machinery.

1514 Lifting aitachments-—cquipment which helps to make up or use o lifting device,
sueh ag eyehooks, shackles, rinps and eyebals,

L5158 Muchinery-—an assembly of Hoked parts or components, al least one of whigh
moves with the approptiate setnators, centrel and power circuits joined wgether for a spectfic
application in processing, reasiment, moving or packaging of materisls, This mcludes an
assembly of matlines, which in order 1o schizve the same end, are sranged and eonirolied
s¢ that they Tunetion as an integral unil,

1536 Minimite—10 reduce (o the lowest practicable lovel,

1517 Negutive mode—with clectrical contacts normally open.

1518  Operater —ihe person or persons given the ek of instafling, opesating, adjusting,

maintaining, cleaning, repairing or transporticg machinery.

1519 Positive maede-—with electrieal contacts normally elosed,

LA Practicabie —practicable having regard to—

(1) e severity of the hazard or risk in question;

() the state of knowledge about 1hat hazard or risk and uny ways of removing or
wtgating that lazard or risk;

fe)  the avadlability amd suitability of ways o vemove or mitigate that havarg or risks and

G the cost of removing o miigating Ut lszacd or risk,

1521 Risk—1the combination of the probability and the degree of possible injury or
damage 0 health arising from exposure to any danger zone,

1522 Safe working practiee-—u system ol working that minimizes the risk of injury.
1523 Safeguard--—a guard or safety deviee designed 1o protett persons from danger,

1524 Safety device=—u device Including presence-sensing devices, other than a guard. that
eliminates ar reduces danger.

L5215 Scotely blovk-—a rigid bar or block which moves fnta the space between two
muehine eloments to prevent their closure,

1526 Shall—imlicaics that a statement is mandatory.

1.8.27  Shouid-——indicates o reconsmendation,
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SECTION 2 GENBRAL GUIDANCE

2.1 PRINCIPLES OFf MACHINE SAFETY The basic principles for reduelng risk nre
as fallovws:

(0} ldentification of &l hazards,

(b)  Assessment of the risks.

(c)  Elimination ot minimization of hazards by design features,
() Fliminatien or minimization of risks by design featurcs,
(¢} Use of salemuards.

(f}  Use of adwinistrative conirols, ¢.g, safe working practices.

The intezactien of peopic with a machive in all aspects of it use shall be carefully
considered. ‘Fhe interfaces belween people and machines shall be designed with full
congideration of crgonemic fuctors,

Where the ereation of ahazard during the design stage cannot be avoided, redueing the seale
of injury that cas be caused shall be eonsidered, o.p. by redueing speeds or forces.

22 EXISTING MACHINERY Where existing machingry has been designed without
taking hazards inta considerntion, every attempt shalf be made to identify and climinate those
Dazards. Where # hazasd cannot be eliminated or svoided, other meassures for minimizing the
risk of injury shall be sought, These meusures loclude redueing the scale of Injury, providing
saleguards and safe working practices.

Unless 5 danger point of arca is safe by virtae of its position, the machinery shall be provided
with appropriste safeguarding which minimizes danger as fur s is reasenably practicable.

23 SELECTION OF RISK CONTROL METHODS  Certain risk control metheds are
more reliable than others. The erder of prierity is determined by reliability and thercfore
safeguards shali be considercd before safe working practices, 1t may not slways be possible
to use the more cffective types of safely messures because they are either not practicable or
are 1ot suilzble for the partieular application,

24 THASES OF MACHINE LIFE  in considering measures for all the hazards during
cach relevant phase of machine life, risk assessment techniques will assist in choosing the
best possible combination of safety measures. (Sce Section 5.)

The designer and manufactucer or supplier shufl consider huzards associated with all phases
of machine lifs, whieh include

(a}  desipn;

(b}  construction;

{ey transpory

(¢) installation:

(e) commissioning:

(N opetation, ncluding starting up and shutting down;
{g} selting or process changeover,

M) cleaning:

(iy adiustment;
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G} maintenance inclading breskdown, planned and preventive maintenance; and

(k) decommissioning and disimantling.
NOTE: These may give rise to conflicting requiremens and priority should be given to these phases
which pive rise to the greatest risk. For exaniple, for manually operated machines on repetition
work, this is likely to be the operation plase; however, for fully sntomated or remote controlied
machinery, where thers is no access during speration, the maintensnce, tholelting and adhustment
phases may reguire grester emplisis.

2.5 CONSULTAYION When planaing sy protess which involves changes to or
relocation of existing machinery, or the provision of new muachinery, every effort should be
made at the design phase to consull with all personnel that will use or mainisin it

Desipners should, where il is practivable to do so, visit the site where the machinery will be
used 1o consult witls the personnel. The manmfoeturer should consull the designer when any
faults sre detecled or changes made atany phase in the life of the machine. (See Clagse 2.4.)

in this way, foresceuble safety related issues can be addressed a1 the outset, which will [ead
to o safer and more productive workplaee,

Guidunee in evaluating, assessing and selectiag the most appropriate design and operational
methods s given in his Standasd.
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SECT

FON 3 THE APPLICATION OF
ERGONO

MICS TO THE SAFE USE OF
MACHINE SYSTHEMS

31 GENERAL Since machinery will be used or maintained by people, humin fuctors, i
ergonemics, shall be incloded in the primary design ceiteria, Accidents with machines have
often been atizibuted to "unsafe acls’, when 2 more thorough study would have revealed o
design deficiency which did not allow for lypical foresecable human charueleristics or
selaviowr. Some general ergonomic prineiples which are relevant to the design of safe persen
maehing systems sre discussed in this Scetion. Guidunge may also be found in HB 59,

Machines will be used within gome work systems and o full crgonemic stedy should
encompass the whole system. Maching designers should consider as far as possible the
environments in which the maching is likely to be wsed, bearing in mind that it ;vnerg may
need 10 make modifications to adapt it to the system. Owners will alse have the conwol over
how the michine is used and maintaingd. A study of the system shall include not only the
person-maching imerface, but also the job design, including the way work is assigoed 1
peaple, any incentive systems, rest bresks, hours of work and shift rosters,

$ome human factors which can influcnce safety and which should be considered in the design
of the wark system are grouped inte the follewing arcas:

(a}  Amthropomerry  Ability of people te reuch, and the space they require.
(b)  Hhuman performance  Reaetion limet, movement speed and streogth,

(¢} Human error  Limitations of short-term memory, information handling capueity and
fatigue.

(&) Wrking  wrvirownent Lighting, nolsz, elimate, housckeeping, and ammosphesic
oINS,

3.2 ANTHROPOMETRY
331 Geoernb  Appligstions of anthropomelry 1o safety include the Following:

(1) Sclection of the misimum Deight above the floar of a hazard which has to be out of
reach (see Figure 3.1(2).

() Deesign of barricrs to prevent people from entering 5 dangerous area by reaching over,
arcund or through the barcier (see Figures 3.5(1) w0 (2)).

(c) Positioning of contrels relative 0 the eperstor's wark position so that they are wilhin
casy reach.

(d) Design of the warkplace and the weans of aceess 1o the workplaee so Uit there is
ample elentance for any person who may work in it,

Anthropometric dats sre available, bul designers should consider carefully whether sueh dat
are appropriate to the workforce concerned. The general prineiples in the use of such dota are
to place dangerons leatures out of reach of the 951h pereentile of the pepuluion, while aceess
should be designed Tor the Jarpest poople. Modifications 1o available data by actusl
measurements of the werkforee May need Lo be made and it is always desirable o carry ot
carefut trinls with (w actanl workforee.

3,2.2  Out of rench height The out-of-reach height given in Appendix A s 2500 mm, but
consideration should be given to the possibility of people standing on Hxed or movable
objcets. Fixed objsets can be fitted with steeply sloping top surfzees 0 prevent this.
However, it i better not 1o rely on “safety by position’, and to guard danggrous machinery
even i access to it would be difficull
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{) Reachlng up (&) Reaching over baedars

{d} Reachlag areund (2} Roaching through

FIGURE 3.1 WAYS OF REACHING INTO A DANGEROLS AREA

Barriers  Guideline valves for distunces o which people can reach over fised
barriers of varions beights are given in Appendix A, These values should be trenled as
guidelines und modifications cansidered for particular populations. in mosl eases, there is
litke penalty in exceeding (e guidetines.

Guidelines for barriers which prevemt reaching sround to bazards are alto given in
Appendix A,

324 Openings in guards  Openings are often provided in guards to allow materials 1o be
fed in to the machine, or 1o provide venlifation or visibility. The problem is {ustrated in
Figore 3.2,

Guidance for designers in the sclection of such {A, B) combinations is provided in
Appendix A,

32,8 Tosition of controls  Ceatrols should be within casy reach and thelr operstion well
within the strength capabilities of the aperaton, They should net force awkward postizres on
the operater. Some typical anthrepometrle date available to designers for the purpose of
comeel positioning are shown In Figuye 3.3
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NOTE: The size of opening A, is dictsted by Gw thickiess of materials to be fed in, It is then ancessary (o place
the guard at the distanee, B 10 guauge that there fs sume elearnce, € hetwoen the ¢losest paint la wlhiich some
part ol the bily con reach and the danger point.

FIGURE 3.2 MINIMUM CLEARANCES FOR DANGEROUS OFENINGS

3.2.6 Postare The workplace shouid enable the adoption of o posture which will not
produce unnceessary static musele loads. Static leadings may oceur where unaatural postures
wust be maintained, und induces rapid fatignz.

329 Space in the workplice The workplace showid provide o obstruction to the free
movement of the operator or force any constrsined posture on the operater. There should be
space becesth a beneh for the feet of @ standing operstor and space for the knees of a sitting
opertior. Where hand movement withitt o machine i hecessary, e.g. using a spanner to make
an adjustment, sufficient access and movement spage should be provided. Account should
also be laken of the cye height of operators so that obstructions to viewing the work are
avoided.

Hefore Nnnl manufacture and instaflation, it ray be pecessary Lo construet a weck-up of the
workplace Tor trisls and final adjustments, using peaple who ure representative of the operator
population.

The workplace should be designed 1o eliminate the need for operntors and others o witlk
backwards while performing a task,

3.3 HUMAN PERFORMANCE

3431 Genersl Human performance is somethimes underestimsted (e.g. the speed wilh
whith people can reach into dangerons areas) or over-gstimated, (.. the speed with which
people con react to a dangerous shwadon and press a stop button, or the speed a1 which
people can ke fn a llow of information).
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FIBURE 3.3 REAGH ENVELOPE FOR 85TH PERCENTILE PERSON

WHEN USING ONE HAND ONLY (FOR CONTROLS ONLY)

332 Reaction thues The simple reaction time, e.g. o p

2 4 bitton i response o a

visual stiults which is either off or an, averages about 0.2 5. Fhis time is grealy inercased
if o more complex decision is required before action &5 taken, or i 1 substanifal movement
of 4 Jimb is required us 2 response. For example, the reaction time to apply the brake of a car
in sn omergency B8 in s range of 0.8 ¢ 4o 0.75 4, but volues as high as 1.5 8 have heen
measured in people whie are tirgd, Alse, reactions w unexpecled stimuli are much slower than

to expected stinli.
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An uppropriste regction Hme, in conjunction with speed of hand movemuo snd meching
stopping time, shall be uged by designers to sstimate the extent 10 which a hand-operated
emcrgency sopping switch would provide protection to operators,

3,33 Movesend speed  Some safety devices need o be placed at s sertain distance from
the danger aren of the mackine to ensure that e machine would bave come 1o 4 step by the
time the hand reached the danger zene,

Renching speeds, or even walking spesds, also necd to be considered when 3 machine wakes
some tine to o dowo after it hag been wrned off.

334 Strength  The sirenglh of operators varfes widely among the population, aud it is
impertant to design any force requirements, c.i. operation of controls, raising of guards,
tifting of tooks or muterials, 10 be within the capscity of & low percemtile of the operator
poepulation, rather than using average population streogth, Most data available applics tomen,
but « firstapproximation for the streagth of women ntay be obiained by multiplying the mole
data by two-thirds. Where it is nceessary to continueusly open o guard manually,
conslderation should be given to the use of power-nssisted Systems, Guidance on mamuad
handling is given in the National Standards for Manua! Handling.

3.3.5 Other charncteristies  Otber human factors which could affect performance, and
henee safely, include the senses of vision and hearieg and pereaplion, of signals reseived by
these senses, dexlerily, fitness, knowledge, oxporience awd langunge or literacy skills.
Diesigners should be aware of the wide vorinbility of these characteristics amodg the
population and be wary of designing for an aversge person.

34 HUMAN ERROR

340 General Many human errors are not the result of carslessness or negligence, but
follow Irom normal human characteristics. For example, humans are inquisitive and may seck
ways to jmprove the work process without belng aware of the dunigers inherent in their
actions. Although they may have a low probabitity, they will inevitably accur from lime lo
time. When they ave anticipsted by the designer their consequences can be made harmless

Where the probability of error arises from ropetition work, sail the result of the error is
potential injury, the designer may use interlocking guards to minimize the risk of injury.

342 Short-term memory This is easily lost unless quickly relaforeed. Thus, after fiest
observing a hazard, s presence may be Jorgolten if the persont is distracted soon afterwards,
Vital controls shall be interlocked to ensure that hey can oaly be opersted in the correct
arder or 3t appropriaie Limes.

3.4.3  aformation handling capacity  There are strict Hmnits to the rate at which people
can abserb information, Vitsl information may be overlooked il it is presented too quickly
or simultaneously with cther informatios. Keatly, a person should be required to monitor
only one chunngl of information at a time, Otherwise, the order of priority for atlention
sheuld be made clear. Also, rather than sharing attention belween two visual {npuls, one
vigual and ope audible inpul s preferred,

NOTE: ¥ stimuli come loo slowly to peopls they may become bored and fase concentration.
3.4.4 Habit DPeople will tend to continug an in an habitual mode despite stimuli which

indieate danger. Cloar and unambiguous Iabelling of contrels and provision of prominent,
simple and unambiguous warning notices eun be of some assistance.

Alsa, they will gt used to a particular conlrol arrangenient and tend to make mistakes if they
have to adapl io snother oneg, particalarly in an efiergency. Hence, conirol arrangements
should be standardized &8 much ns possible aud control locations and directions of operation
must be compatible with their effects.

Inudequate knowledge or lraining and lack of understandivg of the werk system may luad to
inappropriate aetinn,
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345 Fatigne  Human performanee genenlly declines and errors inerease with fatigue,
particulazly if there is a lack of mental stimulation. 1t {5 therefore impogtant (o lmit the
length of o working day (avoid double shifts for critical work) and provide seitable rest
breaks,

Futigue brought about by forcing operators t3 adopt a particular posture should be avoided
whaerever possible. Examples hielude having to reach or work with the arms above shoulder
height or having to stand for prolonged periods with the hody weight supported on ane leg
while activitiag a foot-operated control,

A5 THE WORKING ENVIRONMENT

381 General The general working condilions, ifnat of an adequate standard, ean have
an insidious effect in reducing opersior performance and inereasing errors.

352 Lighting and vision  Ample lghting is needed for the operation of nachinery so 1hag
machie movements, conlrols and displays may be easily seen. Certain machines and
operations wiil require Hghts 1o be instalied within (he machine to enable these needs to be
met. Guidenes on lighting quantities and sroangements is gleen in A8 1680.1. It is
particularly iniportant W aveid sources of glare and distracting backgrounds in the operator’s
fizld of view.

Visual ability s also strongly influenced by contrast witl the background which sheuld be
maximized Tor displays (iostrument disls and signs) and comtrols, 1t is alsa important o
arrange the illumination of displays so that excessive light is not reflected back off them, thus
veiling the display and preventing it from being casily read. The size of a display should aise
Be adequate, The minimum height of letters or numerads, (1) should be caleulated as follows:
Iy = DLODED

where 1) Is e viewing distasee and & and D are Iy the same uniiz.

3,53 Neise amd hearing  Bven if (he Jevel of noise is below thai which might damage
bearing, # can contribute (0 other dangers by masking warning siguals and hindering
commuication, 1t also contrilules 1o operator futigue, The need to wear hearing protection
when noise levels would otherwise damage hearing erestes similar problems. Fhus, noise
reduction technigues can pay off by improving safety ns well as eonserving hearing.

When noise levels cannot e further reduced, nccomnt should be taken of them in designing
any audible alsm system.

354 Heat and eold  The improvement of thermat comfort can alse contribuie Lo safety.
It hay been found that aceident rates rise once thermal conditions gel owside the comfort
eone. Aiso, protective clothing which may be necessary in hat and eold environments can
interfere with free movement. reduce desterity ond inerease the #isk of being caught in
machinery,

355 Housekeeping  An untidy workplace can cause trigs and falls. The workplace ayout
should be thoroughly planned so that spaces are provided lor 2l equipment and maledals,
Alsies of adequate width sheuld be elearly marked and kept clear,

Spiils on the floor, particularly oily Hanids, con cavse slips and falls. Fhe pccwmulation of
lubiicating oils on a floor ean often be avelded by niore carclul attention to demil in machine
dosipr. Inevitsbly, spills will still occor, and when they do they must be prompily soaked up
by am appropriate matesial wihich avoids an oily residee, Whess oily ncenidalion cannot be
averided, the dager e be redused by providing a flosr surface of wdequate roushness.
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SECTION 4 IDENTITFTICATION OF HAZARDS

41 DANGERS FROM MACHINERY A persen may be isjored ai a machine as a vesult
of

() 8 contact or entanglement with the machinery;

(b} being trapped between the maching and avy Inaterial or fixed struetures;
(¢} ncomaet or etanglement with any materind in motion;

(d) ‘being struek by ejected parts of the machinery;

(&) being struck by maderial ¢jocted from the machinery: or

(0 release of potentinl encrgy.

These may be segarded as mechanical hazards, Some machinery may dlse present
non-mechenical hazards in which the dangess are less ebvious or tangible (see Clause 433

NOTE: A dist of the more commouty encounlered Nagards is provided in Appendix B.

Movement of muchinery parts consists basieally of rotating, sliding or reciprocuting motien
ar a combination of these movements. These movements may cause injury by entanglement,
friction or abrasion, culiing, shearing, stabbing or puncture, impact or erushing, of a
combination of two or more of these. A maching may alsa draw 2 person inte a Dosition
where Tusther Injuey may oceur, Individual machives md individual parts of machines may
cause one or mase of these types of injury. (See Figure 4.1.}

Eigetion —
Contact with oflisintetration of whaet

abrasive surface

fn-Funiting rap with
incarreetly pogitioned

Eiection —

Entanglemant sparks ARG debris

FIGURE 4.1 HAZARDS AT AN ABRASIVE WHEEL

42 MECHANICAL HAZARDS

421 Entanglement The rigk of entanglement is increased by loose clothing, gloves,

neektics, jewellery, halr, cleaning brushes or rags, medical dressings or muterials being

handied,

Bodity contaet with the following features way fead to entinglement:

(s} Contget with asingle rotating surface (see Figure 4,2), ¢.g, couplings, spindles, chucks,
fead serews, mandrels, birs, or rotating workpicess.
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(9 Cutching on projections or in gaps (sce Figure 4.3), o fan blades, spoked pulleys,
chain wheels, pear wheels und fiywlieels, mixer and beater arms, spiked eylinders, belt
fastences, projecting Keys. sel serews, cotler pins an shafis or st conveyors,

{e} By ealehing betwesn two parts (sce s Clanse 4.0.8),

(i} Between countes-rotating parts (see Figure 4.4}, e.g, gear wheels, rolling mills,
mixing rolls and calenders, or materizl being drawn betwesn two rolls.

(i} Between rowting and tangentistly moving parts, e.p. a power ransmission belt
and fts pulley, a chain and chain wheel,  rack and pinion, nreta, poper, rope,
and a reeling draw ov shaft, bateh-ugp, reelup, or a conveyer belt and its driving
pultey or any bund puiley,

Some mechanisng contain a combination of stiding and turaing movements such
as thoze wsed in certaln cam geor designs, c.g the mechnism an the side of
some Nat-bed printing machines,

(i} Between rolating and fixed pans (see Figare 4.5). Sxamples of such rotating
and fixed parts are spoked handwheels or fiywheels and the machinery bed,
serew or wonn conveyors and their cosings. revelving mixer and minging
mechanisms in easings baving unprotecied epenings, Z-blade and ribben-blade
mixers, extruder serew snd basiel, or the periphery of an abrasive wheel and #n
incorrectly adiusted work rest,

() Cutching in materials in metion {see Fipure 4.6), g in centriluges, wmble driers,
dough mixers, or swarf fron: maghining operations.

FIGURE 4.2 ENTANGLEMENT CAUSED BY CONTACT WITH A §INGLE
ROTATING SURFACE
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FIGURE 4.2 ENTANGLEMENT CAUSED BY CATCHING ON PROJECTIONS OR IN
GAPS

FIGURE 4.4 DRAWING-IN HAZARDS BETWEEN TWO COUNTER-ROTATING PARTS
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FIGURE 4.5 ENTANGLEMENT CAUSED BY CATCHING BETWEEN ROTATING
AND FIXED PARTS

FIGURE 4.6 ENTANGLEMENT CAUSED BY CATCHING IN MATERIALS IN
MOTION

4.2.2  friction and sbrasion  Fricticn burns can be caused by relatively smooth paris
operating at high speed, .. the tim ol u centrifuge basket al the edge of the casing opening.
Other examples of friction or abrasion hazands inelude the periphery of an sbrasive whiel,
bell sinding machines (see Figure 4.7), materis! running onto a reel or 3haft, 8 conveyor bek
and i drums or pulieys (see also Clause 4.2.8 and Pigure 4.15), and fst-moving rapes or
belts.
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FIGURE 4.7 FRICTION AND ABRASION HAZARDS

423 Cutting  Examples of cutting hazards include all kinds of eulling tools, cireular suws,
milling cutlers, Touters, spindle moulders, planing and tenoning machines, hand-saw blades,
rotery knives, disc blades, water Jou cutting, high-energy loser or edges of moving sheel
walerial {see Fipure 4.8), The cuttlng effeet may be aggravated by the bady being unable to
move away (rom the culter,

424 Shear Parts of the body may be sheared i the following wiys:

(x) Between twa machine parts (see Figure 4.9), &, the table of a metal planing machine
and its bed, the blade of o guilloting, pig polals Deisoen conncoting rods or liaks and
rotating wheels, osciflating pendulum movements, or seissor Hifls in sheaz,

{4)  Between a machinery part and 5 workplece (see Figure 4.10), ¢.g. transfer mechavisms,
the teol of a breaching machine.

4,25 Stubbing and puncture The body muy be penetrated by the following:
(1) Flying objects (see Figure 4.11) which include the follewioy:

(i} Eioction of paris of machinery, <.g. the fying shutle of 8 loom, a foose cutler
on a vertical spindle milling machine, broken tooling on a press or the bursting
af ar abrasive wheel.

(iiy  Bjection of maierial, e.g. Oying swarl) cleetion of 3 workpiese, mollen retal
cjeetion from a diccnsting maehing, sparks generated in & welding process,
explosive-powered tools, or debsis from rotary mowers aud hedgeeutters.

{b)  Rapidiy moving parts of machinery or picees of muteripl (see Figure 4.12), e.g. sewing
machines, drilling machines.
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FIGURE 4.8 CUTTING HAZARDS
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FIGURE 4.9 SHEAR HAZARDS BETWEEN TWO MACHINE PARTS

FIGURE 4.10 SHEAR HAZARDS BETWEEN A MACHINERY PART AND A
WORKPIECE
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FIGURE 4.12 STABBING AND PUNCTURE BY MOVING PARTS
OF MACHINERY OR PIECE OF MATERIAL
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426 Impact Impzct harards are coused by objects which et againg! the inertis of the
bady but do not penstrate it {see Figure 4.13), ¢.g. the traversing motion of 4 machinery part,
oscillating peadulum movemenlts or being struck by projections or moving counterweiphts.

FIGURE 4.13 IMPACT HAZARDS

427 Crushing Crushing ccours whet one part of macdingry 1woves against another with
a part of the bady in between (se¢ Figure 4.14), e.g. the ram of & forging hummer, the tools
of power presses, the callipers of gpot welding machines, gavment press closare, the closing
nip between two platen motions, hand-fod platen machines, foundry moniding machines,
couslenweiphts, The 1taversing motlon of a machinery part, ¢.g. the table of & machine taat
and a fixed structure nat being part of the machinery may also ereate this type of bazard, as
may # seissor hoist or able.
4.2.8 Drawing-in (see also Chnse 4.2.1) Shearing or crushing injuries can be caused
when s part of the body is drawn into a tunning or in-running nip fermed in the following
wiys:
{3} In-running nips between Two cowicr-totating pasts, ¢.g. Meshing geurs, rolling mills,
mixing eolls, press rolls, reeland earriage rells, calendurs, dough brakes and moutders.
(b} Inrunming bips belween 2 rotating surface and a tangentially movieg surface
(see Figure 4,15), ¢.g. power trnsmission bedt and pulley, chain and chain wheel, rack
and pinipn.

(¢} Running nips between a rotating surfpcs and a taugentiaily maving surface where
materinl, c.g. metal, paper, eable ar rope, runs onto o reel, drum or shaft.

429 Compressed aiv or high pressure Huid injection  njection of fuids through the

skin can couse tissue damage similar 1o crushing. Examples are compressed air jets, diescl

fuel injeetors, paint sprayers and high pressure hydrauiic systems.
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FIGURE 4.14 CRYUSBHING HAZARDS
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FIGURE 4.15 DRAWING-IN HAZARDS BETWEEN ROTATING AND
TANGENTIALLY MOVING SURFAGES

42,10 Material ejested from the machine  Failure ofthe machine or seizing of maehing
compenent parts con resull in the expulsion of parts of the machine or material with he
poleatial to cause serious injury. Similarly. siluze of the machine control system can cause
\he release of materiad being processed. Bxamgples are the disintegration of an abrasive wheel,
the seizure of a brake or elutch, bursting of hizh pressure naterial supply lines, or the failure
of work holding devices amd clamps,

42,11 Release of patentinl enerpy  Unexpected rolease of potential eneriy such as the
energy slored in springs, the release of pressure, and objects falling under the force of gravity
Iy cause injury, Bramples nelude Miling counterwetghts, parts falling from conveyors or
racks, unrestraiped koys falling from keywuays.

43 NON-MECHANICAL HAZARDS

434 General Mathinery may also present other hitzards and suitable measures need to
be tmken to prevent infury. The nature of the messure will depend on the type of hazard,
Where meusures taken for obe hazard muy conflict with those taken Tor another, the principle
of aiming for the minimum possible risk should be adopted. This will aermally mean that
precedenca is given to deating with the hazard erealing the greatest risk, whether or not this
is » mechanieal hazard.
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43.2 Source nfdanger  The varlous sourees of danger from other than mechanical hazards
include the foliowing:

(w3

()
(€)

()

fe)
N
)
(h)
0]
(]
k)
)

4.3.3

Acciss which ean give riso tae

{3 stips, trips, falls;

(i) fnlling or maving objects; and

(i) ebstructions and projections.

Handling and lifting.

Eleetricity (incliding stored charges and static electrizityy-—
) shock; nnd

(i1 burns.

Chemicals that asg-—

(i) toxie;

(i) earcinogenic;

(i1} irritant;

(iv)  Mammable;

(v) COTTORivE; Or

{vi)  explosive,

Fire and explosion.

Noige and vibwstion,

Pressure and vacuun,

Exlremes of wemperature,

24 el dust.

Intalation of atmospheric contaminants, ineluding mist, fumes, vaponr g
Suffocation.
lenizing and non-ionizing madiation, incliding laser light and welding operations,
Biological, e.g. viral and bacterial.

Linking mechanical and non-mechanieal hazards The salegunrds adopted fo

eliminate or mitignte personat harm from non-mechanical husards and salegunrds Prevent
injury front the wechanical hazards identified in Clavse 4.2 may be combined ar linked
together o minimize the total risk level, e,z agoustic puards Lo prevent aecess and comain
aor absorh noise, welding eurtaing 1o protecr aginst radiation, spafter and burns.
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SECTION 3 RISK ASSESSMENT

51 RISK ASSESSMENT Risk assessment is a serles of logical steps to enable (he
exaninaticn in a systematic way of the hazards associnted with machinery. Risk nssessment
is followed when necessary by risk minimization, When the process of risk sssesgment and
risk minimization are repented, it provides the ilerative mens for mindmizing binzards as far
ay is pragticsble. (See Figure 5.1)

Risk agsessment ineludes:
(1) Risk aialysix, Le.
(i) determination of the limits of the machinery;
(i) hazard identification; and
(iif)  risk cstimation,
{b)  Risk evalration  Risk onslysis provides (e information required Tor rigk evaluation
which in turn allows judgement to be made on the safely of machine systems.

Risk assesstoent relies on judgements]l decisions, These decisions shall be supperted by
gualitative methods complemented, a3 far ag possidle, by quantitative methods. Cuantitative
methods sre particularly appropriate when [he foreseeable severity and cxtent of harm are
lsigh.

Quantitative methods are useful to sssess altermnative safely measures and to deterinine which
gives belter protection,

NOTE: The nppiication of quantitative methads is restricted by Lhe snount of useful data which
i ivailable. Therefore, th many applications orly qualisative risk assessment wil} be possible.

The risk assessmient procedurs shall be conducted in such a mranner 50 that it is passible to
document--

(iy  the intended use of the machinery for which the assessment has been made
(specifications, limits and similar);

(i) the huzards. bazardeus sitiations and hazardous events identified;

{iii) pertinent infortuation used (aceident histories and expericnce gained fromrisk reduction
applied 1o similar machines);

vy the objectives 1o be achisved by the risk cantrol method:
&) the safoty measores implemented to climinate identified hazards or reduee Tisks; ol

(vi) the residunl Tisk for the individual hazards by specilying any relovant assumptions
which have been made (Goads and safely factors).
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nformation, imita
aie. boan sliarad by
ropdir, modification

Fiisk sgsessment,
risk prierilization

Risk centrol 2

5 T
5 A

Ru-avaluntion
baged an chanjed
didta/mapguremant

Wt assessmant

Tntynded
figk roduction

an hazere
bo aliminated by
design?

Providd combination of
eaginaering, systems of

woth, personal protective
aguidman, warnings, sigas, |-

Finalize information for ves
tapariing tosidenl risks ole.
PPE recommondations

Monitor/raview

NOTE; Risk reduction and selfection of approprinte safety measures are hat pant of fisk assessment,

FIGURE 5.1 THE ITERATIVE PROCESS TO ACHIEVE BAEETY
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82 INFORMATION FOR RISK ASSESSMENT The information for risk assessment
ad any gualitative and quantitative snalysis shall inelude the following a5 appropriate:
(1) The design limits of the machine systen.
{b)  Requitements for the phases of maehivery life. (See Clayse 2.4,)
(¢) Design drawings or other means of establishing (he natire of (he machinery.
(@) Information concerning power supply.
(#)  Aceident or incident history, if available.

(0 Auy information sbout damage to bealth The information shall be vpdated as the design
develops and when modilications are required,

Comparisons between similar hazardons situalions dssocialed with different Lypes of
machipery are often possible, provided that suificiens information about bazatds and sceident
cirenmistaness in those situntions is availuble.

‘Il ubsence of an injuey or incident history, a small number of fncidents or low severity of
igjury shall not be taken as an oulomatic presumptien of @ low risk.

For quantitative assessment, data from databaszs, hundbooks, laborataies and smasnfacturer’s
specifications may bo used provided that there is conlidence in their suitability, Uncertainty
associajed with this data shall be indicated in the documentation.

Data based on the consensus of expert opinion derived from experience may be used to
supplement qualitative data (see Appendix Cl.

53 DETERMINATION OF THE LIMITS OF MACHINESYSTEM  Risk assessment
shall take into peecount-—

(1) the phases of machinery life {Sce Cluwse 2.4%

(b} the desipn limits of machinery, inciuding the intended use and operation of the
machinery, a5 well as the consequences of rensonsbly foresecable misuse or
mulfunction,

fn addition, risk assessment shult oke into accounl, as apprepriate, the following:

(1) The fuli range of fofeseeable uses of the machinery by persons ientified by sex, age,
dominamt hand usage, or limiting physical abitities (e.g. visual or heasing impairment,
size, strengih)

(i) The anticipated lovel of tmining, experience or ability of the foresecable user such ag—
{AY  trained and skilled maintenance porsonnel or Lechnicions:
(BY  trained operatives;
() wainees and juniors; md
(D) general publie.

(iif) Kxposure of other persons to the hazards of the machinery where it can be reasenably
foreseen.

54 HAZARD IDENTIFICATION Al hasrds, hazardoas situations and hazardous avents
assacinted with the machinery shall be identified. Guidance on hazard identification is given
in Scetion 4. A Hst of the more fteguently srcountéred hazasds way be found in Appendiz B.

Zeveral meihods are available for the systerntic analysis of hazards, Hxamples are given in
Appendix T,
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55 RISK ESTIMATION
551 Processen  After haznrd idemtification, risk estimation shajl be carried out for exeh
hazard by determining the elements of risk given in Classe 5.5.2. When determining tiese
¢lements, iLis necessary to 1ake into aceount tse agpeels given in Clause 5.5.4.
582 Hlements of risle The risk nssociated with o particular situation or technical process
is derived from a combination of the following clemenis:
{0y The severity of harm.
) The probubility of occurrence of tht harm, including the fallowing:

i) The frequeney and duzation of tie exposure of persons to the hazavd.

(i) The grobability of occurrence of a hazardous cvent,

iy The technieal and human possibilitics 1o aveld or limit the barn (&g, awareness
of risks, reduced specd, emergency stapping device, enabling device).

The clements are shown in Figure 5.2 and additional detadls are given in Clauses 3.3.3 and
554,

Several methods are aveilable for the systemiatic analysis of these sloments.

NOTE: v many euses these elements cannol be exaetly determined, but ean only be estinumed. This
spplies especinlly to the probability of eccurrence of possible harm. The severity of posgible harm
cinnot be easily established fn some coses (e, i the case of domage ® health due o toxic
substanees or psyehological stress), With & view 1o fmproving (his siluation, additional ausilary
quantities ar so-calied risk parameters con be used to fucitilate the estimation of rigk, The type of
risk pargmeter which is especially suiled in this case depends, in the main on the type of hneird

involved,
RISK p i3 a SEVERITY || and || PROBASILITY OF GCGURRENGE of thal harm
untion
rodétad of af the .
o the passibla I fignuency ard durstion ol exposure ‘l
consldered harm = - S
nozary tor tha | probebility ol cctureence of hozardaus avent |
cansidecsd o “ o~
hazard I pussidilly to aveid or imit the harm _]

FIGURE 5.2 BELEMENTS OF RISK

853 Severity @egree of possible snrm)  The severily can be estimated by taking into
Account—

() naiure of wiat is 1o be proteciod—
(i} PETEONG;
(i} propertys and
{iif)  enviromnent.
(b} severily of injurics (i case of pergons)—

EF - WORKSAVE LIBRARY (WAl on 13 Now 2008 (SUPCRSEDED]

(1) alight (normally reversible) mjury or damage to health:
(i) serious (normally irreversible) Infury or damage o heahth; and

(i) extreme, resulting in death,
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(&) the extent of harm (for cach maching).
Tn the case of persons—

{A} one persen; and

(B)  several persons.

584  Probability of octurrence of harm  The probability of harm acenrting can be
estimated by taking into account—

(2)  the frequency and duration of exposure —
(i) need for agcess fe.qy. for production reasons, mainteuange or Fepair);
i) natuge of access (e.g. manusl Teed of materfalsh
(iif)  vme spent in the danger zong;
(iv)  munber of persans requiring acetss; aad
(v} [Irequency of access to the danger zone.
(8)  the probabifity of eccurrence of a hazavdous event -
] relinbllity and other slatistical dats;
(i)  secident history; snd
{iii)  risk compurison.
NOTE: The oceurrenice of 4 hazardous event can be of & technical or human otigin,
(¢} possibility to aveid or Hmit harm—
(i} operation by skilled porsons;
iy operation by unskilled persons; or
(iiiy  unatended.
(d)  the speed of appedrance of the hazgrdous event—
(i} sudden;
(i) fask or
(i) slow,
(&) the awarencss of risk—
i) geneeal information;
(if} direot ohservation: and
(i) threugh indicating devices.
(0 the fugnon possibifity of aveidance fe.g. roffex, agifity, possibility of eseepe) —
(i) possible;
iy possible under certain conditions; or
(iii)  impossible.
(8)  the prectical experience end knowledge —
(i) of the machinery:
Gi)  of similer mackinery; or
{iiiy  no cxperience,
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855 Aspects ty be considered when establishing etements of risk

5.58.5.0 Persons exposed  Risk estmation shadl ke futo aceount all persons cxposed to the
ards; this ineludes operstors, persens earrying out maintenanee and athers for whom il is

reasonably foresecuble that they coteld be affected by the machinery.

8552 Type frequency and duration of expostre The estimation of the exposwre o the

hazard under consideration sequires analysis of, and shall aceount for, all modes of operation

and methods of working the wmachinery, In particudss, this affects the need for acesss during

setling, teaching, process changeover or cotrection, cleaning, fault-fading and maintenasee.

When # is necessary lo suspend safety fonctions (e.g. during maintenanee), (he risk

estimation shall aceount for such a simaion.

55.5.3  Relationships between expostre and effeer When establishing e relatinnship

betweon an expesure (o o hugard and Dy effeets, risk estimation shall, as for as practicable,

be based on appropriole, recognired duta,

NOTE: Aceident dutn may b available w indicate the probability and severity of injury nssociated
with the use of g particular lype of machinery with a pacticntar type of safcly measure,

5584 Ergonomies  Risk estimation shall pot be restricted to techmicnl factors, Risk can

be alfeeted by the relationship between people and their working environment, such a2 these

related (o interaction with the machinery, inlernetion between persons, psychological aspeets

and antbropometrie effects and & greater or lower capacity o be aware of risks in a given

situation (see Seetion 3., This situntion depends on (he training, experience and ability of

the operator and others who cam be alfected,

The estimation o the ability of exposed persons shall take account of the following sspecis:

(8)  The design of the machinery W relstion to crgenemic principles.

() - Matural or developed ability e exeoute the required tasks,

(¢} Awareniisy of risk.

(dy  fevel of confidence in carrying oul the required task withowt inlentiom] or
unintentional  deviation,

e} Resistmee to dncentives to deviste from preseribed and aceessiry safe working
practives,

Training, cxpericnee and ability can affect the risk. However, none of these faciors are o be

used as 2 substitute for hakard elimination, rsk reduction by design or safeguarding, where

these measures can be foplemented,

556 Reliability of safety functions  Risk sstimation shall mke account of the reliability

of compolents mid systems. In particular, those identificd as part of safety eritical funerions

(sec Table 10G.2) should reeeive special auention, Estimation shall-—

{n)  identify the circamstances which could result in harm (e.g. component fuilure, power
failure, eleetrical disturbances);

(b)  when appropriate, use quunlitative methods w compare alemative salely mensures; and

(¢)  provide information 1o allow for the seleetion of approprinte safety functions,
components anid devicees,

When more than one safety related deviee contiibutes towards a safity funetion, the selestion

of these devices shall he consistem swhe considering their relfohitity and heir performance

(see Section 10}
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When sufety mensures include work organization, correet hehaviour, utlention, application
of personal protestive oquipment, skill or taining, the refatively low reliability of soch
steasures s compared to proven technical measures shall be taken into account in the risk
estimation.

557 Ability (o defeat or cireumvent risk controf methods  Risk estimation shal? nceount
for the ense wilh which a particular risk contro! methed can be defeated of cireumvented. The
estitoation shall also take aceount of the incentive to defeat or circumvent the system and
whelher--

(2} the sisk control method slows down produstion, or interfercs with any olher activities
or preference of the user;

(1) the risk control method is diffienlt 1o use;
(c)  persons other than the operator are invelved: and
(d)  the risk control methad s not recognized or ascepted for its furction.

Fhe ability to defeal the rigk control method can be dependemt on bolk the lype of salety
mensure and its design details.

The use of programmable elestronic sysiems introduces an additional passibility of defeat or
circumvention if access 0 salety related software is not properly designed and monitored.
Risk ostimation shall identify where safety related functions s7e not separated from ether
machine [unclions and the extent to which accoss is possible, This is purticularly important
when Temole scecst for diagnostic or process corrgotion purposes is required.

When carrying out risk estmation, considerition needs to be given to the possible defeat or
efreumventing of adjustable gaards and programmable trip devices.

5585 Ability (6 malntain risk contrel methads  Risk citimation shall consider whether
the risk contret methods can be maintained in the condition necessary to provide the reguirad
level of protection.
NOTE: If the risk control methotls cannot be easily maintained in correct working erder, this can
encourage the defest or clrcumventiva of the safety measure to atlow for coninued use of the
maghinery.

559 Information far use Risk estimation shall ke acceunt of the information for use
10 be supplicd wilh the imaghinery.

56 RISK EVALUATION  Aficr estimating the risks, a risk cvalustion is necessary to
determine if risk reduction is required or whether safety has been achivved. 1f risk reduction
is Tequired, then appropriste risk contrel method shall be selected and appiied, snd the
procedure repested. During this iterative process, it is important for the desipner o check
whether additional hazards are ereated when new risk contrel methods are applicd. 17
additional bazardg do oecut, they shall be added o the Hst of identified hazards.

The achicvement of the risk redustion objectives (see Clanse 5.7) and a favourabie pulcome
of risk comparison (sce Clonse 5.8) give confidence that the risk of injury has been
minimized as far ag is practicable.

57 ACHIEVEMENT OF RISK REDUCTION OBIECTIVES Achicvement of the
following conditions will indicate that the risk reduction process can be conefuded if the
following sccurs:

{0)  The hazard has been climipated or the risk minimized by-—
(i} design of by the subsiitution of less haznrdous materials and substances, or

(i) safepuarding in accordonee wilh the stale of the art,
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(h)  The saleguarding selected is of & type which has been proven 10 give adeguate

pristection Tor ils istended use.
(e} The type of safegusrding seleeted is approprinte for the applieation in terms 6fo-

(i) probabitity of defeat ar circumvention;

{ii) severity of harmt; and

(i) hindrance 1w the execution of the reguired task.
(d)  The informaton on the irended nse ol the machinery is sufficientdy clear,

(e The gperating proccdores for the use of the machinery are consistent with the ability
of personpel who wse the inaehitery of other persons whe can be exposed 1o the
hazards agsocinted with the machinery,

{f)  The recommended safe working practices lor the use of the machinery and the related
raining reguirements have been adequately deseribed,

(g)  The user is sufficientdy infonmed about the residual risks.

() IF persoual protective equipment i recommended 1o cope with residus! risks, the need
for such equipment and the waining requirements Tor its use have been adequately
described,

(i) Additional precontions are suffictent,

&8 COMPARISON OF RISK  As pant of the process of visk evaluation, the risk
asgociated with the machinery can be compared with those of similar machinery, provided
the following criteria apply:

(1) Similar machinery demonsteniles aceeptahle risk redustion in accordance with e state
ol the arl.

(b} The intended wse and eehnologies empliyed by both machines ate comparable.
(e} The hazards and the clements of tisk are comparables.

{d)  The technical targets are comparable,

{e)  The comditions for wee are comparable.

The nse of this compatison method does not eliminate the need to follow the risk ssscssiment
process as described in this Standard for ihe speeific conditions of nse (e.g. when a bandsaw
used for cutting meat ig compared with s bandsaw vsed for cutiing wood, the risk associated
with (he change of matertal shall be assessed),
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SECTION 6 MACHINERY DESIGN

6.1 GENERAL The sim of designess ghall be to produce machinery that is economieal
1o use and safo 10 construet, instadl, operate and Maintin, consistent with the reapirements
of eurtent legislation.

The addition of safeguards afier the design stage may result in unnecessary expense, reduced
profliction and inefficient safeguard performance. IF the tecessary safeguards are nol
designed ai the start, it is possible that no action will be tken later and (he maching will then
present on unnccessarily bigh risk of infury.

The interfage betwesn persons and the saffty related parts of control systems still be
designed and installed so tlat no person is endangered during all interded use and forespenble
misuge of the machine.

Ergonomie principles should be used so that the maching and the control systein, including
sefety related parts, are easy 1o use and the dperalor is not tempted to act in o hazurdous
munner.

As a guide in estublishing (he appropriate safety systems and sufegoards, designers shall,
where practicable, survey simifur machines iv use and incorporate safety foatures at least
equivalent o the stale of the art in machisery.

In addition to considering the safety af machinzry operalors, designers shall take inlo acoount
the safety of other people who may be ¢xposed to risk. Particular atiention should be paid
to the needs of maintenance porsonnel, Wolsetters, clewners and the like.

Wherever practicable. dangesous parts shall be climinated or effectively cnclosed in the initial
desipn {see Figure 6.1}

At the design stape the aced to expose any dangerons parts duting operation. examination,
lubsication, adjustment sod maintenanee shall be minimized a5 far ss is reasohably
practicable.

Mamufactorers of mochines designed to carry out a ringe of tasks shall manufacture 4 range
of guards sutable for the range of tasks envisaged for the use of each machine. This may
require consultations between the designer and wsers, who may inchudg produetion, qualily
assucance, salety, maintenanee and engineering staff,

4.2 ELIMINATION OF HAZARDS BY DESIGN

62,1 Eatanplement Entakglement hazands may be reduced by minimizing speed or
Estunce oF movement, by avoiding projections and recesses, by restricting [orce, torgue aad
inertin, and by aiming for stooth, polished swifaces. These measures apply both to machinery
and process material, Projections such as set sérews, bolts ot keys en any exposed revalving
mischine part should be sunk, shrouded or otherwise effectively guarded. Guards for rotiting
shafts shousd be fxed guards af solid construetion. Howsgver, guards of the Toose tubs type
ar of hellows construction may be used satisfelorily in spme applications, ey, ta cover lead
screws for lathes or tensile testing machings,

NOTE: The ergonbmic criterin given in Section 3 should not be regerded s giving complele

protection against entanglement, Openings which prevent body parls from entering may stidl permit

laose elothing or hnix to reach the danger point

6.2.2 Friction and abrasion  Frietion anl abrasion hazards may be minimized by reducing
speed or distance of movement, foree, torque and ingrtia. and by use of surfaces that are as
smooth as possible. Personal damage arising from contact with a moving surface can be
agpravaled by abutting surfaces which muy prevent removal of the hand from the danger arca,
c.g. a badly adjusted work rest on a beneh grinder.
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FIGURE 6.1 ENCLOSED TOOLS AT A POWER PRESS

6.2.3  Cuuing  Cultiog hasards may b mivimiged by reducing speed or distance of
movement, lokce, torgne and inertda, and by increasing comer sadii on maching parts,
Abutting surfaces should be avoided. Processing materials in o way which avoids leaving
unlinished edges is alse effeerive in reducing the hazard.
624 Shear fraps The principal measures which may be sdopted to eliminne shear taps
are us (ollows:
(@) Filling the gaps, sueh that e shear trap is mindmized {see Figores 6.1 and 6.2).
(d)  Reducing the maximum clenranee bewwgen moeving parls so that pans of the body
cannol enter the gap.
() Inereasing the minimus elearanee between the shearing purts, suck that parts of the
body can enter the gap safely.

Since the technique of separnting the shearing parts relies upon moving body pants oul of the
way, the technigue should only be wsed on low speed mwachinery, and after considering which
parls of the body may be insened in the trap, Separating the shearing puts is ofien eliminated
after deteiled consideration of other hazards has been made, and the technique is not effective
against double-shear traps. Guidance on safely distances is given in Appendix A.
Where the ereation of 4 shear trap is unavoidable, it niay be possible to restriet reach past e
wap, and so reduee the degree of injury possible. Speed and forces of moving parts creating
the shear zetion can ofien be adjusted,

ROTE: These technigses are nat gencrally applicable 1o tocks whose purpoge is to shear, &g,

suillotines and press tools,
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Enclosed tools are designed and coastrueted 1o be intrinsieally safe, there being insufficient
space belween Parts in the tool set which may trap to permil entry of any part of a hand.
They should be wsed whenever the operation stlows, as they provide a high standavd of
protection und eliminate the need For further guarding, The use of enclosed (acls is usually
practicabie when blanking operations from strip are earried out and when morz than one
operation is combined in asingle set of tools. Enciosure can be achieved by avanging for the
stripper plate, which is attachedd to the die, 10 be sulficiently thick to prevent the puseh from
being withdrawn from it and by making the feed opening below the stripper plate so small
that fingers cannot teach through it to the puseh. (See also Figure 6.1.)

=
%

1

FIGURE 6.2 REMOVAL OF SHEAR TRAP BY DESIGN

6.2,5 Tmpach, stalbing und punciure  fmpact, siabbing or peacivation ijudes are affected
by sharpness, speed, force or torque and ivertia of machine pads, process materials and
y-products in their normal places or ou ¢jevtion [Fom the machinery. The presence of a
surface preventing the body or bedy part moving away may aggravale the effsct

Reducing the sharpaess, speed, foree or torque and inertin will reduce the yigk of impasl,
stabbing and puncture injuries: however, such reductions will not normally climinate the need
for appropriate guarding,

Whete there is 3 risk of small or sharp cjecied ohjects penctrating the skin, sheel wateriul
shall, where practicable, be used instexd of mesh for guatds.

6.2.6 Crushing Crushing injuries, like shear injuties, are due 1o the relative motion of twe
ohicets with a body part in between and are affected by similar eonsiderations.

6.2.7 Drawing-in  Drawing-iu, leading to entanglement, shear or croshing, is agpravated
by speed or distance of movenent, force, lorque, Mertia, weight of tension, e.g. in o belt er
in materinl being reeled up. Suslace roughness and any tendency 1o adhesion will have o
similar effeet as will being engulfed by loose, meving material. Adjacent patts of structures
may increase injurics susiained.

Figurc 6.3 depicts the wse of free idler rollers an a conveyor to reduce the risk of drawing-in.
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NOTE: The possibitity of rapping af the junction of 4 powered conveyor ond a9 48 tollsr conveyor can be
avaided by making the first idle rober free 1o move sway along an incline "A' et i the sides of the COfdeyOL.
The wagle of the incline fs so aranked 5 to prevent Imgrst movertent of the roller dusing The passage of goods
fromy the belt to the idic raller conveyor, Care should be 1akien 1o engnre 1hat the wetght dand distensions of the
toads being conveved do not provent the rolter from Bifing, 1o some installations more than ane fee roller may
b required. Thiz solution is not effestive where the rilers are powersd,

FIGURE 6.3 CONVEYOR—FIRST IDLER ROLLER FREE TO PREVENT DRAWING-IN

6.3 CONTROL DEVICES AND SYSTEMS

631 Position  Contrel devices shall be positioned and spaced so a3 1o pravide gale and
ensy operstion and there shonld be ample clearanee between esch control @nd other parts of
the machinery. Cantrof deviees should be so placed tial the operator can reack them casily
without stretehing or moving from a normal working position. The controle most Trequently
usedd should be placed in the most aecessible positions,

To reduee the possibility of erver when an operator changes fron: one enil of niachinery Lo
another of similar iype, 4 standard layowt should, where practicable, be adepled for machinery
and work siluations havimg the shrme patiern of operation,

Start controls shall be shrouded, gated or so positioned that they cannol be aperated
inndventently. Start controls should be positioncd where all workstations of 2 machine cun
i geen. I this iz not possible thes o safe work practice is necessary 1o ensure that the start
wp of the machine will nat put sny person al risk.

A stop control shall be positioned near ench start control.

Where more than one control sintion is provided, these should be arzanged to take account
of any inctensed risk 1o people who may be aliected by the eperation of ene of the controls,
This may be achieved by providing positive control circuit selection at the eontrel system
master station t averride alt other controls exeept for emergency stop, so that 1he stant
comrol cas be teansferred from one position to anether, {See alse Clause 6.12.)

Haadles, handwheels and levers should be positioned 5o that when the operaior is operating
them it is impossible 10 wperate any other conrol inadvertently. Two-hand controls shall be
placed, separated and protecled 5o us 1o prevent them fron: being operated by any mouns
ofher than two hands (see Clause 9.3,3).

Foot-operated comrols, other than for emergency stop, shall be adeqoately ghrouded or
otherwise arvanged to prevent aceidental eperation froni any canse. Pedals should not be of
greater width than that required for fool operation. Movalde pedals should be shronded o
permit acesss from ong direction only (sce Figure 6.43, Pedals shonld not be designed so that
a leg hag 1o be held up without support for prolonged periods.

Un farge mackines the installation of o mumber of eyeic star and stop control devices should
be interlocked so that activation st one poin cannot ereste a hazard st snither. Where
multiple start and stop controls sre provided, a visual or andible warning gignal prior 10
waehine start or mavement should be provided,

It shali not be possible to fnitinte any eyele sian whike any inferfacing or interlacking guard
is in an wnsafe or apen position,
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FIGURE 6.4 PEDALS PROTECTED FROM ACCIDENTAL
OPERATION BY MEANS OF A COVER

6.3.2 {dentification Controls should be clearly identifiable and seadily distinguishable
from each olher by varying their scparation, sive, shape, colour or fecl, and by labeiling the
controls with either werds or symbals to identify the funclion er consequence of use of the
control (ste AS 1343}, The use of direction orrows ah or adjacent 1o controls to indicate the
direation of movement is useful.

Where practicable, controls lor different motions should be operated from different positions.
For example. the operating handle for a eross-slide sutomutie feed should be sgpasated rom
the bandle of o waversing fevd.

Contrels for starting or stopping 4 maching should be permanently marked with the
appropriale symbol to clearly identify their function. The word START or 8TOP a5
appropriate, may be added.

Stop and emergeney stop eontzols should e colopred red (s2e also Clause 6.3.7).

633 Operation The direction of moverent of n vontral should correspond with the
ditection of molion being controlled, For example, where n handle or handwhceel controls &
sliding porl. clockwise rotation should diveer movement of the parl away from the operalor
to the right or in on upward dircction, A lever movement towards or 1way from the operater
should Tesult in a correspoading movement of the controlled part.

Where practicable, the mods and direction of movement of vortrols should be so varied as
to prevent fnadvestent operation of the wreng control,

Clutch control levers should ba provided with sdequate menns of retaining them in 4 sufe
positian,
6.3.4 Controls for machinery seiting or adjustment and for fecding materiul

6.3.4.8 General Generic terms for controls for machinery setting or adjustment and for
feeding materin! include ineh, micre-inch, pulse-inch, coarse-isch, jog and slow crawi, The
definitions and usage of these terms can vary according to the lype of machine and industry,
Ineh and coarse-fuch are often used to deseribe a setting speed which has the same spewd as
the machine rutbing specd. Operating instrustions for the machine should defing the masting
of these terms.
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6342 Hold-to-run control Where a guard has o be displacet or removid for machine
adjustonent or myterial feeding wd {t is necessary for the machinery (o be in metion, the
sebter shall be protected where practicable, by a hofddo-run conrol with the machinery
munaing at seiting specd or erawl speed or by # Himited movement device (see Clause 6.3.53.
Where the machinery 3s equippst with 5 crawl speed, this speed shall be set as low as
practicable.

A hold-to-run control shall penmit movemen of 1he machivery while the vontrol is held in
i set position. Hold-lo-run controls for remote operation. of machinery may be used anly
where it 15 not practicable to provide offective guarding and where there is no danger from
overrun of 1he dangerous parls when the contral has been relessed, The control shall return
antomaticadly 1o the stop pesition when reletsed.

A two-hand gontrol (see Clause 9.3.3) may be used as a hold-to-run control but it should be
emphasized that this control anly protects the person operating the control.

In addition to s value a8 1 safery device during setting, i hold-to-nim control, if placed at
sufficient distinee fram the dangerous parts, also provides a means of ensuring that a
machinery operater is in a position of safely when the machinery is operaing normally (see
Clause 2.3(2).

6.3.5 Limited movement devices

6351 Genwral A limited movement device s a control system, the operation of whieh
peronits only s minimum amount of iravel of 1 past of machinery on cach occusion tat the
machinery conrol is operated; further movement of the machinery is prectuded vndl there
is & subsequent and separnte operaton of the contral,

Care slall be taken that the filiag of a limited movement device does increase the sverall
safely of the muchinery and that this will not be outweighed by an increased risk of faifure
af other components or asseciated contrel eiveuits. These devices shall omly be used fn
conjunetion with on efficient means of stopping the dangerous parts,

The fiting of a limited movement device will inevitably tesult in o preater number of
strt/stop operations and care should be taken 1o ensure thal—

() the machinery is mechanicully robust g as to withstand he poisible extra dulys

{by the drive motors will not overhear; it will e necesgary for the starting duty to be
reasonubly accurntely established;

(e} the rating of the contactors, relays, snd athier control clements is adequaly; itis possible
that the inereatisd number of operations at fow power faeter and near stall current will
Iave sn adverse effeel on existing equipment;

(d}  a brake can be fitled; # the load on the machinery varies duting the process cycie, &
brake will slmost zertainly be necessary i effective limited movement control i to be
attained; and

ey where reverssl of motion ¥ possible, the contral operations nceded are readily
distinguishable.

A lintited movement device may be cither atimed Impulse deviee, in which a predetermined

timed impulse i given with the object of achieving a Hmited movement, or 8 contrelled

movement device, in which the neteal amount of ntovement is predetenmined,

in any event, Himited movemen devices shall be instilied in sueh 4 manber as o prevent
unatthorized adjostment of any setting. Systematic mainenance atmingements shounld be
institeted o ensure regulor checking and any necessary resetting,
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6.3.5.2  Timed impulse device A timed impulse device is simple te apply but the resulian
movement of the machinery may vary for o given setting of the contrel, depending on—

(@) variations of load on the mughinery during its work or process eyele;
(b}t position of the crank wherg rotary motion is belng converted (o lnear motion; and
(¢) frictional variations depending on temperature,

6.3.5.3  Controlicd movement device Controlled movement devices are designed to give
a reasonably sceurate predelermined movement in which stopping is effected as soon as the
required movement has laken place. Ouee properly sot, they are only affeeted o a very
Hmited exlent by [actors such as ambient emperatere or varying load on the machine
Movement uf the machinery shall B¢ transminted by gearing, chuin drive or other foom of
positive coupling to the deviee itselfl

6.3.6 Houdies und handwheels Where a bandle or hasdwlieel is provided to manually
operite 8 mechinism which can also be driven by mechanical powen the handle or hinxlwheel
should be designed 50 as vol 1o rotate when the power drive is operating. Where this is not
posgible, Bandwheels should be of the solid type withous spokes or profections or be provided
with handgeips of restricled size that are suitsble for the required force.

G.3.7 Tmergency stop deviee

6.3.7.1 General An emergency stop deviee is a device which, regardless of the power
source. e.g. clectrical, pneumatic or hydraulie, requires deliberate action to bring a machine
o rest when danper is recognized. The emergency stop should not be used for normal
slopping. Emesgency stops shall not be relicd on as o means of Isolation or immobilization.

An emergency stop device when operated shall stop the machine 2s quickly as possible and
apply a bruke where provided. An emergency stop is aot an alternslive to guarding. Care
should be takens that the aperation of the cmergeney Ktop does nol, in itselly increase lhe visk
of injuey Trom anolher source. Mamdles, bars and push-buttons used for actuating the
emergeney stop should be eoloured red and suitably marked, prominenily locuted and readily
accessible Trom nil operator positions. Push-buttons shall be of the nushesom head lagch-in,
or leck-in manual veset type.

While push-buttons ave the sreferred farm of tmergeney stop device, other devices providing
cquivalent levels of safety are agceptable.

Where there is more than ong conteol or workstution, an emergency $op push-button shali
e positioned at eneh station, Bmergency control between and around the workstation may
also be provided by use of trip wires or pressurc-seositive cables, In these circumstiness it
may be destrable o incorporste a visual indicator. The emcrgency stop should be located
within casy reiicl.

All emezgency stops on a maching shall remain active ot all dmes.

Release or resetting of the emergency stop device shall not cause the maching to vperile.
Restarting shall anly e pessible by operation of the normal start coutrel,

63.7.2  Latch-in emergency siop devices  Where the stop/start eoutrols aro rematcly loeated,
push-buttons and switches actuating emergeney stop devices shail be of the Inich-in type so
that the machinery cannot be restorted undl they have been resct manually, A latchein
emergensy stop device incorporating a key-locking mechanism may provide o higher degree
of control in eertain npplications such as where more than one operator is present at a
machine. These devices require the latching mechanism to be reset using a key.
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6.3.7.3  Diseomection of main power sipply  in some installations an emergeney stop
deviee may be utilized to stop all the machinery by discomeeting the main pewer supply,
Where cleotrodynamic hraking is used for emergency stopping, disconncetion of the main
power supply shall oceur only after the machine has stopped, Release of the emergency stop
device shall net re-energize the machinery,

6374 Emergency stop wip wires At a ling machine, instead of a number of sepiraie
einergency stop devices, it is sometimes more effcetive to inslall an emergency stop wire or
rope along the whole length of the machine. A pull on the wire in any direction, or breakage
ot siackening of the wire, shall bring the maching to rest, The arrangement should be such
that after manual speration, resciting is necessaty. Where emergeney stop tip wires arc used
(see Figure 6,5}, they are not a substitute for puarding and shoukl not be confused with the
trip devices deseribed in Clayse 9.2,

Trip wires should be focated in sueh p manner as to be clearly visibie, readily neepssible and
positioned so that they can be used not only at the operator’s normal commol sunion but 4l
ather approprise peins, Trip wire slecving or covering should be coloured red,

The system should be designed so that the faflure of a single spring is o il 10 safety,
causing the emergency $op 1o operate. The system should operate with the applieation of
force not exceeding 70 N by & movement notmal to the nxis of the wire aol sxeceding
300 mm. As the mavement of the wire and e foree to operate the system conld be affected
by 1he desipn of the wlp wise supports and e distance between them, enre should be taken
0 ensure that the wire i free Lo meve through the supports st all times, partcularly at
changes of direction, withoul becoming disengaged from themy, Where, in the case of long
trip wires, more than one switching device is necessary, a visual indicator should be
incorporated to show which device has opersted. The indientor con be ata central position
or at an individual device.

6.3.8  Warnimyg signals  On installarions where the main operating station or start ¢onlrel
is in a pesition from which the peaple in the vicinity of dangerus parts of the machinery
cannat be seen clearly, audible and visual wernings shall be operaled through o suitable
interfock: for u predetermined time hefore the machinetry starls to operate. Where practicable,
sturt-up should result in o progressive speed inerense to full mnning speed. Adjscemt
machines should be provided with distinguishable augible signals.

Where malfunction of the machinery creates aard, sujtghie warning signals shall be given,
Theso sigaals shall be given amomatically and shall be both anditory and visual,

Auditory and visual warnings may be provided in addition to, but net as substitwtion for,
physical safegunrds,
Auditory and visual warnings shail be cither monitored or shall fail to safety.

Documents

CORYRIGHT Document Sharing Hub

Full document details: AS 4024.1-1996 scan


http://www.avadocuments.com/doc/as-4024-1-1996-scan
http://www.avadocuments.com/doc/as-4024-1-1996-scan

AS 20248 — 1096 46

IKCORRECT
1 phsiticrn fvaten and one
eng Hrody ancharsd

{a) Emergancy slop win Installod incorrectly
This shows an lesrect Inslallalion with 2 switeh at ose ond ond the wiro frmiyonchored al tha other.
Tha davies will by ineparative il the tip wire s pulied in ths direction shown.

CORAECT i
2 pasition switcha 1

a1 s
[ ) &
i
w
Teptien spring anchor
A

CORREGCT \\

1 poTitan swdck and 1 wension \'\
afaring anchor Y

o S

’ E wf‘““*“"*- s r}%—-’—-..
C Al
Ad @
© v

FIGURE 6.5 EMERGENCY STOPRFING OF LONG MACHINES
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G4 INDICATORS  Indicators or displays should only give important information, and the

ameunt of information shown sheeld be the minimum required.

Where neeessaty, o qualifaiive, quantitative or check reading indiestor should be provided

to warn of danger. Such indicatoss shauld be designed to fail o safety. Bxplanalions of (hese

mdicitors are ag follows:

(0} Quatltative —-shows & snishietory or unsatisfaclory stale, c.g. @ femperature gauge
which indiestes eoldwnormai-hot,

) Quantitaiive —provides numerical data and as sucl) reguires precision n reading, v.p.
4 presenre pauge, A quantitative indicator should not be vsed if o qualitative ane would
sullice,

(e} Check reading—pives information muomatically or when demsnded as w0 the state of
the equipment, e.g. an indicator light or an audible glam,

6.5 CLUTCE Clutehes are mechanical engagement and disengagement devices and,
in mechonical interlocking systems, are the devices which interrupt the transmission of
mechanieal power. Disengagement of the clutel: shali not depend on maintainiag the power
supply. This is commenly nchieved by using compression type springs. The springs shail be
safely rated and be of sufficient swengh to secwre prompt and effective eluich
disengagement. Any set of springs used on 2 chuleh shall be closely wndform in dimension,
quadity and rating. A single spring shall not be refied upon wnless equivatent safely js
provided by odier means. The means Tor loading the springs shall be such tha, when
correctly adjusted, the spring anchornges can be locked to prevent risk of slackening hack.

44 BRAKING SYSTEM

66.1 General  Breking systems shall be go desighed as 1o bring dangerony moving parts
to rest with @ consistont performance ps quickly as possible. As the braking capacity required
is related o the momentum of the moving pars, their momentum shatl be kept a3 low as the
uppHcation permits. The possibility of inserting a cluteh mechaniam should be considersd s
a means of limiting the momentm 10 be dealt with by the broke, Ta muaehinery wilizing »
flywheel, the flywheel should be discannected, e, by a suitable eluteh, before braking,
Ratating parts and equipment fastencd to sotating parts shall be so seeured us fo prevent
dislodgment ag a econsequence of the brake action. Adequate precautions shalt be faken to
prevent disengagement of screwed componeats due 1o reversed lorgue fellowing brake
applicition,

All braking syatems shufl be designed to ail 10 safety,

6.62  Muechanical (Triction) braking systems  Mechanteal {friction) brakes, e.p dam, dise
or external ealliper, rely for their effect on the action of friction materisl on 2 moving
surface, usually of smooth metal. The means of application shall be independent of the power
supply.

Brakes shall be of such capacity as 1o perform satisfactorily under conditions of maximum
susigined use. The desipn shall previde for adequate dispersal of heat 50 as to prevent
exeessive temperature rise of the working pars.

The arrangements for nuintzining the comeet alignment ol braks componens shall be such
as o minimize the rigk of binding,

Where the effectiveness of braking could be adversely affected by contmination, e.g. by the
ingress of meisture or il consideration shall be given o

(a8} selecting an approprinte friction muterial;
(1) providing an effective housing to preven ingress; and
{e)  monitoring braking efficieney and supplyisg control aystems that pravent motion when

efficiency 13 below the acceptable {evel, Documents
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Whets springs arc used, they shali be of the compression type, safely rated and of suflicient
strength 1o seeuro proupt and effective brake application. Any set of springs used on a brake
shali be closely waiform in dimension, quality and rating. A single spring shajl nat be relied
upon viless equivalent safely is nssured by ether additional means, The means for Rading
the springs shall be such that, when correetly adjusted, the spring anchorages ean be locked
Lo prevent risk of slackening back.

Complete instructions concerning Ghe setting of the broke should be available. These
instructions should include-—

() the lenpth to which any springs should be compressed; and

(ii)  the method for setting the eperating mechanism,

In certain applications it is essential that the brake is disengaged only when torque s
available a1 the driving maotos, e.g. the holst motion of u eranc. The elecirical cireuit should
therefore be so designed that failure of the supply in part of the cireuil cannot ciuse loss of
control of the motor while leaving the brake disengaped. Precautians should also be taken
against the possibility of a similar danger being ¢used by failure of one pbase of a
thrge-phase supply.

When compressed air o hydraulic means are uged to apply mwchanical brakes, a
reserviisfaceumulator, canneeted as close a% possible ta the brake, shalt be provided to ensure
u suificient supply of Guld in the cvent of foilure of the main supply. The
reservoiraccumulstor should have a low-pressure device to switeh off the machinery if the
pressuze in (he reserveir/accumulator falls below 1 safle limit and the feed should be filied
with 1 non-return valve.

6.6.3 Eleetrodynamic broking systems

6631 Generel Blectrodyngmic  braking  systems  are  arrangementz by which
cleetromagnctic forees arc used diteetly to bring any moving pacts to rest, c.g. within the
drive motor itsedf, Such systems have widespread application bt it shoutd be borne in mind
that they generally fuil to danger in the event of supply failure, They should be connected in
such a way that their power supply is maintsined when emergency stop controls are sed.

6.6.3.2 Reverse plugging  Reverse phugging Is a method of braking whereby the electrical
conpneetions lo & motor are changed so that a raverse torque s applied and the machine s
brought rapidly to rest. The shangsaver comaetor should be so controlled that it will open
when the machivery stops, otherwise the machinery will restart in the reverse dircetion.

6.6.3.3  Direetcurrent bijeetion  Dircel current (..} injection consists of disconnecting he

motor stator windings from the a.c. supply and reconnecting them to a <., supply. This has

u powerful braking effect and is superior ta reverse plugging (sc¢ Clause 6.6.3.2) because

there is no tendency to restart in the reverse direction.

6.63.4  Regenerative braking for a.o. metors (capacitor braking)  Regencrative braking for

a.0. motors operale by~

(&) disconnccting the motor from the a.c. supply and feconneeting it 1o a capagiter bark
to assigt in maintpining self-exeilation of the motot; and

(b} improving the braking clffect during the final stages of decelesation by short-cireuiting
(ke motor terminals.

6635 Regenerative broking for d.o. motore Regenerative braking for d.c. metors cousists

wf reconaecting the motor 5o that il sots a5 o generator to supply a Joad. The load may be a

resistor o the main power supply.
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