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Forewo rd N oo
This British Standard code of practice ha: beeh"n'r'epared
under the authority of the Mechanical Eng‘ne’ermg Code ~
of Practice Committee (MECP/-).The éarlieredition ..~
. of this document CP 3004 : 1964, although adequnte at-
the time of publication, was found to be unsuitable as a
guide to the princigles of the safegua'dmg of machmery
applicable to all sectors of industry...

In this edition much emphasis is pIaced on the prmcr iples
of safeguardmg to the extent that a designer, plant
engineer or works manager may be able to apply them

to any particular machine or process. In the preparatron
of the document expert advice has been sought from . B
many diverse industries to ensure that the principles are
valid for the widest application. Hustrations of many
different types of machinery have been used to stiess
the general application of these principles,

Care has been taken to determine the avarfability of
information dealing with specific types of machinery or
atherinstallations. It has not been the intention to
duplicate any of this work but to guide the reader to the -
source of such information in the hope that a greater
awareness of the importance of safeguarding might be
encouraged. |n this respect an extensive bibliography is
included listing a number of publications appropriate to- -
machinery and processes in drfferen; mdustrres :

As inthe 1 964 edmon, thrs publrcatron stresses the

|mportance of in-built safety at the design stage, By this
itis hoped that safeguardingn might be viewed as 2
pnme feature of the machine and not something whizh

isconsidered as an afterthought. The section on

glactrical considerations has been graatly expanded to

~ explain fully, with the help of circuit diagrams, the
latest methods of electrical mterlockrng

The safeguardmg of machmery is atask which requrres ‘

unremrttrng and careful attention at all times in the

interest of industrial accident nreventu,n Itis hoped that

this code of practice will make & worthwhile
‘contribution to the prevention of machinery accidents
- and that it will serve as a useful guide to those whose

taskitisto safeguard machinery.

* Although this publication is the work of a number of

different organizations on the BSI committes concerned
a special word of appreciation is given to HM Factory
Inspectorate for their work in preparing the dragrams to
illustrate the text.

MOTE. The jreparation ofthls cade of practlce hasta?cn into
account other publishew British Standards, in particular B3 1648
‘Guards for shaft couplings', Itis considered that the principles of

-guarding contained in this present publication BS 5304 can be

. . applied generally 10 all industrizs and designs of machines and this
- effectively supersedes B3 1648, ltis therefore proposed that on

‘publrcatren of B5 530+, B.: 1649 should be wrthdrawn



http://www.avadocuments.com/doc/bs-5304-1975
http://www.avadocuments.com/doc/bs-5304-1975

British Standard Code of practice

BS 5304 :1975

%afeguardmg ofmachmeiy @e\-w\i <P 300‘*)

Section one. General

1.Scope

This British Standard code of practice identifies and
describes methods of safeguarding which may be .
applied to dangerous parts of machinery and indicates
the criteria to be observed in the design, construction
and application of such safeguards. It is not intended to
cover hazards such as those [isted in 8.1.

2. References

The tities of the British Stanuards refen ed toin this
standard are listed on the inside back cover.

3. Detinitions

Forthe purpases of this Brmsh Standard the fo'lowmg ’
definitions apply. ,
3.1 machinery. Apparatus for 2applying power, having
fixed and moving parts each with definite functions.

3.2 danger. Wheri applied to machinery in motion it is
a situation in which there is a reasonab!y foreseeable
risk of injury from the mechanical hazards referred toin

. clause6.

3.3 danger point orarea. The point or area at or near
machinery where dancer could occur.

3.4 safeguard. A guard or device designed to protect
persons from danger. )

3.5 guard. There are several types of guard.

3.5.1 fixed guard. A guard which has no moving parts
associated with, or depender* upon, the mechanism of
any inachinery and which, when in position, prevents
access to a danger point or area.

3.5.2 adjustable guard. A fixed guard : ~corporaﬂng
an adjustable element, which orce adjusted remains in
that position during a particular operation.

3.5.3 distanca guard. A guard which does not
completely enclose a danger point or area but places it
out of normal reach, TEEA
3.5.4 interlocking guard. A guard which has a
movable part so connected to the machinery cont,:ls
that: .
(a) the part(s) of the machinery causing danger
cannot be setin motion until the guard is closed, and
(b) access to the danger point or area is denied while
danger exists.
An interlocking guard includes also a control guard (see
clause 12 and figure 18) and a sensing guard (see
figures 14 and 15).

-

.3.5.5 automatic guard. A guard which is associated

with, and dependent upon, the mechanism ofthe
machinery and operates so as to physically remove from
the danger area any part of a person exposed to danger,

3.5.6 self-adjusting guard. A guard which

pravents accidental access of a person to a dunger point
or area but allows the access of a workpie ze which

itself acts as part of the guard, the guard automatically
returning toits cioseu po..:t:or. when the operation is
completeo :

3.6 safety dewce A protectlve appliance otherthana
guard, which ehmmate:. orreduces danger before access °
to adanger point or area can be aehrﬂved There are:
several types of .,afety dewce :

3.6.1 trip device. A means whereby anyapproach by a
person beyond the safe llmlt ofwor\mg machinery.
causesthedeviceto actuate an ...Jp the’ -nachmen s or-
reverse its motion, thus preventm(} A izl ‘
injury at-he danger pomt

3.6.2 overrundevice. A dewcewhu. used in

conjunction with a guard, is demgned to prevent ac,ces_s :

to machinery parts which are maoving by theirowr -

inertia atter the power supply has beeni mterrupter., 0 as

to prevent danger.

3.6.3 mechanical restraintdevice. Adevice .
which applies mechanical restrair. to a dangerous part .
of machinery which has been set in motion due to
failure of ihe machinery controis or of other parts of the
machinery, so as to prevent danger. *

3.6.4 two-hand control device, A device which
requires both hands to oparate the machinery controis
thus affording a measure of protection from danger only
to the machinery operator.

3.7 sequential operatlon. A method of operating
rnachinery employing electrical, mechanical, hydraulic
or pneumatic means to set certajn machanisms in
motion automatically, in sequence, following the
closure of aguard,

3.8 failure to safaty (fail safe). Any failure in, or
interruption of power supply to a safeguard will resultin
the prompt stopping or, where appropriate, stopping
and reversal of the movement of the da ngerous parts
before injury can occur, orthe safeguard remaining in
position to prevent access to the danger point or area.

3.9 extra low voltage. A voltage normally not
exceeding 50 V between conductors and not exceeding
30Va.c. or 50V d.c. between any conductor and earth.
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Section two. General guidance

4. Application of the code

4.1 Use of the code. Continuing attention should be -
given to the safeguarding of machinery by all concerned
{dosigners, manufacturers, suppliers, installers,
empleyers, ucers and their production engineering and

maintenance staff) in the interest of accident prevention .

attho workpiace. The aim of this codeisto pointtoa
high standard of machinery safeguarding. No reference
has been made to statutory requiremerits governing
safety precautions for machinery and it will be .
necessary to take account of current legislation,

4.2 Further references. ltis not possible in this code
of pra=tice to give spacific answers to all questions
concerning the safeguarding of machinery and for this
reason appendix B provides a selective list of ‘
publications on a wide range of subjects; classified
under industry headings. Users of the code should
therefore refer to these for more detailed advice on
specific applications.

Further assistance is available from the Hea':h and
Safety Executive, trade and employers’ organizations
and voluntary safety bodies. Good safeguarding
practice in a wide range of industries is displayed and
demonstrated at the industrial Health and Safety Centre
97 Horseferry Road, London SW1P 2DX.

4.3 Future developments. Sinceitis possible to
identify dangerous parts which are common to many

types of machinery, general guidance can be give:. Itis

tounded on the basic principles of practical
safeguarding using the experience gained over many
years ; developments in this field are constantly being
introduced not only to counter the dangers associated
with new technologies and manu”acturing methods but
also to improve the safeguarding of traditional types of
machinery. Users of this code should therefore make
themselves aware of any new codes of practice, etc.
which may be published from time to time by the
organizations already mentioned.

5, Principl s of safeguarding

It is emphasized that the absence of any injury from
operating machinery without the necessary safeguards
over a period of time does not mean that the moving
parts of the machmery are not dangerous. Although
good supervision, co-operation, training and constant
attention by the operator have an important part to play,

they are no substitute for proper safeguarding measures -

and their maintenance. Accidents result not only in
obvicus suffering to anyone injured and a lowering of
morale generally, but 2lso in damaga to plantand
material with the loss of time and production which
invariably accompany such occurrences.

Tha basic principle is that unless a danger point
orarea is safe by virtue of -ts position, the
machinery should be provided with an
appropriate safeguard which efiminates or
reduces danger before access to the danger
pointorareacanbe achieved

'tis difficult to guarantee that machinery is safe by
virtue of its posmon, and where the risk of access and
possible injury is reasonably foreseeable safeguarding

. should be prowded

However, itis cppreciatedd that it is often impracticable to
apply this Lasic principle to the entire work area of
certain machinery, for example machine tools. Safety
regulations forthese, covering for example grinding
rachines, milling machines and woodworking
machines, specify safeguards consistent with their use
together with the training of operators or setters in safe
methods of working. There may also be machinery
where emergency braking arrangements could be
auceptable in circumstances where the above pnnclple
isimpracticable ; in such cases the tisk of serious injury
is alleviated.

Inagpplying the pnnmples 2f safequarding the following

. points should be taken into account.

5.1 Designcc rsiderations .
5.1.1 General

{a) Wherever practicable, dangerous parts shouid be
eliminated or effectively enclosed in the initial design
of the machinery. If they cannot be eliminated then
suitable safeguards should be incorporated 2s part of
“the design and if this is not possibla provision should
--be miade for safeguards to be easily incorporated ata
later stage.

(b) Provision should be made to facilitate the fitting of
alternative types of safeg uards on machinery where it
is known that this will be necessary becsuse the work
to be done on it will vary.

(c) Where a movable guard, cover, etc. is used as a
safeguard it should be interlocked with the drive, of
whatever kind, to the parts beirg safeguarded ;
.maintenance operations may ;equira complete
 isolation of the machinery from the power supply.

(d) Lubrication and routine maintenance facilities
should be incorporated outside the danger area (see
clause 35} wherever practicable.

(e) Suitable supplementary lighting should be

prowded atoperating points ; a lighting fitting which
is portable or which relies on manual action for
directional adjustment should preferably be supplied
atextra Iow voltage.

(f) Every mechanism and zontrol forming part of a
safeguard should as far as practicable, be ¢f fail safg
design.

5.1.2 Construction of safeaquards

(a) All safeguards should be of sound design and
adequate strength.

(b) Guards may be made of metal, timber, laminated
_ortoughened glass, suitable plastics or a combination
“of these as may be appropriate to the conditions ; the

shatter resistant properties of materials may need to be

considered.

(c) Whatever safeguard is selected it should not itself
presenta hazard such as trapping or shear points,
splinters, rough or sharp edges, or other sources
likely to cause injury. In the case of food processing
machinery the safeguard should not constitute a
source of contamination of the product.

5.1.3 Mechanizationfautomation. The use of automatlc
equipment to move components, materials and
substances into and out of machine tools and process
machinery should be favourably considered as this not
only reduces the hazards to persons at the yarious
‘ Boc
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operating points but aiso diminishes the risk of injury -
when materials would otherwise need to be maved
manually. -

V/hile automatic 2eding and removal devices have
much to oifer in preventing accidents to machine
operators, they can create danger when any faults are

__beirg rectified by maintenance staff. Care should be

takento ensure that the use of these devices does not
introciuce further trapping hazards between the devices

and parts of the machine or materials being processed.

Where maintenance staff cannot be protected by, -
interlockiny guards or uther safeguards available to the
operator, a strict ‘permit to work’ system, which ensures

‘that the power supply cannot be restored inadvertenitly

while repair work is proceeding, should he instituted
{see clause 53).

Access to dangerous parts of transfer mechanisms,
conveyors, etc, will also require consideration, usually
on a larger scale than in the case of single operation
processes. In large automated processes particular
attention should be given to safe means of access such
as walkways, conveyar bridges or crossover points.

6. Dangers from machinery ,

A person may be injured at machinery as a resut of:
(a) coming into contact with it, or Leing trapped
between the machinery and any material in or at the
machinery or any fixed structure,

(b) being stuck by, or becoming entangledin orby,

any material in motion in the machinery,

(c) being struck by parts of the machinery ejected
fromit, and

(d) being struck by material ejected from the
machinery.

These may be regarded as mechanica! hazards. Some
machinerv may aiso present non-mechanical hazards in
which the dangers are less obvious ortangible.

This code deals only with safeguards applicabie to the
dangerous parts of machinery identified in clause 7. To
assist with non-mechanical hazards not covered in this

- code, B.3 gives references covering such hazards

identified in clause 8.

7. Mechanical hazards

Movement of machinery parts consists basically of
rotary, sliding or reciprocating motion or a combination
of these. Depending on the juxtaposition of the various
elements of the machinery, shearing and crushing
injuries can be produced. Rotating parts are also -
capable of inflicting injury by personal entangiement.
Dangerous parts of machinery can be placed into four
groups as follows. ‘

NOTE. The examples in the fallowing groups are merely typical

and one or more of them will be found on most units of machinery,

butthe listis notuxhaustive. Such parts should be safeguarded by
the methods outlined in this code, bearing in mind that a fixed
guard is p._rgferabla to any other, s

BS 5304 :1975

7.1 Group1: Rotary motions .
7.1.1 Rotating parts opesating alone. {See figures
75t077.) ‘
(@) Shafts. Includes couplings, spindles, chucks,
l[eadscrews, mandrels and bars. These, even when
. rotating slowly, are a source of danger.

(b) Projections and apertures. Some rotating parts

are even more dangerous because of projections or )

apertures which are incorporated ; for example, far;
biades, spoked pulleys, chain wheels, gear wheels and
flywheels ; mixer and beater arms, spiked cylinders,
carding surfaces, cages in centrifuges ; projecting
keys, set screws, and cotter pins on shafts.

s AE
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¢
1]
i
A - (c) Abrasive or cutting tools. These parts come into
o contact with material in order to alter its shape, size
i ‘orfinish ; for example, abrasive wheels and all kinds
of cutfing tools, circular saws, milling cutters, and the
it cutiers ¢ routers ; spindle moulders ; planing and
T tenoning machines.- ‘ -
o
'J* J 1t
"l
I

7.1.2 Inrunning nips. The three main types are as
follows,

(a) Between parts rotating in opposite directions.
These exist where two or more shafts or rolls rotate
parallel to one another in opposite directions eitherin
close contact orapart. In the latter case the nip
created by the presence of material which may be fed
through the gap shouid also be considered. This
source of danger is seen, for example, on gear wheels,
rolling mills, mixing rolls and calenders. :

(b) Between rotating and tangentially moving parts.
The danger is the nip created at the point of contact
between, for example, a power transmission belt and
its pulley ; a chain and chain wheel ; arack and
pinion; metal, paper, rope, etc. and areeling drum ; a
conveyor belt and its driving pulley cr any bend pulley
(see BS 2890).

| 7
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() Batween rotating and fixed parts, Thedangeris

the shearing, crushing or abrading action of a

rotating part in relation to a fixed part of machinery; -
forexample, spoked handwheels orflywheels and

the machinery bed ; screw or worm conveyors and

their casing ; revolving mixer and mincing

mechanisms in casings having unprotected -

openings; the rim of a centrifuge basket and the edge -
of the casing opening ; the periphery of an abrasive
wheel and an incorrectly adjusted work rest.

7.2 Group 2: Reciprocéting orsliding motions |

7.2.1 Recipiocating or sliding motions and fixed parts. (a) Approach types. Forexa:nple, the ram of 2 forging
In this motion the moving part is usuaily suppoited in hammer, the slides of power presses; the caliipers of
guides, The danger point occurs when the mavirg spot welding machines ; garment press closure :
(reciprocating or sliding) partapproaches or passes - the closing nip between two platen motions, platan
. anotherfixed or moving part. Rt printing machines, foundry moulding machines.
7 R The traversing motion of a machinery part (such as
' B the table of a muchine tool) and a fixed structure not
‘ being part of the machinery may also create this type
of hazard, '

A " | %\\\\\\\ o (b) Passing types. Thisis exemplified by thetable of a
N

metal planing machine and its bed ; the tool of
shaping machine and the workpiece : the blade of a
guiliotine. .

A\
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7.2.2 Single sliding motion. The dénger of a sliding part

by itself is generally confined to the intrinsic nature of
the part ; forexample, teeth on 2 bandsaw blade or
abrasive particles on a belt sanding machine ; aiso

7.3 Group 3: Rotating/sliding motions.

Some mechanisms contain a combinatton of sliding and
turning movement such as those used in certain cam
gear designs and the nip points between connecting
rods or links and rotating wheels ; for example, the

- -mechanism on the side of some f!at-bed printing
. maghines; textile machines.

e

74 Group4:.OsciIiatin§ motions. Some

arrangements of machinery parts may present oscillating
movements such as in a pendulum. Othertr oping ‘
points may occur because of scissor moverents such -
as in the lattice construction of older [ift qates orthe -
arms of open arm tensioning pulleys.

7.5 Contactwith materials being processed.
At some machineryinjury can be caused by contact
with the material being processed ; for example, by the
danger of entanglement v-ith a rotating stockbarina . .

lathe, or by being struck by sheet metal being formedin™~

a press brake. More commonly, accidents involvina
material b:eing processed are not causec by the material
alone but the material drawing a person into contact
with dangerous parts of the machinery. One sitch

" situation (material being drawn between a pair of rolls}

is refened toin 7.1.2 (a). Particular examples are fabric
being fed into a laundry calender (see figure 41) and -
rubber being fed into a horizontal two-roll mil!

-~ (seefigure 43).

P
IR

BT
L

7.6 Ejection of machinery parts. Injury can be
causad by the ejection cf parts of machineiy; for
example, the flying shuttle of aloom ; a loose cutter or. a

. veriical spindle moulding machine ; broken tooling on a
“press ; the bursting of an abrasive wheel.

7.7 Ejection of material. Several machine processes
are likely to give rise to material being thrown out with
sufficient force to cause injury ; for example, flying
swarf ; ejection of a workpiecs ; molten metal splash
from a diecasting machine ; sparks generated ina =
welding process. T '
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" {g) pressureand vacuum - - -
. (h) temperature (high, low)

8. Non-mechanical hazards

Machinery may also present other hazards and sunable
measures need to be taken to prevent danger arising.
The nature of the measure will depend on the source of
danger.

8.1 Sources of danger. As stated previously the code
does not deal specifically with these non-mechanicat
sources of danger. ‘
.The various sources of danger other than rnechamcal
include the following. ‘

(a) e!ectrrcrty {including statrc electncrty)

(b) ionizing radiations
(1) radiations from radlcactwe sources
(2) radiographic apparatus
(3} static eliminators -
* {4) thickness gauges - '

{¢) non-ionizing radiations -

(1) high frequency and microwave (lnductlon and‘

dielectric heating processes, microwave ovens)
(2) ultra-violet (electric arc welding, ultra- v:olet
printing processes) -

(3) laser

{d) chemicals - SR ,l

(1) toxic :
(2) flammab; D

" {3) corro.iva :
(4) explesive

(e) expic:ives (metalformmg)

{f) noise and vibration

(i) dusts (those harmful 1o health and those whlch
can ferm explosive mixtures with air, etc.). -

8.2 Linking mechanical and non -mechanical

- hazards. Attention is drawn to the “act that many of
‘the safeguards which are adopted in order to eliminate
ormitigate personal harm from non-mechanical hazards - -
will in some cases neec to be considered in conjunctlon g
with the safeguards against the mechanical hazarde -
ientified in clause 7. it is therefore essential tha, where-
practicabls, the precautlonary measures necessary
should be taken into account at the ..esrgn stage. By so -
dcing itis often more eff'crent and lesscry. fly ‘spe ' :
section five), .

‘ should be provnded (see cl"use 10)‘ ,‘

BS 5304 : 1975

Sectlon three. Types of safeguards'
general descrip?ion and LIFGU]-‘IS‘ ances

- of use

9. Fixed guard ',
(See figures 2 to 6.)

- M fixed guard should be used wheaevir prac.trcable

The guard should, by its design, prevent access to the
dangerous paris of the machinery. It should be of
robust construction, sufficient te withstand ““e stresses
of the process and environmental conditions. it should
be securely fixed in position when the machineryisin
motion oris lik<'yto bei in motion, and it should not be
possible to reinove or open the guard atanytime -
wrthout the aid of a tool,

When itis neca 2ssary for work to be fed through the
guard, openings should be sufficient oniytoallowthe
passage of materic| but should nct create atran betwsen
the material and the guard. If accessto the dangerous
parts cannot be prevented bythe use cf a fixed guard
with a plain opemng thena tunnel of sufflcrent Iength

10. Opanlngs ina frxed guard
(See flgureSSand 6. )

Where an opemng is necessary in a frxed guard for the

_ purpose of feeding material by hand, rtshould not
" allow the operator accessto the r:Iangen:n.re parts

. Whereitis necessaryt'* provrde suchan opening it
- .should bea’ 3suffrcrentdrstancefromthedangerpomt

Flgure 5 provides a guide to show the relatlonshlp

‘ '-, ‘ between the guard opemrg and thy Jistance ofthe
_guard from a danger poirit, wiich, if folluwed rn the
) design, ‘shouid prevent unsafe access

" -Access through a gLard opening whrc.. is potennally

dangerous can often be prevented by the usa of afalse
table (see clar..se 21 ). .

BS 3042 snecmen requrrements for probrng uevices,

v

'rncludmg test frngers appropnate to ,Jartrcu!artypes of
equrpmenf L “ L ‘

1 1 Interlockmg guard R
(Seeflgures7t015) oL o ‘
When & nrocess demands accesstoa danger area and a
fixed guard is impracticable, the provision of an .
interlocking guard should be considered. An

" interlocking guard should be so connec.tedt the
: machlne controls that -

o (a\ uritilthe guard is. closed the machrne cannot

‘operate,and

(b) either the guard remains Icu.lfed clos ed until the

dangerous movement has ceased, or, where overrun is
“insufficier.t to create danger, opening the guard

disengages the drive (for overrun devices ses

clause 19). :

. The interlocking systern m: 1y be either mechanical,
_electrical, hydraulic, pneun.atic orany combination of

these. The type and mode of cperation of the interlock
should be considered in relation to the process to which
itis applied:

The guard should be constructed from materral of
adequate strangth for its purpase and be securely fixed
to the machinery or floor so that it cannoDw um 5)
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detached without the aid of a tool, The interlocking
system should fail sate, For electrical mterlock-ng
see clausa 41. : .

12. Contra; guard s
(Seef'gure18) ,
\Vherv the dangerous part(s) o\ maciinervcan be
brrughitto rest rapidly, for exampie on a small hydraulic
¢, pneumatic nress, a control guard, which isa pamcular
type of interiocking guard, may be appropna*o

A control guard should be so interiocked witl: ihe
machin ery controls that

(a) unti! the guard is closed the machmery cannot
operate,

(b) theact of closmg the guard initia‘es sequentlal
operation of the machinery, and

(c) the guard is not locked closed while the
m=chinery iz operating but if itis opened while the
dangerou.. parts are in motion, movement of those
parts is icimediately arrested or, where appropriate.
reversed.

Afte»initiating a machinery cycle by closwg the guard
the sperator commonly holds it closed until the
operation is complete and then allows it to open by the
action of areturn spring. A contro! guard is particularly
suitable for a machinary cycle of short duration.

13. Automatic guard
{Seefigures 32 and 33.)

Anautomatic guard operates by physically removing
fromthe darger area any part of a purson cxposed to
danger. It can be used only where there is adequate time
forsuch removal to take place Wn.uOU’ mtroducmg any
further danger.

The guard should be secu.:rely fastened to the
machinery so that it cannot be adjusted or detached
without the aid of tools. .

Themovable part of the guard should be positively
actuated by the movernent of the dangerous part of the
machinery. The mechanisim should be so designed that
it will stand long use with minimum maintenance,
aithough it is essential that perrod:c mSpact:on of the
mechanism is carried out and provision is made so that
any necessary adjustments ¢an be made to ensure that
the saf~guard operates safely and correctly.

Inthe case of power presses, see design recommenda-
tions in the 5th roport of the Joint Standing Committee -
on Safety in the use of power presses (sea B.2.2,2{d))
and Health and safety at werk booklet no. 14 (s.e
B.2.2.2(g)).

14. Distance guard .
Adistance guard is designed and constructed in
relation to the danger with the object of preventing any
part of the body from reaching a danger point orarea.
It may take the form of a fixed barrier or fence designed
10 a certain height so as to prevent access to vie danger
area, altheugh climbing overthis type of safeguard
. cannot be entirely eliminated, or a fixed "tunnel’ guard in
which access to adanger point cannot be gained by
reason of the relationship « f guard opening dimensions
to length of tunnel,

15. Adjustable guard
(Seefigures39 and 40.)

_Whereitis rmpractlcable to prevent accesstothe
- dangerous parts because they are unavoidably exposed

during use (e g:the cutter on a horizontal milling

. machine} the use of an adjustable guard may be

permissiblei :_n conjurction with certain other closely
supervised cenditions, i.e. a sound floor, good
lighting and ardleGuate training of the operator.

An adjustabl: _,uard provides for an opening to the
machinery thtucuyin which material can be fed, the
whole guard or part ofitbeing capable of adjustment in
order that the openiny can be varied in height and
width to suit the dimensions of the work in hand. Itis
essential in such cases that the adjustment is carefully
carried out by a suitably trained person. Regular
maintenance of the fixing arrangements is necessary to
ensure that the adjustable element of the guard remains
firmly in place when once positioned. The guard shouid
be so designed that the adjustable parts cannot easily
becorne detached and mislaid.’

In appropriate circumstances the use of a jigora frxture
should be considered when this type of guard is used.-

16. Seif-adjusting guard

This type of protection is designed to prevent access to
the dangerous part(s) until actuated by the movement
of the workpiece. That is to say, itis opened by the
passage of the workpiece at the beginning of the
operation and returns to the safe position on romplet:on
‘of the operation.

Anexampleofa self-adjustmg guardisto be found on
some circular sawing machines. When no timber is
passing through the machine the guard provides
complete protection, and when the timber is presented
it raises the guard which then rests on top of the timber
while cutting is in progress. :

17. Trip devices

~ (Seefigures411050.)

A trip device ensures that an approach to a dangerous
part beyond a safe limit causes the devize to operate
and the dangerous part(s) to stop before iniury can be
inflicted. The sensitive trip bar or trip wire fitted to
radial drilling machines (see figures 47 and 48) does

_ not exactliy fit this specification, but by operating on
- minimal defiection, when properly adjusted, prevents

serious injury. In certain cases it may be necessary also
to reverse the motion. The effective performance of a
trip device depends on the stopping characteristics of

the machinery, which should be controlled within fine

limits. A bralte may be necessary.

Atrip device should be so designed that afterit has been
operated accidentally the machinery cannot be setin
mot.un uniess the device has been reset manually.

An eiectrical or electronic trip device shouvld be so
designed that its effective operation will not be impaired
by any function of the machinery or by extrancous
influences. (See B.2.2.2(d) and 2(f) and also
5.2.6(4).) '

17.1 Mechanical trip device. (See figures 41 10 46.)
The essentials of a mechanical trip device are a screen or
harrier which is encountered by part of the body as it
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approaches the danger area and by so doing wrll operate
the device.

17.2 Photo-electric trip device. (Sae figure 49)
A light beam or beams, arranged as a detecting curtain
across the opening between the operator and the
dangerous parts of the machinery, with an associated
photo-electric detector, can be used to form a
- photo-electric trip device (see also clause 48).

The device should ensure that :

(8) as long as the light curtain is interrupted the )
dangerous part(s) of the machinery cannot be setin
motion, and

(b) in the event of interruption of the curtain while a
dangerous part is in motion the device will operate
and promptly arrest or, where approptiate, arrest and
reverse the motion of the dangerous part before the |
danger point can be reached.,

Recommendations for the design and performance of

: photo-electric trip devices are contained in the 8th

- repert of the Joint Standing Committee on Safetyinthe
use of power presses (see B.2.2.2(d), in ‘Safetyin
Print : Guarding of guillotines and trimmers’ (see
B.2.6(4)) and in ‘Fencing of hydraulic presses’ (see
B.2.2.2(f)). The recommendations contained in these
reports are not appropriate to the use of photo-electric
trip devices at other types of machinery.

17.3 Pressurasensitive mat. (See figure 50.)

This device operates by means of a numbae of suitably
spaced electrical or fluid switches/valves contained
within a mat connected to a control unitand covering
the approuches to the danger area. Pressure on the mat:
operates one or more of these switches (see alsc
clause 48). Electrical pressure sensitive mats are
connected into machine control circuits and theiruse
should therefore be restricted to normal rlsk situations
(seeclauses 41 and 42)...

A pressure sensitive mat may be appropriate in
circumstances where the use of a fixed guard or an
interlocking guard is impracticable, and is particularly
suitable for use as an emergency stopping device, 8s a
means of protecting a person who may be inside
machinery, or as a secondary safety device to augment
a conventional guard. '

17.4 Capacitance and ultrasonic device. Dueto
difficulties in setting up and maintaining the proper ievel
of sensitivity, and their present state of development, the
~ use of these devices should be restricted to the guarding
of machinery at which normal interlocking is
appropriate (see clauses 41 and 42).

18. Two-hand control device
{Sesfigure 59.)
Where guarding isimpracticable, two-hand contro!
offers a means of protecting the hands of the machine
operator. It may also be used as a dead man’s control
(se227.4.1). It should be designed in accordance with
the following requirements,
(a) The hand controls should be so placed, separated
and protected as to prevent spanning with one hand
- only, being operated with one hand and another part
of the body, or being bridged by a tool.
{b) It chiould not be passible to start the machinery
unless the controls are operated within approximately
1 s of each other; this prevents the operator from
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locking one control in the start pasition so allowing
himto operate'the machinery by means of the other
control leaving one hand free.

(c) Movement of the dangerous parts should be
arrested immediately or, where appropriate, arrested
and reversed if one or both controls are released while
there is yet danger from the movement of these parts ;
this should ensure that both hands of the operator are
clearof the danger area during the whole of the
dangerous movement.

{d) Itshould not be possibie to initiate a subsequent
cycle until both controls have first been returned ta
their original position. This prevents the possibility of
== sonirol being tocked in the start posmon

18, Dverrun devices
{Seeligures 5510 58.)

Whera tn2 inertia of the parts of machinery produces
dangerous residual motion or overrun, afterthe power
has been disconnected it is necessan; to ensure that the
guard cannot be opened until the motion has ceased.
This can be achieved by means of

(a) arotation sensing device (see 19.1) which
ensures that after the power has been cut off the
guard remains locked closed until the device has
sensed that rotation of the dangerous parts has
ceased, or

(b) atiming device (see 19.2) which ensures that
after the power has been cut off the guard remains
locked closed until the dangerous parts have come to
rest, or

(c) a brake (see clause 30) wh:ch is mterlocked with
the guard and the machine controls so that the act of
cutting off the power to the dangerous parts or
onening the guard applies the brake.

19.1 Rotation sensing devices. (Seefigures 55
and 56.) Variable conditions of operation of machinery
produce variable amounts of overrun, and in these
circumstances a timing device (see¢ 19.2) may be
inappropriate since it has to be set for the longest
overrun that might be expected, The variable time
element may, however, be eliminated by the use of a
rotation sensing device which allows the guard to be
opened assoon as rotatlon of the dangerous parts has
ceased.

Such devices operate on different principles, for
example by centrifugal force, by friction, by the
generation of eddy currents or by means cf a voltage
generator, but not all operate in a fail safe manner and
the use of thcse that do not should be restricted to
machinery at which normal rnterlocktng is appropriate
(see clauses 41 and 42). Some may suffer from the
disadvantage that they show poor response at low
speed and are therefore acceptable only where a small
residual motion after the guard has been opened could
not cause injury. On the other hand, there is machinery
where the stored energy is of sufficient magmtude and
the configuration of the dungerous parts is such that no
residual motion can be tolerated. Figure 56 shows an
effective rotation sensing device which holds the guard
ciosed until rotation has entirely ceasad.

19.2 Timing devices (See figures 1(g) 57 and 58. )

19.2.1 Delayed action key exchange Where a trapperd
or captrve key interlock system is emplo% ae

11}
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and 44.1.3) a delayed action key exchange containing a
timing mechanism is used to hold the guard closed until
the machine has come to rest. Until the power has been
cut off and the time pre-set in the timing mechanism has
elapsed, a key required for unlocking the guard cannot
be removed from the exchange.
19.2.2 Automatic defay boft. An automatic delay bolt is
an electromechanical device comprising a bolt unit
fitted to a fixed member of the guard and a bolt keeper
which is attached to the moving part of the guard. The
bolt unit contains the bolt, electrical switches and a
delay mechanism and is so arranged that when the bolt
catch is released the power is immediately switched off
and withdrawal of the bolt, which is automatic, .
proceeds underthe control of the delay mechanism, Itis
not possible to switch on the power supply by moving
the bolt unless it engages the keeper. )
18.2.3 Manually operated delay bolt (See figures 57
. and 58.) In place of a timing mechanism to provide the
delay element, a bolt with a long threaded portion may .

be used, the length of the thread and the design of the
mounting being such as to ensure thatthe time taken to
unscrew the bolt manually exceeds the time taken by
the dangerous parts of the machine to come to rest after
the power has been cut off. For example, the bolt can be
arranged to aperate a limit switch so that as the bolt is
unscrewed the first few turns cause the contacts to open
and switch off the power supply. -
20. Mechanical restraint device
(See figures 6010 62.)
201 Horizontally moving platen. (See figures 60
and 61.) On hydraulically or pneumatically powered
machinery, which presents a trap between a fixed and a
moving platen to which access is required usually once
in every cycle, for example, pressure diecasting
machines and plastics injection moulding machines, the
protection afforded by the interlocking guard should be
augmented, where necessary, by a scctch which is
capable of applying sufficient mechanical restraint to
arrest the movement of the platen if, owing to a failure of
the machine controls the platen starts to close while the
guardis open..
A simple method of applying mechanical restraint is to
provide a scotch in the form of a strut which falls into
place between the platens as soon as they are fully
open ; a device of this kind gives adequate protection
provided the guard remains locked closed until the
platens are fully open. Many machines are, however,
provided with a guard which, in order to save time, can
be opened while the piatens are opning. On these
machines a simple strul would not protect the operator
if, during an opening stroke, the moving platen started to
close again before it had reached the fully open position.
A scotch should therefore ’

(a) operate as soon as the guard moves from the

closed position and continue to operate until the

guard returns to the closed position,

{b) arrest the closing motion before the platen has

closed sufficiently tc cause injury, if the platen starts to

close while the guard is open,

{c) be of sufficient strength to withstand the closing

force of the platen,

(d) have sufficient overlap on the guard to overcome

the [ost motion between the guard and cam or link

which brings the scotch into o"peration ; this will

prevent access to the danger area while the scotch is
_ arresting the platen movement,

(e) be brought into operation preferably by

mechanical means, -

(f) allow the platen to move in the opening direction

when the guard is in any position and :

(9) be designed to fail safe, i.e. to engage

automatically if the operating system fails to function &

properly. o
20.2 Downstroking platens. {Seefigures 62 and 63.)

: Sudden loss of pressure at certain critical pointsinthe

hydraulic system of a downstroking press can cause the
platen to fall under gravity. On small machines the '
weight of the platen and speed of descent may be
insufficientto cause danger, but on large machines

iprotection against such a failure should be provided by

means of either
(a) one or more scotches, capable of supporting the
weight of the ram, platen and tool, inserted
automatically when the piaten has returned to the

- . top of its stroke (see figure 62), or

(b) a pilot-operated check valve and counterbalance
valve assembly connected to the lowerend of the
hydraulic cylinder (see figure 63).
Where a scotch operates in conjunction with an
interlocking guard the scotch should remain in position
until the guard is closed. The guard should tien remain

-locked closed until the platen has returned to the top of

its stroke and the scotch isin place.

Where a photo-electric trip device is used the scotch
should be progressive, i.e. it should move into
engagement with the platen ata number of positions
during the opening stroke. ’

21. False table
(Seefigure 64.)

A particular difficulty in preventing access to da ngerous
parts of machinery arises when a power operated feed
table, which may have eithertraversing or rotary motion,
carries material to the operating point of the machine.

A guard provided in front of the operating point has
necessarily to leave an opening for the material to pass
through which presents not only the danger of a person
gaining access through it to the danger point, but also of
the person being trapped between the material or work
holderand the edge of the opening as the feed table
moves forward, L o

A solution lies in the uge of a false table which has the
effect of filling the spaces between the workpieces on a
rotary feed table, orin the case of a single workpiece
ntounted on a traversing table, filling the space between
the workpieca and the extremity of its travel through the
guard. By means of a false table, therefore, the opening
in the guard remains blanked off while the machineisin
operation,

22. Feeding and take-off devices
If necessary, feeding and take-off devices should be

.provided at the feed and delivery points respectively of

the machine. Such devices include tongs, chutes, slides,
indexing tables, transfer mechanisms, automatic feeds,
magazines, suction or magnetic devices, puisrods and
air blast. i
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Section four. Selection of safeguards
(Seefigure1.)

" 23, Order of precedance

In selecting an appropriate safeguard for a particuiar
type of machinery or danger area it should be borne in
mind that a fixed guard provides the highest standard of
protection and should be used as iar as practicable ‘
whete access to the danger area is Mt required during
normal operation of the machinery.

_ Clauses 23.1 and 23.2 give guidzance on the selection of
* the type of safeguard in order of merit. Atsome
“machinery a combination of safeguards may be
" required. For exampte, where an indexing table is
k Qemployed to feed a workpiece into a machine, thereby

v removing the need foraccess to the primary danger

_,{pomt atrip device may be required to protect against the
" secondary danger of trapping between the indexing

e table and a fixed guard. Another example is provided by

certain high risk hydraulically operated machinery
where it is common to fit a guard, which is both

- electrically and hydraulically interlocked with the
machineiy controls, and to provnde also a mechanical
restramt dewce

23.1 Where accessto thadanger areais not
required during normal operation ofthe
machinery

(a) Fixed guard (see clause 9) including, where |
necessary, feeding and take-off devices {see clause
34) orafalsetable {see clause 21). Openings in the
guard should confarmto flgure 5orto BS3042 as
appropriate.

{b) Distance guard (see clause 14) including a
barrier of adequate height or a tunnel guard.

(¢} 7rip device.(see clause 17) including a sensitive
screen or barrier (see 17.1), photo-electric device
{see 17.2) and pressure sensitive mat( see 17.3).

A trip device should be used only where the provision
of a fixed guard ora distance guard is impracticable.

23.2 Where access to the danger areais requ:rad
for normal opearation .

(a) Interlocking guard (see clause 11) including,
where the stopping time is sufficiently short, a control
guard (see clause 12) and augmented, where
necessary at machines having an approach hazard
(see 7.2.1), by a mechanical restraint device (see
clause 20). Where there iseverrun of the dangerous
parts after the power has been disconnected an
overrun device (see clause 19) ora brake (see

clause 30) should be provided.

(b) Automatic guard (see clause 13). An automatic
guard should be capable of removing a person from -
the danger area before danger can arise and should
not itself constitute a source of dangerdue toits
speed of operation,

(c) Trip device (see 23.1 (c}).

(d) Adjustable guard (see clause 15). An adjustable
guard should be fitted where the danger point cannot
always be completely enclosed, for example, on
cartain machine tools such as horizontal and vertical
willing machines, grinding machines and '
woodworking machines,
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(e) Self-adjusting guard (seeclause18). .

A self-adjusting guard is acceptable where itis
aperated by the workpiece and the danger areais
enclosed before and after the operation by the guard
and during the operation by the guard and/orthe
workpiece.

(f) Twa-hand control device (see clause 18).

A two-hand control device is acceptabl= only where
the provision of guarding is impracticable. it protects
the operator of the machinery only and does not
prevent others in the vicinity from gaining access to
the dangerous parts.

(g) Dead man’s control (see 27.4,1). A dead man’s
control is an alternative to a two-hand control. Placed
out of reach of the danger arza it protects the operator
of the machinery but it does not protect other

persons.

24. Guard constru_ction
24.1 Material. In selecting the material to be used for

‘the construction of guards (see 5.1.2) consideration

should be given to weight and size in relation to the
need for the removal and replacement of guards for

“ l'OUtII'IE maintenance.

24.1.1 Solidmaterial. Solid matetial has the advantages
of strengtl‘ and ngidlty and is particularly suitable for
guardmg transmission systems and where adjustments
are rarely needed, but consideration should be given to

',allow for adequate cooting. Guards made from

transparent material should be considered whergitisan
advantage to see the working parts.

24.1.2 Perforated material. Perforated material can also
be used forthe manufacture of guards and this can be

. perforated metal, woven mesh, welded wire, metal

lattice or similar materials (see clause 37 for hygiene
considerations). The perforation or the mesh wire

should be such that fingers cannot reac.1 the danger
point. If there are reasons for openings which would

-permitthe entry of fingers the distance of th2 guard from

the danger point should be sufficient to prevent contact
(seeclause 10).
Mesh sizes and minimum distance between a guard and

" adanger peint can be established from figure 5 or from

BS 3042, which specifies a probe or test finger (test
finger V) to check openings in perforated or mesh
guards. '

24.1.3 Other materials. Where flexibility is required
other materials can be used. Forexample, chain mail,
leather, rubber or flexible plastics.

24,2 Supports. Guards may be fastened to
independent supports or to the machinery itself. The
number and spacing of the fixing points should bs
adequate to ensure stability and rigidity of the guard.
Where necessary, there should be clearance underthe

* guard for cleaning spillage, swarf, etc. provided this

clearance does not allovs access to the dangerous parts.

Gaps between guards or between guerds and supports
should not exceed those given in figure 5.

24.3 Transparent screen, Where a guard made of
sheet metal, rods or mesh would obstruct visibility of
areas required to be under observation during the
operation of machinery, a screen of transparent
material, made forexample of toughened glass orrigid
plastics sheet, should be provided.
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Plastlcs materials avallabie for guardmg purposes ¢
include polycarbonate, cellulose acetate and acrylic
sheet. In selecting one of these materials for guarding
purposes the following points should be considered.
(a) They have differing impact strength
{polycarbonate is the strongest, followed by
cellulose acetate and acrylic sheet in descending
order). Some types of acrylic sheet, though

. satisfactory in many applications, are unsuitable

where high impact strength is required.

(b) Guards can be made by fabrication (solvent
welding) of the sheet, vacuum forming, heat ,
application techniques, or by mounting panels of the
material in a suitable framework, When rivets or
countersunk head screws are used to secure the
panels care should be taken to ensure that the radial
stresses induced are not sufficient to crack the
material.

(c) They are unsuitable for centinuous exposure to
high temperatures {polycarbonate 135 °C, acrylic
sheet 90 °C, cellulose acetate 70 °C). Such exposure
will cause softening and a consequent Iowermg of
impact strength.

{d) Some plastics are notresistant to chemical
attack, for example, by additives in the coolant or
cutting fluids usaed in machining operations

(e} They can be scratched so that themransparency
decreases with wear, . k

"~ {f) Theuse of an antistatic preparation zan reduce the

amount of dust attracted to the material,.

Wheyse the suitability of a plastics material fora . =,
particular appiication is in doubt the advice ofths .
supplier should be sought,

25, Other consrdera_tlons '
25.1 Corrosion. If aguard is likely to be exposed to a

corrosion risk special measures should be taken. The use

of thicker steel plate, corrosion-resistant surface
coatings or alternative corrosion-resistant materials
should be considered.. .

25.2 Cover plates. The occasions when removable
cover plates are incorporated into guard design should
be strictly limited. Such covers should be secured so
that they cannot be removed without the use of a tool.
Where visual inspection through a guard is necessary
the guard should be provided by a grill or a permanently
fixed panel of laminated or toughened glass or other
suitable transparent material (see 24.3).

R
EN

Section five. Safety by design

126, Safety at the machine design stage

Designers should aiin to produce machinery which
satisfies the requnrements of efficient operation,

. namely to be economic in use, tc be safe to construct

install, operate and maintain.

In addition to considering the safety of machlnery
operators, designers should always take into account
the safetv of other people who may be exposed torisk.

Atthe design stage arrangements should be made,

where practicable, to eliminate the need to expose any

dangeraus parts during examination, lubrication,
adjustment and maintenance.

These aspects should be considered as early as possible

- during the machinery design and installution planning

* stages since the addition of safeguards as an
afterthought will all too often result in awkward design

problems involving unnecessary expense, reduced
production and possibly inefficient safeguard
performance. If the necessary safeguards are not

designed at the start it is possible that no action will be

taken later and the machine will then present a risk of
injury when taken into use,

Itis therefore considered that general guidance to
designers to amplify the principles stated in the fore-
going sections will be useful, The application of
these principles will do much to prevent accidents.

. Accessible moving parts of machinery should be so
. designed and constructed that no dangerarises from
theirmovement. Whaere this condition cannot be

achieved by design, so that traps are created by

",; .. association with other moving or fixed parts, guarding
‘\ehouid be provided to prevent access to all the danger .

areas. v

In the case of reciprocating or sliding motions

(see 7.2) to avoid the need for a safeguard, the
minimum clearance between such parts or between
such moving parts and fixed parts shall be sufficiently
Iarge to accommodate -human limbs, bodies or heads,
asisappropriate. In these cases, where the maximum

clearance is 6 mm, this can be tuken to be so small that

i

nc safeguard isnecessary. R,

27 Controls

27.1 POSItIOﬂ Controls should be so posmoned and .
spaced as to provide safe and easy operationand there ROF

should be ample clearance between each cantr' :
other parts of the machinery. Controls ahau’d bes so

placed that the operator can reach them easily’ without™ -

stretching or moving from his normal working position.
- The nontrols most frequently used should be placed in

the most accessible positions. To reduce the possibility

of errorwhen an operator changes from one unit of _
machinery to another of similar type a standard layout
should, where practicable, be adopted for machinery
and work situations having the same pattern of
operation. .

Start controls should be shrouded or otherviise
protected to prevent inadvertent operation. Near each
start contro! should be a stop control.
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Handles, handwheels and levers should be so
positioned that when the operator is intentionally
operating them he cannotinadvertently operate any
other control. Two-hand controls should be so placed,,
separated and protected as to pre*ant them from being
. operated by any means other thaniwo hands

{see clause 18).

27.2 ldentification. Controls should be clearly

. identifiable and readily distinguishable from each other
by varying their separation, size, shape, colour or feel,
and by labelling the controls with either words or
symbols to identify the function, or consequence of use
of the contro| {(see BS 3641 and BS 4964 ). Where
practicable, cantrols for different motions should be
operated from different points. For example,

the operating handle for a cross-slide automatic feed
should be separated from the handle of a traversing
feed.

Controls for starting or stopping a machine should be
clearly marked.

Stop and emergency stop controls should be coloured
red in accordance with BS 3641.

27.3 Oparation. Where appropriate the direction of
movement of a controi should correspond with the
direction of motion being controlled. Forexample,
where a handle or handwheel controls a sliding part,
“clockwise rotation should direct movement of the part
away from the operatar, to his right, orin an upward

direction. A lever requiring movementtowards, oraway -

from, the operator should resultin corresponding
movement of the moving part.

Where practicable, the mode and direction of movement
‘of controls should be so varied as to prevent :nadvertent
- eperauon of the wrong control, :

Ciutch control levers should be provided with
adequate means for retaining them in a safe position.

27.4 Controls for machinery setting or
adjustment and for feeding material. Where a
guard has to be displaced or removed for setting or
adjustment of machinery or the feeding of material and
itis necessary for the purpose of these operations for the
machinery to be in motion, the setter should be
protected, where practicable, by one of the followrng
- methods. which are shown in order of merit ;
(a) adead man’s control (see 27.4.1) with the
machinery running at crawl speed, or
: ;-‘_(b)' a 'mited movementdevice (see 27.4.2), or
% ) adead man's control with the machinery running
1 "rmal =nece -

A Deeu’ma.r s rontrol AT deud man's control
ermits movem&m ef the machingry only as long as the
is'held in a sevposition and automaticaliy

urns to the stop position when released. _
Atwo-hand control (see clause 18) may be uced as a
dead man’s control. -
NOTE. In addition to its value as & safety device du ing semng a
dead man's-control, if placed at sufficient distance from the "

dengerous parts, also prowdes a means of ensuring thata -~
machinery operator is in a position of safety when the machinery
is operating normally.

The use of a dead man’s control for remote operation of
machinery is, howaever, acceptable only whera it is not practicable
to provide effective guarding and where there is no danger from
overrun of the dangerous parts when the control has been
released.
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' 27.4.2 Limited movement devices. Alimited

movement device may be defined as a control system
the operation of which permits only a limited amount of
travel of a part of machinery on each occasion that the

. machinery control is operated ; further movement of the

machinery is precluded until there is a subsequent and
separate operation of the control. :

Care should be taken thatthe fitting of a limited
movement device does indeed increase the overall
safety of the machinery and that this will notbe
outweighed by an increased risk of failure of other
components or associated contral circuits.

The fitting of a limited movement device will inevitably
resultin a greater number of start/stop operations.

Therefore care should be taken to ensure that ;

(a) the machinery is mechanically robust enough to
withstand the possible extra duty,

(b) the drive motors will not overheat ; it will be
necessary for the starting duty to be reasonablv
accurately estimated,

{c) the ratmg of the contactors, relays, etc. affected is
adequate ; itis possible that the increased number of
operations at low power factor and near stall current
will have an adverse effect on existing equipment,

(d) a brake can be fitted ; if the load on the

machinery varies during the process cycle a brake will
almost certainly be necessary if effective limited
movement control is to be attained.

There are two types of limited movement devices:
one in which a predetermined timed impuise is given
with the object of achieving a predetermlned
movement, and
one in which the actual amount of movement is
controlled. :

Whichever method is used the mstallatlon should be
such that the operator cannot tamper with the controls.
Systematic maintenance arrangements should be
instituted to ensure regular checking and any necessary
resetting. i

27.4.2.1 Timed impulse devices. A timed impulse
device is simple to apply but it has a limitation that the
resultant movement of the machinery may vary fora
given setting of the control, depending on

variations of load on the machinery dur:ng its work or

process cycle;

the position of the crank where rotary motion is being

converted to linear motion;

frictional variations depending on temperature, etc.

~..The method adopted is to close a contactor or relay

supplying the drive motor or clrtch for a predetermined
timse. Control of the time of closure can be effected by
mechanical means, for example, oil dashpots,

' nneumatic devices, etc, Electrical timing methods
“include induction type relays and resistance/

capacuance timing circuits.

27.4.2.2 Controlled movement devices. Controlled
movement devices are designed to QIVB aredasonably
accurate predeterminsd movement in which stopping is
effected as soon as the required movement has taken
place. Once properly set they are only affected to a very
limited and probably negligible extent by ambient
temperature; varying load on the maching, etc. These
dewces are appllcable only in cenjuncti

Ht BS
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sefficient means of stopping the dangerous parts.
The actual movement of the machinery should be
transmitted by gearing, chain drive, or other form of
positive coupling to the device itself.

27.5 Handles and handwheels. Where a handle or
handwheel is provided to operate manually a
mechanism which can also he driven by mechanical
power, the handle or handwheel should preferably

be so designed as not to rotate when the power drive is
operating. Otherwise handwheels should either be of
the solid type without spokes or have handholds of
restricted size.

27.5 Emergency stop. Emergency stop devices
should be of the non-self-resetting type and should not
be remotely resettable (see also 27.2).

27.7 Multi-station machines. Where more than one
starting control is provided the arrangements should be
such that either only one specific master control is
operative at any time, or all effective starting controls are
required to be operated together, Provision for

complete electrical isolation overriding all other controls
should be made at the master control station.

27.8 Warning signals. On installations where the
main operating statior: or start control is in a position
from which the dangerous parts of the machincry or
people in the vicinity cannot be seen clearly, audible
and visual warnings should be operated through a
suitable interlock for a predetermined time before the
machinery starts to operate.

On installations where malfunction ofthe machinery
creates a hazard suitable warning signals should be
given. These signals should preferably be given
automatically and should be both audible and visual.

Audibie and visual warnings may be provided in
addition to, but not in substitution for, physical
safeguards.

.28. Operating stations -
" The controls should be so positioned relative to the
- machinery that the operator has adequate vision for
* control of the process being undertaken. The operator -

.7 should have adequate room in his working position and
_- - haveall controls placed within comfortable range.

Wherei itis necessary for an operator to stand or siton
ry.when it is being operated, a platform or seat
-“should be prowded and so designed and situated as to
protect an operator from any fixed or moving part which
may causeinjury.

28.1 P!atforms. Platforms should be so designed as

~1o prowde alevel standmg space of adequate size with
a firm foothold. When a platform is fixed above ground
orfloor level suitable guard rails and toe boards should
be fitted at the edge of the platform,

28.2 Seats and footrests. Seats should be so
designed as to provide adequate support and should be
fitted with back rests or shaped so as to protect an
operator against slipping from the seat. Suitable
footrests should be provided where necessary.

28.3 Access to platforms and seats, When a
platform or seat is positioned above ground or fioor
level an access ladder with handholds and where

., -Necessary with hoops, or a stairway with handrails or

'
v

"some uther suitable means should be prowded to give

safe and convenient acress. Ladders should comply
with the reqmrements of BS 4211.

29, Inchcators

Where necessary a qualitative, quantitative or check
reading indicator should be provided to warn of danger.
Such indicators should fail to safety. Explanations of
these indicators are as follows.

Qualitative shows a satisfactory or unsatisfactorvy
state, forexample, a temperature gauge whlch
indicates cold-normal-hot.

Quantitative provides numerical data and i:s such
requires precision in reading, for example.a pressure
gauge. A quantitative indicator should rot be used if-
a qualitative one would suffice.

- Check reading gives information automatlcally orwhen

cermanded as to the state of the equipment, for example,
an indicator light and/or audlble alarm.

30. Braking systems

Reference has been made in clauses 5, 19 andin
27.4.2 to various devices which rely for their efficient
operation on a brake in orderto stOp the machmery
quickly.- :
Braking: systems sho.:ld be SO de5|gned asto bring
dangerous moving parts to rest with a consistent
perfarmance as quickly as possible. Asthe braking
capacity required is related to the momentum of the
moving parts their momentum should be kept as low
as the application permits and in particular, the
possibility of inserting a clutch mechanism should be
considered as a means of limiting the momentum to

‘be dealt with by the brake, Rotating parts and equipmert

fastened to rotating parts should be so secured as to
prevent dislodgement in consequence of the brake
action, Adequate precautions should betaken to
prevent disengagement of screwed components due to
reversed torque following brake application.

Wherever practicable, all braking systems should fail to

safety, i.e. if the power supply is interrupted the brake is

applied.

" This important part of a safeguard may take several

forms as follows.

30.1 Mechanical brakes. Mechanical brakes are
applied by manual or spring pressure or by gravity.
Brakes should be of such capacity as t perform. -
satisfactorily under conditions of maximum siistained
use. The design should provide for adequate d:spersal
of heat 50 as to prevent excessive temperature rise of
the workmg parts.

The arrangements for housing and guiding should be
such as to minimize the risk of binding. Effective
arrangements should be made to prevent penetration
of oil to brake surfaces.

When springs are used they should be safely rated and
be of sufficient strength to secure prompt and effective
brake application. Any set of springs used on a brake
should be closely uniform in dimension, quality and
rating. A single spring should not be relied upon unless
equivalent safety is assured by other means. The means
for loading the springs should be such that, when
correctly adjusted, the spring anchorages can be
Iocked to prevent risk of slackening back.

151: BG
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Adequate instructions concerning the setting of the
brake should be available and thase should include :
(a) the length to which the sprmg (s) should be

compressed, and

(b) the setting of the cperating mechanism.

In certain applications itis essential that the brake is
released only when torque is available at the driving
motor, for example, the hoist motion of a crane. The
electrics.’ sircuit should theiefore be so designed that
failure of the supply in part of the circuit cannot cause
toss of control cf the motor while leaving the brake
disengaged. Precautions should also be taken against
the possibility of a similar danger being caused by
failure cf cne phase of athres phase supply. -

30.2 Electrical brakes Brakes which are applied,
‘electrically fail to danger in the event of failure of the
power supply and because of this thiey should only be
used after careful chnsideration of the particular
application. 7

30.2.1 D.C. injection. D.C. injection consists of
disconnecting the motor stator windings from the a.c.
supply and reconnecting them to a d.c. supply. This
has a powerful braking effect and is bette: than reverse
plugging {see 30.2.3)} because there is no tendency to
restart in the reverse direction.

30.2.2 Capacitor. Capacitor braking consists of the
following.
(a) Disconnecting the motor from thea.c.supply
and reconnecting it to a capacitor bank. The
capacitors help to maintain the self excitation of the
motor and there is an induced braking effect.

{(b) Improving the braking effect during the final
stages of deceleration by short-circuiting the motar
terminals.

. 30.2.3 Reverse plugging. Reverse plugging is a method
of braking whereby the electrical connectionstoa™ -
motor are changed so that a reverse torgue is applied
and the machine is brought rapidly to rest. The
changeover contactor should be so controlled that it
will open when the machmery stops, otherwise the
machinery WI|| restart in the reverse direction.

';31 Safety catches, overrun run-back
and fall-back proiection devices

Where aange: may arise a safety device should be
incorporated in the design to restrain any moving
machinery part which may overrun beyond its normal
stopping position due to gravity, to the fall-back of a
crankshaft, to the failure of a counterweight system or
any other similar failure (see B 2.2,2 (a) }.

All such devices should fail to safety.

32. Counterweights, rise and fall screens
and similar devices

Counterweights which may fall upon ortrap persons
should be suitably safeguarded. The movement of the
counterweights should be safeguarded as far as
necessary to provide complete protection against
injury.

Rise and fall screens which are capable of inflicting
injury in the event of their falling under gravity should
be provided with a suitable anti-fall device (see figures

68to72).
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Similar precautions are necessary on other weights,
for example, those provided for tensioning ropes and
belt conveyors, where such weights move when the

. machineryis operated In these cases provision should

be made to maintain safety in the event of rope orbe:;
failure,

33. Rotating shafts, spindlesand
couplings

Every projection such as a setscrew, boltorkey onany
exposed revolving part of machinery should be sunk,
shrouded or otherwise effectively guarded. Guards for
rotating shafts should prefeiably be fixed guards of
solid construction ; guards of the loose tube type or of

_ bellows construction, however, may also be used
-+, satisfactorily in some applications.

34. Feeding and take-off devices

If necessary, féeding and take-off devices should be
provided at the feed and delivery stations of the
machinery and safeguards such as rails, barriers, guards,
etc. should be provided if any danger could arise from
moving parts (see clause 22).

35. Adjustment, lubrication and
maintenance

Machinery should be so designed as to enable all
routine adjustments, lubrication and maintenanceto
be carried out without removing the safeguard or
without extensive dismantling of machinery
components, Where necessary, machines should have
built-in platforms, ladders or other facilities to provide
safe access for any adjustment, lubrication, or
maintenance but care should be taken to ensure that
such platforms or ladders do not give access to
exposed dangerous parts of machinery. Where access
for lubrication is difficult, facilities for jubrication frem
a remote point or self lubricated bearings should be
provided (see 51.3}.

36. Lighting

Adequate lighting, permanently installed wherever
possible, should be, provuded forthe machinery so that
the operators can see clearly the details of their work
(see 5L.1):

Similar lighting should be prowded wherever possible,
to illuminate internal parts which require regular
inspection and/or adjustment. Local lighting mounted
on or within the machine should be supplied at extra
low voltage to be inherently safe.

37. Hygiene and guard design

Machinery used in certain industries, notably for the
processing of food and pharmaceuticals, should be so
designed thatitis not only safe to use but can be
readily cleaned, Where guarding is added at a later
stage it should allow adequate facilities for the cleaning
of bath the machine and the guard.

Where practicable, guards which require to be opened
for cleaning should be completely detachable in order
to eliminate the need forinaccessible hinge pins which
are difficult to clean. Where it is necessary to provide a
safeguard which is nct detachable, for example, a trip
device, hinges should be kept to a mininf)quig :
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and be located as far as possible from the material
being processed.

A fixed guard should be so arranged as to have the
minimum surface contact with the machine, by
mounting it on spacers, This allows residues to be .
washed away through the gaps between the guard and
the machine. The gaps should not, however, permit

+ access of the fingers to the dangerous parts whilst they
are in motion (see figure 5).

Materials used for safeguards should be non-toxic,
non-absorbent, shatterproof, readily cleanable and be
unaffected by the material being processed or by any
cleaning or sterilizing agent. Welds used in the
fabrication of guards should not form surfaces which
cannot easily be cieaned. All tubes used in the
construction should have their ends sealed.

38 Safety colours and symbols

'Where colours are usedtoindicate a hazardthey
should adopta bold, recognizable, consistent pattern or
symbol using standardized colours.

See BS 2929* for recommandations as to the use and
standardization of colour combinations and patterns
to assist in accident prevention. Attent:on is also
drawn.to BS4099andBS3641. it )
39. Other factors - a
In addition designers may have to take account of
items listed in clause 8.

Section six. Electrical consnderatlons
(See flgures 781t093.) :

40. Electrical systems

The main applications of electrical circuits in the
safeguarding of machinery are in (a) guard interlocking
and (b) trip devices,

Electrical control systems have a tendenc‘y to fa:l to

danger in the uliimate and therefore pamcular attent:on‘ :

should be paid to minimizing the consequences of this
tendency. The extent to which additional precautions
havetobe mcorporated in electrical systems to guard
against failure to danger is determmed by the degree of
risk (see clause 42)

4. Guard mterlockmg
Forthe purposes of this code of practice, two standards

.of interlocking are dlstmgu:shed one appropriate to
high risk situations, high risk interlocking, and the other

applicable to all other situations calling for interlocking
guards, normal interlocking. The operating standards
required in high risk and normal interlocking systems
are gwen |n clauses 43t047,

42. Risic assessment

The question whether to adopt high risk or normai
interlocking should be determined, in relation to any
particular case, by taking account of the relative
importance of all the factors involved. These factors

include: :
(a) the frequency with which access to the danger
-area is required, )
(b) the foreseeable risk and severity of i injury should
the interlock or trip device fail, taking into account
(1) the method of working,
(2) the likely need for access,
» () the action of the parts safeguarded by the -
~ interlock,
(4) the characteristics of the machine.
Addmonal guidance on selection of safeguards is given
in section four.

43. Interlocking methods

The methods of electrical interlocking of guards are ;
(a) control mterlockmg (see ciause 44)
(b) power mterlockmg (see clause 45);

- {c) control interlocking with back- -up (see clause 46),

(d) dual circuitinterlocking (see clause 47).

- Control interlocking is acceptable only in normal

interlocking situations because of the risk of failure-to-
danger (see 44.2). In high risk situiations method (b),
(c) or (d) are free of this crmcusm

44. Control interiocking

The basic elements of a control interlocking system are
() the actuating switch operated by the guard, (b)
inierposed electromechanical relays and/or solid state
switching devices, if any, (c) the electromagnetic
contactar {or solid state equivalent, e.qg. thyristor),
and/or (d} a pneumatic or hydraulic solenoﬁvalve
controlhng power tothe drive. Failures

ecauments
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elements or of the wiring interconnecting them can al}
be failures to danger. All elements of the system should
therefore be designed to give the maximum degree of

- reliability. ‘

44.1 Control switches. Therange of switching

methods used for accociating guard movement withan

on/off electrical control signalincludes:
(a) cam ortrack operated limit switches,
" (b) captive-key switches, _
(c) trapped key contro) of electrical switches,
(d) magnetic switches,
(e) diode links.

_A4.1.1 Limitswitches. (Seefigures 781080and 91 to
- 93.) Limit switches can operate in either of two modes,
_ positive or negative (see figures 78 and 91). In control
interlocking systems the limit switch should always be
installed in the positive mode to ensure against the -
deliberate scotching of the switch.

Limit switches working in the positive mode can

. ultimately fail to danger in the event of excessive wvear,
or displacement of cam, track, follower or internal and
external mounting which results in insufficient
movement to drive the switch contacts apart. Switch
operating mechanisms should therefore, have an
adequate degree of over-travel of stem or lever to allow
for the foreseeable loss of movement due to cam or
track wear. (Micro-gap switches have an extremely
small operating movement and should be mounted
within a robust housing containing such an operating
inechanism). Internal and external mounting
arrangements should be proof against vibration or
maladjustment. .

Where a guard or cover can be completely removed
from the machine (i.e. it is not restrained by hinges or
atrack) positive mode operation is not possible.
Alternatives (b) to (e) in 44.1 should therefore be used.

Failure to danger will als¢ occur if the incoming and
outgoing conductors of a switch are shorted out by a
stray strand of wire or atracking path failure of the
insulating base of the switch. Assessment for safety
reliability should therefore include conductor shrouding
arrangements, clearance and creepage distances, the
comparative tracking index (CTI) of the insulating
material, and the degree to which the switch enclosure
affords protection against the ingress of foreign bodies,
both liquid and solid.

44.,1.2 Captive key switches. In these systems a key is
secured tc the guard and a combined lock and switch
are fitted to the machine (see figure 83). To open the
guard the first movement of the key puts the switch to
off. Further rotation releases the key from the lock so
that the guard can be opened.

44.1.3 Trapped key contro!systems In these systems
the guard lock and the switch are separate entities (see
figure 84) as opposed to being combinad into a single
unit as in the captive key switch, This separation makes
the system extremely versatile, The essence of the
system is that the removable key is trapped either in the
‘gurard lock or in the switch lock. The leck on the guardis
arranged so thatthe key can only be released when the
guard has been closed and locked. This allows transfer
of the key from the guard lack to the switch lock.

o ..f-..x'.'i.:,‘% !
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Closing of the switch traps the key so that it cannot be -
removed so long as the switch is in the cn position. '

" The use of key exchange units (see figures 16 (c) and

17 (a) ) allows for the interlocking of a numberof-
access points with one or more switches. Time delay
can also be incorporated in the key exchange unit . .
(seefigures 16 (b), 16 (c) and 17).

44.1.4 Magnetic switches. Reed switches are not
generally suitable for interlocking duties because the
reed action can fail to danger, they can easily be
defeated by the use of any magnet and vibration can
cause malfunetion.

Forinterlocking purposes only magnetic switches -
which have been specifically designed for this duty

-should be used (see figures1 (e}, 45 and 81). Such

switches do not depend upon spring return and have
shrouded shaped magnetic elements to renderthem
difficult to defeat,

44.1.5 Diode finks. A plug and socket can be used as a
control switch {see figure 82), the socket being used in
the control circuit and mounted on the machine, with
the plug mounted on the guard. Because the socket is
exposed when the guard is opened orremoveditis -
essential that risk of electric shock is removed by the use
of an extia low voltage system and that risk of the
system being defeated by the inserting of a bridging
wire into the socket is eliminated by the use of diode
linking. The diode linking method uses a siugged relay
which will only respond to direct current and not to
alternating. The control relay cannot therefore close
unless the alternating current is rectified by passing

through the diode whickh links the terminals in the plug.
" Suitable systems are defined in BS 3101.

43.2 Control system relays and contactors.
Electromagnetic relays and contactors fail to dangerin
the event of contact welding, spring failure, or
mechanical stiction or seizure, This is the basicreason
why control circuitinterlocking is unacceptable for
high risk situations.

Relays and contactors used in control interlocking
circuits should therefore be selected on the basis of
ensuring a high degree of reliability of operation. They
should comply with the requirements of BS 775 and
85 9150 and should be adequately rated and secureiy
mounted.

44.3 Control system circuits. Circuits should be
designed to achieve the maximum possible degree of
failure to safety. The following points should be
ohserved,

(a) Relay and contactcr contacts in the safety circuit
should open on the de-energizing of their coils,

{b) In all cases where the supply to the safety circuit
is made from the secondary winding of an isolating
transformer one pole of the circuit should be earthed
and all coils connected toit, or other equally effective
means adopted to prevent maloperation due to
sneak circuit faults (see figure 85).

(c) All wiring between controi switches, relays, and
contactors should be adequately insutated and,
where necessary, further efficiently protected and
securely mounted.

(d) Instailations should comply with the requirements
of other relevant British Standards where appllcable
for example BS 2771.
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44.4 Solid state devices. Where semiconductors

" are used in place of electromagnetic relays and
contactors as control elements, additional precautions
are required to guard against failure to danger
possibilities which do not arise in electromagnetic
systems.

In solid state switching the failure which is equivalent
to contact welding in a relay is either short circuit
failure of the semiconductor switch or open circuit
. failure in a preceding inverted switch stage. With

relays contact welding can only occur while the contacts
are closed and so the potential danger is inability to
stop the machinery. However, short or open circuit
failures of semiconductor devices can also resultin
the system being switched from off to on to resultin
uncovenanted starting as well as failure to stop.

Further, because solid state switch systems have high
switching speeds and low signal voltage requirements
they can respond to random momentary electrical
interference pulses which would have no effect on
electromagnetic systems.

Much can be done to guard against system malfunction
from external interference by careful design of the
system and the use of common mode rejection and
propagation delay methods at theinput interface,

while majority logic, feedback, and cross-mcenitoring
techniques can provide safeguards against failure in
switching stages. In most cases, however, itwillbe
found to be more convenient and economic to employ
an overriding back-up electromagnetic, mechanical,
hydraulic, or pneumatic safety system.

45. Power interiocking

Power interlocking is achieved by direct mechanical
control of a switch in series with the mains power supply
to the drive of the machinery. The direct mechanical
control may he by links etc. (see figures 86 to 88), by
captive key {see figure 83), or by trapped key (see
figures 16,17 and 84),

Power interlocking is inherently superior to control
interlocking {(and thus acceptabie for high risk
situations) because the mechanical link between the
guard and the switch ensuresthat the guard cannot be
opened if, for any reason, the switch contacts stick in
the on position. However, because direct power
interlocking involves the stopping of the drive motor(s)
it should only be applied to machinery where the
requirement to open the guard is infrequent, or the

- motoris of low power. See also clause 19 which deals
with overrun devices.

. Powerinterlocking alone is not acceptable on
pneumatic machinery with a reservoir or hydraulic
machinery with an accumulator where the act of
stopping the compressor or pump drive motor would
notinterrupt the pressure flow to the cylinder. On such
machinery the guard should be interlocked directly
with a valve connected in the supply line to the
cylinder {see figure 12).

46. Control interlocking with back-up

in high risk situations where frequent access to the
danger area is required controlinterlocking is
acceptable if combined with a back-up power drive -
interlo,qk incorporated in the cyclic control element, for

example, direct pneumatic or hydraulic actuation of the
ram, etc. or air-operated or electromagnetic clutch. The
basic requirement of back-up power drive interlocking
is that the air or hydrauilic pressure to the drive cylinder
or clutch has to be exhausted or dumped automatically
in the event of control interlock failure. A simple
example is shown in figure 89 which iliust rates back-up
power drive interlocking on a friction clutch power
press. An exhaust valve in the clutch air line is operated
by a lever attached to the guard gate. The leveris so
arranged that it does not open the exhaust valve until
after the first fraction of movement of opening the gate
has operated the control interlock switch in the norinal
interlock circuit to the clutch solenoid air valve. Thus,
provided the normai interlock function has operated
satisfactorily the exhaust valve only opens after the
solenoid valve has cut off air pressure and there is no
interference with the normal operation of the machine.
Similarly, when the gate is closed the exhaust valve is
shut before the limit switch operates to energize the
solenoid to apply air to the clutch. If, however, the
control circuit fails for any reason whatsoever so that
the clutch solenoid vaive fails to cut off air pressure on
the first fraction of movement opening the gate, further
movement will result in air exhaust, disengagement of
the clutch and cessation of dangerous movement.

47, Dual circuit interlocking

Where direct mechanical linkage between the guard
gate and the back-up exhaust or dump valveis not
practicable electrical actuation of the back-upis
acceptable, as shown in Figure 20. it is essential that
the normal control interlock and the back-up circuits
are kept wholly separate from each other, except for
cannection to the supply, to minimize the possibility of
common faults. The control and back-up limit switches
should be arranged in opposite modes (see 44.1.1), the
control being negative and the back-up positive.

- Wherever practicable, the correct mechanical

functioning of the two control solenoids should be
cross-monitored by an auxiliary electrical circuit
arranged to trip off all power to the machine on the
detection of solenoid malfunction (see figure 90).
Where the drive is direct from the motor or through an
electromagnetic clutch the back-up circuit should
operate a second contactor in serfes with the control
contactor, similarly cross-monitored through auxiliary
contacts on the contactors.

48. Trip devices
Trip devices (seefigures 41 to 50) as defined in

. 3.6.1 normally operate in control circuits. In high

risk situations, therefore, dual circuits are required (see
clause 47) unless the trip device is of a type which
incorperates full function monitoring.

See B 2.2.2 (d) 8th Repart for a description of full
function monitoring.



http://www.avadocuments.com/doc/bs-5304-1975
http://www.avadocuments.com/doc/bs-5304-1975

Section seven. Layout of machmery
and plant

49. General considerations

The actual positioning of machinery or other plant to
which this code applies and the necessary services
required should not be overlooked. If these aspects are
neglected accidents can be caused which are not
entirely due to the machinery itself. Some aspects which -
should be considered are given in clauses 80 and 51.

50. Spacmg

Adequate spacing round machinery or pieces of plant
is necessary

(a) to provide access for operation and supervision,
{b) to facilitate maintenance work, adjustments and
cleaning, - - .
{c) to provide space for work in progress.

A minimum of 800 mm free space is recommended
around each machine. The free space should not
include tool trays, lockers, racks and similar portable
items which should be treated as part of the space
occupied by the machinery, Similarly, the space over
which any traversing part moves and the space _
occupied by stock in the machine or the loading
equipment should be regarded as space occupied by
the machine. The free space should not be used for the
storage of matefials or encroached on by traffic and
should be maintained in a non-greasy condition.

A traversing part or material carried by it should not
approach within 500 mm of any fixed structure which
is not part of the machine if anyone is liable to pass
through the space between the moving and fixed parts.

51. Services

51.1 Lighting. The general lighting of the workplace
should be adequate either from natural or artificial
sources. Itis, however, important that machine
operators should be able to work without eye strain and
consideration should therefore be given to localized
lighting of a type which will illuminate such parts of the
machinery and work as is necessary for safe and
efficient operation. The dangers of possible flicker or
stroboscopic effects in the case of rotating machinery
should also be considered. For detailed guidance
.reference should be made to the llluminating
Engineering Society’s code ‘Interior lighting'—
(see B.2.1(h)).

51.2 Cables and pipes. Service pipes and cables
'should be placed either below ground clear of the
machinery foundations and provided with covers of
adequate strength, or at such a height as to have clear
headroom ; the traversing of gangways shculd be
avoided if possible.

51.3 Access to machinery for maintenance.

To facilitate cleaning and maintenance work without
causing interference to adjacent machinery, platforms,
safe means of access and lifting appliance suspension
points should be built in where practicable. In such '
circumstances it may be necessary to safeguard moving
parts which would otherwise be regarded as safe by
posmon
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Section 8. Maintenance
52. Operational maintenance

Sometimes, when repair, maintenanca and cleaning of

~machinery and process plant have to be carried out the

safeguarding arrangements effective during the normal
operation of the process need to be disturbed.

While this code does not deal specifically with the
maintenance of safeguards once they are taken into use
itisimportantto recognlze that good maintenance by
competent persons is essential to their continued
effectiveness. = -

Itis essential that after any repair and maintenance
work has been carried out on any machinery a check
should always be maane to ensure that al! the
safeguarding arrangements are restored to their proper
working condition. -

Regularinspections of safeguardsin a prc\[rentive
maintenance system will ensure that any defects (loose
screws, worn bearings, defective wiring, missing split
pins, and so on) will be rectified before trouble occurs.
It is useless to install a safeguard and then leaveitto-
create a fa'se sense of security. Mischief or misuse can
often nullify the effectiveness of safeguards ; regular
maintenance and inspection are therefore essential.

53. Permit to work systems

53.1 Circumstances of use. Interlocking guards
(see clause 11} and safety devices pravided at small
units of machinery for the protection of the operator
aiso protect the maintenance man when he requires
access to the danger area. Atlarger machinery and
process plant, however, this protection may not be
available to maintenance personnel who, having
entered a danger area, may be out of sight and therefore

- exposed to danger if the plant is switched on.
- In these circumstancesitis necessary for management

to identify the hazards which are exposed and to develop

_ asafe system of work whereby these hazards are

eliminated or as a last resort, recognized by the
employee(s) so that personal precautions against
possible injury can ba taken. Oral instructions, requests
or promises are liable to be misheard, misinterpreted or
forgotten and are, therefore, not a satisfactory basis for
action on which men’s lives may depend. The
unsstisfactory working of such nrocedures has been
proved time and again.

53.2 A written system. Effective control should be -
achieved by means of a written system, though even
this relies on the human element, for no documentary
system can by itself prevent accidents. The system,
which is known as a permit to work system, requires
formal action on the part of those doing the work, those
responsible for it and those authorized to sign such
permits,

53.3 Contents. Such a permit should clearly set out
for management, employees and any other persons,
for example, outside contractors:

{a) thewarkto be done,
{b) who will supervise the wark,
(c) who is to carry out each section of the work,

() the safety precautions which havﬁ)ﬁcﬂme LS
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{e) the precautions which still need to be taken by
the employee before commencing work, for example,
affixing physical lockiixg devices and danger boards,
(f) atime limit (if necessary) withinwhich a check
needs to be carried out to see if the working -
environmentis still safe,
(g) the procedure that should be followed before the
permitto work is cancelled.
The person responsible for undertaking the work
should sign a statement signifying that he r:nderstands
the task and the precautions to be taken,
53.4 Advantages. A safe proceduye is therefors
specified forming a clear record of g}l the foreseeable
hazards which have been considered in advance,
together with the appropriate precautions taken in their
correct sequence. Adequate supervision to see that the
system operates properly is required,
Work in potentially hazardous circumstances can be
done in safety by the use of this method and the
confidence of employees can be gained. The design of a
permitto work will depend on the nature and degree
of risk, the complexity of the task and the industry to
which it relates, B '

54. Waste and spillage removal :
Attention should be paid to the safety of the area

surrounding the machine, from leaking oil, coolant, etc.

Safe means should be provided for the removal of
swarf, trade waste or spilled materials. ‘

Section nine. Training

55. General considerations .

People vary in their ability to work safely and even those
who appear to be well co-ordinated in‘their work act out
of character on occasions and accidents occur.
Supervisors and work people alike should therefore be
trained adejuately in the knowledge and apnlication of
safe practices at theirmachinery and this 1s particularly
applicable to young persons.

Even where machinery is adequately safeguiarded,
managers, supervisors and work people should be
properly trained in safe practices. Machinery operators
should be trained in the safe operation of their machinery
and to report guard defects so that remedial action can
be taken. The training and supervision of young persons
is particularly important.

Designers of machinery and guards should be trained in :

(@) methods of integrating safeguards into machinery
atthe design stage (see section five),

(b) ergonomic considerations {see section five), and
{c) factors contributing to failure to safety.
Plant engineers should be trained in : '
(a) principles of safeguarding machinery,
(b) maintenance of safeguards, and

(c) precautions during maintenance work, including
safe systems of work and, where necessary, permit to

- work and lock-off systems, for example, padlock,
captive key, interlock key exchange.

Maintenancre staff should be trained in :
(a) principles of safeguarding machinery, .
{b) electrical and mechanical safety, and

_ (c) safe systems of work, including permit to work
-and lock-off systems during maintenance operations.

Ideally a good safeguard should remove the need for
personal protective equipment but under certain
circumstances it may be required and the training
programme will need to take this inte account.
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