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Introduction

This manual has been prepared as an aid to employers. employees.
machine manufacturers, machine guard designers and fabncators. and all
others with an interest in protecting workers against the hazards of moving
machine parts. it identifies the major mechanical motions and the general
principies of safeguarding them. Current appilications of each technique are
shown in accompanying illustrations of specific operations and machines.
The methods described here may be transferred. with due care, to different
machines with simiiar hazards. To determine whether or not safeguarding
meets the requirements of the standard, any mechanical motion that

threatens a worker's safety should not remain unguarded.

In machine safeguarding. as in other reguiated areas of the American
workplace. to a certain extent OSHA standards govern function and practice.
This text. however. is not a substitute for the standards. it is a manuai of
basic technicai information and workable ideas which the employer may use
as a guide to achieving compliance. It offers an overview of the machine
safeguarding problem in the industrial setting, an assortment of solutions in
popular use, and a challenge to all whose work involves machines.

Many readers of this manual already hav he judgment. knowledge, and
skiii to ueveiop effective answers 10 problems yet unsoived. innovato
.......... fimAd lara tevariladiaen tA H H ->.
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America’'s warkers today.



Crushed hands and arms, severed fingers, blindness — the list of possible
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many hazards creatad by mg\!mn machine parts as there ara tvnes of

machmes. Safequards are essentnal for protecting workers frorn needless
and preventabie injuries.

A gocd rule to remember is: Any machine part, function, cr process which
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This manuat describes the various hazards of mechanical motion and
presents some technigues for protecting workers from these hazards

Genaral information covered in this chapter includes — where mechanicas
hazards occur, the hazards created by different kinds of motions and the
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Where Mechanical Hazards Occur
Dangerous moving parts in three basic areas require safeguarding:

The point of operation: that point where work is performed on the material,
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Power transmission apparatus: all components of the mechanical svstem
which transmit energy to the part of the machine performing the work. These
components include flywheels, pulleys, belts, connecting rods, couplings,
cams, spindies, chains, cranks, and gears.

Other moving paris: aii pafis of the machine which move while the maching
is working. These can include reciprocating, rotating, and transverse moving
narts, as well as feed mechanisms and auxiliary pans of the machine.
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Hazardous Mechanical Motions and Actions

A wide variety of mechanicai motions and actions may present hazards to
the worker. These can include the movement of rota mg members,
reciprocating arms, moving beits, meshing gears, cutting teeth, and any
parts that impact or shear. These different types of hazardous mechanical
matinne and astiong ara hasic in \lar\llnn combinations to _nnarhl all
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machines, and recognizing them is the ﬁrst step toward protecting workers
from the danger they present.



The basic types of hazardous mechanical motions and actions are:

!.V\UllUHb
* ratating (including in-running nip points)
* reciprocating
* transversing

Actions

Motions

Rotating motion can be dangerous; even smooth, slowly rotating shafts can
grip clothing, and through mere skin contact force an arm or hand into a
dangerous position. Injuries due to contact with rotating parts can be severe.
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rotating mechanisms which may be hazardous. The danger increases when
pro;ectxons such as set screws, bolts, nicks, abrasions, and projecting keys
or set screws are exposed on rotating parts, as shown in Figure 1.
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Exampies of hazardous
projections on rotating paris



Figure 2.
Common nip points on
rotating parts

In-running nip point hazards are caused by the rotating parts on machinery.
There are three main types of in-running nips.

Parts can rotate in opposite directions while their axes are parallel to each
other. These paits may be in contact (producing a nip point) or in close
proximity. In the latter case the stock fed between the rolls produces the nip
points. This danger is common on machines with intermeshing gears; rolling
m:lls, and calenders. See Figure 2.
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Nip points are also created between rotating and tangentially moving parts.
Some examples would be: the point of contact between a power
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Nip points can occur between rotating and fixed pants which create a
shearing, crushing, or abrading action. Examples are: spoked handwheels or
flywheeils, screw conveyars, or the periphery of an abrasive wheet and an
incorrectly adjusted work rest. See Figure 4.

Reciprocating motions may be hazardous because, during the back-and-
forth or un-and-down motion, a warker mav he struck hv or caught between

WIS W e MWy A Vi IKAY e adlisavis ary A LA A L AVl

a moving and a stationary part. See Figure 5 for an example ofa
reciprocating motion.

Transverse motion (movement in a straight, continuous line) creates a
hazard because a worker may be struck or caught in a pinch or shear point
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Actions

Cutting action may involve rotating, reciprocating, or transverse motion. The
danger of cutting action exists at the point of operation where finger, arm
and body injuries can occur and where flying chips or scrap material can

strike the h.ead pamcu'a. ly in the area of the eyes or 'a"e. Such hazards are
present a t the point of operation in cutting wood, metal, or other materials.
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Examples of mechanisms involving cutting hazards inciude bandsaws,
circular saws, boring or drilling machines, tuming machines (lathes), or

H e Ve n Eimiewn 7
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Punching action results when power is applied to a slide (ram) for the
purpose of blanking, drawing, or stamping metal or other materiais. The
danger of this type of action occurs at the point of operation where stock is
inserted, held, and withdrawn by hand.
Typical machines used for punching operation
workers. See Figure 8.

Shearing action involves applying power to a slide or knife in order to trim or
shear metal or other materials. A hazard occurs at the point of operation
where stock is actually inserted, held, and withdrawn.

Exampies of machines used for shearing operations are mMechanicaiy,
hydraulically, or pneumatically powerad shears. See Figure 8.

Bending action resuits when power is applied to a slide in order to draw or
stamp metal or other materials. A hazard occurs at the point of aperation
whare stock is inserted, held, and withdrawn.

Equipment that uses bending action includes power presses, press brakes,
and tubing benders. See Figure 10.

Figure 7.
Examples of dangerous

ruttinn hararrie
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Requirements for Safeguards

e slall rosv st

jo to protect workers against mechanicai hazards?
€38 minimum general requirements:

Prevent contact: The safeguard must prevent hands, arms. and any other
part of a worker's body from making contact with dangerous moving parts.
A good safeguarding system eliminates the possibility of the operator or
another worker placing parts of their bodies near hazardous moving parts.

Secure: Workers should not be able to easily remove or tamper with the
safeguard, because a safequard that can easily be made ineffective is no
safeguard at all. Guards and safety devices should be made of durable
material that will withstand the conditions of normal use. They must be firmly
secured to the machine.

injure someone.

Create no new hazards: A safeguard defeats its own purpose if it creates a
hazard of its own such as a shear point. a jagged edge, or an unfinished
surface which can cause a iaceration. The edges of guards, for instance,
should be rolled or boited in such a way that they eliminate sharp edges.

Create no interference: Any safeguard which impedes a worker from
performing the job quickly and comfortably might soon be overridden or
disregarded. Proper safeguarding can actually enhance efficiency since it
can relieve the worker’'s apprehensions about injury.

Allow safe lubrication: If possible. one should be able to lubricate the
machine without removing the safeguards. Locating onl reservoirs outside
the guard, with a line leading to the lubrication point. will reduce the need for

the aperator or maintenance worker to enter the hazardous area.

Nonmechanical Hazards

While this manual concentrates attention on concepts and technigues for
safteguarding mechanical motion, machines obviously present a variety of
other hazards which cannot be ignored. Full discussion of these matters is
beyond the scope of this publication, but some nonmechanicaf hazards are
briefly mentioned below to remind the reader of things other than
safeguarding moving parts that can affect the safe operation of machines.

All power sources for machines are potential sources of danger. When using
electrically powered or controlled machines, for instance, the equipment as
well as the electrical system itself must be properly grounded. Replacmg
frayed, exposed. or old wiring will aiso help to protect the operator and
others from electrical shocks or electrocution. High pressure systems, too,
need careful inspection and maintenance to prevent possible failure from
puisation, vibration. or leaks. Such a failure could cause. among other

[s ]
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VMiachines often produce noi 3 (u
wimhar of hazards to workars. Nais an sta 1d dis
and can interfere with commumcatxons thus hmdenng the worker's safe jOb
performance. Research has linked noise to a whole range of harmfui heaith
effacts, from hearing loss and aural pain to nausea, fatigue, reduced muscle
controi, and emotional disturbance. Engineering controls such as the use of
sound-dampening maienais, and personai protective equipment, such as
ear plugs and muffs, can help control the harmful effects of noise. Also,
administrative controls that involve removing the worker from tha noisa

source can be an effective measure when feasnble.

Because some machines require the use of cutting fluids, coolants, and
other potentiany harmful substances, operators, maintenance workers, and

O U, i A beodm o s o

others in the vicinity may need protection. These substances can cause

ilrmant ey
ailments ranging from dermatitis o seriocus illnesses and disease. Specially

constructed safeguards, ventilation, and protective equipment and clothing
are possible temporary soiutions to the problem of machinery-related
chemical hazards until these hazards can be better controffed or eliminated
from the workplace.

Training

Even the most elaborate safeguarding system cannot offer effective
protection uniess the worker knows how to use it and why. Specific and
detailed training is therefore a crucial part of any effort to provide
safeguarding against machine-related hazards. Thorough operator training

bom bl ~de tha fnit inme
should involve instruction or hands-on u'aining in the following:

(1) a description and identification of the hazards associated with
particular machines;

{(4) how and under what circumstances safeguards can be removed,
and by whom (in most cases, repair or maintenance personnel
only); and

(5) what to do (e.g., contact the supervisor) if a safeguard is damaged,

______ A P — A

mlssmg, or unabie {0 pl'DVlQE duequaxe p[UlﬂbllUH

This kind of safety training is necessary for new operators and maintenance
or setup personnel, when any new or aitered safeguards are put in service,
or when workers are assigned to a new machine or operation.
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|or for their eﬁectlveness offer the best and most
reliable means of safeguardmg. Therefore, engineering controls must be the
empioyer's first choice for eliminating machine hazards. But whenever
engineering controls are not available or are not fuily capable of protecting
the employee (an extra measure of protection is necessary), operators must
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If it is to provide adequate protection, the protective clothing and equipment

Y L.

selected must aiways be:

(1) appropriate for the particular hazards;

{2) maintained in good condition,;

(3) properly stored when not in use. to prevent damage or loss; and

(4) kept ctean, fully functional. andg sanitary.

Protective clathing is. of course. available for different parts of the body.
Hard hats can protect the head from the impact of bumps and talling objects
when the worker is handling stock; caps and hair nets can help keep the
worker's hair from being caught in machinery. If machine coolants could
splash or particies could fly into the operator's eyes or face. then face
shields, safety goggles. glasses, or similar kinds of protection might be

R
necassary. Hearing protection may be needed when workers operate noisy

machines. To guard the trunk of the body from cuts or impacts from heavy or
rough-edged stock, there are certain protective coveralls, jackets, vests,
aprons, and full-body suits. Workers can protect their hands and arms from
the same kinds of injury with special sleeves and gloves. Safety shoes and
boots, or other acceptable foot guards, can shield the feet against injury in

case the worker needs to handie heavy stock which mught drop.

pans or a resplrator faceplece whach hmders the wearefs wsuon for
example, require alertness and continued attentiveness whenever they
are used.

Other parts of the worker's clothing may present additional safety hazards
For example, loose-fitting shirts might possibly become ﬂq!a."g!ed in rotating
spindles or other kinds of moving machinery. Jeweilry, such as bracelets and

rings, can catch on machine parts or stock and lead to senous injury by
pulling a hand intc the danger area.

10
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Methods f achine

There are many ways to safeguard machines. The type of operation, the

size or shape of stock, the method of handling, the physicat layout of the

work area, the type of matenai, and production requirements or iimitations
{1 I Sy R PR PR ey e [ Y QP gy tmda oo s~ g Y- Y | ok 2a 2t ode
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machine.

As a general rule, power transmission apparatus is best protected by fixed
guards that enclose the danger areas. For hazards at the point of operation,
where moving parts actuaily perform work on stock, several kinds of
safeguarding may be possibie. One must always choose the most effective
and practical means available.

We can group safeguards under five general classifications.

1. Guards
A. Fixed
B. Interfocked
C. Adjustable
D. Seif-adjusting

2. Devices
A. Presence Sensing
{1} Photoelectrical (optical)
(2) Radiofrequency {capacitance)
(3) Electromechanical
Pullback
Restraint
. Safety Controls
(1) Safety trip control
(a) Pressure-sensitive body bar
(b) Safety tripod
{c) Safety tripwire cable
(2) Two-hand control
{3) Two-hand trip
E. Gates
{1} Interiocked
(2} Other

3. Location/Distance

4. Potential Feeding and Ejection Methods to Improve Safety for
the Operator

Automatic feed

Semi-automatic feed

Automatic ejection

Semi-automatic ejection
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Guards are barriers which prevent access to danger areas. There are four

temmadons
general typas of guards:

Iles a fixed guard is a parmanant part of the

i upon movmg paris to uenorm its intended
function. It may be con st"w.ed of sheet metal, screen, wirs cloth, bars,
plastic, or any other material that is substantial enough to withstand
whatever :mpact it may receive and to endure prolonged use. This guard is

o ali other types because of its reiative simpiicity
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Examples of fixed guards...

In Figure 11, a fixed guard on a power press completely encloses
operation. T'ne stock is fed through the su:!e of the guard into the die area,
with the scrap stock exiting on the opposite side.

STOCK ENTERING
OANGER ZONE

o 1 §
o/ “\1 L
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\ | \ \\mm

\
STOCK EXIT\\

TRANSPARENT INSERT
IN FRONT PANEL

19
LX 4



Figure 12.
Fixed guard on egg
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carton folding machine

Figure 13.
Fixed guard enclosing
beit and puileys
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Figure 12 shows a fixed guard that protects the operator from a mechanism
that folds cartons. This guard would not normally be removed except to
perform maintenance on the machine. Figure 13 shows a fixed enclosure
guard shielding the beit and puiley of a power transmission unit. An
inspection panel is provided on top in order to minimize the need for
removing the guard. To remain effective, the inspection panei cannot be
removed while the mechanism is in operation. In Figure 14, fixed enclosure
guards are shown on a bandsaw. These guards protect the operator from
the tuming wheels and moving saw biade. Normally, the only time for the
guards to be opened or removed would be for a blade change or
maintenance. It is very important that they be securely fastened while the

saw is in use.
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A fixed guard is shown on a veneer clipper in Figure 15. This guard acts as
a barrier, protecting fingers from exposure to the blade. Note the side view

H Y ] S
of the curved portion of the guard.
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Figure 15.
Fixed guards on veneer clipper
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in Figure 17, a transparent. fixed barnier guard is being used on a press
brake to protect the operator from the unused portions of the die. This guard
is easy to install or remove.

interiocked: When this type of guard is opened or removed, the tripping
mechanism and/or power automaticaily shuts off or disengages, and the
machine cannot cycle or be started until the guard is back in place.

an Alantsimanl aaanbesolos [

may use glectrical, m mcuualm.al nyd‘l‘ y

pneumatic power or any combination of these. Interlocks should not prevent
“inching” by remote control if required. Replacing the guard should not
automaticaily restart the machine. To be effectnve all movable guards
should be interlocked to prevent occupational hazards.

(See u-SC c"“.' 1‘3 -]

Fi nu're 1 7
Fixed guard providing
protection from unused portion

of die on a press brake
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Figure 18.
Interiocked guard on autornatic

= - Tatey

Yread bagging machine

Figure 18 shows an interlocked barrier guard mounted on an automatic
bread bagging machine. When the guard is removed, the machine will
not function.

gater mechanism of a picker machine (Used in the textile
industry) is covered by an interfocked barrier guard. This guard cannot be

Figure 19.
interiocked guard on
picker machine

17
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In Figure 20, an interocked guard covers the rotatxng cylinder of the dividing
head of a roll make-up maching used for making hamburger and

=L L Qancs uu lllﬂCl l

hot-dog roiis.

Adjustabie: Adjustable guards are useful because they allow flexibility in
accommodating various sizes of stock.

Figure 21 shows a bandsaw with an adjustabie guard to protect the operator
from the unused portion of the blade, This guard can be adjusted according

Figure 20,

Ty ey pys

n WeriocKed n"ara o

Py Y
make-up machine
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Figure 21.
Adjustable guard on
honzontal bandsaw

! ADJUSTMENT KNOB
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In Figure 22, the bars adjust to accommodate the size and shape of the
stock. Fiqures 23 and 24 show quards that can he adiusted according to the

e W e e e T SW T wgwias e lan S CFL2TE kY

thickness of the stock.

in Figure 25, the guard adjusts to provide a barrier beiween the operator anc
the bilade.

19
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Figure 24.
Adjustabie guard on shaper

Figure 25.
Adjustable guard on table saw
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Adjustable guard on bandsaw

Figure 26.




Figure 27.
Self-adjusting guard on
radial arm saw
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26 shows an adjustable enclosure guard or

[}

Self-Adjusting: The openings of these barriers are determined by the
movement of the stock. As the operator moves the stock into the danger
area, the guard is pushed away, providing an opening which is only large
enough to admit the stock. After the stock is removed, the guard retums to
the rest position. This guard protects the operator by piacing a barrier

between the danger area and the operator. The guards may be constructsd
of plastic, metal, or other substantial material. Self-adjusting guards offer
diffarant dearsas of nprotection

different degrees of protectior

Examples of seif-adjusting guards

Figure 27 shows a radial arm saw with a self-adjusting guard. As the blade
is pulled across the stock, the guard moves up, staying in contact with

the stock

Figure 28 shows a twin-action, transparent, self-adjusting guard. The first
guard rises as the stock enters, then returns to its rest position as the stock
moves ahead to raise the second guard.

n
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qure 3Q shows a gpif—adumtmn enclosure quard mountad on a 1ninfpr This

guard is moved from the cumng head by the stock. After the stock is
removed, the guard w+ill return, under spring tension, to the rest position.

Another type of self-adjusting guard mounted on a jointer is iiiustrated in

Figure 31. The guard moves fwo ways. An edging operation causes th
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Guards

QP Pt ypeupnpe
Agvarnayes

Can be constructed to suit
many specific applications
In-plant construction is

often possible

Can provide maximum
protection

Usually requires minimum
maintenance

Can be suitabile to high
production, repetitive
operations

Aa

¥ Lot ! PRy
LHALUnS

May interfere with visibility

Can be limited to specific
operations

Machine adjustment and
repair often require its
removal, thereby
necessitating other means
ot protection for

mainienance pEISUII u::f

Interiocked

Shuts off or disengages
power and prevents
starting of machine when
guard is open; should
require the machine to be
stopped before the worker
can reach into the danger
area

Can provide maximum
protection

Allows access to machine
for removing jams without
time consuming removal
P P N P

W HABU Juarus

Regquires careful
adjustment and
maintenance

May be easy to
disengage jams

Adjustable

Provides a barrier that
may be adjusted to

facilitate a variety of
production operations

Can be constructed to suit
many specific applications
Can be adiusted to admit

________ 20U L aldiiiit

varying sizes of stock

Hands may enter danger
area — protection may not
be compilete at all times

May require frequent
maintenance and/or
adjustment

The guard may be made
ineffective by the operator

May interfere with visibility

Self-adjusting

Provides a barrier that
moves according to the
size of the stock entering
the danger area

Oft-the-shelf guards are
often cammercially
available

Does not always provide
maximum protection

May interfere with visibility

maintenance and
adjustment

Mav raquire freguent
y require frequent
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Devices

A safety device may perfcrm one of several functions. it may stop the
machine :f a hand or any part of the body is inadvertently placed in the

. . . e
dan ger a resirain or withdraw the cperator s hands rom ihe canger area
e i mmnmadim o sivm Mo e raber b e H

QUNNG oPperalion; require the apei tor to use both hands on machine
controls, thus keeping both hands and body out of danger; or provide a

barrier which is synchronized with the operating cycle of the machine in
order to prevent entry to the danger area during the hazardous part of
the cycle.

Presence-Sensing

The photoelectric {optical) presence-sensing device uses 2 system of light
sources and controls which can interrupt the machine's operating cvcle. 1f
the light field is broken. the machine stops and will not cycte. This device

must be used only on machines which can be stopped before the worker
can reach tne danger area. The desxgn and placement of the guard depends

sm and the speed at which the

Figure 32 shows a photoelectric presence-sending device on a part-
revolution power press. Wher. the light beam is broken, either the ram wil
not start to cycie. or, if the cycle has begur. the stopping mecharnusm wii be

..’lexlln'l:l
Tot w1 oAt i e : Va
1w e e
| ematren o \/
4 .f‘
hd ) e R
RN T s 1
o -\'\\7""’7’ n DANGER AREA

SENSING DEVICE
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Figure 32.
Photoelectric presence-sensing
device on power press



Figure 33.
Photoelectric presence-sensing
device on press brake

A photoelectric presence-sending device used with a press brake is
illustrated in Figure 33. The device may be swung up or down to
accommodate different production requiremenits.

The radiofrequency (capacitance) presence-sending device uses a radio
beam that is parn of the machine cantrol circuit. When the capacitance field
is broken, the machine will stop or will not activate. Like the photoelectric
device, this device shall only be used on machines which can be stopped
before the worker can reach the danger area. This requires the machine to
have a friction clutch or other reliable means for stopping.

nwe a radinfranuoency n ina 1
Cws a3 racieirequency p f nsing Vi moun

part-revolution power press.
The electromechanical sensing device has a probe or contact bar which
descends to a predetermined distance when the operator initiates the
machine cycie. if there is an obstruction preventing it from descending its fui

machine cycle.

Figure 35 shows an electromechanical sensing device on an eyeletter. The
sensing probe in contact with the operator’s finger is also shown.
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Electromechanical
sensing device on an eyeletter
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Figure 36.
Pullback device on a
power press
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Puliback devices utilize a series of cabies attached 10 the operators hands,
e oo e Thin hima Af Aavien i i i

wrisis, and/or arms. This type of device is primarily used on machines with

stroking action. When the slide/ram is up between cycles. the operator is
allowed access to the point of operation. When the slide/ram begins to cycle
by starting its descent, a mechanical linkage automatically assures
withdrawal of the hands from the point of operation.

Figure 36 shows a puiliback device on a straight-side power press. When
slide/ram is in the “up" position, the operator can feed material by hand into
e point of Oﬁé-’&ﬁﬁ-"-. Whan the presgs cycle is actuated the gperator’s

(= OO0 Wy wsT S QLleTiT, B
v

e point
hands and arms are automatically withdrawn. Figure 37 shows a puilback
device on a smaller press.

A pullback device on a press brake is illustrated in Figure 38.
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Figure 37.
Puliback device on a

pawer press

Figure 38.
Puilback device on press brake
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Figure 39.
Restraint device on power press

Restraint

Theo vombeaiomd floa PR WS P - e T s i A o e m e aAm o AL 2

The restraint {(hotdout) device in Figure 38 utilizes cables or straps that are
: attached to the operator's hands and a fixed point. The cables or straps

must be adjusted to let the operator's hands travel within a predetermined
safe area. There is no extending or retracting action involved. Consequently,
hand-feeding tools are often necessary if the operation involves placing
material into the danger area.
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provide a quick means for deactivating the machine in an

A pressure-sensitive body bar, when depressed. will deactivate the machine.
If the operator or anyone trips, loses baiance, or is drawn toward the
machine, applying pressure tc the bar will stop the operation. The
positioning of the bar, therefore, is critical. It must stop the machine before a
part of the employee’s body reaches the danger area. Figure 40 shows a

s sar o PR T e ik

pressure-sensitive body bar iocated on the front of a rubber miii.

....... =290 Y ° 2 STIT) MR L TGAiwe e (7 roaw

triprod has to be actuated by the operator during an emergency situation, its

proper position is alse critical. Figurs 41 shows a triprod iocated above the
rubber mill. Figure 42 shows ancther application of a triprod.

When pressed by hand, the safety deactivates the machine, Becauss tha
t

o sonmom mad racihle Slala Meicea o f aamdoal

lender equipped with this type of control,
" .
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Figure 40.
Pressure-sensitive body bar on



Figure 41,
Safety triprod on & rubber mill
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Safety tripwire cable on
a calender
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All of these tripwire rods or other safety devices must be manually reset to
restart the machine. Simply releasing the tripwire to restart the machine will
not ensure that the empioyee is out of danger when the machine restarts.

The two-hand control requires constant. concurrent pressure by the operator
to activate the machine. This kind of control requires a pant-revolution chitch,
brake, and a brake monitor if used on a power press as shown in Figure 45,
With this type of device. the operator's hands are required to be at a safe
iocation (on control buttons) and at a safe distance from the danger area
while the machine completes its closing cycle.
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Figure 45.

Two-hand controi buttons
Off pari-revaiution ciuichi
power press



Method

Phatoelectric

Radiofrequency
(optical)

Electromechanical

Pullback
D asndemiomd (bnoalmbea b
nEIlaii il (1 widvaung

Safeguarding Action

Machine wiil not start cycliing
when the light fisld ig

IR T At

interrupted

When the light field is broken
by any part of the operator's
oracess, immediate machine
braking s activated

Machine cycling will not start
when the capacitance field is
interrupted

When the capacitance fieid is
disturbed by any part of the
operator's body during the
cycling process. immediate

o mbniin o waliimse i ambismband
NdaLi e LVIdRiiiyg 1S avisvaicu

Contact bar or probe traveis
a predetermined distance

mabiraan tha anaratar and tha
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danger area.

Interruption of this movement
prevents the starting of
machine cycie.

As the machine begins to
cycle, the operator's hands
are pulled out of the danger
area

Prevents ine operaior fram
reaching into the danger area
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Advantages

Can aiiow freer movement

fnr anaratnr
7O Cperallr.

Qimnlirity nf nca
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Used by multiple operators

Provide nacearhv nratactinn

T INTIMG WaSuewIi Ny MO

Can allow freer movement
for operator

Can allow access at the point
of operation

Eliminates the need for
auxiliary barriers or other
intarference at the
danger area

Littie risk of mechanicai
failure
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Limitations

Does not protect against

machaniral failure
mechanica: ranyre

Limited to machines that can
be stopped

Does not protect against
mechanical failure

Antennae sensitivity must be
praperiy adjusted: this
adjustment must be
maintained properly

Limited to machines that can
be stopped

Contact bar or probe must be
praperly adjusted for each

anniinatian- thie acdseimant
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o8 s (STh

must be maintained properly

Limits movement of operator
May obstruct work space

Agjustments must be made
for specific operations and
for each individual

Requires frequent
inspections and reguiar
maintenance

Damirae rinea e1in
Regquires ciose sup

the operator's use of
the equipment

Limits movement of operator
May obstruct work space
Adjustments must be made
for specific operations and
each individual

Requires close supervision af
the operator's use of the
equipment



Devices

Two-hand control

Two-hand trip

Gate

Concurrent use of both
hands is required, preventing
the operatar from antering
the danger area

Concurrent use of two hands
on separate controls
prevents hands from being in
danger area when machine
cycle stans

Provides a barrier tetween

mbone ~
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other personnel!

Advantages

Operator's hands are at a

r
,_gw part after first
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Ng obstruction to hand
feeding

Does not require adjustment
for each operation
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Limitations
All Anntrale miet ho managaihy
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activated

May be difficult to activate
controls because of their
iocation

Oniy protects the operator

May require special fixtures
to hold work

Requires a partial cycie
machine with a brake

Some two-hand controis can
be rendered unsafs by

h;ldmg with arm or blockmg,
mereby permmmg one-

Operator may try to reach
into danger area after
tripping machine

Some trips can be rendered
unsafe by holding with arm or
blockmg, tnereby permlmng

May require frequent

nennnnr\ anr ramiiar
inSpeclicn and reguiar

maintenance

May intertere with operator's
ability to see the work
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Two-hand controi buttons
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Two-Hand Trip

The two-hand trip in Figure 46 requires concurrent application of hath the
operator's control buttons to activate the machine cycle. after which the hands
are free. This device is usually used with machines equipped with full-
revolution clutches. The trips must be placed far enough from the point of
operation to make it impossible for the operator to move his or her hands
from the trip buttons or handies into the point of operation pefore the first

half of the cycle is completed. The distance from the trip button depends

unon tha gsnead of tha cvole and tha hand snaad ronstant, Thus tha

the speed of the cycle and the band speed consta
operator s hands are kept far enough away to prevent them from being
placed in the danger area prior to the slide/ram or blade reaching the full

“down” position.

Ll L
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A gate is a moveable barrier that protects the operator at the point of
operation before the machine cycle can be started. Gates are, in many
instances, designed to be operated with each machine cycle.

Figure 47 shows a horizontal injection moiding machine with a gate. To be
effective, the gate must be interiocked so that the machine will not begin a
cycle unless the gate guard is in place. It must be in the closed position
before the machine ¢an function

Figure 48 shows a gate on a power press. If the gate is not permitted to
descend to the fully closed position. the press will not function.

Another potentiai appncatl ms typ g ard is where the gate is a
S jardin ; re the gate may provide
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To consider a part of a machine to be safeguarded by location, the
dangerous moving part of a machine must be so positioned that those areas
are not accessibie or do not present a hazard to a worker during the normal
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Figure 47.
Horizontal injection molding
machine with gate



operation of the machine. This may be accompiished by iocating a machine
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work stations or other areas where employees walk or work. This can be
accomplished by positioning 2 machine with its power transmission
apparatus against a wall and leaving all routine operations conducted on the
other side of the machine. Additionally, enclosure walls or fences can restrict
access to machines. Another possible soiution is to have dangerous parts
located high enough to be out of the normal reach of any worker.

The fppdmn process can be Qafpmmrded by location if a safe distance can

be mamtamed to protect the workers hands. The dimensions of the stock
being worked on may provide adequate safety.

r instance, if the stock is several fee long and

iﬁg worked on, the operator may be able to ho
Ay o
A

8 work is being narfa ad An avamni
S wUin i3 utiny g romes. An exampt

1 '
machine. However, depending upon the machine, protect might still b
required for other personnei.

The positioning of the cperator’s control station provides another potential
approach to safeguarding by location. Operator controls may be located at a
sate distance from the machine if there is no reason for the operator to

tar~ it
e it

Feeding and Ejection Methods to improve
Operator Safety

Many feeding and ejection methods do not require the operator to place his
or her hands in the danger area. in some cases, no operator involvement is
necessary after the machine is set up. In other situations, operators can
manually feed the stock with the assistance of a feeding mechanism,
Properly designed ejection methods do not require any operator involvement
after the machine starts to function.

Some feeding and ejection methods may even create hazards themselves.
For instance, a robot may eliminate the need for an operator to be near the

..... b smmomts mmieom b b ol b i€ by ~m 2 om v v
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Using these feeding and ejection methods does not eliminate the need for
guards and devices. Guards and devices must be used wherever they are
necessary and possible in order to provide protection from exposure

to hazards.
ing and ejection methods...

Automatic feeds reduce the exposure of the operator during the work

process, and sometimes do not require any effort by the operator after the
machine is set up and running.

in Figure 49, the power press has an automatic feeding mechanism. Notice

the transparent fixed enciosure guarc at the danger area.
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Figure 48.
Power press with gate

Figure 43,
Power press with
automatic feed
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Figure 50.
Saw with automatic
indexing mechanism and Figure 50 shows a saw with an auiomatic indexing mechanism that moves
traveling head the stock a predstermined distance for each cut. The traveling head
automatically recycles for each cut.

With semiautomatic feeding, as in the case of a power press, the operator
uses a mechanism to place the piece being processed under the ram at
each stroke. The operator does not need to reach into the danger area, and
the danger area is completely enclosed.
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Figure 51 shows a chute feed. It may be either a horizontal or an inclined
chute into which each piece is placed by hand. Using a chute feed on an
inclined press not only helps center the piece as it slides into the die, but

tmemn ok o owdia e
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A plunger feed is shown in Figure 52. The blanks or pieces are niaced in the
nest one at a time by the plunger which pushes them under the slide.
Plunger feeds are useful for operations on irregularly shaped workpieces
which will not stack in a magazine or will not slide easily down a gravity
chute. The mechanism shown is mechamcauy connected to the press
tiipping mechanism. When the piunger is pushed in, pin “B” is ailowed to rise
up into hole “A," allowing yoke “C"” to release so the press can be tripped.

#I—D—lml—_I.—_\-i~_-_—-

PLUNGER

< : 1
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PLUNGER
HANOLE

I

Figure 51.
Power press with chute feed

Figure 52.
Power press wiih piunger feed
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Figure 53.
Power press with piunger
and magazine feed

Figure 53 shows a plunger and magazine feed. Slot "A” must be in
aiignment with interiock “B” before the press can be inpped.

The sliding die in Figure 54 is pulled toward the operator for safe feeding
and then pushed into position under the slide prior to the downward stroke.
The die moves in and out by hand or by a foot lever. The die should be
interiocked with the press to prevent tripping when the die is out of alignment
with the siide. Providing “siops” will prevent the die from being inadvertentiy

pulieg cUl oT Ihe sudss.

Figure 54.
Power press with
siiding aig
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{BOLSTER it EXTENDED POSITION:

Figure 58 shows a sliding balster. The press bad is modified with a
hyd@ulically or pnaumatically controlied bolster that slides in when “stant”
buttons are depressed. and out when the stroke is completed

Figure 56 shows a double-dial feed. The dials revolve with each stroke of
the press. The operator places the part to be processed in a nest on the dial
which is positioned in front of the die. The dial is indexed with each upstroke
Af tho mrans ¢ Adallicnw dham mandacd ook irmbm bham dla

Vi Ui WIS 1U Uenver e Hesleu udit 1Ty g e

Automatic ejection may employ either an air-pressure or a mechanical
apparatus to remove the completed part from a press. It may be interlocked
with the operating controls to prevent operation until part ejection is
compieted. This method requires additionai safeguards for full protection of
the operator.
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Figure 55.
Power press with sliding bolister
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Figure 57.
Shuttle ejection mechanism

UL O Y S 0 Ot B 10N

As shown in Figure 57, the pan shuttle mechanism moves under the finished
part as the slide moves toward the "up” position. The shuttle then catches
the part stripped from the siide by the knockout pins and defiects it into a
chute. When the ram moves down toward the next blank, the pan shuttle

- - . £ LA iz
meves away rom ng Gie area.

SLIDE N
ye
! pOSIMON b
H ) J -
POINT-OF - I ! :. //
OPERATION | ! v AV
GUARD . ~
T W
PAN “ L—-—""""" ~/ i COMPLETED
SHUTTLE - »-"'-l! / PART
srocx' T /
/,——4 ~>J‘—————-) ) l\
= P

FEEDING L
ToCL Pt e

49

SUIDE N
OOWN
POSITION

o |
=




—
COMPLETED b
PART
~ [ ]
=== _amnozze
CHUTE \.ﬁ\‘_‘—u——_ﬁ :’m‘

]

!
Figure 58.
Air ejection

Figures 58 an

d
respectively. Note: Air ejection methods often present a noise hazard
to operators.

89 show air eiection and mechanical eiaction machanisms,
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Figure 60 shows a semiautomatic ejection mechanism used on a power
press When the piunger is withdrawn from the die area, the ejector ieg,
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which is mecnamcany COUDIBG o the plunger kicks the compieiea work out.

Essentially, robots perform work that would otherwise have to be done by
an operator. lney are nest used m mgn proczucnon processes requmng

Figure 59.
Mechanical sjection
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Figure 60. )
Semiautomatic ejection
mechanism
Figure 61.

Robot movement capability
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Figure 62,
Potential danger areas in
robot envefope

Figure 63.
Using barrier guards to protect
robot envelope



Feeding and Ejection Methods
Meathed Safequarding Action Advantages Limitations

Automatic Feed

Semiautomatic Feed

Semiautomatic Ejection

Robots

Stack is fed from rolls,
indexed by machine

n 'echamcm etc.

Stock is fed by chutes,
movable dies. dial feed,
plungers, or sliding bolster

Wark mprpﬁ are pmmed t_)y

air or mechamcal means

Work pieces are ejected by

mechanical means which are

4} e d o od b o i d e

initiated by the operator

They perform work usually
done by operator

[4)]

[A]

Eliminates the need for
operator invoivement in the

danqger area
ganger area

Operator does not have to
enter danger area to remove

[ e Y 1o ¢ 74
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Qperator does not have to
enter danger area

Are suitable for operations
rathhmes nimin Atvasna fAantAare Ara
WIHCHIC {3yl QUEID AUVt ailw
present. such as heat and
noise

Other guards are also
required for operator

pmtnmmn — nmlallv fixed

barrier guards

Requires frequent
maintenance

May not be adaptable to

Al iaviabise
Stock vanation

May create a hazard of

blowmg chips ar debris

Size of stock iimits the us¢
this method

Air ejection may present a

noise hazard

Other guards are required
aperator protection

May not be adaptable to
stock variation

Can create hazards
themselves

Fiequn'e maximuim

operations



Miscellaneous Aids

While these aids do not give complete protection from machine hazards,
they may provide the operator with an extra margin of satety. Sound
judgment is needed in their application and usage. Below are several
exampies of possibie applications.

An awaranacce harriar dnace nnt nravide nhucical nrotectinn hiit carvone Aniy
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to remind a person that he or she is approaching the danger area.

Generally. awareness barriers are not consxdered adequate when continual
exposure to the hazard exists.

ﬂﬂ\llﬂr quafa‘ g AAAAA

LS4 4 e
aranrm i
iAo il

® oW
3 -
o]
&
13
-
2
3
«'7;
"
'Y
3

anll AWARENESS
BARRIER

[#4]
P

M O PO O A U X R B FUSUE AR ORARIAR! M (MRS | AU | DO IO SRUNN | PR RN | FUSUUNR SUUUUE Fpn NN FURRDAR DR IRy (i SUssws W

RO

Ll L

(P Y S S

Rear view of power
shearing square



Fiqure 65.
Awareness barrier on
stitching machine

F/gure 66

FMinrae momomitmmbimmm ~nE cbveni

I O NS 0 S I I NN N R

ﬁ%?77f’
o]
)
i i

wn

(]

e
— 27

Kk\\ 423\

\\\\\Ei%/‘“/

- A\ Q‘

LATHE



/\——W

) —

v
/ DUCKBILL PLIERS
= //I‘
®)

P
e
I esconG TONGS

TONG OEVISED TO F
TUBE OR CUP

— =

\7 W

%“, ! o 4

PLIERS WITH CURVED HANDLES
FOR TWO-HANDED USAGE

1

4/{;« ANGLE JAW TONGS
FOR HANDLING FILANGED OR

A LIGHTWEIGHT TWEEZER
MADE CF STEEL SPRING

,._//
MAGNETIC LIFTER —
CTWIST-COFFT

. = )
lrl/% /—/

OOUBLE MAGNET WITH RELEASE LEVER

&=

1

WITH RELEASE BUTTON

—_—
=
i ‘
Vel [ -
P
T AN D E AU LieTen
.\/-—-_——v‘\./‘ DOUBLE LUF UFTER

ST
\___——/—

[9.]
(5]

Figure 67.

Hairinn~ lnnla
riunen iy g



A DU P AR I

tion of a machine.
reaching into the danoer area of a press or nres brake. Figure 87 shows an
assortment of tools for this purpose. Holdmg tools shouid not be used
instead of other machine safeguards; they are merely a supplement to the
protection that other guards provide.
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Today many builders of single-purpose machines provide point-of-operation
and power transmission safeqguards as standard equipment. However, not
all machines in use have built-in safeguards provided by the manufacturer.

» They can be designed to strengthen the machine in some way or to
serve some additional functionai purposes.

User-built guards are sometimes necessary for a variety of reasons. They
have these advantages:

« They may be the only choice for mechanical power transmission
apparatus in older plants. where machinery is not powered by
individual mator drives.

» They permit options for point-of-operation safeguards when skilled
personnel design and make them.
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However, they aiso have disadvantages:

« User-buiit guards may not conform well to the configuration and
function of the machine.

» There is a risk that user-built guards may be poorly designed
or built.

Point-of-Operation Guards
Point-of-operation safeguarding is complicated by the number and
complexity of machines and also by the different uses for individual
machines. For these reasons, not all machine builders provide point-of-
ts. in many cases a point-of-operation
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disruption to the production process.
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jubrication, adjustment, repair, and inspection. These openings should be
provided with interfocked covers that cannot be removed except by using

toois for service or adjustment.

b

7

lly made from structural shapes, pipe, bar, or rod stock.

ua
Filler material generally is expanded or perforated or solid sheet metal or

o

wire mesh. it may be feasible to use plastic or safety glass where visibility

is required.

uards made of wood generailiy
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r
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G
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Miachinerv Maintenance
PR I, PRy I
i ﬁﬁpaif

Good maintenance and repair procedures contribute significantly to the
safety of ihe maintenance crew as weii as that of machine operators. The
variety and complexrty ot machmes to be sennced the hazards associated

wazidbn dhn PPy
3

with their p g3 ngers that may be present aunng
machine by eakdcwn. and the savere time constraints often placed on
maintenance personnel all make safe maintenance and repair work difficult.

Training and aptitude of peopie assigned to these jobs should make them
aiert for the mermmem elecmcal rauure me worn parz me mappropnate

i uaz::agcu altered, o .-:::chd By cbservi ing macnine
operators at their tasks and listening to their comments, maintenance
personnel may learn where potential trouble spots are and give them early
attention before they develop into sources of accidents and injury.
Sometimes all that is needed to keep things running smoothly and safely is
machine iubrication or adjustment. Any damage observed or suspected
should be reponed to the supervisor; if the condition impairs safe operation,

5 S b5 takaen out of servics for ranair. Safsguards that ars

uie lud\-un V8 S -Juvulv U IARTl UUR U SEITVIVE 107 oA, SQityUaiuo lidl dic

migsing -:lfnrnd nr damanoad alen chnisltt ho reannrtod en annronriata actinn
¥ wa A ERFILTLY SRS {3 B'V\J' A A QF?"UV ALy CANsLINSLT

if possible, machine design should permit routine lubrication and adjustment
without removal of safeguards. But when safeguards must be removed and
C 47 must be

25 GFR id
() 73?':’1&6 the

the macmne serviced, ifte iockout procedure of 23 CFR 1910.
adhnered (6. The maintenance and |cyau' TTeW MUsSt i ¢ fail

guards before the job is considered finished and the machine released
from lockout,

---------- ; st nauvar f3il
L CVOtL 1as

Is it necessary to oil machine parts while a machine is running? If so. special
safeguarding equipment may be needed solely to protect the oiler from
exposure to hazardous moving parts Maintenance personne! must know

g
which machines can be serviced while runn nug and which cannot. “if in

At dmals 8 At ' MYimusimiialh tha Aanmar A aanidant Ar iniiimg e rariicrad hy
ULV, VWA i VU uuv-wbw.}, 1 - LUQiiysl Wi QULILTIIl Vi Wi Y 1T ITWULISW VY

chnmnn off and Inrkmn out all sources of energy,

In situations where the maintenance or repair worker would necessarily be
exposed to electrical elements or hazardous moving machine parts in the
performance of the job, there is no question that ail power sources must be
snut off and jocked out before work begins. Warning signs or tags are
inadequate insurance against the untimely energizing of

machaniral antinmant
T3S W 1WA 1wl UHU!F!I IR R T

Thus, one of the first procedures for the maintenance person is to
disconnect and lock out the machine from all ¢f its power sources, whether
the source is electrical, mechanical, pneumatic, hydraulic, or a combination
of these. Energy accumuiation devices must be “bied down.”

Elastrinal | lInavnacstad anarmizina nf ame alan'nﬁal nr‘nnnmnﬁ' ?h::f can hﬂ
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started by aytomatic or manual remote control may cause electric shock or
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other serious injuries to the machine operator, the maintenance worker, or
others operating adjacent machines controiled by the same circuit. For this
reason, when maintenance personnel must repalr electncally powered

R U ST Y SR TR S 2 A L 3k
v-,lJpT“ ol {";E‘}' SHOUG Cpen e circuit ai ih 5“4:‘{Cn UOX and paGfV\_K ne
i Thie a ~h st ha tammad voithe
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ne, the name of the maintenance person

s e 2 SR PN B L4 ey

and the department mvolved When more than one worker is to be engaged
in the servicing/maintenance function a typicai lockout hasp to which each
may affix a personai iock is shown in Figure 69.
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Figure 69.
Lockout hasp

Figure 70.
Safety blocks installed on
power press



Mechanical: Figure 70 shows satety blocks being used as an additional
safeguard on a mechanical power press, even though the machine has been
locked out. The safety blocks prevent the ram from coming down under its
own weight.

Pneumatic and hydraufic: Figure 71 shows a lockout valve, The lever-
operated air vaive used during repair or shutdown to keep a pneumatic-
powered machine or its components from operating can be locked open or
shut. Before the valve can be opened, everyone working on the machine
must use his or her own key to release the lockout. A sfiding-sieeve vaive
exhausts iine pressure at the same time it cuts off the air supply. Vaives
used to lock out pneumatic or hydraulic-powered machines should be

Figurs 71.
tockout valve
TO MACHINE FROM AIR SUPPLY
B v ) B e
w T
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VALVE ON

With the vaive tever in the
“ON" posstion. air from the
main suppty hine tiows
through the vaive into the
machine s operating

air iines

O—L

FROM MACHINE FROM AIR SUPPLY
X

i i e—
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cuts oft ali air supply to the
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designed to accept iocks or iockout adaplers and snouid be capavie of
“bleeding off” pressure residues thai could cause any pait of the machine

o move

In shaps where saveral maintenance persans mmhf he wnrkmn on tha same
machine, multiple lockout devices accommodanng several padlocks are
used. The machine cannot be reactivated until each person removes his or
her iock. As a matter of general policy. lockout controt is gained by the
procedure of issuing personal padiocks to each mamtenance or repair

H rarmns r\cr"r\r'v 'e r\\l
persen; nc one butiha {persgn can i/ move the PaliCCK hereby each
winrlear Anmirale taa mmiacmr st area
WUIRGE LUTHIWID 1N L o Dyalﬁ“‘;’

Whenever machines or equipment are serviced. there are hazards
encountered by the employees performing the servicing or maintenance
which are unique to the repair or maintenance procedures being conducted.
These hazards may exist cme to che lanure of the empioyees oomg the

NN Ar RAainA wArkad An euan iF tha
Se.vw.m_., or mainienance ic atup the machine Geing WOiKeG On. cven it ine

machine has been stopped. the machine can still be hazardous due to the
nneclh:hf\z of the machine hnrnmtnn reanarqized or raqmnmn

oSSy (9L A 101} ] WS ol

In order to prevent these hazards. each machine or piece of equipment
should be safeguarded during the conduct of servicing or maintenance by:

tagging out the nergy source (5) rehevmg any stored or resndual energy,;
and (B) verifying that the machine or equipment is isolated from the energy
source. Although this is the general ruie, there are exceptions when the
servicing or maintenance is not hazardous for an employee, when the
seivicing which is conducted is minor in nature, done as an integral par of
production, and the employer utilizes alternative safeguards which provide
affactiva nrotaction as ig irad hu 20 CFR 1a10.212 or aother enor-vhr

roaeyt o
THOLUYY UIUICLaUl Q9 18 IT"Uuncu LIS R RO Py PR S} S 0 ¢ .

QSHA standards.

When the servicing ar maintenance is completed, there are specific steps
which must be taken to return the machme or piece of equipment to service.

inese steps inciude (1) inspection of the machine or equipment to ensure
that ali guards and cther safety devices are in piace and functional,

{9\ AhanionA tha aras tm angure thaf AnaraivatiaAn anA ﬂfﬁﬁ 1n nt ﬂ-«n mnnk-—\’\
=) WG Y LT QIS0 LW THISWID WAL SHSIYILAUNN! Qg 214 U Ut SN IT

or equipment will not endanger employees, (3) removal of the iockout
devices, (4) reenergization of the machine ar equipment, and (5) notification
of affected employees that the machine or equipment may be returned

o service.

imt im tha wimrkmians im adAdibian Hha ameiagas
i e WorRnglg. 1 qQURICH, i SiNiCyee

v

o i
ild have written nrocedures for all machines and nmnnmnnf amn(nuaoe

must be trained in their duties and responsibilities under the energy c:ontrol
program and periodic inspections must be conducted to maintain the
effectiveness of the program.
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Figure 72.
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used machine parts and hardware kept in stock so that the crews are not
encouraged (even obliged) to improvise, at the risk of doing an unsafe
repair, or to postpone a repair job? And don't overlook the possibility that
maintenance equipment itself may need guarding of some sort. The same
precaution applies to toois and machines used in the repair shop. Certainiy,
the maintenance and repair crew are entitied to the same protection that

i i ird A i - '
tNEir séfviCe proviGes 10 e macnine Gﬂefatafs in the pian!.
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conflouratxon or des1qn but which do not descnbe safe and/o heanhful use
and operation of the equipment are of limited assistance to OSHA. in any
event, even when an industry consensus standard addresses safety/health
considerations, OSHA may determine that the safety/heanh practices
aescrmed by tnat mcustry consensus standard are deficient when reiated to

| P t-.g:. bas;: blaa smmsbionmarmd PYDELIA o ev 2 lmdimem
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many rards devoted tn tha safa 11ea of
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equipment and machines are pertinent and provide valuable guidance as

they relate to the muititude of safe aperating procedures regularly discussed
in ANSI safety standards.

All of the requirements of 28 CFR 1910.212, are applicable to machines
found in mcusrry Paragraph (a)
as b

{1), requires that mpuoyees be protected
H i
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< ian ~ai
as ation, lIlUUIH\J lup POINS, aliu
S. Daragranh {a) {2). describes the manner in which gu 1ards shall

LIS Ss

c
be affixed. The proper application of devices are not described; therefore
other similar OSHA or pertinent industry standards must be referred to for
guidance. Paragraph (a} (3) describes. with particularity, the requirements
for safeguarding the point of operation.
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his body in the danger zone dunng the operatmg cycle." Apphcable
standards include any similar OSHA standard or any OSHA adopted
industry consensus standard( ) which provide for the safety of the operator

At omen

eoumment

Employers who comply with the requirements of an industry consensus
standard rather than a specific QOSHA standard. where such compliance
deviates from the OSHA requirements but provides for a more conservative

safeguarc mg concept, are calegGTlZéC‘i as naving creaied a de minimis
wimloatinm ~f an amanifia MCLIA atandAard (A Ao minimiec viniatian ie a2 uviniatian
VIVIalUls Ut LT SPELIHIIL WOrA Jlaiidaiud. (/A U HTHNIg viviaiuis 1o a viviauuii
of an OSHA standard that has no direct or immedi_te relationship to safety
or health. Such de minimis violations require no correction and result in no
penalty.)
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QOSHA encourages employers to abide by the more current industry

consensus standards since those standards are more likely to be abreast of
the state of the an than an appiicabie OSHA standard may be. Furthermore,
ndustry consensus standards will usualy discuss a variety
A
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ANSI B151.5-1982/88

dicpiiag 3 yariahs
aCnniqu

ntified hazards of the machine or process
14 n rgs ottt ocess.

Mechanical Power Presses
Hydraulic Power Presses
Power Prec s Brakes

Shears

Lathes

P lad Ll o madammcn mnaad ™ oolod [0 o oo o

LQIQ MEauers dna OOl Frunlierns
Drilling, Miiling, and Boring Machines

Grinding Machines

Metal Sawing Machines

Gear Cutting Machines

Roll Forming and Roll Bending Machines

Single- and Multipie-Spindle Automatic
Screw/Bar and Chucking Machines

Coil Slitting Machines/Equipment

Pipe, Tube, and Shape Bending Machines
Horizontal Hydraulic Extrusion Presses

Machinery and Machine Svstems for the

b AL 100] T Iy

Processmc: of Coiled Strm, Sheet, and Plate

Machine Tools, %afp quarding

Compressors for Process industnes
Conveyors and Related Equipment
Forging Machinery

Rubber Machinery, Hose

Rubber Machinery, Hose

Rubber Machinery, Hose

Rubber Machinery, Hose

Rubber Machinery, Endless Belt

Nuarnaan HAicte

AAVEIITAW | IWiIJwsa

N mdimem lenimambine Adalolivme AAmmbnimar Lim ot s |
Fidotlo i ljl:buu” VIV viaLliupie y. i IILUH =1}
Piastics Machinery, Fiim Casting

Plastics Machinery, Screen Changers
Plastics Machinery, Blown Film Takeoft &
Auxiliary Equipment

Plastics Machinery, Film & Sheet Winding
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Chapter 6

Rahatire
B EN/ AW LIWYD

=)
e

Robot Applications

Robots are machines that ioad and unioad stock, assembile parts, transfer
objects, or perform other tasks.

Robots are used for replacing humans who were performing unsatfe,
hazardous, highiy repetitive, and unpieasant tasks. They are utiiized to
accomplish many different types of application functions such as material

handiing necnmhl\l arc welding, rasgistance welding machine tool

IS v gy awwrer [ ST i gy e eisy b Lt 1) Y

load/untoad funcnons, painting/spraying, etc.

Studies in Sweden and Japan indicate that many robot accidents have not
occurred under normal operating conditions but rather during programming,

PO U Y Q- S WY C SUROY PR, comhm e h PN e

program IOUCH'Up, manuiernance, repadii, sy, bBlUp, or dU]UbUUEHL wuring
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maintenance worker may temporarily be within the robot's workmc envelop

where unintended operatlons could result in injuries.

All industrial robots are either servo or non-servo controlied. Servo robots
are controiied t‘nroug'n ihe use of sensors which are empioyed to continuaiiy
monitor the robot's axes for pumuua 1al and velocity feedback information.

This feedback information is compared on an on-going basis to pre-taught
information which has been programmed and stored in the robot's memory.

Non-servo robots do not have the feedback capability of monitoring the
robot's axes and velocity and comparing with a pre-taught program. Their
axes are controlled through a system of mechanical stops and limit switches

Anmdeal tha ralnada maaviAre

o control the rooot's movement.

Mechanical hazards might include workers colliding with equipment, being
crushed, or trapped by equipment, or being injured by falling equipment
components. For example, a worker could collide with the robot's arm or
peripheral equipment as a resuit of unpredicted movements, component
maifunctions. or unpredicied program changes.

A worker could be iniured by hpmn annnpd hetween the robot's arm and

FY PIWIINULl I W =y - et PRl a &1

other peripheral equ:pment or bemg crushed by peripheral equipment as a
result of being impacted by the robot into this equipment.

Mechanical hazards also can result from the mechanical failure of

_______ T
LUII!pUIIeHlb XUUqu ar !:HU'!:H!:-'LLUI dlluIUl pt:upucldl equpulclu The

failure of nnppnr machanisms with rasuitant release of narts, or the failura of

TV Aoy it

end-eftector power tools such as grinding wheels, buffxng wheels, deburring
tools, power screwdrivers. and nut runners 10 name a few.
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Human errors can resuit in hazards both to perscrmei and equipment. Errors
in programming, interfacing peripheral equipment, connecting input /output
sensors, can al result in unpredicted movement or action by the robot which

can result in personnel injury or equipment breakage.

Human errors in judgment result frequently from incorrectly activating the
teach pendant or control panel. The greatest human judgment error resuits
from becoming so familiar with the robot's redundant motions that personnei

ngG the nature af thaca mntinne and n!nnn

on u-n
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themselves in hazardous positions while programming or performing

STIVES S g vt petl s

maintenance within the robot's work envelope.

Robots in the workplace are generally associated with machine tools or
process equipment Robots are machines, and as such must be

J T Y ~e =

safeguarded in ways similar fo those presented for any hazardous remotely

Various techniques are available to prevent empioyee exposure to the
hazards which can be imposed by robats. The mast common technique is
through the installation of perimeter guarding with interocked gates. A
critical parameter reiates to the manner in which the interiocks function. Of
major concern is whether the computer program, control circuit, or the

primary power circuit, is interrupted when an interlock is activated. The
various industry standards shou !d be investigated for guidance; however, it
is generally accepted that the primary motive power to the robot should be

interrupted by t h interlock.

The ANSI safety standard for industrial robots, ANSI/RIA R15.06-1986, 1s
very informative and presents certain basic requirements for protecﬁng the
worker. However, when a robot is (o be used in a workplace, the employer
should accomplish a comprehensive operational safety/heaith hazard
analysis and then devise and impiement an effective safeguarding system
which is fully responsive to the situation. {Various effective safeguarding
techniques are described in ANSI B11.19-1990.)
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Chapter 7

A recent development in manufacturing technology has given riseto a

manufacturing concept known as Manufacturing Systems/Cells, or Cellular

Manufacturing Systems. These systems of integrated industrial machines,

linked by a material handling system and operated by (controlled by) a

programmabie eiecironic system {compuier) are capabie of manufacturing
............

systems is of first order importance.

Because a system is to be safeguarded it is logical that a system hazard
analysis will yield the parameters of the safeguarding system required.
Figures 73 through 75 depict typical cellular system concepts and
safeguarding considerations.

ANS! B11.20-1991, should be referred to for assistance when a cellular
manufacturing system is envisioned.
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The ergonomic considerations of machine safeguarding are as significant to
the safety and health of the worker as are the muititude of techniques to

arcamnliich cnfnm and heaith in the wnri{n!::nn Waorker strass and fnhm e
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can be averted bv creditable work setups and well integrated safeouardmo
The various mdustry consensus standards are only now begmmng to
address this issue. Future evaluations of safeguarding are likely to devote

more attention to this aspect.



Chapter 9
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Safety in the workplace demands cooperation and alertness on everyone's
part. Supervisors, operators, and other workers who notice hazards in need
of safeguarding, or existing systems that need repair or improvement,
should notify the proper authority immediately.

Supervisors nave these additionai, speciai responsi'oiiities with regard o
~fo el

~fat, tHan rarariom by
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ones; expiaining to the worker all the potential hazards associated with the
machines and processes in the work area; and being responsive to
employer requests for action or information regarding machine hazards. The
first-line supervisor plays a pivotal role in communicating the safety needs of
the worker to management and the employer’s safety rules and policies to
the worker.

Someatimes the solution to a machine safequarding nroblem ma irg

solutionto ar ‘e safeguarding problem may require

expertise that is not availabie in a given establishment. The readers of this
manual are encouraged to find out where heip is available and, when
necessary, to request it.

The machine’'s manutacturer is often a good place {0 stant when :oomng for
cmd -~ oo
(=3

a4 i
Sai “cyucuumu protlem. Manufacturers can often sSupply the

)

~¥

QASIIDIAHILET VWilil
necessary literature or advice. Insurance carriers, too, will often make their

safety specialists available to the establishments whose assets they insure.
Union safety specialists can also lend significant assistance.

Some government agencies offer consultation services, providing for on-site
evaiuation of workplaces and the recommendation of possible hazard

Amembemton MOQLIA frmde meomm o -“.\-AA $omm mf mbeom e~ 3.
uun‘uuxa USHIA TUNGS ane DULII plUgldHl WHK,H lb VHEIgu lige Ui viiarye t

contractors, the consultation program is cgmnlntg(\l; 5ggaegto from the OSHA
inspection effort; no citations are issued and no penalties are proposed. The
trained professional consultants can help employers recognize hazards in
the workplace and can suggest general approaches for solving safety and
health problems. in addition, the consuitant can identify sources of other

availabie heip, it necessary.

A f 1S
machine safequarding, or about available con lfatron semces shou!d

contact OSHA. (See the list of OSHA Regaona | Offices in the back of
this publication.)
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Answers to the following questions should heip the interested reader determine the safeguarding needs of his or her own

workptace, by drawing attention to hazardous conditions or practices requiring correction.

Requiremenis for Aii Safeguards

—

Do the safeguards provided meet the minimum OSHA requirements?

2. Do the safeguards prevent workers’' hands. arms, and other body parts from making contact with
dangerous moving parnts?

3. Are the sateguards firmly secured and not easily removabie?

4. Do the safeguards ensure ihai no abjecis wiii faii into the moving paris?

S. Do lhe safeguards permit safe. comfortable, and rslatively easy operation of the machine?

8. Can the machine be oiled without remaving the safeguard?

7. is there a system for shutting down the machinery before sateguards are removed?

8. Can the existing safequards be improved?

Mechanicai Hazards
The point of operation:

1. Is there a paint-of-operation safeguard provided for the machine?

2. Does it keep the operaior's hands. fingers, body out of ihe danger area?

e In thara auidansra that tha eafaniiarde haua naan tamnnarad with or reamaov art?
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4. Could vou suggest a more practical, effective safeguard?

5. Could changes be made on the machine to eliminate the point-of-operation hazard entirely?
Powar trancmiccinn annarathic

Power transmission apparatus

g gears, sprockets, pulleys
Are there any exposed belts or chain dnves?

Are there any exposed set screws, Key ways, collars, etc.?

Are starting and stopping controls within easy reach of the operator?

if there is more than one operator. are separate controls provided?

Ar o
AT nere any ungu

ISP S

Other moving parts:
1. Are safeguards provided for ail hazardous moving parts of the machine including auxiliary parns?

Nonmechanical Hazards

1. Have appropriate measures been taken to safequard workers against noise hazards?
2. Have special guards. enciosures. or personal protective equipment been provided, where
necessary, to protect workers from exposure to harmful substances used in machine operation?

Electric Hazards

Is the machine instatled in accordance with National Fire Protection Association and National
Eiectricai Code requiremenis?
Are there loose conduit fittings?

Is the machine nrnm:rlu nrmmdad?

Is the power supply correctty fused and protectad?
Do workers occasianally receive minor shocks while operating any of the machines?

—
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Do operators and maintenance workers have the necessary training in how to use the safeguards
and why?
Have operators and maintenance workers been trained in where the safeguards are located, how

lney pIUVlue plUlBl.uUl i, and what hazards th 153 pluu:l.k dgalual ?
HMava onaratore and maintenance warkars haan trainad in how an 1d undar what sircumetancas nua
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can be removed?
Have workers been trained in the procedures to follow if they notice guards that are damaged,
missing, or inadequate?
Protective Equipment and Proper Clothing
Is protective equipment required?
it protective equipment is required, is it appropriate for the job, in good condition, kept
ciean and sanitary, and stored careiuiiy when not in use?
is the operator aressad salely for thie job {i.e., no 1o0se-Titling clothing of jeweliy)?
Machinery Maintenance and Repair
Have maintenance workers received up-to-date instruction on the machines they service?

Do maintenance workers iock out the machine from its power sources beiore Deglnmng repa rs?

WUihaarn aavvaval maints mArk An tha oa A, nAra ruitinla tasteAiit devieae 1eand?
vynsis Severa: mainienance pl;x SCNS WOIK CN the Same maclanine, are muilipie ;JoCKoUL C8ViCes Used:

Da maintanance parsons use appropriate and safe equipment in their rapair work?

is the maintenance equipment itself properly guarded?
Are maintenance and servicing workers trained in the requirements of 29 CFR 1910.147,

lockouttagout hazard, and do the procedures for lockout/tagout exist before they attempt their tasks?

81
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If you are a worker, you have the right to:
= request an OSHA inspection for workpiace hazards, vioiations of

oY J WY U S . e = Lo a

OSHA standards, or vioiations of the OSH Act \YUUI' name wili be Kept

C
e have an authoriz ployee representative accompany the OSHA

compliance officer on the workplace inspection;

« confer informally with the OSHA compliance officer (in private,
it preferred);
« be notified by your employer of any citations issued for alleged

violations of standards at the workpiace, and of your employer’s
requests for variances or for changes in the abatement period,;

* contest the abatement time set in any citation issued to your employer
by OSHA,;

» file a complaint with OSHA if you believe that you have been
dismissed, demoted, or otherwise discriminated against for exercising
rights under OSHA;

« file a complaint with Federal OSHA authorities if your State agency
fails to administer a State program as effectively as required
by OSHA;

* ask OSHA about any tests performed in your workplace, the resuits of
inspections, and any decision not to take action on a complaint,

* receive information from your empioyer about hazards and safety
measures

applicable to the workplace, OSHA standards relevant to
your job, and the record of accidents and illnesses in the workplace;

.-.TJ

r Occupational Safety and Heaaith evaluate
the substances used in your workplace;

revocation, or modification of an OSHA siandarg and to request a
public hearing; and

* observe the monitoring and measuring of toxic substances in the

woerlace if you are QXPOSEO and to have access to anyr 8cords of

yOur expaosure.

You also have the responsibility to:
» read the OSHA poster in the workplace,

e ale s cacible mll Maa NAOLIA AbARnA
‘ply WiIli} dll Ui VoM siaiiu

L4 if a a (]
State-approved plan {if any), and with the employer's safety and
health rules;



* report any hazards immediately to your supervisor;
* report to your supervisor any job-related illness or injury; and

s cooperate fully with the OSHA compliance officer who inspecits
untir warieniaca
your workplace

@
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South Carofina Department of Labor
3600 Forast Drive

DA Daw 14nAN

r.U. DUX | ogy

Columbra, SC 29211-1329
(803) 734-9594

86

lane
BGAL I

Commissioner

Tennessee Department of Labor
531 Union Buiiding

Nashville, TN 37243-0655

(615) 741-2582

Administrator
Utan Uecupanonal batety and Heaith

Saft Lake City, UT 84110-5800
(801) 530-6900
Commissioner

Na
ESnanT
WL Tpant

120 Stats Street
Montpalier, VT 05620
(802'} 828-2765

Yarmnant ot ol l atnme amd
Youno § H

1671 O L3007 ang

ansnmant Al

Chnstiansied

St Meniv Ul ANQAN ACSE
Wi WIGHK, Vi YoM r-<Qou

{809} 773-19%4

Commisgioner

Virginia Depanment of Labor and Industry
Powers-Taylor Building

13 S. 13th Strest

Richmond, VA 23219

(804) 786-2376

Director

Washington Oepartment of
Lahor and industries
Ganeral Administration
Building

Room 334-AX-31
Olympia, WA 38504-0631
(206) 753-6307

Nirastar

Wl Swiv

Deparment of Employment
Division of Employmeant Affairs
Occupationai Safety and
Mealth Administration
Herschier Building

2nd Floor East

as AR

122 Waest 25th Street

Cheyenne, WY 82002

(307) 777-7786 or 777-7787



Occupatlonal Safety and Health Administration

Contact the OSHA Regional Office nearest you for the location of your

OSHA Area Office

Asgion |

(CT,* MA, ME, NH, RI, VT™)
133 Portland Strest

1st Fioor

Boston, MA 02114

YTalanhnna (B17\ EQRE_T7184
IRICHIUNTIG. \V i/ ) IUJ7 11U

Region il

(NJ, NY,* PR," VI*)

201 Varick Street

Room 870

New York, NY 10014
Telephone:; (212) 337-2378

Region il

(DC. DE, MD," PA, VA * WV)
Gateway Building, Suite 2100
3535 Market Street
Philadeiphia, PA 18104

Telephone: {(215) 596-1201

Region IV

(AL, FL, GA, KY,” MS, 1
QS = TR\

(>4 LA B

oy

1375 Peachtree Street,
Suite 587
Atlanta, GA 30367

Aoy - —\——'n

|e|epnone [4U4) 347-3573

iC.*
N.

E.

Region V
(IL, IN,* ML™ MN,” OH, W)
230 South Dearborn Street

A
I'\UUI it d‘%

("hmann iL 806804

Telephone (312) 353-2220

| = PO NP AY; ]
ncgl\n v

(AR, LA, NM," OK, TX)
525 Griffin Street
Room 602

Dallas, TX 75202

Talanhana: (D14 TR7_A7724

1 DISHHVIIG, (& i) (U T O

Region Vi

(1A,* KS, MO, NE)

911 Walnut Street, Room 406
Kansas Cm/ MO 64108

Telephone (81 6) 426-5861

Region Viii

(CO, MT, ND. SD, UT," WY")
Federal Building, Room 1576
1961 Stout Street

Denver, CO 80294
Telephone: (303) 844-3061
Region IX

(American Samoa, AZ,” CA,~
Guam, Hi,* NV,* Trust

Tarntnriae
100 "Ul e

of the Pacific)
71 Stevenson Street

éééme. WA 98101-3212
Telephone: (206) 553-5930

*These states and territories operate their own OSHA-approved job safety and health
programs (Connecticut and New York plans cover public employees only). States
with approved programs must have a standard that is identical 10, or at least as

effective as, the faderal standard.

@ U.3. GOVERNMENT PRINTING OFFICE:1992-312-410/84857



Related Publications

ANSVASME Standards

B11.2 Hydraulic Presses 1982

B11.3 Power Press Brakes 1982

B11.10 Metal Sawing Machines 1930

B11.11 Gear Cutting Machines 1985

B11.12 Roll-forming and Roll-bending Machines 1983

B11.14 Coil Siitting Machines 1983

B11.15 Pipe, Tube, and Shape Bending Machines 1984
B11.16 Metal Powder Compacting Presses 1988

B11.17 Horizontal Hydraulic Extrusion Presses 1982

B11.18 Coifed Steel Sheet & Plate Processing Machines 1985

Copies of the above can be obtained from the American National Standards institute, 7 West 42nd Street,
New York, NY 10036, 13th Floor.

OSHA Publications

OSHA 2056 Alt About OSHA

OSHA 2019 Catalogue

OSHA 3000 Employer Rights & Responsibilities Following an OSHA Inspection
OSHA 3074 Hearing Conservation

OSHA 3021 OSHA: Employee Workplace Rights

A single free copy of the above materiais can be obtained from OSHA field offices or OSHA Publications
Office, Room N3101, Washington, DC 20210, (202) 523-3667. Please send a self-addressed label with
your request.

SafeWorks. A one page periodic news sheet that provides a brief summary of the results of a small
business empioyer's request for workplace safety and health assistance from OSHA-funded
consultation services in all of the states and U.S. territories.

ErgoFacts. A one page news sheet that provides a brief summary of ergonomic hazards and the
need for workplace safety and health assistance.

The above publications can be obtained from the U.S. Department of Labor, OSHA-OICA, Room N3647,
Washington, DC 20210. Please send a self-addressed label with your request.
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