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GUARDING AGAINST MACHINE HAZARDS

Richard Cavalettn
Agricultural Enginesring Department
- Oregoh State Ualversity

INTRODUCTION

safety considerations have not always preceded or ceoincided
with the development of machinery. It was a "user bewaral
aenvironment during the industrial revolution. Workers'
Compensation laws enbkcled in {he edriy 1900s had the oObjgctives
to:

{}) Reduce accidents threugh eseploysry imfentives, and

f2) Accident analysia

Creation of Ogeupaticnal Safety and Health Administration
(0SHA) and ¥atiopmal Institute for Cccupational sSafety and Eealth
(NIOSH) sentinused to promote safety with the sbjechives of: (1) A
safe working environmank; (2} Safe toecls; (3) Knowledge of
hazards: (4} Conbstent fellow employess ahd Manager; and (3)
Safety rules (Huston 1287).

Increased social awareness of the "ftrue™ cost of accidents
motivates Inereased safety 1n the workplace. Though it is
mnrealistic te think that all risk can be eliminated in the
whorkplacs; efforts must continue 4o find the proper hHala.ucs
betwzen safety in the workplace, the economic costs and
maintaining the functionality of the machine.

Knowledgr of the physical and psychelogical charactaristics
af man, the operating characteristics of the machine and the man—
machine interface is necessaxy if we are golng to guard against
machine haszards. The design preocess of a machine in a general
case can be represented as shown in Figure 1. The desigher muse
have a c¢lear understanding of the project's chjectives, decide
what tasks will be assigned to the human {(operzZtor)., and What
tasks will ke ascigned to the machine.

Racogrnition and comprehension of human and machine abilities
ig critical in task assigmment. Table 1 highlights some of those
abilities. In general, it can be said “Men arse flexikle but
cannot be depend2d Gpon to perform inm & consisteéent makner,
whereas machines can be depended apon to perxform censistently,
but hawve ho flexibility whatscgever® [Jordan].

The intsrface batwesn man ang machine may ke a2 simple
exchange of infeorwation, of material, control, or 2 combination
of these. Man may have several rdles as He interacts with the
machine. He cpuld be the operator in a single ene-time
cpardticn, or he nay be uging the npdchine in a repsritive task,
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He could also be a bystander; just cbserving the maching
gperation, or maybe involved with the service and maintenance of
the machinery.

Why Cuarding Strategies Fail -

No matter how much eifort goes into the design of safe
machinery, accidents continue to cecur. An understanding of why
these zccidents ocour can help identify weaknesses in guarding
strategies. Considar the following situations:

1) An equipment operator gets paid on a piece rate.
Management decides that a new guard is necessary to
reduce the possibility of accidents. The guard siows
down the throughput of the system. The piece rate is
not raised to compensate for the lewer output. #hat is
the operater's attitude towards the guard?

2z} 2 farmer has only 100 acres of wheat left to harvest.
A storm is meving ip that threatens to destroy the
unharvested crop. He has been working many long hard,
days to get the crop harvested. Any delays means a
loes of money. Hew does the farmer respond to a
malfunction of a harvester? Will the power be shut off
before attempting to correct the malfunction? Will
guards and warning labels be headed?

3} The eguipment operator knows Lhat the powsr should be
shut off before trying to work on a PTD powered
implement. The seat of the tractor is wired with an
interlock device to shut off the PTO power when the
operator gets off the tractor seat. The operator uses
the safety device as an on-off switch instead Of the
standard PTC on-off switch provided by the eguipment
nmanufacturer. What iz the operator®s attitude towards
the interlock switch? How night this help/hurt him
when he works with & hractor without this interlock
devige?

2} The edqiipment operater is dlso the maintenance person.
Paily servicing of the eguipment remiraes the remeval
of saveral guards and their reinstallation which
regquires 30 minutes of additicnal time. What is the
persen’'s feelings towards these guards?

as vou study this material, keep in mind these situatiouns.
Determine what guarding strategies are being implemented and what
additional strategies need to be followed in order to have
successful machine guarding.
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HAZARD IDENTIFICATION AND RISK ASSESSMENT
Bisk may be defined by the following sguation;
Risk = Hazard ¥ Probability

A hazard ig the ¢uttome of an unsafe agt (i.e. I youl teouch 2
spinning saw blade, you will ¢et cat). Ths probakility of you
touching the Hlade encompasses both the physical sitnation
(closeness of hand to the hlade, amount of protrusion of the
klade sbove the tahleé, sharpness of the blade) and the
paychelogical situation (fatigue, stress, borsadom, 2tc.). The
closer you place your hand to a spinning table saw blade, the
higher the probability of beiny ctk. By placing a physical
barrier between your hand and the blade, the probability of being
cut is lowered, therefore the overall risk iz lowered.

The ability of the user to correctly assess the hazard and
the probakility of that hazard happening influsnces the henavior
of the user. Unfertumately man's ability o make these
assessnents s low. Some common fallacies we are prene to are
{Raren, et al. 1i58aYy:

1. Shortsigntedress. We cverweigh the inmediate present.

2. Impulsiveness. We sometimes wake choives with insufficient
thought, or no thought at all.

3. Weglect of probability. Some assume that improbakie events
worl't happen, but of course; they do.

4. "My-side" blas. We defend our beliefs as if we wers szelf-
hired lawyers to convince oursalves that we were right all
along.

5, ginglé-mindedness., We sometimes make decisions as though we
nave only a single geal, while ignering cther relevant
qoals.

Hazards associated with the werk place are:

1. Mechani¢al 4. Chemiesl 7. Noise
2. Thermal 5. Electrical g. Fatigue
3. Fire 6. Radiation 9. Stress

Many of these hazards are explicit {such as meéchanical and firel
while others are 1mplic1t (nolse and stress) and are much more
difficule to protect against. A large part of safety efforts
have gene imbo mechanical hazards for the simpis reason that this
represents the largest area of ocoupational accidents, Hearly
ane-third 0f OSHA genheral industry citatioms address this subiect
(Asfahl 1584} .



MECHANTCAL HAGARDS

A pachine can ba defined as "any contrivance for the
conversicn and dirsction of meotion; an apparatus for deiny some
kind of work, i.e. an engine, the vehicle" {Allese 1975}.
Machinery involves moving parts to transmit powsr and do work.
There exists the possibility of this energy being transmitted to
people. There ars four basic mechanical hazards associated with
machinery. They aret

Rorating, reciprocating and traverse motions.
In-rumiing nip points.

.  Cutting actions.

Punching, shearing and bending actions.

AR

These hagards are associated with Ytransmission of power!
within the machine and the "Point of Opsration" asseciated with
the cutput. (action} of the machine. Wechanical guarding parts
associated with transmissicn of power, shafts, balts, geéars,
etc., are easiest to design and implement. Point of operatien
guzrding is much more diffiewlt, dus to the need to inspect
and/or place matarial intec or remove materizl from the operation
area {Figure 2).

Shafis, augers ahd belts are examples of rctating,
reciprocating, and transverse motions. The principle hazard is
elething on a body part becoming entangled in a protirusion from a
shaft, pulley sheave or a sliding mechanism. An example of this
would he a bolt protruding through the coupling on a PTO shaft or
a lug en a chain conveyer, Fig. 3.

In-running nip points pccur where twe rotating ckjects comea
together -- pressure rollers, where the chain mests with a
sprocket, a balt meets a pullay or the rack and gear. This type
of danger will cause a crushing acticn betwesn the two cbiects,
Fig. 4.

cutting actions are part of the point of operation of the
following shop tools: saws, drills, lathes, milling machines, and
grinding machines. Field egulprent such as mowers, (flail,
sicklebar, and blade) and harvesters also have cutting suxfaces,.
These types of sguipment have gutting hazards that could cause
pessible amputation if contact was made {Figura 5).

The ¥ourth harzard area invoives punching, shearing and
bending actions. Eguipment using these types of actions are
commonly used in manufacturing (sheet metal and plate steel
formations). Hay baling eguipment {rectangular bales) have
shearing action dues to the plunger in the bPale compression area.
This hazard is associated with the point of cperation, Fig. 6.
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HAZARD REDUCTICN OF MACHINERY

Futting a gnard arcund a sloppily designed piece of
aguipment iz like putting a band aid on 2 festering wound.
Sacnex or later you have to open it wup and do mejor surgsey. Tha
best soluticn is to design it correctly in the first place. A&
design proeess goal sheould be to eliminate, 1f possible, hazards
to the user, hystandetr and service-maintenance personnel., During
the design phase of a machine, methods of power fransmission and
tHe placement of @oving varts within the machine must be looked
at with an eye towards safety. Not all hazards can be designed
out a machine. This iz particularly true of psint and opsraticn
hazards. Where good design processes can not eliminate a hazard,
guarding is the hext best strateay.

CLASSTFICATION OF GDARDS

The methods of quarding may be grouped under four main
cles=Eifications (OSHA 1973):

1. Enciesure Guards
a. Fixed enclosures
. Adjustable enclosures

2. Interlocking cuards

N Enclesure or gate gquard with slectrical or
mechanical interioek.

b. Barrier with slsctrical or mechanical interleck
activating a brake.

. Electronic or other typs field oy beam connectad

with operating and stopping Mechanism.

3. Automatic Guards
a. Moving barrier connected to operating mechanism of
nachine (push~away).
b. Remaval device connected to eperakesr, and
opérating mechanism of machine (pull-away).

a. Limitation of stroke.
d. Antomstic pressure release devicas,
4. Remcte Contzol, Placenent, Feeding, ¥iecting
a. Twa-hand tripping devices (slso multiple
aperation).

b. Automatic or semlautomatic feed,
a. Special jigs or holding devices.
4. Special handtools and dies.

a, Special ejecting devices,




Danger Zone

A. FEnclosure Guards

Enclosurs guards provide the greatest degree of protection.
The hazard is cempletely centained within the guard. The guard
may have adjustable cpenintgs to allew for the introducticn of
material into the machine. The adjustable cpering should be
firved onca the corract size opeﬂ;ng is éstablished. sStandards
are developed te limit the size cpening so the user can not place
his hands through gap amd reach tk2 danger zone (Figure F).
Guards should be strong enough to prevent a 270 lh. individual
from dzforming the guard and coming inte contact with the gquarded
mechanism {ASAE 1988]. Guards that may potentialiy be used as a
stepping surface must be strong enough for this use, Figurs 7a.

B. Interlocking Guards

b second typy of guarding is called interlecking. This is
the coupling of an electrical or mechanical barxisr to a braking
dévice or power control panel of the machine. TIf the guard is
removed, the interlock will not allow the machinae to aperate.
This has been usad on equipment whare the operatosr's saat is
wired with a switch. If the cperator gets up from his seat, tie
eguipment shuts ¢ff. Newer elactrznic presence dstacition systems
ara now availakhle, Figure §. The senscr mey use body heat or
sapacitance to detect the presence of the operator. The disfance
from the dangsr zone to the presence detector is a function of
the speed of operator's Hand, the time required to stop the
hazardous mechanism, and the penetration distance into the
detecteor heicrs detectisn. The Ffallewing shows their
relationship:

)
==
Q

Sensing Device

b, = [H, * T,] + By
Minimum safety distance

Hand speed constant - 583 1Inches/sec.

Time for mechanism to completz its cycle (seoc.)
Maximun penetration distance

[ ']

Intarlecking type guards should be designed to guarantes a *fail
safe" conditiom in case the interlocking devise fails,
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€. Automatic Glards

Aitomatic type duardsg involve bharriers that are conmectsd to
tie operating mechanisw and "push away" the person from tha
danger zome (this type of guarding is ne lenger recommended for
mechanical power presses) or are conneoted to both the operating
mechanism and the oparator and “pull away" parts of the body that
could become entangled in the machipery. These ars comman with
wmachirery that entall operatlons arcund the point of opseration,
Flgure 8. Automatic guarding inacludes =sutcmatic pressure release
devides ahd limitation ¢f stroke designs in the mechanisms.

. Remote Control, Placement, Feeding, Ejecting

Though these ars not technigally gquards, they serve the same
functien by reducing the risk of an accident. A commen
application of remote contrel 1s twe handed tripping devices,
Figure 10. The operator must trip two separate switches
g2imuttahenusly in order to activate the mechanism. 7The switches
are located at a distahce so the operator cannct reach intc the
danger zeone after tripping the switches. This distance iz based
on the following sguaticn:

minimum safety distance, inches (D, minimum = 12
inches)

hand speed constant, 63%/sec.

time for mechanism to complete its cycile

(sec. }

I

where

i)
B
'I"l(

('}

2 commen method to defezat two-handed tripping devices is to
lock cne of the switches in &3 "on" stats, allewing the operator
to use che hand Lo engage the mechaniswm. Two-handed tripping
davices should be designed so the safety feature cannct be
defeated.

The use of antopatic or semi-automatic feed mechaniams can
keéep the operator away from the point of actién; these can be
diffienlt to desigr if the task continucusly changes. Alsc jigs
and special holding devices can provide aids in this ares.
Associated with these are spéclal hand kools, dyes ahd injecting
devices that prevent the operator from needing to reach inte tha
hazard area, Figure 11.

Guarding by location is wseful in work places where most
employeas do not need access to a certain wachine. By limiting
access To a machine you have essentially guarded it from pecple
wha have no need to be in contact with it. Of importande to
service-maintenance persopnel is guarding by lockout. Guarding
by lockout prevents others applying power to or restarting a
plece of egquipment while maintenance and repair are being done.

7
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This is typically done through locking the electrical power
switch for the eguipment in an “open" condition.

WETHCDS OF WARNING

I'n connection with guarding, adeguate warning must be given
¢ the operator abeut tho dangers associated with the eguipment.
Hegulations govern the type of warning signs and proper labeling
negessary so an individual appreaching a bazard area can properly
identify the hazard and make a correct decision on the relative
risk and probability »f danger [Ryan 1987]. Auvdio warnings may
alsc be used in conjunction with semsing type guards to alert the
individnal that he has entéred into a potentially hazardous area
or to warn that a hazardous svent is about te owcur. Flashing
and colored lights canr be used to visually indicate to the
ocperator the danger zone and degres ¢f danger. Differsnt colors
may be tvsed to signify the relative level of danger to the
individual -~ green meaning the situation is safe; yellow ~ use
cauticn; and red -- danger imminment, injury or accident could
happen.

SUMMARY

To be successful guarding against machine hazards reguires
thought and foregdight. Knowlsdge of the machine functions, the

physical and psychological characteristics of man, and the
interaction of these two 1s necessary for optimal guarding
strategies. Machine designers must first minimize hazards in
their designs. When hazards cannot be Xemoved, then physical
guarding of the hazard is necessary. Guards may range from total
enclosurs guard ¥o eperating alds that minimize the risk while
working in a hazard arems. This must be accompanied by adeguate
warning signs, lakels, and/or the use of auditory amd visual
warning systans.

GLOSSARY TERMS

Guard =~ a protective device designed and rittad to minimize
the possibility of inadvertent contact with machinexy hazards as
well as to restrict access to other hazardous areas.

Shield - a guard that alone, or with other parts of the
machine, provides protection from the sides covered.

Znclosure - a guard that alene, or with other parts of the
machine, provides protaction on all sides.

Barrier - a guard, such as a rail, fence, frame, or the
like.
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Interlock - a guarding method where the guard iz ceupled to
a brake or powsr unit of the machine to stop the machine action
when the physical guard is broken.

Lockout -~ a meticed to preveit power balhg supplisd to a
machine while under repair or maintenance.

Polint ¢f operatiom - the lpcaticn on the machine where the
work or eutput lg done.

FROBEEMS

1. The corn harvester is responsihle for X number of injuries
each year due te the operator trying to unplug the
harvester, The danger lies in the opefrator not disengaging
power toe the harvester., What types of guarding mechanisss
could be smployed to rsduce this type of accldent?

2. PTO shafts are commonly used to transmit power from a
tractor o an implement. Though physical guarding has been
suggested and gtandards have been develaped £or this type of
guardlng, many mecidents stilll eccur due te improper guard
maintenence and guard removal. What othier tybes of methods
to gquard against PTO entanglement can yeu think of?

CASE STUDY: Tha Table Sau

Physical guards have bscome standard with tha modern table
saw. Unfortunately thess guard are freauently renaved bedause
they elther linit the funcfion of the saw in real;ty, cr are
percelved to. As a consequenca, mumersus table saw injuries are
reported each vear.

A brain storming session was held with faculty and students
to come up with different alternatives for gquarding of the table
saw. The list of alternatives incinded the following
sugqgestions: (1] Redesign of the s4aw, i.e., use a differdent type
of saw: {2} use of special jigs to hold the material and feed the
naterial through the saw, (3) special protectlve eguipnrent.
gloves foy the operator to prevent cutt*ng injury of aceidental
contact w1+h the biade, '4) auditory warning system to alert the
aperator if He came close to the Llade, and (5) a visual warning
systel consisting of a method to illuminate the hazard area
adjacent to the blade with a highly defined beam of red light.

Rach of thsse suggestions wers then criticdliy examined.
Redesign was felt to be impractical becausg of the functicn the
saw provided. There is also a large base of tabla saws in use,
and we wanted o protect Users of these saws as well, Automatic
holding ahd Teading jigs counld potentially be used in s
conmercial establighment, but for many of the home saws the cost
would be prohibitive. The use of a proteckive glove was rejsctad

9
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because gleves could become antangled in the saw klade causing
greater injury.

Use of proximity sensors to detect the closeness of the hand
to the saw biade was axamine?, but a mathod of preoviding sccurate
feedback ko the user was unclzar. The visual warning system
showed potantial and was chosen as a researeh area, An intense
light was usad te delineats yhere the critical hazard area was
arpund the sawblade. This method located the hazard ars=a to the
oparator and gave visuzl feedback as to his proximity to ths
blade. The size of the Ilighted area was adjustable to provids a
cushien (comfort zons) hetween the operztor and the point of
gperation. A red light sourca was set up abeve a takle saw and
used to outline the aresa of the blade (I inch on each side of the
blade and 1 inch in front and behind the protruded blade). The
table saw witid the "light quard" installed was tested by sevsaral
individuals. Positive comménts ware expressed toward this
method, helping them to identify the danger zone agournd a saw
blade (Fig. 12). )

12
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Tabis 1. Comparison of tasks bettsr adaptad to himans znd to
machines.

Himans are gemerally better in their abilities to:

+ Sange very low levels of ceriain kinds of stimuli, wisual,
auditory, tictils:

» Detect gtimeli against high-noise lsvel background:

¢ Draw upen varied experisuce in making decisions; act in
emergencies;

o Reason inductively. generalize;

s Develop new sclutions.

#azhines generaily are better in their abilities to:
¢ Sensa stimuli that are outside man’s nermal range of
sansitivity;

= Maintain perfdrmance ovar long periods of time:
« Maintain efficient nperationg over distractions.

13
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% Sratement of objectives J
‘ Separation of functions l

H Alloggrion of functions !

B

1

. {Fuman} L__rtMnnimachmel !_r {Hordware}

avelapment of persconel! 1|mermcedesiqn | Iﬂevetunmemnreauinmenr:
T

System infegrarnion

Figure 1. Representation af cerfain human-factors-relaed functions involved in
systems design. [From Apliied ergonomics handbook, 13, fg. 15.5 p. 156]




Fignze 2. Hazard areas associated with machinery . (OSEHA)




Figure 3. Hazards from rofating, riciprocating and bransverse motions. (OSHA)







Abrarive whaat.

Figure 5. Fazards froin cutting actions, {OSHA)




Punching. )
wnchiny Shearing, Banding.

Figuzre 6. Hazards from punching, shearing, and bending operations. (CSHAY




QBHAS SPECIFICATION FDR
MAXIIUM FEARISSIBLE GUARD OPENING. SIZE
VEASUS DISTANCE 7RO THE FOINT OF
OPERATION

LKsiznce of opening
fepm poinf-gf opera-
Tigh bzaid Gin,

Maxtmum widh o

Th=124
A24-15
185

Source: CSHA Sianciard 1910217, Table0-10.
Bariger zons:

;//
-

Figure 7. Maxirmum persissabla opening. size as a function of distance i tazard
zone, {OSHAY
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Figure 7A. Exampiesof enclosed guards, {O5SHA)
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Figure 8. Examples of interlock devices. {OSHA}




Pull Away

Fush Away

Figure 9. Exampies of anfomatic guards. (OSHA)




Figure 10, Example of a two-handed tripping device. (OSHAY




Right apdle iew fangs far handiing
) flerged or comshaned work pleces

=
Vegu-tonoy tor [esting, posicaning,
and retrieving hasvy

Tang davisis

o
i Double mapne: with releass iver

Figure 13, Hand-fzeding tools help but do not replace the functon of a poisit of
operation puard. (OSHA)




