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ABSTRACT

This report summarizes the results of a study of automatic interlock devices
which are used throughout industry to enhance safety in various working environ­
ments. During the study it was found that interlock devices are used extensively
in configurations ranging from simple mechanical linkages to complex electronic
circuits. Safety guidelines for the use of interlocks developed during the study
are contained in this report and are applicable to all industries. While these
guidelines do not specify when an interlock should be used, they categorize
potential interlock control applications for each identified generic hazard type;
examine interlock functions for each generic application and review alternative
means of accomplishing the interlock functions.

This report is concluded with recommendations for the guidelines to be used as a
checklist by personnel responsible for designing, purchasing, or implementing
safety interlocks in industrial applications. The conclusions also describe the
add it i ana1 research that shoul d be performed to determi ne when ; nterl ocks shoul d
be used. Existing national, state, and international interlock standards have
been reviewed and are discussed in the appendix •
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INTRODUCTION

For the purpose of this study, an "interlock device" is defined as: "A device
which maintains an installed system in a safe condition without operator inter­
vention." The definition of interlock devices implies that interlocks are used
to control a system. To control means, in thi s instance, to regul ate or gui de
the operati on of a machi ne, apparatus or system. It was therefore necessary to
detennine generic "hazardous" conditions where interlock applications would be
beneficial in order to categorize the potential safety interlock applications.
To make this detennination, the following hazard criterion was used: A hazard
exists when the environment, conditions, natural phenomena or equipment charac­
teristic may release energy that will exceed a human tolerance level.

Visits to industrial facilities were made to investigate scenarios suitable for
the appl ication of automatic safeguards or interlocks, to observe existing and
potential interlock installations, and to solicit industrial expertise and
experience related to the application of interlocks. In addition, a worldwide
search was performed to identify 1iterature relevant to automatic safety devices
and accidents resulting from the lack of automatic safety devices.

Four basic generic hazards were identified wherein interlock devices could be
used to automatically control the hazard. These hazards exist when:

1. The energy supplied to a machine, process~ or system must be interrupted
repeatedly for \'IOrk to be accompl ished safely.

2. Energy must be maintained within safe 1i.mits to prevent creating a
hazardous cond it ion.

3. Energy which have covers, hatches, or other type of closures to protect
personnel require removal of enclosure to perform maintenance.

4. Energy rel ease in uncont roll ed manners occurs duri ng machi ne, process,
or system if operations are performed out of sequence.

The following paragraphs illustrate the generic hazards and categorizes them into
four types.

TYPE 1 HAZARD - Energy suppl ied to a machine, process, or system which must be
interrupted repeatedly for work, is released unexpectedly.

Type 1 hazards exist whenever hazardous levels of energy are used for production
operations and the energy must be shut off repeatedly in order to safely change
the workpiece or material. Industrial activities for which energy must be
repeatedly shut off (or reduced to a safe level) include:

1. ~anufacturing processes such as: cutting, bending, forming, rolling, and
stamping used in the production of individual parts. These functions
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are perfonned by presses, press brakes, shears, etc. In general, thi s
subdivision includes machines' that work with metals, plastics, or wood
to create a product.

2. Batch processes that require repeated stoppage, such as food processing,
paint mixing, foundry work, and beer and wine making. These functions
are perfonned in mixers, ovens, etc. This subdivision includes equip­
ment which cooks, blends, mashes, or heat treats to produce a product.

3. Systems whi ch must be stopped and started repeatedl y to transport
materials to the workplace. These include assembly line conveyances and
other machinery used in semiautomated processes.

TYPE 2 HAZARD - Uncontrolled energy released if safe operating 1imits of equip­
ment are not maintained.

Type 2 hazards exist when high levels of energy must be controlled to safely
create a product. Industrial facilities in which this condition occurs include
power generation plants, chemical processing plants, petroleum refineries, and
foundries. The processes in these types of facilities usually involve the use of
hi gh temperatures or pressures. Hi gh 1evel s of mechani cal energy (such as that
generated by high speed machinery) are usually required in the manufacture of
paper products, in printing processes, and in textile manufacturing. In general,
interlocks or potential interlock applications are possible whenever energy is
used at high rates.

TYPE 3 HAZARD - Energy is approached through enclosures.

Type 3 hazards exist when a person removes a cover, hatch, or other type closure
and approaches dangerous levels of energy or hazardous materials. The energy may
be in the form of motion in operating machinery, heat, or electricity, while the
hazardous material s may be toxic or corrosive' substances or hazardous atmos­
pheres.

TYPE 4 H.l\ZARD - Uncont roll ed energy rel eased if operat ions are performed out of
sequence.

Type 4 hazards exist when actions controlling high levels of energy are not
performed in a proper sequence. For example, the startup and shutdown of a
furnace can result in an explosion if the startup and shutdown procedures are not
performed in the correct sequence; or when deenergizing a high voltage power
line, an accident can result if the deenergization and grounding steps are
performed in reverse order. Many chemical processes can also become hazardous if
process controls are not perfonned in the proper sequence.

Every safety i nterl ock appli cat i on may not fit preci sel y into anyone of these
four generic hazard types, industrial interlock applications or potential appli­
cations may provide protection from combinations of two or more hazard types.
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INVESTIGATING THE HAZARDS

Manual and automated literature searches for accident data were initiated in
order to further investigate the need for safety interlocks when industrial
hazards such as the four generic hazards mentioned in the previous section are
present. It was desirable to obtain accident data that would indicate statisti­
cally the advantages and disadvantages of using 9 not using, or misusing inter­
locks. As the search continued, however, it became apparent that significant
accident data identifying the cause or contributing causes of accidents are not
available. Overall accident data are available that can be useful for deter­
mining which industries have high and low accident rates, in developing a limited
comparison of industries within a given Standard Industrial Classification (SIC)
Code group, and in judging injury severity. The overall data establ ish that
approximately two million disabling injuries occur annually as a result of non­
motor vehicular accidents. These data, however, are of little use in determining
the accident causes, which .is a necessary step in a systematic effort to diminish
the total number of accidents.

Attempts to obtain more deta il ed acci dent data from such sources as trade asso­
ciations, insurance companies, labor unions, and industry proved unsuccessful
because of one or more of the fo 11 owi ng reasons:

1. Trade associations did not collect the data or the data were not col­
lected in a useful format or for specific enough instances.

2. Data from insurance compani es, pri vate compani es, and uni ons are con­
sidered proprietary and/or involve liability considerations. Changing
format and editing the data would be too time consuming or costly (the
data are considered proprietary without changing format and editing and
insurance companies are not interested in reworking the data).

The absence of data that provide the reason accidents are occurring is now a
recognized national problen and may be the greatest single obstacle to improving
industrial safety.

ACCIDENT SCENARIOS

Details of a small number of accidents were available .from sources such as court
proceedings. Several accidents and their surrounding circumstances are described
below in order to provide a few real examples of the conditions where interlocks
can be beneficial.

~xamples of Type 1 Hazard - Control of energy sources reqUiring repeated shutoff •

.A.cc ident 1

On f1ctober. 4, 1967, John Doe was injured when a press at Company ,11.. cycled while
hi s 1eft hand was beneath the ram. Al though the doubl e-operator press was
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designed to function only when both operators l palm buttons were depressed, Doe
was pressing only his right-hand button when the accident occurred. Investiga­
tion revealed that a broken case on the snap-action precision switch of the
left-hand control had caused the press to cycle unexpectedly*.

The injured worker brought a breach-of-warranty and negligence suit against
Company R, the manufacturer of the palm-button assembly, and Company C, producer
of the switch. Doe claimed that the defendants had failed to equip the press
with an adequate safety device. After being instructed that any negligence or
lack of due care on Doe's part would bar his negligence claim, the jury returned
a verdict against him. The Court of Appeals affirmed the trial court's judgment,
and Doe appealed that decision to the State Supreme Court. The court ruled that
contributory negl igence on the part of an injured ~rker is not a defense in a
product-liability suit based on the manufacturer's failure to provide adequate

. safety devi ces. Hence, Doe was ent i tl ed to a new tri al •

Accident 2. No lnterlock used. Worker trapped in hazardous area.

On Octobe r 19, 1971, Jo hn Doe wa s st ruc kin the head by a mov i ng pa rt of an
insulation-batt-pa'cking machine he operated for Company A. Doe, who was working
as a bagger on the machine, suffered severe injuries to his skull and brain.
There was evidence that Doe caught his hand under the bag clamp and was unable to
extricate himself in time to avoid the descending II shroud. 1I No provisons were
made to control the release of energy until the path of the movi ng part of the
machine was cleared.

Doe and his wife filed a product-liability suit against Company B, the designer
of. the machine. When the jury 'returned a $750,000 verdict for Doe and a $25,000
verdict for his wife, Company B appealed, claiming numerous errors on the part of
the trial court •. The State Court of Appeals rejected the manufacturer1s conten­
tion that Doels injuries were caused by the open and obvious dangers presented by

. the batt-packing machi.nels descending shroud, and therefore were not compensable
as a matter of 1aWe . Accordi ng to the court, it was up to the jury to assess any
evidence of the machine's open and obvious dangerous characteristics in consider­
ing the ultimate question of whether the machine was unreasonably dangerous.
While the court upheld the juryl s $750,000 award to Doe, it reversed the damage
award to theworker1s wife, ordering a separate trial on that issue.

Both of these accidents occurred because of the condition 1 type hazard "Energy
must be interrupted repeatedl yin order for the work to be accompl i shed safely. II

The first describes an accident which (apparently) occurred because the interlock
(two-hand controls) had failed, but the failure was either undetected or ignored
by the operator. The second occurred when there was no attempt to automatically
control the hazard; instead it was up to the operator to clear the danger. This
procedure failed when the operator's hand was caught, preventing him from clear­
ing the hazard.

*The snap-action preC1Slon switch is part of the energy control system whose
failure allowed the energy to be released unexpectedly.

4



Example of Type 2 Hazard - Control of high rate of energy.

Acci dent. No i"nterlock u'sed.

The operator of an overhead monorail crane was transporti ng molten metal to the
area where the iron was being poured into molds. These cranes were directed to
the vari ous pouri ng areas by floor swi tchmen who coul d transfer the 1adl es of
metal fran one track to another by both mechani cal and pneumatic systems. Two
cranes were bei ng operated on the same track and were switched from an outs ide
rail to an i nsi de rail by means of an II 511 switch. The fi rst crane passed through
the switch, while the second crane followed 15 feet behind. As the second crane
approached the switch, the switch opened, allowing the crane to run off the track
and fall to the f1 oor. About 2 tons of mol ten metal spl ashed onto the f1 oor and
on the operator, setting his clothes afire. The operator died 6 weeks later.

This accident describes another situation wherein apparently no attempt was made
to automatically protect the employees with an interlock. The manual or proce­
dural method of mai nta i ni ng energy withi n safe parameters (on the tracks) fai 1ed.

Exampl es of Type 3 Hazard - Control of exposure to normally protected energy or
hazardous materials to perform maintenance.

Acci dent 1. Interl ock removed.

While at work at Company A, Jane Doe injured her hand in a plastic-bottle trimmer
whi ch act i vated as she reached into it to free a j amned bottle. The t ri nmer had
been manufactured by Company B with a set of clear plastic safety doors, which
automatically shut off the machine each time an operator opened the doors.
Sometime before the accident, Company A's manager had the safety doors removed to
give operators easier access to bottles jammed in the machine.

Doe brought suit against Company B to recover for her injuries, claiming that the
trimmer's safety doors were easily removable and that the manufacturer reasonably
should have foreseen that Company A would take them off. Hence, she said, the
trimmer was dangerously designed. The state trial court ruled that Company B had
no reason to know that Company A mi ght remove the safety doors. The state
appeal s court sustai ned the judgment. Accordi ng to the court, the safety doors,
which had been attached to the trimmer with a 1/2-inch rod and eight 1/4-inch
bolts, were not readily removable by the machine operator. Consequently, Company
B was not lax in failing to foresee that the doors would be removed.

Accident 2. Interlock removed.

John Doe was injured when the plastic pelletizer he operated for Company A acci­
dentally activated while he was reaching through an unguarded porthole to clean
it. The machi ne was manufactured by Company Bin 1964 and purchased by Company
C, which placed a guard and an interlock device over one of the machine's two
portholes. In 1969, Company C sold the machine through a broker company to
Company D, a used machinery dealer. Company 0 ultimately sold the pelletizer to
Company A (Doe's employer) in 1975. Company A made the machine operable but did
not install any safety devices.

The i nj ured worker brought sui tin state court agai nst the manufacturer and the
various other parties in the chain of sale. The broker sought sunmary judgment
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in ,its favor, claiming that, as a broker, it had no control over the manufacture
or repair of the pelletizerand could not be held strictly liable· for Doe's
accident. According to the broker, subsequent purchasers were responsible for
installing safety devices. Ruling that factual issues concerning the broker's
1iabil ity to Doe had to be decided at trial, the Superior Court refused to enter
judgment for the broker. Under the state's law of strict liability, said the
court, it is necessary to show not that a defendant created a defect but onl y
that the defect existed when the product was distributed under the defendant's
control. Moreover, vendors of used machinery are not automatically immunized
from liability.

Finally, the court noted, the mere fact that subsequent purchasers might be in a
superior position to recognize the need for safety devices on a machine was not
automatically a defense and the broker would have to prove that it had reason to
believe that the machine would undergo safety modifications at the hands of later
purchasers.

Both of these condition 3 type hazards resulted in accidents at least partly
because i nterl ock devi ces had been removed and no longer automat i ca 11 y protected
the employees.

Example of Type 4 Hazard - Control of proper sequence of operations.

Accident. No interlock.

Three workers at Company A were burned wtlen mol ten metal rel eased from a cupol a
erupted after contacting wet sand below. At the time of the explosion, the three
employees were at wo.rk in an area of between 20 and 25 feet above the floor and
50 feet fran the cupola. Although the cupola was equipped with an alann, the
foreman had failed to sound it.

The three workers brought a suit against Company S, the manufacturer, claiming
that the cupola had been dangerously designed. They contended that the cupola
should have been equipped with an automatic interlock to prevent its doors from
opening unless the alarm had been sounded. When the state jury returned sub­
stantial verdicts for the injured workers, Company B appealed, arguing that it
could not reasonably have foreseen Company A's use of wet rather than dry sand
beneath the cupol a. The combi nati on of molten metal and wet sand was the cause
of the explosion. The manufacturer also claimed that it had no duty to equip the
cupola with devices to protect the three workers, since it could not have fore­
seen that they would be near the cupola when it was emptied. The State Court of
Appeals sustained the verdicts against the manufacturer, concluding that the
issues of design sufficiency were properly for the jury to decide.

The condition 4 type of accident was at least partly attributable to the lack of
a warning prior to discharging molten metal. The jury (evidently) decided that
an automatic interlock should have been installed to ensure the correct sequence
of alarm first, then the discharge of molten metal.

These examples of court decisions of accidents caused by failure of devices used
as interlocks or the lack of such provisions, illustrate that interlocks can be
used to automatically control the four generic hazardous conditions and that if
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hazards are to be controlled, the control function must be performed by inter e

loc'ks or manually •. Figure 1 shows the actions interlocks must perfonn to control
the hazards, and the manual hazard control functions are shown in the last
col umn •

Examples of interlock devices used for hazard controls are shown in Table 1. The
generic hazard types and the specific hazards are shown along with typical de­
vices used for hazard control, including the "sensors" or monitors and the
"operators" or energy controls.
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TABLE 1

EXAMPLES OF INTERLOCK HAZARD CONTROL APPLICATIONS

4,
GENERIC HAZARD EFFECT
HAZARD. OR POTENTIAL

~ TYPE HAZARD CONTROL INJURY SENSORS OPERATORS

~
(1) (4 ) Machine tools - Crushing of Rotary cam Electrical

Fail-Safe press fi ngers, hand s , switches circuitry (relays,
controls preventing or other parts contactors, solid

~
repea t cyc1es • of the body. state devices)

(1) Machine tools - Laceration or Limit switch Electrical ci r-
Interlock shield at amputat ion of cuitry (relays,

i "the point of opera- fingers or hands. contactors, solid
! tion on metal cut- state devices)

ting saw. The
.~

machi ne wi 11 not
sta rt if the shie1d
is raised.

~ "(1") Machine tools Impact by ejected Pressure El ectri cal cir-
1 Interlock on arbor work pi ece or switch cuitry (relays,

of metal-cutting accelerated contactors, solid

l saw to assure the pa rt i c1es • state devices)
workpiece is prop-
erly positioned
and cl amped in
pl ace.

(1 '.) Machine tools - Crushing of Two-hand Two- hand palm
Guarding the point- fingers, hands palm button button and
of-operation of or other parts and foot foot pedal
press brakes by of the body. pedal
using a two-hand
palm button and
foot cont ro1•

2 Energy is not maintained within safe limits.

Generic
Haza rd
Type

1 Energy supply"interrupted repeatedly.

3 Persons approach hazardous energy or materials through closures.

4 Actions are not performed in proper sequence.

9



· ' GENER IC
HAZARD

TYPE

(2 )

(2 )

(3)

(2 )

(3)

HAZARD CONTROL

Material handling ­
Regulate the flow of
materi al on con­
veyors to prevent
jam-ups.

Materi al handl i ng
Rollers of a con­
veyor are designed
so that pressure
from fingers or a
hand caught ina
pinch point between
the rollers will
force the roller
back in its hori­
zontal slot and
stop the conveyor.

Materi al handl i ng ­
Interlocked sections
of hinged cover over
the screw of a screw
conveyor. Screw ro­
tation stops when
the cover is lifted.

Process machinery ­
Switches within the
control circuits of
of paper-folding
machinery shut down
the machine when a
jam occurs.

Process machinery ­
A cover installed
over the rolls of
textile machinery.
The cover cannot be
raised wh i 1e the
machi ne is
operating.

HAZARD EFFECT
OR POTENT! AL

INJURY

Mashing of fingers
and hands. Impact
from fa 11 i ng
obj ects.

Pinching of fingers
and hands.

Laceration or
amputation of
fingers, hands or
feet.

Mashing or lacera­
t i on of fi ngers
and hands.

Laceration or
amputati on of
fingers and hands.

10

SENSORS

Electric eye

Limit switch

Li mit switch

Limit switch

Mec hani ca1
1in kage

OPERATORS

Electrical cir­
cuitry (rel ays ,
contactors,
solid state
devices)

Electrical cir­
cuitry (relays,
contactors, solid
state devices)

Electrical cir­
cui try (re1ays ,
contactors, solid
state devices)

Electrical cir­
cuitry (relays,
contactors, solid
state dev ices)

Mechanical linkage



GENERIC
HAZARD

TYPE HAZARD CONTROL

(3) Process machinery ­
A cover installed
over the toothed
roll s of a wool
pi cker machi ne.
The machi ne will
not start if the
cover is raised.

(4) Furnaces - Fuel flow
to burners is shut
down if aflame
fa il ure occurs.

HAZARD EFFECT
OR POTENTIAL

INJUR Y

Laceration or
amputati on of
fingers and hands.

Burns from fi re
and explosion.

SENSORS

Mechanical
linkage

Ultraviolet
detectors

OPERATORS

Mechanical linkage

Fuel shutoff val ve
actuator

Impact from dropped Limit switch
load.

(2 )

(2) (4)

Cranes - Incorpo­
rate switches on the
hoist portion to
prevent overrunning
of the load.

Chemical processing
plant - Flow and
temperature sensors
provide a rapid and
controlled shutdown
of a reactor hot oil
cooling system if
out-of-tolerance
conditions occur.

Burns from over­
heated product.

11

Thermal
swi tch and
flow sensor

El ectrical
circuitry (relays,
contactors, solid
state devices)

Valve actuators
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HAZAR D CONTROLS

WHEN INTERLOCKS SHOULD BE USED

There is no unifonn answer to the. quest i on of when i nter1 ocks shou1 d be used.
There are situations in which the answer is obvious; e.g., when Government regu­
1at ions requi re interlocks (See Nati ona1, State, and Internati ona1 Interlock
Standards); however, the decision usually must be based on an eva1 uation of
specific circumstances. An interlock function that is practical and easy to
implement in one situation may be unreasonable to use in others. Therefore, when
an employee can be exposed to one or a combination of the generic hazardous
conditions, an evaluation should be performed to determine if interlocks should
be used. To conduct the evaluation, a set of typical questions must be asked.
Following are examples of the types of questions that should be considered.

1. Is there an existing OSHA requirement for interlocks?

2. How long is the activity expected to continue? (duration)

3. How often is human intervention required or anticipated? (frequency)

4. What are the consequences if the hazard control function is not per­
formed? (severity)

5. !-low effective is the manual or procedural method likely to be over the
full expected time of the activity.

6. What additional personnel, controls, or training are necessary to imple­
ment an effective manual hazard control function?

7. What are the requirements for designing and installing effective inter­
locks?

Complete answers to these questions can only be derived by systematically eval u­
ating each potential generic hazard. The advantages and disadvantages of manual
versus automatic hazard controls should be apparent after compiling the answers.
One of the most important answers is the length of time the activity is expected
to continue. For very short tenn activities, manual hazard controls may be the
most practical. For long term activities, automatic interlocks would be expected
to offer advantages over manual control methods because it may be unreasonable to
expect an employee to be continually safety conscious. Each pro or con should be
a trade-off between the two techniques allowing the selection of the best hazard
control technique for each application.
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SE~ECTION OF INTERLOCKS

If an evaluation of the hazards indicates that an interlock should be used, the
questions that remain to be answered are:

1. What type of interlock should be used? Electrical? Mechanical?
Electromechanical? Software? Or any combination of these?

2. Are the design and construction of the interlock compatible with the
application, the required reliability, and the environment?

3. How can it be verified that the selected interlock is going to perfonn
its safety function adequately?

The following organizes the data needed to make a selection. It categorizes
interlocks by type, establishes general interlock selection and implementation
criteria, and defines interlock verification activities.

TYPES OF INTERLOCKS

Interlocks as safety devices are as diverse in their application as in their use
in the various industries. Interlock devices consist of a sensing. element and an
actuating or operating element. Interlocks are classified according to whether
the sensing and operating functions are performed by mechanical, electrical, or
electromechanical elements*. Some typical examples of interlock devices are
listed in Table 2.

GUIDELINES FOR EFFECTIVE INTERLOCK APPLICATION

The following guidel ines should be used in choosing the device that is best
suited for each appl i cat ion. The process of sel ect i ng and impl ement i ng i nter­
locks starts by compiling a list of candidate devices that are capable of per­
fonning the required interlock functions. Each device should be capable of
performing the hazard control functions automatically.

Design To Tolerate Failure

The interlock device or system should be designed to tolerate failure. Planning
the design to accommodate failure can be almost as important as planning to
ensure a dev ice performs its intended function. In spi te of the best des i gns •
fail ures can still occur. The consequences of any fail ure should be eval uated
and plans made to tolerate the failure before an interlock is installed. Very
good designers often fail to consider the consequences of failure in their desire
to make sure an installation functions properly. There is no substitute for a
systematic evaluation of what can go wrong with a design before putting. it into
use. Figure 2 is an example of one logical sequence of failure considerations
that should be evaluated before installing or designing interlocks.

*1 nterl oCk functions are al so performed by computeri zed programs and programmed
into the "software." These guidelines do not apply to software; however. soft-

1 't/are i nterl ocks shoul d have the same att ri butes as the ones outl i ned in thi s
re port •
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Thl;! first step is to consider ways or modes in which a device can fail.
Depending on the type of device, generic failure modes that may be possible
include failure to initiate the function, initiating the function prematurely,
and failure to shut off the function. Electrical devices in particular can often
fail in these modes.

The next step is to consider each failure mode individually and determine whether
the fail ure mode could be "hidden" until the function is. needed or if the fail ure
can be readily detectable.

At· the same time, the consequences of a fail ure and its effect should be eval u­
ated. Detennining the effect of a failure may be straightforward and simple or
may involve detailed analyses in order to consider all the possible cascading
results of a failure.

Figure 2 includes recommended design practices for interlock installation depend­
i ng on the 1i kel i hood of the fa i 1ure resulting in i nj ury and whether the fa il ure
can be detected before the interlock function is needed. The differences between
a failure that "can be detected" and one that "will be detected immediately" may
not be immediately obvious. A failure that "can be detected" may require a
separate device and activity to periodically check the integrity of the inter­
lock. An interlock installation in which failure "will be detected immediately"
requires no special checks, but by one means or another the failure is made known
when it occurs. The failure of an interlocking mechanical linkage may make
itself known, but the failure of an electrical device may require signals to
announce the failure.

If there is no realistic way to detect an interlock failure until the function is
required and injury is likely to be the result, the interlock should be designed
to be fail-safe. "Fail-safe" in this report means that no matter when, where,
and how any single failure occurs in the interlock, the system remains in a safe
condition. In other words, the installation can tolerate a single failure with­
out an injury resulting. The means of designing a fail-safe installation depend
entirely on the particular application, but may require redundant or backup
devices to function after the potential failure mode occurs.

Caution should be exercised if redundancy is used to provide the fail-safe
feature. Consider the possibility that one of the redundant functions may fail
and the fa.ilure is undetected~ Unless each redundant functional path is or can
be checked periodically, a hidden failure can change a fail-safe design to one
that fails catastrophically. Detailed analyses may be required to determine the
best way to provide fail-safe designs. A detailed analysis may be warranted if
the consequences of interlock failure are severe.

Use Reliable Interlocks

Designing or selectlng highly reliable interlocks can be complicated and initi­
ally expensive. Unreliable interlocks that cause consistent interference with
production can be even more expensive. A compromise must be reached that con­
siders the consequences of unnecessary system or machine shutdown due to failure
of an i nterl ock component, and the effort necessary to assure the des i red degree
of i nterl ock rel i abi 1ity. Where the consequences warrant, speci a1 features must
be incorporated into the interlock design to attain high reliability. Very high
reliability can be achieved for structural or load-bearing members by using
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substanti a1 safety factors that assure that the 1oad-carryi ng abil ity of each
structural element exceeds the maximum possible load that would be applied under
the most severe conditions. Deterioration of strength over a period of time must
be considered for many materials. Designing high reliability for other than
structural elements cannot be easily accomplished with the same certainty. It is
often necessary to use redundant designs to achieve high re1 iabi1 ity with elec­
trical or electromechanical components. Redundant designs may incorporate series
or parallel redundancy, or combinations of both. Care must be taken to avoid
design errors that can effectively destroy redundancy. For example, if redundant
components are used that are not suitable for a vibratory environment, all redun­
dant components may fail under the same vibration spectrum; or if the redundant
signals are routed in the same conduit or trays which may be susceptible to
rupture by the same cause.

If all environmental conditions are properly considered and the components are
not overstressed in their applications, very high reliability can be achieved.
In order to maintain that degree of re1 iabil ity, however, fail ure of components
in redundant functional paths must be detected. The interlock design should
incorporate means for the operator to detect failures in redundant paths.

Interlock Verification

In order to provide effective hazard controls, an interlock must perform its
function in a safe and reliable manner. Verification and testing should be
performed to assure that a speci fi c i nter1 ock app1 i cat i on performs as requi red.
The verifi cati on and testi ng shou1 d estab1 ish that hazardous energy is either
blocked, controlled, or dissipated in a timely and safe manner. the interlock
system should be analyzed and tested to demonstrate that:

1. It operates as designed.

2. Failures are planned for and do not introduce unexpected risks.

3. The interlock does not impede or interfere with production operations in
such a manner to cause repeated attempts to defeat or bypass the inter­
lock acti on.

4. It is compatible with its application and environment.

Use of Interlocks That Cannot be Easily Circumvented (Except by Authorized
Personnel) ,

The most important requirement for an interlock is that it should perform its
intended functi on. Another important requi rement is that the i nter1 ock shou1 d
not be prevented from performing its intended function except by authorized
personnel. Circumventing an interlock voids the hazard control function and may
expose the worker to the specific hazard Which the device is intended to control.
Deactivating or circumventing the interlock should only be accomp1 ished by per­
sonnel who are trained to use other hazard controls While the interlocks are not
funct i ona1. Once the necessary work is comp1 eted, authori zed personnel shoul d
reactivate the interlocks and reverify that the hazard control functions are
performed properly.
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Insta 11 i ng i nterl ocks that cannot be eas il y ci rcumvented may requi re i ngenui ty,
depending on the device used and the particular application. An excellent refer­
ence in which this requirement is given extensive consideration is "Electrical
Limit Switches and Their Appl ications," publ ished by Her Majesty's Stationery
Office, London, England, Health and Safety at Work Series.

Manual vs. Automatic Reset

Some interlock devices have design characteristics which reenergize the system
automatically as opposed to requiring manual reset. The applications engineer or
designer of the interlock system must consider the risk to personnel when select­
ing automatic modes of reenergizing the system. No finn rule can be formulated
to cover all appl i cat ions; however, when there is doubt as to the adequacy of
automatic reenergization, manual reset should be selected. Manual reset of the
i nterl ock system requi.res the worker to perform a del iberate acti on to restore
energy to the machine, equipment, system, or process, thereby assuring an aware­
ness of the presence of energy. Automatic reset interlock systems may restore
energy unexpectedly.

Interlock Maintenance

Interlock devices that require mlmmum maintenance should be selected. Main­
tenance can be a vital element in assuring successful interlock appl ications
because interlock devices usually require only slight movements or forces to
operate. A routine maintenance program and schedule should be instituted to
assure correct functioning of interlock systems during production and work
cycles. Maintenance includes servicing, repair, or refurbishment activities.
The frequency of maintenance should conform to the recommendations of the device
manufacturer. In cases where the i nterl ock system is uni quel y des i gned, the
designer should define the servicing and maintenance periods and procedures.

A good mai ntenance program i ncl udes schedul i ng and the keepi ng of ma i ntenance
records. It is suggested that these records be reviewed periodically to
determine if maintenance periods need changing or if the interlock system needs
to be modified to reduce maintenance requirements. Maintenance should al so
include inspections to determine that the interlock is in "good working condi­
tion" and that interlock operation has not been degraded; i.e., dried grease,
gummed or contaminated oil, paint, water (resulting in rust), or that other solid
or fluid contamination has not occurred.

Care should be exercised in performing maintenance tasks and activities to pre­
vent compromi si ng the desi gn or degradi ng the safety integrity of the i nterl ock
system, for example:

1. Oil or grease appl ied to electrical or mechanical components where it
can be det rimental to the i nterl ock function, such as ina pressure
port, on an oxygen immersed part, or on electrical contacts.

2. Substitute 1ubricants used instead of the specified 1ubricants. Exam-
ples include the use of either too heavy or too light a grade of
lubricant, causing restricted movement which may alter response time, or
excessive wear; or oil or grease used instead of dry lubricant which may

~ 18



Substitution of components, electrical wire, or pipe such as using the
wrong si ze tubi ng whi ch coul d change system response time; the wrong
size wire changing response time or causing malfunction; wrong fuses
resulting in too little or no circuit protection; wrong springs result­
ing in possible valve malfunction; or wrong burst discs or orifices.

cause a fi re or excess i ve dust or di rt accumul at ion resul ti ng in poor
response time, lockup due to friction, or freezing due to cold
temperature effects.

Incorrect settings of electrical or mechanical components or incorrect
calibration resulting in incorrect settings of functions. Examples
include incorrect relief valve settings, spring tension, or switch lever
or action settings; incorrect clearance settings of solenoids, levers,
ratchets, or cam setti ngs; incorrect setti ng due to removal or nonre­
moval of system components or loads such as el ectrical voltage or cur­
rent setti ngs; out-of-sequence system operati ons; and incorrect hydrau­
lic or pneumatic flow or pressure setting.

Interlock Procedures

l

~
3.

,

~

4.
d

Operat i onal procedures for interlock appl i cat ions shoul d be documented as re­
quired to provide a clear understanding of the interlock system and operation to
ensure correct use.

For compl ete install at ions, the procedure shoul d conta in the purpose of the
interlock and a table identifying all systems and operations which are directly
or indirectly affected by the operation of the interlock. A section of the
procedure should be clearly labeled IIEmergency Procedures." This section should
address worst-case conditions and define actions that must be taken in cases of
emergency.

Procedures should be modified to address any changes in failure condition(s) that
are the results of effects of modifications, and normal or emergency actions to
be taken if fail ures occur. The importance of thi s recommend at i on is stressed
because many accidents can be attributed to the fact that the system did not
operate as intended because changes had been made that were not coord i nated or
fully analyzed to determine the effect of the modification on the system. No
i nterl ock system modifi cat ion shoul d be impl emented unt il the system I s operators
have been trained in the operation of the modified interlock system.

Interlock T~aining Considerations

Training should be conducted to assure that the purpose of the interlock(s) is
understood and its functionality maintained. This training should involve ele­
ments of management and labor concerned with interlock use and maintenance.
Provision should be made to require that only pe.rsonnel with the prerequisite
knowledge and skill be allowed to perform interlock maintenance.

Periodic Assessment of Interlock Applications

The objective of periodic assessment of interlock applications is to ensure that
the level of safety provided by the interlock application is being maintained or
improved. Industrial workplaces change constantly and interlock applications may

19



change with them. In order for interlocks to continue to .perform their safety
functions, changes in the workplace should be assessed to assure that hazard

·controls have not diminished in effectiveness.

The assessment of changes shoul d cons ider i nterl ock operat ion (startup, normal
shutdown, and emergency conditions arising from failures); testing; validation;
maintenance; new technology; changes in the machine, equipment, system, and
process procedures; and training. Information for this continuing assessment
should be derived from changes in the intended use of the system and from design
morlifications, maintenance reports, accident/injury reports, interlock failure
and reliability assessments, applicable technical articles and reports, and
operational procedures. Particular emphasis should be placed upon acci­
dent/ i nj ury reports, state-of-the-art i nterl ock developments, and the ex peri ence
gained from the interlock use.

The results of the continuing assessment program should be reported to management
and personnel concerned with interlock use.
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CONCLUSIO~S

Guidelines for application and use of interlocks have been developed which, if
followed, will help assure installation of effective and reliable automatic
safety devices. The developed interlock application guidelines should be used
because they will enhance the performance of the system.

The criteri a for determi ni ng when to use i nterl ocks are inherent withi n the
~ecisions to automatically or manually perform safing functions.

Interlocks are used in thousands of appl ications to control the four generic
hazards identified in the study. No devices classified as lIinterlock ll are sold
in the market, since an interlock is lI a device which maintains an installed
system in a safe condition without operator intervention,1I and can be any part,
component, or system which automatically combines the operation of two or more
components or systems into a 1arger system. Any part, component, or equi pment
may funct i on as an i nterl ock in an appl i cat i on or may function i ndependentl yin
another appl icat i on. Therefore, types of equi pment covered by these gui del i nes
have not been identified.

Court decisions in the liability cases reviewed in this study are inconclusive
when used to set a criteria for selecting automatic versus manual control
methods. Accident and incident reports do not provide primary causal factors;
thus no statistical analysis of the need for a standard could be performed.

There is no absolute recommendation on when interlocks should be used in lieu of
an alternate ha zard control techn i que, except as requi red by safety regul at ions
shown in the Appendix. The lack of specific recommendations on when to use
i nt e r 10 c ks res u1t s from que s t ions whi ch can not be answe red reg ar din 9 the
advantages and disadvantages of hazard control functions performed automatically
as compared to manually. Unt i1 these quest ions can be answered (see Research
Needs), the use of interlocks cannot be recommended in pl ace of other hazard
control techniques. Interlocks installed and used in accordance with the
guidelines, however, are recommended to anyone desiring to purchase, design, or
install effective automatic safety devices.
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II

RESEARCH NEEDS

An engineering evaluation of manual versus automatic methods of performing safety
functions necessary to control the four generic hazards described in this report
should be perfonned. The study should identify and evaluate the significant
factors that must be considered when determining whether manual or automatic
methods are the most practical, effective, rel iable, and safest means of hazard
control. The results of the evaluation should be organized in a way that would
aid in selecting the best control method for each unique industrial hazard
applicable to one or a combination of the generic hazards.

An independent study of court decisions where the use, failure, or lack of use of
interlocks was the detennining factor in deciding a case should be conducted.
The study may refl ect a consensus of what are acceptabl e cri teri a for dec iding
when to use interlocks, and provide guidance to employers. The study results may
be one of the many considerations that should be used to select automatic versus
manual operations.
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APPENDI X

There are no known industry-wide regulations or standards for the application of
interlocks on machines, plants, or processes. Requirements do exist for the
application of interlocks on specific machines or within specific industries;
however, generally only the function of the interlock is stated without providing
criteria for selecting acceptable interlocking devices. A review of national,
state, and internati onal standards for interlock requi rements and criteri a is

- presented in the following paragraphs. -

NATIONAL STANDARDS

The existing national standards (OSHA 29 CFR 1910 and 1926) on interlocks are
written for particular industries or specific equipment and only for very
specific functions. The types of equipment for which OSHA requires at least one
interlock function are powered lift platforms or manlifts; woodworking and saw­
mill machinery; power presses; welding, cutting, or brazing equipment; paper
manufacturi ng equi pment; textile manufacturi ng machi nery; bakery equi pment; and
certain types of material handling equipment. While many of the OSHA standards
require interlocks which help provide protection from major hazards, they do not
provide uniform or consistent requirements across industries. These sporadic
requirements do not encourage comprehensive hazard assessment within a facil ity
and implementation of consistent hazard controls.

Existing OSHA interlock standards are listed in Table 3 by number. Standards are
presented and the industry or machinery to -which each standard appl ies, together
with the interlock function required. Additionally Table 3 shows the generic
hazard or hazards which the interlock function would help to control.

STATE STANDARDS

The ex i sti ng state standards (states wi th approved OSHA pl ans) on i nterl ocks are
esse nt i ally ide nt i cal to the Nat ion al General Industry and Con s t r uct i on
Standards. The states have either adopted the nati onal standards by reference,
repri nted the national standards verbat im, or repri nted the nat i onal standard s
with some rearrangement and changes in section numbers to cover only the specific
industries applicable to that state.

INTERNATIONAL STANDARDS

The Alberta, Canada, regulations [1] cover interlock provlslons for several
different industries. For example, in the materials handling industry, positive
steps or limiting devices are required to prevent machinery and equipment from
exceeding safe limits. Hoisting equipment and laundry equipment must be provided
with automatic dev ices whi ch ei ther prevent the equi pment from exceed i ng safe
1imits or prevent nonnal startup or shutdown operations except under the proper
conditions. Automatic devices are provided to prevent derrick drilling rigs and
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rig mud pumps from exceeding safe limits. These devices perform such functions
'as' limiting the travel of the lifting blocks and preventing overpressurization of
the pump and piping systems. The regul ations governing these devices cover only
specific industries and therefore have limited effectiveness.

The German specification [2J states that any power-driven equipment with
hazardous movements must have its' own control system that is capable of actuating
startup and shutdown to control the beginning and ending of hazardous movements.
The use of limit switches as control elements is one method of automatically con­
trolling hazardous movements. Other interlocks may be used as protective devices
on an optional basis.

The British Code of Practice for Safeguarding of Machinery [3] parallels the
recommended guidelines. The British code identifies and describes methods of
safeguarding dangerous parts of machinery and indicates the criteria to be
observed in the design, construction, and application of such safeguards. Inter­
1ocki ng guards are recommended for energy shutoff to allow the worker to safel y
accompl ish hi s task and to prevent startup operati ons except under the proper
cond i t ions. A cont ro1 gua rd is recommended to shut off energy whenever a person
attempts to pass through a cover, hatch, closure, or movable guard. Fail-safe
safety catches are recommended for stoppi ng any mov i ng machi nery part that may
endanger personnel by exceeding safe parameters. The code of practice views
machinery safeguards as prime features to be incorporated at the design stage and
not as afterthoughts.

26



..
i

.
....

....
..

..
..

.
~

~
>
o
.

TA
BL

E
3

..

EX
IS

TI
NG

OS
HA

IN
TE

RL
OC

K
RE

GU
LA

TI
ON

S

r
x
r
s
f
~
l
f
A
T
I
O
N
A
l

ST
AN

DA
RD

MA
CH

IN
ER

Y
OR

IN
DU

ST
RY

EX
IS

TI
NG

IN
TE

RL
OC

K
PR

OV
IS

IO
NS

FU
NC

TI
ON

GE
NE

R
Ie

HA
ZA

RO
-T

W
E

.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

N '-
J

I
q
I
O
.
~
~
(
c
)
(
2
2
)
(
x
i
i
)

IQ
lO

.6
6

(c
)(

2
2

)(
x

ii
il

IQ
IO

.6
6(

c)
(2

2)
(x

iv
)

lQ
lO

.6
6(

c)
(2

2)
(x

v)

Po
w

er
ed

P
la

tf
or

m
s

fo
r

E
xt

er
io

r
B

U
ild

in
g

M
ai

nt
en

an
ce

Po
w

er
ed

P
la

tf
or

m
s

fo
r

E
xt

er
io

r
B

U
ild

in
g

M
ai

nt
en

an
ce

Po
w

er
ed

P
la

tf
or

m
s

fo
r

E
xt

er
io

r
B

ui
ld

in
g

M
ai

nt
en

an
ce

Po
w

er
ed

P
la

tf
or

m
s

fo
r

E
x

te
ri

o
r

B
ui

ld
in

g
M

ai
nt

en
an

ce

P
ro

vi
de

a
de

vi
ce

to
cu

t
o

ff
th

e
el

ec
tr

ic
po

w
er

to
th

e
h

o
is

t
m

ot
or

s
If

th
e

lo
ad

ex
ce

ed
s

12
5

pe
rc

en
t

o
f

th
e

no
rm

a1
te

ns
Io

n.

P
ro

vi
de

an
au

to
m

at
ic

de
vi

ce
th

at
w

il
l

cu
t

o
ff

th
e

el
ec

tr
ic

po
w

er
to

th
e

m
ot

or
an

d
ap

pl
y

th
e

br
ak

es
if

an
y

h
o

is
ti

n
g

ro
pe

be
co

m
es

sl
ac

k
.

P
ro

vi
de

up
pe

r
an

d
lo

w
er

d
ir

ec
ti

o
n

al
li

m
it

de
vi

ce
s

th
at

pr
ev

en
t

tr
av

el
of

th
e

pl
at

fo
rm

be
yo

nd
th

e
no

rm
al

up
pe

r
an

d
lo

w
er

li
m

it
s.

P
ro

vi
de

a
d

ir
ec

ti
o

n
al

li
m

it
de

vi
ce

th
at

pr
ev

en
ts

fu
rt

h
er

m
ot

io
n

in
th

e
ap

pr
op

ri
at

e
d

ir
ec

ti
o

n
if

th
e

no
rm

al
li

m
it

of
tr

av
el

ha
s

be
en

re
ac

he
d.

2 2 2 2

r.n
m

nr
:-l

fJ
cr

A
R

D
TY

PE
I

EN
ER

GY
-

SU
PP

LY
IN

TE
RR

up
TE

D
RE

PE
AT

EO
lY

--
--

--
--

--
--

--
--

--
--

-;
z
--

-E
N

E
R

G
Y

-r
s

NO
T

M
AI

NT
AI

NE
O

W
IT

HI
N

SA
FE

PA
RA

M
ET

ER
S

~
l
'
E
R
S
O
N
'
S
~
P
P
R
O
A
C
H

HA
ZA

RD
OU

S
EN

ER
GY

OR
M

AT
ER

IA
L

TU
RO

UG
H

Cl
OS

UR
ES

4
AC

T1
0N

S
AR

E
NO

T
PE

RF
OR

M
ED

IN
PR

OP
ER

SE
QU

EN
CE

-
-
-
-
-
-
-
-
-
-
-
-
-
--

--
--

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-



....
"
,
,
~
l
~
~

"
..

"
-

c~
~·

~
--

at
.

---
rx

rS
TI

N
G

-N
A

flo
N

A
L-

sT
A

N
oA

RD
-

M
AC

HI
NE

RY
OR

IN
DU

ST
RY

EX
IS

TI
N

G
IN

TE
RL

OC
K

PR
OV

IS
IO

NS
FU

NC
TI

ON
G
[
N
[
R
~
~
~
-
-
-
-

lQ
ln

.f
i6

(c
)(

22
)(

xv
i)

Po
w

er
ed

P
la

tf
or

m
s

fo
r

E
xt

er
io

r
P

ro
vi

de
a

de
vi

ce
to

.d
is

co
nn

ec
t

th
e

2
B

U
ild

in
g

M
ai

nt
en

an
ce

el
ec

tr
ic

po
w

er
fro

m
th

e
h

o
is

t
an

d
ap

pl
y

th
e

br
ak

es
in

th
e

ev
en

t
of

fa
il

u
re

of
th

e
dr

iv
in

g
m

ec
ha

ni
sm

.

lQ
lO

.6
fi

(c
)(

27
)(

xv
ii

)(
a)

Po
w

er
ed

P
la

tf
or

m
s

fo
r

E
xt

er
io

r
P

ro
vi

de
fi

na
l

te
rm

in
al

st
op

pi
ng

2
B

ui
ld

in
g

M
ai

nt
en

an
ce

de
vi

ce
s

as
a

se
co

nd
ar

y
m

ea
ns

of
pr

e-
ve

nt
in

g
ov

er
tr

av
el

in
g

at
th

e
te

rm
in

al
s.

\9
10

.6
6(

c)
(2

2)
(x

vi
i)

(c
)

Po
w

er
ed

P
la

tf
or

m
s

fo
r

E
xt

er
io

r
Th

e
fi

na
l

te
rm

in
al

st
op

pi
ng

de
vi

ce
sh

al
l

2
B

ui
ld

in
g

M
ai

nt
en

an
ce

di
sc

on
ne

ct
th

e
el

ec
tr

ic
po

w
er

fro
m

th
e

h
o

is
t

an
d

ap
pl

y
bo

th
br

ak
es

.

N
\Q

IO
.6

R
(b

)(
7)

(i
i)

M
an

li
ft

s
U

se
a

fl
oa

ti
ng

ty
pe

sa
fe

ty
co

ne
gu

ar
d

on
3

co
un

de
rs

id
e

of
fl

oo
r

op
en

in
gs

to
ac

tu
at

e
a

li
m

it
sw

it
ch

to
st

op
th

e
li

ft
.

lQ
\O

.6
A

(c
)(

5)
(

i)
M

an
li

ft
s

P
ro

vi
de

tw
o

se
pa

ra
te

au
to

m
at

ic
st

op
2

&
4

de
vi

ce
s

to
cu

t
o

ff
th

e
po

w
er

an
d

ap
pl

y
th

e
br

ak
e

w
he

n
a

lo
ad

ed
st

ep
pa

ss
es

th
e

up
pe

r
te

rm
in

al
la

nd
in

g.

lQ
lO

.2
12

(
a)

(4
)

G
en

er
al

R
eq

ui
re

m
en

ts
fo

r
al

l
R

ev
ol

vi
ng

dr
um

s,
b

ar
re

ls
an

d
co

nt
ai

ne
rs

3
&

4
M

ac
hi

ne
s

sh
al

l
ha

ve
a

gu
ar

d
en

cl
os

ur
e

in
te

rl
oc

ke
d

w
it

h
th

e
dr

iv
e

m
ec

ha
ni

sm
so

it
ca

nn
ot

re
vo

lv
e

un
le

ss
th

e
en

cl
os

ur
e

is
in

pl
ac

e.
,

19
10

.7
13

(b
)(

3)
W

oo
dw

or
ki

ng
M

ac
hi

ne
rv

P
ro

vi
de

a
m

ea
ns

to
pr

ev
en

t
m

ac
hi

ne
s

fr
om

4
au

to
m

at
ic

al
ly

re
st

ar
ti

n
g

up
on

re
st

o
ra

ti
o

n
of

po
w

er
af

te
r

a
po

w
er

fa
il

u
re

.



EX
IS

TI
N

r.
NA

TI
ON

AL
ST

AN
DA

RD
M

AC
III

NE
RY

OR
IN

DU
ST

RY

_
,o

L
I:

..
.;

";
IM

/l
Ii

;i
.

...
.u

...
,

EX
IS

TI
N

G
IN

TE
RL

OC
K

PR
OV

IS
IO

NS
FU

NC
TI

ON
GE

NE
RI

C
HA

ZA
RD

TY
PE

~

-
-
-
-
-

--
--

--
--

-

N \.
0

1l
)I

O
.2

13
1

Q
H

71

l'
H

O
.2

1
7

1
c)

1
7

H
tv

)

IQ
I0

.2
1

7
Ic

\(
7

)l
v

)

II
II

o.
21

7I
c

\(
]l

Ii
H

a)

1
Q

IO
.2

11
1

c)
(]

1I
i

II
e)

"-
lQ

IO
.2

1
1

Ic
ll

3
H

i1
1

)

W
oo

dw
or

ki
ng

M
ac

hi
ne

ry

M
ec

ha
ni

ca
l

Po
w

er
P

re
ss

es

M
ec

ha
ni

ca
l

Po
w

er
P

re
ss

es

M
ec

ha
ni

ca
l

Po
w

er
P

re
ss

es

M
ec

ha
ni

ca
l

Po
w

er
P

re
ss

es

M
ec

ha
ni

ca
l

Po
w

er
P

re
ss

es

P
ro

vi
de

po
w

er
-d

ri
ve

n
g

u
il

lo
ti

n
e

ve
ne

er

cu
tt

er
s

w
it

h
an

em
er

ge
nc

y
de

vi
ce

w
hi

ch
w

il
l

pr
ev

en
t

th
e

m
ac

hi
ne

fro
m

op
er

at
in

g
If

th
e

br
ak

e
fa

il
s.

An
in

te
rl

oc
ke

d
b

ar
ri

er
gu

ar
d

sh
al

l
be

at
ta

ch
ed

to
th

e
fr

am
e

or
b

o
ls

te
r

so
th

at
th

e
cl

u
tc

h

ca
nn

ot
be

ac
ti

v
at

ed
un

le
ss

th
e

gu
ar

d
is

in
p

o
si

ti
o

n
.

An
in

te
rl

oc
ke

d
b

ar
ri

er
gu

ar
d

sh
al

l
pr

ev
en

t

op
en

in
g

of
th

e
in

te
rl

oc
ke

d
se

ct
io

n
p

ri
o

r

to
d

ie
cl

os
ur

e
or

p
ri

o
r

to
th

e
ce

ss
at

io
n

o
f

sl
id

e
m

ot
io

n.

A
po

in
t

o
f

op
er

at
io

n
de

vi
ce

sh
al

l
pr

ev
en

t

an
d/

or
st

op
no

nn
al

st
ro

ki
ng

ff
th

e
o

p
er

at
o

r'
s

ha
nd

s
ar

e
pl

ac
ed

fn
th

e
po

fn
t

o
f

op
er

at
io

n.

A
po

in
t

of
op

er
at

fo
n

de
vf

ce
sh

al
l

be
pr

O
V

id
ed

w
hi

ch
re

qu
ir

es
ap

pl
fc

at
io

n
of

bo
th

o
f

th
e

o
p

er
at

o
r'

s
ha

nd
s

to
th

e
bu

tt
on

s
to

ac
ti

v
at

e
th

e
m

ac
hi

ne
.

A
pr

es
en

ce
se

ns
in

g
po

in
t

o
f

op
er

at
io

n
de

vi
ce

sh
al

l
be

in
te

rl
oc

ke
d

in
to

th
e

co
nt

ro
l

ci
rc

u
it

to
p
r
e
v
e
n
~

or
st

op
th

e
m

ot
io

n
if

a
p

ar
t

o
f

th
e

o
p
e
r
a
~
o
r
'
s

bo
dy

is
in

th
e

se
ns

in
g

fi
el

d

~
u
r
i
n
g

th
e

do
w

n
st

ro
k

e.

2

2
&

4

1
&

4

1
&

4

1
&

4



'....
....

....
~
~

._-
.....

-I
Iw

..
.

Il>
.;

..
..

M
!

...
.

w o

EX
IS

TI
N

G
NA

TI
ON

AL
ST

AN
DA

RD

II
lI

O
.l

P
(c

)(
3

)(
H

ll
le

)

IQ
\O

.7
'i?

(
cl

(l
l(

It
)

1
9

\0
.2

'i
l(

cl
(2

1
If

ff
)

19
10

.2
5?

(c
l(

21
1I

vl

M
AC

HI
NE

RY
OR

IN
DU

ST
RY

M
ec

ha
nf

ca
l

Po
w

er
P

re
ss

es

W
el

di
ng

,
C

ut
tf

ng
an

d
B

ra
zi

ng

W
el

df
ng

,
C

ut
tf

ng
an

d
B

ra
zf

ng

W
el

df
ng

,
C

ut
tf

ng
an

d
B

ra
zi

ng

EX
IS

TI
N

G
IN

TE
RL

OC
K

PR
O

V
IS

IO
N

S
FU

NC
TI

ON

Th
e

In
te

rl
oc

ke
d

de
vf

ce
sh

al
l

be
co

n-

st
ru

ct
ed

to
be

fa
fl

-s
af

e
an

d
th

e
fa

fl
u

re

sh
al

l
be

fn
dl

ca
te

d
by

th
e

sy
st

em
.

In
lt

fa
tl

o
n

o
f

a
su

cc
es

sf
ve

st
ro

ke
fs

pr
ev

en
te

d
un

tf
l

th
e

fa
il

u
re

fs
co

rr
ec

te
d

.

A
ll

do
or

s
on

ca
p

ac
it

o
r

w
el

de
rs

sh
al

l
be

pr
ov

fd
ed

w
it

h
fn

te
rl

o
ck

s
fn

th
e

co
nt

ro
l

ci
rc

u
ft

to
fn

te
rr

u
p

t
po

w
er

an
d

sh
o

rt

ci
rc

u
ft

al
l

ca
pa

cf
to

rs
if

th
e

do
or

Is
op

en
ed

.

A
ll

do
or

s
an

d
ac

ce
ss

pa
ne

ls
o

f
al

l

re
si

st
an

ce
w

el
de

rs
an

d
co

nt
ro

l
pa

ne
ls

sh
al

l
be

ke
pt

lo
ck

ed
an

d
in

te
rl

oc
ke

d

to
pr

ev
en

t
ac

ce
ss

to
If

v
e

po
rt

fo
ns

of

th
e

eq
uf

pm
en

t.

A
ll

pr
es

s
w

el
df

ng
m

ac
hf

ne
op

er
at

fo
ns

sh
al

l
be

gu
ar

de
d

by
an

el
ec

tr
ic

ey
e

sa
fe

ty
cf

rc
u

ft
o

r
by

tw
o-

ha
nd

co
n

tr
o

ls
.

GE
NE

RI
C

HA
ZA

RD
TY

PE

1
&

4

3 3

I<
lI

n.
2f

il
lk

l(
II

IQ
If

\
.

71
)I

(k
1(

I'
(;

1(
I1

P
ul

p,
Pa

pe
r

an
d

Pa
pe

rb
oa

rd
H

fl
ls

Pa
pe

r
m

ac
hi

ne
s

sh
al

l
be

eq
uf

pp
ed

w
ft

h

de
vf

ce
s

th
at

ar
e

fn
te

rl
oc

ke
d

w
ft

h
ad

eq
ua

te

br
ak

fn
g

ac
tf

on
to

st
op

th
e

m
a
c
~
f
n
e
.

P
ul

p,
Pa

pe
r

an
d

P
ap

er
bo

ar
d

M
il

ls
~
h
e

nf
pp

ln
g

p
o

ln
ts

,o
f

al
l

dr
um

w
in

de
rs

an
d

re
w

ln
de

rs
sh

al
l

be
gu

ar
de

d
by

b
ar

rf
er

gu
ar

ds
In

te
rl

oc
ke

d
w

ft
h

th
e

dr
iv

e

m
ec

ha
ni

sm
.

2
&

"

2



~
~

<
_
.
.
.
.
.
.
.
.
.
.
.
.
.

...
.

i>
..>

.._
-...

..
-
I
~

.....
..

._
0

a
ll

.A
l

EX
IS

TH
IG

N
A

TI
O

N
A

L
ST

AN
DA

RD
M

AC
HI

NE
RY

OR
IN

D
U

ST
RY

EX
IS

TI
N

G
IN

TE
RL

O
CK

PR
O

V
IS

IO
N

S
FU

N
CT

IO
N

G
EN

ER
IC

HA
ZA

RD
TY

PE

I
q
I
0
.
2
~
I
(
k
)
(
2
6
)
f
i
f
)

1'
H

O
.7

6
\0

)(
q

)(
f)

P
ul

p,
Pa

pp
r

an
d

Pa
pe

rb
oa

rd
M

il
ls

On
dr

um
w

fn
de

rs
an

d
re

w
ln

de
rs

,
a

ze
ro

sp
ee

d
sw

ft
ch

sh
ou

ld
be

fn
st

al
le

d
to

pr
e­

ve
nt

th
e

gu
ar

d
fr

om
be

fn
g

ra
is

ed
w

hi
le

I th
e

ro
ll

Is
tu

rn
in

g.

P
ul

p,
Pa

pe
r

an
d

Pa
pe

rb
oa

rd
M

il
ls

F
ln

fs
hl

ng
ro

on
re

w
ln

de
rs

sh
al

l
ha

ve
'

b
ar

ri
er

gu
ar

ds
th

at
ar

e
In

te
rl

oc
ke

d
w

it
h

th
e

dr
iv

e
m

ec
ha

ni
sm

to
pr

ev
en

t
op

er
at

in
g

ab
ov

e
jo

g
sp

ee
d

w
it

ho
ut

th
e

gu
ar

d
In

pl
ac

e.

3 3

W I-
-'

l'
lI

O
.l

'l
i2

(b
)(

I'
i)

\Q
lO

.2
li

7
(c

)(
\

)

\9
1

0
.?

1i
L'

(
d

)(
1

)

T
el

lt
ll

es

T
el

lt
ll

es

Te
ll

ti
le

s

An
In

te
rl

o
ck

Is
a

de
vi

ce
th

at
op

er
at

es
to

p
r
e
v
~
n
t

th
e

op
er

at
fo

n
o

f
m

ac
hi

ne
w

hf
le

th
e

co
ve

r
or

do
or

of
th

e
m

ac
hi

ne
Is

op
en

o
r

un
lo

ck
ed

,
an

d
w

hi
ch

w
il

l
al

so
ho

ld
th

e
co

ve
r

or
do

or
cl

os
ed

an
d

lo
ck

ed
w

hi
le

th
e

m
ac

hi
ne

Is
In

m
ot

io
n.

(D
ef

in
it

io
n

)

P
ro

vi
si

on
s

sh
al

l
be

m
ad

e
to

pr
ev

en
t

m
ac

hi
ne

s
fro

m
au

to
m

at
lc

al
l.

y
re

st
ar

ti
n

g

up
on

re
st

o
ra

ti
o

n
o

f
po

w
er

af
te

r
po

w
er

fa
il

u
re

s.

C
ov

er
s

on
op

en
er

s
an

d
pi

ck
er

s
sh

al
l

be
pr

ov
id

ed
w

it
h

an
In

te
rl

oc
k

w
hi

ch
w

il
l

pr
ev

en
t

th
e

co
ve

r
fr

om
be

in
g

ra
is

ed

w
hi

le
th

e
m

ac
hi

ne
Is

In
m

ot
io

n
an

d

pr
ev

en
t

th
e

op
er

at
io

n
o

f
th

e
m

ac
hi

ne

w
hi

le
th

e
co

ve
r

is
op

en
.

3 4 3



~
~

-
-
-
-
~
,

.
-
~
-
.
~

_.k
-'"

....
row

..
_

.t
il

.•
Ji

b

EX
IS

Tl
t«

i
tlA

TI
ON

AL
ST

AN
DA

RD
M

AC
HI

NE
RY

OR
IN

DU
ST

RY
EX

IS
TI

NG
IN

TE
RL

OC
K

PR
OV

IS
IO

NS
FU

NC
TI

ON
GE

NE
RI

C
HA

ZA
RD

TY
PE

lQ
lO

.2
62

(i
}(

1}
T

ex
ti

le
s

G
at

es
on

w
ar

pe
rs

sh
al

l
be

so
tn

te
r-

3

lo
ck

ed
th

at
th

e
m

ac
ht

ne
ca

nn
ot

be
op

er
at

ed
un

tt
l

th
e

ga
te

ts
in

th
e

cl
os

ed
po

si
tt

on
ex

ce
pt

fo
r

th
e

pu
rp

os
e

of
tn

ch
tn

g
or

jo
gg

tn
g.

19
10

.2
62

(j
)

T
ex

ti
le

s
G

ea
r

ho
us

tn
g

co
ve

rs
on

al
l

tn
st

al
la

tt
o

n
s

3

of
dr

aw
tn

g
fr

am
es

,
sl

ub
be

rs
,

ro
vt

ng
fr

am
es

,
co

tt
on

co
m

be
rs

,
rt

ng
sp

tn
nt

ng
fr

am
es

,
an

d
tw

ts
te

rs
sh

al
l

be
eq

ut
pp

ed
w

ith
tn

te
rl

oc
ks

.

~ ~
19

10
.2

62
(m

}
T

ex
ti

le
s

On
sl

iv
er

an
d

rt
bb

on
la

pp
er

s,
an

tn
te

r-
3

lo
ck

tn
g

co
ve

r
gu

ar
d

sh
al

l
be

tn
st

al
le

d
ov

er
th

e
la

rg
e

ca
le

nd
er

dr
um

s
an

d
th

e
la

p
sp

oo
l.

IQ
IO

.2
62

(y
}(

1)
(i

t}
T

ex
ti

le
s

Ea
ch

ex
tr

ac
to

r
sh

al
l

be
eq

ui
pp

ed
w

tt
h

3

an
in

te
rl

oc
ki

ng
de

vi
ce

th
at

w
il

l
pr

ev
en

t
th

e
co

ve
r

fro
m

be
in

g
op

en
ed

w
hi

le
th

e
ba

sk
et

is
in

m
ot

to
n,

an
d

al
so

pr
ev

en
t

th
e

po
w

er
op

er
at

io
n

of
th

e
ba

sk
et

w
hi

le
th

e
co

ve
r

is
op

en
.



'"
,...

...
iow

o.J
~
~

.-....
.,
~
.

....
....

....
~

....
...

..
Iii

<l

~

/t
o,

EX
IS

Tl
tIi

NA
TI

ON
AL

ST
AN

DA
RD

M
AC

HI
NE

RY
OR

IN
DU

ST
RY

EX
IS

TI
N

G
IN

TE
RL

OC
K

PR
OV

IS
IO

NS
FU

NC
TI

ON
GE

NE
RI

C
HA

ZA
RD

TY
PE

19
10

.2
62

(c
c)

(1
)

T
eK

tt
le

s
Ea

ch
dr

yt
ng

tu
m

bl
er

,
do

ub
le

cy
lt

nd
er

3

sh
ak

er
or

cl
ot

he
s

tu
m

bl
er

,
an

d
w

as
ht

ng
m

ac
ht

ne
sh

al
l

be
eq

ut
pp

ed
w

tt
h

an
tn

te
r-

lo
ck

de
vt

ce
w

ht
ch

w
tl

l
pr

ev
en

t
th

e
po

w
er

op
er

at
to

n
of

th
e

tn
st

de
cy

lt
nd

er
w

he
n

th
e

ou
te

r
do

or
on

th
e

ca
se

or
sh

el
l

ts
op

en
,

an
d

w
ht

ch
w

tl
l

al
so

pr
ev

en
t

th
e

ou
te

r
do

or
on

th
e

ca
se

or
sh

el
l

fro
m

be
tn

g
op

en
ed

w
tt

ho
ut

sh
ut

tt
ng

o
ff

th
e

po
w

er
.

19
10

.2
63

(d
)(

I)
(t

)(
d)

B
ak

er
y

E
qu

tp
m

en
t

C
on

tr
ol

ct
rc

u
tt

s
fo

r
m

ag
ne

ttc
co

n-
4

uu
tr

o
ll

er
s

sh
al

l
be

so
ar

ra
ng

ed
th

at
th

e
uu

op
en

tn
g

of
an

yo
ne

of
se

ve
ra

l
lt

m
tt

sw
it

ch
es

,
w

ht
ch

m
ay

be
on

an
tn

dt
vt

du
al

u
n

tt
,

w
tl

l
se

rv
e

to
de

en
er

gt
ze

al
l

o
f

th
e

m
ot

or
s

of
th

at
u

n
tt

.

19
10

.2
63

(d
)(

6)
(v

t)
B

ak
er

y
E

qu
tp

m
en

t
Th

e
m

at
n

en
tr

an
ce

co
ve

r
of

la
rg

e
st

or
ag

e
3

bt
ns

sh
al

l
be

pr
ov

td
ed

w
tth

an
el

ec
tr

tc
tn

te
rl

oc
k

fo
r

m
ot

or
s

op
er

at
in

g
bo

th
fe

ed
an

d
un

lo
ad

in
g

sc
re

w
s,

so
th

at
th

es
e

m
ot

or
s

ca
nn

ot
op

er
at

e
w

hi
le

th
e

co
ve

r
ts

op
en

.

19
10

.2
63

(e
)(

1)
(v

)
B

ak
er

y
E

qu
ip

m
en

t
A

ll
m

lK
er

s
w

ith
po

w
er

an
d

m
an

ua
l

du
m

pi
ng

1
ar

ra
ng

em
en

ts
sh

al
l

be
eq

ui
pp

ed
w

ith
sa

fe
ty

de
vi

ce
s

w
hi

ch
sh

al
l

(a
)

en
ga

ge
bo

th
ha

nd
s

of
th

e
op

er
at

or
,

(b
)

pr
ev

en
t

th
e

ag
it

at
o

r
fro

m
be

in
g

st
ar

te
d

w
hi

le
th

e
bo

w
l

Is
m

or
e

th
an

on
e-

fi
ft

h
op

en
.



~
.-.

..-
<

...

EX
IS

TI
NG

NA
TI

ON
AL

ST
AN

DA
RD

MA
CH

IN
ER

Y
OR

IN
DU

ST
RY

EX
IS

TI
NG

IN
TE

RL
OC

K
PR

OV
IS

IO
NS

FU
NC

TI
ON

GE
NE

RI
C

HA
ZA

RD
TY

PE

19
10

.2
63

(e
)(

1)
(v

11
1)

B
ak

er
y

E
qu

ip
m

en
t

On
m

h
er

s.
on

ly
m

in
or

op
en

tn
gs

tn
th

e
co

ve
r

3
re

pr
es

en
tt

ng
le

ss
th

an
1

1/
2

sq
ua

re
fe

et
tn

ar
ea

.
sh

al
l

be
ca

pa
bl

e
of

be
tn

g
op

en
ed

w
hi

le
th

e
m

tx
er

ts
tn

op
er

at
to

n.

II
JI

O
.2

63
(

f)
(3

)
B

ak
er

y
E

qu
tp

m
en

t
Th

e
re

ar
co

ve
r

of
dt

vt
de

rs
sh

al
l

be
pr

ov
td

ed
3

w
tt

h
a

lt
m

1t
sw

tt
ch

tn
or

de
r

th
at

th
e

m
ac

ht
ne

ca
nn

ot
op

er
at

e
w

he
n

th
ts

co
ve

r
is

op
en

.

19
10

.2
63

(h
)(

2)
B

ak
er

y
E

qu
ip

m
en

t
Pr

ov
td

e
an

em
er

ge
nc

y
st

op
ba

r
on

do
ug

h
br

ak
es

2
to

po
s1

tt
ve

ly
op

en
a

ct
rc

u
1

t
th

at
w

tl
l

de
en

er
g1

ze
th

e
dr

iv
e

m
ot

or
an

d
ap

pl
y

a
br

ak
e

w
tf

th
e

op
er

at
or

ge
ts

hi
s

ha
nd

ca
ug

ht
tn

th
e

+:
-

ro
ll

s.

19
10

.2
63

(1
)(

11
)(

t)
B

ak
er

y
E

qu
ip

m
en

t
On

em
ul

st
ft

er
s.

th
e

to
p

co
ve

rs
sh

ou
ld

be
3

in
te

rl
oc

ke
d

so
th

at
po

w
er

w
il

l
be

sh
ut

o
ff

w
he

ne
ve

r
th

e
co

ve
r

ts
op

en
ed

.

19
10

.2
63

(j
)(

1
)(

11
1)

B
ak

er
y

E
qu

ip
m

en
t

On
re

c1
pr

oc
at

tn
g-

bl
ad

e
sl

ic
er

s.
pr

ov
td

e
an

3

in
te

rl
oc

ki
ng

ar
ra

ng
em

en
t

on
th

e
co

ve
r

ov
er

th
e

kn
if

e
he

ad
so

th
at

th
e

m
ac

hi
ne

ca
nn

ot
op

er
at

e
un

le
ss

th
e

co
ve

r
ts

in
pl

ac
e.

19
10

.2
63

(j
)(

1)
(t

v)
B

ak
er

y
E

qu
ip

m
en

t
On

sl
tc

er
s

w
ith

en
dl

es
s

ba
nd

kn
iv

es
.

do
or

s.
3

pa
ne

ls
an

d
ot

he
r

po
in

ts
of

ac
ce

ss
to

th
e

bl
ad

es
sh

al
l

be
m

ec
ha

nt
ca

ll
y

or
el

ec
tr

ic
al

ly
in

te
rl

oc
ke

d
so

th
at

th
e

m
ot

or
w

il
l

be
de

-
en

er
gi

ze
d

if
al

l
ac

ce
ss

es
ar

e
no

t
cl

os
ed

.



.-
-.

.
.-..

....
.

"

...

EX
IS

TI
NG

NA
TI

ON
AL

ST
AN

DA
RD

M
AC

HI
NE

RY
OR

IN
DU

ST
RY

EX
IS

TI
NG

IN
TE

RL
OC

K
PR

OV
IS

IO
NS

FU
NC

TI
ON

GE
NE

RI
C

HA
lA

RD
TY

PE

1
9

1
0

.2
6

3
(j

)(
I)

(v
tt

)(
c)

B
ak

er
y

E
qu

tp
m

en
t

C
on

tr
ol

s
fo

r
sl

tc
tn

g
m

ac
ht

ne
co

nv
ey

or
s

an
d

4

w
ra

pp
tn

g
m

ac
hi

ne
s

sh
al

l
be

ar
ra

ng
ed

so
an

op
er

at
or

ca
n

co
nt

ro
l

bo
th

m
ac

ht
ne

s
fro

m
on

e
lo

ca
tt

on
.

19
10

.2
63

1
k)

(l
)l

t)
B

ak
er

y
E

qu
tp

m
en

t
On

m
ea

l,
pe

an
ut

an
d

fi
g

gr
tn

de
rs

,
pr

ov
td

e
4

an
el

ec
tr

ic
tn

te
rl

oc
k

so
th

at
th

e
m

ac
ht

ne
ca

nn
ot

be
pu

t
in

op
er

at
io

n
w

he
n

th
e

ho
pp

er
is

re
m

ov
ed

.

19
10

.2
63

(k
)I

I)
Ii

t)
B

ak
er

y
E

qu
ip

m
en

t
On

m
ea

l.
pe

an
ut

an
d

fi
g

gr
in

de
rs

,
ho

pp
er

s
3

sh
al

l
be

pr
ov

id
ed

w
ith

hi
ng

ed
co

ve
rs

th
at

w
ar

e
el

ec
tr

ic
al

ly
in

te
rl

oc
ke

d
to

pr
ev

en
t

lT
J

op
er

at
io

n
w

ith
th

e
co

ve
r

op
en

.

19
10

.2
63

(k
)l

5)
B

ak
er

y
E

qu
tp

m
en

t
R

ev
er

si
bl

e
do

ug
h

br
ak

es
sh

al
l

be
pr

ov
id

ed
1

w
ith

a
gu

ar
d

in
te

rl
oc

ke
d

to
st

op
th

e
m

ac
hi

ne
or

re
ve

rs
e

th
e

d
ir

ec
ti

o
n

of
th

e
ro

ll
s

if
th

e
gu

ar
d

is
m

ov
ed

by
co

nt
ac

t
w

ith
th

e
op

er
at

or
.

19
10

.2
63

(1
)(

9)
(i

v)
(a

)
B

ak
er

y
E

qu
ip

m
en

t
On

ov
en

s,
in

ca
se

of
cu

rr
en

t
fa

tl
u

re
,

bo
th

4

th
e

el
ec

tr
ic

so
ur

ce
to

th
e

ig
n

it
io

n
de

vi
ce

an
d

th
e

fu
el

su
pp

ly
's

ha
ll

be
tu

rn
ed

o
ff

si
m

ul
ta

ne
ou

sl
y.

19
10

.2
63

(1
)(

9)
(v

)(
g)

B
ak

er
y

E
qu

tp
m

en
t

On
ov

en
s

w
he

re
bl

ow
er

s
ar

e
us

ed
fo

r
4

su
pp

ly
in

g
th

e
a
tr

fo
r

co
m

bu
st

io
n,

th
e

sa
fe

ty
sh

ut
of

f
va

lv
e

sh
al

l
be

in
te

r-
lo

ck
ed

so
th

at
it

w
il

l
cl

os
e

in
ca

se
of

at
r

fa
il

u
re

.



_
_

.
_

1
~

~
.
e
&
~

-
.
'
"
'
-
~

.....
.

....
..

..
1l

W
"

A
lii

!
...

.
-A

i

EX
IS

TI
NG

NA
TI

ON
AL

ST
AN

DA
RD

MA
CH

IN
ER

Y
OR

IN
DU

ST
RY

EX
IS

TI
NG

IN
TE

RL
OC

K
PR

OV
IS

IO
NS

FU
NC

TI
ON

GE
NE

RI
C

HA
ZA

RD
TY

PE

19
10

.2
63

(1
)(

g)
(v

)(
h)

B
ak

er
y

Eq
uf

pm
en

t
O

n
ov

en
s

w
ft

h
bu

rn
er

s
eq

uf
pp

ed
w

ft
h

4

co
m

bu
st

fo
n

sa
fe

gu
ar

ds
,

th
e

sa
fe

ty

sh
ut

of
f

va
lv

e
sh

al
l

cl
os

e
fn

ca
se

o
f

bu
rn

er
fla

m
e

fa
fl

u
re

.

19
10

.2
63

(1
)(

11
)(

f)
B

ak
er

y
Eq

uf
pm

en
t

Ea
ch

ct
rc

u
la

tt
n

g
fa

n
fn

d
fr

ec
t

4

re
ct

rc
u

la
tt

n
g

ov
en

s
sh

al
l

be
tn

te
r-

co
nn

ec
te

d
w

tth
th

e
bu

rn
er

so
th

e
fu

el
ts

sh
ut

of
f

by
a

sa
fe

ty
va

lv
e

w
he

n
th

e
fa

n
ts

no
t

ru
nn

tn
g.

19
10

.2
63

(1
1(

11
1(

tt
)

B
ak

er
y

Eq
uf

pm
en

t
In

d
fr

ec
t

re
ct

rc
ul

at
fn

g
ov

en
s,

th
e

4
w

fu
el

su
pp

ly
to

th
e

bu
rn

er
s

sh
al

l
be

0
'\

au
to

m
at

fc
al

ly
sh

ut
o

ff
tn

ca
se

of
bu

rn
er

fla
m

e
fa

tl
u

re
.

19
10

.2
65

(c
1(

26
)(

vf
ff

)
Sa

NO
t1

1s
E

nt
ra

nc
es

to
la

nd
fn

g
ar

ea
s

o
f

st
ac

ke
rs

1

an
d

un
st

ac
ke

rs
sh

ou
ld

be
pr

ot
ec

te
d

by
el

ec
tr

fc
al

ly
tn

te
rl

oc
ke

d
ga

te
s

w
ht

ch
,

w
he

n
op

en
ed

,
w

tl
l

df
sc

on
ne

ct
th

e
po

w
er

an
d

se
t

th
e

h
o

ls
t

br
ak

es
.

1
9
1
0
.
2
6
~
(
d
1
(
1
1
(
f
f
1
(
b
)

Sa
N

O
f1

1
s

On
hy

dr
au

lf
ca

ll
y

op
er

at
ed

lo
g

ha
nd

lf
ng

2

m
ac

hf
ne

s,
pr

ov
fd

e
a

po
sf

tf
ve

de
vf

ce
fo

r
pr

ev
en

ti
ng

th
e

un
co

nt
ro

ll
ed

lo
w

er
tn

g
o

f
th

e
lo

ad
or

fo
rk

s
fn

ca
se

of
a

fa
fl

ur
e

fn
th

e
hy

dr
au

li
c

sy
st

em
.



~
~
'
,

..
..

..
..

'M
,.;

io
,.,

"
...

...

.,

,,
"
,,

,

EX
IS

TI
NG

NA
TIO

NA
L

ST
AN

DA
RD

MA
CH

IN
ER

Y
OR

IN
DU

ST
RY

EX
IS

TI
NG

IN
TE

RL
OC

K
PR

OV
IS

IO
HS

TU
NC

TI
ON

GE
NE

RI
C

HA
ZA

RD
TY

PE

19
10

.2
65

(d
)(

1)
(t

t)
(c

)
Sa

w
m

tll
s

On
po

w
er

ed
lo

g
ha

nd
lt

ng
m

ac
ht

ne
s.

pr
ov

td
e

a
lt

m
tt

sw
tt

ch
to

pr
ev

en
t

th
e

lt
ft

ar
m

s
fro

m
tr

av
el

tn
g

to
o

fa
r

in
th

e
ev

en
t

th
e

co
nt

ro
l

sw
tt

ch
ts

no
t

re
le

as
ed

in
tt

m
e.

19
26

.1
54

(e
)(

1)
Te

m
po

ra
ry

H
ea

ttn
g

D
ev

tc
es

Fl
am

m
ab

le
lt

q
u

td
-f

tr
ed

he
at

er
s

sh
al

l
be

eq
ui

pp
ed

w
ith

a,
pr

lm
ar

y
sa

fe
ty

co
nt

ro
l

to
st

op
th

e
flo

w
o

f
fu

el
in

th
e

ev
en

t
of

fla
m

e
fa

tl
u

re
.

19
26

.3
02

(b
)(

3)
Po

w
er

-o
pe

ra
te

d
H

an
d

T
oo

ls
A

ll
pn

eu
m

at
ic

al
ly

dr
tv

en
n

ai
le

rs
.

st
ap

le
rs

.
an

d
ot

he
r

st
m

tl
ar

eq
ui

pm
en

t
pr

ov
id

ed
w

tth
au

to
m

at
ic

fa
st

en
er

fe
ed

.
w

hi
ch

op
er

at
e

at
m

or
e

th
an

10
0

ps
i

pr
es

su
re

at
th

e
to

ol
sh

al
l

ha
ve

a
sa

fe
ty

.
de

vi
ce

on
th

e
m

uz
zl

e
to

pr
ev

en
t

th
e

to
ol

fro
m

ej
ec

tt
ng

fa
st

en
er

s,
un

le
ss

th
e

m
uz

zl
e

U
J

ts
in

co
nt

ac
t

w
tt

h
th

e
w

or
k

su
rf

ac
e.

~

19
26

.4
00

(h
)(

2)
E

le
ct

rt
ca

l
G

en
er

al
R

eq
ut

re
m

en
ts

A
ll

12
0-

vo
lt

.
si

ng
le

-p
ha

se
,

15
-

an
d

20
-a

m
pe

re
re

ce
pt

ac
le

o
u

tl
et

s
on

co
ns

tr
uc

tt
on

si
te

s,
w

ht
ch

ar
e

no
t

p
ar

t
of

th
e

pe
rm

an
en

t
w

ir
tn

g
of

th
e

bu
tl

dt
ng

or
st

ru
ct

u
re

an
d

w
ht

ch
ar

e
tn

us
e

by
em

pl
oy

ee
s.

sh
al

l
ha

ve
ap

pr
ov

ed
gr

ou
nd

-f
au

lt
ct

rc
u

it
in

te
rr

u
p

te
rs

fo
r

pe
rs

on
ne

l
pr

ot
ec

ti
on

.

19
26

.5
50

(c
)(

4)
C

ra
ne

s
an

d
D

er
rt

ck
s

C
ra

ne
s

m
ou

nt
ed

on
ra

tl
tr

ac
ks

sh
al

l
be

eq
ui

pp
ed

w
ith

li
m

it
sw

it
ch

es
li

m
it

in
g

th
e

tr
av

el
of

th
e

cr
an

e
on

th
e

tr
ac

k.

4 4 4 2 2



EX
IS

TI
NG

NA
TI

ON
AL

ST
AN

DA
RD

19
26

.5
52

(c
)(

8
)

19
26

.5
53

(
aH

3
)(

n

19
26

.5
55

(
a

H
3

)

M
AC

HI
NE

RY
OR

IN
DU

ST
RY

M
at

er
ia

l
H

oi
st

s,
Pe

rs
on

ne
l

H
oi

st
s,

an
d

E
le

va
to

rs

B
as

e-
m

ou
nt

ed
Dr

um
H

ot
st

s

C
on

ve
yo

rs

.
,

.
~

Ol
IlO

\....
-

EX
IS

TI
N

G
IN

TE
RL

OC
K

P
R
O
Y
I
~
I
O
N
S

FU
NC

TI
ON

D
oo

rs
or

ga
te

s
sh

al
l

be
pr

ov
id

ed
w

ith
el

ec
tr

ic
co

nt
ac

ts
W

hi
ch

do
no

t
al

lo
w

m
ov

em
en

t
of

th
e

h
o

ts
t

w
he

n
do

or
or

ga
te

is
op

en
.

A
de

vi
ce

sh
al

l
be

pr
ov

td
ed

to
di

sc
on

ne
ct

al
l

m
ot

or
s

fro
m

th
e

lt
n

e
up

on
po

w
er

fa
il

u
re

an
d

no
t

pe
nn

tt
an

y
m

ot
or

to
be

re
st

ar
te

d
un

tt
l

th
e

co
n

tr
o

ll
er

ha
nd

le
is

br
ou

gh
t

to
th

e
"o

ff
"

po
si

ti
on

.

Em
er

ge
nc

y
st

op
sw

tt
ch

es
sh

al
l

be
ar

ra
ng

ed
so

th
at

th
e

co
nv

ey
or

ca
nn

ot
be

st
ar

te
d

ag
at

n
un

tt
l

th
e

ac
tu

at
tn

g
st

op
sw

tt
ch

ha
s

be
en

re
se

t
to

ru
nn

in
g

or
"o

n"
po

si
tt

on
.

GE
NE

RI
C

HA
ZA

RD
TY

PE

4 4 4

• ~
'
-

w co
GE

NE
RI

C
HA

ZA
RD

TY
PE

1
EN

ER
GY

SU
PP

LY
IN

TE
RR

UP
TE

D
RE

PE
AT

ED
LY

2
EN

ER
GY

IS
NO

T
M

AI
NT

AI
NE

D
W

IT
HI

N
SA

FE
PA

RA
M

ET
ER

S

3
PE

RS
ON

S
AP

PR
OA

CH
HA

ZA
RD

OU
S

EN
ER

GY
OR

M
AT

ER
IA

L
TH

RO
UG

H
CL

OS
UR

ES

4
AC

TI
ON

S
AR

E
NO

T
PE

RF
OR

M
ED

IN
PR

OP
ER

SE
QU

EN
CE


