MECHANICAL POWER PRESS
SAFETY

ENGINEERIHNG GUIDE

Wileco, Inc.
Stillwater, Minnesota

Contract 210-75-0042

U. S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service
Center for Disease Control
National Institute for Occupational Safety and Health
Division of Laboratories and Criteria Development
Cincinnati, Ohio
September 1976

et e n AN
REPRODUCED BY: NTIS. i

T
|- n
U.§. Department af Commerce’ |
National Te:nnlnal \nformation Service .
Springtleld, Virginia 221€1 K

:



PREFACE

This Guide is written primarily for the safety professional who has
responsibility for mechanical power press safety. However, others

in the field, such as management, may find it a useful tool in imple-
menting an overall program of sound safety practices.

It is recognized that there are other publications in the field

of mechanical power press safety. This Guide is not meant to replace
these publications, but to add to and supplement them in order to
benefit those professionals in the performance of their safecty
.responsibilities and to make their task easier and more rewarding.

It should be pointed out that this Guide is not a compliance document,
but a Safety Engineering Guide. Therefore, it may occasionally

g0 beyond the Occupational Safety and Health Act regulations. When
this occurs, the statement that exceeds or modifies the regulations
is denoted by an asterisk (*) and an explanation is given in the
form ¢f a footnote. Any statement that exceeds or modifies the
regulations should be taken to mean only a recommendation and not

a requirement,

This Guide was written under NIOSH Contract 210-75-0042 as part
of the contractual efforts., Interested professionals may wish to
refer to the Final Report of this Contract for further detail and
understanding of the requirements set forth in this Guide.

11



CONTENTS

ADSETACE v v v v 4 v b e e e e e e e e e e

Section A - The Mechanical Power Press . . . + o + v « o« o &
Introduction . . . . ¢ ¢ & v 4 4 . . . .'. f e e n e e s e

Description, Controls, and Modes of Operation of th

Mechanical Power Press . . . . « « v « v « 4 o v 4 4
Section B -~ Safeguarding Systems . . . + + 4 « + ¢« . e . .
Safeguarding Systems Requirements Lists . . . . . . . .
Safeguarding Systems Application . « « v v 4 4 4w e . ..

General Mechanical Power Press Safespguarding System
Installation Checklist . . . . . . . . . « . o o o . &

Barrier or Enclosure Safeguarding Systems . . . . . . .
Gate or Movable Barfier Safeguarding Syétems e e e
Pullout Safeguarding SYStems . . . .+« . o4 4 o4 a4 .‘. ;
Restraint Saféguarding Systeﬁs e e e ; Ve e e e s
Two-Hand Trip and Two-Hand Control Safeguaiding Systems
Presence Sensing Safeguarding Systems . . . . . . . . . .
Press Operated Sweep and Pushaway Safeguarding Systems . .
Safe Workpiece Safeguarding Systems . .l. e e e e e s
Safe Opening Safeguarding Systems . . . . . . . . . C

Safeguarding Systems which Protect only During Diesetting

and Maintenance .+ . v v 4 4 6 0 s e e 0 e e s e a e s
Combination Safeguarding Systems . . . . . . . . . . « . .
Safeguarding System Selection . . . . . . « v ¢ 4 4 . . .
Safeguarding Systems Selection Matrix . . « « .« o . .
Safeguarding Systems Selection Worksheet . . . . . . . . .

idd

B-75
B-82
B-101
B-115
B-120

B-128

B-137
3-143
B-145
B-145

B-149



CONTENTS {cont.)

Safeguarding from Other Hazards . « . + « « « + & s « & o o & B-151
Safety Blocks . . . .« & . v v 4 i i 4 4 e 4 e e e s s s s . = B=131
Feeding Equipment Safety Considerations . . . . . . . . . . . B~153
Safeguarding from Hazards Other than Point of :
Operation Hazard . . . . . « & v ¢ v 4 v o 4 o o « o o = & B-157
Section C - Technical and Other Considerations of Mechanical
Power Press Safety . v ¢« v & v v 6 e 4 v e e e e e e e e e e c-1
"Dependable” Safeguarding System Design « « « 4+ .+« 4 .. c-1
Setting Safety DIstance . . v v v « o 4 v ka0 e e e e e s C-5
Press Start and Stop Time Measurements . . . .+ « « &+ + + o o+ & c-7
Setting Brake Monitors . . . . . ¢ & + © v i 4 e e e e e e e . c-9
Positive or Full Revolution Clutch Safety Considerétions P C-14
Part Revolution Friction Cl#tch SafetYIConsiderations- s e Cc-18
Actuator Safety Considerations . - . « - ¢ ¢ « 4 ¢ o w4 4 . s C-24
Section D - Safety Responsibilitiés « 4 e e e e s .I. e e D-1
Safety Responsibilities of Ménagemeﬁt e v e e e e e e e .. D1
Safety Responsibilities when Purchasing Presses . . . . . . . D-3
Safety Responsibilities while Operating Presses ., . . . . . . D-4
Safety Responsibilities while Die Setting . . . « « « . . . . D=6
Safety Responsibilities while Maintaining Presses . . . . . . D-9
Section E - Safety Programs. . + + + « o o + 4 o« s+te . ; e+« « . E-1
Section F - Glossary of Mechanical Power Press Safety Terms . . . F-1

iv



10.

11.

12.

13.

14,

15.

ls6.

17.

18.

19.

20.

FIGURES
Title
View of straight side frame mechanical power

View of gap frame mechanical power press
(barriers removed for clarity) '

Terminology for typical straight side frame
mechanical power Press . .« .+ « +« « v .

Terminology for typical-gap frame mechanical

POWET PTESS + & « + o » « o 4 « + o o o
A fixed barrier . . . . . . . ',' e e
An adjustable barrier . . . . . . . . . . .
A die enclosure barriér' e e e e e e e e
An interlocked opening in a barrier . . . .

press

- . -

Gap frame press equipped with interlocked barrier

A Type A gate., . v ¢ & ¢ v v o v v s e .
AType Bgate . . « & . « v v v v o o .
Commercially available pullouts . . . . . .

A custom made pullout being adjusted e

A pullout allowing the worker's hand to enter the
point of operation when the slide is in the

raised position . . . . . .+ . . . .
An example of a restraint . . . « e .
A two~hand trip . . . . . . o000 L

A two-hand control . « . v « 4 4 4 e v . .

Safety distance and separation distance . .

An actuator that precludes operation by one hand

Oor One arm v e a3 s e m = s s = s = &

A presence sensing system safeguarding the point

of operation on a gap frame press . . .

v

Page

A=10
. A-11

. A-lz
. B-40

B=40



A presence sensing system safeguarding the point of

23,

24,

25,

26.

27,

28.

29.

30.

vi

operation on a straight side frame press . . . . . . . . B-109
Improper installation of a presence sensing device . . . . . B-110
An example oé a sweep . . B~117
An examﬁle of safe workpiece safeguarding . B-124
An example of safe opening safeguarding B-132
Examples of safe opening safeguarding . . . B-133
An example of remote actuatiocn . . . B-139
A combination safeguarding system . . . B-144

-‘A foot actuator that is ergonomically well designed . C-26
An example of a hand actuator ; . . C-26



TABLES
Title . Page

Maximum permissible barrier openings (2" or less)...... B=38

Maximum permissible barrier openings (having one

dimension more than 2" ) .i.in e innettnrnnonnnnns teesseees B=139
Safeguarding system 5e1ection MALTIX woevurrrrreenennnn. B-145
Safeguarding system selection worksheet Ceeierrrseenss. B=149

vii



ABSTRACT

v v

This Guide explores the technical, behavioral, and ergonomic aspects
of mechanidal- power press safety as it pertains to workers who

set dies on, operate, and maintain presses.

Various safeguarding systems are evaluated and reccmmendations

are given for proper use to safeguard the press worker from various
hazards including the inherent hazard of a press, which is the hazard
of being injured at the point of operation.

Each safeguardingugystem is described as to its cperation and whom
it protects {operators, helpers, die setters, maintenance men,

or passersby). The use of the system as to type of press is given
with limitations stated. Installation instructions and recommenda-
tions are outlined. Maintenance instructions are covered in order
to assure that the system is properly maintained so as not to com-
promise its safeguarding performance. Advantages and disadvantages
of each system are given as an aid to the safety professional when
he has to make a safeguarding system decision. The safety consider-
ations section is a discussion of the safety factors which must

be considered when using the system. An installation checklist

is provided tc ensure proper installation. A safety inspection
checklist is provided and must be completed at specified intervals
to ensure continued proper operation and safeguarding integrity

of the system.

A special section is devoted to information that will aid the safety
professional to reach a decision as to which safeguarding system
is best suited to his particular presses.

A safety responsibilities section delineates the particular respon-

sibilities of each group of people who are invelved with presses
in the hope .that their involvement will be both safe and productive.
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SECTION A
THE MECHANICAL POWER PRESS

INTRODUCTION

Mechanical power press safety must begin when the press is being.
designed and continue through to the time the press is taken cut

of service. Thus, power press safety must become the concern of

the press manufacturer, the employer (user), the die setter, the
operator, and maintenance personnel. This concern must be counverted
to positive safety action if the large number of mechanical power
press injuries — as many as 1,200 in the last six months of 1975 —
are to be reduced. o

One of the overriding considerations cf power press safety is ergo-
nomics, or the relationship of human factors to machines and their
operation. A press operator cammot go through a complete work

day that comsists of thousands of repetitive motions without moments
when his mind wanders. A die setter or maintenance person, however
experienced, may forget to observe a2 safety precaution in-the per-
tormance of his duties. In short, pecple are not infallible.
Because this is true, a press worker is in danger of incurring an
injury unless the press and its attachments are designed, manufac-
tured, and installed in such a2 manner as to make an accident almost
impossible, despite the worker's fallibility. It is not enough

to put up warning signs or tell the worker to '"work safely'.
Factories which have an abundance of signs and where safety meetings
are regularly held still have injuriles.

The mechanical power press is an inherently dangercus machine.

The machine action is essentially that of a giant hammer hitting
with forces measured in the thousands of pounds. Each time this
hammer is raised it is necessary to remove worked material fronm
under its head and insert new material. Certainly any erroneous
action on either the part of the machine or the part of the worker
is likely to result in a most severe injury to the worker.

But while this machine is dangerous, the technology exists to make
the mechanical power press as safe for the worker as any other
machine in industrial use. Indeed, the mechanical power press

can be made so safe through the application of technical safety
considerations that it can be the safest of all industrial machines,
with expectations of a metal stamping plant being free of power
press injuries during a worker's lifetime. This is the goal that
this Guide aims for. Achieving anything less indicates that the
safety professional needs to further consider the safeguarding

of the presses in his plant.
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To attain this safety goal requires the application of technical

safety factors tc the machine and the removal of the human factor

to the greatest extent possible. With the number of existing

machines which technically or economically cannot be rebuilt so

as to remove the human factor completely, that factor must be considered
until such machines are taken out of service.

Where the human factor cannot be so totally removed, sound safety
practices and programs, centered in management, must be applied.
These safety practices include the selection and proper use of
press safeguarding systems as well as other specific actions.
Safeguarding is not an afterthought but a factor to be considered
in the production set-up, just as important as the tooling. Where
safeguarding has been considered along with other safety practices
and programs, increased production, lower insurance rates, and
reduction in loss of productlon due to injury have resulted in
economic gain.

The major reason for inereasing safety is, of course, a humanitarian
one. Obviously, no one wishes to be injured or to see another
person injured. From the humanitarian point of view, any injury
must be avoided if at all possible.

Added to the above considerations are the requirements that have
been imposed by federal regulations. The primary intent of the
regulations is to assure the greatest degree of safety possible
and thus reduce power press injuries. It is apparent from the
economic, humanitarian, and legal point of view that the concepts
of increased power press safety and reduction of injuries make
good common sense.

As stated earlier, the human factor must be accounted for in de-
pendable safety equipment design by removing it, the human element,
as .much as possible from the safety equation. Among human factors
to be considered are carelessness, thoughtlessness, deliberate
chance taking, fatigue, and illness. Other factors such as curiosity,
lack of knowledge, distraction, zeal, laziness, worry, and anger

fit into one or more of the primary factors. In systems that rely
upon human actions to make the operation safe, one or more of the
above factors will occasionally cause an improper action, resulting
in unsafe conditions. Removing the need for human performance

is the best way to eliminate these mistakes. Where human operations
are necessary, the design must require the proper human performance
before any cperation of the press is possible.

One human factor that need not be accounted for in the safecy equip-
ment design is the factor of sabotage. Sabotage means the deli-
berate, calculated, intentiomal efforts to render ineffective or
circumvent the protection afforded by the safety equipment. Manage-
ment disciplinary action is the proper mamnner to handle such be-
havior.
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In any discussion of power press safety, the terms brake monitor,
interlock, dependable design, reliability, redundancy, fail-safe,
and self-checking arise. These are very important concepts and
for that reason their definitions and relationships to mechanical
power presses are covered later in this document.

It must be emphasized that other safeguarding means may develop

to add to those covered in this document. As the state of the

art of power press safety advances, this will undoubtedly be the
case. As these new safeguarding -means evolve and are proven accept-
able, they may render some of the present safeguarding means less
desirable. Further, changing regulations may render some means
Obsolete. For example, present regulations prohibit the use of
sweeps as safepuarding mechanisms after December 31, 1976. Power
press users and manufacturers should be alert to new advances in
power press safety and changing regulations.



DESCRIPTION, CONTRCOLS, AND MODES OF OPERATION
OF THE MECHANICAL POWER PRESS

Description

In order to operate or maintain any machine safely, one should have
an understanding and knowledge of the characteristics and functions
of that machine. It is imperative, from a safety standpoint, that
any and all personnel involved with a mechanical power press be
armed with such understanding and knowledge.

One of the most common methods of cold forming metal into a useful
shape 1s by using a power press. A power press is a machine that
shears, punches, forms, or assembles metal or other material by
means of cutting, shaping, or combination dies attached to slides.
The major components of a2 press are a statiomary bed or anvil, and
a slide or slides having a controlled motion toward and away from
the bed surface, the slide being guided in a definite path by the’
frame of the press.

Power presses may be operated mechanically, hydraulically, pneu-
matically, or occasionally by some other method. These three major
methods share some sommon features; however, the scope of this
Guide is limited to mechanical power presses only {(Figures 1 and
2).

A mechanical power press operates on a reciprocating principle.

A clutech tramsmits the stored energy of the flywheel to the crank-
shafc. On the downstroke the crankshaft lowers the slide and attached
upper die to the work area, known as the point of operation. The
workpiece, having been fed into the die, is formed when the upper

and lower dies press together. On the upstroke the slide and upper
die are raised by the crankshaft, the newly formed workpiece is
removed, a new workpiece 1s fed into the die, and the process is
repeated.

Mechanical power presses have two basic designs: the straight

side frame (Figure 1), which is basically shaped like an "H" and
has numerous configurations, and the gap frame press (Figure 2),
which is shaped like a "C". The gap frame press is the more common.
It is usually lighter and has a lower tonnage capacity.

The gap frame group of presses is composed of:
1., Open back inclinable press (Jeint Industry Conference
designation "OBI')
2. Open back statiomary gap presses (Joint Industry Conference
designation "OBS™)
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3. Adjustable bed presses, including horu presses (Joint
Industry Conference designation "AB")

4, Closed back staticnary gap presses (no Joint Industry
Conference designation). These presses are sometimes
referred to as "deep throat presses’.

A knowledge of mechanical power press nomenclature is very beneficial
in the study of power press safety. For that reason, the components
listed below are defined. Refer to Figures 3 and 4 for physical
location eof the components.,

l. FRAME ~ The frame is the heavier part of the press on
which are mounted all working parts of the machine. On
larger presses, the frame is composed of several parts,
commonly called the bed, the uprights and the crown. All
are secured together with tie rods or bolts.

2. BASE - The base is the cradle or fixture that supports
the press. :

3. BED - The bed is the work area of the press frame that
supports the bolster with the lower die.

4. TFLYWHEEL - The flywheel is a device used to store energy
until needed to turn the crankshaft during a stroke of
the press. It is usually belt driven by an electric motor
and runs continuously.

5. BOLSTER PLATE - The bolster plate is attached to the top
of the bed of the press and has drilled holes or T-slots
. for atraching the lower die or die shoe.

6. CONNECTING ROD - The connecting rod is a member that is
fastened to the crankshaft by a bearing at one end and
to the slide at the opposite end by an adjustment screw

© or bearing. The connecting rod changes the rotary movement

of the crankshaft to the up and down movement of the slide.
The working height of the slide can be adjusted by means
of the adjustment screw. Other terms used for the con=~
necting rod are pitman, strap, Oor screw.

7. SLIDE - The slide is the working member of the press that
is connected to the lower end of the connecting rod and
travels up and down in relation to the bolster plate and
lower die. The upper die is attached to the lower part
of the slide. Other names for the slide are ram, plunger,
platen, and punch.



COUNTERBALANCE - The counterbalance is a device that balances
or supports the weight of the connecting rod, slide, and
slide attachments. The proper function of the counterbalance
is to ensure smooth press stroking. Therefore, as heavier
dies are attached to the slide, the counterbalance pressure
should be adjusted accordingly. A counterbalance is not

to be used instead of an adequate brake. '

CLUTCH - The clutch is the coupling mechanism used on a
mechanical power press to coupie the flywheel to the crank-
shaft, either directly or through a gear train. The two
types of clutches usually used on mechanical power presses
are the positive or full revolution clutch and the part
revolution friction clutch. ‘ ‘

(A) Positive or Full Revolution Clutch - A& positive or full
revolution clutech is a type of clutch that, when engaged,
cannot be disengaged until the crankshaft has completed a
full stroke. Positive type clutches are almost always full
revolucion types. Usually an engaging device releases
spring pressure to move engaging members which by nature
require a full revolution before they can be disengaged,

- generally by a throw=out cam arrangement which is part

of the clutch mechanism. Since a positive or full revol-
ution clutch must make a full revolution before it can

.be released, presses equipped with this type clutch are

a greater safety hazard than presses equipped with a part
revolution friction clutch.

(B) Part Revolution Friction Clutch -~ A part revolution
friction clutch is a type of clutch that can be disengaged
at any point before the crankshaft has completed a full
revolution and the slide a £full stroke. Part revolution
clutches are usually air engaged and are usually friction
type mechanisms, although some types of positive engagement
clutches are capable of being disengaged during the stroke
of the slide. Other types of clutches, such as magnetic

or hydraulic engaging, are sometimes used for part revolu-
tion operatiom.

BRAKE - The brake is the mechanism used on a mechanical
power press to stop the crankshaft and slide and hold them,
either directly or through a gear train, when the clutch

is disengaged. The brake may be a constant drag type
{(typical on a positive or full revolution clutch press),
or may be a type disengaged while the clutch is engaged
(most typical on a part revolution friction clutch press).



11. CRANKSHAFT - The crankshaft converts the rotary motion
of the flywheel to the up and down motion of the connecting
red and attached slide.

12, TIE RODS - Tie rods extend from the top of the crown through
the uprights to the bottom of the bed. They prevent the
crown from lifting off the uprights and also maintain
alignment of press components.

13, CUSHIONS - Cushions provide holding pressures for draw
jobs and workpiece ejection. They are located in the
press bed and transmit their pressure. through the bolster
plate by pins. In some cases they may be built into the
slide. Cushions can obtain their pressure by pneumatic,
hydropneumatic, or hydraulic means. :

14. GIBS - The gibs guide the slide and hold it in correct
alignment with the bed and bolster.

The above definitions apply to the major compecnents of a mechanical
power press. For a more comprehensive llsting of press terms,
refer to Section F.

Press Controls and Modes of Operation

The word press control refers to all those mechanisms on a press
needed to comtrol the press and its attachments in every mode of
operation. These mechanisms usually include motor starters, slide
adjusting motors, air valves, a clutch, a brake, relays, mode selec~-
tors actuators, start buttons, stop buttons, crank position sensors
such as a cam operated limit switch, air pressure sensor, automatic
lubricators, and may include die cushions, counterbalances, and

a host of other accessories. These mechanisms are usually all
mounted in, or attached to, a large control box, which is mounted
on the frame of the press. Some mechanisms provide only control
over the motor. Others provide control over the stroking of the
press as well, by means of the clutch and brake.

The purpose of the stroking control is to provide a number of dif-
ferent modes of operation or ways of causing the slide to move up
and down, to satisfy the needs of die setting, maintenance, and
different types of production work. The modes usually supplied

by the manufacturer of the press are "0ff" (no movement possible),
"Single Stroke" (one complete closing and opening movement each
time the actuator is operated), "Continuous" (multiple closing

and opening movements each time the actuator is operated, ending
when the actuator is released or when a special stop button is
depressed) for production; and "Bar" (turning the flywheel and
crankshaft manually with a lever), and/or "Jog" (momentarily ener-
gizing the motor with the clutch engaged), and "Inch" (momentarily
engaging a part revolution clutch to make a partial closing movement)
for die setting and maintenance.
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Much time, paper, and ink has been expended in the past in attempts
to place safety raquirements oun these modes of operatiom. The appli-
cation of systems design techniques used in this Guide, however,

has shown this to be an inefficient and sometimes overly restrictive
approach in terms of preventing point of operation injuries.

The basic danger present in the point of operation of a mechanical
power press is that of being caught in the moving parts between

the slide and bolster. This hazard only exists when these parts

are open and about to close. The hazard is more or less capable of
- injuring a2 man in any mode of operation, so long as the flywheel is
capable of delivering sufficient energy to crush the body. Thus the
mode of operation has no bearing on the need for point of operation
safeguarding,

The fact is that most safeguarding systems are capable of being
used efficiently and practically in more than one mode of operationm.

Thus the essential criteria are that a safeguarding system, capable
of preventing point of operation injuries, be functioning whenever
the slide is capable of, or in the process of, moving toward the
bolster.

This Guide does not make specific recommendations of a given safe-
guarding system for every mode of operation. It is left up to you
to consider the Safeguarding System Requirements in the next pages,
and the information contained in Tables 3 and 4 of Section B, to
ensure that whenever any of your presses are used in any of their
modes, all your workers are protected from their hazards by a func-
tioning safeguarding system. The best way to accomplish this is,
of course, to build press controls so that the mode selectors auto-
matically select a safeguarding system in every position.
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Figure 1. -~ View of straight side frame mechanical power press.
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Figure 2. - View ¢f gap frame mechanical power press (barriers removed for

claricy).
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- SECTION B
SAFEGUARDIHG SYSTENS

SUBSECTION 1. - SAFEGUARDING SYSTEMS REQUIREMENT LISTS

The following lists give complete safeguarding systems design require-
ments for each safeguarding system presently in common use on mechanical
power presses. These requirements are the result of rigorous applica-
tion of the systems approach to each safeguarding system. This work

was performed under the same contract as produced this Guide, and

is detailed only in a separate report which may be obtained from

NIOSH. Throughout this work, safety requirements for the machine

were maximized by application of "dependable' design to every system
wherever possible, in order to minimize all safeguarding dependence

on human action.

The applicable requirements should be read and understood by all personnel
responsible for press safety. These people will need to work closely
with production, engineering, and management in order to incorporate

the requirements on machines in your plant and especially to specify

new machines which will satisfy these requirements. In every case,

total use of all these requirements will result in optimum safety.
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GENERAL SAFEGUARDING SYSTEM REQUIREMENTS

These requirements pertain to all machines and are part of the safe-
guarding systems covered in the following sectioms.

1.

10.

11.

The power disconnecting means must be mounted on or next to
each press and be capable of being locked in the "Off" position
only.

A means that automatically disconnects power and prevents auto-
matic press restarting due to a power or air pressure loss must
be provided.

The motor starting means must be protected against accidental
activaction.

Power supplied at any controlling means of the machine must

be no more than a nominal of 120 VAC supplied by a transformer
with an isolated secondary or a nominal 240 VDC. Exception:
motor starters with integral motor start-stop buttons may use
line voltage.

All electrical press wiring must be in compliance with the
requirements of 29CFR 1910.309 as applicable.

Air controlling equipment must be supplied with air frese of
foreign material and water and lubricated when needed.

All pressure vessels must be-in compliance with the requirements
of the American Society of Mechanical Engineers Code for Pressure
Vessels, 1968 edicion.

All hydrauli; equipment must be designed to assure that the
safe working pressure rating of any component is not exceeded
by any pressure developed by any use of the press.

8lide counterbalance systems, if supplied, must be designed to
contain any broken parts and arranged to prevent the sudden loss.
of that function due to a component failure in the system or

air supply failure.

All actuators must be designed to minimize operator fatigue
and discomfort and protect agaimst unintentional operation.
This protection should not be a hindrance toc the operator.

Mode selectors which control whether a given safeguarding system

is in use or control which system is in use must be capable
of being supervised. A key lock switch meets this requirement.
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12.

13.

14,

15.

16.

17.

18.

19.

20.

Mode selectors which control which safeguarding system is in
use must be clearly marked to indicate which system is in use
at each position of the selector. '

If a mode selector is provided which does not automatically
preclude operation without a functional safeguarding system
in every selector position, a system of inspectionms, records,

and supervisory control must be maintained to ensure that whenever
the press .is operated a safeguarding system capable of preventing

worker point of operation injuries is in use.

The materials used in any barrier must provide maximum die
visibility consistent with other requirements.

Materials and components used in any safeguarding system must
be of sufficiently rugged construction to reduce the chance

of failuyre, the incentive to modify the system, and the proba-
bility of loss of safeguarding function.

The mechanisms of any interlocks required for the safeguarding
performance of a safeguarding system must be difficult to
¢ircumvent.

If a friction clutch is 'supplied, it must not be subjeect to
either uninitiated strokes, or repeat strokes, due to sudden
failure.

If a positive clutch is supplied, a system of inspections,
records, and supervisory controls must be maintained, and a
record of an inspection of the clutch and brake and needed
repairs must be made weekly, in order to minimize the possi-
bility of an uninitiated stroke. In addition, the workers
responsible for making these inspections must be thoroughly
trained in the operation, maintenance, and failure modes

of the type of positive clutch involved.

Every system must be provided with a brake capable of stopping
the slide quickly and of holding it and its attachments 1in

any position, without the assistance of a counterbalance.

All brakes must be designed to eliminate the possibility of
sudden loss of function due to the failure of a single compo-
nent. All brakes must be set by multiple, guided, compression
springs. ‘

Any provision in the press for turning the crankshaft manually
by means of a lever or bar must preclude the possibility of
inserting the bar while the flywheel is in motion. Holes
provided for the bar must not be located in the crankshaft,
but may be located in the flywheel.



2L,

22,

If the press is provided with a "Bar" mode to trip the clutch
with the motor de-energized, it must incorporate a mechanism

which prevents the motor from re-energizing unless the clutch
is disengaged and a separate ""Bar' actuator must be provided

for tripping the clutch.

Safety blocks must be provided for use whenever dies are adjusted
or maintained on every press. They must either be designed

to withstand full force of the press stroke or be interlocked

to prevent a powered press stroke whenever they are in the

press. A training program and a2 system of supervisory control
must be instituted and maintained to inform all workers respon-
sible for die setting or maintenance and supervision, of the

need to use safety blocks and to ensure that they are used. .
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BARRIER OR ENCLOSURE SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems.which prevent workers from entering the point
of operation by placing a statiomary obstruction between workers
and hazards. '

Performance Requirements for All Mechanical Power Presses

1. All systams must meet the general safeguarding system Tequirements
for mechanical power presses.

2. When the complete system, including die, workpiece and barriers
is in place, all opening in and between the die, workpiece,
barriers, and press components must be so small that no worker
can pass any part of the body through them and into the point
of operation hazards. In addition, all openings larger than
2 inches must meet the requirements of Table 2, for the other
dimension.

3. The barrier(s) must be securely attached with fasteners that
are not readily removed or provided with interlocks and a press
control to preclude tripping whenever they are not in their
protective position. If interlocks are provided, the system,
including but not limited to, interlocks, press control, and
clutch and brake, must of "dependable' design.

4., If an interlocked barrier is provided, then it must be designed
so that it cannot be used for press feeding. (See GATES)

5. The barrier must eliminate all‘pinchihg and shearing hazards
which could be created between the barrier and the moving parts
of the press.

6. Materials used in a barrier safeguarding system must be suffi-
ciently rugged to minimize the chance of a failure, and loss
of safeguarding function.

7. An additional safeguarding system must be provided to protect
workers during die setting, maintenance, and other procedures
where this system cannot be used.

8. A safety training program must be instituted and maintained
to ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and deciding whether barrier
safeguarding will be utilized, or adjusting a barrier for a
given job fully understand all the above design requirements.
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9.

A system of inspections, records, and supervisory concrols

must be maintained on each machine and a record must be made

of an inspection of the system at the beginning of each shift,
after each die change, and after each maintenance, modificacion,
or adjustment of the barrier to ensure its continued use, applica-
bility, and conformance with the above design requirements.
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TYPE A GATE SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems where a movable barrier opens for the purpose
of manual feeding and encloses the point of operation prior to stroke
initiation and remains closed until the motion of the slide ha
ceased. ‘

Performance Requirements for Use on All Mechanical Power Presses

The system must meet the general safeguarding system requirements
for mechanical power presses.

The gate or movable barrier must be locked closed before stroke
initiation is possible and remain locked closed until the ram
has come to rest at the completicn of its motion.

When the gate or movable barrier is in its closed position,
all openings in and between the gate, supplemental barriers,

" and press components must be so small that no worker can pass

any part of the body through them and into the point of operation
hazard and, in addition, the opening between the closing edge(s)
of the movable barrier(s) and the adjacent bolster plate, supple-
mental barrier, or workpiece, must meet the requirements of

Table 2.

Supplenental barriers must be used to enclose the point of oper-
ation where needed and they must either be interlocked to prevent
tripping whenever not in their protective position or be perma-
nently attached employing fasteners not readily removable.

The gate and supplemental barriers must eliminate all pinching
and shearing hazards which could be created between them and
the moving parts of the press. '

Operation of the gate mechanism must not cause undue worker
fatigue.

The gate must not present any hazard to the operator from which
he is not protected by another means.

. The movable barrier's speed should be as fast as possible,

consistent with other requirements, to minimize incentives to
modify the system.

The system must be provided with a mechanism, which, when the
system is removed from its effective position for the purpose
of die setting and maintenance, either precludes tripping the
clutch or automatically selects ancther safeguarding system.



10.

11.

12.

13.

The system, including, but not limited to, interlocks, locks,
motion sensors, gate mechanism, and press controls must be
of "dependable" design to assure continued protective function.

If the gate safeguarding system 1s not used, additional safe-
guarding means must be provided for worker protection from
point of operation injuries during die setting and maintenance

procedures.

A safety training program must be instituted and maintained

to ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and deciding whether Type
A gate safeguarding will be utilized for a given job fully
understand all the above design requirements.

A system of inspections, records, and supervisory controls

must be maintained on each machine and a record must be made

of an inspection of the system at the beginning of each shift,
after each die change, and after each maintenance, medification,
or adjustment. of the gate or supplemental barriers to ensure

its continued use, applicability, and conformance with the
above design requirements.. :
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TYPE B GATE SAFEGUARDiNG SYSTEM REQUIREMENTS

SCOPE - Those systems where a movable barrier copens for manual feeding
and encloses the point of operation prior to stroke initiation and
prevents the operator from reaching into the point of operation

prior to cessation of slide motion during the downstroke.

Performance Requirements for Machines Equipped With
a Positive or Full Revolution Clutch

This system must not be used alone on presses equipped with positive
or full revolution clutches.

Performance Requirements for Presses Equipped With
Part Revolution Friction Clutches

1. The system must meet the general safeguarding system requirements
for mechanical power presses,

2. a. The system must be equipped with interlocks and used with
a press control to prevent tripping the clutch unless the
gate is closed and be equipped with locks to prevent workers
from opening the gate whenever the slide is in motion and
be equipped with a brake monitor arranged to prevent further
strokes whenever deteriorated stopping performance results
in slide top-stop overrun greater than 1/4 inch of slide
movement, OT

b. The system must be equipped with interlocks and a press
control to both prevent tripping the clutch unless the
gate is closed and disengage the clutch and apply the brake
automatically whenever a worker cpens the gate while the
slide is in motion and be located at a sufficient safety
distance in inches, equal to or greater than (system stop
time in seconds) x (63 inches/second) from the nearest
point of operation hazard and be equipped with a brake
monitor arranged to prevent further strokes whenever deter-
lorated stopping performance results in an inadequate safety
distance. '

3. When the gate or movable barrier is in its closed position,-
all cpenings in and between the gate, supplemental barriers,
and press components must be so small that no worker can pass
any part of the body through them and into the point of operationm,
and in addition, the opening between the closing edge of the
movable barrier and the adjacent bolster plate, supplemental
barrier, or workpiece, must meet the requirements of Table 2,
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10.

11.

12.

13,

Supplemental barriers must be used to enclose the point of opera-

tion where needed and must either be interlocked to prevent trip-
ping whenever not in their protective positiom or be permanently
attached employing fasteners not readily removable.

Operation of the gate mechanism must not cause undue worker . fatigue.

The gate must not present any hazard to the operator from which
he is not protected by another means.

The movable barrier's speed should be as fast as possible, con-
sistent with other requirements, to minimize incentives to modify
the system.

The system must be provided with a mechanism, which, when the

system is removed from its effective position for the purposes
of die setting and maintenance, either precludes tripping the

cluteh or automatically selects another safeguarding system.

The safeguarding system, including gate mechanism, interlocks,
brake monitor, clutch, brake, and press controls must be ''de-~
pendable” design to assure continued protective function.

If the gate safeguarding system is not used, additional safeguarding
means must be provided for worker protection from point of operation
injuries during die setting and maintenance procedures.

The gate and supplemental barriers must eliminéte all pinching
and shearing hazards which could be created between them and
the moving parts of the press.

A safety training program must be instituted and maintained to
ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and deciding whether Type

B gate safeguarding will be utilized for a given job fully under-
stand all the above design requirements.

A system of inspections, records, and supervisory controls must
be maintained on each machine and a record must be made of an
inspection of the system at the beginning of each shift, after
each die change, and .after each maintenance, modification, or
adjustment of the gate or supplemental barriers to ensure its
continued use, applicability, and conformance with the above
design requirements.
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PULLOUT SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems which use a slide-operated mechanism to pull
a worker's hands out of the point of operation before the dies
close.

10.

11.

12.

System Requirements for All Mechanical Power Presses

The system must meet the general safegﬁarding system requirements
for mechanical power presses.

The system must be édjpsted to withdraw the worker's hands

. before a hazard is created in the point of operation.

The pullouts must be directly operated by the slide.

The maximum withdrawal of the pullouts must limited to 16 inches
by system design.

The maximum rate at which the pullouts may withdraw the hands
nust be limited to 28 inches per second by system design.

The pullout mechanism, cables, hand -attachments, and other‘
hardware must be ruggedly constructed.

The pullout hand attachments must be designed to minimize the
possibility of falling off.

Each hand attachment must be clearly marked with the hand for
which it is intended to preclude worker injuries from the hazard
of the pullout caused by placing them on the wrong hands.

The clutch must be tripped by concurrent application of each
pullout protected hand to a separate mechanism. It must be
impossible to operate these mechanisms by any means except
application of these hands.

Every die must be designed and set to elimipate all protrusions
which would be capable of catching the hand attachments or
cables.

A separate safeguarding system must be provided in combination
with every pullout safeguarding system to protect operators,
helpers, and passersby who are not protected by the system

and to protect workers during die setting, maintenance, and
other procedures where this system cannot be used.

Materials used 1in suypplemental barrier safeguarding must be
sufficiencly rugged to minimize the chance of failure or loss
of safeguarding functiom.
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13.

14.

15.

All workers responsible for die setting, maintenance, inspection,
adjustment, die design, and supervision must be thoroughly
trained in the usage, maintenance, and the above safety design
requirements of the system. '

All workers who will use the pullouts must be thoroughly trained
in the need for, use of, and proper operation of the system.
These workers must be instructed to immediately cease work
whenever the system appears to them to be operating improperly,
and so inform their supervisor.

A system of inspections, records, and supervisory controls

must be maintained on each machine and a record must be made

of an inspection and adjustment of the system at the beginning

of each shift, after each die change, whenever operators or helpers
are changed, and after each maintenance, modification, or ad-
justment of the pullout to ensure its continued applicability,

use, and conformance with all the above design criteria.
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RESTRAINT SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those Systemé which prevent the worker from reaching into
the point of operation through limiting movement of the worker's
hands by means of attachments to the hands.

Performance Requirements for All Mechanical Power Presses

1. The system must meet the general safeguarding system requlrements
for mechanical power presses.

2. The system must be adjusted to prevent the worker from reaching
into the point of coperation any time during press operation.

3. The restraining hand attaclments, cables, and other hardware
must be securely attached in a fixed position and must be suffi-
ciently rugged to withstand continued use without stretching
or breakage.

4. The restraint hand attachments must be designed to minimize the
possibility of falling off.

S. A separate safeguarding system must be provided in combinaticn
with every restraint safeguarding system to protect operaters,
helpers, and passersby who are not protected by the system and
to protect workers during die setting, maintenance, and other
procedures where this system cannot be used.

6. Materials used in supplemental barrier safeguarding must be
sufficiently rugged to minimize the chance of failure and loss
of safeguarding functions.

7. All workers responsible for die setting, maintenance, inspection,
adjustment, and supervision must be thoroughly trained in the
usage, meintenance, and the above safety design requlrements
of the system.

8. All workers who the restraints are intended to protect must be
thoroughly trained in the need for, use of, and proper operation
of the system. These workers must be instructed to immediately
cease work whenevar the system appears to them to be operating
improperly, and so inform their supervisor.

9. A system of inspections, records, and supervisory controls must
be maintained on each machine and a record must be made of an
inspection and adjustment of the system at the beginning of
each shift, after each die change, whenever operators or helpers
are changed, and after each maintenance, modification, or adjustment
of the restraint to ensure its continued applicability, .use,
and conformance with all the above design criteria.
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TWO-HAND TRIP SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems which require the use of two hands, each one
on a separate remote actuator, to inltiate tripping every stroke
of a mechanical power press.

Performance Requirements for Mechanical Power Presses
Equipped With a Positive or Full Revolution Clutch

*Two-hand trip safeguarding systems must not be used alone to safe-
guard presses equipped with a positive or full revolution clutch.

Performance Requirements for Mechanical Power Presses
Equipped with a Part Revolution Friction Clutch

The system must meet the general safeguarding system requirements
for mechanical power pressas.

The system must either

a)

b)

Be equipped with a mechanism which monitors system start

time and precludes further strokes whenever the start time

is exceeded by a preset time increment, and this increment
must be included in the system start time used to calculate
the safety distance, and provide a safety distance, measured
from the nearest point of operation hazard to the nearest
part of each hand when it is in its normal operating position
on each actuator, equal to or greater than that required

by the following formula:

Safety distance in inches = the sum of the system
start time, measured from the instant the actuators are
operated to the instant the crankshaft has accelerated
to one-half its maximum rotatiomal velocity, plus the time
needed for the press to complete the downstroke, plus the
start time monitor increment, in seconds, multiplied by
the hand reach speed constant of 63 inches per second
or,

Be equipped with a mechanism which requires the continued
presence of each hand on each actuator, in order to trip
the clutch, until the mechanism senses that the crankshaft
has reached one-half its maximum rotational velocity, and
provide a safety distance, measured from the nearest point
of operation hazard to the nearest part of each hand when
it is in its normal operating position on each actuator
equal to or greater than that required by the following
formula:
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*3.

*4.

*5.

10.

Safety distance in inches = the time needed for the
press to complete the downstroke, in seconds, multiplied
by the hand-reach speed constant of 63 inches per second.

The system must be equipped with a brake monitor arranged to
prevent further strokes whenever deteriorated stopping perfor-
mance results in slide top-stop overrun greater than 1/4 inch
of slide movement.

The system must be so designed, constructed, and arranged that
application of one hand to each of the twe hand actuators within
one-half second of each other is required to initiate avery
stroke of the press; and otherw1se, the system must prevent

the clutch from tripping.

The two-hand actuators must be so designed, constructed, and
arranged that the only probable means of operating both actua-
tors within one-half second is by the two hands of a single
worker., It must not be possible to operate both mechanisms
within one-half second of each other by means of a falling
object or with any other parts of the body.

The operation of multiple actuator pairs need not be simultaneous
between pairs, but must bte concurrent to initiate tripping.

Consistent with the safety distance requirement, the position
of the two-hand actuators must prevent the hands and all other
parts of the body from being in the point of operation during
the downward stroke of the slide. Specifically, they must

not be mounted above the slide on an inclined press.

The system, including, but not limited to, actuators, press
controls, clutch, brake, brake monitor, and start time or starting
monitor, must be of "dependable'" design.

Another safeguarding system must be used in combination with
every two-hand trip system to provide point of operation pro-
tection to helpers and passersby during all operations and

to protect workers during die set-up, maintenance, and contin-
uous mode or other operations not protected by this system.

If sufficient safety distance for every die or work set-up
used in the press is not- provided by fixed mounting of the
actuators, a system of inspectlons, records, and supervisory
controls must be maintained, and a record must be made of an
inspection of the system at the beginning of each shift, after
each die change or modification, and after each movement of
the actuators, to ensure that adequate safety distance is
maintained. In addition, those workers responsible for die
setting, maintenance, die design, supervision, and location

of the actuators must be thoroughly trained in the above safety
distance requirements.

*Exceeds 29CFR 1910.217. B-15



TWO-HAND CONTROL SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems which require the use of two hands, each

on a separate remote actuator, to initiate tripping of a mechanical
power press, and continued presence of the hands on the actuators
in order to continue and complete any downstroke of the slide.

Performance Reqﬁirements for Mechanical Power Presses
Equipped With Positive or Full Revolution Clutches

Two-hand control safeguarding systems must not be used alone on presses
equipped with a positive clutch, and cannot be used on presses equipped
with a full revolution clutch.

Performance Requirements for Mechanical Power Presses
" Equipped With a Part Revolution Frictiom Clutch

1. The system must meet the general safeguarding system requirements
for mechanical power presses, ’

2. Removal of either of any worker's hands from an actuator during
any and every downstroke of the slide must quickly de-activate
the clutch and apply the brake to stop slide motion. Re-initiation
of such an interrupted stroke must require release and subse-
quent simultaneous operation of both actuators..

3. Each actuator must be located at a safety distance measured
from the nearest point of operation hazard to the nearest part
of each hand when it is in its normal operating position on
each actuator sufficient to meet the following requirement:

Safety distance = system stop time x 63 inches/second

4. The system must be equipped with a brake monitor arranged to
prevent further strokes whenever stopping performance has deter-
iorated beyond a preset time increment. This time increment
must be added to the system stop time when calculating and
setting safety distance.

*5, The system must be so designed, constructed, and arranged that
application of ome hand to each of the two hand actuators within
one-half second of each other is required; and otherwise, the
system must prevent the clutch from tripping.

%#6. The two hand actuators must be so designed, constructed, and
arranged that the only probable means of operating both actuators
within one-half second is by the two hands of a single worker.

It must not be possible to operate both mechanisms within one-
half second of each other by means of a falling object or with
any other parts of the body.
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10.

11.

The operation of multiple actuator pairs need not be simultaneous

" between pairs, but must be concurrent to initiate tripping.

Consistent with the safety distance requirement, the position
of the two hand actuators must prevent the hands and all other
parts of the body from being in the point of operatioun during
the dowmward stroke of the slide. Specifically, they must

not be mounted above the slide on an inclined press.

The system, including, but not limited to, actuators, press
controls, clutch, brake, and brake monitor, must be of "depend-
able" design.

Another safeguarding system must be used in combination with
every two-hand control system to provide point of operation
protection to helpers and passersby during all operations and
to protect workers during die set-up, maintenance, or other
operations when they are not protected by this system.

If sufficient safety distance for every die or work set—up
used in the press is not provided by fixed mounting of the
actuators, a system of inspections, records, and supervisory
controls must be maintained, and a record must be made of an
inspection of the system at the beginning of each shift, after
each die change ot modification, and after each movement of
the actuators, tc ensure that adequate safety distance is
maintained. In addition, those workers responsible for die
setting, maintenance, die design, supervision, and location

of the actuators must be thoroughly trained in the above safety
distance requirements.

*Exceeds 29CFR 1910.217.
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PRESENCE SENSING SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE: Those systems which create a remote sensing field between
workers and point of ¢peration hazards, preventing injury whenever
a worker's presence is sensed in the field by preventing tripping,
or initiating a stopping signal during the downstroke if a worker's
presence is sensed in the field.

Performance Requirements for Mechanical Power Presses
Equipped with Positive or Full Revolution Clutches

This safeguarding system cannot be used on machines equipped with a
positive or full revolutien. clutch.

Performance Requirements for Mechanical Power Presses
Equipped With a Part Rewvolution Frictiom Clutch

1. All systems must meet the general safeguardlng system requlrements
for mechanlcal power presses. :

2. The system must prevent tripping the clutch whenmever a worker's
presence is sensed.

3. The system must quickly disengage its clutch, apply its brake,
and decelerate the slide to a stop, whenever a worker's presence
is sensed during the dowmstroke.

4. The system must not be affected by external fields, foreign
materials, or ambient conditions.

5. The design of any presence sensing device must provide a sensi-
tivity sufficient to detect the presence of a hand, or an object
of 2 inches in diameter, at any point in its sensing field.

6. All systems must be installed with the sensing field at a safety
distance from the nearest point of operation hazard sufficient
to meet the following requirement:

Safety distance (inches) = system stop time (seconds) x
63 inches/second

7. All systems must incorporate a brake monitoring mechanism which
is interlocked with the press control to inhibit furcther press
stroking once the stopping time has increased beyond a predeter-
mined time increment. This time increment must be added to the
system stop time for calculation and setting of safety distance.
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10.

11.

12.

13.

14,

15.

The presence sensing device must be marked with the maximum
reaction time of the device and this time must be included in
the system stop time for calculation and setting of safety
distance.

Every sensing device used in a presence sensing safeguarding
system must be marked by the manufacturer with the additiomnal
safety distance required to compensate for the device's minimum
sensitivity. The correct way of using this information in
setting safety distance must be supplied by the manufacturer

in written installatioun instructions, along with the correct
way of measuring the safety distance with respect to the ef-
fective position of the sensing field created by his device.

Supplemental safeguarding must be used to prevent the worker
from entering the point of operation from over, under, or around
the sensing field, whenever this possibility exists, and to
prevent any worker from standing between the sensing field

and the point of operation, without being sensed.

All gaps created in the sensing field for feeding material

or feeding equipment which create the possibility of any worker
entering the point of operation without detection, must be
safeguarded by supplemental safeguarding meauns.

If supplemental barriers are used as a supplemental safeguarding
means, they must be either interlocked to prevent tripping the
cluteh whenever they are not in their protective positions,

or they must be permanently mounted with fasteners not readily
removable. They must not create a shearing or pinching hazard
with the moving parts of the press.

The system, including, but not limited to, sensing’device,
interlocks, press control, cluteh, brake, and brake monitor,
must be of "dependable" design.

If the presence sensing safeguarding system is not used during
die serting, maintenance, and any other operations, an addi-
tional safeguarding means must be used to protect workers from
point of operation injuries at these times. In additiecn, visible
indicators and energy sources associated with the presence
sensing system must be automatically extinguished whenever

it is not in use.

If the system is provided with "sensitivity'" adjustments these
means must be locked and carefully supervised. The "sensitivicy”

‘adjustments must be regularly 1inspected by supervisory persomnel

and a record must be made of each inspection to ensure that
the sensitivity and the safety distance are sufficient to protect
all workers on every job setup.
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16.

If sufficient safety distance for every die or work setup used
in the press is not provided by fixed mounting of the sensing
device, a system of inspections, records, and supervisory controls
must be maintained, and a record must be made of an inspection
of the system at the beginning of each shift, after each die
change or modification,and after each movement of the sensing
device, to ensure that adequate safety discance is maintained.
In addition, those workers responsible for die setting, main-
tenance, die design, supervision, and location of the sensing
device must be thoroughly trained in the above safety distance
requirements.
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SWEEP SAFEGUARDING SYSTEM REQUIREMENTS
Sweep safeguarding systems must not be used as the sole safeguarding

system to protect the point of operation of any mechanical power
press after December 31, 1976.
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SAFE WORKPIECE SAFEGUARDING SYSTEM REQULREMENTS

SCOPE - Those systems which employ the workpiece and its nature as
a safeguarding mechanism.

System Performance Requirements on All Mechanical Power Presses

The system must meet the general safeguarding system requirements
for mechanical power presses.

a. The workpiece must be of such size or shape that the worker
cannot reach into the peoint of operation whenever the workpiece
is in position both before and after the work is performed,
or

b. The workpiece must be of such size, shape, and material
that it must be supported and held by a worker with at
least one hand whenever it is in the point of operatiom,
at such a distant point that the worker cannot reach iato
the point of operation with either hand or the workpiece
will be dropped or damaged, or

¢. The workpiece must be of such size or shape that it must
be held by beoth hands whenever it is in the point of operation
or it will fall. :

It must be impossible for the worker to support the workpiece
in such a manner that either hand can be placed in the point
of operatiom.

" The die must be designed so there is no need for any worker

to place his hand in the point of operation to remove parts
or scrap.

All dies or work setups must provide interlocks with the press
coutrol which prevent tripping unless the workpiece is in its
protective position.

Supplemental safeguarding must be supplied to protect the operater
or helper and other personnel where needed or an additional
safeguarding system must be used.

When provided as supplemental safeguarding, supplemental barriers
must be either non-removable or interlocked to prevent tripping
unless they are in their protective pesition. They must not
create a shearing or pinching hazard with the moving parts

of the press., '

The setﬁp and operation procedure must be designed to minimize
operator discomfort and fatigue.
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10.

11.

12.

The safeguarding system, including, but not limited to, interlocks,
press control, brake, and workpiece, must be of '"dependable"
design.

An additional safeguarding system must be provided in combination
with safe workpiece safeguarding for worker protection from

point cof operation hazards during die setting and maintenance
procedures and jobs which are not included in number 2 above.

A system of inspections, records, and supervisory controls
must be maintained on each machine and a record must be made
of an inspection of the system at the beginning of each shift,
after each die change, and after each modification or adjustment
of the workpiece or work method te ensure continued use, appli-
cability, and conformance with all the above requirements.

1
A safety training program must be instituted and maintained
to ensure that all workers who are responsible for supervisionm,
die design, die setting, and deciding whether safe workpiece
safeguarding will be utilized for a given job fully understand
all the above design requirements.
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SAFE OPENING SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems which require feeding the part into the die
through an opening in or between the dies and utilizing the die itself
as a means of safeguarding.

System Requirements For All Mechanical Power Presses

The system must meet the general safeguarding system requirements
for mechanical power presses.

a. The maximum width of the die opening must be less thaan 1/4
inch, or

'b. The maximum width of the opening above the material mustc be

1/4 inch with material in position in the die and interlocks
are provided to prevent press stroking until the material
is in its protective position, o

¢. The minimum width of the opening between‘unguafded portions
of the die, ram, bolster, or materials with the ram in the
closed position must be 3 inches.

Supplemental barriers must be used to prevent access to any

openings greater than 1/4 inch with the ram in the open pesition
and less than 3 inches with the ram in the closed position.

There must not be any hazard created between the workpiece or
supplemental barriers and any other part of the press or die
during operation. '

With the complete system, including die, workpiece, and supple-
mental barriers in place, all openings in and between the die,
workpiece, supplemental barriers, and press components must be
so small that no worker can pass any part of the body through
them and into any point of operation hazard.

The system, including, but not limited to, interlocks, press
control, clutch, and brake, must be of "dependable" design.

A separate safeguarding system must be provided in combination
with safe opening on the press for point of operation safeguarding
during die setting, maintenance, and jobs not meeting the require-
ments of 2 above. ' :

A safety training program must be ilnstituted and maintained

to ensure that all workers who are responsible for supervision,
die design, die setting, and deciding whether safe opening safe-
guarding will be utilized for a given job fully understand all
the above design requirements.
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9.

A system of inspections, records, and supervisory controls must

be maintained on each machine and a record must be made of an
ingpection of the system at the beginning of each shift, each

die change, and after each maintenance, modification, or adjustment
of the system to ensure its continued use, applicability, and
conformance with the above design requirements.
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REMOTE ACTUATOR SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems which require the use of a remote actuator to
initiate tripping of a mechanical power press and continued operation
of the actuator in order to continue and complete any downstroke of
the slide, used primarily for die setting and maintenance operations.

Performance Requirements for Mechanical Power Presses
Equipped with Positive or Full Revolution Clutches

Remote actuator safeguarding systems must not be used on presses
equipped with a positive clutch, and cannot be used on presses equipped
with a full revolution clutch. ‘

Performance Requirements for Mechanical Power Presses
Equipped With a Part Revolution Friction Clutch

1. The system must meet the general safeguarding system requirements
for mechanical power presses.

2. The system must prevent the clutch from tripping whenever the
actuator is not operated.

3. Release of the actuator during any and every downstroke of the
slide must quickly de-activate the clutch and apply the brake
to stop slide motion. Re-initiation of such an interrupted
stroke must require subsequent re-operation of the actuator.

4. The actuator must be mounted at a safety distance from the nearest
point of operation hazard sufficient to meet the following require-
ment:

Safety distance (inches) = [system stop time (seconds) x
63 inches/second)] + 72 inches
)
5. Sufficient safety distance for every die or work set-up used
in the press must be provided by fixed mounting of the actuator.

6. Consistent with the safety distance requirement, the position of
the actuator must prevent the hands and all other parts of the
body from being in the point of operation during the downward
stroke of the slide.

7. The system must be equipped with a brake monitor arranged to pre-
vent further strokes whenever stopping performance has deteriorated
beyond a preset time increment. This time increment must be added
to the system stop time when calculating and setting safety dis-
tance.
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The system, including, but not limited to, actuator, press con-
trols, clutch, brake, and brake monitor, must be of "dependable
design. .

Another safeguarding system must be used in combination with

every remote actuator system tc provide peint of operation pro-
tection to operators, helpers, and passersby during all operations
and to protect workers during die set-up, maintenance, or other
operations if they are not protected by this system.
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SCOPE - Those systems which allow die setting and maintenance operations

ZERO FLYWHEEL ENERGY BAR SAFEGUARDING SYSTEM REQUIREMENTS

to be performed by engagement of the clutch while manually turning
the Elywheel by means of a lever or bar, with the flywheel at rest.

1,

Performance Requirements for All Mechanical Power Presses

The system must meet the general safeguarding system requirements
for mechanical power presses.

Whenever the mode selectors are in the "Bar' mode, the system must
meet the following requirements:

2.‘

The system must incorporate a mechanism which is interlocked with
the press control to prevent engagement of the clutch unless the

flywheel 1s at rest.

The system must be interlocked with the motor starter to prevent
energization of the motor, unless the clutch is disengaged.

The system, including, but not limited to, the motion sensing
or timing mechanism, press control, motor starter, clutch, and
brake, must be of 'dependable" desigm. :

An additional safeguarding system must be incorporated in the
press to provide point of operation hazard protection to all
workers in every other mode of press operation.

A spring loaded turnover bar must be provided for use with the
system.

A safety training program must be instituted and maintained to
ensure that all workers who are responsible for supervision,
inspection, die design, and die setting fully understand the
need for and use of the spring loaded turnover bar.

A system of supervisory controls must be maintained on each

machine and a record must be made of an inspection of the system

at each die change to ensure the continued use of the spring
loaded turnover bar..
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ZERO FLYWHEEL ENERGY JOG SAFEGUARDING SYSTEM REQUIREMENTS

SCOPE - Those systems which allow die setting and maintenance operatiomns
to be performed through continuous engagement of the clutch and mom-
entary energization of the drive motor, with flywheel at or very near
rest.

Performance Requirements for All Mechanical Power Presses

1. The system must meet the general safeguarding system requirements
for mechanical power presses.

Whenever the mode selectors are 1n the "Jog" mode, the system must
automatically meet the following requirements:

2. The system must incorporate a mechanism which prevents tripping
the clutch whenever the flywheel is not at or very near rest, and
quickly de-energizes the motor whenever flywheel speed causes the
speed of the ram to exceed 2 inches per second.

3. The system, including, but not limited to, the motor starting
means, press control, and speed sensing or timing mechanisms,
must be of ''dependable' design.

4. An additional safeguarding system must be incorporated in the

press to provide point of operation hazard protectiom to all
workers in every other mode of press operatiom.
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SUBSECTION 2. - SAFEGUARDING SYSTEMS APPLICATION

Perhaps the most commonly used expression in any discussion of power
press safety is "point of operatiom”. There is good reason for this.
A large number of the injuries in pressrooms are injuries that take
place -at the point of operation. The injuries sustained involve the
loss of one or more fingers, with the loss of one ot both hands not
uncommon. While this Guide will not exclude coverage of other power
press hazards, major emphasis must be placed on the unique hazard,
the point of operation. The regulations define the point of operatiom
as '"the area of the press where material is actually positioned and
work is being performed during any process such as shearing, punching,
forming, or assembling’. The major hazard of the point of operation
is that of pinching or crushing between two sections of tooling which
close together within the thickness of the stock material under total
forces measured in toms, with tens and hundreds of tons very common
and thousands of tons not unusual. With or without material in the
tool there is no space available for amy part of the body such as

a finger or a hand. Other pinch points just as dangerous may exist
in the viecinity of the point of operation. These, however, differ
from the point of operation in one very important detail. These
pinch points can be eliminated by good safety design. This is not
true of the point of operation. 1Its very reason for being (to open
for insertion of stock material, toc close under great pressure to
make the part, and to open for removal of the finished part) pre-
cludes its being eliminated by careful design.

It must be emphasized that in any point of operation safeguarding
considerations, safety begins with the press and working conditions.
The characteristics of the press and working conditions must be taken
into account before the point of cperation safeguarding system can

be determined. An inventory should be taken of all presses that

need to be safeguarded, listing the characteristics and working
conditions of each cne. Tables 3 and 4 can be very useful tools

in listing such characteristies and conditions, as well as aids

in selecting the proper point of operation safeguarding syscem.

It is the responsibility of the press user (management) to provide

and ensure the use of a properly applied and adjusted point of opera-.
tion safeguarding system for every operation performed on a press,
consistent with the requirements of the dies being used, with the
feeding methods being used, with the type of stroking (single stroke
or automatic) being used, or other features unique to the operation,
$0 as to provide maximum protection to the press operator, helper,

and other persons who may be exposed to the hazard.

Just as the press itself if not functional until the user installs

his die unique to the product he 1s making, a complete, functional,
and safeguarded machine does not exist until the user installs a
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point of operation safeguarding system made mecessary by that operation,
and then further assures its use. Even if a form of point of operation
safeguarding exists prior to installation of the die, adjustment (for
instance of an adjustable barrier or pullout device) 1s usually neces-
sary for the particular operation.

From a systems engineering point of view, there are eight basic methods
for safeguarding the workers from the hazards of the point of operation.
These are:

1) Physically prevent entry of any part of the body into the point
of operation during the closing stroke.

2) Physically remove the worker should he be within the‘point of
operation during the closing stroke.

3) Locating stroke starting means so that the worker cannot reach
the point of operatiom.

4) Stop the slide motion should the worker enter the point of
operatlon durlng the c1051ng stroke (after-reach).

5) Prevent starting of the press stroke if the worker is within
the point of operation.

6) Assure that the maximum opening of the die does not exceed
safe conditions.

7) Assure that the worker, by virtue of the size or shape of the
workpiece, is prevented from access to the point of operation.

8) VUse such procedures and management control as to protect the
worker to the greatest extent possible. Since this method
relies heavily on human action to succeed, its use is discour-
aged and not recommended. Further, it is not in compliance
with the regulations.

Each of these methods differ in the manner of providing protection
for the worker. 1Indeed the last one, which has been widely used,

ignores the technical aspects- of safety. The other methods impose
technical requirements upon equipment design and construction (the
press and accessories to the press) in order to protect the worker.

Several systems are presently used to implement methods 1, 2, 3, 4,
and 5. They consist of barriers, gates or movable barriers, pullouts,
restraints, two~hand trips, two-hand controls, presence sensing, and
sweeps. Each of these will be discussed in this subsection. Methods
6 and 7 have unique and special requirements and their use will also
be discussed.
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Whatever point of operation safeguarding system is selected, it must
meet minimum performance requirements.

Every peoint of operation safeguarding system must:

1. Provide protection from injury, independent of adjustments
to the greatest extent possible.

2. Maintain a safe condition in the event of any probable failure.

3. Be reasonably difficult to sabotage, including minimizing the
incentive to sabotage.

4, Create no hazard for the workers in itself.



GENERAL MECHANICAL PCWER PRESS SAFEGUARDING SYSTEM INSTALLATION CHECKLIST
This general checklist should be completed whenever a safeguarding sy-
sten iIs installed. Also, the specific checklist for thar particular
. safeguarding system must be completed. These specific checklists are
located in this section at the end of each safeguarding system eva-
luation,

Does the system have:
Yes No
1. A lockable disconnect mounted omn or next to the machine?
2. An interlocked magnetic motor starter?
3. An interlocked low pressure air switch?

4. A protected motor start button?

5. A 120 VAC or less isolated transformer or 240 VDC or less
power supply for control components?

Note: Motor starters with integral start/stop buttons
may be of line voltage.

6. All press wiring in compliance with 29CFR 1910.309?
7. All mode selectors capable of being locked?

8. All meode selectors clearly marked with which safeguarding
system is in use?

9. A functional safeguarding system automatically selected in
every mode selector position, or, a complete set of inspec-
tion procedures,. ready for daily usage, to ensure that a
functicnal safeguarding system is always in use?

10. All interlocks designed and installed to be difficult to
circumvent?

11. Actuators which are easy to operate?

12. Actuators protected against unintentional operation?
13. Supply air that is clean and properly lubricated?

14. Air pressure vessels that meet ASME Code for Pressure

Vessels, 1968 edition?
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Yes

22.

23.

All hydraulic equipment used within its safe working pressure?
Rugged system components?
Maximum visibility comsistent with other requirements?

A brake that stops the slide quickly and holds the slide and
its attachments any place in the stroke?

A brake set with multiple compression springs?
Any counterbalances designed to prevent sudden loss of function?

a. A friction clutch designed to minimize sudden failures? or
b. A positive clutch that is thoroughly inspected and tested
for proper operation, and a complete set of inspection
procedures and reccords, ready for weekly inspection of
the clutch?

Every hole provided for barring the press located in the'flywheelh
and none located in the crankshaft?

Have either full tomnage safety blocks or interlocked safety
blocks, and a. training program and supervisery controls to.
ensure their use?

If the answer to any of the above questions is "No", the system must mot
be placed in service. ‘ )
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BARRIER OR ENCLOSURE SAFEGUARDING SYSTEMS
1. DESCRIPTION OF BARRIERS AND ENCLOSURES

Barriers can protect operators, helpers, and passersby from the hazards
of the point of operation. They do not protect die setters and main-
tenance men, and some other means of safeguarding must be used to
protect them. However an interlocked barrier, although increasing

time and effort for the job, can protect die setters and maintenance
men.

Barriers are mechanical fixtures that prevent the hands or fingers
from reaching through, over, under, or around the barrier into the
point of operation. They accomplish this by acting as an obstruction
between the hands or fingers and all access to the hazard. They do
not move or open and close with sach press stroke, With barriers,
feeding the press material into the point of operation directly by
hand is impossible, since the worker cannot place his hand in the
hazard zome at any time. Press feeding must be accemplished by aux-
iliary hand toels, feeding mechanisms, or chute.

Since most presses use many different sets of dies, each with a differ-
ent geometry, their barriers must either be adjustable in shape or
specifically designed for each job. A mimority of presses use dies
whose geometry 1s similar enough to allow one barrier to be used on

all jobs. ‘ '

The four general types of barriers presently in use are: <£fixed barriers
(Figure 5), adjustable barriers (Figure 6), die enclosure barriers
(Figure 7), and interlocked barriers (Figures 8 and 9). All barriers
must be either interlocked* or not removable. Since some part of the
barrier must be removable for die setting or maintenance, interlocks

are usually necessary.

A fixed barrier is a die space barrier that must be securely attached
to the press frame or bolster plate in a fixed position or is free
standing and which need not be adjusted when the die is changed.

An adjustable barrier is a barrier that must be securely attached .
to the press bed, bolster plate, or die shoe. It requires adjustment
for each job or die set-up. A die enclosure barrier is an snclosure
that must be securely attached to the die shoe or stripper, or both,

- in a fixed position. An interlocked barrier is any of the above
which is interlocked so that the press stroke cannot be started nor-
mally unless the barrier itself, or its hinged or movable section,

is in the protective position, enclosing the point of operation.

*Exceeds 29CFR 1810.217.
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2. USE OF BARRIERS

Barriers can be used on any mechanical power press job except those
with a hands in die requirement. Refer to Tables 3 and 4 for more
detailed informaticn as to the use of barriers.

3. INSTALLATION OF BARRIERS

The barrier should be so designed and installed on the press (or die
shoe or stripper in the case of a die enclosure barrier) that the
worker cannot reach through, over, under, or arcund the barrier into
the point of operation. The barrier must not be installed in such a
manner that it will weaken the structure of the press. It should be
durable and so constructed as to resist wear and shock and withstand
long use with ninimum maintenance. . It must present no hazard in itself
such as sharp corners, pinch points, rough edges, shear points, or
other injury sources.

The barrier should be high encugh to cover all pinch points between
the bolster and the slide. When installing barriers, fasteners must
be used that will make them not readily removable by the operator

with tools at his disposal. This can be accomplished by using special
rivets, screws, or other fasteners.. The barrier must be constructed
and installed in such 2 manner that will facilitate its inspection.
Barrier slots should be vertical since vertical slots allow better
visibility than horizomtal slots. Transparent barriers (shields)
should be kept free of scratches, grease, oil, dirt, or amny other.
material that would reduce visibility. Metal barriers should be
painted with flat black paint to eliminate reflectiomns. Painting

the dies with contrasting colors will aid visibility. Where practical,
a light source should be mounted in the press throat.

4. MAINTENANCE OF BARRIERS

Since barriers have no moving parts, they require little maintenance.
They should be repainted with flat black paint as required. A barrier
must be inspected when it is removed and then reinstalled, after any
repair work is performed on the barrier, when the barrier is modified,
when the barrier is adjusted, and when a barrier-related accident
occurs. A record of each inspection must be kept. The "Safety Inspec-
tion Checklist for Barrier or Enclosure Safeguarding Systems', shown

at the end of this discussion, can serve as such a record. The ''Barrier
or Enclosure Safeguarding System Installation Checklist", also shown

at the end of this discussion, should be completed when a barrier or
eanclosure safeguarding system is installed. It is imperative that

any barrier that is removed be reinstalled before attempting to operate
the press. If a barrier is damaged, 1t must be repaired or replaced
lmmediately.
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5. ADVANTAGES AND DISADVANTAGES OF BARRIERS

The following list of advantages and disadvantages, used in conjunction
with Tables 3 and 4 will assist the safety professional in reaching

a decision as to which safeguarding system is best suited for a parti-
cular mechanical power press.

A. Advantages of Barriers

[V, I o B PURY S

[sa]

7.

8.

"There is a low initial cost.

Little maintenance is required.

The barriers are mechanically simple.

Movement of the operator is unrestricted (both hands are free).
Interlocked barriers operate automatically to ensure that the
point of operation is enclosed before the press can stroke.
If properly installed, adjusted, and used, barriers protect
against repeat stroke, uninitiated stroke, unintended stroke,
delayed stroke, and intended stroke.

They offer partial protection from projectiles caused by
broken dies, etec.

They are protection from after-reach injuries.

B. Disadvantages of Barriers

1.

10.

1l.

They are limited to specific operations where the operator is
not required to have access to the point of operation.

They can be intentionally left off the press, making it possible
for the operator to reach into the point of operatlon under
any conditions (non-interlocked barriers).

Visibility may be limited.

They often must be custom—-made for each press.

Adjustable barriers create the risk of improper adjustment,
allowing the operator to be exposed to the hazard and to
after-reach into the point of operation.

They must be removable, creating the risk of inadvertent non-
replacement, which could expose workers to hazards at the
point of operation {non-interlocked barriers}.

When the production method is changed, the barrier usually

" has to be changed or modified.

Barriers may create incentives for sabotage or circumventiomn.
On a barrier equipped with an access door, the access door
can be left open, creating a possible entry to the hazard
area (non-interlocked barriers).

Tools and mechanisms used to feed a press equipped with a
barrier may create hazards.

The operator may feel that barriers hinder his efforts and
production.
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6. SAFETY CONSIDERATIONS

If the largest dimension of the barrier opening is less than 2 inches,
the distance from the nearest point of operation hazard must conform

to Table 1. Table 1 gives the distance between the barrier opening

and the nearest point of operation hazard for varying maximum dimensions.
(All shapes of barrier openings must be considered, e.g. square, round,
rectangular, diamond-shaped, etc.)

*TABLE 1 - MAXIMUM PERMISSIBLE BARRIER OPENINGS (2" OR LESS)

Distance of Opening Maximum Dimensicn of
From Nearest Point of. Opening, Inches
Operation Hazard, Inches

Under 1-1/2 1/
1-1/2 - 2 1/2 3/8
21/2 -4 _ ' 1/2
4 - 15 2

If any dimension of a barrier opening used for stock feeding is more
than 2 inches, the opening and its position must conform to Table 2.
Table 2 gives the maximum width of the barrier opening for varying
distances between the barrier opening and the nearest point of operation
hazard. All slot-like shapes of barrier openings must be considered,
e.g. elliptical, rectangular, narrow and curved, etc. Table 2 applies
to the widths of openings having any one dimension over 2 inches.

*Present regulations do not treat shapes of openings.

B-38



TABLE 2 - MAXIMUM PERMISSABLE WIDTHS OF BARRIER OPENINGS
(Having Any One Dimension More Than 2"

Distance of Opening - Maximum Width of
"From Point of Operation Opening, Inches
Hazard, Inches

1/2 to 1-1/2° 1/4
1-1/2 to 2-1/2 I s
2-1/2 to 3-1/2 1/2
3-1/2 to 5-1/2 5/8
5-1/2 to 6-1/2 ' 3/4
6-1/2 to 7-1/2 7/8
7-1/2 to 12~-1/2 ‘ 1-1/4
12-1/2 to 15-1/2 1-1/2
15-1/2 to 17-1/2 | 1-7/8
17-1/2 to 31-1/2 2-1/8

Adjustable barriers have provisiocns for adjusting their shape. This
allows the user to use the same barrier with more than one die or job.
However, adjustable barriers create the risk of improper adjustment;
thus the use of adjustable barriers is not encouraged. When they are
used, the following rules apply:

1) The adjustable barrier must be inspected for proper adjustment
each time an adjustment is made.

2) Records must be kept‘of each inspection and adjustment.

If the above rules are rigidly enforced, the risk of injury will be
reduced, but like any safeguarding device that requires human action

to succeed, the risk cannot be entirely eliminated. Adjustable protection
is nearly always undesirable. ’

An inherent shortcoming of all barriers is the fact that they must be
removable for die setting, scrap clearing, and maintenance. Without
constant human supervision, a worker will occasionally fail to replace
them, creating a dangerous situation. Periodic inspections and records
could reduce this risk, but they would not eliminate it. For this
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reason barriers must be equipped with interlecks to prevent starting
the press unless the barriers are in place. Interlocks must be installed
by a skillad person to minimize the possibility of their failure or
sabotage, allowing continued press operation in an unsafe condition.

A barrier is not intrinsically safe itself. Shearing and crushing
“hazards created by the barrier's close proximity to the reciprocating -
slide are often overlocked when the barrier is being fabricated. Also,
auxiliary tools and mechanisms necessary to feed a press equipped with
a barrier may create hazards. Hand tools may be caught in the closing
dies and crush the operator's hand between.themselves and the barrier
or another part of the press. Feeding mechanisms which move blanks

or strips into the die may create pinching, shearing, or in-running
nip point hazards within their own mechanisms or between themselves
and the press or barrier. These hazards must be eliminated by design,
or if impossible to eliminate, they must be adequately guarded against.

Although barriers themselves have no moving parts and are thus free
from failure due to wear, the material handling equipment used to
transport stock and dies often damages them. For this reasomn, all
damaged barriers must be inspected and repaired, and a record kept
of such inspections and repairs.

It should be noted here that if a press is fed through an interlocked
barrier, it is a gate and not a barrier and therefore must meet the
requirements of a gate. ‘ ‘

Figure 5. - A fixed barrier. Figure 6. ~ An adjustable barrier.
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Figure 7. - A die enclosure barrier. Figure 8.

- An interlocked cpening
in a barrier.

Figure 9. - Gap frame press equipped with
interlocked barrier.
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BARRIER OR ENCLOSURE SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a barrier or enclosure safe-
guarding system is installed.

Yes

No

Does the system:

3.

4 L]

Meet the general power press safeguarding system require-
ments (page B-2)? ‘

Meet the requirements of Table 2 for all openings with
any one dimension larger than 2 inches?

Prevent all wotkers from reaching into any point of operation
hazard?

Have all barriers interlocked or permanently attached?

Complete the following question if interlocks are used:

3.

9.

Have interlocks and press control of "dependable'" design

and a design which precludes press feeding through opening
and closing c¢f the barrier?

Have an additional safeguarding system for die setting and
maintenance?

Eliminate all shearing and pinching hazards between the
barrier and the slide and die?

Have a safety training program instituted and maintained to

ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and operation or adjust-
ment of the barrier fully understand all the above design
requirements?

Have a daily inspection, records, and supervisory controls
on each machine?

If the answer to any of the above questions is '"No', the system must
not be placed in service. ‘
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SAFETY INSPECTION CHECKLIST FOR
BARRIER OR ENCLOSURE SAFEGUARDING SYSTEMS

This safety inspection checklist for barrier or enclosure safeguarding
systems is a sample that includes the information that must be recorded:

1. At the beginning of each shift.

2. After each die change.

3. When the barrier or enclosure is removed for any reason and then
reinstalled.

4. When any repair work is performed on the barrier or enclosure.

5. When the barrier or enclosure is modified.

6. When an adjustable barrier or enclosure is adjusted.

7 When a barrier or enclosure related accident occcurs.

CHECKLIST
Yes No

1. Does the barrier or enclosure (if not transparent) need a
new coat of flat black paint?

2. Does the safeguarding system have any hazards in itself
such as sharp corners, pinch points, rough edges, shear
points, or other injury sources?

3. Has the barrier or enclosure been sabotaged or otherwise
rendered unsafe or ineffective?

If the answer to any question 1 through 3 is "Yes", corrective action
must be takem.

4, Is the barrier or enclosure interlocked or pérmanently
attached?

5. If equibped with an interlock, is the interlock performing
its function properly?

6. If an interlocked barrier is provided, is it designed so
that it cannot be used for press feeding? (See "Gate or
Movable Barrier Safeguarding Systems'.)

7. If the barrier or enclosure is transparent, is it free of
scratches, grease, o0il, dirt, or any other material that
reduces visibility?

8. If the barrier or enclosure is adjustable, is it properly
adjusted? ’

9. Does the system prevent all workers from reaching into any
point of operation hazard?
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Yas No

10. Do all openings with one dimension larger than 2 inches
meet the requirements of Table 27

11. Doés the system have an additiomal safeguarding system for
die setting and maintenance?

12. 1Is a safety training program instituted and maintained to
ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and operation or adjust-
ment of the barrier fully understand all the above requirements?

If the answer to any question from 4 through 12 is "No", corrective
action must be taken.

Describe any maintenance, replacement, modification, adjustments, repairs,
or cother corrective action taken (if "none'', so state):

Reason(s) for safety inspection. Check appropriate item(s):

___shifc change

___die change

___barrier or enclosure removed or replaced

____barrier or enclosure repaired

___barrier or enclosure modified

___adjustable barrier or enclosure adjusted .
accident - in the case of a point of operation accident, the employer

shall report it in accordance with 29CFR 1910.217(g).

Signature:
Title:
Date:
Shift:
Time:
Machine No.:
Serial No.:
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GATE OR MOVABLE BARRIER SAFEGUARDING SYSTEMS
1. DESCRIPTION OF GATES OR MOVABLE BARRIERS

Gates or movable barriers can protect operators, helpers, and passersby
from the hazards of the point of operation. Gates or movable barriers
can also protect die setters and maintenance men; however, they increase
the time and effort for these persons to complete their jobs.

A gate or movable barrier is a mechanism arranged to enclose the point

of operation before the press stroke can be initiaced. A Type A gate
(Figure 10) encleses the point of operation before a press stroke can

be initiated and maintains this closed position until the motion of

the slide has ceased. A Type B gate (Figure 11) encloses the point

of operation before a press stroke can be initiated, so as to prevent

a worker from reaching into the point of operation prior to die closing
or prior to cessation of slide motion during the downstroke. Commercially
manufactured gates generally are Type A and operate as follows: with

the press slide stopped at the top of the stroke, the gate is open.

Two interlocks, which may be pneumatically, electrically, or mechanically
operated, are arranged to trip the clutch when the gate is in the

closed position. As long as the gate remains open, the press will

not trip. Once closed, the gate is held in place by latches or air
pressure. As the press cycles, the gate is locked closed and remains
closed until the press stops with the slide at the top of the stroke,.

Type B gates operate as follows: with the slide stopped at the top
of the stroke, the gate is open. Two interlocks, which may be pneu-
matically, electrically, or mechanically operated, are arranged to
trip the clutch when the gate is in the closed position. As loug as
the gate remains open, the press will not trip. Once closed the gate
can be held in place by latches or air pressure. As the press cycles,
the gate remains closed until the slide starts the upstrcke.

Movable barrier safeguarding systems are primarily used to provide
safeguarding in production modes. Since these systems create a barrier
whenever the dies are closing, all workers, operators, helpers, and
passersby are squally protected from point of operation injuries.

In die setting and maintenance work, however, movable barriers, like
all barriers, cannot be easily used. These jobs require free die
access., Since the gate system obstructs the die area, and must be
operated or swung open and closed every time the worker makes an
adjustment to the dies, they greatly hamper the work and create great
incentives for sabotage. Some other means of protecting these workers
is preferable.
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2. USE OF GATES OR MOVABLE BARRIERS

Type A gates can be used on any mechanical power press. Type B gates
can be used on any mechanical power press except those equipped with
a positive or full revolution clutch.*

3. INSTALLATICN OF GATES OR MOVABLE BARRIERS

The gate or movable barrier must be installed in such a manner that it
will not weaken the structure of the press. It should be durable and

so constructed as to resist wear and shock and withstand long use with
ninimum maintenance. It must present no hazard in itself such as sharp
corners,. pinch points, rough edges, shear points, or other injury sources.

Supplemental safeguarding must be so designed and installed that no
worker can reach through, over, under, or around the guarding into

the point of operation. Consult the gate or movable barrier manu-
facturer's literature for detailed information for installing a parti-
cular gate or movable barrier.

4. MAINTENANCE OF GATES OR MOVABLE BARRIERS

Maintenance requirements for gates or movable barriers vary from manu-
facturer to manufacturer. Consult the manufacturer's literature for
maintenance recommendations for a particular gate or movable barrier.

Gates or movable barriers must be inspected when they are removed and
then reinstalled, after any repair work is performed on them, when
they are modified, when adjustable supplemental barriers are adjusted,
and when a gate or movable barrier related accident occurs. A record
of each inspection nust be kept. The "Safety Inspection Checklist

for Type A (Type B) Gate or Movable Barrier Safeguarding Systems",
shown at the end of this discussion, can be used as such a record.

The "Type A (Type B) Gate Safeguarding System Installation Checklist',
also shown at the end of this discussion, should be completed when

a Type A or Type B gate safeguarding system is installed.

5. ADVANTAGES AND DISADVANTAGES OF GATES OR MOVABLE BARRIERS

The following list of advantages and disadvantages, used in conjunction
with Tables 3 and 4 will assist the safety professional in reaching

a decision as to which safeguarding system is best suited for a parti-
cular mechanical power press,

A. Advantages of Gates or Movable Barriers
1. Gates prevent the worker from receiving injuries caused
by intended and unintended strokes because interlocks

prevent press stroking unless the gate is closed.

*Exceeds 29CFR 1910.217.
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2. After the gate is closed, after-reach is impossible since
the gate and supplemental barriers form a complete enclosurz
of the die.

3. Movement of the operator is unrestricted (both hands are
free).

4. Gates protect against delayed strokes and after-reach if
the gate is locked during the downstroke.

5. A Type A gate protects against repeat strokes.
B. Disadvantages of Gates or Movable Barriers

1. Visibility is limited, although it can be increased by the
use of clear windows.

2. Gates are often equipped with adjustable supplemental bar-
riers which create the risk of improper adjustment.

3. A relatively high initial cost is involved.

4, Gates do not provide protection against uninitiated strokes.

5. A Type B éate does not protect against repeat‘strokes.

6. Some Type B gates canxbe opened dufing the downstroke,
making it possible for the worker to enter the point of

operation. -

7. The time necessary to operate the gate slows down productlon,
which may create an incentive to sabotage.

8. Some models require relatively complex installation procedures.
9. Gates require frequent maintenance.
6. SAFETY CONSIDERATIONS

For most primary operations, whether manual, semiautomatic, or automatic
feed is employed, the gate can be locked closed and used as an interlocked
barrier safeguarding system. Gates are most useful, however, for
safeguarding secondary operations where manual or semiautomatic feeds

are employed. It should be noted that a "sliding bolster' is merely

a feeding mechanism, which doesn't prevent worker access to the closing
dies, and a gate safeguarding system is a commonly employed safeguarding
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system when sliding bolster mechanisms are used. Automatic feeding
mechanisms used for secondary operation, such as transfer mechanisms,
generally require too much room to allow movable barriers to be employed,
although large movable barriers on large straight side presses have

been built and so used. ‘

All workpieces used with these systems must be either small enocugh
to fit inside the enclosed area, or the supplemental barriers must
allow the workpiece to enter the enclosed area through a slot in the
supplemental barriers or under the movable barrier.

Since a Type A gate remains closed whenever the slide is in motion,
it provides worker protection from repeat strokes, that is, an unini-
tiated successive press stroke. Since a Type B gate opens during

the upstroke, it does not provide any protection from repeat strokes.

Protection from repeat strokes is especially important for a press
equipped with a positive or full revoluticn clutch, since this type
clutch is susceptible to repeat strokes. Since Type B gates provide
no protection from repeat strokes, they must not be used on presses
equipped with a positive or full revolution clutch.*

Part revolution friction clutches, on the other hand, can be designed
to eliminate the risk of catastrophic failure such as repeat strokes.
Type B gate systems can be designed with these type clutches, a brake
monitor and "dependable' system design to provide a high level of
point of operation protection.

A repeat stroke is not an inherent shortcoming of friction clutches.
Most part revelution clutches are friction types, with multiple spring-
set brakes, and failure modes characterized by gradual loss of clutch
or brake torque and increase in stopping distance and time. A stuck
friction cluteh is rare. Repeat strokes have occurred on presses
equipped with friction clutches, but caused mainly by component failure
in the air valves, spring, or control component failures, and can

be practically eliminated through "dependable' system design. 1In

such a system, no repeat stroke protection is necessary, and Type

B gates can be used safely.

Both types of gates can protect against delayed strokes. If the
clutch fails to engage immediately when the worker expects it to,
he may attempt to re-—enter the die. If the gate is locked closed
at this point, he will be prevented from doing so. Neither Type

A nor Type B gates provide protection from all uninitiated strokes,
since the worker may be in the point of operation when they occur.
Fortunately uninitiated strokes, like repeat strokes, can be prac-
tically eliminated if a friction clutch 1s used and the system is
of '"dependable" design.

*Exceeds 29CFR 1910.217.
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Not all part revolutiom clutches are friction clutches, however. A
few positive (usually jaw-type) clutches exist which are not full
revelution by design. These clutches are susceptible to catastrophic
failure and are not safe for use with a Type B gate.

Positive clutches are always susceptible tec uninitiated strokes. Al-
though neither type of gate provides any protection from uninitiated
strokes, this risk can be adequately controlled through the inspec-
tions required by the present regulations, provided the worker making
the inspections is adequately trained to detect immirnent failures.

In hand fed production runs, a gate prevents the worker from injuries
from both intended and unintended strokes, since the presence of

his arms will prevent the gate and hence the interlocks from closing
and thus prevent the clutch from tripping. ' ‘

After the gate has closed, after-reach is impossible, since the gate

and supplemental barriers form a complete barrier safeguarding system,
if the gate is locked closed. This is a necessary design feature

1f a positive clutch is used. The design of such clutches pracludes
Interruption of a stroke, once started. This uninterrupted stroke
feature requires that the gate remain locked all through the downstroke..
This function is absent on some commercially built gates. Thus it is
possible for the worker to open the gate and enter the die after the
clutch has tripped. The risk becomes proportionately greater as stroking
speed decreases, as this gives the worker more time to enter the die.

It is therefore recommended that the gate be of a type that remains
locked in the closed position during the downstroke to prevent after-
reaching into the point of operation after the press has been tripped
and before the dies close.

Some confusion exists over whether or not a gate should be able to
open, allowing after-reach, during the slide downstroke when a frictiocn
clutch is used. Under the present regulations, Type A gates must
remain closed at all times the slide is in motion. Thus, in the

event of an interrupted stroke, the Type A gate begins to open as

soon as the slide stops moving. Technilcally, this requires the system
to have a means of detecting slide motion. Motion detectors are
wwidely used in press systems for applications such as brake monitor-
ing and detecting failure of limit switch drives. Thus the techno-
logy necessary to comply with this requirement is available and well
proven.

The present regulation requires the Type B gate to prevent the worker
from 'reaching into the point of operation prior to die closure ot
prior to cessation of slide motion during the downward stroke'.
Holding the gate closed until the motion has ceased would certainly
comply.
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Some users, however, maintain that this is unnecessary; that if the
stop signal is given to the system by the gate interlocks as the gate
is opened, the time necessary for the worker. to open the gate and
then reach into the die can be made less than the stop time of the
press.

However, though the hazard time can be measured just as accurately

. for gates as other mechanisms, the access time cannot. Some gates
open automatically, through operation of a control, others must be
opened by hand. In the first case, access time would be dependent

on gate speed, stroke, and position relative to the die, and in addi-
tion the speed of each worker's reaching hand and his coordination
with the moving gate. In the second case, gate speed is also variable
from worker to worker. The number and kind of motions involved are
entirely different than those encountered with the other safeguarding
systems, and thus the same time constants cannot be used. Like the
other systems,. however, predetermined time systems analysis.cannot

be applied directly since the motions are not of the repetitive,
learned, and practiced variety. Thus the ergonomics of this appli-
cation are not sufficiently known and Type B.gates which operate in
this manner are not recommeéended. '

Further study of these access times might eventually reveal workable
standards for application of such systems. The benefit, however,
would be very small. It is obvious that there'is no additional safety
to be cobtained by allowing this practice. Keeping the gate closed
until after the hazardous motion has ceased is clearly safer than
allowing the worker unobstructed access to the closing dies. Addi-
tionally, the time saved for production would be extremely small.

The hazard time, in this case, the system stop time, is from l-tenth
to 3-tenths of a second. Since an interrupted stroke is of advantage
only to adjust a misfed part, and both this and the adjusting of the
part automatically disrupts the production cycle, the time necessary
to stop the slide is insignificant.

On a Type B gate this leaves only the potential initial cost benefit
derived by eliminating the need for a motion detecter. A motion
detector is necessary for the time measuring type of brake monitor,
and is a part of most top stop type of brake monitors and thus the
motion detector usually cannot be eliminated. It is therefore recom-
mended that all gate safeguarding systems, whether Type A or B, and
regardless of the type of clutch used, should remain held closed
whenever the slide is in motion and the dies are closing.

Beside the movable barrier itself, and i1ts associated hardware, a
complete system includes a number of supplemental parts. On a gap
frame press such as the OBI, the die access through the open sides
must be protected by supplemental barriers. These supplemental bar-
riers must meet the performance requirements for barrier safeguarding
systems. Refer to "Barrier or Enclosure Safeguarding Systems'.
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Since all gates are interlocked with the clutch/brake, these supplemental
barriers can be easily interlocked as well. Alternatively, they can

be made an integral part of the gate assembly. 1In either case, the

risk of operating the press with the barriers removed is eliminated.

Since it is not driven by the slide, the closing force of the gate

can be designed to be small. The gate must create no shearing or
pinching hazard itself to the worker. Commercially available models

are successful in minimizing the hazard of the gate. The use of rounded
edges, thick, soft rubber pads, and controlled operating force is
widespread. ‘ '

An alternative method of protecting the worker from the gate hazard,
useful when the gate movement is powered and not manual, is to interlock
actuation of the gate with another safeguarding system, e.g. a two-

hand trip or presence sensing device, placed at a safety distance appro-~
priate for the gate's closing time or stopping time, respectively.
Either of these systems prevents injuries by requiring the worker to
remove his hands from the gate's path by the safety distance before

the gate will begin to move, and making it impossible for him to then
re-enter the gate's path before it has clbsed or before it stops moving.

Every gate and movable barrier device allows workers access to the open
die. Thus "dependable' system design is necessary. This includes the
interlocks and the gate mechanisms, as well as required motion detection
and brake monitoring functions. The system must also preclude further
press strokes when any element has failed.

The barrier which prevents access from below. is commonly made adjustable
in position, as is the stroke of the movable barrier and its closed
position. This arrangement allows the press to be used for primary
operations or pieces too large to fit completely within the enclosed
area behind the gate, such as cut-off or notching operations on pipes,
and at different die heights. 1In order for these operations to be
safe, the maximum opening in the system, with the gate closed, must
not be so large that the worker can reach into the die. Here again,
the risk of misadjustment is introduced. Some manufacturers have,

by making the lower barrier an integral part of the gate assembly,
made it impossible to misadjust this opening without rendering the
press inoperative.

Gates and movable barriers must move from their protective positiom
in order to allow workers free access to the die space for die setting
and maintenance operations. The system must be so interiocked that
when the gate is thus in a noneffective position, esither the clutch

is prevented from tripping or scome other form of safeguarding is
selected. This could be a two-hand control, for example. C(ommer-
cially built gates are usually made to swing away from the die, sither
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to the side or above, and interlocked to preclude tripping in this
position. On some such models, the interlock is very easily bypassed.
The use of such bypassing means while die setting or making repairs

is specifically not recommended.

A Type B gate allows the worker to re-enter the die at some point
during the upstroke, in order to unload the part just stamped and
load the next. 1Initially the worker is protected from the intended
stroke because the clutch disengages and the brake stops the ram .

at the top of its stroke. However as a friction clutch/brake wears,
the ram stops slower, and the rest position of the ram begins to
creep down into the downstroke. If deterioration is allowed to con-
tinue unchecked, this closing movement at the end of each stroke will
become hazardous to the worker. Thus, a brake monitor is necessary
to shut down the machine as this hazard develops.

When the Type B gate opens at the bottom of the press stroke, the
opening between the dies is too small to allow the worker to enter.
At some crank position in the upstroke, the worker will be able to
enter the die. At the complementary crank position in the downmstroke,
the hazard of die entrapment will exist. The brake monitor must
shut down the press before the top stop overrun reaches that point.
This crank-hazard angle varies from die to die as well as from press
to press. If a long stroke press is used to blank thin sheets, the
angle may be 160° or more. If a short press is used for a drawing
operation, it may be 20° or less. The latter situation is the most
critical, since only & small amount of braking detericration is re-
quired to produce the hazard. It is reasonable to assume the first
1/4 inch of slide movement in.the downstroke to be intrinsically
nonhazardous, and setting the brake monitor used with Type B gates
to shut down the press at this point is recommended.

If a Type B gate is allowed to be opened during the downstroke before
the closing motion ceases, protection from after-reach will depend

on stop time, hand reach time, and an associated safety distance.
Thus, the system must incorporate a brake monitor which is set to
preclude further operation whenever stop time increase makes the
safety distance inadequate.

Like all barriers, gates obstruct worker visibility into the die.

This is especially important in semiautomatic and primary operations
where the worker is feeding strip from outside the enclosure, and

the gate may stay closed for several strokes while the worker watches
the die. The recently developed strong, transparent, scratch-resistant
acrylic and polycarbonate materials: are employed for the movable
barrier almost exclusively by commercial manufacturers, and provide
moderate visibility for all but a very few press operations.
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Gates have an adverse effect on the preductivity of hand fed operations
because they increase the time needed to produce each part, compared

to other safeguarding systems. The additional time is necessary to
operate the gate. Once the part has been fed, the worker must remove
his hands from the die as far as the movable barrier's path. Next,

the gate must close before the press will trip.

Whether a Type A or B gate operation is used, the worker must wait
for the gate to open before he can unload or load again. For Type
A, he must, in addition, wait until the end of the upstroke, and
wait for the press to stop, before the gate begins.to open.

The press user may have an incentive to modify the gate's operation

to shorten these times. Shorter times can be achieved in two areas.
First, the speed of the barrier's movement can be increased. Second,

a user can modify a Type A gate to operate like a Type B gate. This

is a common practice, since commercially built gates are usually Type
A. Potential loss of safety from this practice is high. Protection
from press repeats is lost when the clutch is of positive or full
revolution design. If the clutch is a friction type the probable
failure of the user to include a brake monitor presents ancther serious
hazard.

Like all barrier safeguarding systems, gates create incentives to sabo-
tage or modify their shapes for the particular workpiece being proces-
sed. Management must, of course, exert efforts tec reduce the possi-
bility of alteration and sabotage through disciplinary action and
periodic inspection. ,
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View 1. - The gate is open and
the workplece is in-
serted inte the point
of operation.

View 2. - The gatc closes and

then the slide comes
down..

View 3. - The gate remains closed
until slide motion ceases.

Figure 10. - A Type A gate.
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View 1. = The gate 1s cpen and View 2. ~ The gate closes and
the workpiege is in- then the slide comes
serted into the point down.

of operation.

View 3. - The gate raises when
the slide raises.

Figure 11. - A Type B gzate.
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TYPE A GATE SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a Type A gate safeguarding
system is installed.

Yes

Does the system:

No

10.

11.

"12.

13.

Meet the general power press safeguarding system requirements
(page B-2)?

Have a gate or movable barrier that locks closed before stroke

initiation and remains locked until the ram has come to rest?

Have all openings in, around, and between the gate so small
that no worker can reach into the point of operation, and
have a proper opening between the ciosing sdge of the gate
and the bolster by the requirements of Table 27

Have supplemental barriers to énclose the point of operation
where needed?

Have all supplemental barriers interlocked or permanently
attached?

Eliminate all shearing and pinching hazards between the gate,
or supplemental barriers, and the slide and dies?

Have a gate mechanism that minimizes operator exertion?

Have a means of eliminating the gate mechanism hazard to
the operator?

Move the gate quickly?

Have a mechanism which, when the system is removed from its
position, either precludes tripping or automatically selects
another safeguarding system? '

Have ''dependable™ design?

Have an additional safeguarding means for protection during
die setting and maintenance procedures?

Have a safety training program instituted and maintained to
ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and operation of ad-

justment fully understand all the above design requirements?
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Yes No

14, Have a daily inspection, records, and supervisory controls
on each machine?

If the answer to any of the above Questions is "No", the system must
not be placed in service.
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TYPE B GATE SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a Type B gate safeguarding
system is installed.

Yes

No

10.

Does the system:

Meet the general power press safeguarding system requirements
(page B-2)?

Have a part revolution friction clutch?

a. Have interlocks which prevent tripping unless the gate
is closed, have locks to prevent opening the gate whenever
the slide is in motion, and have a brake monitor to pre-
vent further operation when slide top stop overrun ex-—
ceeds 1/4 inch? or,

b. Have interlocks both to prevent tripping the clutch unless
the gate is closed and to disengage the clutch and apply
the brake whenever the gate is opened while the slide is
in motion, have a safety distance equal to the system
stop time (in secouds) times 63 inches/second, between
the nearest point of operation hazard and the gate, and
have a brake monitor to prevent further strokes whenever
stopping performance has exceeded the system stop time
used in setting the safety distance?

Have all openings in, around, and between the gate so spall
that no worker can reach inte the peint of operation, and
have a proper opening between the closing edge of the garte.
and bolster by the requirements of Table 27

Have supplemental barriers to enclose the point of operatlon
where needed7

Have the supplemental barriers interlocked or permanently
attached?

Eliminate all shearing and pinching hazards between the gate,
or supplemental barriers, and the slide and dies?

Have a gate mechanism.that minimizes worker's exertion?

Have a means of eliminating the gate mechanism hazard to

workers?
[}

Move the gate quickly?
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Yes No

11. Have a mechanism which, when the system is removed from its
position for die setting and maintenance, either precludes
tripping the clutch or automatically selects another safe-

, guarding system?

12, Have "dependable" design?

13, Have additional safeguarding wmeans for protection during die
setting and maintenance procedures?

14, Have a safety training program instituted and maintained to
ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and operation fully
understand all the above design requirements?

15. Have daily inspections, records, and supervisory controls on
each machine?

If the answer to any of the above questions is '"No", the system must not
be placed in service.
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SAFETY INSPECTION CHECKLIST FOR TYPE 4 GATE OR
MOVABLE BARRIER SAFEGUARDING SYSTEMS

This. safety inspection checklist for Type A gate or movable barrier safe-
guarding systems is a sample that includes the information that must
be recorded: t

1. At the start of each shifec.

2. When the gate or movable barrier, or supplemental guarding , is
removed and then reinstalled. ‘

3. When any repair work is performed on the gate or movable barrier,
or supplemental guarding.

4. When the gate or movable barrier, or supplemental guarding, is
modified. :

5. When a gate or movable barrier related accident occurs.

CHECKLIST
Yes No

1. Does the gate or movable barrier, or supplemental guarding
(if not transparent), need a new coat of flat black paint?

2. Does the safeguarding system have any hazards in itself such
as sharp corners, pinch points, rough edges, shear points,
or other injury sources?

3. Has the gate or movable barrier, or supplemental barrier,
been sabotaged or otherwise rendered ineffective?

If the answer to any question 1 through 3 is "Yes”, corrective action
must be taken.

4. 1Is the gate or movable barrier, and supplemental guarding,
interlocked or permanently attached?

3. Are the interlocks performing properly?

6. If any part of the gate or movable barrier is transparent,
is it free of scratches, grease, oil, dirt, or any other
material that reduces visibility?

7. Does the supplemental guarding prevent a worker from reaching
through, over, under, or around the guarding into the point
of operation?

8. Does the gate function in such a manner as to prevent a
worker from reaching into the point of operation during
the downstroke and the upstroke?

9. Does the gate lock closed before stroke initiation and
remain locked until the siide has come to rest?
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Yes No

10. Are additiomal safeguarding'means available for protection
during die setting and maintenance?

li1. "Are all openings in, around, and between the gate so small
that no worker can reach into the point of operation, and
is the opening between the closing edge of the gate and
the bolster in compliance with the requirements of Table
2?

If the answer to any question 4 through 11 is "No", corrective action
must be taken.

Describe any maintenance, replacement, modifications, adjustments, repairs,
or other corrective action taken (1f "none", so state):

Reason({s) for safety inspection. Check appropriate item{s):

___shift change
___gate or movable barrier, or supplemental guarding removed and relnstalled
___gate or movable barrier, or supplemental guarding repaired
___gate or movable barrier, or supplemental guarding modified .
___adjustable supplemental guarding adjusted
___accident - in the case of a point of operation accident, the employer
shall report it in accordance with 29CFR 1910.217(g)

Signature:
Title:
Date:
Shifrct:
Time:
Machine No.:
Serial Wo.:
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SAFETY INSPECTION CHECKLIST FOR TYPE B GATE OR
MOVABLE BARRIER SAFEGUARDING SYSTEMS

This safety inspection checklist for Type B gate or movable barrier safe-
guarding systems is a sample that includes the information that must be

recorded:

1. At the start of each shift.
2. When the gate or movable barrier, or supplemental guarding, is
removed and then reinstalled.
3. When any repair work is performed on the gate or movable barrier, or
supplemental guarding.
4. When the gate or movable barrier, or supplemental guarding, is modified.
5. When a gate or movable barrier related accident occurs.

Yes No

3.

CHECKLIST

Does the gate or movable barrier, or supplemental guarding
(if not transparent), need a new coat of flat black paint?

Does the safeguarding system have any hazards in itself such
as sharp corners, pinch points, rough edges, shear points,
or other injury sources?

Has the gate or movable barrier, or supplemental barrier,
been sabotaged or otherwise rendered ineffective?

If the answer to any question 1 through 3 is "Yes'", corrective action
must be taken.

4.

Is the gate or movable barrier., and supplemental guarding,
interlocked or permanently attached?

Are the interlocks performing properly?

If any part of the gate or movable barrier is transparent,
is it free of scratches, grease, o0il, dirt, or any other
material that reduces visibility?

Does the supplemental guarding prevent a worker from reaching
through, over, under, or around the guarding into the point
of operation?

Doces the gate function in such a manner as to prevent a
worker from reaching into the point of operation during
the downstroke?

Are additiomal safeguarding means available for protection
during die setting and maintenance?
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Yes No

10. Are all openings in, around, and between the gate so small
that no worker can reach into the point of operation, and
is the opening between the closing edge of the gate and
bolster in compliance with the tequirements of Table 27

' If the answer to any question 4 through 10 is "No", corrective action
must be taken. ' '

Describe any maintenance, replacement, modifications, adjustments,
repairs, or other corrective action taken (if "nomne', so state):

Reason{s) for safety inspection. Check appropriate item(s):

___shift change :
_gate or movable barrier, or supplemental guarding removed and reinstalled
__ gate or movable barrier, or supplemental guarding repaired
___gate or movable barrier, or supplemental guarding modified
___adjustable supplemental guarding adjusted
___accident - in the case of a point of operation accident, the employer
shall report it in accordance with 29CFR 1910.217(g).

Signature:
Title:
Date:
Shift:
Time:
Machine No.:
Serial No.:
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PULLOUT SAFEGUARDING SYSTEMS

1. DESCRIPTION OF PULLOUTS

Pullouts {(Figures 12, 13, and 14) can protect ¢perators and helpers
from the hazards of the point of operation. They do not protect
passersby and are impractical for die setters and maintenance men.
Some other safeguarding means must be used to protect these persons.

A pullout device is a mechanism that is attached to ome or both of

the press operator's hands on one end and to the press slide or upper
die on the other. It is designed, when properly adjusted, to withdraw
the operator's hand(s) as the dies cleose if the operator's hand(s)

are inadvertently within the point of operaticn. When only one pullout
is used, the operacor's free hand must be protected by another safe-
guard.

2. USE OF PULLOUTS

Pullout safeguarding systems can be used on almost any mechanical power
press. They generally camnot be used on presses with less thamn a 2-
inch stroke or speed greater than 75 strokes per minute. It is recom-
mended that pullout safeguarding systems utilize a hand actuator for
each protected hand to initiate every stroke of the press. Refer

to Tables 3 and 4 for more detailed information as to- the use of
pullouts.

3. INSTALLATION OF PULLQUTS

Pullouts must be securely attached to the slide or upper die of the
press on one end and to the operator's hands on the other. As the
slide descends, its vertical motion must be multiplied by the pullout
and applied in a lateral direction to the operator's hands, withdrawing
the hands if they are in the point of operaticn.

The hand attachments must be flexible enough to allow the operator to
feed parts or manipulate stock in the die and must be clearly marked
as to left and right hand. The length of the attachments must be
flexible enough to accommodate the geometry of different hands, work-
pieces, dies, and feeding tools. ,
The pullouts must not be capable of injuring the worker by pulling him
too far or too fast. They must pull no further than 16 inches nor any
faster than 28 inches per second.

When pullouts are used as the safeguarding means, an additicnal safe-
guarding means must be used to protect other workers from the point
of operation.

Pullout’s must be so installed that they present, in themselves, no
hazards to workers.
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4. MAINTENANCE OF PULLOUTS

Pullouts should be inspected for proper adjustment, general condition,
wear and tear, and proper anchoring when operators are changed, when
the pullouts have not been used for 1 day or more, when a new pullout
is installed, when a pullout-related accident oczurs, and when a new
press is placed in service that will use pullouts as the safeguarding
means. Work, frayed, or damaged pullouts must be repaired or taken out
of service immediately.. When there is any doubt as to whether or not
they can be safely repaired, they must be taken cut of service. Many
pullouts have gear shafts, gear racks, cable pulleys, etc. that require
lubrication. Refer to the manufacturer's literature for lubrication
recommendations.

Records of inspection, maintenance, and replacement must be kept. The
"Safety Inspection Checklist for Pullout Safeguarding Systems', shown
at the end of this discussion, can be used for such racords. The
"Pullout Safeguarding System Installation Checklist', also shown at
the end of this discussion, should be completed when a pullout safe-
guarding system is installed.
5. ADVANTAGES AND DISADVANTAGES OF PULLOUTS
The following list of advantages and disadvantages, used in conjunction
with Tables 3 and 4, will assist the safety professional in reaching
a decision as to which safeguarding system is best suited for a parti-
cular mechanical power press.,
A. Advantages of Pullouts
l. Low initial cost is involved.
2. Pullouts are relatively easy to install.
3. Pullouts provide protection in the event of a repeat stroke,
intended stroke, unintended stroke, uninitiated stroke, and
delayed stroke.

4. Pullouts are mechanically simple.

5. 1If properly worn and adjusted, pullouts prevent the worker
from after-reaching into the point of operatiom.

B. Disadvantages of Pullouts
1. Pullouts require unusually good maintemance.
2. Pullouts require frequent critical adjustment.

3. Pullouts require frequent inspection.
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10.

11.

12.

13.

Movement of the operator is limited.

Operator may feel '"chained to the press", and the "jerkback"

action can be a- source of irritacion.
Work space around operator may be obstructed.

The operator cannot quickly extricate himself in the event
of an emergency.

The operator's hand can become entangled in the die, causing
injury when the dies close.

Pullouts can generally be used only on presses with at least
a 2-1inch stroke and a speed of less than 75 strokes per minute.

Pullouts create incentives for non-use and sabotage.

If not properly worn and adjusted, pullouts can allow the
worker to after-reach into the point of operation.

If not replaced at reasonable intervals, they can break,
leaving the worker with no protection.

They must not be used where the hand pullout distance exceeds
16 inches or the pullout speed exceeds 28 inches- per second.

6. ADJUSTMENT OF PULLOUTS

Adjustment procedures for pullouts vary from manufacturer to manufacturer.
Follow the manufacturer's recommendations when adjusting. It is most
important that, after adjustment, the operator’s hands will be completely
withdrawn from any pinch point within the point of operation during

the downstroke of the slide. '

7. SAFETY CONSIDERATIONS

Pullouts are widely used in the United States. The low initial cost
and simple mechanical nature of these devices make them readily adapt-
able to the large number of older power presses that are currently in
use. Unfortunately, the very reasons for their widespread use also’
include shortcoming that cause injuries. ' ‘

Improper adjustment is a major cause of injury on presses equipped with

pullouts.

It is of utmost importance that these devices be properly

adjusted to suit the operaticn and f£it the operactor involved. Where
these devices are used, management must dictate and enforce checks

of their adjustment. Even if the pullout device is properly adjusted,
the operator may inadvertently fail to wear it. ~
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In addition to the operator failing to wear the device through neglect
or forgetfulness, he may deliberately decide not toc wear it. This is
largely due to the nature of the devices and ergonomic considerations.
Many operators have voiced the complaint of feeling "chained to the
machine'". Many operators have also complained that the devices "hurt
me' or "are uncomfortable". These statements often appear in accident
reports as the reason for removing or not wearing the device. The
operator resists having his movements constrained and having forces
exerted on his body over which he has no control. The pulling action
must be slow enough so as not to injure the operator and this may
limit the speed of production. To a worker being paid on a piecework
basis, this can be irritating. All of these reasons may induce oper-
ators not to wear the pullout or deliberately sabotage it to make
their work easiear, more pleasant, or more economically rewarding.

Another hazard created by pullouts is the possibility that the hand
attachments can become entangled in the die where the press is not
tripped by hand. If this happens when the operator is engaged in

a work cycle, he might be injured when the pullout exerts its pulling
force on his stuck hand and forcibly removes it despite the resistance
of the hand attachments, or the pullout and its supporting structure
will be damaged. 1In the latter case, his hand will probably remain

in the die and be injured when the dies close. To avoid this injury,
it is strongly recommended that the pullout and die be of such design
that the possibility of die entanglement is eliminated, and that the
“"catch points" in the point of operation be eliminated wherever possible.

" In addition to the injuries caused by die entanglement,'sabotage, improper
adjustment, and failure to wear the devices, some injuries are caused

by device failure. Because pullcuts are subject to wear and tear,

they will eventually fail. Since the operator is accustomed toc haviang
his hands pulled out of the point of operation, when the devices fail

the operator may let his hand remain in the hazard area without thinking.
Therefore, when the devices are checked for proper adjustment, they

also must be thoroughly inspected for wear and tear and general condi-
tion. Any necessary repairs or maintenance must be performed before

the devices are used. A record of repairs, maintenance, and replace-
ment must be kept.

Even if the operator does not rely on the devieces to protect him and
thus avoids injury at the time of failure, the lack of monitoring

in the design of pullouts will allow the press to continue to operate,
even though effective safeguarding of the operater no longer exists.
Thus he may continue tc operate the press without any safeguarding,
may not even realize that he is no longer safeguarded, and an injury
will almost certainly result.

Since pullouts have safety shortcomings which can be overcome only

by constant human supervision and also have inherent ergonomic short-
comings, careful consideration must be given before selecting them

as the sole point of operation safeguarding for mechanical power
presses. They have been successfully used in combinacion with other
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safeguards such as the two-hand actuator. When pullouts are used,
the following rules apply:

1.

They must be inspected and checked for proper adjustment when
operators are changed, when dies are changed, when the pullouts
have gone without use for a period of 1 day or more, when a
pullout is repaired or serviced, and when a pullout .related
accident occurs. The adjustment must ensure that the pullout
will withdraw the operator's hands from the point of operation
before the dies close.

At each inspection they should be checked for general condition
and any necessary maintenance or repair be performed before
they are used.

Records of inspection, maintenance, and repair must be kept.

Pullouts must have a maximum withdrawal of 16 inches and have a
maximum withdrawal rate of 28 inches per second.

Pullouts must be connected to and operated only by the press
slide or upper die.

Where pullout devices are the only safegudrding means provided,
separate pullouts must be provided for each operactor if more
than one operator is used on a press.

An actuating control should be used that will assure that the
operator's hands are out of the point of operation when the

' press is activated. An example of a control that will provide

such assurance is properly located two-hand actuators, used in
conjunction with the pullout. '
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Figure 14.

- A pullout allowing the worker's hand ro enter the point _ '
of operation when the slide is in the railsed position.



PULLOUT SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a pullout safeguarding system
1s installed.

Does the system:
YTes No

1. Meet the general power press safeguarding system requirements
(page p-2)”

2. Operate directly by the slide?

3. Have the capability of withdrawing the worker's hands from
point of operation hazards?

4. Have a maximum withdrawal of 16 inches or less?
5. Have a maximum withdrawal rate of 28 inches per second or less?

6. Have ruggedly designed mechanisms, cables, and hand attachments
to withstand daily pressroom use?

7. Have hand attachments designed to minimize the possibility
of falling off? '

8. Have hand attachments clearly marked for right and left hands?

9. Have tripping mechanisms that must be actuated concurrenﬁly
by both hands?

10. Have a separate safeguarding system that protects workers during
die setting and maintenance?

11. Have a training program to thoroughly inform:
a. Die designers to eliminate protrusions from the dies?

b. Supervisors on daily requirements for recording inspections,
adjustments, and maintenance? .

c. Workers on daily requirements for safety?

12. Have a set of inspection and adjustment procedures?

13. Have a set of records to record all inspections, adjustments,
and maintenance on the system?

If the answer to any of the above questions is "No'", the system must not
be placed in service.
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SAFETY INSPECTION CHECKLIST FCOR PULLOUT(S) SAFEGUARDING SYSTEMS

This safety inspection checklist is a sample that includes the information
that must be recorded:

(RSN S

. When operators or helpers are changed.
When dies are changed. .
When the pullouts have gone without use for a period of 1 day or more.
'When pullouts are repaired or serviced.
When a pullout related accident occurs.
CHECKLIST
Yes No

1. Is the system adjusted to withdraw the worker's hands before
a hazard is created in cthe point of operation?

‘2. Are the pullouts operated directly by the slide?

3. Is the withdrawal of the pullouts limited to a maximum of
16 inches by system design?

4. Is the rate at which the pullouts can withdraw the hands
limited to a maximum of 28 inches per second by system design?

5. Are the pullouts designed to minimize the possbility of
detachment?

6. Is each hand attachment clearly marked for the hand for
which it is intended to preclude worker injuries caused
by placing hands in the wrong pullouts? ‘

7. Are there tripping mechanisms that must be actuated concurrently
by both hands?

8. 1Is there a safeguarding system that protects workers during
die setting and maintenance?

9. Has the training program thoroughly informed:
a. Die designers to eliminate protrusions from the dies?

b. Supervisors on daily requirements for recording inspections,
adjustments, and maintenance?

¢. Workers on daily requirements for safety?

10. Is the pullout mechanism firmly anchored?

If the answer te any question 1 through 10 is "No", corrective action must

be taken.
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Yes No

11. Are the pullout mechanism, cables, hand attachments, and
other hardware broken, worn, or frayed?

12. Have the pullouts been sabotaged or otherwise rendered:
unsafe or ineffective?

13. Does the pullout action create any shearing, pinching, or
impact hazard for any employee? '

14. Does the safeguarding system in any way create a hazard
in itself?

If the answer to any question 11 through 14 is "Yes", corrective action
must be taken.

Describe any maintenance, replacement, modifications, adjustments, repairs,
or other corrective action taken (if "ncne', so state):

Reason({s) for safety inspection. Check appropriate item(s):

___operator or helper change

___die change’
pulleuts out of service for 1 day or more
pullouts repaired or serviced

____accident - in the case of a point of operation accident, the employer
shall report it in accordance with 29CFR 1910.217(g).

Signature:
Title:
Date:
Shift:
Time:
Machine No.:
Serial No.:
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RESTRAINT SAFEGUARDING SYSTEMS
1. DESCRIPTION OF RESTRALNTS

Restraints (Figure 15) can protect operators and helpers from the hazards
of the point of operation. They do not protect die setters, maintenance
men, and passersby. Some other means of safeguarding must be used to
protect these persons.

A restraint device 1is a mechanism that is attached to ome or both

of the operator's hands one one end and firmly anchored on the other.
When anchored and adjusted it prevents the operator's hands from
entering the point of operation. When only one restraint is used,
the operator's free hand must be protected by another safeguard.

2. USE OF RESTRAINTS

Restraints can be used on any mechanical power press, but are generally
not practical for use with automatic feed presses. Refer to Tables
3 and 4 for more detailed information as to the use of restraints.

3. INSTALLATION OF RESTRAINTS

Restraints must be securely anchored to a rigid supporting structure
on one end and securely attached to the operator’s hands on the other
end to prevent his hands from ever entering the point of operatiom.

The hand attachments must be flexible enough to accommodate the
geometry of different hands, workpieces, ‘dies, and feeding tools.

Restraints must be so installed that they present n¢ hazards in them—
selves. :

4. MAINTENANCE OF RESTRAINTS

Restraints should be inspected for proper adjustment, general condition,
wear and tear, and proper anchoring at the start of each shift, when
the die is changed, when operators are changed, when the restraints
have not been used for 1 day or more, and when a restraint-related
accldent occurs. Worn, frayed, or damaged restraints must be repaired
or taken out of service immediately. When there is any doubt as to
whether or not they can be safely repaired, they must be taken out

of service. Records of inspection, maintenance, and replacement must
be kept. The "Safety Inspection Checklist for Restraint Safeguarding
Systems', shown at the end of this discussion, can be used for such
records. The "Restraint Safeguarding System Installation Checklist",
also shown at the end of this discussion, shculd be completed when a
restraint safeguarding system is installed.
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5. ADVANTAGES AND DISADVANTAGES OF RESTRAINTS

The following list of advantages and disadvantages, used in conjunctiom
with the Tables 3 and 4, will assist the safety professional in reaching
a decision as to which safeguarding system is best suited for a parti-
cular mechanical power press.

aA.

Advantages of Restraints

1.

Low initial cost is involved.
Restraints are relatively easy to install.
Restraints are mechanically simple.

If prbperly worn and adjusted, restraints prevent the
operator from after-reaching into the peoint of operation.

Provide protection'in the évent of an uninitiated stroke,
repeat stroke, delayed strcke, unintended stroke, and
intended stroke.

Disadvantages of Restraints

10.

Restraints require unusually good maintenance.
Restraiﬁts require critical adjustment.
Restraints require f;equent inspection.
Movement of operator is limited.

Operator may feel "chained to the press”.

Wo;k space around operator may be obstructed.

The operator cannot quickly extricate himself in the event
of an emergency.

Restraints create incentives for non-use and sabotage.
If not properly worn and adjusted, restraints can allow
operator. to reach into the peoint of operation without

any safeguarding.

If not replaced at reasonable intervals, they can break,
leaving the operator with no protection.
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6. ADJUSTMENT CF RESTRAINTS

Adjustment procedures for restraints vary from manufacturer to manufac-
turer. Follow the manufacturer's recommendations when adjusting. It
is most important that, after adjustment, the operator's outstretched
fingers cannot possibly reach the danger area.

7. SAFETY CONSIDERATIONS

The low initial cost and simple mechanical nature of restraints make
them readily adaptable to the large number of older and inexpensive
power presses that are currently in use. Unfortunately, the very
reasons for their use also include shortcomings that cause injuries.

Improper adjustment is a major cause of injury on presses equipped
with restraints. It is of utmost importance that these devices be
properly adjusted to suit the operation and fit the operator involved.
Where these devices are used, management must dictate and enforce
checks of their adjustment.

Even if the restraint is properly adjusted, the operator may inadver-—
tently fail to wear it. In addition to the operator failing to wear
the device through neglect or forgetfulness, he may deliberately
decide not to wear it. This is largely due tc the nature of the
devices and ergonomic considerations. Many operators have voiced

the complaint of feeling 'chained to the machine'. Many operators
have also complained that the devices "are uncomfortable'. This
statement often appears in accident reports as the reason for removing
or not wearing the device. The operator alsc resists have his move-
ments constrained. All of these reasons may induce workers not to
wear the restraint or deliberately sabotage it to make their work
easier or more pleasant. '

In addition to the injuries caused by sabotage, improper adjustment,
and failure toc wear the devices, some injuries are caused by device
failure. Because restraints are subject to wear and tear, they will
eventually fail. Since the operator is accustomed to having his hands
prevented from entering the point of operation, when the devices fail
the operator may reach into the hazard area without thinking. There-
fore, when the devices are checked for proper adjustment, they also
must be thoroughly inspected for wear and tear and general condition.
Any necessary repairs or maintenance must be performed before the
devices are used. A record of repairs, maintenance, and replacement
must be kept.

Even if the operator dces not rely on the devices to protect him

and thus avoids injury at the time of failure, the lack of monitoring
in the design of restraints will allow the press to continue to operate,
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even though effective safeguarding of the operator no longer exists.
Thus he may continue operate the press without any safeguarding,

may not even realize that he is no longer safeguarded, and an injury
will almost certainly result.

Since restraint devices have safety shortcomings which can be overcome
only by constant human supervision and also have inherent ergonomic
shertcomings, carefyl consideration must be given before selecting

them as the sole p01nc of operation safeguarding for mechanical power
presses.

When restraints are used, the following rules apply:

1. The restraints must be inspected and checked for proper adjustment
at the start of a shift, when operators are changed, wheu the

die is changed, when out of service for ome day or more, when
& rastraint is repaired or serviced, and when a restraint-

related accident occurs. The adjustment must ensure that
the restraint will prevent the operator from reaching lnto ’
the point of operation.

2., At each inspection the restraints must be checked for general
condition and any necessary maintenance or repair be performed
before they are used.

3. Records of inspections,‘maintenance, and repair must be kept.
4. Where restraint devices are the only safeguarding means provided,

separate restraints must be provided for each operator if
more than one operator is used om a press.

Figure 15. - An example of a restraint.
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RESTRAINT SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a restraint safeguarding
system is installed. '

Does the system:
Yes No-

1. Meet the general power press safeguarding system require-
ments (page B-2)7

2. Have the capability to prevent the worker from reaching
into the point of operation?

3. Have hand attachments that minimize the possibilit? of
detachment?

4. Have the restraining mechanisms securely anchored?

5. Have a separate safeguarding system to protect during die
setting and maintenance? ‘

6. Have a training program to thoroughly inform all personnel
as to the safety requirements and the necessity for adjustment
and inspections?

7. Have a training program to adequately inform those workers
who are to be protected of the need to use the system,
and proper operaticn of the system, and to instruct them
to never operate the press when there is anything wrong
with the system? .

8. Have a set. of inspection and adjustment procedures?

9. Have a set of records to record all inspections, adjustments,
and maintenance on the system?

If the answer to any of the above questions is "No'", the system must
not be placed in service. ' ‘
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SAFETY INSPECTION CHECKLIST FOR RESTRAINT

N SAFEGUARDING SYSTEMS
This safety inspection checklist for restraint safeguarding systems
is a sample that covers the information that must be recorded:

. When operators or helpers are changed.

When dies are changed.

At the start of each shift.

. When the restraints have gone without use for a period of 1 day or
more.

When the restraints are repaired or serviced.

&. When a restraint-related accident occurs.

£0 P

wn

CHECKLIST
Yes No

1. 1Is the system properly adjusted to prevent the worker from
reaching into the peint of operation any time during press
operation?

2. Are the restraining hand attachments, cables, and other
hardware securely attached in a fixed position and suffi-.
ciently rugged te withstand continued use without stretching
or breakage?

3. Are the restraint hand attachments designed to minimize the
possibility of detachment? '

4. Is there a separate safeguarding system to protect workers
during dies setting and maintenance?

5. Has the training program adequately informed those workers
who are to be protected of the need to use the system,
and proper operation of the system, and iastructed them
to never operate the press when there is anything wrong
with the system?

6. Are all workers responsible for die setting, maintenance,
inspection, adjustment, and supervision thoroughly trained

in the usage and maintenance requirements of the system?

If the answer to any question 1 through 6 is "No'", corrective action
nust be taken.

7. 1Is either restraint broken, worn, or frayed?
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Yes No

8. Has either restraint been sabotaged or otherwise rendered
unsafe or ineffective?

9. Does the safeguarding system in any way create a hazard in
itself? : ’

If the answer fo any question 7 through 9 is "Yes", corrective action
must be taken. ' ‘

Describe any mainténance, replacement, modifications, adjustments, repairs,
or other corrective action taken (if '"none", so state):

Reason(s) for safety inspection. Check appropriate item(s):

operator or helper change

die change’ ‘

restraints out of service for 1 day or more

‘restraints repaired or serviced

accident - in the case of a point of operation accident, the employer
shall report it in accordance with 29CFR 1910.217(g).

|

Signature:
Title:
Date:
Shift:
Time:
Machine No.:
Serial No.:
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TWO-HAND TRIP AND TWO-HAND CONTROL SAFEGUARDING SYSTEMS
1. DESCRIPTION OF TWO-HAND TRIP AND TWO-HAND CONTROL

Two-hand trips (Figure 16) can protect operators from the hazards of
the point of operation. They do not protect die setters, maintenance
men, helpers, and passersby. Scme other means of safeguarding must
be used to protect these persons.

A two-hand trip is a clutch actuating means that serves as a point

of operation safeguard because it requires the simultaneous* applica-
tion of each of the worker's hands (within 1/2-second of each other)

to individual actuators located at such a safety distance from the
point of operation that the slide completes its downward travel before
the worker can reach into the point of operation. (When the worker
releases one or both actuators, the slide continues movement until

it has'made a full cycle.) The actuators must also have such a separa-
tion distance or be so arranged that they cannot both be actuated

by one hand or arm.:

When used on a part revolution clutch press, two-hand controls (Figure
17} can protect operators, die setters, and maintenance men from the
hazards of the point of operation. They do not protect passersby

and helpers; therefore, some other means of safeguarding must be

used for these persons.

A two-hand control is a clutch actuating means that serves as a point
of operation safeguard because it requires the simultaneous* applica-
tion of each of the worker's hands (within 1/2-second of each other)

to individual actuators located at a safety distance (Figure 18) from
the point of operation such that when the worker releases the actuator,
the slide stops its downward motion before he can reach into the

point of operation. (When the worker releases one or both actuators,
the downward motion of the slide stops.) The actuators must also

have such a separatioun distance (Figure 18) or be so arranged that

they cannot both be operated by one hand or ome arm (Figure 19).

2., USE OF TWO-HAND TRIP AND TWO-HAND CONTROL

The use of the two-hand trip as a safeguarding means 1s far more
widespread om positive or full revolution clutch presses than on

part revolution friction clutch presses. However, they are not recom-
mended for use on positive or full revolution clutches because they
provide no protection from repeat strokes. When two-hand trip systems
are used the press must single stroke only. Also, because of the
safety distance requirement, they are not practical for presses whose
speed is less than 75 strokes per minute.

*Exceeds 29CFR 1310.217,
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Two-hand control can be used as the safeguarding means on any part
reveclution fricrion clutch press. They cannof be used as the safe-
guarding means on positive or full revolution clutch presses. Refer
to Tables 3 and 4 for more detailed information as to the use of
two-hand control and two-hand trip.

3. INSTALLATION OF TWO-HAND TRIP AND TWO-HAND CONTROL

Two-hand trips and two-hand controls must be installed in such a manner
S0 as not to cause undue operator fatigue. For example, they should

not be located high over his head so that he has to stretch to reach
them. They must be located such that both hands are required for
activation. They must alsoc be so located as to fulfill the safety
distance requirement. (See ''Setting Safety Distance".) When installing,
provisions must be made against unintended operation. Two-hand trip

and two-hand controls must be installed in position so¢ that only a
supervisor or safety engineer is capable of relocating the controls.

Two-hand trips and two-hand controls must be so installed that they
in no way present a hazard in themselves. For example, they must
not be mounted above the slide on an inclined press.

4. MAINTENANCE OF TWO-HAND TRIP AND TWO-HAND CONTROL

No scheduled maintenance is required that is attributable to the
two-hand trip or two-hand control method of safeguarding the point
of operation. 1If the system should operate improperly, it must be
remcved from service or be properly repaired before press operation
is resumed. They should be inspected at the time intervals given

on the "Safety Inspection Checklist for Two-Hand Trip Safeguarding
Systems', and "Safety Inspection Checklist for Two-Hand Control Safe-
guarding Systems'" shown at the end of this discussion. The "Two-~
Hand Trip Safeguarding System Installaticn Checklist'" and the "Two-
Hand Control Safeguarding System Installation Checklist”, alsc shown
at the end of this discussion, should be completed when a two-hand
trip or two-hand control safeguarding system is installed.

5. ADVANTAGES AND DISADVANTAGES OF TWO-HAND TRIP AND TWO-HAND CONTROL
The following list of advantages and disadvantages, used in conjunction
with Tables 3 and 4, will assist the safety professional in reaching
a decision as to which safeguarding system is best suited for a parti-
cular mechanical power press.

A. Advantages of Two-Hand Trip

l. Minimal maintenance is required.

2. There is no danger of after-reaching into the point of
- operation if the system 1s properly imstalled.
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8.

Moderate initial cost is involved.
The two-hand trip is simple to operate.
Movement of the operator is unrestricted.

The system is ergonomically acceptable if it is properly
installed.

Work  space around the operator is not obstructed if the
system 1s properly installed.

There 1is little incentive to sabotage or circumvent the
trip if it is properly installed.

Disadvantages of Two-Hand Trip

1.

4-

No protection from repeat, delayed, or uninitiated strokes
is provided.

The system requires careful installatiom.
The two-hand trip system generally cannot be used on any

press with a speed less than 75 strokes per minute because
of the safety distance requirement.

The system can ounly be used on presses equipped with friction‘
.c¢lutches. ‘

Advantages of Two-Hand Control

1.

Minimal maintenance is required.

There is no danger of after-reaching into the point of
operation if the system is properly installed.

Moderate initial cost is involved.
The two-hand control is simple to operate.
Movement of the operator is unrestricted.

Work space around the operator is not obstructed if the
system is properly installed.

There is no incentive to sabctage or circumvent the system
if it is properly installed.
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D. Diéadﬁantages of Two-Hand Control

1. No protectiomn from repeat, delayed, or uninitiated strokes
is provided.

2. The system requifes careful installationm.

3. The system can only be used on presses equipped with a
part.revolution friction clutch.

6. SAFETY CONSIDERATIONS

Two-hand trips and two-hand controls provide point of operation safe-
guarding by monitoring the position of the worker's hands through

the use of a separate interlocking mechanism or actuator for each

of the worker's hands.

Two-hand trip systems operate as follows: the worker must apply each
hand to a separate remote actuator, or the system will prevent the
clutch from tripping. Once tripped, the press completes one stroke
only regardless of whether the worker's hands remain on the actuators
or not.

Two-hand contrel systems operate as follows: the worker must apply
each hand separately to a remote actuator, or the system will prevent
the clutch from tripping. If the worker releases either actuator
during the hazard time of any downstroke, the system's interlocking
¢ircuits switch to a "stop" condition, disengage the clutch, engage
the brake, and decelerate the slide to a standstill. Thus two-hand
control systems can only be used on presses squipped with a clutch
capable of being disengaged 'at any point in the stroke.

Both two-hand trip and two-hand control systéms can be used to protect
operators. A separate pair of actuators must be provided and used
for every operator to be protected. Neither can be used to protect
helpers, who must either be provided with a pair of actuators, and
thus become operators, or be protected by another system. Two-hand
trip systems cannot be used  to protect die setters or maintenance
workers since a two-hand trip system cannot interrupt the stroke as
" required for these operators. Two-hand control systems, however,
can be used for most die setting and maintenance procedures. (When
used for die setting, two-hand control is sometimes called two-hand
"inch'" control, and scmetimes a different set of actuators is used
for die setting than production.) '

Both two-hand trip and two-hand control systems can be used with '
almost any -type of job or feeding method, since they place restric-
tions only on the worker's hands, but they are generally impractical
for use with automatic feeding, since they occupy the worker need-~
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lessly by requiring his presence at the actuators for every stroke of
the press. When the workpiece must be supported by the worker as it
is stamped, neither two-hand control nor two-hand trip systems can

be used; often some combination of ONE-hand trip or ONE-hand control
and another safeguarding system is used. Those jobs which reaquire
the worker to support the workpiece with both hands cannot be safe-
guarded by any form or combination of these systems.

. Neither two-hand control nor two-hand trip safeguarding systems provide
any protection from uninitiated strokes, repeat strokes, or delayed
strokes, which occur often on positive clutch presses. With two-

hand trip systems "anti-repeat' mechanisms are required on positive
full revolution clutch presses to limit the press to one stroke for
each time the clutch is tripped. Thus they prevent a repeat stroke
from occurring if the worker fails to release his actuators during

the upstroke. However, "anti-repeat’ mechanisms cannot prevent repeat
strokes which will occur when the clutch fails catastrophically.

Thus neither system can be used alone on a positive clutch press.

If carefully designed, both two-hand trip and two-hand control systems
can protect against unintended strokes. Their ability to do soc de-
pends on their ability to respond only to the application of one
worker's two hands to the pair of actuators provided. The system
must be designed not to respond to falling objects, dirt, filings,

or any other worker's hands.

Two-hand trip systems protect against intended strokes and after-
reach by making the distance the operator must reach so long that

the slide completes the downstroke before he can get to the nearest
point of operation hazard, even if he after-reaches immediately after
he trips the press. This safety distance will vary from press to
press, depending on the time necessary for the press to engage the
clutch and then complete the downstroke. In order to make the safety
distance short enocugh to be practical, the starting time and down-
stroking time of the press must be short. This generally limits the
use of two-hand trip safeguarding systems to presses whose crankshaft
speed is greater than 75 strokes per minute. (See 'Setting Safety
Distance".)

Two-hand - trip safeguarding systems only provide after-reach protection
for the first downstroke. The system must, therefore, incorporate

a single-stroke feature that requires the worker to place his hands

on the actuators again befeore the next stroke begins. If two-hand
trip systems are provided omn a press which has a "¢ontinuous'' mode

of operation (more than one stroke without a stop at the top) another
safeguarding system must be provided for use whenever continuous

mode is used.
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Two-hand control safeguarding systems protect against intended strokes
and after-reach by making the distance the operator must reach so

long that the system can "stop" the downstroke before he can get

to the nearest point of operation hazard. In order tec make this
safety distance short enough to be practical, the system’'s stop time
must be short. This requires the use of a part revolution clutch
which is capable of disengaging quickly and a brake which is capable
of engaging quickly, and capable of decelerating the slide's speed

to zero quickly (within a few tenths of a second). (See "Setting
Safety Distance”.) '

Although two-hand control can be used to protect a worker when the
press is in a "continuous'" mode, other safeguarding systems, which
do not tie up the worker's hands, are generally more practical.

When continuous mode 1= provided on a press safeguarded by a two-
hand control system, either the two-hand control system must be used
throughout the continuous run, or another safeguarding system must
be provided for use whenever continucus mode is used.

It has become common practice to place the actuators on a bracket
above the slide. On an inclined press, such as an OBI, this placewment
forces the worker's body to be dangerously close to the point of
operation, and creates the hazard of falling into the press due to
imbalancing the worker.. |

System performance, in providing after-reach protection, relies on
clutch and brake action in stopping, or starting and closing, the
slide. Thus the design of both clutch and brake must be of the utmost
reliability to minimize the probability of sudden failures. This
means that positive clutches and band brakes are too unreliable. to

be used with these systems. Splined or tube type clutches or clutches
which employ sleeve bearings and run on the crankshaft are highly
undesirable system components. The brake must be set by multiple,
guided, compressicn springs. Continued after-reach protection depends
on these components. {See. '"Part Revolution Friction Clutch Safety
Considerations'.) .

Eliminating the possibility of sudden failures is not enough. Friction
designs have failure modes characterized by gradual loss of clutch

or brake torque and increase in stop. time and start time. Since

there is only one 'clutch and one brake, redundancy cannot be applied.
However, performance of two-hand control safeguarding systems can

be assured through technical safety by inclusion of a brake monitor.

A brake monitor is simply a system function which monitors the stopping
performance of the clutch and brake and prevents initiation of a-
successive stroke if stop time becomes so long as to compromise after-
reach performance. '
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Continued after-reach performance of two-hand trip safeguarding systems
depends on the clutch action in starting and clesing the slide, and
the brake action in stopping the slide at the top of the single stroke.

Once again, monitoring of the appropriate actions 1s essential. Brake
monitoring is needed to prevent further operation of the press when
top stop overrun has increased to the point where the operator is
endangered. (See "Setting Brake lMonitors'.)

*Clutch action must also be monitored, since wear or contamination
of the friction linings will gradually increase starting time, and
if this detericration is allowed to continue, will eventually result
in an insufficient safety distance and compromised after-reach pro-
tection. This situation can be prevented through either a starting
monitor or a start-time monitor.

Since the brake monitors, starting monitors, and start-time monitors
used with two-hand control and two-hand trip safeguarding systems

are needed parts of the safeguarding system, they must be of "depend-
able" design. ‘

*Since a worker may after-reach at any time, whether hands-in-die
feeding is used or not, a brake monitor i1s always required whenever
either of these safeguarding systems are used.

Adequate safety distance (and thus protection from after-reach) can
be made indépendent of human behavior by mounting each. actuator in

a fixed position which provides adequate safety distance from the
point of operation hazards of every die used in the press. Of course,
the mounting position must be determined under the worst case condi-
tions of largest die, forward-most pinch point, and maximum stopping
time or starting time increase allowed by the brake monitor or start-
time monitor. '

Both two-hand trip and two-hand control systems, if not properly
designed, are susceptible to-inadvertent and deliberate circumventionm.
Careful design can eliminate the attendant risk of injury, but first
the ergonomic factors involved must be evaluated.

One area where improvement must be made is in the requirement for
concurrent action of the buttons. Such a requirement leaves the
possibility of a button tie down for one stroke. This is just the
type of action that a worker would take if he were encountering diffi-
culty in producing a part which he thought a free hand in the die
could help overcome. Further, incidents have been reported where

a4 helper or passerby has contributed to an accident in which the
operator was hurt. This occurs when such a helper or passerby leans
against one of the buttons. If the operator themn actuates the other
button while one hand is still in the die, he will be injured.

*Exceeds 29CFR 1910.217.
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A worker will soon realize that only one actuator is necessary to
trip the press, and then he may attempt to ''tie down' one of the

two buttons in order to operate the press more easily with only the
remaining button. Most existing designs incorporate an anti-tie-down
function, which requires that each actuator must be released at the
end of each cycle and then reactuated in order to trip the press

and begin the next cycls. This is helpful, but anot sufficient, be-
cause a worker can operafe one actuator by means of his hip, his
elbow, or a tool, and then operarte the other with his hand, causing
tke press to trip while the remaining hand is free. This free hand
can be used to hold the part in the point of operation, or some other
equally dangerous task, thus circumventing the safeguarding provided
by the two-hand contrel or two-hand trip system.

Operation with the hip and hand, or the elbow and hand of omne arm,

has long been recognized as a hazard of two-hand systems and present
regulations require the use of '"guard-rings" and ''separation distances
(Figure 18) which are quite effective in making this kind of circum-
vention difficult, but are ergenomically undesireable. Also, these
installations can be circumvented by means of tools, lashed up by

the worker for this purpose. ’

"

*Thus it is required that "simultaneous' actuation (within 1/2-second)
of the actuators be necessary to trip the press, and not "concurrent"
actuation. :

If multiple pairs of actuators are installed on a press for protection
of multiple operators, the. system must, of course, require simultaneous
operation of buttons of each pair, but need require only concurrent
operation among pairs, in order to trip the press, without danger

of possible circumvention or inadvertent loss of function.

It must be noted that when a two-hand control system is used on a
part revolution clutch press, and a stroke'is interrupted by the
worker releasing one of his actuators during the downstroke, the
system must require him to release the other actuator, and depress
both simultaneously in order to reinitiate the stroke. This is often
referred to as interrupted stroke protection. Also, when two-hand
control is used on a press in a "continuous' mode, the system rust
require the worker to release, and simultaneously re-depress his
actuators once each stroke (during the upstroke) in-order to prevent
him £rom holding one down, or operating one with his hip, elbow,

or a tool. This mode of operation is widely used in the U.S. auto
industry and referred to as "on the hop" or "on the hump'" mode of
operation, depending on how much of the safeguarding system, besides
the actuators, 1s operated once each stroke for the purpose of self-
checking.

“*Exceeds 29CFR 1910.217.
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Even simultaneous actuation, however, does not eliminate the incentive
for the worker to defeat the system. The need for him to remove both
hands by the safety distance slows his production and adds fatigue

to the job. In the case of two-hand control, the worker must, in -
addition, hold the actuators down throughout most of the downstroke,

& further time-consuming irritation. Careful design can eliminate

the point of operation injuries, but not fatigue and the incentive

to sabotage.

Regulations presently require the equivalent of ''dependable' design
for the "control system’" whenever a two-hand control system is used

in conjunction with manual feeding, under the heading ''control relia-
bility . . . the control system shall be so constructed that a failure
within the system does not prevent the NORMAL stopping action from
being applied to the PRESS when required, but does prevent initiation
of a successive stroke until the failure is corrected." (29CFR 1910.
217(b)(13}) (emphasis added).

Elsewhere, the regulations define, "control system means Sensors,

manual input and mode selection elements, interlocking and decision-
making circuitry, and output elements to the press operating mechanism.”
(29CFR 1910.212 (d){(59)). This means the two-hand actuators {sensors),
the press control (interlocking and decision-making circuitry), and

the clutch and brake (output element to the press operating mechanism)
must all be of '"dependable' design. (See "'Dependable' Safeguarding
System Design"”.)

Neither two-hand control nor two-hand trip systems obstruct the point
of operation, and so die access for scrap clearing, jam clearing,

and die work is unrestricted. Thus there is no incentive to sabotage
or modify the system from this source.

Supervisory control is necessary only if multiple pairs of actuators,
which can be "switched out” for some jobs, are provided, or when
sufficient safety distance for every job and work setup is not provided
by fixed mounting of the actuators. In the latter case, those workers
responsible for die design, die setting, maintenance, locating the
actuators, and supervision of these operations must be fully trained

in the proper measurement of, and minimum wvalue of, the safety distance
for each press, so that sufficient safety distance is always provided.
In addition, the system must be inspected regularly to this end.
Except in this case, no other supervisory controls or inspections,

or safety training is needed to assure the performance of a well
designed two-hand trip or two-hand control safeguarding. system.
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- A two-hand trip.

Figure 16.

- A two-hand control.

Figure 17.
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Figure 18. - Safety distance and separation distance.
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Figure 19. - An actuator that precludes operation
by one hand or one arm.

B-92



TWO-HAND TRIP SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a two-hand trip safeguarding
system 1s installed.

Does the system:
Yes No

1. Meet the general power press safeguarding system requirements
(page B-2)?

2. Have a‘pért revolution friction clutch?

3. a. Have a mechanism which monitors system start time and
prevents further stroking when preset start time has
been exceeded, and have a safety distance (in inches)
= [start time + 1/2 the stroke time (in seconds)] x
63 inches/second? or

b. Have a mechanism which requires the continued presence
of each hand on each actuator until maximum rotational
crank velocity is reached, and have a safety distance
(in inches) = [1/2 the stroke time (in seconds)] x
63 inches/second? '

4, Have ecach actuator mountad at the proper safety distance,
measured from the nearest point of operation hazard to
the nearest part of each hand when it is in its normal
operating position on each actuator? :

5. Have a brake monitor?

6. Require simultaneous operation of each actuator in a pair?

7. Have each hand actuator pair arranged to that the only
probable means of operation is by a single worker?

8. Require the operation of multiple actuator pairs to be
concurrent to initiate tripping?

9. Have the position of the actuators arranged to prevent
all parts of the body from being in the point of operation
during the downward stroke? .

10. Have "dependable'" design?

11. Have another safeguarding system for die set-up and maintenance?
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Yes No

12.

13.

14.

Have a system of daily inspections, records, and supervisory
controls and have a training program to inform those workers
responsible for die setting, maintenance, die design, super-
vision, and location of the actuaters? If sufficient safety
distance is provided by fixed mounting of the actuators,
these inspections need be made only monthly.

Have a set of inspection procedures?

Have a set of records to record all inspections, movement
of the actuators, and maintenance on the system?

If the answer to any of the above questions is "No'", the system must
not be placed in service.
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TWO-HAND CONTROL SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a two-hand control safe-
guarding system is imnstalled.

Yes

o

10.

11.

12.

Does the system:

Meet tﬁe'general power press safeguarding system requirements
(page B-2)7 ‘

Have a part revolution friction clutch?

Quickly stop the press when any worker's hands are removed
from any actuator during any downstroke of the slide and
require the release and subsequent simultaneous operation
of all actuators to vestart the press? ,

Have each actuator located at a safety distance measured
from the nearest point of operation hazard to the nearest
part of the hand when it is in its normal cperating positiom,
neeting the following requirement: safety distance (in
inches) = system stop time (in seconds) x 63 inches/second?

Have a brake monitor?

Require the operation of both actuators within 1/2-second
of each other for press operation?

Have the two-hand actuators so arranged that the only probable
means of operating both is by the two hands of a single worker?

Require the operation of multiple actuator pairs to be con-~
current to initiate the stroke?

Have the position of the two hand actuators arranged to
prevent all other parts of the body from being in the point
of operation during the downward stroke of the slide?

Have 'dependable" design?

Have another safeguarding system for protection of helpers
and passersby?

Have another safeguarding system for die set-up and maintenance?
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Yes No

13. Have a system of daily inspections, records, and supervisory
controls and have a training program to inform those workers
responsible for die setting, maintenance, die design, super-
vision, and location of the actuators? If sufficient safety
distance is provided by fixed mounting of the zctuators,
these inspections need be made only monthly.

If the answer to any of the above questions is '"No'", the system must
not be placed in service.

B-96



SAFETY INSPECTION CHECKLIST FOR TWO-HAND TRIP SAFEGUARDINC SYSTEMS

This safety inspection checklist for two-hand trip safeguarding systems
is a sample that includes information that must be recorded:

£~ oo

Yes

At the start of each shift.

When dies are changed.

When the two-hand trip is relocated.

When a two-hand trip related accident occurs.

No

CHECKLIST

Are the actuators so installed that they meet the safety dis-
tance requirement?

Are the actuators so installed as to not cause undue operater
fatigue?

Are the actuators so located or arranged that no part of the
body except both hands can be used to actuate them?

Is the two-hand trip protected against unintended operation?.

On a press using only one operator, dc both actuators have
to be released before another stroke can be initiated?

‘Are the actuators fixed in such a position that only a super-

visor or safety engineer is capable of removing or moving them?

Does the two-hand trip require simultaneous operation (both

actuators in a pair tripped within 1/2-second of each other)?

If the press requires more than one operator, are separate
two-hand actuators provided for each operator and are they

so designed that concurrent application of all actuator pairs
is required to trip the press?

Is another safeguarding system provided for die set-up and
maintenance?

Is the position of the actuators arranged to prevent all parts
of the body from being in the point of operating during the
downstroke?

If the answer to any question from 1 through 10 is "No", corrective action
must be taken.
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Yes No

11. Has the two-hand trip been sabotaged or otherwise rendered
ineffective or unsafe?

12. Does the safeguarding system in any way create a hazard in
itself? ‘ ' ‘

I1f the answer to .question 11 or 12 is "Yes'", corrective action must be
taken. A

Describe any maintenance, replacement, modifications, adjustments, repairs,
or other corrective action taken (if '"none', so state):

Reason(s) for safety inspection. Check appropriate item(s):

___shift change

___die change

____two~hand trip relocated

___accident - in the case of a point of operation accident, the emplover
shall report it in accordance with 29CFR 1910.217(g).

Signature:

Title:

Date:

Shift:

Time:

Machine No.:

Serial No.:
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SAFETY INSPECTION CHECKLIST FOR TWO-HAND CONTROL SAFEGUARDING SYSTEMS

This safety inspection checklist for two-hand control safeguarding éystems
is a sample that includes the information that must be recorded:

1. At the start of each shift.

2. When the die is changed.

3. When the two-hand control is relocated.

4. When a two-hand control related acecident occurs.

CHECKLIST
Yes No

1. Are the two~hand actuators so installed that they meet the
safety distance requirement?

2. Are the two-hand actuators so installed as to not cause undue
operator fatigue?

‘3. Are the two-hand actuators so arranged that the only probable
means of operating both is by the two hands of a single worker?

4. 15 the two-hand control protected against unintended operation?

5. Does the removal of the worker's hand from either actuator
during any and every downstroke of the slide quickly deactivate
the clutch and apply the brake to stop slide action?

6. Do all actuators have to be released before an interrupted
stroke can be resumed?

7. Are the two-hand actuators fixed in a position so that only a
supervisor or safety engineer 1s capable of removing or moving
them?

8. Does the two-hand contrcl require simultaneous application of
the worker's hands (within 1/2-second of each other) at each
actuator station to trip the press?

‘9. Is the position of the two—hand actuators arranged to prevent
~all other parts of the body from being in the point of operation
during the downstroke of the press?

10. Is there another safeguarding system for die set-<up and maintenance?

1l. Must multiple actuator pairs be operated concurrently to ini-
tiate the stroke?

If the answer to any question 1 through 11-is "No", corrective action
must be taken.
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Yes No

12. Has the two-hand control been sabcotaged or otherwise rendered
unsafe or ineffective?

13. Does the safeguarding system in any way create a hazard in
itself?

I[f the answer to question 12 or 13 is "Ves'", corrective action must be
taken. .

Describe any maintenance, replacement, modification, adjustments, repairs,

or other corrective action taken (if "aone', so state):

Reason(s) for safety inspection. Check appropriate item(s):

___shift change

___die change

two-hand control relocated

accident - in the case of a point of operation accident, the emplover
shall report it in accordance with 29CFR 1910.217(g).

Signature:

Title:

Date:

Shift:

Time:

Machine No.:

Serial No.:
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PRESENCE SENSING SAFEGUARDING SYS3TEMS
1. DESCRIPTION OF PRESENCE SENSING

A presence sensing safeguarding system (Figures 20 and 21) can provide
protection for all parts of the body of operators, helpers, passersby,
die setters, and maintenance men.

A presence sensing safeguarding system i1s defined as "a device designed,
constructed, and arranged to create a sensing field or area and to de-
activate the clutch control of the press when (a worker's) hand or any
other part of his body is within such field or area'". The system provides
protection from point of operation hazards by being 'interlocked into

the control circuit to prevent or stop slide motion if the (worker's)

hand cor other part of his body is within the sensing field of the device
during the downstroke of the slide". Thus a presence sensing safe-
guarding system is composed of at least the sensing device, the control
systems, and the clutch and brake.

Most presence sensing systems operate as follows: If a worker is in the
point of operation and sensing field, the system's interlocking circuits
are put in a "stop" condition and the clutch camnnot be tripped. If the
clutch has already been tripped and a worker after-reaches into the point
of operation through the sensing field, the interlocking circuits change
to a '"stop" condition, causing the clutch to disengage, the brake to-

be applied, and the slide to decelerate until it stops. If there is

an object in the sensing field during the upstroke of the slide the
system will not respond.

The sensing field by which the system detects workers' presence is gener-
ally electro-magnetic in nature, with two major designs predominating:
radio frequency fields and light fields. :

-

2. USE OF PRESENCE SENSING

‘Ptesence sensing can be used on any mechanical power press except those
equipped with a positive or full revolution clutch. Refer to Tables
3 and 4 for more informatiom as to the use of presence sensing.

3. INSTALLATION OF PRESENCE SENSING

The installation instructions for presence sensing systems vary from

manufacturer to manufacturer. Refer to the manufacturer's literature

for installation instructioms. Extreme care must be taken during instal-

lation to follow the manufacturer's installacion instructions exactly.

This is necessary to minimize the need for further attention after
initial installation and to assure the effectiveness of the safeguarding

system. See Figure 22 for examples of incorrect installatiom.
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4. MAINTENANCE OF PRESENCE SENSING

The maintenance instructions for presence sensing systems vary from
manufacturer to manufacturer. Refer to the manufacturer's literature
for maintenance instructions. A system must be inspected at the time
intervals given on the '"'Safety Inspection Checklist for Presence Sensing
Safeguarding Systems’, shown at the end of this discussion. The 'Pre-
sence Sensing Safeguarding Systems Installation Checklist" also shown

at the end of this discussion, should be completed when a presence
sensing safeguarding system is installed.

5. ADVANTAGES AND DISADVANTAGES OF PRESENCE SENSING

The following list of advantages and disadvantages, coupled with the
information given on Tables 3 and 4, will assist the safety professional
in reaching a decision as to which safeguarding system is best suited
for a particular mechanical power press.

A. Advantages of Presence Sensing

1. All workers in all modes are protected, with all Eeedlng
methods, and for all workpieces.

2. Protection is provided against 1ntended and unlntended
strokes.

3. Protection 1s provided against after-reach.

4. A properly designed, constructed, and installed presence
-sensing system does not rely on human behav1or for satis-
factory performance.

5. The system is ergonomically acceptable.

6. Unrestricted visibility of the peoint of operation is maintained.

7. The system presents small incentive for sabotage.

B. Disadvantages of Presence Sensing

1. No protection is provided from uninitiated strokes, repeat
strokes, or delayed strokes, if they occur.

2. Initial cost is relatively high.
3. The system requires careful installation.
4. (Can only be used with part revolution friection clutch.

6. SAFETY CONSIDERATIONS

Because it protects all body parts, presence sensing can be used with
all production methods, primary and secondary operations, whether manual,
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semi-automatic, or automatic feeding is employed, as long as the feeding
equipment does not enter the sensing field during the downstroke of

the slide and the press is equipped with a friction clutch. Likewise,
presence sensing systems can be used with all types of material and
workpieces, as long as they do not enter the sensing field during the
downstroke of the slide.

Since the sensing field permits workers to enter the die at any time,
presence sensing safeguarding systems provide no protection from unini-
tiated strokes, repeat strokes, or delayed strokes, 1f they occur.
Since repeat and delayed strokes can occur catastreophically, and with-
out warning, as the result of failures inherent in positive clutch
designs, presence sensing systems must not be used alone on presses
equipped with positive clutches.

When a friction clutch is empleyed, the possibility of an uninitiaced,
repeat, or delayed stroke can be practically eliminated through 'de-
pendabie" system design, and thus presence sensing systems are accept-
able.

A presence sensing safeguarding System prevents tripping whenever it
senses any worker in the point of operation; therefore, all workers
are protectfrom from all intended and unintended strokes. Protection
against intended and unintended strokes depends on the system’s ability
to sense a worker's presence in the point of operation, regardless

of what part of the sensing field he enters. Because of the require-~
ments for after-reach protectidn and the characteristics of existing
- mechanical power press designs, the sensing field must be at a safety
distance of more than six inches from the point of operation. Thus,
for protection from the hazards of intended and unintended strokes,
the presence sensing system must be capable of detecting an object
the size of the human arm. Based on experience, this requirement is
interpreted as sensitivity to a 2 inch minimum diameter object.

Unfortunately, all presence sensing systems which generate their sensing
field by radio frequency waves, and some of those which employ light
waves, incorporate a "sensitivity" control as an operating adjustment.
Installations of this type have been observed where the "sensitivicy"
control was adjusted so that the system could not detect the presence

of an arm in their:sensing fields. If a system is equipped with sen-
sitivity controls or gap-creating switches, they must be capable of
being carefully supervised.

When a gap is created in the sensing field of any presence sensing
system, for example, to allow workpieces or feeding mechanisms to
enter the semsing field during the downstroke, the effect of. this
reduced area of sensitivity may reduce after-reach performance.

Some systems allow the introduction of gaps larger even than 2 inches
(or an arm's width), and thus degrade protection from intended and
unintended strokes as well. Whenever gaps are introduced, safety
distance must bte checked for adequate after-reach protection., If
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a gap larger than 2 inches is created, another safeguarding means,
usually a supplemental barrier, is necessary to prevent access through
the gap from resulting in an injury. An alternative to creating gaps
in the sensing field of a presence sensing system is to provide another
safeguarding system for use whenever the workpiece or feeding mechanism
would enter the sensing field. :

However, if the presence sensing device is sometimes not used, the
complete system must provide that when it 1s not in use, there is

no possibility of workers unwittingly depending om it. Thus when

the presence sensing device is not in use all its associated indicator
lights must be extinguished.

Since a presence sensing system allows any worker die access at any
time, he may after-reach into the point of operation while the dies

are closing. Presence sensing systems provide after-reach protection
by means of a safety distance between the sensing field and the nearest
hazards, which is great enough to ensure that the time needed to teach
the hazard is greater than the time needed to eliminate the hazard.

All known presence sensing systems eliminate the hazard by stopping

the slide motion through disengaging the clutch and engaging the brake
whenever an after-reach is sensed.

In order for the needed safety distance to be short enough to be practical,
the stop time must be short. This requires the use of a part revolution
clutch which is capable of disengaging quickly and a brake which is
capable of engaging quickly, and capable of decelerating the slide's
speed to zero quickly (within a few tenths of a second). (See 'Part
Revolution Friction Clutch Safety Considerations™.) In additiom,

total system stopping time includes the time necessary for the control
system to respond to the signal from the presence sensing device, and
the reaction time of the presence sensing device. All known commer-
cially available presence sensing devices incorporate electrical and
electronic circuits to generate and/or sense the presence of objects

in the sensing field. When a worker after-reaches, these circuits
require time to respond and signal the control system. This reaction
time varies from one-hundredth to one-tenth of a second, depending

on design. These times all contribute to the stop time of the systen,
and must be taken into account in order to achieve maximum protection
from after-reach.

All commercially available presence sensing devices are incapable of
detecting an object too small to disrupt their electromagnetic sensing
fields. The size of the minimum detectable object varies considerably
from design to design. The existence of this minimum means that the
human hand, which may enter the sensing field at any point, will not
be sensed until encugh of it has entered the field to exceed the mini-
oum.  This discance must be included in the safety dlscance, ‘and must
be specified by the manufacturer of the device.*

*Exceeds 29CFR 1910.217. _
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Systems which employ radio frequency waves to create their sensing
fields have a special problem in providing pretection from after-
reach. Unlike light wave type designs, radioc frequency waves are

not easily confined to a flat planar region. As a consequence, these
systems are affected by the presence of nearby objects, such as parts
bins, stacks of workpieces, feeding mechanisms, passersby, die trucks,
and by the particular die in the press. Thus, radio frequency wave
presence sensing systems must be adjusted for each job and worker.
This adjustment causes the effective position of the sensing field

to vary from job to job. Thus, unlike light wave type designs, the
safety distance cannot be set for the nearest pinch point upon initial
installation.

Recent improvements in design of radio frequency wave presence sensing
devices have succeeded in reducing these problems to a manageable
level through the use of a manufacturer supplied "antenna” from which
the field radiates. With these new designs, adjustments need only be
made occasionally, and for some applications, may be eliminated.

Although they must be considered, supplemental barriers are not always
part of every presence sensing safeguarding system. If the sensing
field is large enough, and the press is of closed straight-sided
construction, it is impossible to reach over, under, or behind the
sensing field, and thus enter the point of operation without being
detected. ‘

If the press is a '"C" frame or other open-sided design, some presence
sensing device designs sllow the sensing field to be wrapped around
the press, and supplemental barriers are not needed. With some light
wave type designs this cannot be done reliably or easily, or at all,
and thus supplemental barriers or additional presence sensing devices
are required for protection at the sides of the press.

Also, with light wave type presence sensing devices, the size of the
sensing field is roughly proportional to the cost of the device, and
many users save initial costs by purchasing a small device. This
often results in the possibility of reaching over, under, or around -
the sensing field. In these cases supplemental safeguarding is needed,
and supplemental barriers are often used. The use of a larger sensing
field is always a safer approach.

The particular characteristics of the press may require a safety distance
so great that it becomes possible for a worker to stand between the
sensing field and the point of operation without being in the sensing
field and thus remain undetected while some part of his body is in

the point of coperation. In these cases three solutions are possible:
another sensing field may be added horizomtally in the gap to sense

the worker in this position, or the sensing field may be tilted in
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at the bottom and made so large that it beth fills the gap and satisfies
the safecy distance requirements, or a fixed or interlocked supplemental
barrier can be used to prevent the workers from standing so close to

the die that they are not in the sensing field.

Since the amount of energy needed to create an effective sensing field
is very low, there is no need for any design of presence sensing system
to create a hazard for workers. None of the known commercially avail-
able systems create such a hazard.

- The continued performance of presence sensing safeguarding systems
can be designed to rely almost entirely on the performance of the
safeguarding system iteself, almost eliminating dependence on human
behavior. This means the system must be designed for maximum techni-
cal safety. :

"Dependable" design is required for the control system, the presence
sensing device, and the clutch and brake whenever a presence sensing-
system is used. (See "Dependable Safeguarding System Design"”.)

System performance, in providing after-rsach protection, relies on
clutch and brake action in stopping the slide. Thus the design of
both clutch and brake must be of the utmost reliability to minimize

the probability of sudden failures. This means, briefly, that positive
clutches and band brakes must not be used. Splined or tube type
clutches or clutches which employ sleeve bearings and rum on the
crankshaft are highly undesirable system components. The brake must

be set by multiple, guided, compression springs. Continued protection
depends on these components. (See "Setting Safety Distance™.)

Eliminating the possibility of sudden failures is not emough. Friction
designs have failure modes characterized by gradual loss of clutch

or brake torque and increase in stop time. Since there is only cne.
clutch and one brake, redundancy cannot be applied. Continued perfor-
mance can be assured through technical safety by inclusion of a brake
monitor. A brake monitor is a system function which monitors the
stopping performance of the clutch and brake and prevents initiation
of a successive stroke if stop time becomes so long as to compromise
after-reach performance. As a part of the safeguarding system, the
brake monitor must be of "dependable'" design. (See "Setting Brake
‘Monitors".)

Present regulations require a brake monitor whenever presence sensing
and hands-in-die feeding are used. However, some worker may after-
reach at any time, whether hands-in-die feeding is used or not. There-
fore, a brake monitor is always required when presence sensing safe-
guarding systems are used.*

*Exceeds 29CFR 1910.217.
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If supplemental barriers are employed in a presence sensing safeguarding
system, protection from unintended strokes, intended strokes, and
after-reach depends on their continued presence in their protective
POSiFion- The sensing field is often so -large that the supplemental
barriers do not have to be removed (permanently mounted) for die
setting or maintenance. All supplemental barriers used in a presence
sensing system must be either permanently mounted or interlocked

with the control system to prevent tripping when they are not in

their protective position.* Also, if supplemental barriers are needed
for use with'a feeding mechanism, they should be mountad om the feeding
mechanism. ' :

When gaps are introduced in the sensing field for the purpose .of
feeding, the risk that they may not be removed when the next job

is set is created. Some designs of light wave presence sensing de-
vices provide the possibility of mounting the gap creating means

on the feeding mechanism or workpiece iteself, thus assuring that

it will be eliminated when the job is changed. This example cof techni-
cal safety is preferable, but since it is not realizable in all designs,

it 1s not required.

Although the level of protection from after-reach-obtained with a
presence sensing system depends on the provision of adequate safety
distance, most designs have the capability of wmaking continued after-
reach performance independent of human behavior. This can be accom-
plished by mounting the sensing device in a fixed position which
provides adequate safety distance from the point of operation hazards
of every die used in the press. 0Of course, the mounting position
must be determined under the worst case conditions of ‘minimm sensi-
tivity, largest die, forward-most pinch point; and maximum stopping
time increase allowed by the brake monitor. If the need for supple-~
nental barriers is not eliminated in such a design, they must be '
used. Thus, with presence sensing safeguarding systems, continued
performance of the system can be designed to be independent of worker
behavior, minimizing the need for supervisory control.

Because of the heavy dependence on technical safety, and the system
complexities entailed, a high degree of training is required of those
persons installing a presence sensing safeguarding system. Knowledge
"of the need and techniques of measuring stop time and setting safety
distance and the brake monitor is necessary.

The ergonomic factors involved with presence sensing safeguarding
systems, even among presently available designs, are excellent.
Because their sensing fields do not restrict die access in any way,
and because the enmergy requirements for sensing are very low, both
die access and di¢ visilibility are excellent, minimizing the incen-

*Exceeds 29CFR 1910.217.
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. 1
tive to sabotage .

The incentives for sabotage which do exist are: (1) the nuisance of
having to withdraw the hands from the sensing field on hand fed opera-
tions before the press can be tripped, (2) the need for special atten-
tion when the workpiece or a feeding mechanism is required to enter
the sensing field during the downstroke, which encompasses a rather
small percentage of the total number of press operations.

Because of the system’'s complexity, the difficulty of successful
sabotage or modification which affects safeguarding performance can

be designed to be very high. Because ''dependable’ systems design

can be rigerously incorporated throughout presence sensing safeguarding
systems, the probability that any modification or sabotage will result
in a system which continues to operate when safeguarding performance

is compromised can be made extremely remote.

Because presence sensing systems place no physical restriction on

the worker's movement, they contribute nothing to the fatigue involved
in opevrating the press. When a presence sensing system is properly
designed, built, and used, the worker may trip the press by any cen-
venient means except use of the presence sensing itself as a tripping
means is prohibited. The tripping means has nc effect on point of
operation protection provided.

lAn exception is commercially available designs of light wave type
devices which utilize a standard 40 watt flourescent tube as the
sensing energy source, which because of its brilliance, generally
interferes with die visibility. Other light wave designs do not
have this problem, however, since they are of more efficient design.
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Figure 20. - A presence sensing system saféguarding the point
‘ of operation on a gap frame press.
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Figure 21. - A presence sensing system safeguarding the point
of operation on a straight side frame press.
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Figure 22. - Improper installation of a presence sensing device.
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PRESENCE SENSING SAFEGUARDING SYSTEMS INSTALLATION CHECKLIST

This checklist must be completed when a presence sensing safeguarding
system is installed.

Does the system:
Yes No

1. Meet the general safeguarding system requirements for power
presses (page B-2)?

2. Have a part revolution friction clutch?
3. Prevent tripping whenever a worker's presence is sensed?

4. Quickly disengage its clutch and apply its brake whenever
a worker's presence is sensed?

5. Remain unaffected by external fields, foreign materials, or
ambient conditions?

6. Provide a sensitivity sufficient to detect the presence of
a hand or a 2-inch object at any point in its semsing field?

7. Have an effective position of the sensing field which meets
the following requirement for every die or work set-up:
Safety distance {(in inches) = [sensing device reaction time
(in seconds) + press system stop time + brake monitor time
increment] x 63 inches/second?

‘8. Incorporate a brake monitor?

9. Have its sensing device marked by the manufacturer to
indicate the effective position of 1its sensing field?

10. Have supplemental safeguarding to prevent entry into the
point of operation from over, under, or around the sensing
field?

11. Prevent the worker from standing between the sensing field
and the press?

12. Have zll gaps created in the sensing field protected by
supplemental safeguarding means?

13. Interlock or permanently attached all supplemental barriers?

14. Eliminate all shearing and pinching hazards between the |
supplemental barriers and the slide and dies?
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Yes

No
15.

16.

17.

18.

19.

Have 'dependable'" design?

Have a safeguarding system used during die setting, maintenance,
and other operations if necessary?

Have visible indicagers and energy sources asscciated with
the presence sensing system which automatically eytlngulsh
whenever the system is not in use?

Provide a non-adjustable sensitivity, or a means of supervising
sensitivity adjustment, and a system of inspections, records,
and supervisory controls and a training program to inform

all workers of the safety requirements for "sensitivity"
adjustments? '

Have a system of daily inspections, records, and superviscry
controls ready for daily use and have a training program to
inform those workers respousible for die setting, maintenance,
die design, supervision, and location of the actuators? If
sufficient safety distance is provided by fixed mounting of

the actuators, these inspections need be made only monthly.

If the answer to any of the above questions is "No'", the system must
not be placed in service.
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SAFETY INSPECTION CHECKLIST FOR PRESENCE SENSING SAFEGUARDING SYSTEMS

This safety inspection checklist is a sample that includes the information
that must be recorded:

1. When a presence sensing system is relocated.

2. If a sensitivity control is furnished, complete this checklist at
the beginning of each shift, after each die change, whenever operators
or helpers are changed, and after each modification, adjustment, or
maintenance procedure is performed.

3. If not mounted in a fixed position, complete this checklist at the
beginning of each shift, after each die change, whenever operators
or helpers are changed, and after each modification, adjustment, or
maintenance procedure performed.

4, 1f mounted in a fixed position, complete this checklist momthly.

5. When a presence sensing system related accident occurs.

CHECKLIST
Yes No

1. Does the system prevent tripping whenever a worker's presence
is sensed?

"2. Does the clutch quickly disengage and the brake quickly apply
whenever a worker's presence is sensed?

3. Does the presence sensing remain unafifected by external fields,
foreign materials, or ambient conditions?

4. Does it provide a sensitivity sufficient to detect the presence
of a hand or a 2-inch diameter object at any point in its
sensing field?

5. Does the system have supplemental safeguarding to prevent entry
into the point of operation from over, under, or around the
sensing field?

6. Does the system prevent the worker from standing between the
sensing field and the press?

7. Are all gaps created in the sensing field protected by supple-
mental safeguarding means?

8., Are supplemental barriers interlocked or permanently attached?

9, Are all shearing and pinching hazards between the supplemental
barriers and the slide .and dies eliminated?

10. Does the system incorporate a supplemental safeguarding system
during die setting, maintenance, and other operations if

necessary?
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Yes No

11.

12.

Are all visible indicators and energy sources associated with

the presence sensing system autcmatically extinguished when-
ever they are not in use?

Does the system provide a non-adjustable sensitivity, or a

means of supervising sensitivity adjustment, and a system
of inspectrions, records, and supervisory controls and a
training program to inform all workers of the safety re-

~quirements for "semsitivity' adjustments?

If the answer to any of the above questions is "No'", corrective action
must be taken.

Describe any maintenance, replacement, modifications, adjustments, repairs,

or other corrective action taken (if "none", so state):

Reason(s) for safety inspection. Check appropriate item(s):

___system relocated

___sensitivity device required check

___no fixed position required check
accident - in the case of a point of operation accident, the emplover
shall report it in accordamce with 29CFR 1910.217(g).

Signature:

Title:

Date:

Shife:

Time:

Machine No.:

Serial No.:
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PRESS OPERATED SWEEP AND PUSHAWAY SAFEGUARDING SYSTEMS
1. DESCRIPTION OF PRESS OPERATED SWEEPS AND PUSHAWAYS

A press operated sweep (operated by the slide, Figure 23) can protect
operators, helpers, and passersby from the hazards of the point of
operation. They do not protect die setters and maintenance men. Some
other means of safeguarding must be used for these persons.

A press operated sweep is a mechanism that protects the press operator
by removing his hands to a safe position if they are inadvertently
located in the point of operation as the dies close. A press operated
sweep must have a barrier attached to the sweep arm in such a manner

'as to prevent the operator from reaching into the point of operation,

past the trailing edge of the sweep arm as the dies close,

Some devices called "sweeps” have been built which act before the clutch
is tripped. These devices are really gates and must meet all the re-
quirements of gates. They are not covered in this discussion. Only
those sweeps which are operated by the slide are sweeps, and they

are covered herein. -

Pushaways protect the operator in a manner similar to the press operated
sweep by pushing him away from the point of operation as the dies

close. Pushaways are rarely used in the United States and their
coverage herein will be brief.

2. USE OF PRESS OPERATED SWEEPS

Sweeps can be used as a supplemental safeguarding system on any press.
Sweeps cannot be used as a sole safeguarding means after December 31,
1976. Refer to Tables 3 and 4 for more information as to the use of
sweeps.

3. INSTALLATION OF PRESS OPERATED SWEEPS

The sweep device must be so installed that it is activated by the slide.
It must be installed and operated so as to prevent the operator from
teaching into the point of operation as the dies close. It must be
installed in such a manner that it will not itself create an impact
or shear hazard between the sweep arm and the press tie rods, dies,
or any other part of the press or barrier. The sweep can be mounted
to sweep the operator's hand from the die area in a front-to-back,
right-to-left, left-to-tight, or two sweeps moving in a criss-cross
motion. The sweep should be mounted to move right or left as related
to the hands of the operator. The sweep should move tco the left for
right hand feeding and to the right for left hand feeding.

Sweeps must be so installed that they in no way present, in themselves,
a hazard to workers. .
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4. MAINTENANCE OF PRESS OPERATED SWEEPS

Sweeps should be inspected for proper adjustment, general condition,
wear and tear, and proper fastening when the die is changed, when the
sweep has not been used for one day or more, when a new sweep is in-
stalled, when a new press is placed in service that will use a sweep
as a safeguarding means, and when a sweep related accident occurs.
Worn or damaged sweeps must be repaired or taken out of service imme-
diately. When there is any doubt as to whether or not they can be
safely repaired, they must be taken ocut of service. Some sweeps have
points that require lubrication. Refer to the manufacturer's liter-
ature for lubrication recommendations.

Records of inspections, maintenance, and replacement must be kept.

The "Safety Inspection Checklist for Sweep Safeguarding Systems",
~ shown at the end of this discussion, can be used for such records.

5. ADVANTAGES AND DILSADVANTAGES OF PRESS OPERATED SWEEPS
The following list of advantages and disadvantages, used in conjunction
with Tables 3 and 4 will assist the safety professional in reaching

a decision as to which safeguarding system is best suited for a parti-
cular mechanical power press.

A. Advantages of Press Operated Sweeps

l. Low initial cost is involved compared to some other safe-
guarding systems.

B. Disadvantages of Press Operated Sweeps
1. Frequent inspection aﬁd adjustment is required.
2. Sweeps create pinching, impact, and shearing hazards.
3. The operator resents having his hands forcibly removed.

4, 1f not properly manufactured and adjusted, sweeps can allow
operator to after-reach into the point of cperation.

5. Sweeps cannot be used alone after December 31, 1976.
6. SAFETY CONSIDERATICNS

The regulations require the use of supplemental barriers to preclude
the operator reaching around the sweep's arm and into the die during
the "downward stroke'". The regulations alsc require that the sweep
device shall not '"create a shear or impact hazard between the sweep
arm and the press tie rods, dies, or any other part of the press or
barrier". However, the fact remains that injuries take place because
of these hazards. B-116



This problem is especially acute since sweeps are moved by the force

of the slide. OQbviously, any impact or shearing hazard which exists

as a result of the sweep will be a much greater danger if its closing
force is measured in tons rather than pounds. It is primarily for

this reason that sweeps are prohibited as the sole safeguard as of
December 31, 1976.

The sweep is sometimes called a pushaway, although this is inaccurate
since its acticn is more a ''push aside" motion than a "pushaway' motion.
The pushaway protects a worker from point of operation hazards by moving
a large metal barrier up and away from the press bolster as the slide
descends. Thus, if a worker has his hands inadvertently in the point
of operation, he is pushed away by the barrier.

Like sweeps, these devices are moved by the slide, and thus are capable
of creating a pinching or impact hazard as forceful as that of the

slide. This pushing action has been responsible for numerous accidents
such as entrapment between the guard and a die truck or stack of material,
and falls. Obviously, if the press were to be tripped without the
knowledge of everyone in the path of the barrier, the pushing actiom
would be extremely hazardous.

Because of the similarity of pushaway hazards to those which require
the prohibition of slide operated sweeps, it is recommended that
pushaways not be introduced and used as point of operation safeguarding
in' the united States. :

Figuie 23. - An example .of a sweep.
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SAFETY INSPECTION CHECKLIST FOR SWEEP SAFEGUARDING SYSTEMS

This safety inspection checklist for sweep safeguarding systems is a
sample that covers the information that must be recorded:

£5 L0 R

At the start of each shift.
When the die is changed.

When
When

the sweep has not been used for one day or more.
a sweep related accident occurs.

NCTE: Since all sweep safeguarding systems require supplemental barriers
or enclosures, also complete a "Safety Inspection Checklisc for Barrier
or Enclosure Safeguarding Systems' (page B~43) at these times:

[ N R MRV S

Yes

At the start of each shift.

When
When
When
When
When

the barrier or enclosure is removed and then reinstalled.
any repair work is performed on the barrier or enclosure.
the barrier or enclosure is modified.

dies are changed.

an adjustable barrier or enclosure is adjusted.

CHECKLIST

1. Is the sweep properly designed for the 'application?
2. Is the sweep .properly adjusted?
3. Is the sweep properly and firmly attached to the press?

4. Is the general condition of the sweep safe?

If the answer to any question from 1 through 4 is "No", corrective
action must be taken.

5. Are any parts of the sweep broken or worn?
6. Does the sweep need to be replaced for any reason?

7. Has the sweep been sabotaged or otherwise rendered unsafe
or ineffective?

8. Does the sweep action create any shearing, pinching, or
impact hazard for any employee?

9. Does the safeguarding system allow any worker access to the
point of operation through any opening during the downstroke?

If the answer to any question 5 through 9 is "Yes', corrective action
must be taken.
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Describe any maintenance, replacement, modifications, adjustments, repairs,
or other corrective action taken {(if ™one", so state):

Reason(s) for safety inspection. Check appropriate item(s):

___shift change
___die change .
sweep out of service for ome day or more
accident - in the case of a point of operation accident, the employer
shall report it in accordance with 29CFR 1910.217(g). '

Signature:
Title:
Date:
Shift:
Time:
Machine No.:
Serial No.:
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SAFE WORKPIECE SAFEGUARDING SYSTEMS
1. DESCRIPTION OF SAFE WORKPIECE

Safe workpiece (Figure 24) can protect operators, helpers, and passersby
in case {(a) below; in case (b) or (¢) below it can protect one

wotker. It does not protect die setters and maintenance men. These
persons must therefore be protected by some other means of safeguarding.

Safe workpiece is a safeguarding system which employs the workpiece
and its characteristics as the safeguarding means. There are three
types of safe workpiece safeguarding: (a) the workpiece is of such
size, shape, and material that when it is in the point of operation
it alone, or the workpiece with supplemental barriers, prevents a
worker from entering the point of operation, (b) the workpiece is

of such size, shape, and material that it must be supported and held
by a worker at such a remote point with at least one hand whenever
the workplece is in the point of operation, that the worker cannmot
reach the point of operation with either hand, or the workpiece will
be dropped or damaged, and (c¢) the workpiece is of such size, shape,
and material that it must be supported by both hands whenever it is
in the point of operation, or it will fall and be damaged. These
three types are related, since (b) and (¢) are extensioms of (a).

2. USE QOF SAFE WORKPIECE

Safe workpiece as a safeguarding means must only be used where special
workpiece consideraticns preclude the use of other safeguarding systems.
Where safe workpiece is used it can be used as the safeguarding means
on any mechanical power press set—up where any of the above conditions
are met. However, its use is limited to those applications where

no other type of safeguarding will work and where strict supervisory
contrel of the above conditions is exercised. Also, this method of
safeguarding may require a variance from OSHA. Safe workpiece cannot
be used as the safeguarding means on presses with automatic feed and
when the workpiece is too small. With safe workpiece, the operator
may be required to reach into the point of operation but must be
precluded from doing so during the downstroke.

Refer to Tables 3 and 4 for more detailed infermation as to the use
of safe workpiece, ‘

3. INSTALLATION REQUIRED BY SAFE WORKPIECE
The only special installation required that is attributable to the

safe workpiece means of safeguarding the point of operation is the
installation of workpiece interlocks.
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4. MAINTENANCE REQUIRED BY SAFE WORKPIECE
No special maintenance is required that is attributable to the safe
workpiece means of safeguarding the point of operation. The interlocks
should be periodically checked for proper operatiom.
5. ADVANTAGES AND DISADVANTAGES OF SAFE WORKPIECE
The following list of advantages and disadvantages, used in conjunction
with Tables 3 and 4, will assist in reaching a decision as to which
safeguarding means is best suited for a particular power press.
A. Advantages of Safe Workpiece
1. Minimal maintenance 1Is required.
2. Minimal cost is involved.

3. The system offers simplicity of operation.

4, Movement of the operator is not restricted by the safeguarding
means.

5. The system is ergonomicazlly acceptable.

6. No incentive to sabotage or circumvent the safeguarding
means 1is created, except that supplemental guarding may
be sabotaged or circumvented.

7. 1f properly applied, safe workpiece safeguards from after-
reaching inte the point of operation.

8. 1If properly applied, safe workpiece safeguards from a repeat
stroke injury.

B. Disadvantages of Safe Workpiece

l. The system has limited use. Safe workpiece, of course, can
be used as the safeguarding method only when the requirements
of cases 1.(a), 1.(b), or 1.(c) are met. Therefore, safe
workpiece cannot be used as the safeguarding means when the
workpiece 1s small or the press i1s automatically fed. As
previously stated, it is not intended for general use and
may require an OSHA varianca.

2, A large workpilece ma? limic the operator's view.

3. Interleocks must be incorporated into the control system.
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6. SAFETY CONSIDERATIONS

The physical characteristics of the workpiece are the determining
factors in the performance of the safe workpiece safepguarding system.
In case 1.{(a), only the size and shape of the workpiece need to taken
into account. The requirement that the workpiece be so large that

a worker cammnot reach the die cad be met in a number of ways. A

few workpieces have large vertical surfaces sc¢ that workers must
reach over them to enter the die. Most workpieces which lend them-
selves to this type of safeguarding are relatively wide or deep,

and flat. The degree of protection provided by a given workpiece
depends on the distance of its outer edge from the nearest pinch
point, and the height of this edge above the floor. I1f the edge

is chest high, it must be more than an arm's length from the hazard.
If it is waist high, it must be an additional-distance away to pre-
vent workers from entering the point of operation by leaning over

the workpiece while reaching.

For case 1.(b), the size, shape, and material all have to be suitable.
This system relies on the worker's inhibitions to prevent him from
releasing his hold on the workpiece with both hands and reaching

into the point of operation. Thus, the workpiece and set-up must
require the worker's support with one hand all through the downstroke.
The position of this hand with respect to the pinch points must be
distant enough to preclude reaching the pinch points with the other
hand.

For case 1. (c), the workpiece must be so unwieldy or heavy that both
hands are required to support it at all times it is in the die, thus
relying on the worker's inhibitions to prevent him from releasing
his hold with either hand and entering the point of operation.

The protection afforded by case 1.(a) extends to all workers, operators,
and passersby, whenever the press is in a production mode. Neither

case 1.(a), 1.(b), or 1.(c) provide any protection to die setter or
maintenance men, who must stroke the press without workpieces in place
in order to perform their work. Cases l.(b) and 1l.(c) provide pro-
tection only to that worker who is loading the workpiece. Supple-
mental barriers may provide some incomplete protection to other cperators,
helpers, or passersby, but complete protection cannot be provided
without duplicating the protection of workpiece safeguarding for the
loading worker through the use of another safeguarding system, such

as a barrier system.

Safe workpiece safeguarding systems, when properly applied, are capable
of reducing injuries from machine hazards. However, no safe workpiece
safeguarding system provides any protection from the risk of an unini-
tiated streoke. This is because the workpiece may not be in its pro-
tective position when such a stroke occurs. Fortunately, the risk

of an uninitiated stroke can, through '"dependable'" system design, be
practically eliminated, except for those caused by poor maintenance
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on a positive clutch. If these clutches are inspected weekly, as
current regulations require, by knowledgable workers, and repaired
immediately if necessary, this risk can be substantially reduced.
Thus, 'dependzble” design or weekly clutch inspections are necessary
for all safe workpiece safeguarding systems.

Since the workpiece provides no protection unless and until it is in

the die, the workpiece must be interlocked so that tripping is precluded
whenever it is not in its protective position. Since system performance -
is degraded if a needed supplemental barrier is leit off the press,
such barriers must be interlocked also. A case 1.(a) system, fitted
with interlocks and necessary supplemental barriers, provides complete
protection against after-reach for all workers (except die setters

and maintenance workers) whose body dimensions prevent them from
reaching the die over the workpiece.

A case 1.(b) system, fitred with interlocks and necessary supplemental
barriers, provides after-reach protection only to that worker who

holds the workpiece during the downstroke, only if he does not release
it with both hands, and if his body dimensions prevent him from reaching
the die while holding the workpiece with one hand.

A case 1.(c) system, fitted with interlocks, provides after-reach
protection only to the worker who holds the workpiece during the
downstroke, and only if he does not release the workpiece with either
hand.

Safe workpiece safeguarding systems, since they employ no safeguard
mechanisms other than the workpiece and tools needed to form the

piece, create no hazards except those associated with the needed
supplemental barriers (see "Barrier or Enclosure Safeguarding Systems'),

The continued performance of a safe workpiece safeguarding system
depends generally upon the behavior of the press workers. The only
area in which continued performance can be provided by technology is
the application of "dependable" design to the interlocks, control sy-
stem, and clutch and brake systems.

Even if the system incorporates a positive or full revolution clutch,
"dependable" design is still required for continued performance in
safeguarding from repeat, delayed, uninitiated, and unintended strokes,
as well as after-reach.

The remainder of the safeguarding system, the workpiece and supplemental
barriers, are incapable of monitoring their own performance, and thus
must depend exclusively on human behavior.

For case 1l.(a), the supplemental barriers must be correctly-designed,

built, and installed to provide protection for the workers. For case
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1.(b), needed supplemental barriers must be designed, built, and
installed for the protection of the operator cor helper who holds

the workpieces, and another safeguarding system must be provided

for all other workers. For case 1l.(c), especially, another safeguarding
system must be provided for other workers. Thus human judgments

nnust be made by supervisory and safety personnel for each workpiece,

and made correctly every time, as to the applicability and design

of this system or safeguarding performance will be degraded or elim-
inated.

Obviously, safety training of those workers responsible for this work

is essential for the proper performance of safe workpiece safeguarding
systems. In addition, supervisory control, with inspections and

records, which are presently a requirement of the regulations, will

help reduce the risks caused by worker error or sabotage in these

areas. See "Safety Inspection Checklist for Safe Workpiece Safeguarding",
shown at.the end of this discussion, for an example of such an inspection
record. The "Safé Workpiece Safeguarding System Installation Checklist",
shown at the end of this discussion, should be completed when a safe
workpiece safeguarding system is installed.

Once a press has been correctly set up for a given job with a safe
workpiece safeguarding system, safeguarding performance, since it
rests on the workpiece, does not depend on any operating adjustments.
However, any change made to the workpiece, or any change toc a new
job or workpiece, carries the potential for loss of safeguarding
performance, and thus, a new evaluation of the system is required
whenever these changes are made.

Safe workpiece safeguarding does not create an incentive to sabotage
or modify the system, except when supplemental barriers are used (see
"Barrier or Enclosure Safeguarding Systems'), since the workpiece

is the safeguarding mechanism. Also, safe workpiece leaves the die
unobstructed and thus visibility and access for scrap and jam c¢leaning
and die maintenance are not affected.

— .
Figure 24. - An example of safe wotkpiece safeguarding.
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SAFE WORKPIECE SAFEGUARDING SYSTEM INSTALLATION CHECKLIST

This checklist must be completed each time a safe workpiece safeguarding
system is placed in service.

Does the system:
Yes No

l. Meet the general power press safeguarding system requirements
(page B=2)7? ‘

2. a. Have a workpiece so large that no worker can reach into
the point of operation? or

b. Have a workpiece which the worker must hold with one
hand in such a manner that the other cannot reach any
point of operation hazard? or :

c. Have a workpiece of a size which requires the wortker
to support it with both hands?

3. Make it impossible to support the workpiece in such a2 manner
that the worker can reach into the point of operation?

4. Have a die designed so there is no need for the worker to
place his hand in the point of operation?

5. Have all dies or work set-ups interlocked with the workpiece?
6. Have supplemental safeguarding where needed?

7. Have supplemental barriers interlocked or permanently
attached?

8. Eliminate all shearing and pinching hazards between the
workpiece or supplemental barriers, and the slide and dies?

9. Have "dependable'" design?

10. Have another safeguarding system for die set-up and maintenance?
11. Have an operating procedure to minimize work discomfort?
12, Have a safety training program instituted and maintained
to ensure that all workers who are responsible for supervision,
inspection, die design, die setting, and operation fully

understand all the above design requirements?

13. Have daily inspections, records, and supervisorj contreols on
each machine?

If the answer to any of the above questions is "No", the system must not
be placed in service. -
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SAFETY INSPECTION CHECKLIST FOR SAFE WORKPIECE SAFEGUARDING SYSTEMS

This safety inspection. checklist for safe workpiece safeguarding systems
is a sample that includes the information that must be recorded:

1. When the type or size of workpiece is changed.
2. When 3 safe workpiece related accident occurs.

NOTE: For safe workpiece safeguarding systems that require supplemental
barriers or enclosures, alsoc complete a "Safety Inspection Checklist for
Barrier or Enclosure Safeguarding Systems'' (page B-43) at these times:

At the start of each shift.

When the barrier or enclosure is removed and then replaced.
When any repair work is performed on the barrier or enclosure.
When the barrier or enclosure is modified.

When dies are changed.

. When an adjustable barrier or enclosure is adjusted.

[s AUV N R VS Y A N

CHECKLIST
Yes No

1. a. 1Is the workpiece so large-that no worker cam reach into
the point of operation? or '

b. Is the workpiece such that the worker must held the work-
piece with cne hand in such a manner that the other cannot

reach any peoint of operation hazard? or

c. Is the workpiece of a size which requires the worker to
support it with both hands?

2. Is it impossible to support the workpiece in such a manner -
that the worker can reach intoc the point of operation?

3. 1Is the die designed so there is no need for the worker to
place his hand in the point of operation?

4., Are all dies or work setups interlocked with the workpiece?
5. 1Is supplemental safeguarding in place where needed?

6. Are the supplemental barriers interlocked or permanently
attached?

7. Are all shearing and pinching hazards between the workpiece
or supplemental barriers, and the slide and dies eliminated?
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Yes No

8. Is another safeguarding system available for die setup and
maintenance?

If the answer to any of the above questioms is "No", corrective action
must be taken.

9. Has the safeguarding system been sabotaged or otherwise
rendered unsafe or ineffective?

10. Does the safeguarding system in any way create any hazard
in itself? :

If the answer to question 9 or 10 is "Yes'", corrective action must be
taken. ‘

Describe any maintenance, replacement, modifications, adjustments, repairs,
or other corrective action taken (if "none'", so state): .

Reason(s) for safety inspection. Check appropriate itém(s):

__new size or type of workpiece
accident - in the case of a point of operation accident, the employer
shall report it.in accordamce with 29CFR 1910.217(g).

Signature:
Title:
Date:
Shift:
Time:
Machine No.:
Serial No.:
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SAFE OPENING SAFEGUARDING SYSTEMS
1. DESCRIPTION OF SAFE OPENING

Safe opening (Figures 25 and 26) can protect operators, helpers, and
passershy from the hazards of the point of operation. It does not
protect die setters or maintenance men. Some.other form of safeguarding
must be used to protect these persons.

Safe opening is a safeguarding method whereby (a) the point of operation
opening accessible to the worker is 1l/4-inch or less in height with

no workpiece in place (Figure 25); or (b) the opening is l/4-inch

or less with the workpiece in place [figure 26 (c); an cpening 1/4-

inch or less from the workpiece in place is considered a safe opening
only when interlocks are provided to prevent slide motion unless

the workpiece is in place]; or (c) when the setup, workpiece size,

or operarion is such that the slide, dies, or attachments will not

close to a position which would create a hazard when the workpiece

is either in or out of place [Figure 26 (b)].

A 1/4-inch or less opening will not permit any part of the worker’s
body to enter the point of operatiom; thus all are protected from a
point of operation injury.

2. USE OF SAFE OPENING

Safe opening can be used as the safeguarding means on any mechanical
power press setup that meets the requirements given in 1(a), 1l(b),

and 1(c) above. Refer to Tables 3 and ‘4 for more detailed information
as to the use of safe opening.

3. INSTALLATION REQUILRED BY SAFE OPENING

The only installation required by the safe opening means of safeguarding
the point of operation is the installation of interlocks as required

by 1(b) above and supplemental safeguarding required by 1(a), 1(b},

and 1(c) above. On some presses, the stroke can be adjusted to 1/4-
inch or less. 1In mest cases a die set is used to provide the safe
opening.

4. MAINTENANCE REQUIRED BY SAFE OPENING

No special maintenance is required that is attributable to the safe
opening means of protecting from point of operation hazards. The
interlocks should be periodically checked for proper operacion.

5. ADVANTAGES AND DISADVANTAGES OF SAFE OPENING

The following list of advantages and disadvantages, used in conjunction
with Tables 3 and 4, will assist the safety professional in reaching
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a decision as to which safeguarding system is best suited for a particular
mechanical power press. :

A.

Advantages of Safe Opening

1.

2.

Minimal maintenance is required.

There is no possibility of injury due to after-reaching
into the point of operation. '

The system is simple in operation.

There 1s no danger in the event of a repeat stroke or an
uninitiated stroke.

No adjustments are necessary after press is initially adjusted
to l/4-inch point of operation opening or less.

Movement of the operator is unrestricted (both hands are
free). .

The system is ergonomically acceptable.

- Work space around the opetrator is not obstructed due to

safeguarding means.

Disadvantages of Safe Opening

l'

2.

3.

The system has limited use. (Safe opening camnot, of course,
be the safeguarding means on a press unless the conditions
outlined in 1(a), 1(b), or l(c) are met.)

Very careful die design is required.

The system may create incentives to sabotage or circumvent it.

6. SAFETY CONSIDERATIONS

The protection afforded by safe opening applies to the hands of every.
person, since the l/4-inch opening allows none to enter. Thus both
the worker operating the press and the passerby are equally protected.

Safe opening is particularly adaptable to primary operations and other
blanking operations where flat, thin sheets are cut into blanks, and

the opening necessary for loading and unloading is very small. This

is true whether the material is fed manually, samiautomatically, or
automatically. Safe opening can also be used on some secondary operations
when the workpiece geometry allows die design with a 1/4~inch opening

or less.

Workpiece geometry is the controlling factor in the application

of safe opening.
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The safe opening safeguarding system also finds application in jobs
where the material is thick or where secondary operations are performed
on certain shapes of workpieces. This system allows the die opening

to be larger than l/4-inch when empty. Placing the workpiece in the
die, however, reduces all openings to less than 1l/4~inch. Since no
safeguarding exists unless a workpiece is present, this system requires
that the workpiece be interlocked with the control system to prevent
the clutch from tripping if it is not in its protective position.

These interlocks can also provide a degree of protection from projectiles
caused by mispositioned parts and doubleheaders, through detecting

the proper positioning and ejection of workpieces. However, they

must be included, for obvious reasons of practicality, in the initial
design of the die. 3Since worker protection now depends on the continued
proper functioning of these interlocks, they must meet the performance
requirement of ''dependable" design.

A related type of safe opening safeguarding is that which relies on

a certain minimum opening which is intrinsically safe. This system
is primarily applicable to straightening cperations. Here the worker
cannot injure his hand in the point of operation because: (1) with
no workpiece in place, the moving dies never approach close enough

to create a pinch point and, (2) with the workpiece in place, all
pinch points are less than 1/4-inch. Since this system provides
protection whether the workpiece is present or not, the workpiece
does not need to be interlocked. :

Any type of safe opening system can only be employed so long as the
press is in a production mode. It is not possible to protect workers
engaged in die setting and maintenance work by a safe opening, since
until che die is set for 1/4-inch opening the protection does not
exist, and die work is impossible with s¢ small an opening.

When it can be used, however, an ordinary safe opening safeguarding
system involves no components at all, except those needed to form
the part, and thus when a part of the barrier die fails, productien
must cease until die repairs are made.

Safe opening is particularly useful in providing safeguarding on
presses with positive or full revolution clutches, where inherent
delayed, repeat, and uninitiated strokes may produce die damage and
projectiles, but cannot cause amputations if fingers cannot enter
the die.

For the same reasons, the protection afforded against injuries from
after-reach and unintended strokes is complete.

Attaining this performance, however, requires a thorough understanding
of special die design principles, careful die setting, and continued

supervisory control to keep shortcuts and modifications from compromising
safety.
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Since very few mechanical presses are built with a fixed 1/4-inch stroke,
which would be impractical, safe opening requires either an adjustable
stroke press, a stripper, or the use of unitized tools which have

an adjustable means of limiting the movement of the upper die shoe.

All accessible openings must remain narrower than 1/4-inch throughout
the stroke. The pinch points created by the motion of the punches
toward the stripper, or between the slide and the unitized tooling,
are of course, a hazard, and must be safeguarded. Since the parts
are fed elsewhere, this is ea31ly accompllshed through the use of
supplemental barriers.

A very few presses :in the United States are equipped with adjustable
stroke. With such presses, special tooling is not needed. The stroke
length is simply adjusted for a 1/4-inch die opening or less.

In either case, a multitude of other shearing and pinching hazards

may exist; for example, the hazards posed by the punch holder's movement
toward the stripper, lower die, scrapcutters, or feeding equipment.

Like the spanker plate hazard, these areas need not be accessible,

since they do not form the material, and thus the worker may easily

be safeguarded from them by supplemental barriers.

One die hazard which must be given special attention regarding safe
opening is the hazard of a bending edge of the workpiece. As any part
of the workpiece is formed by the tools, it creates a pinching hazard
between itself and the die or possibly the bolster or bed. In some
cases, this hazard 1is accessible to the worker, even though the maximum
die opening is 1/4-inch. If the die cannot be designed to eliminate
these hazards by enclosing them or positioning them where they are

not accessible to the worker, some other safeguarding system Whlch
prov1des protection from them must be provided.

Workers must correctly use those parts suitable for safe opening,
design dies which fully eliminate hazards access, and in some cases,
design and build special limited stroke tooling. The dies must then
be correctly set and supplemental barriers installed. A mistake in
any of the above jobs could compromise or eliminate the safeguarding
system's effectiveness. '

When safe opening is employed as the safeguarding system, the worker's
visibility of the point of operation is poor, because of the restricted
feed opening. As the size of the workpilece increases, visibilicy
becomes poorer. The restricted opening alsc makes die access for

jam clearing and die maintenance impossible, unless the safeguarding
is removed by enlarging the opening. The needed supplemental barriers
also create visibility problems, but these can be reduced through the
use. of flat black paints and vertically slotted materials or clear,
abrasion resistant acrylies. The restricted visibility and access
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increase worker fatigue, especially if the workpieces are hand fed.
Thus safe opening safeguarding creates incentives for workers to
sabotage or modify the system, and almost ensures that any change
will compromise the system's safeguarding performance. Thus the risk
of loss of safeguarding performance is high.

There are no known mechanisms capable of reducing the effects of these
human actions on the performance of a safe opening safeguarding system.
Worker safety training and supervisory controls coupled with inspection
and records such as the "Safety Inspecion Checklist for Safe Opening
Safeguarding Systems', shown at the end of this discussion, are the
only available means of reducing these risks. Also complete the

"Safe Opening Safeguarding System Installation Checklist', shown

at the end of this discussion, when a safe cpening safeguarding system
is installed.

SAFE DIE OPENING
e OF INCH OR LESS

Figure 25. ~ An example of safe opening safeguarding.
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SAFE OPENING SAFEGUARDING SYSTEMS INSTALLATION CHECKLIST

This checklist must be completed when a safe opening safeguarding
system is placed in service.

Yas

No

10.

Does the system:

Meet the general safeguarding system requlrements for power
presses {page B=2)7

Have a maximui die opening width less than 1/4-inch, or,
have the maximum width of the opening above the workpiece
less than 1/4-inch and have workpiece interlocks?

Have the minimum width of the opening between unguarded
portions of the die, ram, bolster, or materials, with the
ram in the closed position, greater than 3 inches?

Have supplemental barriers to prevent access through openings
greater than l/4-inch with the ram copen and less than 3
inches with the ram closed?

Eliminate all hazards created between the workpiece or
supplemental barriers and press or dies?

Have all Openlngs so small that no worker can pass any
part of the body into the point of operation?

Have "dependable" design?

Have a separate safeguarding system provided for protection
during die setting, maintenance, and jobs not meeting these
requirements?

Have a safety training program instituted to ensure that
all workers responsible for supervision, die setting, die
design, and deciding whether safe opening safeguarding
will be utilized, fully understand all of che design re-
quirements?

Have daily inspections, records, and supervisory controls
on each machine?

If the answer to any of the above questions is "No", the system must
not be placed in service.
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SAFETY INSPECTION CHECKLIST FOR SAFE OPENING SAFEGUARDING SYSTEMS

This safety inspection checklist for safe opening safeguarding systems
is a sample that includes the information that must be recorded:

L& W

NOTE:

At the start of each shift.

When the press stroke is adjusted.

When the dies 'are changed.

When the type or size of workpiece 1s changed.
When a safe opening related accident occurs.

For safe opening safeguarding systems that require supplemental

barriers or enclosures, also complete a "Safety Inspection Checklist
for Barrier or Enclosure Safeguarding Systems" (page B~43) at these

At the start of each shift.

the barrier or enclosure is removed and then reinstalled.
When any repair work is. performed on the barrier or enclosure.
the barrier or enclosure is modified.

dies are changed.

times:
1.

2. When
3.

4. When
5. When
6. When

Yes

No

an adjustable barrier or enclosuyre is adjusted.

CHECKLIST

Is the meximum die opening widﬁh less than l/4-inch, or,
is the maximum width of the opening above the workpiece
less than l/4-inch with workpiece interlocked?

Is the minimum width of the opening between unguarded
portions of the die, ram, bolster, or materials, with
the ram in the closed position, greater than 3 inches?

Are supplemental barriers in place to prevent access through
openings greater than 1/4- inch with the ram open and less
than 3 inches with the ram closed?

Are all hazards between the workpiece or supplemental barriers
and press or dies eliminated?

Are all openings so small that no worker can pass any part
of the body inte the point of operation?

Is a Separate'safeguarding system provided for protection
during die setting, maintenance, and jobs not meeting the
above requirements?

If the answer to any of the above questions is "No", corrective action
must be taken.
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‘Yes No

7. Has the safeguarding system been sabotaged or otherwise
rendered unsafe or ineffective?

8. Does the safeguarding system in any way create a hazard
in itself?

If the answer to question 7 or 8 is '"Yes'", corrective action must be
taken. .

Describe any malntenance, replacement, modificacions, adjustments, repairs,

or other corrective action taken (if ''mone'", so state):

Reason(s) for safety inspection. Check appropriate item(s):

shift change

press stroke adjusted

die change '

size or type of workpiece change

accident - in the case of a point of operatlon accident, the employer
" shall report it in accordance with 29CFR 1910.217(g).

LI LL

Signature:
Title:
Dace:
Shift:
Time:
Machine No.:
Serial No.:
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SAFEGUARDING SYSTEMS WHICH PROTECT ONLY DURING DIE SETTING AND MAINTENANCE

A number of safeguarding systems may be used on mechanical power presses
only for die setting and maintenance procedures. These include remote
actuator safeguarding systems, zero flywheel energy bar safeguarding
systems, and zero flywheel energy jog safeguarding systems.

REMOTE ACTUATOR SAFEGUARDING SYSTEMS

A remote actuator safeguarding system (Figure 27) is one in which the
clutch actuator is located far away from the press. Because of the
great distance, it is impractical for use during production rums which
require the worker to closely watch the point of operation.

Thus remote actuation, as used on mechanical power presses, is useful
only for die setting and maintenance, where the worker can walk back
and forth between the actuator and press.

Since a remote actuator does not prevent access to the die, it provides

no protection from repeat, delayed,. or uninitiated strokes, and thus

may not be used on a press equipped with a positive clutch. Conveniently,
most positive clutches are also full revolution clutches, and thus die
setting and maintenance must be performed with the flywheel at rest,

using a "bar" or "jog" mode of operation.

Remote actuator safeguarding systems must thus only be used on presses
equipped with a friction clutch. The actuator must be interlocked

with the control system to preclude tripping whenever it is not operated,
and must be permanently mounted at a sufficient distance to prevent

any part of the body from being in the point of operation while operating
the actuator in order to protect against the intended stroke. When

this safety distance is made sufficiently long.and a brake monitor

is provided, a remote actuator system also protects against after-

reach.

If twe hand actuators are provided, the system need not meet such
4 long distance requirement, if it meets all requlrements of a two-
hand control safeguardlng system.

In order to provide continued protection without depending on human
action, the remote actuator system, including actuators, press controls,
clutch, brake, and brake monitor, must be of 'dependable'" design.

The actuator itself must be protected against unintended operation,

and since the system protects only the one worker, another safeguarding
system must be provided to protect operators, helpers, and passersby.
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Zero Flywheel Energy

Zero energy states as a means of preventing injuries while adjusting
and maintaining machinery have been advocated by safety experts for
several years. Although die setting and maintenance procedures on
mechanical power presses cannot be performed without some energy left

in the press (the slide may fall by gravity if the brake fails suddenly)
the major nhazard of the point of operation is being injured from the
tremendous forces generated from the energy of the heavy, rotating
flywheel.

Since the flywheel need not (indeed, wmust not) be rotating at any
speed greater than a crawl during die setting and maintenance, it
can be forced to be in a nearly zero energy state by appropriate

control design whenever the "bar" or "jog'" modes of operation are
employed.

ZERO FLYWﬁEEL ENERGY BAR SAFEGUARDING SYSTEMS

A zero flywheel energy bar safeguarding system forces the flywheel

to be at rest before the bar mode can be used to engage the clutch

with the motor de-energized. Thus when the clutch is engaged, it

will move only under the force of the man turning the flywheel with

the bar, and the slide movement will be so slow that it is not haz-
ardous. Turning the press with a bar 1is only possible on small presses,
and thus this- system can generally be used only cn presses of 100

tons or less.

Either a motion sensor or a timing mechanism must be provided to meet
the requirement for a motionless flywheel. The system must also
prevent the motor from being energized so long as the clutch is en-
gaged in the bar meode, in order to prevent an uninitiated stroke from
occuring. This system must alsoc be of '"dependable' design to perform
these functions as reliably as possible. '

In order to prevent the bar from becoming a projectile by being left

in the flywheel when the motor is energized, only spring-loaded turnover
bars must be provided and used. This also requires supervisory control
and a thorough training program. Another safeguarding system is

needed for all other modes of operationm.

ZERC FLYWHEEL ENERGY JOG SAFEGUARDING SYSTEMS

A zero flywheel energy jog safeguarding system forces the motor to
.be de-energized and the flywheel to be near rest before the clutch
can be engaged in the "jog" mode of operation, and automatically
de-energizes the motor whenever the speed of the flywheel causes
the slide to move faster than 2 inches per second. Thus whenever
the slide is in motion, its movement will be so slow that it is not
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hazardous. Either a motion semsor or a timing mechanism must be
provided tc meet these requirements.

This system must also be of "dependable” design to perform these
functions as reliably as possible.

Another safeguarding system must be provided for protection in all
other modes of cperation. '

Figure 27. - An example of remote actuation.
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REMOTE ACTUATOR SAFEGUARDING SYSTEMS INSTALLATION CHECKLIST

This checklist must be completed when a remote actuator safeguarding
system is placed in service. ‘

Yes

No

L.

2.

3.

4.

5.

Does the system:

Meet the general safeguarding system requirements for power
presses (page B-2)?

Have a part revolution friction clutch?

Prevent the clutch from tripping whenever the actuator is
not operated?

Quickly deactivate the clutch and apply the brake to stop
slide motion whenever the actuator is released on any down-
stroke? ‘

Have the actuator mounted at a safety distance (in inches) =
[system stop time (in seconds) x 63 inches-second] + 72
inches?

6. “Have fixed mounting of the actuaror?

7.

8.

9.

10.

11.

Have the position of the actuator so located as to prevent
all parts of the body from being in the point of operation
during stroking?

Have a brake monitor to prevent further stroking when stopping
time has increased by a preset time increment and have this
time increment added to the system stop time? '

Have "dependable' design?

Have another safeguarding system to protect passérsby, helpers,
and other operators?

Have anocher safeguarding system to protect during any die
setup, maintenance, or other operations not protected by
this system?

If the answer to any of the above questions is "No", the system must
not be placed in service.
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ZERC FLYWHEEL ENERGY BAR SAFEGUARDING SYSTEMS INSTALLATION CHECKLIST

This checklist must be completed each time a zero flywheel energy bar
safeguarding system is installed.

Yes

No

When the mode selectors are in the "bar'" mode of operation,
does the system automatically: :

Meet the general power press safeguarding system reQuiréments
(page B-2)?

Incorporate a mechanism to prevent engagement of the clutch
unless the flywheel 1is at rest?

Prevent energization of the motor unless the clutch is dis-
engaged?

Have "dependable' design?

Have an additional safeguarding system to provide protection
in every other mode of press operation?

Have a spring-loaded turnover bar provided for use with the
system?

Have a safety training program instituted to ensure that all
workers who are respomnsible for supervision, inspectien,

die design, and die setting fully understand the need for
and uyse of the spring-loaded turnover bar?

Have a system of records, inspectioms, and supervisory controls
ready for daily usage of each machine?

If the answer to any of the above questions is "No"”, the system must
not be placed in service.
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ZERQO FLYWHUEL ENERGY JOC SAFEGUARDING SYSTEMS LINSTALLATION CHECKLIST

This checklist must be completed sach time a zero flywheel energy safe-
gudarding system is installed.

When the mode selector is place in the "jog" mode of operation,
does the system automatically:

Yes No

l. Meet the general power press .safeguardiang system requirements
(page B-=2)?

2. Incorporate a mechanism which prevents tripping the clutch
whenever the flywheel is not at rest, and quickly de-energizes
the motor whenever slide speed exceeds 2 inches per second?

3. Have '"dependable" design?

4. Have an additicnal safeguarding system tc provide protection
in all other modes of press operation?

If the answer to any of the above questions is "No", the system must not
be placed in service.
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COMBINATION SAFEGUARDING SYSTEMS

In addition to the point of operation safeguarding systems previously
discussed, numercus combinations of two or more of these systems can
also be used. Various special needs may make the selection of such a
combination the most practical safeguarding system. Examples of such
combinations may be a two-hand control system for the operator at the
front of a straight side press with a helper at the back side protected
by a presence sensing system. Also, a pullout may be used on one hand
with a restraint on the other hand of an operator. The important.con-
siderations for a combination system are that all the hazards are
protected against by at least one of the safeguard systems, and that
each system meets the necessary requirements for the hazards it protects
against. (Refer to Table 3.) The best method is to have each system
completely meet all the requirements as if it were the only safeguarding
system.

Combination safeguarding systems are not to be confused with the concept
of so~called redundant safeguards. Applying redundant safety devices
without meeting the complete systems design requirements provides

little increase in safety over application of a single device without
complete systems design requirements. But worse, these redundant

but incomplete devices have a great lack of safety when compared to

a complete safety system which -meets all systems requirements.

Figure 28 is an example of a combination safeguarding system.
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28. - A combination safeguarding system whereby the right hand is protected against
after-reach by a pull-our, and the left hand is protected by a barrier that
has been removed for clarity, and both hands are protected against uninrended
and intended strokes by a two-hand actuator.

Figure




SUBSECTION 3. - SAFEGUARDING SYSTEM SELECTION
SAFEGUARbING SYSTEM SELECTION MATRIX

Table 3 (following) is a summary of an evaluation of each of the
commonly used safeguarding systems. These evaluations were made

under the same contract which produced this Guide, and are not included
in this Guide, but in a separate report which may be aobtained from
NIOSH. Those safeguarding systems which were evaluated were assumed

to meet all the applicable requirements of the Safeguarding Systems
Requirements list on pp. B~2 through B-29. '

Use of the Matrix:

The matrix is designed to assist the safety professionmal in deciding
which safeguarding system, or combination of safeguarding systems,
provides the level of point of operation safeguarding performance
needed by his workers for the particular workpieces or jobs, feeding
methods, and machine hazards found in his plant. The matrix may

also be used to evaluate the level of safeguarding provided by systems
already in use in his plant. '

Before using the matrix, the user should re-read all the pages in this
Guide referenced in the first column of the matrix and all appropriate
sections of the Safeguarding System Requirements lists referenced

in the top row of the matrix. To evaluate a system, or combinaztion

of systems already in use, the user must first determine that the
system meets all the requirements listed for them. He can then read
the appropriate column of the matrix to determine how much point of
operation hazard protection they provide. Whenever the user finds

a matrix entry with a footnote, he must read both the appropriate
footnote, and any pages of the Guide referenced there., Table 3 must
be used in conjunction with Table 4, in order to check whether a given
system can be used with all his detailed machine characteristics and
working conditions, covered only by Table 4.
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FOOTNOTES TO TABLE 3:

B N

O e~

10.

11.

12,
13.

14.
15.
16.
17.
18.
19,

20.
21.
22,
23.
24,

If provided and used.

Case (a) yes; Case (b) or (c) Dnly one worker is protected. (Refer to page B-120.)

Greatly increases time and effort for job, but can be used.

If "minimum openings of 3 inches'" are not safeguarded only body parts smaller than three inches are
protected. (Refer to page B-120,) '

Since slide movement is very slow, worker can react quickly en0ugh to avoid injury.

Generally impractical for automatically fed jobs.

Generally impractical or not applicable to anything except manually fed jobs. (Refer rto page B-120.)
Can be used with large workplieces if designed for them or adjustable for them.

Bending operations on pieces which have flanges greater than two inches in the sensing field require
a horizontal sensing field, which is not evaluacted here. ' '

If che system is designed to protect from this hazard , it creates a hazard in itself, which cannot
be safeguarded by system design. . )

No protection is afforded from uninitiated, repeat, or delayed stroke should 1t occur. However, if
the system has a friction clutch and "dependable" design, its probability will be nearly zero (Refer
to pp. C-1 to C-4 and pp. C-14 to C-23.) ’ :
Mo protection is afforded from the unintended stroke if a passerby or helper operates an actuator.
If a part revolution friction clutch and sufficient safety distance are provided. (Refer to pp.

C-5 to C-6.) ,

If gate 1s held closed throughout all slide motion in the downstroke.

Performance level depends on construction and materials.

Creartes hazards which can be eliminated by design.

Safe opening must not be used unless there are no accessible hazards. (Refer to page B-128.)
If a friction clutch and brake monitor are used. {(Refer to pp. (-1 to C-4.)
If a friction clutch and a "starting monitor" or "start time monitor"™ are used. (Refer Lo pp. B-14

to B-15 and page B-93.)

Because of '"dependable” system design. (Refer to pp. C-1 to C-4.)-

Precludes further stroking only if barrier is interlocked and simply removed.

Except and because of the spring-loaded turnover bar.

If sufficient safety distance is provided by fixed mounting of the actuator(s) or sen51ng device,

Case (a).yes; Case (b) and (c) force the worker to support an awkward workpiece which could otherwise
be mechanically supported.



SAFEGUARDING SYSTEM SELECTION WORKSHEET

Table 4 (on the next page) is a worksheet to be used to assist in
making a decision as to which type of safeguarding system is best
suited for a particular mechanical power press, or which press charac-
teristic or working condition is acceptable with a particular press.
Table &4 should be used in conjunction with Table 3 in  making the
decision. . :

Te use Table 4, go to the "Worksheet Column" and in it place a checkmark
opposite each appropriate. press characteristic or working condition
shown in the "Press Characteristics or Working Conditions"” column

that describes your particular press or working condition. For every
checkmark entered, refer to the right in the "Safeguarding System"
section. If the entry in the "Safeguarding Systems" column is '"Go

on" it means that safeguarding system can be used for that press char-
actevristic or working condition and you should go on to the next emntry.
If considering a safeguarding system, go vertically. If considering
a press characteristic or working condition, go horizentally. When
you reach an entry that gives a raference page (é.g. pg. A-47) you
should refer to that page in this Guide for more informatiom that.

will assist you in making a decision.

In the '""Press Characteristics or Working Conditions' column are two
characteristics entitled "Start Time Characteristics' and "Stop Time
Characteristics". These characteristics apply only to those safe-
guarding systems where start and stop time is a factor in selecting

a safeguarding system. If you are contemplating such a system, then
record the press start or stop time in the "Worksheet Column" opposite
these characteristics and proceed vertically under that system.

"N/R" (not recommended) or 'N/A" (not applicable) means that safeguarding
system cannot be used with that press characteristic or working condition,
or conversely, that press characteristic or working condition 1s not
compatible with that safeguarding system.

In the "Safeguarding Systems" column a reference page is given for

each safeguarding system. Go to that reference page for a complete
description of each safeguarding system.
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TABLE 4 - SAFEGUARDING SYSTEM SELECTION WORKSHEET
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SUBSECTION 4. - SAFEGUARDING FROM OTHER HAZARDS
SAFETY BLOCKS

Safety blocks is the term used to describe a prop that, when inserted
between the face of the slide and the bolster plate, prevents the
slide from falling of its own dead weight. Sometimes the terms die
blocks and safety blocks are used imterchangeably. Die blocks are
essentially the same thing but sinece they are intended to be inserted
between the upper and lower dies they must usually be of a design
fitted to the die.

The use of safety blocks is required by current regulations when
adjusting or repairing dies while in the press. The use of safety
blocks, however, poses some very sSerious safety problems that must
be dealt with before using them.

The first problem is that of a possible powered stroke with the safety
blocks under the ram. Usually the safety blocks do not have sufficient
strength to withstand the tonnage pressure of a powered stroke.

If these shatter, not only will the ram descend but a danger created

of flying broken parts. Even if so-called '"full tonnage' safety
blocks are used, the danger of broken parts flying off of the machine
is very great. For this reason all safety blocks must be interlocked.*
These interlocks must be in the main drive motor circuit so as to

cause drive to cease and the flywheel to come to rest whenever the
safecy blocks are used.

These interlocks usually consist of an electrical plug mechanically
attached to the safety blocks which complete the electrical circuit
to the main drive motor and also the electrical clutch/brake control
circuit when the safety block is in its stored position. In order

to place the safety block under the ram it is necessary to remove

the plug, thereby breaking the electrical connection causing the
metor to stop, the clutch to be released, and the brake to be engaged.
Necessary design -precautions are required so that the electrical
connections are not easily made with tools and wire readily available
to the worker, thereby circumventing the need to store the safety
blocks before power stroke can be obtained.

The second safety problem is the probable substitution of safety
blocks for a safely designed and maintained press. The very statement
of use of safety blocks (prevent the ram from falling of its own dead
weight) is an admission of an inadequate design. When the press fully
complies with the current regulation with regard to brakes, and further
when the entire press meets the recommendations of this Guide, safety
blocks are an added factor of safety. Until the press is in full
compliance with the regulation and requirements of this Guide, safety
blocks provide a vital safety function when properly interlocked.

*Exceeds 29CFR 1910.217. ' .
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A third safety problem that needs recognition is the possible sub-

stitution of safety blocks for good safety practices. When performing

adjustment or repair on dies the first consideration should be to

remove the dies from the press, especially if such efforts are extensive

and time consuming. However, if the work is to be performed while

the dies remain in the press, the method of primary safeguarding

must be zero flywheel energy. The use of safety blocks (interlocked)

must be supplemental to, and not in substicution of, removing drive

mctor power, disengaging the clutch, engaging the brake, and waiting

for the flywheel to stop before beginning adjustment or repair on

dies in the press. Further the upper die fastemers must not be loosened

or altered except as established in die setting procedures. The use

of safety blocks are not to be substituted for good die setting practices
and procedures.

It is recommended therefore, that:

1. Tirst consideration be given tc remove the die from the press for
adjustment and repair, if feasible.

2. Only interlocked safety blocks be used when adjusting or repairing
dies while in the press.

3. The condition of zero flywheel energy be established and maintained
while adjustments and repairs are performed on dies while in the press,
in addition to the use of safety blocks.

4. A properly installed and applied 'dependable" safeguarding system
' be used to protect die setters and maintenance personnel for all
those procedures where the safety blocks must be removed from under
the ram for the purpose of moving the dies together.

5. A proper and safe practice and procedure be used for all installation,
adjustment, repair and examination of dies while in the press.

B-152



FEEDING EQUIPMENT SAFETY CONSIDERATIONS

The advantage of any type of feeding equipment is an economic consider-
ation. Secondary safety benefits are sometimes derived by reducing

the need for workers engaged in production runs to enter the point

of operation to load or unload the dies. But feeding equipment does
not in itself provide any worker protection from point of operation
hazards. Safety precautions must be taken with or without feeding
equipment..

Feeding devices can be divided into two groups: manual and Semiautomatic,
and automatic. Manual and semiautomatic devices require worker attention
or action for each part produced. They include hand tools, chutes,
plungers, and moving die devices such as dial feeds, and sliding

and rolling bolsters. Hand tools are the simplest of the feeding
devices. They are availzable from a large number of manufacturers

in an array of styles, but generally fall into four suybgroups: tongs,
suction and vacuum lifters, magnetic lifters for loading workpieces,

and prying tools for extracting stuck workpieces. The worker picks

up the workpiece with a hand tool, places it in the die, and then
releases it before tripping the press. After forming, the workpiece

may also be unlecaded by means of the hand tool, and sometimes, the

part is prved out of the dies with a special extractor tcol. Thus,

in theory,. the worker does not place his hands in the dies, only

his tools. The use of the tool does not prevent him from doing so,
however. - ‘

The hand tool often feels unnatural to the worker and he must use it
until he ''gets the feel'" of the tool, the part, and the series of move-
ments necessary to place the part accurately in the die. Also, the
parts which must be nested in the dies, or are fermed in the die,
generally require a degree of force and touch to be loaded and unlcaded
which is very difficult to obtain with a2 hand tool. Workers have

been observed holding a workpiece with a hand tool in the right hand
and placing it in the die, only to force it down into the nest with

the free left hand, Even those workers who do feed completely by

means of the tool will drop the tool and use their hands if they
encounter difficulty and may not even realize they have done so.

If incentive based pay rates are used, the worker will use his hands
whenever he thinks it is necessary because his hands are faster than
tools. Thus hand tools alone cannot be relied on for point of operation
safeguarding, making other forms of safeguarding necessary.

The safeguarding means most often used with hand tools is the barrier
or enclosure safeguarding system. At first reflection, this may

seem a poor choice, since the requirement for small opening size

to preclude placing a hand in the die would seem toc be very difficult
to satisfy, without making it impossible to feed the part with the

hand tool. O0Of course, this is impossible for large parts; however,
some press users have achieved success using specially designed barrier

B-153



openings which so conform to the part so that both hand tool feeding
and safeguarding are achieved. This method, however, relies heavily
upon supervisory controls and requires a different barrier for almost
every die- and part. More commonly, adjustable barriers are used,

and so adjusted for each part and die that feeding with the hand

tool is possible. A problem with adjustable barriers and hand tcols
is the poor visibility associated with most adjustable barriers which
greatly increases the risk of midadjustment by creating an incentive
to sabotage the safeguarding system.

An inherent hazard in the use of hand tools is that of projectiles
produced 1f the tool is in the dies when the dies close. Some safe-
guarding systems, such as gates and presence sensing and, to a limited
extent, two-hand control, are capable of reducing the risk. Others,
especially barriers, pullouts, and restraints cannot. If the worker
feels no danger when using the tool, his tendency to minimize movement
causes him to withdraw the tool after loading only as far a&s necessary.
This distance is often just far enough to clear the die. As these
motions are repeated, mistakes eventually occur, and hand tools are
caught by the die. When this occurs there is great danger of a finger
‘or hand being crushed between the hand tool and the bolster plate.

In some shops the hand tool is used to hold the part while it is

being stamped. To avoid destroying an excessive number of hand tools,
recesses are ground into the die to accommodate the tool. However,.
human error will inevitably result in the tool being mispositioned

at the moment the dies close. Requiring the worker to heold his hand
teol in the die greatly increases the risk of injury due to misplacement
of the hand tool.

The use of hand tools is in general not recommended. There are many
reasons for this. Some of them are:

1. Worker safety must be present without conSLderatlon of the
- hand tool, thus it adds nothing.

2. The risk of injury from the misuse of the hand toel is so
great that it adds a large negative safety factor.

3. The hand tool is ergonomically wrong. It produces worker
© fatigue and frustration, and induces a high degree cf incentive
to circumvent, sabotage, or misuse.

A chute can be used for both loading and unloading some workpieces.

Since the part must be shaped to accurately slide into the die, chute
loading and unloading is possible; however, barrier safeguarding is
usually used, since the worker does not need to enter the die. However,
chutes are susceptible to mispositioned workpieces, resulting in jamming.
Other types of safeguarding may be a better choice than barrlers to
facilitate removing jams.
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Plunger loaders are similar to chutes, but do not rely on gravity.

The plunger forces the part into the die nest, providing more accurate
positioning. In additionm, the plunger can be interlocked with the
centrol system to preclude a press stroke unless the workpiece is
correctly positioned in the die.

Another group of feeding devices which require worker action with

avery press stroke are revolving, sliding, and relling dies and bolsters.
These mechanisms move the lower die out from under the press slide
toward the worker, allowing him to load the die without entering

the point of operation. Since the die is thus subject to mispositioning
when it is placed under the slide for stamping, the hazards of pro-
jectiles exists. Commercially built models use control interlocks

which preclude tripping the clutch unless the die is correctly posi-
tioned. Because damage done by a misplaced die can cause an extreme
hazard , these interlocks must operate in the most reliable manner.

The need for interlocks makes the use of gates or movable barriers

with these devices: a very common combination. However, special care
must be taken to avoid any shearing hazards caused by the motion of

the mechanism and die in proximity to the movable barrier and supple-
mental barriers. Qther safeguarding systems, such as two-hand trip,
two-hand control, and presence sensing are also used successfully.

Sctrip and roll feeding equipment is often used in primary operations
to feed a long piece of material into the dies for blanking cperations.
These mechanisms are generally powered by either the press crank or
auxiliary electric motors or pneumatic cylinders. They incorporate
control systems which supply the right amount of material to the

dies automatically with each press stroke. Thus the press is allowed
to run continuously, without pausing in the dies open position for
each part produced. The main purpose is to produce parts fastexr

than is possible with manual loading. This eliminates the need for
workers to enter the dies or perform any operation except lead the
strip in for the first hit and replenish the supply of material there-
after, so leng as the system performs properly. The feseding mechanism
does not, however, prevent workers from entering the dies, and thus
some safeguarding ‘system is necessary.

Transfer mechanisms on part revolution clutch presses are often combined
with roll feeds and multiple dies to perform both primary and secondary
operations sequentially in the same press. Transfer mechanisms are

of the "mechanical hand" type, picking up workpieces, lifting, moving,
and placing them in the next die. Because they, like hand tools,
create the hazard of projectiles if they fail and remain between .

the dies as the dies are clesing, their mechanisms must be interlocked
with the control system to stop the press if they are out of position.
Since positive or full reveolution clutch presses cannot be stopped,
-once started, except at the top of the stroke, transfer mechanisms

are unsuitable for use with them. '
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An inherent hazard with transfer mechanisms, roll and strip loaders,
moving die and bolster devices, and plunger feeds, is the additional
pinch, shear, and impact hazards associated with their mechanisms.
These hazards, which would not exist if manual lcading was employed,
are usually much closer to and thus are as great a risk to the worker
as the point of cperation hazard. This is especially true of those
mechanisms which are driven by the press crank, and thus have great
operating force, but also those which are air or electrically operated,
since they must push and pull large masses of heavy material or tools
in and out of the press. Careful design can eliminate some, but not
all, of these hazards. However, the technology for safeguarding them
does exist, and they should be safeguarded as if they were in the
point of operation.

Automatic unlcading devices have long been used to speed production
for economic reasouns. Strippers and knockouts are devices incorporated
in the die to eject the workpiece after stamping by stripping it

off the punches or knocking it out of the die nest. Air blasts,
spring loaded ""flickers', and sometimes transfer mechanisms are mech-
anisms commonly employed to remove the loose parts from the die

area. Moving trays can be used to catch the parts as they fall and
carry them out of the dies. Small OBI presses are often inclined

to facilitate unloading by gravity. Unloading mechanisms are used
more extensively than loading mechanisms and are often used when parts
are loaded by hand, for the purpose of higher productivity. Parts

are most conveniently unloaded out the dies or back of the press,

away from the worker's position. When unloading mechanisms are used
they are usually adequately safeguarded by location or barriers.
‘Those parts which move in the die area can be safeguarded by the

same means used to safeguard the point of operation.

The means of safeguarding most commonly used with feeding equipment
is barriers. Barriers, ¢f course, only protect the worker during
normal production. The barriers must be removed for clearing jams,
die setting, and feeding equipment setup and thus the barriers must
either be interlocked to preclude tripping the clutch when they are
removed or some other form of safeguarding must be selected. Presence
sensing safeguarding has been found very useful where die access is
required such as for scrap removal. It is usually impractical to
use interlocked barriers when transfer mechanisms, roll or strip
feeds, or unloading mechanisms are adjusted, thus other safeguarding
systems are preferred for such operations. :

In summary, the use of feeding mechanisms is an economic consideration.
Safety considerations for the worker must recognize that point of
operation hazards exist with or without such feeding equipment. The
use of feeding equipment in lieu of a proper point of operation safe-
guarding system must not hbe done. OQOften the use of feeding equipment
makes safeguarding more difficult for not only must the point of
operation hazards of the press be considered but all the hazard points
of the feeding mechanisms must be adequately safeguarded.
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EAFEGUARDING FROM HAZARDS OTHER THAN
POINT OF OPERATION HAZARD

Section 29CFR 1910.212 of the Occupational Safety and Health Standards
states, '"One or more methods of machine guarding shall be provided

to protect the operator and other employees in the machine area, from
hazards such as those created by. . . ingoing nip point, rotating
parts, flying chips and sparks. . . Guards shall be affixed to the
machine where possible and secured elsewhere if for any reason attach-
ment to the machine is not possible. The guard shall be such that °
it does not offer an accident hazard in itself. . . Machines designed
for a fixed location shall be securely anchored to prevent walking .
or moving.'" Section 29CFR 1910.217(b)(l) states, "Machine components
shall be designed, secured, or covered to minimize hazards caused by
breakage, or lcosening and falling or release of mechanical energy
(i.e2. brocken springs)." Refer to 29CFR 1910.219 for information

on how to protect from hazards of mechanical power transmission ap-
paratus.

Most mechanical power press manufactureres build in guards on new
pressaes for ingoing nip points and moving parts such as flywheels,
gears, sheaves, shafts, belts, chains, and pinch points between the
slide and stationary components of the machine. Presses built before
1971 usually require upgrading to meet the current regulatiom.

Unfortunately, many presses are being operated with no guards for
ingoing nip points and rotating parts, manufacturer built or otherwise.
Even where guards,exist they are often removed and left off the press
because it is comnsidered inconvenient to remove and replace the guard
each time the press has to be serviced or repaired. The user of
unguarded or improperly guarded presses is subject to at least two
unpleasant consequences: accidents and OSHA penalties.

Certain precautions are necessary when designing and installing guards
for moving parts of the press. Often the proper counslderation is

not given to visibility of the crank angle for setting of dies and
other needs. Further, convenient access to the flywheel for the
purpose of barring must be provided. Care must also be taken not

to have a guard enclosure trap the cil-laden exhaust air from the
clutch/brake centrol valve around the clutch/brake friction plates.
Great loss of clutch and brake torque can result, with greater danger
to the operator from increased stopping time as a consequence.

Guarding of ingoing nip points and moving parts is usually accomplished
by (a) locatiom, (b) fencing, and (c¢) guards. The current reagulations
do not state where or when these methods may be used. However, the
regulations do require that the method chosen given adequate protection
from the hazard during all normal working conditions.
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Guarding by location simply means that the nip point or moving part
is so located that it is impossible, during normal operatlon, for
anyone to have access to the hazard.

Fencing is guarding by means of a fence or rail that makes it impossible
for anyone to reach the hazard. Fences or rails must be so located

that no person can lean over, reach under, reach through, or reach
around them into the hazard. ‘

Guards are enclosures that obstruct entry to the hazard area. They
must be so constructed and affixed that it is impossible for any part
of the body to reach the hazard area by reaching around, under, over,
or through them. Refer to "The Principles and Techniques of Mechanical
Guarding', published by the U.S. Department of Labor, for examples

of guarding for ingoing nip points and moving parts.

Shields may be used to protect from flying chips, sparks,; and splashing
lubricants. These shields should not be confused with point of operation
protection. When shields are used, visibility is often still necessary.
Therefore many shields are constructed of chemical and impact resistant
plastic which will allow observation and at the same time protect

against these hazards. The shield can be the stationary or moving

type, depending on the job and type of press.

Projectiles are not a common. occurence on mechanical power presses,
although they do happen. A projectile is usually produced when a

die shatters or when a doubleheader occurs. Doubleheading is over-
loading the press by cycling it when two parts are simultaneously
positioned in the die. This usually occurs when the completed workpiece
is not removed from the die and another workpiece is fed in on top

of it.

Barriers and gates offer partial protection from projectiles. However,
where projectiles are a prominent hazard, special consideration must
be given to this hazard over and abowve that of point of operation
safeguarding. Often a heavy steel plate is used for comstruction

of movable barriers, with othér safeguarding such as two-hand control
used to protect the worker from the hazards of the movable barrier.
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SECTION C
TECHNICAL AND OTHER CONSIDERATIONS OF MECHANICAL
POWER PRESS SAFETY

DEPENDABLE SAFEGUARDING SYSTEM DESIGN |

"Systems analysis'' is a modern method of problem solving. By using
this approach for safeguarding, the entire system can be analyzed
instead of small sections. Many techniques can be used but the basic
underlying item is the definition of the system and its components.
The initial system is broad in nature and as the levels of detail are
uncovered the nature becomes more specific. This method can be used
to analyze the system at all levels of complexity.

The mechanical power press system can be defined as the man, machine,

and work method with an input and outpout which is material. The

need for the system is to produce. The man is necessary to feed and
unlead the machine, the machine is necessary to do the work, the materidl
is necessary to make a product, and the work method is necessary to
complete the job.

The sole consideration of safety is to protect the man. Therefore

a safeguarding system is the second level of detail to be considered.
The strength of any system depends on its weakest link. To strengthen
the system the weak link is either designed stronger or eliminated.

In this system the man is the weakest link. It is impossible to
redesign him and training can only reduce the number of mistakes,
never eliminate them. Therefore the man should be eliminated as

much as possible from the system. The method of doing so is to design
the machine, material, and work method in a manner as to make the

man safe. This technique is called dependable design and involves
several important concepts. The definitions of these concepts are

as follows: :

A safeguarding system has dependable design if it allows the press
operator to rely on it to prevent him from receiving a point of operation
injury in all phases of the work cycle (including production, maintenance,
and die setting) and especially in the event of a functional component
failure within the system. A dependable system incorporates all

the design features of RELIABILITY, FAIL-SAFE, REDUNDANCY, and SELF~
CHECKING.

RELIABILITY is a design feature of the safeguarding system which
allows the system to perform for an extended period of time without
a failure. It is usually expressed as mean time between failures
(MTBF).



FAIL-SAFE is that feature of a press safeguarding system that ensures
that the most probable mode of failure of sach and every system component
will result in a safe condition for the worker.

REDUNDANCY is a design feature that provides multiple components and/or
signal paths such that the failure of one component or circuit may

be '""masked" by the redundant zlement and the system continues to

perform properly as though no failure had occurred.. Thus redundancy

is one means of greatly improving reliabilicy. However, redundancy
falls short of providing dependable design. Its major shortceming

is that if the failure is '"masked", once a failure occurs redundancy

ne longer exists and by continued operation a subsequent failure may
result in an overall failure and possible unsafe conditions. Redundancy
is a valuable factor but taken alone is far from assuring dependability.

SELF-CHECKING 1is the design feature of the system which enables it
to monitor itself, and which indicates any failure, usually by precluding
ceontinued operation of the system.

Technically the work method and material are inherently safe. Therefore
the dependable design must go into the machine.

At the safety system level thé interaction between the individual
components. and mechanisms must be sc designed as to always fail to
a safe conditiom. ' '

The first step is to design with components -and mechanisms that have
high reliability. Reliable components give the system Iinitial safety
due to their low failure rate. Designing these components so they
will most likely fail-safe adds a second dimension to the control.

A system designed with reliable components and to most likely fail

to the safe condition will eventually fail to an unsafe condition

and present a potential safety hazard.

Thus, the third step is to add redundant or multiple components doing
the same work. However, once a redundant component has failed to

an unsafe condition it will go unnoticed and the system can still
operate and the safety derived through redundancy 1s eliminated to
basically a single chamnnel awaiting for that other redundant compo-
nent to fail unsafe.

The final step of dependable design is self-checking. This feature
incorporated with the others completes the safety system design.
Using self-checking, each component is checked by itself or by other
portions of the system at least once each cycle of the press. If
all components are self-checked once each c¢yecle and the design is
arranged to inhibit further operation when a failure signal is given,
if redundant components are used in all circuits that control the:
crank rotation, and if reliable components designed to fail safe

are used, then the press is of dependable design.

c-2



The normal mechanical power press has several mechanisms which are
not doubled or redundant, the most important of these being the clutch
and brake.

The positive or full revolution clutch has always been plagued with

the problem that breakage of mechanical components can cause catastrophic
failures. For this reason these machines cannot be of dependable

design. Part revolution friction presses are must less susceptible

to this type failure. However, they have only one clutch and brake.
These mechanisms are the important means of controlling the tam movement.
Since they are not redundant system elements they must have redundancy

in their internal design and not be susceptible to catastrophic failure.
Gradual deterioration of effectiveness can be taken care of by monitoring.

The clutch must be designed so that it will not suddenly £ail by
sticking or jamming. The hrake must be designed to not suddenly
fail, such as by loss of a single engagement spring. Now only the
gradual loss of performance need be checked. This is donme with a
brake monitor. '

A brake monitor is a part of the control system that is designed to
monitor the effectiveness of the clutch, brake, and contrel svstem

-in bringing the slide to a stop. By monitoring the braking performance,
many obvious and common faults of the brake, clutch, and control

system can be detected. These faults are normally gradual and are

not easily detécted by human observation. Incorporating the brake
monitor into the system increases the effectiveness of the safeguarding
system.

All of the "dependable'" safeguarding system is dynamic (acting every
cycle) components are interlaced in a manner that prevents any one
failure during any one press cycle from causing a point of operatiom
accident. The probability of two simultaneous failures occuring and
thus causing an accident is small in fact, so small, as to be unbe-
lievable. '

The final aspect of safety systems is interlocks. An interlock is

a mechanism that serves to prevent the operation of the press when

some condition is not met, such as a barrier out of place, and also
serves to make it difficult for the worker to circumvent the safe-

guarding system.

Presently many interlocks are static devices that cannot easily be
checked every cycle. They do, however, add a great deal of safety,
for example when someone accidently forgets to install a portion

of a safety system. Unfortunately interlocks often are easy to de-
feat by tying down. Therefore the incorporation of interlocks into
a safety system must be carefully designed so as not to be easily
circumvented.



The technical description of a dependably designed safety system so

far covers only the basis of the interlacing of the system components

to function in a manner so the system will always fail to a safe
condition. A further look into the system must be at the component
level to ensure that all elements physically, mechanically, electrically,
or pneumatically have the ability to perform their intended function
properly and not cause secondary failures due to their failure in

any possible mode. The technical aspects of component level dependable
design will not be covered, as it is a subject beyond the scope of

this Guide. : '

Dependable safeguarding system design is the best means to protect
all workers from point of operation hazards, since the human element
is elimipated and the system protects the worker.
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SETTING SAFETY DISTANCE

Safety distance is the minimum distance between a safeguarding mechanism
and the nearest point of operation hazard which will preclude injuries
after the press is tripped (after-reach injuries). :

It is of utmost importance that the safety distance be properly set
for two-hand control safeguarding systems, Type B gate safeguarding
systems when the gate can be opened while the slide i1s in motion,
two-hand trip safeguarding systems, presence sensing safeguarding
systems, and remote actuator safeguarding systems.

In setting the safety distance for two-hand controls and two-hand
trips, the distance must be measured from the part of the hands nearest
the point of operation hazard when the hands are in their normal
operating position on each actuator, to the nearest point of operation -
hazard.

In setting the safety distance for presence sensing, the distance
must be measured from the EFFECTIVE position of the sensing field
to the nearest point of operation hazard. The effective position
of the sensing field is the position of the part of the hand that
is nearest the point of operation hazard when the hand is inserted
in the sensing field just far enough to be sensed. '

In setting safety distance for the Type B gate, the safety distance
must be measured from the nearest part of the gate opening to the
nearest point of operation hazard.

NOTE: The point of operation hazards of a press are defined as follows:
"Point of operation hazards of a press include all pinch points above
the bolster and below the slide which are hazardous as a result of

the closing of the slide.”

When setting safety distance, always use the die or work set-up which
brings the nearest point of operation hazard closest to the safeguard.
If vou do so, you are assured that every die and work set-up will
automatically provide sufficient safety distance.

1. The safety distance formula for two-hand control safeguarding
systems and those Type B gate safeguarding systems which allow the
gate to cpen while the slide is in motion is:

Safety distance (inches) = [press system stop time + brake
monitor increment (seconds)]} x 63 inches/second.

2. The safety distance formulas for two-hand trip safeguarding systems
are. S
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(a) if the system has a mechanism which monitors system start
time and prevents further stroking when preset start time
has been exceeded,

Safety distance (inches) = [start time (seconds) + start
monitor increment (seconds) + 1/2 stroke time (seconds)]
x 63 inches/second, or

{(b) if the system has a mechanism which requires the continued
presence of each hand on each actuator until one-half maximum
rotational c¢rank velocity is reached,

Safety distance (inches) = [1/2 stroke time (seconds)]
" x 63 inches/second. '

3. The safety distance formula for presence sensing systems is:

Safery distance (inches) = [sensing device reaction time
{seconds) + press system stop time (seconds) + brake
monitor increment (seconds)] x 63 inches/second.

4. The safety distance formula for remote actuator safeguarding systems is:

Safety distance {inches) = {[system.stop time (seconds) +
brake monitor increment (seconds)] x 63 inches/second} +
72 inches.

Refer to the "Press Start and Stop Time Measurements' section of this
Guide to determine start and stop times.



PRESS START AND STOP TIME MEASUREMENTS
Measurement of Stop Time

Press stop time measurements are necessary when power press worker
safety depends on the press ram to stop before a hand can reach the
point of operation. Presses using two—hand control or presence sensing
safeguarding systems as the primary protection means require that they
be so located that a press worker cannot accidently reach the point

of operation before the press has stopped. The two dominating factors
are hand reach speed and press stopping time. The hand reach speed

is presently defined as 1.6 meters per second. The stopping time

must be measured to determine the safety distance. Many stop time
measuring devices are commercially available that may be used for
press stop time measurement. The basic means are as follows:

Procedure

1. Inspect the clutch/brake or brake for proper adjustment and operation.
Check the brake for ample lining. Correct any deficiencies to
ensure proper results.

2. Measure the press stopping time as per manufacturer's instructions
for the device supplied, starting press stopping at the 90° point
of crank angle rotation. Make several measurements andotake theo
average of them. Also, make several measurements at 70 and 110
to determine that there is no significant change in stopping time.
This 1is now the press stop time and sets the first limit of where
a safeguarding system is physically located and the setting of
brake monitors. '

Measurement of Start Time

The measurement of press start time is an important factor when using
only one specific type of safeguarding system. The type 1is a two-
hand trip safeguarding system. The present formula calculates the
safety distance as the hand speed times the sum of the closing time
of the press (at full speed), plus the maximum engagement time.

Positive or Full Revolution Clutch Presses
Tests on positive or full revolution clutches have shown that their
acceleration time from zero velocity to full speed is very small
and as a practical matter can be ignored.
Procedure:

Start time, or engagement time, is:

1
number of equally
spaced engagement
points c=7

x the time required for 1 full revolution of the press



Part Revolution Friction Clutch Presses

On part revolution presses the engagement time has been erroneously
considered zero since there are an infinite number of engagement points
on a part revelution frictiom clutch. However, if the engagement

time on a friction clutch press is ignored or assumed zero, then a
"dangerous condition may exist if two-hand trip safeguarding systems

are used to protect workers from point of operatiom hazards.

Tests have indicated that several things contribute to friction clutch
engagement and starting time. The additional incremental times required
are: (a) control reacticn time, (b) valve .actuation time, (c¢) air-in
time, and (d) acceleration time., Control reaction time may or may

not be a factor, depending om control design, but the other three
definitely aré. Factors that affect these incremental times are

(a) air pressure, (b) volume of the clutch air cylinder, and (c)
condition of the clutch surface.

Procedure:

1. Use commercially available start time measuring device according
to manufacturer's instructions or use a test set-up that measures
the start time from the instant of actuator operation tc the time
the crankshaft has reached 507% of its maximum rtotational velocity.

2. Use this start time in the formula when calculating safety distén;e
for two-hand trip om a part revolution friction clutch machine.



SETTING BRAKE MOWNITORS

Application

Brake monitors are control system mechanisms that monitor the stopping
time of the press crankshaft and hence the effectiveness of braking
performance. This discussion covers on-line brake monitors or those
which are an integral part of the safety system. There are two types
of on-line brake monitors, the Full Cyéle brake monitor and the Top
Stop brake monitor. :

The use of brake monitors is directly related to the type of safeguardlng

system used. It signals the press control when the stopping time

becomes too long, which means the safety distance is too short. Therefore

‘brake monitors are only needed with safeguarding systems that depend
on the machine stopping within a specified time. These systems include
two—hand control, presence sensing, and Type B gate.

Theory

The times required to stop a part revolution friction clutch press

can be divided into parts. The first is the total time required te
switch control components and exhaust air while the crank is running
at full velocity. The second is the time required during friccion
braking. The total stopping time, T , is the suin of the full velocity
time, and the friction braking time, t2, or TS = t, + t2.

£y 1
View 1 shows a graph of a theoretical press crank shaft stopping
characteristics. A 1s the point where 4
D

the stop signal is intially given. o
From A to B is the time the ‘ % :
crank travels at full speed l\\

while the valve and controls

are reacting plus the amount . N

of time it takes for the air crank : | a1 ax\

to exhaust. The time from angular ‘ i \

B to C is the time required = yelocity W ¢B ﬁif »
during friction braking. ! time

Tests have shown that the
slope of the friction braking : s
is very close to a straight -

- t .
line and can be assumed to 5
be 50 in the futu;e. View 1

From View 1 the number of degrees of crank rotation can be determined.
Since t, and t, are known, the number of degrees of crank rotation
can be %etermlned by converting the press RPM into angular velocity,
w, in degrees per' second.



~ Example 1: £, = .1 sec. £, = .05 sec.

w = Angular velocity = 100 RPM

100 revolutions 360° L minute _ 600°
. X X =
minute revol- 60 sec. secq.
ution

The total craunk travel ar full velocity is rhe area, a‘, of View 1.

o]
500 x .1 sec. = 60o
ser.

or

The total crank travel during friction brzking is the area, 3y, of the
triangle connecting points B, C, and line D.

o 0
therefore Py X 600" .05 sec. 15
i 2 7 sec.
T. = .150 sec. and the total travel = 75°

s

‘However, it may not be possible to measure the times of t, and t
This can be modified to show the approximate curve of the press
performance during stopping since the total stop time, T _, and the
crank angular travel can normally be measured. s

By knowing the total stopping time, T , and the angular travel we can
set up two simultaneous equations. Since we know that:

TS = t1 + t2 and

At =2 + a,

Where At‘= total angular travel

angular travel at full speed = t @

17 1 .
a2 = angular travel during friction braking‘=-% tzm
_ 600°
w =
sec
.150 = tl + t2 . . (1)
(o] 600 -1 600
[ R v T S s 2)
75 = 600 t, + 300 t, (2a)
45 = 300 £, * 300 ¢, (1a)
30 = 300 tl
l=t
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Substituting .l into equation 1:

.150 = .1 + t2

.05 sec. = tz
By using the procedure of example 1, a graph of the stopping characteristics
can be made of the press under test.

Setting Full Cycle Brake Monitors

Full cycle brake monitors measure the stopping time of the press each
time the press is stopped. Normally the stopping is done on top stop
but occasionally it occurs during the downstroking portion of the cycle.
Most presses with good brake systems will stop in approxlmately the
same time in any portion ¢f the press cycle.

Full cycle brake monitors, which measure stopping time only,. are very
good for air operated, friction clutch presses, since a measurement
is made during any portion of the stroke.

Procedure:

1. Inspect the clutch/brake or clutch and brake for proper operation.
Check the brake for ample lining and adjust the brake for the
best stopping time in accordance with the manufacturer's instruc-
tions. Ceorrect any deficiencies to ensure proper results from
the brake monitor.

2. Measure the press stopping time.

3. Add 20% to measured stop time or on older presses a proportional
amount, as noted below, to compensate for brake lining wear.

NOTE: Brakes with 1/2 of the original lining thickness or more can
use a 20% increase in stopping time. Those with less than 1/2 of
the original lining thickness should use a smaller percent increase.
Thus for 1/4 of the original lining thickness, a 10% increase should
be used. Linings having 1/10 or less of their original thickness
should be replaced.

4. Set the brake monitor to the total time (stopping time plus wear
factor used to set safety distance) according t¢ the manufacturer's
specifications and ensure, by locking or bonding, that this setting
can only be changed by intentional action of a fully qualified
and knowledgeable person.

5. Check to ensure that the safeguarding system used is set at the
proper safety distance which includes the additional 20% of time.
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Setting Top Stop Brake Monitors

The top stop brake monitor measures the angular travel during top

stop only. From View 1 and Example 1 it can be seen that angular
travel can be directly related to the press stopping time. This

is, of course, assuming the press has uniform stopping characteristics.

There are two conditions that must be covered when calculating what
the top stop over-run angle should be. Views 2b and 2¢ show the

two conditions that must be covered, worst case and hest case. As

in previous calculations we used the figure of .150 sec. as the press
stopping time. Assuming a 207 increase in time, then a total press
stopping time for safety distance will be .150 + 20% of .150 = .180
sec.

If an increase of stopping time was due only to brake wear, only the
additional travel in View 2b would need be accounted for, i.e. the
number of degrees of over-travel after top stop,

)
600 x .030 sec. = 180.

Aa, = w X At or
1 ‘ sec.
However, if the ccefficient of friction of the brake surface changes
due to contamination by oill or some other substance, the press would
travel the area = = ‘ '
fa, = w X L At = 600
2 2 - sec.

X % x .030 sec, = 9°

as shown in View 2c.

Therefore, View 2¢ must be the procedure used when calculating the
additional amount of degrees. in setting top stop brake momnitors. If
the setting of 18  were used and only the coefficient of friction
changed,. the stopping time would increase .0860 sec. instead of .030
gec. and create a potential after-reach hazard. :

Aal
2a 2b » 2¢c
NORMAL ‘ 18° change due to 9° change due to
brake wear : change in coeffi-
cient of friction
View 2
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Procedure:

1.

Inspect the clutch/brake or elutch and brake for proper operation
and adjust the brake for the best stop time in accordance with

the manufacturer's instructions. Check the brake for ample lining.
Correct any deficiencies to ensure proper results from the brake
monitor,

Make several measurements and take an average of the press stopping
time. :

a. Increase the stop time by 207 or a proportional amount, as noted
below, to get At. ‘

b. Convert press crankshaft revolutions per minute to degrees
per sec. or

RPM x 360° _
%o - degrees per sec. Or
RPM x 6 = degrees per sec.

c. Multiply degrees per sec. X % At to get over-run angle.

NOTE: Brakes with 1/2 or more of the original lining thickness can
use a 20% increase. Those with less than 1/2 of the lining thickness
should use a smaller percent increase. Thus linings with 1/4 original
thickness remaining should use a 10% increase. Linings with 1/10
original thickness remaining should be replaced.

4.

Set the over-run brake monitor that number of degrees extra past
the top stop point and fix that cam with respect to the top stop
initiation cam. - Therefore, if the top stop cam is moved, the
brake monitor cam moves with it. Or lock cthe cam box and only
allow the cams to be changed by someone knowledgeable with this
procedure.

Check to ensure that the safeguarding system used 1s set at the
proper safety distance which includes the additional 207% of time.



POSITIVE OR FULL REVOLUTION CLUTCH SAFETY CONSIDERATIONS

The mechanical power press does work through the intermittent recipro-
‘cating motion of the slide. The energy required to carry the slide
through the work is too great to draw instantaneously from the electrical
power source. Rather the energy is stored in the rotary motion of

the flywheel. Each time the press makes a stroke and work is done

on the material, energy is released by the flywheel and then is restored
from the electrical source during the remainder of the stroke cycle.

To facilitate workpiece loading, either piece at a time as in manual
feeding or start up loading as in automated feeding, the reciprocating
motion of the slide must be decoupled from the rotating flywheel.

A clutch is required for such decoupling. A brake is alsc required

to bring the slide to a stop and hold it at an open position.

For many years presses were built with full revolution clutches, that

is, the c¢rankshaft was essentially pinned to the flywheel by a mechanical
means. . Today this type of clutch is still being produced on smaller
presses. These clutches usually take one of the following forms:

1. The radial key clutch

2. The axial key clutch
3. The rolling key clutch
4. The jawlclutch

The first three types comsist of a pin or key on the crankshaft which

is inserted into a hole in the flywheel, usually under the force of

a spring. The means of disengaging such clutches is a wedge called

an extractor which at the appropriate peint in the press cycle exerts
sufficient force on the key to pull it free from the flywheel even
against the frictional force exerted by the flywheel pull against

the key. This extraction is done near the tep of the stroke. The

brake then stops the crankshaft and holds the slide in the open position.

The operation of these types of clutches is characterized by several
factors which bear directly upon the safety of personnel at or near
the press. The hazards involved are those of repeat strokes, delayed
strokes, and uninitiated strokes. Repeat strokes are those successive
strokes which follow an intended stroke because the clutch did not
completely or properly disengage. Delayed strokes are those strokes
which start an inordinant time delay after the actuators have initiaced.
the stroke due to the failure of the clutch to engage at the first
alignment of the key and the keyway. Uninitiated strokes are those
strokes which occur because the clutch engages without being initiated
by the actuators, usually due to excessively worn parts in the clutch
mechanism. The major reason for these conditions are as follows.
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1. The acceleration load on the key at the instant of engagement is
very great. Fractures or failure of the key due to this lcading have
occured. Further, as the key 1s spring engaged, any detericration

of the spring or the sliding surface to pravent the key from becoming
fully engaged causes this shock load to be carried by less than the
entire key. Overloading of the key can also occur during disengagement
when the load is carried on a reduced effective area. O0Of more serious
consequence, of course, 1s having a small portion of the key carrty ‘
the entire force required by the work.

2. The keys sometimes seize in the engaged or driving position. The
extractor either cannot withdraw the key or the key breaks. In either
case the press will continue to stroke. This also results if, due

to loading or fatigue, a portion of the key breaks off and these
broken pieces become lodged in the keyway. '

3. Inherent in the key design are several high stress areas. Should
overloading occur the failure will occur along these stress concen-
trations. Such failures will result in continued uncontrollable
stroking.

4. The extractor functions through metal to metal contact. As these
surfaces wear the extent of the clutch disengagement becomes less.
When sufficient wear has occured, the clutch is barely disengaged.
Often badly wern clutches cause a clicking noise as the flywheel

turns with the clutch disengaged. This is caused by the key partly
moving with the keyway under the spring force. This condition is

very dangerous. A slight movement (even through machine vibration) -
can cause sufficieat clutch engagement to cause an uninitiated stroke.
Presses making such a clicking ncise must be taken out of use immediately
for clutch repair. A series of weekly inspections 1s recommended

for all full revolution and positive clutches with a rigid procedure '
- for clutch repair.

5. When parts are worn Such that the key does not properly align
with the keyway, or the key and the keyway are badly worn on the
initial engaging surfaces, or the spring is so weakened as to not

move the key quickly enough, several points may pass before the clutch
is capable of engaging. ‘ '

No press has a brake of adequate size to stop the slide under conditions
of clutch hangup. Attempts at preventing excessive overrun of the

slide involve the use of overrun stops. Overrun stops are inadequate

to withstand the clutch force and are of little value except to com-
pensate for poor brake conditicn after the clutch is released. 1In

cases where the clutch hangs up, overrun stops can present the hazard

of projectiles caused by broken mechanical parts. Therefore, the

use of overrun stops is not recommended.
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The jaw clutch is a mechanical clutch with the capability of being
disengaged during the stroke. Such a clutch may have a mechanical
extractor which makes it function as a full revolution clutch. Other
machines use pneumatic or hydraulic cylinders to engage and disengage
the clutch. If the disengaging is donme under load, such that the
clutch is carrying the load on very little area of the jaws, then

the over stress from the load can cause the jaws to fail and possibly
fly out as projectiles. The engagement mechanism must therefore

be of such design as to assure disengagement of a jaw clutch only

at ‘the top of the stroke.

Another consideration for operator safety is the design of the flywheel
bearings and the impact a possible failure of such bearings might
have. On an ungeared press, the flywheel runs on a bearing on the
crankshaft. On a geared machine the flywheel is usually keyed to

the high speed shaft (or backshaft) and it is the driven gear, not
the flywheel, which runs on the crankshafc jourmal. In either case,
the lack of lubrication and/or the intrusion of foreign material

into this bearing will cause severe wear and possible seizure. Almost
all mechanical clutch presses have plain sleeve bearings which have

a tendency for seizure. Of course any seizure of the bearing will
cause the crankshafr to rotate with the flywheel, resulting in an
uninitiated and unintended stroking.

The few machines that have either ball or roller bearings are not

nearly as prone to flywheel bearing seizure. Other bearing arrangements
have also been used such as having the flywheel run on a bearing

mounted on a rigid steel "quill" or tube which is supported by the

press frame instead of running directly on a bearing mounted on the
crankshaft. With such an arrangement, of course, a collapse or seizure
of the flywheel bearing would not produce an unintended, uninitiated
stroke.

All presses using a positive or full revolution clutch must have a
single stroke mechanism. The purpose of such a mechanism is to auto-
matically disconnect the extractor (or other clutch withdrawal device)
from the influence of the operating control at a suitable point in

the press cycle on each cycle initiated. The object is to disengage
the clutch before a second stroke can occur, even if the operating:
control remains actuated. Thus the actuating control must be released
before a subsequent stroke can be initiated. A major shortcoming of
single stroke devices is the possibility that they may malfunction
through breakage of parts, weakened springs, or sluggish motion.
Should any such condition exist, of course, the clutch will remain
engaged as long as the operating control is actuated. In spite of

the performance of the single stroke mechanism, a repeat stroke,
caused by a failure with the clutch itself, can occur without warning.

A secondary factor also bearing on operator safety resulting from
repeat strokes, such as caused by the mechanical clutch hangup, is
the danger of projectiles. These are caused by a shattered die and/
or workpiece resulting from work being misallgned in the die as the
slide goes through its repeat cycle.
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Because of the possibility of malfuncticns that expose the press operator
and others to great danger, the use of positive or full revolution
clutches is not recommended. Where they are used, it is recommended

that the production point of operation safeguarding be limited to

one of the following systems: full barriers, restraints, pullouts,

Type A gates, or safe opening. The possible combination of these
safeguards 1s allowable as long as the main objective is met, namely,

the safeguarding action protects against the hazards of repeat, delayed,
and uninitiated strokes. Zero flywheel energy bar or zero flywheel
energy jog are recommended for maintenance and die setting.
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PART REVOLUTLON FRICTION CLUTCH SAFETY CONSIDERATIONS

A part revolution clutch is one that can be engaged or disengaged
anywhere in the press cycle. Since the usual purpose of disengaging
the clutch is to stop the slide and since almost always rapid stopping
is desired, presses equipped with part revolution clutches have brakes
as a companion part. Therefore the types and performance of brakes
that are used with part revoluticn clutches are also covered herein.

Part revolution clutches usually are the friction type. A positive
jaw clutch can function as a part revolution clutch when equipped
with pneumatic or hydraulic actuators or extractors. These clutches
are covered under "Positive or Full Revolution Clutch Safety Consi=-
derations" in the preceding section of this Guide. | :

Part revolution clutches may also be electro-mechanical or electro-
magnetic. Most modern friction clutch presses have air operated
clutches with the air being controlled by electrically operated valves.
The friction clutch takes wmany forms. One form, the cone clutch,
which consists of a tapered cone fitting into an internally tapered
ring, is not commonly found on presses. Another form is the plate
clutch, either wet plate or dry plate. On wet plate clutches bronze
disc alternate with steel or cast iron dises and the entire assembly
runs in an oil bath. The dry plate clutch, however, runs dry. It
consists of a disec or discs, which either are or have attached to
their faces suitable friction material, and which engage other plain
disecs (usually steel) in a "single-~plate" arrangement (i.e. having
two engaging surfaceées) or a "multiple-plate"” arrangement.

A third form of friction clutch is the air ring (or air tube) clutch.
In this form the friction surfaces are positioned by an air rtube.

"Two forms of this type of clutch exist, a radial acting tube and

an axial acting tube. The axial tube form is very similar to the
plate clutch. The air chamber is the tube rather than clesely fitting
mechanical parts with seals. The air volume ordinarily is much larger
than for the plate clutch. The radial acting tube form is actually

a drum type clutch. This tube is mounted around the periphery of

the drum (or an inward acting clutch). The inmer surface of the

tube forces the friction surface down into contact with the drum
surface. Torque loads are transmitted either through the tube or
through torque bars fastened to the ends of the friction plate sections.
An outward acting cluteh simply has the air tube/friction surfaces
mounted inside the drum and acts outwardly.

An advantage.of‘thé air ring type of clutch is, of course, greater

torque capability for a fixed pressure on the friction surface as
all the surface acts-at the greatest radius. Also, cooling air can
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be directed to the underside of the drum surface to conduct away heat.
Three major disadvantages of this clutch type are the increased air
volume needed for actuation and de-actuation, the lack of any adjustment
capabilicy to reduce the additional air volume required to compensate
for clutch wear, and the greater inertia effects of the drum whose

mass is all concentrated at the greatest radius. These disadvantages
result in greater stopping time for the press, producing greater

safety distance setting in some safeguarding systems.

The advantages of the combination clutch/brake of the plate type are
-complete synchronized action of clutch and brake, minimum rotating
mass, minimum air volume, and possible adjustment for brake/clutch
wear to minimize stopping time.

The action of the clutch and brake linings is important. A loose
lining will, of course, cause a sudden action if it should become
wedged between the friction disc and the driving disc. With the
long experience of the automotive industry and the history of safe
bondings of linings to brakes and clutches, this difficulcy should
have almost zero occurrence on high quality manufactured clutches.
The problem of lining wear, which will be treated later, is of much
greater concern and likelihood. ‘

Like full revolution clutches presses, almost all part revolution
clutch presses have brakes, although machines have been observed

with only the air counterbalance cylinders to stop and hold the slide
when the clutch is released. These machines do not meet current
regulations and must be updated. Numerous machines are greatly "under
braked', that is, .the brake has so little braking capability that

it can do little more than hold the slide once it has been brought

to a stop. Before dealing with this problem, a review of the types

of brakes will be given.

The disc (platé) brake is used as an integral part of a combination
clutch/brake and is similar in construction to the plate clutch.
The disc brake as a separate unit is essentially of the same design.

The braking torque for the disc brake is determined by three factors.
These are the spring pressure applied perpendicular to the brake
surface, the coefficient of friction of the brake lining in contact
with the metal plate, and the effective radius of the brake lining.

These three elements are all subject to design considerations. The
ccefficient of friction is, of course, limited to the characteristics
of the materials used and is greatly influenced by the need to select
materials for long life, heat resistance, and other factors. The
spring pressure must be less than the force exerted by the air.pressure
used to release the brake. Thus the most controllable factor is ‘
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the effective radius of the brake.. In the combination clutch/brake
- this radius can be .the same as the clutch radius. Since the clutch
must be designed for sufficient torque to carry the slide through
the work, the inherent design of the brake provides for adequate
brake radius and, consequently, good braking torque.

The drum brake is a separate brake that consists of two clam (half ' '
circle) shells containing the lining, a pivot pin on one junction,

and the actuator at the diametrically opposed junction of the two

shells. The actuator contains an actuating rod with a captivated

energizing spring and an air cylinder with a release rod. This brake

requires a separate drum which usually is small to keep the added

inertia load on the shaft to a minimum.

Drum brakes have major disadvantages from the standpoint of safety
when used on power presses. As most stops take place at top stop,

the drums and lining wear at this position more. When the brake

must stop the ram at say 90 position it does so rather poorly due

to a poor f£it of the worn drum and lining. Further, they have no
redundancy in the basic design. A4 single pivot pin, a single mounting
point to the press, a single energizing spring on a single actuator
rod, and the complete loss of brake pressure should any one of these
single elements fail raise serious doubts as to the desirability

of their use on mechanical power presses. That the actuator rod

and spring do break is attested to by the trend to captivate both

the spring and the rod by enclosures or captivating chains. (See
pages 40 and 45 of the Nationmal Safety Council's "Guards Illustrated,
3rd edition.") A failsafe design is also available which, in additiom
to enclosing the energizing spring and rod, uses a multiple spring-
rod design. However, only one pivot pin and one mounting pin are
used. A more redundant design could be made by the use of two complete
brake units.

The braking torque of these clam shell type brakes is governed by

the radius of the drum, which is selected for low inertia (small
diameter), the coefficient of friction of the lining and the diameter
of the air release piston and air pressure. The larger the spring
engaging force, the greater the air pressure or piston diameter or

both must be. While this may appear to give quicker stops, the use

of more air or high air pressures produce an offsettlng factor opposite
the desired effects.

Other forms of brakes exist but are actually variations of the two
types discussed. Older machines may have band brakes which are a
variation of the clam shell brake. The use of band brakes is not
-recommended. 1In addition to all the modes of failure of the clam
shell brake, the band brake has the added possibility of breakage
of the band. A caliper disc brake exists which is a variation of
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the circular disc brake. These types are more often used in industrial
control such as to be spring released and air engaged, although for
-press applications they can be designed the other way. Combination
clutch/brake units such as a radial acting tube clutch with a clam
shell brake exist. While these units may be referred to as combinazion
clutch/brakes, precaution is necessary as these are actually separate
units which may use a single drum structure.

A difficulty with separate clutch and brake units is the lack of
inherent -synchronization. With individval acting air pistons and
springs, there exists no mechanical linkage to assure the application
of either the brake or the clutch at the instant of release of the
other during the engagement/disengagement function. As a result

it i1s easy for a situation to exist in which neither has control

of the slide and the slide is free tec fall due to gravity. Under
normal operation the transition time from clutch to brake action
(or vice wversa) is much too short to be a problem. However, design
consideration must be given to assure that the brake releases after
clutch engagement and engages before clutch release. The slide is
thus always under the control of a friction coupling. Ideally the
actions of clutch and brake are very nearly 31multaneous, such as
obtained by the combination clutch/brake unit.

Current regulations for part revolution clutch presses require that

the clutch shall release and the brake shall be applied when the
external clutch engaging means is removed, deactivated, or de-energized.
A further requirement is that brakes must have capacity to stog the
slide motion gulcklz

' Bringing the slide to rest is a function of the entire clutch and

brake system, not merely the 'capacity” of the brake (friction lining

in pressure contact with the braking surface). 'Such systems involve

the air supply and valving, the inertia of the clutch and brake engaging
parts, the forces of internal springs, the frictiom of the sliding:
surface, and other factors. The effects of all these can be accounted
for by specifying the time required, after signal, for the slide

to come to rest (the stopping time).

The time from the signal to stop until the brake torque is applied
consists of a series of reaction times.  The signal to stop may comnsist
of opening a contact on a two-hand control station, interrupting the
field of a presence sensing device, breaking an interlock contact,

or scme other interruption in the contrel. The first time delay
increment may be the delay in the sensing device (usually the deacti-
vation time of a relay). The press control may or may not have another
relay deactivation time depending upon its design. Usually a two-hand
control contact is directly in series with the valve solenoid but

may have 'its own activation delay. The mext delay is the actuation
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time of the valve sclenoid and moving parts. Then comes the time
to exhaust the air to atmosphere, permitting the brake friction surfaces
to come under pressure contact. :

Testing has determined that the time for valve reaction and air exhaustion
{(T,, + T.) 1is approximately twice the time of friction braking action (T_).
Many factors contribute to this but primarily the factors of the air

mass (volume and air pressure) and the restriction to flow (size and
length of air hose, size of exhaust parts, etc.) are responsible.
Generally the lack of a requirement for short stopping times in past
regulations has resulted in clutches and brakes, along with inter-
connecting plumbing, that require an excessive time for air exhaustion (T_).
This, ccupled with the small brake radius, results in a long stopping
time. '

The factors of dependability, fail-safe, redundancy, and self-checking
‘are paramount in the clutch/brake design from the standpoint of worker
safety. Stopping.time is also important as it makes for practical

use of safeguards that are the most productive and best ergonomically
suited to the worker.

Based on the foregoing evaluations, the following recommendations are
made: ’ '

1. Part revolution clutch machines must not be operated with
band type brakes.

2. Where part revolution friction clutch machines meet all the
safeguarding design requirements, including the requirements
on the clutch and brake, any safeguarding system can be used.

3. The design of brakes should involve such redundancy as to
not increase the total stopping time by more than 30 percent
-should any part of the brake, exclusive of the linings, fail.
This same redundancy concept should be applied to the clutch
design to assure the dependable release of the clutch and,
further, that any part failure in the clutch similarly should
not increase the total stopping time by more than 30 percent.

4. The friction linings used on the clutches and brakes should
be fastened by rivets of brass or should be bonded linings
furnished only by the manufacturer of the press or the clutch/
brake. Further, the brake should be provided with adjustments
to compensate for changes in stopping time due to lining wear
but this adjustment should be limited. With less than 50
percent of the lining thickness remaining, it should not be
possible to obtain the stopping time obtained with a new lining.
As an alternative to such adjustment limitation, a system of
minimum wear depth detection can be used i1f designed as a part
of the brake and the brake monitor.
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All friction clutch/brakes should be supplied from a dual

source capable of being checked; either internal self-checked

or checked by the press control. For the pneumatically operated
clutch/brake this requirement has been satisfied by the dual
self-checking air valve. This same requirement should alse
apply to clutch/brakes which may be hydraulically, electro-
magnetically, or otherwise operated.

The starting time and the stopping time of the newly constructed
or refurbished press should be specified by the manufacturer/
refurbisher and, along with actual measurement results, should
be shown on a plate that is permanently attached to the press.

All friction clutch/brakes must be operated with a brake monitor.
This monitor must be so designed and adjusted as to effectively
measure the total scopping time of the press. Such measurement
must be made at such close intervals as to effectlvely monltor
the wear and/or malfunction of the brake.
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ACTUATOR SAFETY CONSIDERATIONS

Foot Actuators

A foot actuator {(Figure 29) is a foor operated electrical or prneumatic.
control device. It is widely used to trip mechanical power presses.

It should not be confused with the foot treadle, which is a lever

with mechanical linkage only. Since foot treadles are not recommended
they will not be tresated here.

4 foet actuator should never be considered a safeguard; it is an actuator
only. When foot actuators are used, a point of operation safeguarding
system must be provided.

Since a foot actuator must be used with a point of operation safeguarding
system, there might at first appear to be nc reason why it should

be protected from accidental actuation. However, an accidental press
stroke 1s an action that is best avoided at all times. In addition,

such stroking may create projectiles from shattered dies and misplaced
parts that could seriously injure the operator or others. Therefore,

a foot actuator must be protected against actuation by falling and

moving parts and unintended operation due to stepping on it. It must
also be protected against failure due to foreign substances.

A foot actuator can be used on all presses that use barrier guards,
Type A gates, safe opening, or safe holding as the safeguarding means.
It can also be used on part revolution friction clutch presses that.
are safeguarded by Type B gates and presence sensing devices.

The foot actuators must be so constructed to withstand the rigors

of daily use. The operating mechanisms should be redundant and capable
of being self-checked, allowing complete foot actuator control if

one mechanism should fail and inhibiting any further press stroking
until the failure is corrected.

From an ergonomic standpoinc, the foot actuator must be designed
with the physical characteristics of the operator in mind. The foot
actuator should be easily operated from either a standing or sitting
position. From a standing position the foot actuator must require
as small a foot lifting distance from the floor level as possible

to prevent the operator from becoming unbalanced.

Many newer foot actuator designs have attempted to make foot actuator
operation safer. The main consideration in these designs is to prevent
stepping into the foot actuator and therefore preventing accidental
operation. The use of these designs requires additiomal motion to
operate. Many times operators are reluctant to remove their foot
because of the difficulty encountered in entering the foot actuator
again. Thus the intended greater‘safety in the design may be circum-
ventaed by operators. '
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The following conclusions regarding foot actuators can be drawn:
1. A'foot treadle should never be used toc trip a press.

2. Presses equipped with a foot actuator must also be equipped
with an acceptable safeguarding system.

3, A foot actuator is not, in itself, unsafe.

4., A foot actuator must be protected against accidental operation
from falling or moving objects and from accidently stepping
on it. It must also be protected against failure due to
foreign substances.

5. A foot actuator must be so designed that failure of a single
operating mechanism will not override any functional control
of the press and subsequent self-checking can be used so that
operation will not be possible until the failure is corrected.

6. It is not recommended that foot actuators be used with sweeps
and pullouts.

Push Button Actuators

Hand actuated push buttons (Figure 30) have long been used for tripping
or controlling machines. On mechanical power prasses they are commonly
called palm buttoens. The term palm button in many cases is erroneous
since the addition of guards around the buttons, required by regulaticns,
‘makes it difficult, if not impossible, to actuate them with the palm

of the hand. There are four basic requirement classificatioms to

be evaluated for the palm button. They are electrical or‘pneumatic,
mechanical, environmental, and ergonomic. These classifications

may tend to overlap, vet there is enough distinction to separate

each. ‘

Palm buttons must be capable of meeting the requirements of current
capacity and applied voltage, supplied air pressure and flow.. The
palm button also must be capable of being self-checked. Additionally,
it must be electrically insulated te prevent any shock hazard, or
pneumatically sealed to prevent escaplng air from creating a hazard.
Mechanically it must be constructed to withstand the rigors of daily
pressroom use. Environmentally it must be protected against outside
substances and materials that could cause it to fail (usually by
shorting of contacts, or causing valve spools to seize). Probably
the most important aspect of palm button actuators is the ergonomic
consideration, but this consideratiomn has largely been overlooked

or ignored. Palm button actuators must be protected from accidental
actuation by falling objects, die locading, etc. The simplest solution
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to this problem is to place guard rings around the buttons. However,
many actuators are mushroom shaped and using guard rings usually:

" makes operation difficult because the finger tips will probably have p
to be used te actuate the buttons. In the oily environment of the
pressroom, it 1s very easy for the worker's fingers to slip off the
mushroom shaped buttons. This causes intermittent press operation,
especially when the actuators are used for two-hand control. The
worker can also receive minor finger injuries such as cuts and abr351ons
when his fingers wedge between the mushroom shaped button and the
guard. With the simple addition of & guard ring around a palm button,
conditions can thus be introduced that aggravate the worker and hinder
production. The intent was initially better safety but the outcome
adds negative factors that may affect operator attitude and product-
ivicy.

Another important ergbnomic consideration is the location of palm
buttons. They should be locared and installed so as to not cause undue
worker fatigue. For example, they should not be located high over

his head so that he has to stretch to reach them. Such location

would obviously become tiring to the worker in the course of a work
shift. Also, locating palm buttons in a position that is inconvenient
for the worker will hinder production because he will not be able

to easily and quickly go from the workpiece to the point of operation
and then to the palm button.

Finally, palm buttons by themselves are not to be considered as a
safeguard. They can only be a part of a safeguarding system in which
they play a very specific function and must be installed according

to very specific rules. (Refer to "Two-Hand Control and Two-Hand
Trip Safeguarding Systems'', page B-82.)

Figure 29. - A foot actuator that is Figure 30.

: - An example of a hand
ergonomically well - actuator.

designed.
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SECTION D
SAFETY RESPOWSIBILITIES

SAFETY RESPONSIBILITIES OF MANAGEMENT

Management perscnnel are vital in achieving and maintaining a continuing
interest in power press safety. When management demonstrates an

active interest in safety, the example is usually followed by all
employees. Any safety program, to be effective, must have the whole-
hearted support and backing of management. ‘

The safety points that follow are supplementary to those that are
required by legal regulations. They are not intended to replace or
modify the regulatiecns.

Management should:

1. Investigate and review all press accidents and "close calls".
Take immediate steps to prevent further accidents or "close

calls". Refer to the regulations for injury reporting requirements.

2. Properly train the employees who operate the presses, set the
dies, and maintain the presses in accordance with the regulations.
No employee should be given a work assignment that he does not
fully understand. '

3. Remove equipment from service that is not safe and cannot be
properly upgraded.

4. Not allow persons who are not of legal age to operate a press
or to assist the operator. Refer to the regulations.

5. Establish firm pressrocm safety rules. Make sure every employee
understands the rules and is aware of his responsibilities.

6. Take disciplinary action when any safeguarding device or mechanism
is sabotaged or circumvented, ot is modified without proper author-
ization.

7. Provide a safe, uncluttered, unobstructed, and clean press work
area. Refer to the regulations.

8. Immediately stop use of a press if it malfuncticns and correct
the problem before resuming operations.

§. Allow no person to train or instruct others in power press operation,
die setting, '‘or press maintenance unless the trainer or instructor
is fully knowledgeable of the press, dies, auxiliary equipment,
and safety rules and can adequately communicate this information
to others.
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10.

11.

12.

13.
14.

15.

- 16.

17.

18.

19.

Adequately train supervisors on proper press operation, safety,
supervision of others, and methods for achieving a high level
of safety awareness among the pecple they supervise.

Use dies and operating methods designed to control or eliminate
hazards to operating personnel. Refer to regulatious.

Provide safeguarding for the point of operation. Refer to the
regulations. '

Not overload presses. Refer to the regulations.
Establish a die setting procedure. Refer to the regulations.

Provide spring-loaded turnover bars for presses designed to

-accept such turnover bars. Refer to the regulations.

Provide die stops or other means to prevent losing control of
the die while setting or removing dies in presses which are
inclined. Refer to the regulations.

*Provide and enforce the use of interlocked safety blocks whenever

dies are being adjusted or repaired.

Provide adequate lighting in press areas.

Protect footr treadles, pedals, and switches wicth a f£ixed guard
to prevent unintentiomnal operation by falling objects or a foot
accidently placed on them.

*Exceeds 29CFR 1910.217.
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SAFETY RESPONSIBILITIES WHEN PURCHASING PRESSES

It is the res?onsiﬁility of those involved in obtaining a machine

to ensure that when the machine is delivered, it is in a condition

which will allow it to be installed with a functional means of preventing -
all workers from being injured by the hazards of the point of operation.

These people must, therefore, work in conjunction with the 'engineering
and production persomnel iIn deciding what safeguarding system will

be used, and that the characteristics of the machine are capable of
meeting the design criteria for that safeguarding system. The choice
of a safeguarding system can be greatly simplified by study of the

. rest of this Guide, and particularly by studving Tables 3 and 4.

When a cholce is made, those responsible for purchasing the machine

must ensure that machine characteristics required by the chosen safe-~
guarding system are specified. If the machine is new, these requirements
must be specified to the manufacturer. If the machine is used, those
characteristics which don't meet the design requirements must be upgraded
through refurbishing.



SAFETY RESPONSIBILITIES WHILE OPERATING PRESSES

More injuries occur at the point of operation during press operation
than any other press activity. Eighty-one percent (81%) of all point
of operaticn press injuries in the 6 month period from July 1, 1975
to December 31, 1973 were incurred by workers while operating a press.
It is obvious that concern for power press safety should center on
press operation. It was stated earlier in this Guide that press
safeguarding systems should ideally be designed so as to remove the
need for cperator involvement in his own safety. Since this ideal
has not been the basis for past safeguarding systems design, the
focus of press safety must also involve safety responsibilities for
the person who operates the press.

The safety points that follow are supplementary to any that are required

by legal regulations and management and are not intended to replace
or modify such requirements. The operator ¢of a press should:

1. Never operate a press that he has not been trained to operate
or that he has not been given specific instructicns on how to
operate.

2. Never operate a press without studying and fully understanding
the safety and operating instructions given during training.

3. Obey all applicable safety rules and regulatidns.
4. Never sabotage, circumvent, or modify any safeguarding device
or mechanism. In many companies these actions are grounds for

suspension, dismissal, or other disciplinary action.

5. When starting a press, follow the start-up routine instructions
established for that press with that safeguarding system.

6. Report any press malfunctien, unsafe condition, or erratic operation

to the appropriate person.
7. Never "beat the guard' by reaching around, over, or under it.

8. Keep the press and area around the press clean, orderly, and
free from obstructicns.

§. Never, while operating a press, sit, stand, or lean on anything
that could cause you to slip, stumble, or fall into the press.

10.
tions, immediately stop the press and notify the proper person.
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11.

1z2.

Never talk to others while coperating the press.

Operate a press in a serious, business-like fashion. Never
indulge in "horseplay" during the performance of duties. Never
operate a press while passersby are standing around. Never
tempt the safeguarding system by deliberately testing its saferty
features, for:example, deliberately trying to ‘reach the point

of operation on the downstroke with a pullout system.



SAFETY RESPONSIBILITIES WHILE DIE SETTING

People who set dies are usually well-informed as to the coperation

of power presses, yet they receive press injuries. Most die setting
injuries occur when the die setter is removing, installing, repairing,
or adjusting dies without first turning off the drive motor, wéicing
until the flywheel has stopped turning, and blocking the slide.

It is important. that the dies be removed, installed, repaired, and
adjusted properly, but it is more important that these tasks be performed
in a safe manner. When the person setting dies has completed his

work with the die, he must replace any guards and safety devices

and be sure that they are properly adjusted. Thus, the person setting
dies is not only responsible for his own safety, he is alsc responsible
for providing safe operating conditions for gthers, if others operate

and maintain the press.

‘Dies can be daﬁgerous. They can weigh from a few pounds to several
tons, and many have sharp edges. Dropping a die is obviously physically
hazardous. In addition, a dropped die can be ruined beyond repair.

Many companies do not have adequate die handling equipment, and too
often permit manual handing and carrying of dies. All dies should

be transported on a die table, truck, or hoist of adequate rating
unless the die is of such size and weight that it can be easily carried
by hand.

A die should not be lifted higher than the height necessary for minimum
clearance. No part of the body should ever be placed under a suspended
die when it is being moved. :

The safety points that follow are supplementary to any that are required
by legal regulations and management. They are not intended to replace
or modify the regulations or the safety rules of management.
The person who has the die setting responsibilities should:
1. Read and thoroughly understand the applicable instructiouns in
the die setter's manual before removing, installing, repairing,
or adjusting dies. '
2. Obey all applicable safety rules and regulatious.
3. Avoid- distractions while working with dies and presses.
4. Never sabotage, circumvent, or modify any safeguarding device
or guard. In many companies these actions are grounds for suspension,

dismissal, or other disciplinary action.

5. Check weight of dies and be certain that transporting equipment
is adequate.
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10.

11.

12.

13.

14.

16.

17.

Turn off the main drive motor, wait for the flywheel to stop
turning, and block the slide before removing, installing, or
repairing 2 die. In addition, lock the control panel or disconnect
switch in the QFF position to prevent unintentional starting

or unauthorized use of the press. ’

Make sure that the dies, bolster, and slide face are clean before
installing the dies. Foreign material could cause misalignment
and damage the dies and press and possibly injure the operator

of the press.

Disconnect or remove point of operation barriers or safety devices
only if it is absolutely necessary. Some types of barriers and
sweeps will have to be removed, but not, in general, pullouts,
restraints, or presence sensing devices.

Attach the proﬁer die hooks, chains, or other handling equipment
for safe handling of the die.

When clamping the bolster plate to the press, use bolts that are
in good condition and tighten them securely to prevent vibration
from moving the plate out of position.

Never install a die that will cause overloading of the press.
Do not install damaged or excessively worn dies.

Use sufficient clamps of the proper size when clamping the dies
to the press. The dies should be clamped firmly in position.

After inétalling dies make any adjustments before cycling the
press. ‘

Check to see that all setup tools and parts are clean before inching
or cycling the press.

. ) e
Make sure that all persons are clear of the press before inching
ot cycling.

Test run the press to insure that the press, compdnents, auxiliary
equipment, and dies are functioning properly.

Carefully reconnect or replace any point of operation safety barriers
or devices that were disconnected or removed. Make sure that all
safety barriers and safety devices that were not disconnected or
removed are properly installed and adjusted and that the press,
dies, and auxiliary equipment are functioning properly before
releasing the press for operatiom.



18.

19.

20.

21.

22.

If the selection switches are repositioned for a different mode
of operation, cycle the press to make sure 1t operates as expected.

If possible, use both hands to hold the turnover bar.

Report any press malfunction, unsafe condition, or erratic operation
to the proper person.

Be certain air is exhausted from cushions and/or cylinders before
loosening any fastening bolts. When installing cushions, be certain
all fastening bolts are tight and all perscnnel are clear before
turning on air.

Die setting is a serious business. Never indulge in "horseplay”™
during the performance of duties.
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SAFETY: RESPONSIBILITIES WHILE MAINTAINING PRESSES

Point of operation injuries incurred while performing press maintenance
are not as numerous as point of operation injuries incurred while
operating a press or die setting, yet they do happen.. Safety is just

as important while performing maintenance on a press as it is while
operating a press or die setting. The safetyv points that follow are
supplementary to any that are required by legal regulations or management
and are not intended to replace or modify such requirements.

Workers performing maintenance should:
1. Obey all applicable safety rules and regulations.

2. Study and fully understand the press maintenance manual before
performing any maintenance on the press.

3. Shut off power to the press drive motor, wait for the flywheel
to stop turning, and block the slide before placing any part of
the body in the point of operation. Lock cut the power to ensure
that no persom can turn on the power to the press without your
knowledge. Use warning signs that can be easily seen.

4, Put the slide at the bottom dead center of the stroke before
- working on the clutch, brake, or any part of the drive traim.

5. Disconnect any pneumatic pressure lines from the machine. Be
certain that the pneumatic pressure is completely relleved before
removing or working on any pneumatic components.

6. Never perform maintenance or rework or modify the point of operation
safeguarding system of the press unless specifically trained
for the work, with a gertificate of competence from the manufacturer.

7. Not allow debris to be thrown on others or into the press, dies,
and auxiliary equipment when chipping, grinding, cutting, or
drilling. Use a protective screen if necessary.

8. Never use the hands to slow down or stop moving components of
the press.

9, Make sure that all pneumatic press parts are properly assembled
and mounted on the press before charging them with air.

10. When the press maintenance work is completed, remove all repair
equipment (tools, ladders, etc.), replace all guards and safety
devices, adjust them properly and clean up the press and the
press area.



11.

12.

Cycle the press and be sure it is operating properly. Never

release a press for operation unless it is performing correctly.
Special attention must be given to the point of operation safe-
guarding system. The safety of others operating the press depends
upon those maintaining the press. ‘ ‘

Never indulge in "horseplay" during the performance of duties.
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SECTION E
SAFETY PROGRARS

A good safety program consists of more than safety equipment and catchy
slogans. It must be backed and enforced by management in order to
succeed. Since some aspects of a safety program are intangible, the
program may quite possibly be harder to sell to employees than it 1is’

to sell the company's products to customers. Lf the employees can

sense that management is genuinely interested in their safety and

is not merely paying lip service to it, they will be more receptive

to the safety rules and guidelines contained in this Guide and cooperative
in adhering to these rules and guidelines.

Most codpanies should have some form of safety program already. The
only need them is to incorporate. the essentials of the safeguarding
systems as part of this program.

The popular concept of a safety program is that of safety training

of workers. As can be seen throughout this Guide, the performance

of the safeguarding system ideally does not depend on worker training
as worker performance is not an element involved 'in the system.

Thus the worker ideally does not need specific training to avoid
point of operation injuries. There are, however, other personnel
igvolved with selection, design, installation, adjustment, maintenance
and supervisory control of these safeguarding systems. The proper
training of these personnel to the needed level of competency must

be the major emphasis of press safety training. Training cf workers
who operate presses is also important since the ideal situation is
cften not attained, and the communication to these workers as to

what safeguarding systems are used and how these provide protection
is essential.

The provision of machine technical safety can be used as a positive
indicator of manaéement's action to provide a safe workplace. Further,
this same approach must be used to make the worker understand that

in many instances it is possible that he can undo the protection
afforded him by deliberate unsafe action.

When instituting the safety program the first step is to list all

of the safeguarding systems that are presently in use and likely

to be used in the future. After a thorough review of these safeguarding
systems requirements, a list of the necessary records and record-
keeping should be made. These records should tabulate all of the
inspection and installaticon requirements. A training list must be

made that will separately train each worker as to his part and respon-
sibility in working with or supervising that system. . They should
include supervisors, die setters, operators, and maintenance personnel.
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Special emphasis must be made on those systems that Trequire some

form of human action to make it safe. When systems are used that

do not protect all workers and passersby, all personnel and supervisors
must be informed of that potential hazard. Once the training and
record-keeping phase has heen instituted, each presently installed
safeguarding system must be inspected as if it were a new installation.
All discrepancies from the installation requirements must be corrected.
Ac this time the safety system is in effect. The continued performance
must be monitored to ensure that there is not any gradual degradation
of procedures. Periodically the entire preogram should be observed,.
reviewed, and updated to keep its full usefulness.

The benefits of a good safety program to employees are, of course,
obvious. Another benefit is often overlooked. That is the benefit
to the employer of lower insurance rates and possibly lower workmen's
compensation rates. In many instances, these dollar savings more
than pay for the cost of managing the safety program.

E-2



SECTICN F.
GLOSSARY OF MECHANICAL POKER PRESS SAFETY TERMS

ACTUATOR - An actuator is a mechanism used to initiate tripping the
clutch on the press.

AFTER-REACH - After-reach is movement of the cperator toward the point
of operation after the press is tripped and before the dies close.

ANTIREPEAT - Antirepeat is a function of the clutch-brake control system
that limits the press to a single stroke if the actuator is held after

being operated. ‘Antirepeat requires release of all actuators before another
stroke can be initiated. Antirepeat is also called single stroke reset

or reset circuit., Antirepeat does not prevent all repeats. See "REPEAT.'

ARRESTOR BRAKE - An arrestor brake is designed to "arrest" (stop) the
motion of the flywheel, crankshaft, and slide of a press in the event of
a repeat stroke, however caused.

BAR - Bar means moving the slide manually by means of a lever or bar in-
serted in the flywheel with the flywheel at rest and the clutch engaged.

BARRIER - A barrier is a safeguarding mechanism that prevents entry of
the worker into the point of operation or other hazard area.

BARRIER, ADJUSTABLE - An adjustable barrier is a barrier that is attached
to the press frame and requires adjustment for each job or die setup.

BARRIER, DIE ENCLOSURE - A die enclosure barrier is a barrier attached
to the die shoe or stripper, or both, in a fixed position.

BARRIER, FIXED -~ A fived barrier is a barrier attached to the press frame
or free standing which need not be changed when dies are changed.

BARRIER, INTERLOCKED - An interlocked barrier is any barrier that is inter-
locked so that the press stroke cannot be started unless the barrier itself
and any of its hinged or movable secticns, enclose the point of operation.

BASE - The base is the cradle or fixture that supports the press.

BED - The bed is the work area of the préss frame that supports the bol-
ster with the lower dies. ‘

BEHAVIORIAL SAFETY -~ Behaviorial safety consists of those considerations
which allow initial and continued safety to depend on human action.

BLANK - A blank is a piece of material formed by a press in primary
operations and modified by further operatioens. -

BLANKING - Blanking is the press operation whereby blanks are made.
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BOLSTER PLATE - The bolster plate is attached to the top of the bed of
the press and has drilled holes or T-slots for attaching the lower die or
die shoe. '

BRAKE - The brake is the mechanism used on a mechanical power press to
stop the crankshaft and slide and hold them, either directly or through

a gear train, when the cluteh is disengaged. The brake may be a constant
drag type (typical on a positive or full reveolution clutch press), or
may be a type disengaged while the clutch is engaged (typical on a part
revolution friction clutch press).

BRAKE MONITOR - A brake momitor is a part of the control system that is
designed, constructed, and arranged to monitor the effectiveness of the
clutch, brake, and control system in bringing the slide to a stop.

CLUICH - The clutch is the coupling mechanism used on a mechanical power
press to couple the flywheel to the crankshaft, either directly or through
4 gear train. A full revolutiom clutch is a type of clutch that, when
tripped, cannot be disengaged until the crankshaft has completed a full
revolution and the slide a full stroke. Positive type clutches are almost
always full revolution types. A part revolution friction clutch is a
.type of c¢lutch that can be disengaged at any point before the crankshaft
has completed a full revolution and the slide a full stroke. Other types
of clutches, such as magnetic or hydraulic engaging, are sometimes used
for part revolution operation. See "DIRECT DRIVE". :

COINING - Coining is cold flowing metal, wherein the metal is forced by
protrusions into cavities in the die.

CONCURRENT - "Concurrent" means acting in conjunction. This word is used
to describe a situation wherein two or more mechanisms exist in an ocper-
ated condition at the same time. Specifically, as applied to the operation
of two hand control or two hand trip, the word means that the clutch will
not be activated unless each nhand of the operator is holding a mechanism

in the operated position. The word 1s intended to exclude any inference
that the operation of the individual two hand mechanisms must be simul-
taneous.

CONNECTING ROD - The connecting rod is a member that is fastened to the
crankshaft by a bearing at one end and to the slide at the opposite end

by an adjustment screw or bearing. The connecting rod changes the

rotary movement of the crankshaft to the up and down movement of the slide.
The working height of the slide can be adjusted by means of the adjust-
ment screw. Other terms used for the connecting rod are pitman, strap,

or screw. '

CONTINUOUS - "Continuous” means uninterrupted multiple strokes of the
slide without intervening stops (or other control system action) at the
.end of individual strokes. See "ON THE HOP" and "ON THE HUMP".

CONTROL - See specific type of control such as "FOOT CONTROL", TWO HAND
CONTRCL", etc. . :



CRANKSHAFT - The crankshaft converts the rotary ﬁotion of the flywheel
to the up and down movement of the connecting rod and attached slide.

CRANKSHAFT JOURNAL - The crankshaft journmal is the part of the crankshaft
that turns on the bearing.

CUSHIONS - Cushions provide heolding pressure for draw jobs and workpiece
ejection. They are located in the press bed and transmit their pressure
through the bolster plate by pins. In some cases they may be built

into the slide. Cushions can obtain their pressure by pneumatic, hydro-
pneumatic, or hydraulic means.

CYCLE - A press c¢ycle is a start followed by one or more strokes, and
then a stop.

DELAYED STROKE - A delaved stroke is a press stroke which occurs after
an abnormal time delay following operation of the actuator.

DEPENDABLE DESIGH - A safeguarding system has dependable design if it
allows the worker to rely on it to prevent him from receiving a point

of operation injury in all phases of the work cycle, and especially in
the event of a functional component failure within ‘the system. A de-
pendable design incorporates all the design features of redundancy,
reliability, fail-safe, and self-checking. Dependable design is re-
quired on a mechanical power press whenever the press safeguarding system
is required to prevent or stop the closing motion of the slide in order
to provide safety.

DEVICE - A device is a mechanism or part of a point of operatipon safe-
guarding system. The common usage of the term "device'" refers to all safe-
guarding wechanisms, other than barriers, but must be considered only a
part of the safeguarding system.

DIE - The die is the tooling used in a press for cutting or forming mat-
erial. Quite commonly, the plural "dies" is used to describe the com-
plete die, consisting of an upper element and a lower element, therefore
both "die" and "dies" mean the same thing.

DIE CLOSING - Die closing is that poftion of the press stroke whefe the
dies are approaching each other and the point of operation cpening ex-
posed to the worker is greater than 1/4 inch.

DIE SET - A die set is a tool holder held in alignment by guide posts and
bushings. It consists of a lower shoe, an upper shoe or punch holder,
and guide posts dand bushings.

DIE SETTER - A die setter is a worker who nlaces or removes dies in or
from presses and who, as a part of his duties, makes the necessary ad-
justments to cause the dies to function properly.

DIE SETTING - Die setting is the process of placing or removing dies in

or from a press, and the process of adjusting the dies, other tooling,
and safeguarding means to ensure that they function properly.
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DIE SHOE - A die shoe is a plate or bleck upon which a die helder is
mounted. It functions primarily as a base for the complete die assembly
and, when used, is bolted or clamped to the bolster plate or face of the
slide.

DIE STOP - A die stop is a protrusion on the bolster that prevents the
die from sliding off the bolster of an inclined press.

DIRECT DRIVE - A direct drive is one wherein no clutch is used. Coupling
and decoupling of the driving torque is accomplished by energization and
deenergization of a motor.

DOUBLEHEADING - Doubleheading is overloading the press by cycling it when
two parts are simultaneously positicned in a commen die. This usually
occurs when the completed workpiece is not removed from the die and an-
other workpiece is fed in on top of it. '

DRAWING - Drawing is press operation whereby a workpiece is formed be-
tween a male and female die making the material flow as the two dies meet.

EJECTOR - An ejector is a mechanism for removing the workpiece or materlal
from between the dies.

EMPLOYER - An employer is any person who contracts, hires, or is respon-
sible for the personnel associated with power press operations.

ERGONOMIC SAFETY - Ergonomic safety consists of those considerations
whose initial and continued safety performance depends on both machine
action and human action.

ERGONOMICS - Ergonomics is the science that seeks to adapt work or work-
ing condltlons to suit the worker.

EXTRACTOR - An extractor is a mechanism which disengages a positive or
full revolution clutch at the appropriate point in the press stroke by
exerting force on the clutch key(s) to pull it free from the flywheel

FACE OF SLIDE - The face of the slide is the bottom surface of the slide
to which the punch or upper die is usually attached.

FAIL-SAFE - Fail-safe is that feature of a press saféguarding system that
ensures that the most probable mode of failure of each and every system
component will result in a safe condition for the worker.

FEEDING - Feeding is the process of placing or removing material within
or from the point of operation,

FEEDING, AUTOMATIC - In automatic feeding the material or part being
processed is placed wichin or removed from the point of operation by a
method or means not requiring action by any worker on each stroke of the
press.

FEEDING, MANUAL - In manual feeding the material or part being processed
is handled by any worker on each stroke of the press,

F=4



FEEDING, SEMIAUTOMATIC - In semiautomatic feeding the marerial or pa?t
being processed is placed within or removed from the point of operaticn
by an auxiliary means controlled by any worker om each strcke of the
Dress. -

FLYWHEEL - The flywheel is a dévice used to store energy until needed _
to turn the crankshaft during a stroke of the press. 1t is usually belt
driven by an electric motor and rums continuously.

FOOT CONTROL -~ A foot contrel is a foot mechanism commonly used as an
actuator.

FOQOT PEDAL (TREADLE) - A fobt pedal (treadle) is a foot control used to
operate the mechanical linkage that trips a positive or full revolution
clutch. ‘

FRAME - The frame is the heaviest part of the press on which are mounted
all working parts of the machine. On larger presses, the frame is com-
posed of several parts, commonly called the bed, the uprights, and the
crown. All are secured together with tie rods or bolts.

FULL REVOLUTION CLUTCH - See "CLUTCH".

GATE OR MOVABLE BARRIER - A gate or movable barrier is a mechanism ar-
ranged to enclose the point of operation before a press stroke can be
started. A Type A gate encloses the point of operation before a press
stroke can be initiated and maintains this closed positien until the
motion of the slide has ceased. A Type B gate encloses the point of
operation before a press stroke can be initiated, 80 as to prevent a
worker from reaching into the point of operation prior to die closing or
prior to cessation of slide motion during the downward stroke.

' GIBS - The gibs guide the slide and hold it in correct élignment with the
bed and bolster.

GUARD ~- See "BARRIER". .

GUIDE POST - A guide post is a pin attached to the upper or lower die
shoe, operating within the bushing on the opposing die shoe to maintain
the alignment of the upper and lower dies.

HAND FEEDING - See "FEEDING, MANUAL'.

HAND FEEDING TOOL - A hand feeding tool is any hand tool used for placing
or removing material or parts to be processed within or from the point
of operation.

HANDS IN DIE (HID) - Hands in die is a method of feeding a press that
requires a worker to enter the point of operation.

BANDS OUT OF THE DIE (HQOOD) OR NO HANDS IN DIE (NHID) - These two terms
have the same meaning. HOOD or NHID is a method of feeding a press where
there is no need for the worker to enter the point of operation, but he
may or may not do so.
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HELPER - A helper is a worker who assists in production work at a press,
but does not control the slide. o

HOLDOUT OR RESTRAINT - See "RESTRAINT CR HCLDOUT".

INCH - Inch is an intermittent motion imparted to the slide (on machines
using part revolution frictiom clutches) by momentary operation of the
"inch" actuator(s). Operation of the "inch" actuator(s) engages the
driving clutch so that a small portion of one stroke or indefinite stroking
can occur, depending upen the length of time the "inch'" actuator(s) is
held operated. 'Inch" is a function used for setup of dies and tooling,
but is not intended for use during production operations. Sometimes a
timing mechanisam is used within the inch control circuit to give a pre-
determined maximum time interval to each inch actuation. This is usually
called "timed inch'". Under any circumstances, it should be noted that the
increment of slide travel obtained at each actuation is dependent upon
time, speed of press, and position of slide within stroke, and that inch,
as used herein, has no relationship to the common unit of linear measure,
Inch is sometimes accomplished through a separate motor driving the press
"e

directly at low speed. Inch is sometimes called "jog', but "jog' has a
different meaning (see "JOG"). ‘

INTERLOCK - An interlock i1s a mechanism that serves to prevent the oper-
ation of the press when some condition is not met such as a barrier in
place and also serves fo make it difficult for the worker to circumvent
the safeguarding system. Interlocks are essentially "monitors for the
safeguards”.

JOG - A jog is an intermittent motion imparted to the slide by momentary
operation of the drive motor, after the clutch is engaged with the flywheel
at rest.

KNOCKOUT - A knockcut is a mechanism for releasing material from the die.
The word knockout refers to the complete mechanism, from the external (or
internal) press parts to and inecluding the pin in the die which contacts
the part to be knocked ocut or off the die or punch.

LIFTOUT - See "KNOCKOUT".

LOAD MONITOR - A load monitor is a device that monitors the load (tonnage)
on a press and indicates when the press is overloaded.

MAINTENANCE PERSONNEL - Maintenance personnel are workers who care for,
inspect, and maintain power presses.

MANUFACTURER - A manufacturer is any person who manufactures, recounstructs,
or modifies power presses,

MECHANISM - A mechanism is an arrangement of parts so designed to perform
a desired function. '

MODE SELECTOR - The mode selector 1s that part of the control that deter-
mines the type of c¢cycling when the actuator is operated.
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MUTING - Muting is bypassing the protective function of a safeguarding
system during the nonhazardousé portion of the press stroke.

ON THE HOP - On the hop is a mode of press operation which requires the
timely operation ' of the actuator(s) once during each press stroke and
results in uninterrupted stroking of the slide. Failure to operate the
actuator(s) within the specified time causes the slide to come to rest
in the full open positicn at the end of the stroke.

ON THE HUMP - On the hump mode of press operation is identical to the on
the hop mode except that the entire control system and clutch/brake must
also operate once each press stroke.

OPERATOR - An operator is any worker controlling the movement of the
slide on a power press.

OPERATOR'S STATION - The operator's station is the complete complement
of actuators and controls used by or available to an operator on a given
operation for stroking the press.

OVERLOADING ~ Overloading is employing a press to deliver more tbnnage'
than the press is specified to deliver.

OVERRUN ANGLE - Overrun angle is the angle traversed by the crankshaft
from the position the stop 31gnal ig given to the position at which
motlon ceases.

OVERRUN DISTANCE — The overrun distance is the distance that the slide
travels from the position the stop signal is gilven to the position at
which the slide actually stops.

OVERRUW STOPS - Overrun stops are a positive means for stopping over-
run past the stop dead center position.

PART REVOLUTION CLUTCH - See "'CLUTCH".

PINCH POINT - A pinch point is any point at which it is possible for a

part of the body to be caught between the moving parts of the press or

auxiliary equipment, or between moving and stationary parts of a press

or auxiliary equipment, or between the material and moving parts of the
press or auxiliary .equipment.

PITMAN - See "CONNECTING ROD".

PLATEN - See "SLIDE".

PLUNGER - See 'SLIDE".

POINT OF OPERATION HAZARDS -~ Point of operation hazards of a press include

all pinch points. abowe the bolster and below the slide which are hazard-
ous as a result of the closing motion of the slide.



FOSITIVE OR FULL REVOLUTION CLUTCH - See "CLUTCH".

powered machlne that shears, punches, forms, or assembles metal or other
material by means of cutting, shaping, or comblnatlon dies attached to

the slides. A press consists of a stationary bed or anvil, and a slide
(or slides) having a controlled reciprocating motion toward and away from
the bed surface, the sliide being guided in a definite path by the frame of
the press. .

PRESENCE SENSING ~ Presence sensing is a mechanism designed, constructed,
and arranged tc create a sensing field and to signal the control systen
when a worker is within such fleld

PRESS CONTROL - The press control is the collection of mechanisms which
control energization and de-energization of the clutch and brake.

PRIMARY OPERATION - A primary operation is the first press operation with
respect to material to be subsequently processad. (See ""SECONDARY OPER-
ATION".)

PULLOUT - A pullout is a mechanism attached to the worker's hand(s) and
connected to the slide or upper die of the press, that is designed, when
properly adjusted, to withdraw the hand(s) as the dies close, if the
hand{s) are inadvertently within the point of operationm.

PUSHAWAY - A pushaway is a safeguarding mechanisﬁ that serves to protect
the worker(s) by pushing him away from the point of operation as the slide
descends and the dies close.

PUNCH - See "SLIDE".
RAM - See "SLIDE".

REDUNDANCY - Redundancy is a system design f{eature that provides multiple
components and/or signal paths such that the failure of one component or
circuit is '"masked" by the redundant element and the system continues to
perform properly as though no failure had occurred,

RELIABILITY - Reliability is a design feature of the safeguarding system
which allows the system to perform for an extended period of time with-
out failures. It is usually expressed as mean time between failures
(MTBF).

REPEAT STROKE - A repeat stroke is an uninitiated succe551ve stroke of the
press resulting from a malfunction.

RESTRAINT OR HOLDOUT - A restraint or holdout is a mechanism, including
attachments for the operator's hand(s), that when anchored and properly
adjusted, prevent the operator's hand(s) from entering the point of -
operation.



SABYTAGE - Sabotage 1s the deliberate, calculated, and intentional effort:
to render ineffective or circumvent the protection afforded by the press
saleveuardiag sysdem.

SAFFGUARDIWNG SYSTEM - A safeguarding system is the necessary and function-
“ally complete set of parts, components, mechanisms, and subsystems de-
sicned, constructed, and arranged to operate together as a unit so as to
crevent the worker from receiving injury from the point of operation hazards.

SAYE JTENING - Safe opening is a safeguarding method whereby (a) the point
of operation opening accesible to the worker is 1/4 inch or less in heigzht
with no workpiece in place, or (b) the point of coperation opening is 1/4
inch or. less with tle workpiece in place. An opening 1/4 inch or less
from the workpiece in place is considered a safe opening only when inter-
lock(s) arc provided to prevent slide motion unless the workpiece is in
~lace or when the setup, workpiece size, or operation is such that the
slide, dies, or workpiece will nat close to a position which would create
a hazard when the workpiece is either in or out of place.

3VITTY OBLOCK - A safety block is a prop that, when inserted between the
upper and lower dies or between the bolster plate and the face of the
slide, prevents the slide and attachments from falling, :

SAFETY DISTANCE - Safety distance is the minimum distance between a safe-
guarding mechanism and the nearest point of operatiom hazard which will
npreclude after-reach injuries.

SAFE WORKPIECE - Safe workplece is a safeguarding method whereby (a) the
workpilece being handled by the worker is of such size or shape that the
worker cannot go near the point of operation during the closing movement
of the dies, or (b) the worker has to hold the workpiece with his hand(s)
during the closing movement of the dies, and the size, weight, or shape
of the workpiece precludes after-reach. Safe workpiece is considered a
safeguarding method only when an interlock is provided to prevent slide
motion unless the workpiece is in place.

SCREW - See "CONNECTING ROD'.

SECONDARY OPERATION - Secondary operation 1is press 6peration in which a
preworked part is further processed. (See "PRIMARY OPERATION".)

SELF-CHECKING - Self-checking is the design feature of the control system
which enables it to monitor itself, and which indicares any failure,
usually by precluding continued operation of the systen.

SHIELDS - A shield is a point uf operation barrier that alsc serves to
protect the worker from flying chips, splashing lubricants, sparks, etc.

SHUT HEIGHT - Shut height is the distance between the face of the slide
and the bolster, with the crankshaft at the bottom of the stroke and the
slide adjustment adjusted for maximum opening.

SIMULTANEQUS - As used in discussing power presses, simultanecus means
that the actuation of twc mechanisms takes place within a fractiom of a

second.,
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SINGLE STROKE - A single stroke is one complete stroke of the slide,
usually initiated from rest in the full open (or up) position, followed
by closing (or down), and then a return to rest in the -fg%l open position.

SINGLE STRCKE MECHANISM - A single strocke mechanism is an arrangement
used on a positive or full revolution clutch to provide an antirepeat
funetion. - :

SINGLE STROKE RESET - See “ANTIREPEAT".

SLIDE - The slide is the working member of the press that is connected
to the lower end of the connecting rod and moves up and down in relation
to the bolster plate and lower die. The upper die is mounted to the
underside of the slide. The slide is also called the ram, plunger, platen,
or punch.

SLIDE FACE - See "FACE OF SLIDE".
" SLIDING BOLSTER - A Sliding bolster is a feeding device.

SNAP THROUGH SHOCK - Snap through shock is the reverse shock loading
that occurs when material shears and the lead on the press is suddenly re-
leased.

SPANKER PLATE - The spanker plate is the top surface of the upper die or
die set, and. .is ‘not:bolted: to the :slide, but rides on springs and guides
above the lower die. In order to close thé dies, the spanker plate is
struck by the moving slide.

STOP CONTROL (EMERGENCY) - & stop control is a manual control designed
to immediately disengage the clutch and activate the brake to stop the
motion of the slide.

STOPPING TIME (OVERRUN TIME) - The stopping time or overrun time is the
elapsed time from the moment the stop signal is given to the moment the
slide actually stops.

STRAP - See ""CONNECTING ROD".

STRIPPER - A stripper is a mechanism or die part for removing the parts
or material from the tools.

STROKE OF THE SLIDE - The stroke of the slide is the distance the slide
moves from top of the stroke to the bottom of the stroke.

STROKING SELECTOR - See "MODE SELECTOR".

SWEEP - A sweep is a mechanism having a single or double arm (rod) at-
tached to the upper die or slide of the press and designed to move the
worker's hand(s) to a safe position as the dies close, if the hand(s)
are inadvertently in the point of operation.

TECHNICAL SAFETY - Technical safety are thosé considerations which make
initial and comtinued safety performance depend only on the machine itself.

F-10



TIE RODS ~ Tie rods extend from the top of the preass crown through the
uprights to the hottom of the bed. They prevent the crown from lifting
off the uprlghtq@and also maintain alignment of press components.

TRIP (OR TRIPPING) - Tripping is the activation of the clutch to run
the press, :

TURNOVER BAR - A turnover bar is a bar used im die setting to manually
turn the crankshaft of the press.

TWO HAND CONTRGOL - A two hand control is a mechanism that is designed,
constructed, and arranged to signal the control system whenever con-
current pressure is maintained by ome hand on each of two actuators.

TWO HAND TRIP - A two hand trip is a mechanism designed, constructed, and
arranged to preclude tripping the press unless concurrent pressure is applied
_ by one hand on each of two actuators.

TYPE A GATE - See 'GATE".
TYPE B GATE - See "GATE".

TYPE TESTING - Type testing is the act of testing a particular type or
' class of safeguarding system.

UNINITIATED STROCKE - An uninitiated stroke is 2 gt;gke that takes place
when the actuator has mot been operafed. e

UNINTENDED STROKE - An unintended stroke is a stroke which results from
operation of the actuator, not intended by the operator. ‘

UNITIZED TOOLING - Unitized tooling is a tyﬁé of die set in which the
upper and lower members are incorporated into a self-contained unit so

arranged as to hold the die members in alignment.

WORKER ~ A worker: is any person who sets dies in, operates, or maintains
a press or serves 4s a helper during these operations.

WORKPIECE -~ A workpiece is the material fed into the dies which the dies
then work into the desired pare.
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