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ABSTRACT

Thi s report defi nes the functi ons and 1imitati ons of presence sensi ng devices;
develops a model for the performance of hazard analyses on industrial equipment;
and specifically applies the developed model to identify hazards in the use of
presence sensing devices as guards to mechanical power presses.

The identified hazards are divided into (1) causes which exist without presence
sensing device fail ure and (2) those which exist only when fail ure of presence
sensing devices has occurred. The hazards which exist without device failure are
analyzed. Each factor in the equation used for safety distance calculation is
analyzed and its variability determined. Practical limits are established for
each factor when calculating safety distance on mechanical power press applica­
ti ons•

Generic fail ure modes of presence sensing devices which may cause injury are
identified, as well as specific failure modes of each device. The manufacturing
and assembly proficiency of the devices analyzed are assessed. Research con­
ducted on presence sensing device evaluation tests is described and the developed
test methods are expl ained. Presence. sensing devices marketed in the U.S.,

·western European countries, Japan, and Australia are identified. A comparison is
made between U.S. and European safety regulations. Presence sensing device per­
formance criteria in general, and in particular for mechanical power press appli­
cations, are included with justification.
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INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) is responsible
for conducti n9 research on occupati onal safety and heal th hazards and devel opi n9
criteria in support of standards. One area of concern to NIOSH is the relatively
high severity rate associated with injuries involving the operation of mechanical
power presses.

A study was conducted for NIOSH which assessed the rel ative hazard level s of
metal and- woodworking machines. The study establ i shed the mechani cal power press
to rank first in terms of research needs for machine guards. The report
describing this ranking system has been publ ished as a NIOSH document entitled
IIMachine Guarding - Assessment of Need,1I DHEW Publication Number (NIOSH) 75-173.

Analysis of existing press safeguarding systems and experiences in other
countries led NIOSH to the conclusion that further research is needed on presence
sensing devices where used as guards in mechanical power presses.

Presence sensing deviGes are used to deactivate the clutch control and apply the
brake of the press when a hand, other body part or obj ect fnterrupts the sensi ng
field. The device fonns one part of a total safeguarding system. The other
parts of the system i ncl ude a control ci rcut t, the press cl utch, and brake.

In some countri es, presence sensi ng devices are used both as a guardi ng and a
tripping mechanism. In this country, presence sensing devices are used only as a
safeguarding mechanism. Regardless of the usage, reliability of the total system
needs to be high.

Thi s document contains the study resul ts of NIOSH Contract Number 210-78-0124,
"Reliability of Presence Sensing Dev ices ," The study was conducted to detennine
the adequacy of presence sensing devices in protecting worker:s when used as
guarding devices. The purpose of the study was to: (1) Analyze the rel iabil ity
needed for effective press safeguarding with presence sensing devices; (2)
reconmend perfonnance cri teria for presence sensi ng devi ces; and (3) detenni ne
appropriate tests for evaluating presence'sensing devices.

Specifically, this contract studied the application of presence sensing devices
in mechani ca1 power presses by the perfonnance of four di sti nct tasks. These
tasks were:

1. Survey the U.S. and foreign markets to identify commercially available
, presence sensing devices.

2. Conduct failure modes and effects analyses on selected devices.

3. Develop presence sensing device perfonnance criteria.
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4. Eval uate testing methods used in industry for assessing the charac­
teristics of presence sensing devices.
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DEFINITION OF THE PROBLEM

This study was undertaken to elucidate some of the NIOSH concerns on the use of
presence sensing devices. These concerns were manifested by: Accident reports
in which the failure of presence sensing devices allegedly caused the inju,ries·;
claims that some of the devices currently marketed in the U.S. are not adequate;
lack of clear guidance in the current OSHA standards for employers to assess the
safety adequacy of presence sensing device appl icati ons; cl aims that presence
sensing devices improved productivity; differences of opinion among users of
presence sens i ng dey ices, manufacturers of these devi ces , and manufacturers of
; nterfaci ng equi prnent (press manufacturers) concern; ng causes of i nj uri es, rna i n­
tenance, and rel; abil i ty; and di scuss i ons on the safety regul at; ons ; n . use in
Europe and the adoption of the European regulations in the U.S., specifically the
use of presence sensing devices as tripping mechanisms in power press applica­
ti ons ,

The study el ucidates some of these concerns. The study effort was di rected
toward presence sens i ng dev ices and the; r contributi on to the safety of the
system where these devices are used.
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DEFINITION OF PRESENCE SENSING DEVICE
FUNCTIONS AND LIMITATIONS

A presence sensing device is an apparatus designed, constructed, and arranged to
create a sensing field which detects the presence of an object when the object is
within the boundaries of the sensing field. The objective of these devices is to
produce a change of state of the output element of the device when the sens i ng
field is disturbed by the presence of an object (including a person) within its
field.

The output of these devices is either IIONIi or nOFF.lI The j output is normally a
low-voltage signal (12 volts) that actuates a relay. The relay or relays are
arranged either in series or parallel circuits, depending on the intended func­
tion of the device and the electrical circuitry of the interfacing equipment. A
presence sensing device may be classified as an instrument that either has or
does not have an output; i.e., a simple switCh, or a valve which can be fully
opened or fully closed, but cannot be half open. It does "not have a proportional
output. The sensing fields generated by these devices are three dimensional.
The sensing fields can be generated in several ways; however, commercially avail­
able presence sensing devices are of three types which generate:

1. A sensing field in the visible light spectrum {600- to BOO-nanometer
wavel engths} •

2. A sensi ng fiel d in the infrared spectrum (900- to 1200-nanometer wave­
1engths) •

3. A sensi ng fiel d in the radio frequency spectrum (750- to 1700-meter
wavelengths) •

Sensing fiel ds generated by devices which have wavel engths of 600 to 1200 nano­
meters (visible and infrared devices) are definable. The height and length of
these fields coincide with the physical location of the wave generator and its
receivers. The thickness is very small as compared to the height and length.

Sensing fields generated by devices which have wavelengths of 750 to 1700 meters
(radio frequency devices) are not readily definable. The height, length, and
thickness do not coincide with the physical dimensions of the antenna, and the
generated volume is several times larger than the volume defined by the antenna.

LIMITATIONS OF PRESENCE SENSING DEVICES

The fact that an obj ect must be wi thi n the boundari es of the sensi ng fi el d to be
detected 1imits the use of these devices to appl ications where the object enters
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or interrupts the sensing field. For these devices to be effective, therefore,
there must be no other way that an obj ect may enter the protected area, except
through the sensing fleld. .

LIMITATIONS OF VISIBLE AND INFRARED DEVICES

Visible and infrared devices generate a very thin volume which, for practical
purposes, may be considered a plane. If an object passes through the plane, the
device will detect the object as long as it is within the plane. Once the object
has passed through the plane, however, it is no longer detected. This limitation
restricts the use of these devices to applications in which the object cannot
fully cross the sensing plane or there is no danger on the other side of the
sensing plane.

LIMITATIONS OF RADIO FREQUENCY DEVICES

Radi0 frequency devices generate a vol ume several times 1arger than the vol ume
defined by the physical configuration of the antenna, thus the detection zone of
these devices is very large. An object may therefore be detected several meters
away from the antenna and continue to be detected as long as it remains within
the volume. This characteristic, and the fact that the volume generated is not
readily definable, limits the use of radio frequency devices. For instance, an
object may be moving in a course which will not enter the protected zone, but it
crosses the sensing field generated by the raalO frequency device. The device
will detect the object and generate a signal. The signal is considered in error
and thus it becomes a fal se signal. If there is no way to differentiate a fal se
signal from a true signal, false signals are considered nuisances and the effec-

. tiveness of the device is questioned.

Another limitation of radio frequency devices ;s that electrically nonconductive
objects are not detected. Further, electrically conductive materials which are
not grounded may not be detected. Thislatter 1imitati on was the subj ect of a
special study which detennined that the sensing capabil ity of radio frequency
presence sensing devices is susceptible to change resulting from changes in the
quantity of conducting areas in the electromagnetic field, the physical charac­
teritics of people (operators), the quality of the electrical path between the
object and person and ground, and the conditions existent at the time of presence
sensing device adjustments. These limitations restrict the use of radio
frequency devices to applications where ·the environment within the generated
sensing field is fairly static.
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DEFINITION OF PRESENCE SENSING DEVICE

BASIC FAILURE MODES

The objective of presence sensing devices is to generate a signal when an object
penetrates the generated fi el d. Presence sensi ng dev; ces can have three basi c
failures:

(1) Fail to signal when the field is penetrated.

(2) Fail to sense the presence of an object when the field is penetrated.

(3) Signal when no object penetrates the field.

Any of these f'all ure modes may cause injury depending on the application. To
assess the significance of these failures when presence sensing devices are used
with industrial equipment, -a model was developed which generalized their use as
guarding devices.
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DEFINITION OF THE GENERAL SYSTEM WHEREIN PRESENCE SENSING DEVICES

ARE USED AS GUARDING DEVICES

GENERAL SYSTEM

To create a product, an energy source and a method to transmit the energy to the
point of operation are necessary. There is also a need to simultaneously deliver
the mater; al to the poi nt of operati on so that the materi al can be transformed
into the required product. The material del ivery system, in turn, requires its
own energy source and energy transmission system. The appl ication of this
general industrial system to machine operation cycles is shown in Figure 1,
Machi ne Operati on Cycle. In thi s model, the prime mover represents the energy
source. The prime mover could be an electric motor, a gasol ine engine, a steam
turbine, or any other method of transforming energy into motion.

The energy transmission system is either by direct coupl ing or intermittent
coupling. If the system has intermittent coupling,- it can require an energy
dissipation system (brakes), or it can dissipate the energy by gravitational and
internal friction.

The materi al del ivery system can be totally automati c or, as shown in Fi gure 1,
performed manually by an operator.

The pofnt of operation is the point at which energy is applied to the material to
create a product.

The last step in the model industrial cycle is the retrieval of the final product
from the point of operetton- ; This can be done autcmatically or manually. In
this representation, it is shown to be done manually.

The dotted 1ines in the figure represent the comnand given by the control s to
operate the system. The so1i d 1i nes represent the si gnal s requi red by the con­
trol system to perform its function. The heavier dotted lines represent fault
detection.

The system in Figure 1 is defined as follows:

1. The prime mover of the machine or equipment being g~arded.

2. The interface of the prime mover and the machine mechanical actuation
mechanism.

, 3. The operator or the equi pment that feeds the work to the machine ,

4. The mechani cal actuator performi ng the work.
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5. The operator or the equipment that retri eves the work from the work
area. - \

Each of these five interrel ated subsystems works together ina defi ned sequence
of events.

The nonnal sequence of events for each subsystem duri ng startup, operati on, and
shutdown is:

1. Apply power (electrical, hydraulic, pneumatic, etc.) to the prime
mover. To perfonn this function, it is necessary to develop, design,
and assemble a control' system that will start and stop the prime mpver.

2. Engage and disengage the prime mover (rotation or translation) to the
mechanical actuator. This function requires its own control system.

3. Feed the material that is to be worked on into the work area. On fully
automatic machines, the feed mechanism needs its own control system.
On machines which do. not have a feed mechanism, the work is suppl ied
manual1y by an operator. The operator, however, still requi res a
"control system" that will indicate the time when the workpiece can be
fed into the machine safely.

4. The command to perfonn the work is given upon placing the work on or in
the work area. Again, this requires a control system.

5. Retrieve the material from the work area. This condition is similar to
the activity of feeding or placing the material in or on the work area
descri bed in 3. above. A control system is requi red to conmand the
retrieval of work or provide an indication to the operator tha:t the
work can or cannot be retrieved.

Upon completion of this action, the system is cleared and a signal or indication
is displayed showing that a new workpiece can be introduced into the system.

In additi on to the nonnal operati ng mode of the mactri ne, there are other activi­
ties that are perfonned with the machine. These activities are:

1. Setup. This activity consists of preparing the machine to do a par­
ticular task. This activity can be very simple or very complex,
depending on the type of machi ne and the work to be perfonned. To
perfonn thi s functi on, the machi ne may be requi red to simulate the
nonnal operating cycle (startup, operation, and shutdown) incrementally
so that adj ustments can be made.

2. Service. This activity consists of performing minor work on the
machl ne or control systems. Usuall y, thi sis done with power off, but
may requi re a' power-on condi ti on for testi ng the adequacy of the
servi ce acti ons ,

3.. Repair. This activity consists of inspecting the condition of the
mach; ne and control systems and repai ri ng or rep1act ng worn or faul ty
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components. Usually, repair activities are divided into routine or
major. Routine repair is done with the machine temporarily out of
service. Major repair is usually perfonned in a special shop or, if
done "{n situ," the machine is out of service for the duration of the
major repair activity.

The brief description of machine system, operating cycle, and different operating
conditions is required to develop a safety analysis of machines, in general, and
of mechanical power presses and presence sensing devices, specifically.

Presence sensing devices, in combination with press controls, may perfonn the
fo11 owing functi ons:

1. Prevent out-of-sequence introduction of objects into the work area.

2. Prevent in-sequence, but premature, operation of the machine; i.e.,
before system is ready to accept the object. J

3. A11 ow for i n- sequence and timely i ntroducti on of obj ects into the work
area.

4. Allow for the machine to start the cycle in sequence (prepare to trip).

5. Start the machine cycle (trip).

The system representing machine cycle operation ;s complete except that the cycle
must be started, operated, and stopped. If the machine is fully automatic, the
operator or an external signal must command the cycle to start. This study
concentrates on those machi nes whi ch are not totally automated, and operator
intervention is needed.

The function of the operator in semtautomattc machines is twofold. First, he
moni tors the overall operati on of the machi ne to detenni ne whether the machi ne is
operating correctly. Second" he performs the duty of feeding the material to the
point of operation.

To monitor the system, he should know how to diagnose adequate machine operation.
In most manufacturi ng activiti es, thi s functi on is reserved for a foreman or
supervisor because it requires a level of skill greater than the skill required
to feed materi al to the poi nt of operati on. This study concentrates on the
activities performed by the operator when feeding material; however, it is
necessary to understand thoroughly the machine internal desi gn character; sti cs in
order to identify existing hazards, assess their likelihood of occurrence, and
formulate corrective actions in the form of performance criteria.

OPERATIONAL ANALYSIS OF INDUSTRIAL EQUIPMENT USING PRESENCE SENSING DEVICES

To start, operate, and stop the machine, the operator must follow a certain
sequence of operations. Generally, these operations are:

10



1. Start function.

a. Apply power to the prime mover. This activity is usually per­
formed by a pushbutton control.

b. Apply power to the machine control. Again, this is usually accom­
plished by pushing a button or turning a switch.

c. Start the machine. This is usually done by actuation of one, two,
or more pushbuttons or switches in a preset sequence.

2. Prestart operation. To accompl ish this function, the operator :must
have:

a.· The material to be fed into the operation.

b. The machine set up to perform the work.

These activities are related to this study inasmuch as they describe
the general scenario fo~ the actual operation of the machine.

3. Machine operation. ' The operator is required to:

a. Pick up the material.

b. Transport the material to the point of operation.

c. Place the material on or in the point of operation by placing part
of or his whole body in the danger area (poi nt of operati on) or
use a tool to place the material.

d. Retrieve his body, part of his body, or tool from the danger area
(point of operation).

e. Actuate the machine. This command is accomplished by foot pedals,
pushbutton, sw; tch, 1ever, or any other means. (In Germany and
Sweden, thi s functi on can be performed by' the presence sensi ng
device. In the U.S., England, and France, it is forbidden to
actuate the machine by this mode.)

f. Wait until the work is completed.

g. Grasp the material at the point of operation by placing part of or
his whole body in the danger zone or use a tool to grasp the
finished part.

h. Transport the fi nished product to an appropri ate 1ocati on - for
storage or as input material for another operation in the manufac­
turi ng process.

i. Pick 'up the material and repeat the cycle described above.

11 '



The operating cycle described indicates that a presence sensing device
is commanding the operation of the machine when the operator interrupts
the sensing fiel d of the device at a point in space somewhere between
the operations described in steps 3.b. and 3.c., and between3.c. and
3.d. The presence sensing device again commands the machine between
3.f. and 3.g. and between 3.g. and 3.h.

4. Stop operation (same as start operation).

5. Stop function (same as start function).

In addition, the presence sensing device can command the machine at any: time
in the cycle (steps 2. through 4.) if the device sensing field is inter­
rupted py any object.

12



HAZARD ANALYSES AND FAILURE MODES AND EFFECTS ANALYSES

The system descri bed in the previ ous paragraphs, as well as the deser-tpti on of
the presence sensing device function, is needed to identify hazards. The
objective of the hazard anal ysts is to identify the way(s) that a power press
operator can be injured and with this knowledge prevent injury. Injury can be
caused by human,error, mal functi on of the presence sensi ng devi ce , or, del i berate
avoidance of the device. The fault tree method was selected for hazard
i denti fi cati on because it was necessary to defi ne the systems that need to be
developed.

The objective of the Failure Modes and Effects Analyses (FMEA's) is to provide
insight into the adequacy of the hardware (design) and to identify hardware
deficiencies which could trigger an event and cause injury to the operator.

HAZARD AND FA ILURE MODES AND EFFECTS ANALYSES GROUND RULES

The safety and reliability ground rules are the criteria used by safety analysts
to detennine the adequacy of the system being analyzed. These criteria are
established before the analysis is begun. The criteria noted below are given in
order of priority.

The system is analyzed to determine whether it meets the fail-safe criteria. If
the criteria for _fail-safe are not met, the system is analyzed to detennine if
single failure points may cause injury. If single failure points exist which may
cause injury, the design should be changed to eliminate the single failure point.

The use of redundancy is third in the priority list. It should only be
considered if the single fail ure point cannot be el iminated. When considering
redundancy as a method of accepti ng a potenti al hazard, it shoul d be remembered
that failure of the redundant system will cause injury. The only 'hedge against
injury is that two parts performing identical functions must fail. Part
selection, as well as design and shelf life, becomes critical. To detennine
whether the selected parts will function properly, the analyst should consider
the environment in which the system is to operate and the design 1imits of the
system. The designer of the system specifies those parameters.

Electronic equipment for. industrial use is usually m-anufactured to withstand the
most adverse environment to be encountered. The val ues .chosen ; n thi s study
represent: (1) Temperature and rel ative humidity extremes encountered during
transportati on; (2) vibrati on val ues taken at press frames by Anatrol Corpora­
tion, Cincinnati, Ohio, and the Swedish safety requirements; and (3) effect of
oi 1 and hydraul i c fl ui d spills on el ectroni c parts.

'
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Equipment manufacturers' brochures provide some information on the design limits
of-' thei r products. Presence sensi ng devi ce manufacturers are no excepti on.
Design limits set by the manufacturers reflect the design philosophy used in this
study. No attempt was made to assume design limits.

The safety and reliability ground rules used in this study are:

1. Safety logic.

Fail-safe - The abil ity to sustain a fail ure or a human error and
retain the capability to successfully terminate an operation without
injury to personnel. This definition of fail-safe is· broader than. that
which appears in OSHA Standard 1910~217. .

2. Reliability.

a. No single failure points that may cause injury.

b. Redundancy of cri ti cal subsystems.

c. Part selection: Electrical, electronic, electromechanical, and
mechanical part selection to match the environment and derated.

d. Design life of device: Five years. (This ground rule should be
made' to conform to user downtime requirements and current manu­
facturer's estimated design life.)

e. Shel f 1ife of parts and components: Ten years. (Same as above.)

Exclusions:

Structural items (not considered): Stress analysis to verify safety
factors.

3. Design Considerations.

a. Environmental.

(1) Temperature: -20°C to +500C.

(2) Relative humidity: 99 percent.

(3) Vibrati on: 45 g. for 1 ms , per stroke when the device is
mounted on the press frame.

(4) Contamination: Analysis of environment indicates that
hydraulic fluid spills may represent worst condition.

14



b. Design limits.*

(1) Power.

(2) Power transient.

(3) Material compatibility.

(4) Drift (stability).

(5) Sensitivity.

(6) Repeatability.

{7} Electromagnetic interference.

*Note: Manufacturers establ ished parameters. Designers are the only ones
who can define these values.

HAZARD ANALYSIS

The fault tree (Figure 2) shows the events that need to exist for injuries to
operators caused by the machine to occur. The first five pages of the fault tree
deal with the machine in general (necessary steps in fault tree logic). The
inspection of the fault tree indicates the areas which were developed for this
study. All other possible causes of injury to personnel were not studied
(outside the scope of this contract).

The anal ysi s of the faul t tree determtned ' that i nj ury can occur wi thout system
fa il ure as well as with system fa 11 ure ,

Causes of injury with and without system failure are listed below.

1. Without system failure:

a.' An object arrives at th~ point of danger before the danger is
e1 iminated. ,

b. An object enters the danger zone through paths outside the guard
perimeter.

c. An object is between the guard and danger point.

d. An object is too small to be detected.

e. An object is transparent to the sensing fiel d.

f. The input si gnal is simul ated.

g. An object reflects the signal.
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Figure 2
FAULT TREE - MECHANICAL POWER PRESS (ECCENTRIC)
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h. No power is avail able to the guard.

2. With system fa i1 ure:

a~ The input signal to the guard is not available.

b. The safeguard command is not sent to the machine.

c. The guard has bl ind spots.

d. /' The safeguard command is sent to the machi ne out of sequence.

e. The safeguard command is sent to the machine but is not received
by the machine.

HAZARD ASSESSMENT

The sensing field generated by presence sensing devices is a volume. This volume
must be defined in order to detennine when the object enters and exits the
sensing field. The volume generated by visible and infrared is very thin because
the generated energy is focused and little dispersion occurs. Measurements taken
to define its thickness established thickness values of approximately 3 mm (.125
inch). Practically, this thickness can be neglected and the volume generated by
visibl e 1ight and. infrared devices can be considered a plane.

From the above, it can be seen that if an object can enter and exit the sensing
plane before the object arrives at the point of danger, injury may occur because
(1) no guarding function is provided by the presence sensing device, and (2) the
power stroke of the machine can be activated. These two conditions are identi­
fied in the fault tree as conditions (1) and (3). This can occur in applications
where (1) the equipment is large enough for the operator to be able to wal k into
the danger point, or (2) the sensing plane is sufficiently removed from the point
of danger, or (3) if the object penetrating the sensing field arrives at the
danger point before the danger is eliminated.

These are credible injury causes controllable by proper application. Hazard
control measures are discussed in detail later in this document.

Item 1.b. requires deliberate operator action to circumvent the system.

Item l.d. may cause injury, but is not credible. The rationale for assessing it
as not credible is discussed later in this document.

Item l ,e , may cause injury and is credible only on radio frequency devices. The
rationale for its credibility is discussed under "Ltmt tati ons of Radio Frequency
Devices. 1I Studies conducted on these devices to substantiate the credibility of
the hazard are included in Appendix K.
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Item 1.f. may cause injury, but is not credible because the signals gen'erated by
some devi ces are pul se coded, and those devi ces whi ch are not pul se coded wi11
send a command recognizing uneven distribution of light, which in effect is equal
to sens i ng fi e1d interrupti on.

There is a theoretical possibil ity for the condition in item 1.g. to exist if the
object introduced into the sensing field were to exhibit the same characteristics
as the refl ecti ng surface. Consequentl y, it is not consi dered credible because
the reflecting surfaces analyzed have an intricate design pattern which cannot be
reproduced by random objects.

Item 1.h. may cause injury and is credible. This condition cannot be attriputed
to the presence sensing device.

Items 2.a. through 2.d. are caused by failed parts in the presence sensing
devi ce.

These are credibl e fail ure modes in each of the devices analyzed. The fail ure
modes and effects analysis identified output relay failure as generic to all
devices.

Of the 13 possible causes for injury, 12 can be eliminated or adequately con­
trolled by (1) proper installation of presence sensing devices; (2) elimination
of single failure points in the design of presence sensing devices; and (3)
selection of devices to match the application requirements.

Machine control failures, item 2.e., is a credible failure mode which cannot be
eliminated or controlled by presence sensing devices.

HAZARD CONTROLS

To control injuries caused by item 1.a; ; .e., "an object arr.ives at the point of
danger before the danger is eliminated," requires that the relationship be
establ ; shed between object speed and travel di stance, and machine movi ng part
speed and travel distance.

The operational analysis of presence sensing device appl ications indicates that
injury can be averted when the time needed by the object to travel the distance
defined by the sensing plane of the presence sensing device and the danger point
is greater than the time needed to stop the moving part of the machine that will
cause injury. This statement is demonstrated in the following paragraphs.

The fault tree established that for no guard available, injury will be certain
when the following equation is satisfied:

Sd ;<~ Rd (1)
Hy Ry

Wher~ Sd =Object (hand) travel distance = safety distance •
Hy =Object (hand) velocity.
Rd =Machine (ram) travel distance.
Ry =Machine (ram) velocity.
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Where:

When a presence sensing device ts used as a guard, a signal will be sent by the
presence sensing device to the machine control system commanding the moving·part
of the machi ne to stop. The si gnalis generated- when the object interrupts the
sensing field. Thus, the object travel distance is fixed by the presence sensing
plane and the danger point.

The fixed distance is called "safety distance" Sd. The machine travel distance
R is a function of the time it takes the signal generated by . the presence
sHnsing device to activate the machine control system which, in turn, activates
the machine brake system, which needs additional time to dissipate the energy of
the moving part of the machine.

The above indicates that the perfo nnance of each of these subsystems di rectl y
affects the stopoing time of the power press. These subsystems, which interface
serially, are:

1. Presence sensing device.

2. Electric control of press.

3. Brake.

4. Brake energ~ source.

The total time requi red to stop a power press, therefore, is equal to the summa­
tion of the time required to complete the activation of each subsystem.

From the above, it was establ ished that:

Total required time for press stoppage is:

Tps =Tpsd + Tpc + Tpb Tde
Tps =Press stopping time.

Tpsd = Response ti~e of presence sensing device.

-Tpc =Response time of press controls.

Tpb =Response time of press brake.

Tde = Response time of dissipation of energy by brake.

The general equation (1) becomes

Sd
V, HV = Tps or Sd =HV x Tps (~)

Equati on (2) has two other factors whi ch are not constant. These factors are
object speed and safety distance.
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Object speed is equal to operator hand speed in mechanical power pressappl ica­
tion, and safety distance is the distance between the sensing plane of the device
and the point of danger.

Human Hand Reach and Speed

The scope of thi s contract did not provide for the determi nati on of human speed
of movements, nor the detenni nati on of anthropo1ogi ca1 characteri sti cs • Con­
sequentl y, no studi es were conducted to make such detenni nati ons , However,
because of the critical ity of such determinations, a search was conducted to
establish the hand reach envelope of a human from the 'sitting and standing .po st­
tions, and hand speed. No data were found defining hand reach envelope from the
standing position.

Data were found defining hand reach envelope from a sitting position. These data
are presented in Figure 3 and were obtained from the Air Force Manual AFSC-DH1-3.
This reach represents a normal i zed hand reach envelope for a 95 percenti 1e of
male U.S. Air Force personnel. The figure indicates that comfortable human reach
from the sitting position is approximately .380 m (15 inches) to .585 m (27
inches).

Studies conducted in Gennany in 1936 on human hand speed related to industrial
operations establ ished that a human hand speed of 1.6 meters per second was
attained when the operator was transporting large Objects, and that a human hand
speed of 2.5 meters per second was attained when the operator transported small
objects. No copies of this study were obtained from Government safety officials
of Germany, Sweden, "France, or England; however, Swedish and Gennan safety
regulations covering the use of presence sensing devices clearly differentiate
between these two human hand speeds. Curr~nt research being conducted in England
and France- has demonstrated that the human hand can reach speeds of 4.1 to 4.5
meters per second. The research fi ndi ngs from these two countri es are to be
publ ished. These maximum hand speeds were obtained when the test subject was
standing at an approximate angle of 45 degrees with respect to the presence
sensing device plane. (Photographs of the British test setup were taken and are
avai1ab1e • )

Table I shows that when the safety distance is calculated using 1.6 meters per
second on a power press wi th a stoppi ng time of .200 second (assumed to be the
average stopping time for mechanical power' presses) injury will occur if the
operator hand speed is greater than 2.3 meters per second.
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SUB-NOTE 2.1(1) Plot of Optimum Manual Space for Seated Operator
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TABLE I
Total Time Available for Various Hand Speeds

Hand Speed Safety Distance Total Time

1.6 m/sec. .460 m. .288 sec •

2.0 m/sec. .460 m. •231 sec •

2.2 m/sec, •460 m. •210 sec •

2.3 m/sec. .460 m. .200 sec •

2.4 m/sec. .460 m. •193 sec.

2.5 m/sec. •460 m. :1845 sec•

2.6 m/sec. •460 m. .1775 sec •

2.8 m/sec. •460 m. .165 sec •

3.0 m/sec. •460 m. .154 sec •

3.5 m/sec. •460 m. .132 sec •

4.0 m/sec. •460 m. .115 sec •

4.5 m/sec. .460 m. .1025 sec.

This analysis establishes a limitation on the use of presence sensing devices in
relation to the speed of human hand or ann movement, speed of machine, and the
appl icati on of presence sensi ng devices to press-l ike equipment. It becomes
apparent that presence sensi ng devt ces can be used safely if the equ i pment has
sufficient braking capacity to stop the dangerous motion of the equipment before
any part of the human body can reach the machi ne ' s danger zone. Thi s basi c
safety consideration limits the type of equipment which could tolerate a presence
sensing device. The limit is defined by equating the speed with which a human
can interrupt the intangible safety barrier and the time it takes the braking
system of the machine to stop the dangerous motion.

An anthropometric limitation is immediately perceived; i.e., the length of the
human ann reach. Thus, the barrier -cannot be placed beyond a certain distance
because it woul d hi nder operati ons , 'Thi shuman 1imitati on taxes the braki ng
system of the machine because the, brake must be able to stop the moving part
faster than the hand speed.

These findings, and the fact that Swedish and German regulations clearly indicate
the use of two hand speeds, seriously question the adequacy of the OSHA safety
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regul ati on estab1; shi ng 1.6 meters per second as the hand speed constant for
presence sensing device applications. I

This analysis indicates that in the U.S., injury may be sustained by an employee
trying to beat the machine because the hand speed used in the OSHA standards is
too slow.

Machine Stopping Time Determination

It was established that:

Tota-' requi red time for press stoppage is:

Tps =Tpsd + Tpc + Tpb Tde

Where: Tps = Press stopping time.

Tpsd = Response time of presence sensing device.

Tpc = Response time of press controls.

Tpb ~ Response time of press brake.

Tde = Response time of dissipation of energy by brake.

Tests conducted duri ng thi s study y; el ded T d response times vary; ng from 9
mi11; seconds to 60 m;11; seconds. Of the 11 paresence senst ng dev; ces tested, 1
had a response time of 60 milliseconds; 1 of 9 milliseconds. The response times
of the remaining nine devices were concentrated between 17 and 22 milliseconds.
In order to standardi ze the response time of presence sensi ng devices, the val ue
of 20 milliseconds was used as a representative value of presence sensing device
response time. The response time tests were conducted using the methods
described later in this report.

Even though the contract did not require the analysis of machine control
circuitry, it was decided that some detennination of the response time val ues of

.press control s , press brake, and. di ssipati on of energy by the brake was needed.
Machi ne control s are manufactured by speci a1 ty campani es. These control s use
solid state electronic components and parts, electromechanical relays, or a
combination of both. Regardless of the speed of response of solid state elec­
troni c ct rcui try, however, the interface between the control ci rcui try and the
prime mover power supply is usually an electromechanical relay. Electromechani­
cal relay response time varies between 5 milliseconds to approximately 30 milli­
seconds, depending on the size and current rating of the relays. Typical relays
used in machi ne control systems have a response time of 12 to 16 mill i seconds.
We have assumed, therefore, a machine control response time of 20 mill iseconds
based on tests conducted in France and current U.S. manufacturers· literature on
rel ay response times.

The determinati on of the response time of press brakes and the time requi red to
dissipate the energy by the brake was not undertaken; however, an analysis of
pneumatic partial revolution power press brakes was made. Partial revolution
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power press brakes are app1i ed by constant mechani ca1 spri ng pressure acti ng
against the nonbraking surface of the brake movable plates. To operate the
press, therefore, compressed air (usually between 45 to 60 pounds per square
inch) is required to release the brake. (The press brake operates in a way
opposite: to the way automobile brakes operate.) To apply the brake, it is
necessary to release the entrapped ai r in the space or vol ume so that the ai r
pressure counteracts the brake springs. It can be deduced that operating at air
pressures hi gher than that specifi ed by the manufacturer wi11 cause the press
brake to respond sl ower than speci fi ed. Thi sis because there is more ai r
(higher pressure) entrapped and, therefore, it will take longer to exhaust the
air to the atmosphere through a fixed restrictor. This analysis was verified by
tests perfonned in England. From this/ analysis, it becomes apparent, that
response time of brake control and time requi red to di ssipate the energy of
brakes should be taken at a preset pneumatic pressure. Changes in response time
due to abnormally high pneumatic pressures of 70 to 110 psi may change the brake
response time substanti all y. Tests conducted in England show that thi s change
could be as great as 20 percent; therefore, mechanical power press stopping time
is dependent on the air presure applied to 'the brake. It should be required that
power press stopping time be measured at pneumatic pressure values presently
recommended by press manufacturers.

Analysis of power press control systems found no justification for requiring that
power press stopping time measurement be made at approximately the 900 position
of the crankshaft. Thi s statement is made on the bas is of the fo 11 owi ng:

The combination of crankshaft and connecting rod, transforming rotary motion into
linear moti on, transforms the constant rotary vel oci ty of the crankshaft into a
linear velocity that changes in a sinusoidal manner. The linear velocity changes
are directly dependent on Jthe ratio of crankshaft offset and the length of the
connecting rod. Since the length of the connecting rod usually is significantly
longer than the crankshaft offset, the velocity changes of the slide movement are
very small. The s1 ide reaches its maximum velocity at apprOXimately one-fourth
of the total downward travel and its minimum velocity at approximately three­
fourths of the downward travel. Because the changes in velocity are very small
and the accuracy with which stopping time of movement measurement can be made,
measuring stopping time at approximately 900 of crankshaft rotation does not sig­
nificantl y improve the resul ts of neasurt ng the response time of the di ssipati on
of energy by the press brake at any point in the downward stroke.

Determination of Safe ,Distance

The analysis has assumed that the distance from the presence sensing device
sensing plane and the danger point is constant. The description of the presence
sensing device function and limitations established that the sensing field
created by a presence sensi ng devi ce is a vol ume and that i ntrusi ons into the
vol ume produce a change of state in the output signal of the presence sens i ng
device. Visible and infrared devices generate a vol ume with a thickness of
approximately 3 rom (.125 inch). The volume generated by radio frequency devices
has an indeterminate thickness. ---
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Visible and Infrared Devices Sensing Plane Determination

This report contains simple tests developed for detennining presense sensing
device sensing planes for visible and infrared types of devices. Additional
tests were conducted to define the effects on the location of the sensing field
plane as a function of the distance between light emitter and light receiver.
The 1imi ti ng factor in thi s set of tests was the angul ar re1at; on between the
1ight emitter and receiver combination, rather than the diffusion of the 1ight
beam. (This comment refers only to visible and infrared light sources.)

It becomes increasingly difficult to align transmitter and receiver as the dis­
tance between .them is increased. As the di stance is increased, a small vibrati on
causes the devi ce to shut down the press. Two of the devi ces tested use a
reflective surface instead of a receiver where the emitter and receiver are
placed in the same housing. In these two devices, the results of the test were
the 'same • The sensitivity to angular changes varied between + 2 to + 7-1/2
degrees from the centerl ine with a 1.22-meter (48-inch) spacing between-trans­
mitter and receiver.

"

Receiver-emitter devices use an array of transmitters spaced 19 mm (3/4 inch)
apart and 38 mm (1-1/2 inches) apart, as measured from centerl ine to centerl ine
of each transmitter. This type of presence sensing device exhibits the charac­
teri sti c that obj ects 25 om in di ameter and 38 mm in di ameter can penetrate the
light curtain undetected if the rod is precisely introduced at the mid-distance
between the two transmitters. The 25 om and 38 om measurements apply to the
19-mm and 38-mm transmitter spacings, respectively. If these val ues are trans­
lated into finger/hand penetration, hand detection will occur at approximately 76
11111 (3 inches) past the sensing field plane. The approximate value of 76· nm is
given because employees with small hands will penetrate further than employees
with large hands.

Other devices exhibit different optical characteristics. For instance, presence
sensing devices which generate a sweeping light will not detect objects up to
76 1lI11 in di ameter wh i ch pass through the detecti on zone at exactl y a 450 angl e
with respect to the detection zone plane.

Radio Frequency or Capacitance Devices Sensing Field Determination

No method was found to detennine the sensing field plane of radio frequency
devices which would remain constant with changes in operational environment.
/

Radio frequency devices exhibit the following 1imitations:

1. The energy volume generated by the antenna is not precisely defined.
Its shape and si ze are not known.

2. The radi 0 frequency si gnal can be di sturbed by external energy sources
and changes in capacity-resistance to ground.

The practical effect of these two limitations is that the sensitivity of the
device will change with changes in capacitance-resistance ground; thus, the
safety distance will change. These changes will be evidenced in two ways:

36



1. The device becomes too sensitive; thus, it stops the machine without
apparent cause.

2. The device becomes too insensitive; thus, it reduces the safety dis­
tance or creates a IIblind spot. 1I

These devices generate a sensing field of wavelengths varying from 1700 to 750
meters and frequencies of 175 to 400 KHz.

Tests conducted in Houston and Seattle electromagnetic interference (EMI)
facilities detennined that the measurable sensing field extends to epprox.tmately
5 meters from the antenna of the- device. The 5-meter di stance refl ects the
resolution and sensitivity of the instrument wdth which field strength measure­
ments were made (one microvolt change = lX10- volts). Therefore, the actual
sensing field volume boundaries could not be defined.

Further tests were conducted in the Seattl e 1aboratori es to eval uate device
detection capabilities with respect to changes in capacity-resistance to ground.
The complete report on these tests can be found in Appendix K, "Eval uatt on of
Radio Frequency Presence Sensing Devices."

The study of radio frequency presence sensing devices has shown that the sensing
plane (the detection capability) of radio frequency presence sensing devices is
susceptibl e to change resul ti ng from (1) changes in the quanti ty of conducti ng
mass in the electromagnetic field; (2) the physical characteristics of the press
operator; (3) the quality of the electrical path between the operator and ground;
and (4) the conditions existent at the time of presence sensing device adjust­
ment. These factors cannot be adequately controlled for extended periods of time
in the plant environment. Therefore, it is recommended that:

1. Radio frequency presence sensing devices not be used to protect the
press operator when perfonning "hands-in-die" operations or any other
operati on that requi res exposure of porti ons of the operator's body to
injury resulting from t~e downward movement of the press ram.

2. Radio frequency presence sensing devices be considered to provide ade­
quate protection for operations in which automatic feed of stock
material is used or for perimeter guards.

The above recomnendati ons are made as the resul t of the study conducted on radi 0
frequency' presence sensing devices from which the following conclusions were
detenni ned:

1. Radio frequency presence sensing devices are capable of providing ade­
quate protecti on around the perimeter of power presses and adequate
protection of operators in processes using automatic feed of stock
material.

2. The sensitivity of radio frequency presence sensing devices is usually
set too low to provide sufficient protection for operators in secondary
press operations or "hands-in-die" operations.
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3. The lack of standardized methods for adjusting and maintaining radio
frequency presence sensing devices permits degradation of sensing
capability because of variations in operational configurations.

4. The lack of established guidelines for the installation of radio fre­
quency presence sensing devices results in widely varying installation
schemes which may reduce the guarding effectiveness of the device.

S. Inattention to "housekesptnq" (the accumul ation of hydraul ic oil and/or
oil absorbent material) around power presses increases the 1ikel ihood
of sl ips and/or fall s and decreases the guardi ng effectiveness of the
radio frequency presence sensing devices. ·

6. Haza rdous conditi ons inherent in the use of power presses cannot be
eliminated by the installation of radio frequency presence sensing
devices; however, exposure of the press operator to these hazardous
conditions may be reduced.

7. The distance an .ob.iect can penetrate the el ectromagnetic fiel d of a
radi 0 frequency presence sensi ng device before the device responds
increases as the resistance between the intruding object and ground
increases.

8. The detection capability of the presence sensing device may be degraded
by the use of excessive lengths of antenna.

9. The introduction of conducting material into the electromagnetic field
after adjustment of the presence sensing device can enhance the detec­
tion capabil ity. Removal of conducting material after adjustment, of
the device degrades its detection capability.

10. The installation of shielding around the presence sensing device
antenna or the installation of the antenna too near the press degrades

\ the detection cap.abil ity of the device.

11. Objects entering the electromagnetic field of the presence sensing
device at speeds of 1.6 meters per second and 2.5 meters per second are
detected at approximately the same penetration distance. This implies
that the device is slower to respond to slow-moving objects.

12. The ability of the presence sensing device to detect an operator1s hand
is degraded by the isolation of the operator1s electrical ground
through the use of rubber mats or other nonconducting materials.

13. The requirements of individual press operations vary to the extent that
a standardized method for adjusting and maintaining the adjustment of
radio frequency presence sensing devices is not possible.
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14. Factors which affect the capability of radio frequency presence sensing
devices vary from plant to plant and from operation to operation. This
prohibits the establishment of universal guidelines for installing the
devices. .

15. Factors affect; ng the detecti on capab i 1; ty of radio frequency presence
sensing devices may vary sufficiently over the duration of individual
jobs to alter the degree of protection provided by the device.

FMEA FINDINGS

FMEAls were perfonned on each of the devices supplied to the Boeing Aerospace
Company on consignment by presence sensing device manufacturers.

The FMEA I S on presence sensi ng devices can be found in Appendices B through J.
The FMEA and criticality determination apply only to the system described because
a failure of the presence sensing device without knowledge of its function within
the system has no meaning.

Presence sensi ng device output rel ays are singl e fail ure poi nts which may cause
injury to personnel. The critical fail ure is closed relay contact, either caused
by mechanical mal function or current loading. The basic cause for hazard 2.b.;
i.e., lithe guard or the safeguard conmand is not sent to the machine," is welding
of contacts. .

Mechanical failures of relays are likely to happen if relays are us~ beyond
their expected mechanical 1ife. Most mechanical relays are rated for 10 cycles.
Electrical failures are likely to happen if relays are used beyond their rated
cusrent 19ading capacity. Expected electrical life of relay contacts varies from
10 to 10 depending on the type of load.

The load factor variations can be illustrated in the following table extracted
from "Electri ca1 Requi rements for Uti 1 i zi ng Equipment Used on Commerci a1 Trans­
port Airplanes," Boeing Comnercial Airplane Company (06-44588).

Type of Load Derati ng Factor

Capacitive 1.33

Resistive 1.33

Inductive 2.50

Motor 5.00

Lamp 10.00

It is recommended, however, that a derating factor of at least 10.0 be used to
si ze presence sensi ng devi ce output rel ay contacts because thi s wi11 tend to
reduce relay contact welding failures.
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Other single failure points which may cause injury (described as hazards 2.a.,
2.c., and 2.d.) are peculiar to each design and are not generic to the interface
between presence sensing device and machine control system. Further discussion
of these fa i1 ure modes may i nfri nge on i nfonnati on whi ch the manufacturers may
consider proprietary. The FMEA's conducted on presence sensing devices indicate
that manufacturers shoul d perfonn FMEA I S on thei r devi ces to prov ide assurance
that no single failure points exist. Some devices exhibited single failure
points which could be eliminated by improved design.

Detenninati on of Systems Which Need Reliabil ity Standards

The FMEA's perfonned on the devices analyzed indicate that presence sensing
device .manufacturers use the latest engi neeri ng technology. '

The rel iabil ity of presence sensing devices is closely related to the manufac­
turing and assembly proficiency. Our study showed that manufacturing and
assembly proficiency could be improved, as shown in Table II - Manufacturing and
Assembly Proficiency. It is recommended, therefore, that manufacturers improve
their manufacturing and' assembly techn f ques , particularly sol dering and
serviceability.

Selection of high-rel labil ity parts as a means of improving rel iabil ity is not,
reconmended. Parts sel ected shoul d be derated. Derati ng factors shoul d be
sel ected accordi ng to part usage, duty cycl e, and envi ronment.

Sample calculations of expected fail ure rates of presence sensing devices were
calculated using the method described in MIL-HBDK-217C,' 9 April 1979,
"Reliability Prediction of Electronic Equtpment ," These calculations indicate
that expected fail ure rat~ for the presence sensing devices analyzed vary from
400 to 800 fail ures per 10 hours of operati on. No attempt was made to correl ate
these findings with actual failures.

Manufacturers may be abl e to correl ate the cal cul ated fail ure rates wi th actual
failures and use the numerical approach as an index to judge design simplicity.
Another use of these numerical calculations may be in establishing warranties,
maintenance schedules, and manufacturing spare parts for logistic considerations.
The use of quanti tative val ues shoul d be judici ous , as these cal cul ati ons are
approximations, at best.

HAZARD AND FMEA CONCLUSIONS

These analyses identified 13 possible causes of"injury to personnel when a pres­
ence sensing device is used as a guard. Of these 13 possible causes, 8 will be
the causes of injuries occurring without presence sensing device system failure.
Three of these eight causes require del iberate operator action to circumvent the
device, and three may be attributed to ignorance of the devices limitations.

One cause, external to the presence sensing device system, is power fail ure .
Power failure will nonnally stop the total system. The total system (power press
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and its associated control system) should fail in a safe condition. If this
condition is not met, the possible injury cannot be attributed to the presence
sensing device.

The maximum distance that the sensing plane of a presence sensing device can be
safely located is dependent on the thickness of the sensing field volume,
anthropological limitation of human ann reach, and the object speed.

One of the five failure effects can be attributed to output re lays., Critical
failure mode of closed relay contact caused by mechanical malfunction or current
loading is generic to presence sensing devices. Other failure modes identified
in the FMEA are pecul i ar to each device anal yzed. These ; denti fi ed si ng1 e
fail ure poi nts shoul d be el iminated from the des; gn. .'
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EVALUATION OF CURRENT METHODS FOR TESTING PRESENCE SENSING DEVICES

During a trip to Eng1 and, France, Germany, and Sweden in January 1979, inqui ri es
were made on the availability of .presence s.ensing device standard tests. No
standard test protocols were found in these European countries.

In Sweden, however, presence sensing devices are "type . tested" by semi­
governmental organizations. These tests are similar to, although not as rigorous
as, qualification tests required by the Department of Defense for military pur­
poses. The Swedi sh Government requi res that each presence sensi ng devfce manu­
facturer submit, as a minimum, a fail ure modes and effects analysis on the
dey; ces ,

The test protocol s used by Swedi sh testi ng agenci es to test presence sensi ng
devices were not documented. Similar conditions were encountered in Gennany,
France, and Engl and. It is to be noted here, however, that Government safety
personnel of these four European countri es were well aware of each other-' s
activities and findings concerning presence sensing devices and other safety
research.

In February 1979, a meeti ng was hel d wi th several power press manufacturers to
obtain from them infonnation related to the interface between power press con­
trols and presence sensing dev ices ; The information provided by these power
press manufacturers indicated that generally the control circuitry was a pur­
chased item. The control s were manufactured and assembl ed by independent com­
panies, and the user had a choice of control systems. This practice, however, is
not followed by all power press manufacturers.

Further attempts were made to obtain val ues of the nonnal stoppi ng time of a
power press. Power press manufacturers indicated that a blanket statement con­
cerning power press stopping time could not be made because stopping time of the
sl ; de moti on of a power press vari es. Small, fast power presses may need four to
five revo1 uti ons to come to a stop. Usua11 y these fast power presses are full y
automati c. For the purpose of thi s study, however, an average, stopp t ng time of
200 milliseconds may be found in newer machines and stopping times of 500 milli­
seconds or greater may be found in older machines.

The main difference between older and newer power presses is based on the control
systems used to stop the machine, rather than the actual date of the power press
manufacture. Old machines can be retr~fitted with newer control systems, but the
press manufacturers suggested that attaching new control systems, which include
the brake systems, may create greater prob1 ems because the brake systems may
stress the power press structure beyond its shock resistance capability.

42



Inquiries were made concerning standard tests that power press manufacturers may
have developed to demonstrate the adequacy of the control system as it interfaces
with presence sensing devices. No such tests were available.

In March 1979, a meeting was held with presence sensing device manufacturers to
inform them of the scope of the contract and solicit from them any standard tests
they conduct in their own plants to verify the adequacy of their product. No
such tests were made available. The lack of documented test methods for

_evaluating presence sensing devices indicated the need for developing test
methods for this purpose. A simple electronic laboratory was established for the
specific purpose of eval uating presence sensing device performance and develop­
ment of test protocol s , even though these test activ i ti es were not full y seeped
in the contract. The developed tests are included in this report •

43



PRESENCE SENSING DEVICE MANUFACTURE AND ASSEMBLY

The 11 presence sensing devices submitted for analysis were inspected to deter­
mine quality of manufacturing and assembly. The devices were disassembled as
needed to inspect for soldering quality, shock protection, serviceabiJity,
packagi ng, compl eteness of i nstructi ons , cl ari ty of i nstructi ons , ease of 'main­
tenance, and ease of installation.

The proficiency of manufacturing and assembly techniques were graded by experi­
enced quality inspectors from 1 to 10, 10 being excellent, 1 poor. The grading
is shown in Table II. From this table it can be seen that soldering quality
could be improved, as well as ease of servicing. It is important to note that
the failure modes and effects anal ys i s (FMEA) does not include failure considera­
tions due to poor workmanship. However, poor workmanship, especi ally sol deri ng
qual ity, is a significant factor in the faul t free - function of any el ectronic
devi ces ,

Improvement in this area should reflect the manufacturer's warranty on the prod­
uct and industry exper-ience with the product. In this regard, users should
remember that equi pment fai 1ure causes downtime wi th the attendant loss of pro­
ductivity.' Therefore, the users should establish allowable downtime based on
plant productivity goal s and its effect on manufacturing costs. In order to
achieve the user's productlvity goals, the device manufacturer should provide the
user with failure rates derived from FMEA1s, parts selections, maintenance
analyses, and recommended maintenance schedule.

CRITERIA USED TO RATE MANUFACTURING AND ASSEMBLY CHARACTERISTICS

Soldering Qual ity. Are there burned components, bad foil runs on the printed
ci rcui t boards? Are the 1eads on the vari ous components badl y crimped,
stressed, or otherwi se abused? Are there bad solder joi nts? Are there bad
wi re runs, 1ack of i nsul ati on?

Shock Protection. The relative abil ity of the device to survive and give rel i­
able service while being subjected to shocks nonnally associated with the
device whil e attached to a machine press. Thi s woul d incl ude (1) how well
individual components are attached to the printed circuit board, (2) how
well the printed circuit boards are mounted and how they resist working out
of the jacks into which they are plugged, and (3) how well the relays are
mounted; do they have spring or 'other retainer clips?

Serviceability. The ease of' getting the device back into operation with a mini-
mum of downtime. Criteria would include: (1) Is the de~ice built in a

44



modul ar manner (can individual modul es be pl ugged in and out)? (2) Can
items be accessed. with minimum troubl e? (3). Can high fail ure rate items be
changed easily (i.e., the relays)?

Packaging. How well will the case stand up to industrial abuse, and how good is
the security? Is the case easily popped open either accidentally or by
unauthorized personnel?

Completeness of Instructions. Are the instructions complete enough to be of help
in the maintenance and service of the device? Are there adequate safety
warni ngs?

Clarity of Instructions. Are the instructions easily understood? Are' they
accompanied by clear illustrations? Are there ambiguities in the instruc­
tions?

Ease of Maintenance. Once installed, is the device easy to keep working prop­
erly? Row do external physical conditions affect the device's operation
(i.e., ambient light and temperature or for radio frequency devices, metal
masses and stray radio frequency radiation, etc.)? Can the device withstand
1arge voltage power 1i ne trans i ents? Are there any cables exposed that
might cause a problem? How often does the device need cleaning?

Ease of Installation. Is the device easily installed? Is all mounting hardware
supp1i ed? Are any mod i fi ca ti 0 ns (dri 11i ng and tapp i ng, etc. ) needed to
prepare the device for install ati on? I s any speci al wi ri ng needed?

45



..p:..
en

Table II
MANUFACTURING AND ASSEMBLY PROFICIENCY

Manufac- Soldering Shock Serviceability Packaging Completeness of Clarity of Ease of Ease of
turer Quality Protection Instructions Instructions Maintenance Installation

1 9 8 3 10 9 9 . 9 4

2 4 4 5 2 4 7

3 8 6 8 7 9 9 8 4

4 9 8 4 10 9 9 9 4

5 7 7 8 2 4 7

6 4 6 5 5 8 8 8 5

7 7 5 8 2 4 7

8 8 9 3 10 8 8 8 5

9 5 6 10 6 8 8 9 5

1 :;: Poor
5 ;: Good

10 ;: Excellent



MARKET SUR VEY

Conmercially avai~able presence sensing devices are manufactured by 33 companies
(15 in the U.S., 1 in Canada, 5 in the United Kingdom, 8 in France, and 4 in West
Germany) • Of the 13 U. S. manufacturers who responded to the survey, 4 use
visible light, 7 use infrared, and 3 use radio frequency/capacitance principles
to form the safety barrier. (One manufacturer markets infrared and radio
frequency devices.) The four companies from France that responded use infrared,
as do the Canadian, the British, and four Wes~ German manufacturers.

U.S. presence sensing device manufacturers have sold an estimated 21,000 units in
the U.S. It is estimated that 85 percent (18,000) of these units are in use on
all types of machines. This represents 3.4 percent of the total market of
approximate1y 544,000 pieces of equi pment (mechani ca1 power presses and other
machinery with similar operating principles) which could use presence sensing
devices as safeguards. The total market employs from 280,000 to 300,000 workers.

Manufacturers were approached to determi ne if they woul d provi de thei r equipment
on consignment. Of the 15 U.S. manufacturers, 10 agreed to furnish their equip­
ment on consignment, as did Sick Elektronik of Germany. The decision to use
devi ces cooperatively consi gned was budgetary. Selecti on of products for study
was not. random, since manufacturers were contacted and asked to vol untarily
participate in the study.

DOMESTIC MANUFACTURERS

The survey identified 15 commercially available presence sensing devices in the
U. S. for safeguardi ng mechani cal power presses. Of the 15 manufacturers, 13
responded to inqui ri es. Of the 13, 4 use visible 1ight for the II invi sib1e
barrier," 7 use infrared, and 3 use radio frequency/capacitance principles. Two
did not respond to inquiries. Eight manufacturers supplied eleven devices for
analysis.

A summary of the responses from the U.S. manufacturers follows:

Bachman Industries, Inc. - Visible Light

This company supplied a sales brochure and a list of customers, but did not
provide a device or technical information.

Cincinnati, Inc. - Infrared

This company manufacturers hydraulic presses and supplies a presence sensing
device as an option. The company will not sell the presence sensing device
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(Waveguard) independently. and did not supply a device. Complete logic­
di agrams of the device and press control s, operati ng manual, and modifica­
tions that must be made on presses in order to install the Waveguard instru­
ment were provided.

Data Instruments, Inc. - Infrared

This company supplied sales and price literature, complete circuit diagrams,
and a parts list. A list of U.S. manufacturers who are using their devices
and two devices for analysis were al so provided.

Dolan-Jenner Industries, Inc. - Infrared

This company supplied sales and pricing infonnation, as well as circuit
diagrams and a device for analysis.

Electronic Control Corporation - Visible Light

This company supplied a price list, a sales catalog, circuit diagrams, and
operating instructions, but did not supply a device. The device may not be
suitable for marketing in the' U.S. Electronic Control Corporation sales
literature states that the device is susceptible to excessive ambient light,
a false light signa~ that prevents the device from stopping the press.

Gordon Engineering Corporation- Radio Frequency/Capacitance

This conpeny suppl ied a sales catalog and price 1ist, a fail ure modes and
effects analysis, circuit diagrams, and information concerning United
Ki ngdom and French Government offi ces deal i ng with press operati ons and
presence sensing devices. The company also provided a device.

Guardimation, Inc. - Infrared and Radio Frequency/Capacitance

The chief executive officer of this company, Mr. O. R. Twyman, visited our
Houston office in response to a letter of inquiry and provided infrared and
radio frequency/capacitance devices.

Micromenex - Infrared

This company provided a sales catalog, installation instructions, and a
price list. No additional information or device was provided.
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I.S.B. - Infrared

This company supplies the unit to Micromenex. A device was supplied; how­
ever, wiring diagrams or schematics were not provided.

Scientific Technology, Inc. - Visible Light, Infrared

This company supplted a sales catalog and price list, but no diagrams or
device.

Sick Optik Elektronik, Inc. - Visible Light, Infrared

This company supplied circuit diagrams and logic for two models of its
device; German, Swedish, and French publications on presence sensing
dev; ces; addresses and contacts wi th Gennan and Swedi sh authori t; es; and
typical electrical drawings of press controls and interfaces. The U.S.
sales manager provided insight into the application of presence sensing
devices and supplied two models of the devices, one visible light and one
infrared. -

Link Electric and Safety Control Company - Visible Light

This company provided a sales brochure, complete drawings and diagrams, and
a device. The vice president in charge of engineering provided detailed
infonnation on circuit design philosophy and a demonstration of device
capabilities.

Weldotron Corporation - Radio Frequency/Capacitance

This company supplied diagrams, wiring diagrams, and a device.

Electro Dynamics and Telecom Sales

No response.

Quancor, I nc•

No response.

FOREIGN MANUFACTURERS

Sri ti sh, French, West Gennan, and Swedi sh Government author! ti es regul ati ng and
controlling i ndustri alsafety were conducted. A trip to Europe was made to
contact European safety personnel who are engaged in research activiti es on
presence sensing device applications and human reactions. Their research results
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were valuable in conducting hazard analyses and failure modes and effects analy­
ses, as well as in fonnul ati ng the approach to the development of the safety'
performance criteria.

The Swedish Government advised that only one manufacturer (Erwin Sick Company) is
II accredi ted" to sell presence sensi ng devices in Sweden, and the West Gennan
officials stated that there are four manufacturers in West Germany. They were:

1. Fa. Erwin Sick, Optik-Elektroni,k.

2. Fa. Fiebler Electronik.

3. Fa. Endl Grubtl and Co.

4. Fa. Krohne.

No further inquiries to West Gennan manufacturers were made because Sick Optik­
Elektronik, U.S.A., provided the information on their device.

French manufacturers Cometa, Industel, Krohne, and Jay Electronics produce
infrared devices.

Lightguards, Ltd., manufactures presence sensing devices in England. The unit is
not for sale in the U.S. because of liability problems.

One Canadian manufacturer sel l s his device in the U.S. through distributors, one
of which is Micromenex.

The market survey did not disclose any presence sensi ng dev ice manufacturers in
Japan. The only presence sensing device in Australia appears to be Erwin Sick
Company of West Germany.

Inquiries were made in other Western European countries, but there was no indica­
tion that presence sensing devices are manufactured in those countries.

ESTIMATE OF PRESENCE SENSING DEVICE POPULATION IN THE U.S., GERMANY, AND SWEDEN

The use of presence sensing devt ces ; n the U. S. was detenni ned from manufac­
turers· estimated sales and application figures.

Information on the population, use, and regulation of presence sensing devices in
Germany and Sweden was developed during the trip to Europe.

Swedish officials estimated that approximately 50 percent of the mechanical power
presses (estimated to be 10,000) in operation in Sweden use presence sensing
devices ,

Gennan, French, and U.K. safety officials could not provide data on presence
sensing device usage, except by statements such as:
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Germany - IIUse of presence sensing devices is quite conmon ,"

England - "Use of presence sensing devices is not known, but it is
not as prevalent as it may seem. II

France IIAbsolutely no idea of how many presence sensing devices
are in use."

The specific regulations of interest were those establishing criteria and design
operating and maintenance requirements on metal-working presses (mechanical power
presses, hydraulic presses, pneumatic presses, and press brakes).

I

The countries were visited in the order mentioned above during a period of time
starting on January 15, 1979, through January 26, 1979.

The Government offices visited were:

England:

France:

West GeY'1]1any:

Sweden:

Health and Safety Executive
Safety in Mine Research Establishment (SMRE)
Red Hill
Sheffield 537HO

Institute de Recherche et de
Securi te I (INRS)
Avenue de Bourgogne
54500 Vandoeure

Fachausschuss IIEisenund Metall 111 11

Zentralstelle fur Unfal1verhuntung and
Geweblichen Berufsgenosseuschaften, eu
Bougarstrasse 3
4000 Dussel dorf

The National Board of Occupation Safety and Health
Arbetarskyddsstyrelsen (ASS)
Fack, S-100-26
Stockholm 34

Swedish Institute of Production Engineering Branch'
Institute for Verkstadstekrisk Forskruing (IVF)
Molndalsvagen 85
41285 Goteborg, Sweden

Information obtained from officials of the United Kingdom, France, West German,
and Sweden duri ng vi sits to their respective countri es indi cates that the safety
regul ati ons developed by these countri es show remarkable simil ari ti es and the
implementation approach is quite similar. They differ only in method and degree
of enforcement.
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The safety regulations which have been developed recently (within the last 5
years) and those sti 11 in the development stage can be organi zed into three
general topics. The regulations are divided generally into requirements levied
upon (1) equipment manufacturers, (2) users, and (3) safety officials.

1. Equipment manufacturers (Press manufacturers). The regul ati on states ,
in broad terms, the safety features that the equipment shall have, such
as fail-safe characteristics, etc.

2. Equipment users (employers). The regu1 ati on states the duti es of the
user (employer): (1) To provide the equipment manufacturer with the
expected use of the equipment; (2) to expl ai n ri sks invol ved and provide
training, proper facil ities and ancillary equipment to the employee
(operator); and (3) to adhere to the manufacturers I maintenance recom­
mendations and, in certain instances, certify equipment at periodic
interval s ,

3. Safety offi ci a1s , The regul ati on requi res that comp1 i ance wi th the
safety regulation be verified by safety officials. This portion of the

. regul ati on provi des checkpo i nts, tests, and anal yses that wi 11 con­
stitute evidence of compliance with the requirements. The successful
performance of these checks, tests, and analyses is sufficient evidence
of comp1 iance. In some instances, the evidence must be submitted or
presented to the safety official to demonstrate compliance.

The implementation- of this approach varies from country to country only in the
degree of enforcement. For instance, the U. K. Factory Inspectorate does not
issue formal acceptance of equipment design; however, he does tacitly approve the
design. Factory inspectors in West Germany use the negative approach for
approval of a design by stating that they have "no objections to its use.

In Sweden, however, use approval by the Nati onal Board of Occupati onal Safety and
Health is required before marketing the equipment. The implementation system in
France was not cl ear. It appears that safety off; ci a1s deal di rectl y with the
manufacturer.

Safety cri teri a and regul ati ons in England are developed by speci al committees
formed by industry, labor, and Government. The regulations are general and focus
upon design, operation, use, and maintenance. Specific regulations are developed
by other committees who address specific machine types (i .e., mechanical presses,
hydraulic presses, press brakes, etc.) individually. These committees are also
formed by industry, labor, and.Government personnel.

The French approach to inspecting pl aces of employment was not discussed in great
detail; however, the personnel at INRS work directly with French industry. They
inform industri al personnel of thei r research and suggest improvements in the
design of equipment.

The Berufsgenossenchaften in West Germany is a private organi zati on. It is
financed by private industry, labor organ; zattons , and Government insurance.
Their task is to enforce the regulations published by different committees
cover; n9 each industry group. The commi ttees are composed of 1abor, industry,
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and Government- representatives (both Federal and State). The regulations
approved by these committees are general requirements which are incorperated in a
top level requirements document. Specifications which delineate specific design
requi rements are pub1i shed ina second level document.. Each des i gn requi rement
document has its accompanying checkl ist or verification section which outl ines
the tests, inspections, and other pertinent details used by manufacturers,
employers, and factory inspectors to verify compliance with design requirements.
The system is qui te simil ar to that used by the Department of Defense (DOD) in
the U.S.A.

The Berfsgenossenschaften contributes to the formulation of the design and veri­
fi cati on requi rements, inspects factori es, and trai ns personnel (safety repre­
sentatives from labor, design engineers from industry, and inspectors) in indus­
trial safety practices.

The training center in Schwelm (which was visited) is dedicated to training
personnel in the use, maintenance, and inspection of metalworking presses and to
verify prototypes of new or imporved methods used by industry prior to starting
production of the equipment.

The Swedish National Board of Occupational Safety and Heal th is an autonomous
body chartered to develop, publish, and enforce safety and health regulations.
Their operation f s implemented by safety and health tnspectcrsx however, their
main thrust is to type test equipment for use in Sweden. Type testing is a
procedure simil ar to quaTTFTcati on tests and design certi ficati on used by NASA
and DOD, al though not as thorough. . The manufacturer of equipment covered by
safety or heal th regul ati ons must submit to the Board a seri es of anal yses and
tests demonstrati ng compl i ance with the regul ati ons , The Board has contracted
two Government bodies to study and comment on the adequacy of the data submitted.
These organi zations are: The Forsvarets Forskningsaustal t (National Defense
Research Institute) for electrical and electronic systems and components, and the
Inst; tute for Verl estadstekni sk Forskni ng (Institute of Producti on Engi neeri ng
Research) for integration, mechanical, structural,' ergonomics, and man/machine
interfaces.

Upon receipt of the comments from these two bodi es , the members of the Nati onal
Board of Occupational Safety and Health will either approve or disapprove the use
of the equipment in Sweden. This approval or disapproval power is exercised on
Swedish as well as foreign-manufactured equipment. This power has the effect of
creating defacto monopolies and trade barriers. Meetings with both of these
Swedish Government contractors indicated that they are manned with personnel who
are competent but who do not make political decisions. They present facts based
on their technical analysis of submitted data and conduct research on safety;
health research is conducted by another group.

Another conmon denaninator found in British, West Gennan, and Swedish safety
activities is the integrated approach to safety and heal the Their regul ations
cover an enti re system. In the course of meeti ngs, the Swedi sh and French
personnel suggested that a better coordination of safety and heal th activities
could be accompl ished if regular (yearly) meetings among French, Swedish, and
American safety and health officials were held. The British and West Gennan
personnel also expressed similar views, but were weaker in those recommendations.
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The Swedish further recogni ze that safety and heal th regul ati ons are a means of
trade barrier which they would like to eliminate by standardizing safety and
heal th regul ati ons ,

The U.S. presence sensing device manufacturers supplied approximate sales figures
and the number of units sold. The sales figures do not distinguish between
domestic and foreign customers. The application data include mechanical power
presses and other types of metalworking equipment. The reluctance of U.S. manu­
facturers to provide more definitive sales data was based on their consideration
that their total sales effort was proprietary.

The/ market survey indicated that industry is 'purchasing presence sensing dev tces
for application as intangible safety barriers on mechanical power presses and on
equipment which is not specifically controlled by an OSHA regulation. This
indication was confinned when we inquired about the type of applications on which
these units are being used. Presence sensing devices are used on guillotine,
riveting, stamping, drawing, pressbrake, hydraulic press, textile machinery,
woodworking, and other types of equipment. From the above, it follows that
presence sensing device perfonnance criteria should be developed considering the
total potential application and not be restricted to mechanical powe~ presses.
This approach was taken. The developed cri teri a and safety requt rements are
applicable to any application in which presence sensing devices could be used.

The usage estimates provided by industry, when compared to potential applica­
tions, reveal that only 3.4 percent of the potential market has been real ized.
The 3.4 percent val ue could be reduced to 1.8 percent if it is assumed that only
10,000 units are actually in use in the U.S. (This lO,OOO-unit value was
suppl i ed by Sick Opti k-E1ektronik • ) Regardl ess of the amount of error in ei ther
this estimate or the estimate suppl ied by Sick Optik-Elektronik, the resul t is
basically the same.

The market survey revealed that:

1. Old equipment, in general, is not suitable for safe application of
presence sensing devices unless the response time of the braking system
is improved. However, retrofitting old machines with faster brake
systems may not be feasible because the shock load on the moving part of
the machine may be too great, thus creating a greater danger.

2. Machines with a demonstrated capabil ity of stopping the dangerous motion
in less than approximately 200 milliseconds can be candidates for app1i- ,
cation of presence sensing devices.

Additionally, the market survey provided some idea as to the potential economic
benefits of using presence sensing devices in industry and identified some
limitations on their use.

Perfonnance estimates obtained by the Depa rtment of Labor--OSHA and European
studies (Swedish and German)--are as follows: Productivity was increased by
approximately 25 percent when the presence sensing devices were used only as
safety devices (allowed by current OSHA standards). When presense sensing
devices were used as safety devices and tripping mechanisms (not allowt:d by
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current OSHA standards), productivity increased by approximately 27 percent.
Productivity increases of the magnitude reported could significantly· improve the
current prodUctivity of one major section of the U.S. economy.
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PERFORMANCE CRITERIA DEVELOPMENT

The development of performance cri teri a for presence sensi ng devi ces presented
two problems which required early resolution. The resolution of these two pro­
blems broadened the scope of the developed criteria.

The first probl em was that safety..-- requi rements for presence sensi ng devices are
incl uded in OSHA Regulation 1910.217, which appl ies only to mechanical power
presses. This regulation does not cover industrial equipment which uses presence
sensi ng devi ces such as press brakes, hydraul i c and penumati c power presses,
textile presses, guillotines, and conveyors. When presence sensing devices are
used.with the above mentioned equipment, the danger to employees is similar to
the danger encountered in mechanical power press applications.

The above consi derati on suggested that the perfonnance cri teri a for presence
sensing devices should apply in any application, and that the speciftc applica­
tion of these devices to mechanlcal power presses shoul d be included as an
appendix to the general safety criteria. This decision broadened the scope of
the developed criteria.

The second probl em was that there i s no consensus among the Occupati onal Safety
and Health Administration, U.S. industry management representing employers, and
"abor un; ons representi ng employees, on what consti tutes acceptabl e perfonn.ance
criteria. This problem is yet to be resolved.

Safety regul ati on promulgated and proposed by OSHA, as well as ANSI and NIOSH
documentation, do not provide criteria to choose one uniform fonnat and wording
acceptable to all parties. This lack of consensus indicated that the fonnat and
wording of the perfonnance criteria should be establ ished as early in the project
as possible. The fonnat and wording chosen for the development of the perfonn­
ance criteria were established by analyzing the Occupational Safety and Health
Act.

The Act establishes that the employer is responsible for employees' safety and
health in the place of employment, and the duty of employees is to observe and
act according to the safety and heal th rul es and regul ati ons preval ent in the
place of emploYment. This basic premise indicates that safety and health regula­
tions should be addressed to employers, since they can implement actions at the
place of employment.

From the above, it was decided that the performance criteria should be written in
1anguage that the employer coul d use. The performance cri teri a shoul d prov t de
th~ employer wi th condi ti ons whi ch establ ish: (1) When the use of a presence
sensing device is allowed; (2) which presence sensing device should be used for
the application; and (3) how the device should be installed.

The performance criteria included in this report follow this outline.
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RECOMMENDED SAFETY PERFORMANCE CRITERIA AND REQUIREMENTS

FOR PRESENCE SENSING DEVICES

GENERAL

The employer must deci de whether presence sens i ng dev ices can be used in the
selected application by analyzing the application, and detenmining that the
selected application complies with the safety criteria for presence sensing
devices. If the application is such that presence sensing devices can be used,
the employer must select presence sensing devices which meet the perfonnance
characteristics described in the paragraph entitled "Selection Criteria." Upon
sel ecti on of a device, the employer must perfonn veri ficati on tests to assure
proper operation and selection of presence sensing devices and establ ish proce­
dures for using and maintaining presence sensing devices which comply with para­
graphs "Application Requirements1and "Demonstration Tests. 1I

DEFINITIONS

A presence sensing device is an apparatus designed, constructed, and arranged to
create a sensing field which detects the presence of an object when the obfect is
within the boundaries of the sensing field.

Sensing field is the volume of energy created by the presence sensing device.

Effective sensing field plane is the imaginary plane parallel to the equipment
(press slide) motion plane, and defined by the position of an object at the time
the presence sensing device is triggered by the object.

Fail-safe is the design feature of a part, component, piece of equipment, or
system which c~uses the item to fail in a nonhazardous mode.

Hazard analyses are the activities which: (1) Identify hazards, (2) el iminate,
control or counteract the identified hazards, (3) evaluate the risks of the
identified hazards and their resolutions, and (4) provide .the decisionmaking
cycle which accepts residual risks.

Hazard control s are the acti ons taken to. reduce the ri sk of injury.

Hazard counteraction measures are the provisions made to minimize, the effect of
the hazard when it occurs.

Residual risks are all hazards which are not eliminated by design.
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Hazard acceptance is the reason the residual hazard can be accepted. Normally, a
system which can tolerate a fail ure or a human error without causing injury to
employees shall be considered acceptable.

Rel iabil ity is the probabil ity of specified performance for a given period of
time when used in the specified manner.

SAFETY CRITERIA

Presence sensing devices shall be acceptable as guarding devices when (1) they
guard equi pment which can be stopped at any poi nt of its cycl e; (2) the presence
sensing device signal will eliminate the source of danger in time to prevent
injury or loss of life; and (3) the application of energy to the dangerous por­
tion of the equipment is prevented so long as any portion of or the whole human
body is within the danger zone.

The employer should perform a hazard analysis* on the presence sensing device
specific application. He shall identify hazardous operations, equipment, or
system fail ures that may cause inj ury to personnel. The employer shoul d use the
resul ts of the hazard anal ys; s to select presence sensi ng dev; ces that have
design and operational features which eliminate or control the identified hazards
to an acceptable level.

SELECTION REQUIREMENTS

Employers who have determi ned that the app1i cati on of presence sens i ng devices
conpl ies with the preceding safety criteria shall select presence s.ensing devices'
which, as a minimum, shall:

1. Have an identifiable effective sensing field plane which will not
change more than 1 percent of the safety di stance for the appl i cat; on
operating environments and conditions.

The safety distance shall be determined by formulas (a) and (b):

(a) Safety distance Sd ~ Vh x Ta

Where Vh = Human or object speed penetrati ng the sensi ng fiel d
(for human hand speed, use 2.5 meters/ second) .'

Ta =Total time available in seconds to stop the equipment.

* Hazard analyses on power press appl ications were conducted, and this report
reflects the findings of those analyses.
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The equi pment stoppt ng time (Tps) at any poi nt of the equi pment
cycle shall be equal to or less than the total time available
(Ta ) •

Tps ~ Ta
Def f

(b) Ta =V
h

Where 0eff = Effecti ve di stance, in meters, measured from the
effective sensing field plane ~o the danger: zone
perimeter closest to the operator.

2. Provide fa; l-safe features for the safety of personnel duri ng install a­
ti on, operati on (startup, normal operati on, shutdown, and emergency
shutdown), maintenance, repair, or interchanging of a complete assembly
or component part thereof.

3. Prevent the generati on of fal se operati ona1 or output si gna1s due to
failed parts, transients, power interruptions or outages, environmental
external conditions and/or changes thereof, or human error.

4. De l iver-r and maintain specified performances for steady-state and
transient-state conditions for any combinations of specified primary
input power.

5. Deliver and maintain specified perfonnances for any combination of the
specified environmental and operational conditions of the application.

~

6. Provide a sel f-checki ng functi on to prove that each el ement of the
presence sensing device is functioning properly prior to each presence
sensing device operating cycle. Self-checking tests shall not inter­
fere with the nonnal operation of the presence sensing device, nor
shall the tests cause generation of false operations or signal output.

7. Protect by 1ocati on and/or guards power swi tches, adj ustments, _or
calibration controls to prevent accidental activation and/or deliberate
tamperi ng by personnel.

APPLICATION REQUIREMENTS

The application of presence sensing devices shall comply, as a minimum, with the
following requirements.

1. Make access possible to the danger-zone of the equipment being guarded
only through the presence sensing device sensing field.

2. Interlock the signal(s} of guards or guarding devices (which assure
that access to the danger zone exists only through the sensing field of
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the presence sensing device) with the equipment control system to
prevent the appl i cat; on of energy to the dangerous porti on of the
equipment.

3. Maintain the presence sensing device in a nondegraded operational
conditi on by:

a. Perfonning maintenance on the presence sensing device acording to
presence sensing device rnanufacturer1s recommended time intervals.

b. Perfonning repai rs of the presence sensing device according to
presence sensing device manufacturer1s repair instructions. :

c. Certi fyi ng the nondegraded operati onal conditi on of the presence
sensi ng dev ice at 1east once a year and after each rna i ntenance
and/or repair activity.

4. Do not allow the use of the presence sensing device on any equipment
without the perfonnance of a haz.ard analysis and verification that the
applicati-on specified operational and environments conditions' are
compatible with the presence sensing device operational and design
specifications.

DEMONSTRATION TEST REQUIREMENTS

Verification of design and application compliance with safety requirements shall
be demonstrated by a combination of analyses and tests.

Verification by Analysis

Fail-Safe Features~-

The perfonnance of a qualitative failure modes, effects, and criticality analysis
on the proposed app1i cat; on shall be cons; dered suffi ci ent evi dence of comp1i ance
for fail-safe design features of the presence sensing device.

False Operational or Output Signals--
Del ivery and maintenance of steady-state and transient-state signal s , and se1 f­
checking characteri stics sha11 be demonstrated by a combi nati on of analysi sand
tests.

Presence Sensing Devices Guarding Dimensions--
The user shall specify dimensions of the p1ane(s) in meters required to guard the
danger zone application.

Verification by Test

Detection and isolation of a failure, protection, and security provisions shall
be demonstrated by installation tests.

Press Application Environment--
The selected presence sensing device should withstand, as a minimum, the
following environment:
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Temperature = -20°C to +500C

Humidity = 99 percent

Vibration (shock) = 45 g's for 1 ms per stroke, when device is mounted on
press frame.

Tests performed by presence sensing device manufacturers, demonstrating that the
desi gn and parts and components used ; n the fabri cat; on and assernbl y of the
presence sensing device will sustain the above mentioned environment, shall be
acceptable as evidence of compliance.

Thermal Tests--
Cycle ambient temperature sevsn timeB from +260C to +500C to -20°C to +260C at a
thennal rate of change of 1 to 4 per minute. Cycle the cold plate surface
temperature in phase with the ambient temperature.

The temperature at each temperature extreme shall be maintained for 60 minutes
minimum after thermal stabilization. The device shall be cycled on and off seven
times (cycles) at each temperature extreme.

The tests shall be considered a success when the device exhibits no out-of­
speci fi cat; on performance ,

Detection Zone Tests--
The objective of the detection zone test is to determine the effective plane from
whi ch the safety distance is to be measured and the perimeter of the sens i ng
field (width and height) so that mechanical guards can be installed.

The user or manufacturer may develop the appropriate tests. The test resul ts
shall identify the sensing field plane within 3.175 mn (1/8 inch approximately)
using dowels 19 nm (3/4 inch) and 31 mm (1-1/4 inch) in diameter.

Reaction Time Tests--
Definition of reaction time--Reaction time of a presence sensing device is the
time, in seconds, it takes a s; gnal to travel from the beg; nnt ng of the presence
sensi ng device detecti on ci rcui t through the ci rcui t and produce an output (or
change of state) in the presence sensing device.

Test objective--The objective of the reaction time tests for presence sensing
devices is to measure the reaction time in order to select the proper device for
the application.

Test signal generation--The generation of the test signal introduced into the
presence sensing device for measuring reaction time shall be such that the
initiation time can be established with an error of less than 0.5 percent of the
maximum reaction time allowed. (Maximum reaction time allowed for presence
sensing devices used as guards in partial revolution clutch press application is
0.020 second.)
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The test signal introduced into the presence sensing device circuitry shall
s tmul ate an intrusion into the detection zone. A second test signal shall be
introduced simulating the withdrawal of an intrusion out of the detection zone.

Test signal output measurement--The presence sensing device output shall be
measured at the electrical tenninal s which have been designated by the manu­
facturer of the presence sensing device as the output tenninal s , Where the
output of the presence sensi ng devi ce is a change of state, measurement of the
signal producing the change of state shall not be considered as output.

Test ; nstrument accuracy--The ; nstrument( s) used to measure the· reaction time
shall be calibrated- and certified to be accurate within 0.0001 second.

Test resul ts--The test resul ts of the reacti on time for the simul ated i ntrusi on
and withdrawal of an object out of the sensing field shall be recorded, as well
as the time differential. Test results shall be documented and signed by the
test conductor designated by the management of the user or manufacturer.

Test procedures--The test procedures used by employers and/or manufacturers of
presence sensi ng devices shall be documented and requi red as evidence of proper
selection of the presence sensing device.

The test procedures shall, as a minimum, provide a schematic of the test setup,
identify equipment used, show location of connections, list steps required to
take the measurements, and specify pass or fail criteria.

-
PRESENCE SENSING DEVICE PRESS GUARDING APPLICATION

1. Presence sensing devices shall not be used with presses having full
revolution clutches (safety criteria 1.).

2. Time constraints to evaluate press application are (safety
cri teri a 2.):

a. Response time of presence sensing device shall be no greater than
1/10 of the total time available (Ta) to stop the equipment (or no
greater than 0.020 second).

b. Safety distance shall be correlated with human reach charac­
teristics for sitting and standing work stations (human reach
characteristics are as shown in [specification to be detennined]).

Def f
Total time available = Ta = V > Tps

h -

Def f = Effective distance, in meters, measured from the effective
sensing field plane to the danger zone perimetir closest to the
opertor.

Vh =Human hand speed = 2.5 meters/second
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The press stopping time (Tps)' at any point in the press cycle
shall be equal to or less than the total time available (Ta) •

. The press stopping time consists of the summation of the discrete
time of each subsystem; i.e., the press stopping time = Tps = Tpsd
+ Tpc + Tpb + Tde.

Tps = Press stopping time.
Tpsd = Response time of presence sensing device ~ 1/10 Ta = ~

0.020' second.
Tpc =Response time of press controls < 1/10 Ta < 0.020 second.
Tpd = Response time of press brake. - - .
Tde = Response time of dissipation' of energy by brake.

3. Presence sensing devices shall not be used on pr~sses that can allow a
person to enter the danger zone or in any way compl etely cross the
sensing field of the device (safety criteria 3.) unless provisions are
made to render the press inoperative when a person or persons are
within the press danger zone or have completely crossed the sensing
field of the device.
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SAFETY PERFORMANCE CRITERIA AND REQUIREMENTS JUSTIFICATION

RECOr.f.1ENDED SAFETY PERFORMANCE CRITERIA
AND REQUIREMENTS FOR PRESENCE SENSING
DEVICES

DEFINITIONS

A presence sensing device is an
apparatus designed, constructed, and
arranged to create a sensing field which
detects the presence of an object when
the object is within the boundaries of
the sensing field.

Sensing fiel d is the vol ume of energy
created by the presence sensing device.

Effective sensing field plane is the
imaginary plane parallel to the equip­
ment (press slide) motion plane, and
defined by the position of an object at
the ti me the presence sensi ng dev ice ; s .
tri ggered by the object. -

Fail-safe is the design feature of a
part, component, piece of equipment, or
system which causes the item to fail ;11
a nonhazardous mode. /

Hazard analyses are the activities which­
identify hazards, eliminate, control or
counteract the identified hazards,
evaluate the risks of the identified
hazards and their resolutions, and
provide the decisionmaking cycle which
accepts residual risks.

Hazard controls are the actions taken to
reduce the ri sk of inj ury.

Hazard counteraction measures are the
provisions made to minimize the effect
of the hazard when it occurs.

Residual risks are all "hazards which are
not e11minated by design.
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JUSTIFICATION

DEFINITIONS

Definiti ons are necessary so that users
of the Recommended Safety Performance
Cri teri a and Requi rements have a common
understanding of the terms used.



Hazard acceptance is the reason the
residual hazard can be accepted.
Normally, a system which can tolerate a
failure or a human error without causing
injury to employees shall be considered
acceptable.

Reliability is the probability of speci­
fi ed performance for a gi ven per; od of
time when used in the specified manner.

SAFETY CRITERIA .

1. Presence sensing devices shall
be acceptable as guarding
devices when (1) they guard
equi pment whi ch can be stopped
at any point of its cycle; (2)
the presence ~ensing device
signal will eliminate the source
of danger in time to prevent
injury or loss- of life; and (3)
the application of energy to the
dangerous portion of the
equi pment is prevented so long
as any porti on of or the whole
human body is within the danger
zone.

2. The employer shoul d perform a
hazard anal ysi s on the presence
sensing device application which
shall include identifying
hazardous operations, equipment,
or system fail ures that may
cause inj ury to personnel. The
employer should use the results
of the hazard analysis to select
presence sensing devices that
have design and operational
features which eliminate or
control the identified hazards
to an acceptable level.
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SAFETY CRITERIA

The cri teri a prov i de the considerati ons
which should be used for determining
whether presence sensing devices can be
used in an application.

The anal yses performed on presence
sensing devices indicate that:

1. Presence sensing devices produce
a change of state on one or more
output rel ays.

2. ' App1 ications of presence sensing
devices to equipment are time
dependent and, therefore, are to
be limited to those applications
where the dependence on time is
satisfied.

These 1imitations, are identified as
condi ti ons that must exi st to accept
these devices as guards.

Thi s paragraph suggests the perfonnance
of a hazard analysis by the employer as
a means of identifying hazards.
Al though the employer may use other
means to i denti fy hazards and thei r
solutions, this report identifies
hazards present when using presence
sensing devices.



SELECTION REQUIREMENTS

Emo1oyers who have detenni ned that the
appl i cati on of presence sensi ng devi ces
complies with the preceding safety
criteria shall select presence sensing
devices which, as a minimum, shall:

~

1. Have an identifiable effective
sensi ng fi e1d pl ane which wi 11
not change more than 1 percent
of the safety di stance for the
application operating environ­
ments and conditions.

The safety distance shall be
detennined by fonnulas (a) and
( b) :

(a) Safety distance Sd ~ Vh x Ta

Where Vh = Human or obj ect
speed penetrating
the sensing field
( fo r human ha nd
speed, use 2.5
meters/ second) .-

Ta = Tota1 time evai 1ab1e i n
seconds to stop the equipment.

The equipment stopping time
(Tps) at any point of the
equipment cycle shall be equal
to or less than the total time
ava-il able (Ta).

Tps ~ Ta

D
(b) Ta=...:.!! ~

Vh
Where Def f = Effective distance

in meters, mea­
sured from the
effective sensing
field plane to the
danger zone peri ­
meter clo'sest to
the operator.
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SELECTION REQUIREMENTS

The hazard analyses disclosed that a
consi stent safety di stance ; s cri ti ca 1
for safety. Our anal yses of commer­
cially available devices disclosed that
changes in safety distance are possible-
because of changes in the relative
position of the effective sensing field
plane. Therefore, a des i gn requi rement
limiting the allowable change is
required. .

A 1 percent maximum change was selected
because a 1 percent error ; n the deter­
mination of safety distance assures
greater safety in view of the wide range
of possible hand speeds.

The selection of 2.5 meters per second
as recommended hand speed is a
compromise. Safety distance calculation
is based on European regulations.

Stud; es in England and France (but not
documented) indicate that maximum hand
speed is between 4.1 and 4.5
meters/second.

Th~ val ue of 1.6 meters per second was
obtai ned by tim; ng hand speed when the
operator was handling "large" parts.
The hand speed of 2.5 meters/second is
applicable when operators handle II smal 111

parts. (No definition of what con­
stitutes a "1arge" or "small" part was
found in Swedish regulations.)

The development of thi s formul a ; s
included in the text.



2. Provide fail-safe features' for
the safety' of personnel duri ng
installation, operation (start­
up, normal operation shutdown,
and emergency shutdown), main­
tenance, repair, or inter­
changing of a complete assembly
or component part thereof.

3. Prevent the generati on of fal se
operational or output signals
due to failed parts, transients,
power interrupti ons or outages,
environmental external condi­
tions and/or changes thereof, or
human error.

4. Del iver and matnta in its speci­
fi ed performance for steady­
state and transient-state condi­
tions for any combination of
specified primary ,input power.
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This requirement acknowledges hazards
associated with electrical energy used
to maintain, install, and operate the
presence sensing device.

This requirement addresses inadvertent
operation of presence sensing devices
identified in our study.

The employer should give special
attention to identifying and advising
the manufactures of the environments in
which the device will be operated (e.g.,
traffic pattern; temperature; humidity;
presence of corrosive, flammable, and
expl osi ve substances; etc , }. Light
should be considered even though none of
the devices examined were susceptibl e to
external light changes.

Thi s requi rement addresses the probl em
associated with electrical power condi­
tions at individual plants and manufac­
turer ' s design spec t f t cat t cn of the
device•.Voltage variations of up to 20
to 30 percent of rated power may be
encountered because of start 'and stop of
large electrical loads. The user should
be aware of his power distribution
system limitations and variations. The
manufacturer of the device should al so
be aware of unusual power fl uctuati ons
which may affect the device.



5. Del iver and mai ntai n its specf -
fied performance for any
combi na ti on of the speci fi ed
environmental and operational
conditions of the applications.

6. Prov tde sel f'-checkt ng functi ons
to prove that each el ement of
the presence sensi ng devi ce is
functioning properly prior to
each presence sens i ng dev i ce
operating cycl e. Sel f-checki ng
tests shall not interfere with
the normal operation of the
presence sensi ng devi ce ,nor
shall the tests cause generatiori
of false operations or signal
outputs.

68

Thi s requi rement addresses the probl ems
created by environmental and operational
demands pl aced upon the device. The
environmental and operational conditions
should be known by the employer and
suppl ied to the dev; ce manufacturer or
to the manufacturerls representative who
has seen the potential application. In
this way the employer will assure
himsel f that he will buy a product that
will be ccmpatfb le with the appl ication.

This requi rement addresses the features
found in several of the devices studied
and the single fail ure point present in
all systems (rel ay fail ure) pl us those
other single failure points which are
peculiar to each design•. It assures
that at 1east the presence- sensi ng
device does not have single fail ure
points. The self-checking feature is
within the state of the art of the
industry.



7. Protect by location and/or
guards, power switches, adjust­
ments, or calibration controls
to prevent accidental activation
and/or deliberate tampering by
personnel.

APPLICATION REQUIREMENTS

Thi s requi rement addresses the securi ty
problem. It requires additional safe­
guards to prevent tampering with con­
trols, adjustments, etc. Attempts were
made during the study to specify
securi ty methods that should be used.
However, it was decided that to do so
would hamper both employer's and
manufacturer's abil ity to design
security measures or implement practices
sui tabl e for each appl icati on and pl ace
of employment. Further, to speci.fy "how
toll methods woul d be contrary to the
concept of performance regulation.
Security (locks) and susceptibil ity to
ci rcumventi on for each device analyzed
is shown in Table II under "packaging"
which considered security.

APPLICATION REQUIREMENTS

The application of presence sensing
devices shall comply, as a minimum, with
the fo11 owi ng requi rements:

1.

2.

Make access possi b1e to the
danger zone of the equipment
bei ng guarded only through the
presence sensing device sensing
field.

Interlock the signal(s) of
guards or guarding devices
(which assure that access to
the danger zone exi sts onl y .
through the sensing field of
the presence sensing device)
with the equipment control
system to prevent the
application of energy to the
dangerous port; on of the
equipment.

These sets of requirements were derived
from the hazard analyses, recommenda­
ti ons made by device manufacturers and
users, and existing OSHA regulations.

Requirements 1. and 2. address the
problem created by improper installation
where the operator can enter the danger

'zone from above, below, back, or side of"
the device. To prevent this problem, it
is requi red that any guard be
interlocked with the machine control
system. The interlock system should be
desi gned in such a manner that removal
or alteration of the proper guard
configuration will render the machine
inoperative. (Selection of interlocking
device should be made in such a way that
the interlock would not introduce an
additional hazard.)
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3. Maintain the presence sensing
device in a nondegraded opera­
tional condition by:

a. Performing maintenance of
the presence sensing device
according to presence
sensing device manufac­
turer's recommended ti me
interval s ,

b. Perfonning repai rs of the
presence sensing device
according to presence
sensing device manufac­
turer's repair instruc~

ti ons.

c. Certi fyi ng the nondegraded
operati onal condi ti on of
the presence sensing device
at 1east once a year and
after each maintenance
and/ or repair activity.
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Requirement 3. addresses the maintenance
and repair of devices. Implied in these
requi rements ; s the task of per-fermi ng
maintenance analysis by the manufac­
turer. The manufacturer shoul d advi se
the user which parts and components need
replacement and at what time intervals.
The time interval could be specified in
cycles of operation, by time" or both.
Further, the manufacturer shoul d al so
provide a repair manual. The repair
manual shoul d i ncl ude part i def1'tifi ca-
t; on and rat; ng, as well as tests that
sho ul d be conducted upon repai r to
veri fy i ntegri ty of perfo rmance and
nondegraded condition.

Certification of nondegraded operational
condi ti on shoul d be made by either the
user or the manufacturer's appointed
officer. This means that the user
and/or manufacturer' are aware of the
condition, age, usage factor, etc , , of
the' devi ce and, therefore, are responsi­
bl e for the proper opirati on of the
device. Eventually, either user or
manufacturer may require the replacement
of the dev i ce becau s e it ca nno t be
certified to be in a nondegraded opera­
tional condition.



4. Do not allow the use of the
presence sens i ng dev i ce on any
equipment without the perform­
ance of a hazard anal ys is and
verification that the applica­
tion specified operational and
environmental conditions are
compatible with the presence
sensing device operational and
design specifications.

DEMONSTRATION TEST REQUIREMENTS

Verification of design and application,
compliance with safety requirements
sha11 be demonstrated by a combi nati on
of analysis and tests.

Verification~by Analysis

Fail-Safe Features--
The performance of a qualitative failure
modes, effects, and criticality analysis
shall be considered sufficient evidence
of com p1iance for fa i 1- s afedes i gn
features. The fail-safe design features
sha 1" be as defi ned by the haza rd
analysis of the application.

Requirement 4. addresses the probl em of
determi ni ng if presence sensi ng devices
can be used or changing the original
appl ication and/or equipment for which
the device was intended. For example,
device A was purchased to operate wi th
machine B• Machine B is no 1onger
needed~or is obsolete and placed out of
servi ce. However, devi ce A coul d be
used with machine C. Requirement 4.
prevents this change unless a hazard
anal ysi sis performed and veri fi es that
device A and machine C are compatible
and device A can perform safely in its
new appl i cati on. It is assumed that a
hazard analysis has been made to
determine if device A and machine Bare
compatible.

DEMONSTRATION TEST REQUIREMENTS

Verification by Analysis

These paragraphs provide the user and/or
manufacturer wi th basi c evi dence needed
to sat; sfy the requi rements 1evi ed in.
the three previous sections, so that
objective judgment of compl iance with
the requirement can be demonstrated.
OSHA inspectors should use this section
to determine satisfactory compliance
with regul ati ons . In thi s manner both
OSHA and employers will know what is
needed.

It is important to note that the user
should perform a hazard analysis unless
the app1icati on is so preyalent that a
hazard anal ysi s developed for an equal
appl icati on has been perfonned and its
findings applied.
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False Operational or Output Signals-­
Delivery and maintenance of steady-state
and transient-state signal s , and se1 f­
checking characteristics shall be
demonstrated by a combination of
analysis and tests.

Presence Sensing Devices Guarding
Dimensions--
The user shall speci fy the· p1 ane( s l
dimensions in meters requi red to guard
the danger zone .'

Verification by Test

Detection and isolation of a failure,
protection and security provisions shal l .
be demonstrated by installation tests.
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False Operational or Output Signals-­
Analyses and tests conducted by the
manufacturer' of the presence sensi ng
device shall be considered sufficient
evi dence. FMEA on the des i gn shall be
considered sufficient. Tests performed
by the manufacturer to establ ; shed
design limits will be considered
sufficient.

Verification by Test

Each application requires an integrated
test after installation has been made to
assure integrity of installed system.
(Attempts to develop an integration test
for power press systems were beyond the
scope of the contract because ; t deals
with press controls and hookups to plant
fa ct 1i ties. )

Thi s secti on provi des the user and/ or
manufacturer with discrete val ues that
should be met and what is considered to
be the success criteria. Additionally,
it establishes the minimum amount of
reports required to demonstrate
compliance with these specifications.

The sample tests and appl ications shown
are self-explanatory. Their intent is
to provide guidance to the user and/or
manufacturer on the type of tests and
the specific application of presence
sens t ng devices to a part; a1 . revol uti on
press.



Press Application Environment--
The selected presence sensing device
should withstand, as a minimum, the
fo11 owi ng env ironment:

Temperature = -20°C to +50 oC

Humidity = 99 percent

Vibration (?hock) = 45 gls for 1 ms
per stroke, when
device is mounted
on press frame.

Tests performed by presence sens i ng
device manufacturers, demonstrating that
the design and parts and components used
in the fabri cati on and assembl y of the
presence sensing device will sustain the
above m~ntioned environment, shall be
acceptable as evidence of" compliance.

Thermal Tests--
Cycle ambient te~peratureo seven ~imes

from +26 0C to +50 C to -20 C ~o +26
0C

at
a thermal rate of change of 1 to 4 per
minute. Cycle the cold plate surface
temperature in phase wi th the ambi ent
temperature.

The temperature at each temperature
extreme shall be maintained for 60
minutes minimum after thermal stabil i­
zation. The device shall be cycled on
and off seven times (cycles) at each
temperature extreme.

The tests shall be considered a success
when the dev i ce exhibi ts no out-of­
specification performance.
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Press Application Environment--

Thermal Tests--
The worst temperature exposures of any
electronic device occur. while the
devices are being transported during
sumner and wi nter months. Temperature
extremes may cause degradation of
perfonnance.

Humidity Tests--
May be combined with thermal test by
assuring that the ambient within the
last chamber is maintained at 99 percent
relative humidity.

Vibration Tests--
No suitable test was found to simul ate
the vibration of power presses.
Acoustical analysis of presses indicate
a maximum saw tooth vibration
environment of 40 to 54 gls at the frame
of the press.



Detection Zone Tests--
The objective of the detection zone test
is to determine the effective plane from
wh i ch the safety di stance is to be
measured and the perimeter of the
sensing field (width and height) so that
mechanical guards can be installed.

The user or manufacturer may develop the
apPrQpriate tests. The test results
shall identify the sensing field plane
within 3.175 mm (1/8 inch approximately)
using dowel s 19 mn (3/4 inch) and 31 mm
(1-1/4 inches) in diameter.

Reaction Time Tests--
Definition of reaction time--Reaction
time of a presence sensing device is the
time, in seconds, it takes a signal to
travel from the beginning of the pres­
ence sensing device detection circuit
through the circuit and produce an out­
put (or change of state) in the presence
sensing device.

Test objective--The objective of the
reaction time tests for presence sensing
devices is to measure the reacti on time
in order to select the proper device for
the application.

Test signal generation--The generation
of the test si gnal introduced into the
presence sensing device for measuring
reaction time shall be such that the
initiation time can be established with
an error of less than 0.5 percent of the
maximum reaction time allowed. (Maximum
reaction time allowed for presence
sensing devices used as guards in
partial revolution clutch press
applications is 0.020 second.)

The test signal introduced into the
presence sensi ng device ct rcui try shall
simulate an intrusion into the detection
zone.
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Detection Zone Tests--

Reaction Time Tests--

These two requirements are needed
because presence sensing devices may
exhibit different response times when an
object is introduced into the field and
is withdrawn from the field. (The test
perfonned on the devices studied showed
very 1i ttl e change; however, other
devices not tested may show some
significant difference.)



A second test signal shall be introduced
simulating the withdrawal of an intru­
sion out of the detection zone.

. Test signal output measurement--The
presence sens i ng devi ce output shall be
measured at the electrical terminal s
des i gnated by the manufacturer of the
presence sensi ng devi ce -as the output
tenninal s ,

Where the output of the presence sensing
device is a change of state, measurement
of the signal producing the change of
state shall not be considered as output.

Test instrument accuracy--The instru­
ment(s) used to measure the reaction
time shall be cal ibrated and certi fied
to be accurate within 0.0001 second.

Test resul ts--Test resul ts shall be
documented and s; gned by the test con­
ductor desi gnated by the management of
the user or (employers) manufacturer.

Test procedures--The test procedures
used by users (employers) and/ or manu­
facturers of presence sensing devices
shall be documented and required as
evidence of proper selection of the
presence sensing device.

The test procedures shall, as a minimum,
provt de a schemati c drawi ng of the test
setup, identify equipment used and
location of connections, and list
actions required to take the
measurements and pass or fail criteria.

This requirement is needed because self
checking circuitry in the devices
studied did not check for relay welded
contact. Thi s fail ure may be present
and not be detected. Some devices use
re1ays which have two sets of contacts
mechanically connected so that failure
of one set will drive the other ,contact
to an unwanted position.

The requi rements to use an instrument
with a specific error is made to prevent
users from testing for time measurements

1- with equipment which does not have
sufficient resolution; t,e, it is
impossi b1e to measure time wi thi n 1
millisecond accuracy with a wristwatch.

Test results--These requirements are
needed to establ ish a mi nimum of docu­
mented evidence of what was done in the
test and verify degree of rigor when the
test was performed.
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SAMPLES OF TEST PROCEDURES AND SCHEMATICS

GENERAL

The fo11 owi ng test procedures and schemati cs are supp1i ed as guides for the
deve1opment by users and/or manufacturers of the; r own tests.

1. Reaction time measurements (sample tests 1, 2, and 3 for variable
vo1tage, vari ab1e current, and radi 0 frequency devices, respecti ve1y) •

2. Definition of sensing field plane for light and infrared systems.

3. Definition of minimum diameter of object required.

4. Evaluation of effect of maximum and minimum distance on sensitivity.

The 1ast two tests were not i ncl uded in the set of demonstrati on tests because
each manufacturer of a presence sensing device should advertise in the sales
brochure (1) the dimensions of the minimum size object that the device detects,
(2) the max;'mum- di stance that the receiver-transmitter can tol erate, and (3) the
maximum acceptable misalignment.

The use of a spect fi c brand name ; n these schenati cs does not refl ect endorsement
of that brand name device, but reflects the equipment used to develop these
tests. The users and/ or manufacturers are free to use any equipment or test
setup or scheme they wish as long as the objectives of the test are satisfied.

The criteria were that tests should be simple and technically sound, and use the
least expensive test equipment and test setups, yet provide adequate measure­
ments. All of the equipment used in these tests can be bought at a local hard­
ware store, except for the timer-counter which costs approximately $1,000.000.
(It can be rented for less than $200.00 per month.) The three sample tests shown
in thi s secti on are the tests that the user may perfonn to measure the response
time of presence sensing devices. Whatever test is chosen, the user must insist
on ri gorous di sctpl t ne and veri fi cati on of test resu1 ts,

The other significant parameter is the detennination of the sensing fiel d pl ane
so that safety di stance can be measured. . The tests used to defi ne the sensi ng
fiel d pl ane are simp1 e and can be made wi th components purchased at a local
hardware store. The total cost of the test setup was 1ess than $20.00, and
cons isted of a sl iding rode mounted on a pedestal (hat hanger), a p1 umbl ine,
measuring tape, paper, and pencil.
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REACTION TIME MEASUR8~ENTS

Sample Test No.1 - Variable Voltage Devices

Equipment--

I. - Hewlett Packard 5304-A Timer/Counter.

2. Batteries, "Oil cell, 1-1/2 volt.

3. Wi re.

4. Two test leads with a male BNC connector on one end, one alligator clip
on the center conductor, and an alligator clip on the ground wire on
the other end.

Procedure--

1. Connect power to device and set up according to the manufacturer's
instructions.

2. Connect the center conductor of one test lead to pin of IC; connect the
ground wi re to the ground. Connect the BNC connector to the "All jack
of the H.P. 5304-A.

3. Connect a battery across the machine control relay contacts. Connect
the second test lead's center conductor and ground wire across the same
contacts. Connect the BNC connector of thi s test 1ead to the 118 11 jack
on the H.P. 5304-A.

4. Set the "Comm/Sep/Chk" switch on the H.P. 5304-A to IISep~" Turn the
functi on swi tch to T. I. A to B. Set the range to .1 ms . Turn the
del ay swi tch full y countercl ockwi se. Set the IIAtten. II and IILevel"
controls to the point where a reading is obtained on the H.P. 5304-A
when an object is introduced or withdrawn from the detection zone.

5. Record resul ts ,
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REACTION TIME MEASUREMENTS

Sample Test No.2 - Variable Current Devices

Equipment Required--

1. Fl ash 1i ght •

2. Hewlett Packard 5304-A Timer/Counter.

3. Batteries, "0 11 cell, 1-1/2 volt.

4. Two test leads with male BNC connectors on one end and alligator clips
on ground and on the center conductor.

5. Wire.

6. Screwdriver, blade.

7. Stand for flashlight.

Procedure--

1. Punch a small hole in the f1 ashl ight.

2•. Run two wires through the hole to the batteries. Connect one wire to
the "+" (positive) tenninal of the batteries and the other to the "_"
(negative) terminal of the batteries.

3. Connect the wires to one of the test leads with the positive wire going
to the center conductor and the negative wire going to ground.

4. Connect the BNC connector of the test 1ead to the IIA" (i nput) jack of
the H.P. 5304-A Timer/Counter.

5. Connect two wires, one to the "+" (positive) tenninal and one to the
"_" (negative) terminal, of separate battery. Connect the other side
of these wi res to the contacts of the mach;ne control rel ay on the
devi ce , Connect the second test 1ead to the same rel ay contacts with
which the battery is connected. Make sure that the center conductor is
connected to the same relay contact that has the positive tenninal of
the battery connected to it and the ground si de is connected to the
same relay contact with which the negative tenninal of the battery is
connected. Connect the BNC connector of this test lead to the liB" jack
on the front to H.P. 5304-A.
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6. Connect power to the devi ce and set it up accordi ng to the manu­
facturer-' s i nstructi ons , Sl ank Channel s 1, 2, and 4 of the presence
sensing device. (These channels are applicable to the specific device
tested and were blanked to prevent interference.)

7. 'Set the flashlight at a height at which it will shine into Channel 3 of
the device which corresponds to one specific set of LED IS. Adjust the
angle and distance of the flashlight from the device so the relays: will
operate when the flashlight is turned off and on.

8. H.P. 5304-A setup procedures: Set the "Com/Sep/Chk" switch to "Sep . 1I

Turn the functi on switch to T. I. A to B and the range to 0.1 ms .
Adjust the "Level" and "Atten ," controls until a reading is obtained on
the H.P., 5304-A when the fl ashl i ght ; s turned off.

9. Record results.

10. An easy way to turn the flashlight on and off without distrubing its
position is to short the two wires caning out of the flashlight
together.
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REACTION TIME MEASUREMENT_

Sample Test No.3 - Radio Frequency Devices

Equipment Required--

I. Hewlett Packard 5304-A Timer/Counter.

2. Two test leads with male BNC connectors on one end, and on ther other
end all i gator cl ips on the ground shi e1d and conductor.

3. Batteries, "0 11 cell, 1-1/2 volt.

4. 25- x 30-em (10- x 12-inch) metal plate.

5. One double-pole, single-throw switch.

6. Wi re.

7. Screwdriver.

8. Stri ng.

?rocedure--

1. Set up RF device following the manufacturer's instructions.

2. Suspend metal plate in the antenna field on a piece of string or other
nonconducting material.

3. Set up grounding switch double pole single throw:

a. Connect one pole by running a wi re from the metal plate to a
switch; connect the other side of switch contact to ground.

b. Connect the other pole across a "0 11 cell battery. Connect
associated switch tenninal to the other side of the "0" cell
battery andal so to a test lead. Connect the test lead to the "A II

(input) jack on the H.? 5304-A.

4~ Set sensitivity of RF device to range where the relays will activate
when the switch is thrown.

5. Connect another battery across the machine control relay. Connect the
second 1ead across the same rel ay contacts: Thi s test 1ead shauld be
connected to the "B II jack on the front of the H.? 5304-A.
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6. Set the "Com/Sep/Chk" switch to "Sep." Turn the function switch to
T.I. A to B. Set the range to 0.1 ms , Turn the delay switch fully
countercl ockwi se.· Set the "Atten , II and "Level" controls to the point
where a readi ng is obtai ned when the switch runni ng from the metal
pl ate to ground is thrown.
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DEFINITION OF SENSING FIELD PLANE FOR LIGHT AND INFRARED SYSTEMS

Objective

To define the detection zone effectve plane, width of zone, and height.

Equipment Required--

1. Mounting stands for presence sensing devices.

2. Mounting stand for probe insertion in sensing field with attachment to
insert probes laterally and from top and bottom.

3. Level or plumbline; floor surface for marking.

4. Measuring tape.

Note: The selection of equipment required was made considering that the user
may not have sophisticated equipment to detennine detection zone dimen­
sions. All equipment can be easily obtained at hardware stores.

Procedure--

1. Set horizontal probe tip with a plumbline which is barely off the
floor.

2. Set up the presence sensing device on a mounting stand at optimum
spacing between transmitter and receiver. (Follow manufacturer's
instructions.)

-
3-. With hori zontal probe set midway between top and bottom of device at

approximately 1/4 the distance of the transmitter/receiver spacing,
determine exact point at which probe activates device by marking the
posi ti on of the pl umb on the floor (at 1east four measurements are
required to define the sensing field plane perpendicularity with the
floor) •

4. Move the hori zontal probe to the other side of the presence sensing
field and proceed as in step 2. above.

5. Wi th the vert; cal probe attached to measure the top boundary of the
detection zone, determine the exact point at which the probe activates
the device. Measure the distance to the floor. (Take at least four
measurements. )

6. Repeat step 4. wi th vertical probe attached to measure the bottom
boundary of the detecti on zone. (Take at 1east four measurements of
vertical distance to the floor.)
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DEFINITION OF MINIMUM DIAMETER OF OBJECT REQUIRED

Objective

-To define the nnrnmum diameter of an object that can be detected by presence
senst ng dev i ces ,

Equipment Required--

1. Mounting stand for presence sensing device.

2. Mounting stand for probe insertion in sensing field with attachment to
insert probes laterally and from top and bottom.

3. Level or plumbline; floor surface for marking.

4. Measuri ng tape.

5. Set of wooden dowels from 19 nm to 50 ITI11 in diameter in increments of
10 om.

Procedure--

1. Set up sensing device -on mounting stand at optimum spacing between
transmitter and receiver. (Follow manufacturer's instructions.)

2. Attach dowel s to the horizontal probe. (Make at least four tests at
four different heights and at 1/5, 2/5, 3/5, and 4/5 of the overall
length, with the dowel of the smallest diameter that is detected.)
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EVALUATION OF EFFECT OF MAXIMUM AND MINIMUM DISTANCE ON SENSITIVITY

Objective

To define the maximum and minimum distances at which a standard size object is
detected by the device.

Procedure--

1.. Set up presence sensing device on mounting stand at optimum spacing
between transmitter and receiver.

. I

2. Using a rod size recommended by manufacturer, move the transmitter away
fran the receiver in steps until the presence of the object is not
detected. (Record distance and sensitivity).

3. Repeat the same procedure as above, but move the transmitter toward the
receiver in steps until the presence of the object is not detected
(Record distance and sensitivity). .

4. Repeat steps 2. and 3. and vary th~ sensitivity settings from the
optimum set by the manufacturer.

a. Increase sensitivity in steps of 20 percent of total sensi tivi ty
range.

b. Decrease sensi tivity in steps of 20 percent of total sensitivity
range.

5. Concurrently, take response time measurements for varying sensitivity
adjustments (in + -20 percent increments starting from the factory
setting). -

Note: Prior to making voltage variations, evaluat~ circuit voltage tolerance.
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SUMMARY, RECOMMENDATIONS, AND CONCLUSIONS

SUMMARY

The study identified 12 generic hazard causes in the mechanical power ,'Press
system attributable to presence sensing devices. The 12 identified hazards can
be effectively controlled. Seven of these hazards may cause injury to workers
without system fail ure. Six of these can be controlled by the effective appl i­
cation of presence sensing devices to the equipment being guarded. One hazard
can be controlled by modifying existingiOSHA regulations. Four hazards may cause
injury to workers only through presence sensing device fail ure, and one hazard
may cause injury only when there is a power fail ure that affects only the pres­
ence sensing device. An additional generic hazard identified in the study which
may cause injury is fail ureof the equipment control system.

Presence sensing devices using radio frequency-'capacitance principles to detect
objects exhibited characteri stics,which tend to 1imit their appl i cabil ity to
industrial environments which are fairly static.

RECOMMENDATIONS

Specifically, the study indicates that:

1. The current method required by OSHA Standard 1910.217 (e) (3) (iii) (e)
to measure safety distance should be modified to apply to presence
sens i ng devi ce i ndustri a1 app1teati ons • The hand speed constant used
to calculate the safety distance should be increased from current 1.6
meters per second to 2.5 meters per second.

The formula to calculate the safety distance should be changed from:

Os = 1.6m/second x Ts (63 inches/second x Ts)

Where Ds =Minimum safety distance; 1.6 meters/second = hand speed con­
stant, and T =0 Stopping time of the press measured at
approximately~O position of crankshaft rotation (seconds).

To: ,Safety distance Sd ~ Vh x Ta

Where Sd ~ Safety distance in meters, measured from the effective'
sensing field plane to the danger zone perimeter closest to
the operator.
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Vh = Human or object speed penetratl ng the sens t ng
fi e1d (for human hand speed use 2.5 meters per
second) •

Ta = Total tim~ availabl~ to stop machine (in seconds).

The equipment stopping time (Tps) at any point of the equipment cycle
shall be equal to or less than the total time available (Ta).

2. Radio frequency presence sensing devices should not be used to provide
protection of the press operator when performing "hands-in-die" opera­
ti ons or any other operati on that requi res exposure of porti ons O,f' the
operator's body to inj ury resul ti ng 'from the downward movement o'f the
press ram •.

Radio frequency presence sensing devices provide adequate protection
for operations in which automatic feed of stock material is used or for
perimeter guards.

The study of radio frequency devices has shown that the sensing pl ane
(detecti on capabil i ty) of radi 0 frequency presence sensi ng devi ces is
susceptibl e to change resul ting from changes in the quantity of con­
ducti n9 mass in the e1ectranagnetic fi e1d, the physi cal characteri stic s
of the press operator, the qual ity of the el ectri cal path between the
operator and ground, and the condi ti ons exi stent at the time of pres­
ence sensing device adjustment. These factors cannot be adequately
controlled for extended periods of time in the plant environment.

These changes affect the operation of the device in two ways:

a. The safety distance increases when the capacitance-resistance
ground is decreased. This change causes the device to initiate a
stop signal too soon to the machine being guarded. The
operational indication for this condition is that the machine will
stop without apparent cause. \

b. The safety distance decreases when the 'capacitance-resistance
ground is increased. This change causes the device to initiate a
stop signal too late to the machine being guarded. No operational
indication exists for this condition.

3. The employer should provide the manufacturer of presence sensing
devices with as much infonnation as possible on the specific
application (perform a hazard analysis of his application) because
presence sensing devices are only one source of danger (hazards) in the
total presence sensing device (machine controls) operator system
studied. The adequacy of presence sensing devices alone will not
significantly improve the safety of the system. Sources of danger
(hazards) inherent in the design of the machine, machine controls, and·
in its operations by an employee must be eliminated or controlled to
significantly reduce the likelihood of injury.
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CONCLUSIONS

Study findings which may be of' interest to the users and manufacturers of
presence sensing devices are as follows:

1. The failure modes and effects analyses indicate that:

a. Presence sensing device designs which were analyzed use the latest
proven engineering technology.

b. The interface between the presence sensi n9 device and mach; ne
control system is critical.

c. The use of electromechanical relays tn this interface makes the
selection of relays and their arrangement (series or parallel)
critical. Therefore, rel ay fail ures must be monitored. Rel ays
should be derated by at least 10.0.

d. Parts and components selected for use in the presence sensing
device should be derated. Derating factors should be selected
according to part usage, duty cycle, and environment. Selection
of high reliability parts as a means to improve reliability is not
recommended .'

e.. Expected fail ure rates for the presenct sensing devices anal yzed
varied from 400 to 800 fail~res per 10 hours of operation. The
expected failure rates were cal cul ated using the method described
i n MIL ... HB OK - 217C, 9 Apr i 1 197 9 ,; II Reli abi 1 i ty Predi ct ion 0 f
Electroni c Equipment. II (No attempt was made to correl ate these
findings with actual failures.)

f. Manufacturers should implement a reliability program as an
integral part of their management philosophy. As a minimum, they
should perform failure modes and effects analyses on their designs
and keep these analyses current.

2. The inspect; on of the devi ces supp1i ed by manufacturer i ndi ca tes that
manufacturing and assembly proficiency should be improved, especially
soldering and serviceability.

3. The market analysis of U.S. and foreign countries shows that:

a. An estimated 21,000 units have been sold tn the U.S., of which
approximately 18,000 are in use on all types of machines. This
represents 3.4 percent of the tota1 potent.; a1 market of
approximately 544,000 pieces of equipment (mechanical power
presses. and other equipment with similar operating principles).
The total market employs from 280,000 to ~OO,OOO workers.

I·

b. Industry has designed braking systems which can bring the moving
part to a stop in approximately 200 milliseconds. Retrofitting



old machines with faster brake systems should be carefully
studied, because the shock- load on-the moving part of the machine
may be too great, thus creating a greater danger.

c. Studies conducted in Sweden and Germany indicate that a
productivity increase of 25 percent can be realized by the use of
presence sensing devices as guards. (Actual studies not obtained.)

4. No standard test protocols were found to exist either in the U.S. or in
European countri es to assess the characteri stics of presence sensi ng
devices. Some tests were developed in the performance of this contract
to help employers to assess the adequacy of presence sensing devices.
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