CHANICAL ENGINEERING:
‘riodyne inc.
Officers

Ralph L. Barnett

Dolores Gildin

8. Carl Uzgiris

Mechanical Engineering
Peter Barroso Jr.
Dennis B. Brickman
Elizabeth J. Buhrmaster
Michael A. Difich
Christopher W. Fetrone
Claudine P. Giebs
Suzanne A. Glowiak
Crispin Hales
Lee Halvorson
Gary M. Hutter
Brian D. King
Dror Kopernik
Woodrow Nelson
R. Kevin Smith
William G. Switalski
Andrew H. Tudor
James R. Wingfield
Leonard Zelek

Library Services
Sharon Meyer
Betty Bellows
Meredith L. Hamilton
Cheryl Hansen
Antonia M. Johns
Norene Kramer
Scott Kramer
Molly Kravetz
Florence Lasky
Kimberly Last
Shirley W. Ruttenberg
Annette Schubert
Jackie Schwartz
Louise M. Stefani

Information Products
Expert Transcript
Center (ETC)
Meredith L. Hamilton
Glenn Werner
Shirley Werner
Contract Services
Beth A. Hamilton

Graphic Communications
Mary A. Misiewicz
Charles D'Eccliss
Anthony Provenzano
Lynn Waliace-Mills
Thomas &. Zabinski

Model Laboratory
2721 Alison Lane
Wilmette, il. 60091-2101
Robert Kaplan
Bill Brown
Mario Visocnik

Vehicle Laboratory
Charles Sinkovits

Photographic Laboratory
7903 Beckwith Road
Morton Grove, IL 60053
Larry Good

Business Systems
Maryalyce Skree-Hauser
Sharon L. Mathews
Vicki Filichia
Chris Ann Gonatas
Janet Heckenbach
Karen Kotsovetis

Special Projects
John K. Burge
Michael F. Mulhall

VIRONMENTAL ENGINEERING:
‘riodyne Environmental
ingineering, Inc.

5350 West Touhy Avenue
Niles, IL. 60714-4610

(708) 647-6748

FAX: (708) 647-2047

Officers/Directors
Gary M. Hutter
Ralph L. Barmnett
S. Carl Uzgiris

Engineering/Science
John P. Bederka
Richard Gutlickson
James T. O'Donnell
Audrone M. Stake

Library/Research Services
Shelley Hamiiton

ISSN 1041-9489
[
il

S

{
June 19892

]
Volume 7, No. 3

Consuilting Engineers and Scientists
5950 West Touhy Avenue  Niles, IL 60714-4610 (708) 677-4730

FAX: (708) 647-2047

vafety Interlocks — The Dark
Frank B. Hall, P.E., J.D. *

Abstract

Every safety interlock brings to an interlock application its own risks which tend to offset the
intended safety. The balancing of those risks against the safety afforded must always be
considered in the ultimate decision of whether or not, under all the circumstances of the
intended application, the safety device should be used at all. Often the risks outweigh the
safety benefits.

This Safety Brief covers general observations on interlocks, the myth of the perfect interlock,
design considerations in choosing an interlock, mechanisms of defeat, reasons for failure,
the implications of false reliance on interlocks, regular verification of interlock integrity,
redundant interlocks, and the probability of failed interlocks being repaired or replaced. It
emphasizes the difference between primary and secondary protection. Machine elements
and controls in a normal operating mode are defined and the energy relationships between
them are illustrated. An objective of this paper is to enable readers to judge for themselves
the effectiveness of interlocks and of various alternative safety measures.

GENERAL OBSERVATIONS ON INTERLOCKS

There is a present-day philosophy that attempts to dictate that all hazards shall be reduced
by strictly technical means - the ultimate being to achieve the foolproof machine on which
no one can be injured no matter what the operator does. The miraculous device that is
invariably suggested for this purpose is the interlock.

Everyone who has struggled with the problem of trying to reduce machine hazards knows
that even the most ingenious systems and devices have Achilles heels. Somewhere, some-
how, the ultimate success or failure of the system or device will depend on people.

When programs focus solely on making a machine foolproof, they are insidiously harmful.
They tendtoneglect the training of operators and maintenance personnel in basic principles
of safety practices and attitudes. To pursue blindly the ideal of the foolproof machine by the
panacea of the interlock may in fact result in an increase of hazards. The machine with no
moving parts, that instantly turns into foam rubber should anyone accidently run into it, still
remains a technological dream.

* ©Copyright 1992 by Frank B. Hall, P.E., J.D., 2904 Scottlynne Drive, Park Ridge, IL 60068 (708) 825-2501.
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The choice of the kind of interlock to use in
a particular instance is a difficult, sophisti-
cated engineering decision. The choice of
whether or not an interlock should be used
at all is often an even harder choice, calling
for a consideration of basic principles. The
choice is based fundamentally on whether
or not the application permits use of pri-
mary protection. '

It is almost impossible to define the term,
“safety interlock.” Forinstance, every limit
switch used to sense position on an auto-
matic machine is really an interlock. The
presence sensing floor mat is also an inter-
lock ~ with a different purpose. It might
seem simple to distinguish the mat as hav-
ing a “safety” purpose, and the other as
having a programming purpose in the
machine’s cycle.

The distinction fails. Any switch can mal-
function and some might cause “train
wrecks” that in turn might injure personnel.
Thus, perhaps every interlock might be
traced through some set of consequences
to show that it has a relationship to safety.
A possible definition of the kind of interlock
addressed here would be an interlock in-
tended primarily to reduce risks. The defi-
nition is not satisfactory, but will have to
serve for our purposes.

THE PERFECT INTERLOCK IS A MYTH

It should be recognized early that not only
is a perfectinterlock a myth, but it is almost
certain that if a perfect interlock could be
devised, it would be impractical to use. At
least, one manufacturer of an interfock de-
vice apparently found it so. Let us look at
his patents as an example:

U.S. 3,748,800, “Mechanical Safety In-
terlock for Covers of Explosion-Proof
Electrical Housing.”?

U.S. 4,031,340, “Defeater for Mechani-
cal Safety Interlock for Covers of Explo-
sion-Proof Electrical Housing.”*?

REASON FOR THE INTERLOCK
(What U.S. 4,031,340 says about U.S.
3,743,800)

“Where electrical circuit breaking devices,
such as switches, etc., are located in an
areainwhich explosive atmospheres may
be present, provision must be made to

prevent those circuit breaking devices
fromigniting the atmosphere and thereby
causing an explosion. The conventional
procedure is to enclose such devices in
a case which will prevent any ignition
which occurs within the case from propa-
gating to the space outside the case.
Such cases must, of course, have ac-
cess openings so that the installer or a
repairman can get at the electrical de-
vices withinthe case. Suchaccess open-
ings are provided with covers.”

“A common practice is to utilize an inter-
lock between the electrical device within
the case and the cover that will prevent
the cover from being removed should the
device be in switch closed position. Oth-
erwise, it would be possible for a care-
less person to remove the cover and
thereafter move the device to the switch
open position, with the result being that
the flame occurring within the case could
easily propagate to the outside through
the access opening from which the cover
had been removed. An example of such
adevicewillbe foundinU.S. 3,743,800.7"2

Now the manufacturer has to invent
a ..DEFEATER!

REASONS FORDEFEATING THEINTERLOCK

“It has been found that there are occa-
sions where it is important that a service-
man, etc., be able to remove the cover
while the electrical device within the hous-
ing is in switch closed position. For
example, one or more large machines
may be electrically connected to the box.
It could, for example, be a machine in-
volved in a continuous process which, if
interrupted, would result in a prolonged
restarting operation and loss of product
inprocess. Shutting such machines down
even briefly might be an expensive pro-
cedure. Yet, for some good reason the
serviceman must have access to the
interior of the housing. Also, the service-
manmay have gas detectors available by
which he can determine that an explo-
sive atmosphere does not exist about the
housing; and, therefore, a temporary re-
moval of the cover to provide access to
the interior of the housing without fear of
causing an explosion. Evenif he knew an
explosive atmosphere existed, the expe-
rienced serviceman might know that with
his knowledge and experience, work
could safely be performed inside the box

without the necessity of interrupting the
electrical circuit.”?

COMMENTS ON THE DEFEATER

“One solution to this problem might be to
remove the safety interlock altogether.
However, this would permit careless in-
dividuals, orindividuals who did not have
sufficient knowledge of the situation, to
be careful about what they did to remove
the covers. Thus the possibility of an
explosion would remain. The solution
provided by the present invention is to
provide a defeater operable from the
exterior of the housing to render the
safety interlock ineffective so that the
covers can be removed. The exterior,
operable part of this defeater is incon-
spicuous. One not sufficiently knowl-
edgeable to know about the interlock,
why it was there, etc., would not recog-
nize the defeater for what it was and
therefore would not use it to obtain ac-
cess to the interior of the housing. In-
stead, he would follow the conventional
practice of turning the switch handle to
the ‘off’ position to permit him to remove
the cover.””?

So the manufacturer who had produced
this interlock device found his customers
could not live with it and had to produce a
“defeater” foritt ANSI Z241.1 recognizes
this need explicitly in paragraph 4.1.7.5
“Defeating Protective Devices,” and inpara-
graph 4.1.7.4 “Troubleshooting with Power
on,”"

There are many situations analogous to
that of the explosion proof electrical hous-
ing. Intentionally defeating an interlock is
almost routine in troubleshooting. When
this legitimate procedure is abused by in-
tentionally defeating an interlock to facili-
tate production or operation, the funda-
mental weakness of the interlock becomes
clear.

SOURCES OF HAZARDS ON ELEC-
TRIC/ PNEUMATIC/HYDRAULIC-
CONTROLLED MACHINES RESULTING
FROM UNEXPECTED MOVEMENT

Movement results from energy applied de-
liberately or inadvertently. Injury can result
if the movement is unexpected. Under-
standing the ways in which this can happen
is facilitated by separating the area in which
energy is controlled in the machine. There



are seven areas involved andthey are shown
in Figure A as seven boxes. Each box
shows one of the following elements of a
machine in normal running condition.

. Energy sources

. Stored energy

. Power initiators (Power controllers)

.Power actuators (Converters from
electric power or fluid power to
mechanical power)

. Movable machine elements

. Secondary initiators

7. Manual operation of power initiators

BN

o

ILLUSTRATIONS EXPLAINED

Figure A is an energy control chart. with
numbering which applies to machine ele-
mentsin subsequent Figures Al through F.

Figures Al, A2-EM1 to A2-EMS5 and A-3
to A7 are intended to be simple tutorials on
electric and air/oil fluid circuits.

Figures B-F show energy relationships for
Figure A. Note that Figure C shows stored
energy hazard; Figure D offers maximum
protection (primary protection!), being iso-
lated from all energy sources and from
stored energy.

Figure E shows secondary protection by
interlock (defeated by malfunction); Fig-
ure F shows secondary protection (de-
feated by manual override).

Figures G and H show the manner of
interlock acruation. by negative and posi-
tive modes, and how a machine is made
unsafe by interlock malfunction.

Figure T defines the ways in which mal-
functions may occur, i.e.. permissive and
preventive.

The next text identifies and defines ma-
chine elements, starting with movable cle-
ments that might cause injury and working
back to the contributing factors. Numbers
of elements as they are used in illustrations
are shown in parentheses.

Movable Machine Elemenis (5) are
clamps, brakes, elevating tables, conveyor
belts, mixing paddles, augers, sealers, ap-
plied tools, drills, positioners, measuring
devices, fans, pumps, compressors, slides,
et cetera.

Power Actuators (4) are devices that con-
vert electric power or fluid power (generic
term for pneumatic or hydraulic pressure
systems) to mechanical power. For ex-
ample:

Electric:
Motors driving machine elements
Motors driving hydraulic pumps
Clutches engaging drives
Electromagnets

Pneumatic/hydraulic:
Motors driving machine elements
Cylinders, single and double-ended
Rotary power actuators

Initiators. From ANSI Z241.1; “2.27 Initia-
tor. A device that causes an action of
controls or power actuator.” E.2.27. Initia-
tor. Typical manual initiators are
pushbuttons, foot switches, manual start-
ers, hand valves and other valves with
manual overrides. Typical non-manual ini-
tiators arelimit switches, pressure switches,
temperature-actuated switches, flow
switches and cam actuated valves.”

Air/oil initiators that directly control power
are so designated, "power initiators (3)."
Initiators that control power initiators are
designated as secondary initiators (6). Per-
haps an analogy will help. The bouncer in
a tavern who physically throws the unwel-
come guest out the door is a power initiator
(3); the manager who signals the action by
pushing the bouncer in the direction of the
froublesome guest is a secondary initia-
tor (6).

Because there are both electrical power
and air/oil power, the initiators are also
designated accordingly. Air/oil initiators
respond by opening or blocking passages
in valves, by changing pressure or volume
of flow in the system. A directional valve,
forinstance, whose ports are connected to
a cylinder can cause the cylinder rod to
extend or retract - a power initiator (3). A
smaller valve might operate that power
valve by applying pressure to one end or
the other of the power valve spool - a
secondary initiator (6).

Electric power initiators (3) act to connect
available line voltage to a motor, thus caus-
ing it to run; to an electromagnet to ener-
gize it; or to a clutch to engage it or disen-
gage it. Thus, power is applied by the
power initiator (3) to the power actuators

).

Theinitiators that signal the power initiators
are secondary initiators (6). Examples of
secondary electric initiators are hand de-
vices such as pushbuttons, hand valves,

limit switches, interlocks, and automati-
cally controlled outputs from relays or pro-
grammable logic controllers.

Thus, most power initiators (3) are con-
trolled by other initiators which in turn are
operated manually, by position, flow, pres-
sure or other machine signals. These sec-
ondary initiators, which do not themselves
control or apply power directly are second-
ary initiators, (6).

An example of a power initiator (3) is a
magnetic motor starter (controller). It con-
nects the motor (power actuator (4) to or
disconnects it from the primary voltage.
The START and STOP pushbuttons are
secondary initiators (6) whose circuits cause
(signal) the starter to operate, thus allowing
indirect control of energy to the motor and
causing it to drive a fan (5).

A directional valve (power initiators (3) con-
trolling the flow of energy to a power actua-
tor may in turn be controlled by electrical
solenoids (secondary initiators (6). Often
when the valve is large, instead of direct
solenoids, it will be pilot-operated by a
small directional solenoid valve. The small
valve is a secondary initiator whose sole-
noids are even more remote secondary
initiators. Sometimes the primary (power)
valve and the pilot valve are incorporated in
a single valve body.

Manual Operation of Power Initiators (7)

it is essential to understand that nearly all
initiators, power or secondary, provide for
manual actuation of the device. Unless
primary protection is in effect there is no
reliable way to stop signals (from second-
ary initiators) from reaching a primary initia-
tor. And even if you could, there is no way
to prevent someone from manually actuat-
ing the power initiator (7).

For manual actuation, sometimes a tool is
required; sometimes a button is provided.
A detent feature is often present. This is
also significant as a safety consideration!
Not only can an attempted secondary pro-
tection be overridden manually, but an ini-
tiator left by accident in a detented (other
than normal) position can cause an unex-
pected movement when power is restored.

The prevention of an unexpected machine
movement during servicing or maintenance
requires that no energy reach a power ac-

3



COMPRESSED AIR
PNEUMATIC POWER

Disconnect from machine
by a shutoff vaive.

1
ENERGY SOURCES

HYDRAULIC POWER

Hydraulic pump driven by
electric motor.

Disconnect switch controls
energy to motor.

A machine may have any one or any combination of the following:

A.C. or D.C.
ELECTRIC POWER

Disconnect switch shuts
off power to machine

7
MANUAL. OPERATION OF

POWER INITIATORS

6
SECONDARY INITIATORS

ELECTRIC:
Pushbuttons
Limit switches
Flow switches

AlR or OIL:
Pilot valves
Hand valves

Solencid valves

MALFUNCTIONS:
By-pagsing shorts

MANUAL OVERRIDE
of secondary initiators

3

POWER INITIATORS
(CONTROLLERS) such as:

MAGNETIC STARTERS
for starting and stopping
electric motors

PNEUMATIC or
HYDRAULIC
POWER VALVES

All of the above operated
by secondary initiators.

4
POWER ACTUATORS

Convert electric power or
fluid power to mechanical
power

Examples: Motors, brakes,
clutches, cylinders, rotary
units

2

STORED ENERGY
(Such as potential
and kinetic energy)

Stored throughout machine
but lumped here for
convenience. Energy
might be stored in 1, 3, 4,
S or6.

(Elevated parts, springs in
comprassion or in tension,
parts still rotating.)

Air or oil under pressure
in hose, tanks, or
accumulators.

5

MOVABLE MACHINE
ELEMENTS

Driven by Power Actuators
Pulleys, clamps, presses,

transfer slides, rotators.
Movement in general.

Figure A - Energy control chart of electric/pneumatic/hydraulic-controlled machine. Relationships among
elements are shown in Figures B through F.



COMPRESSED AIR
PNEUMATIC POWER

Disconnect from machine
by a shutoff valve.

ENERGY SOURCES

HYDRAULIC POWER

Hydraulic pump driven by
electric motor.
Disconnect switch for
motor stops pump.

A machine may have any one or any combination of the following:

A.C. or D.C.
ELECTRIC POWER

Disconnect switch shuts
off power to machine

PRESSURIZE /’“‘\ TO MACHIN

[T T e s T ey

AR — ~

a) Air from a plant compressor flows to the machine
through the open shutoff valve.

EXHAUST TO

ATMOSPHERE
N
PRESSURIZED /Q TO MACHINE

T g 1 ¥ ]
AR ——J> \\J NO PRESSURE

b) Valve closed, venting machine air to atmosphers.

DISCONNECT SWITCH WITH HANDLE
TO MACHINE

B

¢) Disconnect switch closed, eleciric power flows
to machine.

DISCONNECT SWITCH WITH HANDLE

TO MACHINE
NO POWER

S

d} Disconnect switch opened preventing slectric
power from reaching machine.

192

DISCONNECT SWITCH CLOSED MOTOR

. STARTER
oo

Lo ~

PRESSURE LINE

Oil returns through other line.

5\{\0 | MOTOR\I

e) Disconnect switch closed, starter closed, mofor drives
hydraulic pump providing oil under pressure 1o machine.

f) Disconnect switch open. Motor cannot run pump.
No oil under pressure to machine.

- DISCONNECT SWITCH OPEN MOTOR
\ STARTER
5o
5+o ~
5o

HYDRAULIC| TO MACHINE
T PUMP

s Rpr—— i

RETURN LINE
FROM MACHINE

PRESSURE LINE

HYDRAULIC] TO MACHINE
] PUMP "

RETURN LINE
FROM MACHINE

1
—J..

Figure A1 - Detailed examples of three common energy sources (See Figure A Box 1).




tuator. If the energy source is isolated from
the machine and locked out, then none of
the power initiators can have any effect.
The actuators are then unable to produce a
movement (Figure D). Thisis called primary
protection and is required either by OSHA
lockout/tagout ® or by Zero Mechanical
State'.

Stored Energy (2)

Both the OSHA lockout and ZMS proce-
dures require that stored energy be iso-
lated, reduced or otherwise controlled.
Stored energy includes potential or kinetic
energy stored in the movable element itself
(for example, the kinetic energy of a rotat-
ing part with large inertial energy or the
potential energy of an elevated part that
might descend if not blocked). Energy
stored in surge tanks, accumulators or even
in distended hose or from an extender
cylinder under a gravity load, must be pre-
vented from reaching an actuator.

Realize that Figure C does not represent
ZMS or OSHA lockout even though energy
fromthe source has beenlocked out. Stored
energy (2) may still be present. Figure D
does represent ZMS and OSHA lockout/
tagout.

Note that primary protection consisis not
only of the lockout or shutoff of primary
energy, but also the lockout, shutoff or

reduction of stored energy. See Figure D,
which shows stored energy reduced.

An attempt to attain primary protection
without the added prevention of stored
energy is dangerous. See Figure C.

ENERGY SOURCES:
ELECTRICALLY POWERED MACHINES
(EXAMPLES OF FIGURE ABOXES 3, 4,5 AND 6)

To make information in this paper more
accessible to those who have had to forego
the fun of dealing with things technical in
order to pursue the exhilaration of the law
or the heady satisfaction of managing af-
fairs commercial, this section presents ba-
sic technical principles through example.

Box 1 (Energy sources) can be explained
pictorially by the sketches (a) through (f) in
Figure A1.

Boxes 3, 4, 5 and 6 are shown in Figure A2
which is an example of a magnetic starter
(3) controlling an electric motor (4) driving a
conveyor belt (5). The magnetic starter (M)
with its contacts on the I-bar is an example
of Box 4 Power Initiators. The magnetic
starter is represented as an E-structure of
magnetic steel laminations with a coil of
wire around its middle leg. Below itan |-bar
of steel is suspended and normally drops
away from the E-structure by gravity - that

is, it drops away when the structure is not
magnetized by current passing through the
coil.

The I-bar is called the armature and carries
four sets (M1, the “holding" contact, M2,
M3, and M4, the power contacts) of some
conductive bars that close across contacts
when the I-bar is magnetically attracted to
the E-structure. When M2, M3 and M4
close, power is connected to the motor
which then drives the conveyor belt.

In Figures A2 and A3, we are going to
ilustrate the action of the circuit that con-
trols the magnetic starter. Example of Box
6: Secondary Initiators: L.et us put a mag-
nifying glass on the secondary initiators
sectionof Figure A2 and A3. See Figure A2-
EM1. The wires are numbered 1 through 5.
Dashed lines represent non-conductive
parts that are mechanically supported by
the device. Each pushbutton or contact
has a spring (hot shown) to restore it to the
position of A2-EM1 after it has been actu-
ated and released.

Forinstance, theinterlock contact between
1 and 2 opens if the door beneath it is
opened by sliding it downward. Should the
STOP button between 2 and 3 be de-
pressed momentarily, its contacts will open
but as soon as it is released, its spring will
closeitagain. Whenthe START pushbutton
is depressed to close the circuit between 3

SECONDARY INITIATORS

MOTOR STARTER

AND POWER INITIATOR
5 PUSHBUTTONS (CONTROLLER)
START 5
L v

o O
1 — 9 é 4 — =
, STOP L—-‘——o o—J
120 VOLTS |
TRANSFORMER T
480 VOLTS l
@ 480 VOLTS |
\ [
ELECTRIC f
ENERGY | & -0
SOURCE
_“U\Lmo O

POWER MOVABLE
ACTUATOR MACHINE
(CONVERTER) ELEMENT
CONVEYOR
BELT
v AND
PULLEY
ELECTRIC '
MOTOR

Figure A2 - Electromagnetic operation of a motor starter, motor, and driven conveyor (not energized).




Figure A2 - EM1

5 5
Basic magnetic circuit with 120 b START
interlock, STOP and VOLTS STO i d
START pushbuittons. o__o ol o o o -t
1 Cl) 2 4
o] O
DOOR M1 ]
Figure A2 - EM2
5 5
Circuit opened by both STOP 120 START
button depressed and interlock VOLTS §TOP
switch deactuated because of o o OT o g;r% ‘F
open door. Even though START s 4 L
button is closed, no current flows, é o o E;:
therefore no magnetic effect. e i
DOOR l OPEN M1 b e !
Figure A2 - EM3 <«
5 5
START button closes circuit, 120 START
current flows through coil VOLTS STOP
producing magnetic effect. P o o - 1 o
1 L CB 3 2 L 1
DOOR
Figure A2- EM4
5 5
Wires "a" and "b" connect M1 in 120 START T
parallel with START. Same effect VOLTS 8TOP l b |
as EM3 but START button can now o o o | 5 — E=q
be released because M1 takes its . o : 4
place. See EMS. (B &7:% {T : T
DOOR | @ PR
M1 et
Figure A2 - EM5 <
5 5
Magnet remains until power is 120 START b
lost or interlock or STOP button VOLTS SToP :I: : c'%%%g -
interrupts current. < o o OTC o o 19 B
1 ({) 2 a | Lo 20
o 1
[
DOOR ©) MA L,,@ﬁ__, l




and 4, as soon as it is released, its springs
will open the contact again (A2-EM2).

Whenever electrical current passes through
a simple coll of wire, a magnet is formed.
When the current ceases, the magnetic
field collapses. When the coil is formed
around a structure of magnetic steel, the
magnetic effect is concentrated and re-
quires less current.

Thus, when the START pushbutton is
pressed, the circuitis complete withoutany
open sections and current passes through
the coil of the E-structure. It becomes
magnetic, attracts the I-bar with its con-
tacts and remains magnetic as long as the
current flows (A2-EM3).

In A2-EM4 and A2-EM5, we have rewired
the circuit by adding wires “a” and “b.”
Contact M1 has thus been wired in parallel
with the START pushbutton.

Because you do not want to have to keep
your finger on the START pushbutton to
keep the motor running, you must get some-
thing to substitute for the START
pushbutton. Remember the contact M1
thatcloses whenthe l-baris attracted to the
E-structure? By connecting it in parallel
with the START pushbutton by means of
wires a and b, it closes at the same time
(A2-EM4), and when the START pushbutton
is released, the current continues to flow,
maintaining the magnet (A2-EMS5).

The conditions in A2-EM5 are identical to
those shown in Figure A3, except that the
START pushbutton has been released. [t
was necessary to press the START
pushbutton only momentarily in order to
keep the motor running. Any interruption of
the current by sliding the door down and
thus opening interlock contact or by press-
ing the STOP pushbutton momentarily will
immediately result in the motor and con-
veyor stopping. A2-EMS5 followed by the
open contacts shown in A2-EM2 result in
Figure A2-EM1.

Additionally, if there is a power outage, the
conveyor and motor will stop and, whenthe
power is restored, the motor and conveyor
will NOT restart automatically. Thus, after
a power outage when power is restored,
machines on this kind of control do not start
unexpectedly again. Compare this to a
power outage in your home when all the
lights go out. When power is restored, the
lights go back on. Suppose you were using
an electric lawnmower. It would stop but
when the power was restored, the mower
would start again because it is on a main-
tained contact switch.

ENERGY SOURCES: PNEUMATIC/
HYDRAULIC-POWERED MACHINES

Figure A Box 1 is explained in detail by
Figure A1. The sketches (a) through () are
intended to be self-explanatory. A short

description, however, about pneumatic
(compressed air) and hydraulic systems
may be helpful.

Compressed airis usually provided through
the plant from large compressors and a
practical working pressure is 65 to 75 psi
(pounds per square inch). The cylinders
that must work with this pressure get very
large when heavy forces must be available.
Another characteristic is that there is no
“tank” line, since the exhaust air can simply
be released to the atmosphere.

When forces required are very large, hy-
draulic operation is favored because the
actuators can then be smaller. Usually the
source of hydraulic pressure will be a hy-
draulic pump at the machine, driven by an
electric motor. When you want to stop the
hydraulic pressure, you simply stop the
drive motor and lock it out.

Commonly systems are run at under 1500
psi. Systems up to 5000 psi are not rare,
and pose a special type of hazard. If a
pinhole hose leak develops, you do not
look for it by touch or you may get a sudden
injection that will blow up your arm like an
automobile tire. The exhaust oil cannot be
released to the atmosphere like exhaust air,
but is directed back to the tank by a tank
line.

Hydraulic systems have many strange and
mysterious ailments caused by internalleak-
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Figure A3 - Electromagnetic operation of a motor starter, motor, and driven conveyor (energized).




age of valves and other components when
they become worn. Backpressure caused
by pipes too small for discharge quantities
sometimes results in weird symptoms that
enliven the working day of the design engi-
neer.

In hydraulics or pneumatics, the power
initiator (3} is usually a directional valve. As
you can see in Figure A4, the valve consists
of a body with a hollow interior into which
fits a special sliding spool. When not con-
trolled or actuated in any way, this particu-
lar valve is caused by springs at each end
to assume a centered position. Here the
result is to block all passages. One of the
advantages of this valve is that if control
power were lost, the valve would simply
stop all motion.

HOW the spool is moved to either of the
other two positions is not shown but will be
discussed. It can be moved manually by
means of a rod at each end, extending
outside the valve body. It could be moved
by putting a solenoid (a magnet operated
by a coil) on each end rod. The actuating
rods are then moved by simply closing an
electric circuit to the desired solenoid to
work its rod. The actuating force would
come from the magnet, causing a rod to
move rather than causing contacts to be
closed. See A2-EM1thru A2-EM5 and pic-
fure a rod on the |-bar instead of contacts.

VALVE BODY

SPOOL

A

SPRING

SPRING

Figure Ad- Basic directional valve paris.
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Whatever means was chosen, operating
the spool from either an electric circuit or a
small hydraulic circuit would be using sec-
ondary initiators (8). The valve itself is a
power initiator (3) and it is shown control-
ling a power actuator (4) which in turn is
causing a movable machine element (5) to
stop (Figure A5) to move upward (Figure
AB) or to move downward (Figure A7).

The principal idea to grasp is that the power
is controlled through a large valve POWER
INITIATOR (3) to a cylinder POWER AC-
TUATOR (4), operating a MOVABLE MA-
CHINE ELEMENT (5). The POWER INITIA-
TOR (3) is controlled (signalled what to do)
by SECONDARY INITIATORS (6) such as a
magnetic device or a smaller valve or even
by a MANUAL. (7) operator.

Remember, if you understand how energy
getsto BOX5, you will be able tojudge how
effective various alternative safety mea-
sures will be. Figure A helps analysis by
grouping the complex machine and control
functions into seven basic areas.

Figures B,C, D, E and F illustrate relation-
ships that are possible among the elements
of the Energy Control Chart shown in
Figure A.

Fig. B: Normal operation of machine

Fig. C: Only primary power locked out,
stored energy still present

Fig. D: Primary protection

Fig. E: Secondary protection defeated
by malfunction

Fig. F: Secondary protection defeated
by manual override

HOW "PRIMARY/SECONDARY PRO-
TECTION" RELATES TO INTERLOCKS

To the uninitiated, there is little difference
between a “safety interlock” limit switch
and a line voltage main disconnect switch
to shut off power completely. When both a
“safety interlock” and a main disconnect
are present, itis easiertorely onthe “safety
interlock,” and to ighore the disconnect
switch. It is the purpose of this section to
explain why the easier selection is the more
dangerous.

There are two concepts that emphasize the
two states of protection against unexpected

and inadvertent movement of a machine -
secondary protection and primary protec-
tion. An understanding of these concepts
makes clear the limitations of interlocks
(which are secondary protection). It also
explains the conclusion: When a choice is
possible between the two, never choose
secondary protection. Always choose pri-
mary protection.

Sometimes personnel attempt to use sec-
ondary protection instead of primary pro-
tection because they are unaware of the
risk involved. Thisis illustrated by Figure E.
That is, instead of isolating the energy (Fig-
ure D), they incorrectly try to prevent move-
ment by stopping the signals from some
secondary initiators (6). A typical attempt
is to padlock a STOP pushbutton in the
depressed condition, believing that this will
prevent the drive motor from being
started.

Thisisonly secondary protection and should
never be relied on when primary protection
is possible. For example, even with the
stop pushbutton locked out, someone at
the starter could manually close it with a
screwdriver or other tool, and thus start the
drive motor (See Figure F). For instance,
look at Figure A2. To manually operate the
motor starter, all you need to dois push the
armature (I-bar) upward physically.

Secondary protection is an attempt to pre-
ventmachine movement by preventing sig-
nals (6) from reaching the power initiator (3),
in the hope that machine movement will be
prevented. This is not reliable because
there are many accidental ways in which a
power initiator can be actuated. In addi-
tion, most power initiators can be manually
overridden (7) to an actuated state. That
often happensinadveriently. See Figuresk
and F.

In almost all cases, pushbuttons, selector
switches, limit switches and “safety inter-
locks” are only secondary protection. These
devices are commonly called CONTROL
DEVICES. Every safety program should
teach personnel the difference between
primary and secondary protection.

Of course, primary protection is not always
feasible. For example, if an operator must
repeatedly open a guard in order to have
access to the workpiece during produc-
tion, certainly primary protection (shutting
the machine down) is not at all practical.

Secondary protection then remains some-
thing to be considered.

HAZARDS OF CONCURRENT
SERVICING

On larger machines, the possibility usually
exists that more than one man may be
working on different areas requiring ser-
vice. One might be working on a mechani-
cal unit or cleaning an area, while someone
else might be troubleshooting the electrical
controls. Sometimes neither is aware of the
presence of the other. For instance, an
electrician might check the operation of a
motor starter either by actuating the arma-
ture manually (Figure F) with a screwdriver
or other tool or electrically by jumpering
directly from the control transformer to the
starter coil (Figure E).

If primary protection is in effect (Figure D),
the disconnect is locked in the open posi-
tion - this will not matter. Butifitis not, and
one man is relying on an access door limit
switch, evenif there are ten levels of redun-
dancy, the motor will start, for he has only
secondary protection and his interlock pro-
tection has been by-passed or frustrated.

Everyone knows that a competent electri-
cian would never check in this way unless
he could be sure that no one is in the path
of a machine movement. The real world
unfortunately is not universally character-
ized by competency and the problem is
aggravated by use of motor control cen-
ters, which otherwise have a number of
advantages over the individual starter in-
stallations.

Motor control centers, despite all their other
advantages, have some disadvantages.
Usually they are not close enough to the
machine to give personnel working there a
good view of the controlled machine and
other personnel who might be at risk at the
machine.

FALSE RELIANCE INDUCED BY
PRESENCE OF AN INTERLOCK

Avery serious consideration is whether the
presence of an interlock induces personnel
to rely upon it rather than upon primary
protection (locking open the primary power
disconnect when appropriate). 1718
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Figure B - The same as Figure A, with machine in
operating mode.
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Figure C - Moverment is possibie when primary power
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Figure D - PRIMARY PROTECTION. Minimum chance
of movement. Energy source locked off.
Stored energy reduced or restricted.
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Figure E - SECONDARY PROTECTION. Attempt to
protect by secondary means (interlocks).
Malfunction causes movement.
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Figure F - SECONDARY PROTECTION. Defeated by
MANUAL override of power initiators.
Causes movement. Hazardous.

DEFINITIONS OF NUMBERS AS SHOWN
IN FIGURE A:

1 - ENERGY SOURCES

2 - STORED ENERGY

3 - POWER INITIATORS

4 - POWER ACTUATORS

5 - MOVABLE MACHINE ELEMENTS
6 - SECONDARY INITIATORS

7 - MANUAL OPERATION OF POWER
INITIATORS

Note: Refer to Energy Control Chart - Figure A




In the case Myerson v. Niagara Machine &
Tool Works* neither the jury nor the trial
court nor the Appellate Court found any
significance in the injured man’s having
chosen to rely on secondary protection
instead of upon the primary protection his
actions demanded. The injured party had
studied electrical engineering. The inter-
lock device for the operator was a two-
button control (a hostage control requiring
one hand on each control for actuation).

It should be noted that it is the presence of
a so-called “safety system” that the attor-
ney and the court decided that Myerson
was entitled to rely on. That is, they de-
cided that because it was a “safety sys-
tem,” he was invited fo rely on it and not to
lockout the primary power. As an electrical
engineer, he should have known better!
Look at what the court said:

“From the presence of a two-hand con-
trol button device... it would appear to
the user completely safe to change dies
while the power was on, inreliance onthe
ostensible safety of that system...”

Here is the further conclusion of the judge
who obviously had no knowledge of the
real world of industry and certainly none of
primary and secondary protection:

“... I think that a jury could reasonably
find that a person such as the plaintiff,
even because of his special knowledge,
may be induced to rely on the apparent
safety of the two-handed control mecha-
nism, and therefore might place his hand
in the machine..."

The court knows the law, at least some of it,
and some courts know less than others.
Courts do not know the technology. Cer-
tainly, this court was not aware of the differ-
ence between secondary and primary pro-
tection. This decision shows a spectacular
ignorance of the fundamental difference
between a control circuit interlock (second-
ary protection) and a primary power dis-
connect switch.

Thatignoranceis not confined to the bench.
Unfortunately, there is a similar, widespread
ignorance among industrial workers of the
difference between secondary and primary
protection. '8 This is why manufacturers
refuse to put limit switches or interlocks to
“backup” primary protection. The pres-
ence ofthe interlocks invitesreliance on the

interlock and neglect of the primary power
protection (locking out the power discon-
nect switch).2°

Many interlock suggestions at first seem
quite novel, reasonable and worth using.
Following is a simple example of an inter-
lock with an appeal to safety. Consider an
electric lawn-mower with the usual OFF-
ON maintained-position switch on the
handle. An operator might clean it without
pulling the plug (disconnecting the
lawnmower’s electrical male plug from the
electrical extension cord), and while he has
the lawnmower with blades up, the switch
might be inadvertently moved to ON with
disastrous results.

A decision is made to backup the regular
switch with a mercury tilt switch in series
with it. That is, to mount a “tilt” mercury
switch on the lawnmower, electrically con-
nected in series with the OFF-ON switch so
that if the lawnmower is turned upside
down, the circuit will be broken.

Now when the OFF-ON switch has been
turned off, turning the lawnmower over for
cleaning will cause another “open” in the
electrical circuit. Even if the user has failed
to pull the plug, the danger of starting the
mower by someone moving the OFF-ON
switch to ON is minimized because the tilt
switch is still open. Thus such a switch
would be a valuable backup to the OFF-ON
switch when the lawnmower is turned over
1o be cleaned -~ in theory.

This might seem to be a highly desirable
feature on an electric lawnmower, but con-
sider this example of how an interlock can
be misused. How long would it take the
average user to realize that to turn the
motor off to clean the mower, all he has to
do is simply turn the mower over by the
handles? The tilt switch will automatically
open the circuit and stop the motor. The
user learns that he does not have to pull the
plug or operate the OFF-ON switch to turn
off the motor. He merely has to turn over
the mower and begin 1o clean it.

The foreseeable accident occurs when he
has done this and is cleaning the blade and
discharge chute and forgets that he is now
relying entirely on the tilt switch. When he
finishes the cleaning, he grasps the mower
with the discharge chute as a convenient
handhold and rights it, and as he does so,
the tilt switch closes again, the motor and

blades start, and the scenario is complete
as he loses three fingers. 1718

The best solution is not the addition of a tilt
switch, but training the user to PULL THE
PLUG AND LET THE BLADE STOP. Even
the OFF-ON switch is not adequate for
protection when the user has his hands
near the blades. He must rely on primary
protection - he must PULL THE PLUG and
completely disconnect the power source.

et us anticipate some objections which
might be raised by the technically skilled.
Yes, the two-wire control could bereplaced
by a three-wire momentary relay circuit,
and that supported by another level or two,
but these “corrections” not only rapidly
become impractical, but introduce other
hazards. Each identification of a hazard
gives rise to another suggestion of further
interlocks, and resultant further hazards
until the final solution falls under sheer
complexity. ''® Such a tilt switch would
present a greater hazard than it prevents. It
is the same story with many suggested
uses of interlocks for “safety.”

TYPES OF INTERLOCKS, BY
FREQUENCY OF OPERATION

In considering whether or not to apply an
interlock, the frequency of its applicationis
an important consideration and can have a
significant effect upon its reliability and
hence upon its application. To distinguish
among three broad classifications of inter-
lock use, we identify interlocks as follows:

1. QUIESCENT (PASSIVE)INTERLOCK:
One that may remain in the same
state for long periods of time, possi-
bly months or even years. Often
involves disassembly or partial disas-
sembly of interlocked unit to test the
interlock. Example: Interlocked sta-
fionary guard.

Consider a stationary guard on a machine.
Assume that the guard might remain in
place for several years of machine opera-
tion. Here is an interlock that would get a
minimum amount of “exercise.” Over that
period of time, any number of possibilities
exist that might defeat the interlock. It
could simply “freeze” from “old age” and
fail to work when it should. It could be
cannibalized “temporarily-permanently” by
someone who realized that it would never

13



be missed. If bypassed for this purpose,
the condition might not be detected for
years.

2. MODICUM (ACTIVE) INTERLOCK:
One that is accessible for checking
and actuation with minimum or no
disassembly. Does not necessarily
operate each machine cycle, but is
designed to be actuated frequently.

Consider a guard that might be opened
routinely during a shift to inspect the tool-
ing. An interlock on such a guard would
require regular inspection and presumably
would be an item on the regular mainte-
nance checklist. A guard of this kind de-
signed for routine use would make the
actuation of the interlock easy to check.

3. CYCLING INTERLOCK: One that
changes state at least once during
each regular operation of the ma-
chine cycle.

Finally there is the type of interlock, like the
two-button hostage control with anti-tie-
down features, in which the interlock is
actuated at least once during each cycle.
Thatis, the operator permits the machine to
go through one cycle by pressing two
pushbuttons simultaneously, thereby keep-
ing his hands out of possible danger. Butif
he ties or wedges one button down, then
the controf will not start that cycle (anti-tie-
down). The machine will not start until both
pushbuttons are pressed again after both
of them have been released.

It is possible with this kind of interlock to
exercise it repeatedly and to check its op-
eration automatically during the cycle. If it
malfunctions, then it may be possible to
have the circuit itself bring the automatic
cycle to an end.

REGULAR VERIFICATION OF INTER-
LOCK INTEGRITY BASED ON TYPE

Consider the special problem of inspecting
interlocks to be sure they are working cor-
rectly. The cycling interlock is certainly the
one whose malfunction will be most quickly
detected and most certainly repaired, be-
cause the machine cannot cycle if a cycling
interlock malfunctions. Production stops
until the interlock is fixed.

The modicum (active) interlock is one that
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might operate every day or every few days.
Becauseitis ordinarily not difficultto check,
goodmaintenanceis facilitated. Notonlyis
its actuation simple to test but usually there
willnotbe alarge number of such interlocks
on a machine.

The situation is different with a quiescent
(passive) interlock. As an example, con-
sider a manufacturer whose machine has
ten guards, well mounted and bolted to
prevent unauthorized removal. The deci-
sion he faces is how to deal with ten quies-
cent (passive) interlocks.

When an interlock remains in place for long
periods of time without operation - per-
haps even for years - the probability in-
creases that because of sheer lack of exer-
cise it will stick in place. Its reliability
diminishes. Condensation and/or breath-
ing because of change of temperature and
the aging and drying out of seals are some
elements that will cause interlock failure.
Quiescent or passive interlocks are ex-
tremely susceptible to this problem and to
shorting contaminants.

To check the reliability of the interlock, it
must be physically moved or operated as if
the guard were being removed. This, of
course, means that the guard must be
removed. The better the installation of the
guards, the more difficult the checking of
the interlock becomes. The more guards,
the more burdensome the task becomes.

If the guards are well mounted and bolted,
checking the interlocks will entail a major
mechanical task, that of removing each
guard either wholly or partially, to verify the
correct operation of the interlocks.

A conscientious employer who enforces a
policy of keeping guards in place has al-
ready addressed the problem of protec-
tion. A less conscientious employer who
does not, is not likely to enforce the neces-
sary regular interlock inspection that re-
quires so much work and time. So the
conscientious employer really does not need
the interlocks. The less conscientious em-
ployer who might otherwise benefit from
them would probably not maintain them in
working order.

Thus the use of a quiescent interlock is
always either a redundant or useless pro-
cedure or a guestionable one tending to
high failure. Without regular verification of

the correct functioning of an interlock, an
interfock is dangerous in not providing the
protection its presence seems to offer.
Quiescent (passive) interlocks are of dubi-
ous value and are always suspect.

SOME DESIGN CONSIDERATIONS IN
CHOOSING AN INTERLOCK

Below is a list of some of the factors that
should be considered in selecting an inter-
tock switch:

a. Frequency of operation: quiescent,
modicum or cycling.

b. Risk involved: serious, grave, ulti-
mate.

¢. Capable of being tested without
using radical measures.

d. The level of installation: poor, good,
excellent - that can be reasonably
expected from the usual installation.

e. Environment: conductive dust, lig-
uids, adhesives, condensation; oil,
dust, heat, cold; open flame; sparks;
metallic particulates; presence of vi-
bration, shock or impact.

f. Proximity switches, reed relay con-
tacts, vibration, defeater devices; sub-
stitute (false) actuators; shielding; pos-
sibility of false signals.

g. Mechanical switches; positive mode
actuation; negative mode actuation;
teasing of contacts; snap action ver-
sus slow-make-slow-break mecha-
nisms.

h. Use ofredundancy; serial failure from
single fault; welding effect of short
circuit.

i. Length of relay coil wire runs and ca-
pacitance. Burden and effect of ca-
pacitancein defeating dropout; induc-
tive nature of the interfocking circuit,

The foregoing abbreviated list merely hints
at the design considerations that must be
reviewed in the choice of electrical inter-
locks. Although the designer after many
years of experience does not usually go
through such an explicit review of consid-
erations, his choices always reflect such
review.

MECHANICS OF INTERLOCK DEFEAT
(MOSTLY ELECTRICAL)

Some of the ways in which electrical inter-
locks can or may be defeated are the
following:



1. Interlock shorted or grounded.

a. Inthe switch itself

b. in the wiring to the switch

c. In the enclosure of the control
cabinet

d. By capacitance. Possible with
long runs and light burden. Can
be marginal and erratic.

2. Interlock falsely actuated.

a. Mechanical actuator stuck, bent
or broken

b. Internalmechanism stuck, bentor
broken

c. Substituted magnet ormetal mass

d. Actuator tied, wedged or other-
wise restrained

e. Foreign field from magnetically
held tool

f. Shock, impact or vibration

g. Stray magneticfields on proximity
device.

3. Active by-passing.

a. Trapped interlock key released by
duplicate key

b. Trapped interlock key release by
gimmick

c. Electrical troubleshooting by-
passing interlock

d. Mechanical (manual) actuation of
magnetic device (e.g., starter or
relay operated manually or prox-
imity switch by magnet or steel
substitute)

e. Manual overrides on pneumatic
or hydraulic valves

f. Starter (Contactor wedged
closed - Abuse !) Drive started
and stopped with disconnect
switch.

REASONS FOR DEFEAT OR FAILURE
OF INTERLOCKS

1. Removal for repair, maintenance or
inspection

2. Removal to check, test or replace

3. Removal of guard orinterlocked mem-
ber to allow increased production or
convenience of access

4. Interlock device broken or requiring
repair with no replacementunits avail-
able. Becomes a “temporary-perma-
nent” condition

5. Permanentremoval or defeat of inter-
lock to avoid trouble or expense of
repairing it

6. Contamination of electrical interlock
by environmental conductive dust

7. Contamination of electrical interlock
by conductive liquids
8. Vibration teasing contacts - causing
them to weld
9. Deterioration of interlock seals, caus-
ing sticking
10.Short circuiting caused by:
a. Mechanical crushing of conduit,
fittings
b. Abrading of insulation on wires
c. Deterioration ofinsulation by over-
load currents
d. Deterioration ofinsulationfromex-
ternal heat

REDUNDANCY

The standard answer to objections based
on the possibility of failure in an interlock is
usually, “Then put in two of them and if one
fails, the other will still work.” This assumes
that the causes of failure are independent
and the probability of failure in the first
place is very small for each.

If the first interlock fails in January, the
system from then on has no redundancy
and when the second intertock fails in June,
the presence of the two interlocks invites
reliance on them. But there is no protec-
tiont

“Then add a third interlock to back up the
second one.” That merely moves the sys-
tem one more step. Suppose the second
fails in June, leaving the system this time
with a reduction in redundancy. Again
when the third interlock fails, perhaps in
December, there is no redundancy. The
physical presence of three interlocks even
more strongly invites reliance on them. But
again there is no redundancy and protec-
tion.

“Shall we then add a fourth interlock to
back up the third one?” And when should
this process of adding redundant inter-
locks cometoahalt? V(First order...Second
order...Third order... n'" order Safety Sys-
tem).

if we calculate the mean time to failure for
each switch in an adverse environment,
time for all of them begins to run from the
same instant. It does not start for the
second interlock from the demise of the
first interlock. Rather, the failure of the first
interlock is a signal that we may soon look
for others to be on the verge of failing.

From an adverse environment and particu-
larly a quiescent application, a life expect-
ancy to failure could easily be as little as a
year, Or even on rare 0ccasions as soon as
the first hour. Relying on redundancy to
overcome that is simple minded.

Consider this analogy. Inthe population at
large, life expectancy is perhaps fifty to
sixty times as great as the correctly func-
tioning life of an interlock. If you need
someone to blow a bugle alarm one hun-
dred and fifty years from now, it does not
really matter whether you name one or fifty
individuals to the task. The alarm signal wiil
never be blown. It is the same with the
ability of an interlock to alarm against a
hazard; you cannot guarantee it by multi-
plying interlocks. Time, along with corro-
sion, deterioration, and human neglect alone
will finally defeat your purpose.

Add to this another consideration. Redun-
dant electrical interlocks are customarily
wired in series so that if any one of them is
actuated and opens, the circuit will be
broken. Thus, if only one out of ten oper-
ates correctly, it will open the circuit. BUT
there are two possibilities - neither of them
uncommon - in which all of them can fall
simultaneously!

The first possibility is that a short occurs,
by-passing the whole string of interlocks.
This often occurs when an electrician jumps
out part of the circuit during electrical test-

ing.

The second possibility is that a direct short
or ground occurs and - even when a
control circuit fuse blows - the fransient
current welds the contacts on all of the
interfocks, leaving them firmly fixed in the
closed position and showing nothing to
suggest the damage o any operator other
than a skilled electrician. In our analogy of
selecting future buglers, this would be
equivalent to a plague loosed on the popu-
lation.

A combination of two interlocks of different
nature is a slight improvement in redun-
dancy. The combination of a mechanical
interlock with an electrical interlock or with
a fluid power interlock can be more effec-
tive than two electrical interlocks. ltis not,
however, an unmixed advantage, for both
the mechanical and the fluid power inter-
locks have their own shortcomings which
have to be considered.
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INTERLOCK LIMIT SWITCH ACTUA-
TION - POSITIVE AND NEGATIVE
MODE

The manner in which the limit switch inter-
lock is actuated poses another question
that must be considered carefully. Assume
we are considering the application of a limit
switch interlock to a movable guard, allow-
ing the operator routinely to clean or spray
a pattern within the guarded area. Primary
protection is not possible because of the
frequency of entrance and thus it is only
possible to provide secondary protection.

Under these assumptions, it is now appro-
priate to consider whatever measures might
increase the protection afforded by the
entry guard and its interlock switch.

The object, of course, is to be sure that the
entry guard is closed while the machine is
moving. This can be done in either of two
ways of applying the interlock:

1. Negative mode (Figure G-1LS): We
can sense that the guard is com-
pletely closed and use that informa-
tion to PERMIT the machine to run or

2. Positive mode (Figure H-2L.8). We
can sense thatthe guard is NOT com-
pletely closed and use that informa-
tion to PREVENT the machine from
running.

Note that in Figure G, the interlock con-
tacts of 1L.S (1st Limit Switch) are shown
as connected in series with a STOP
pushbutton - so that the interlock con-
tacts opening have the same effect as
pressing the STOP pushbutton. Simlarly,
if you were using the interlock contacts of
2LS (2nd Limit Switch), it would be con-
nected in series with the STOP push-
button contacts with the same effect.

In Figure H, both interlock contacts are
connected in series with the STOP
pushbutton so that there is not just a posi-
tive mode OR a negative mode interlock,
but both.

What is involved is the manner in which the
interlockisactuated? Inthe negative mode,
the interlock (1LS) is actuated when the
guard is completely closed. Inthe positive
mode, the interlock (2LS) is actuated as
soon as the guard is not completely closed.
It remains actuated no matter how far the
guard is opened.
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These two modes are shown in Figures G
and H. Figure G shows an access sliding
door in the fully closed position. Note that
interlock 1LS is being actuated and its
contacts are closed because of the actua-
tion against the internal spring. In Figure H,
1L.S is no longer actuated, and the switch
spring has opened the contacts. Thisisthe
negative mode.

In Figure G, note that the contacts of inter-
locks 2L.S are closed because of the action
of the internal spring. But as the sliding
door begins to open, the cam action against
the interlock wheel forces the wheel up-
ward, opening the contacts and compress-
ing the interlock spring. This is the positive
mode of operation.

There are two general possibilities of failure
involved with actuation of the interlock:

1. Failure of the interlock to release after
being de-actuated, and

2. Failure of the interlock to respond
to actuation.

The positive mode addresses primarily the
first possibility. A difference in reliability is
the crux of the matter. When you want to
be sure some action will occur, you rely on
actuation of a switch, not on release of the
switch. Actuation of a device is more
reliable than restoration of the device by
gravity or springs when the actuation
ceases.

In the negative mode (interlock 1L.8), reli-
ance is placed on the interlock switch
springs to open the interlock contact when
the guard is opened. See Figure G, inter-
lock 1LS. If the switch fails, then the ma-
chine can operate and the malfunction is
critical because there is no notification that
the interlock has failed.

In the positive mode (interlock 2LS), an
interlock switch is used that has the con-
tacts directly linked to its arm. When the
guard is opened, the movement of opening
the guard directly forces the contacts open.
See Figure H, interlock 2LS. Only when the
guard is completely closed is the actuation
removed. If when the guard is closed, the
interlock contacts fail to close, then the
machine will not run. The malfunction there-
fore causes what is called a fail-safe condi-
tion. Malfunction simulates the guard-open
condition - i.e., hazardous.

There are, however, two general possibili-
ties of failure involved with actuation of the
interlock: failure of the interlock to release
after being de-actuated, and failure of the
interlock to respond to actuation.

Comparing failure to release after de-ac-
tuation in these two modes, it can be seen
that malfunction of the negative mode in-
terlock permits the machine to be started
with the guard open - a dangerous condi-
tion.

Malfunction of a positive mode interlock
prevents the machine from being started
with the guard closed - a mere inconve-
nience to production that will quickly be
remedied by maintenance.

Now that we have discussed the first gen-
eral possibility of interlock failure - failure to
return to its de-actuated state, we must
consider the second general possibility of
failure of the interlock - failure to respond to
the attempted actuation. The actuating
mechanism simply fails to actuate the inter-
lock.

In this situation, the results from malfunc-
tion are exactly reversed. In the negative
mode, the interlock (1LS) not being actu-
ated isinconvenient to production because
the machine fails to run. It will be fixed or
by-passed by maintenance. In the positive
mode, the interlock (2LS) not being actu-
ated fails to prevent the machine from start-
ing when the guard is open - a dangerous
condition.

The actuation mechanism in positive mode
is always more complicated or extended
than thatin negative mode. Greater design
consideration and more frequent inspec-
tion are required to prevent wear and mis-
alignment from frustrating the action in-
tended. Briefly, negative mode actuationis
simpler than positive mode actuation.

Here a special kind of redundancy is pos-
sible. Rather than merely using two inter-
locks of the same kind, it is preferable to
use a combination of two interlocks - onein
the negative mode and one in the positive
mode. Figure H shows circuit 1 in series
with circuit 2.

Whether this would be superior to the en-
forcement of a policy requiring that the
intertock be functionally tested each day or
at least each shift is arguable.
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As always, the redundancy could be rein-
forced by adding a pilot circuit that would
cause a pilot light to light up if both limit
switches had functioned correctly with the
guard open. As always, the decision for
reinforcement would depend on the indi-
vidual case.

But suppose during maintenance, some-
one removed the access door completely.
Since the door now cannot actuate the
positive mode limit switch, it remains in a
released position signalling that the door is
closed. The motor can be started or run
despite the fact that the access door is
wide open. Furthermore, physical adjust-
ment of this kind of interlock is critical and
subject to wear and misadjustment,

Consider further the use of the so-called
slow-make-slow-break switch. Unless the
limit switch arm which is forced to operate
by the door opening, really forces the con-
tact to operate, most of the advantage of
this type of switch disappears. It is not
enough to force the switch arm to move,
but the switch itself must perforce open the
contacts.

Because it is slow-make-slow-break, its
ability to open a current carrying circuit is
limited or else it requires a large movement
of the switch arm. The recommended
solution is usually that two switches be
used - one in negative mode and one in
positive mode. In some instances, this may
offset slightly the negative aspects of re-
dundancy. This use has little advantage for
a quiescent interlock.

In summary, positive mode actuation is
mechanically much more difficult and sub-
ject to more problems of wear and holding
alignment. It therefore requires more main-
tenance and inspection of the mechanical
parts. Without detailing these objections,
consider maintenance in which for some
reason the guard were to be completely
removed. Clearly the actuation is removed
and the machine can be started. A very
dangerous condition.

Again, there is no universally accepted so-
lution to this decision to use positive or
negative modes.

PROBABILITY OF FAILED INTERLOCK
BEING REPAIRED OR REPLACED

In order to discuss the probability of a failed
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interlock being repaired, look at all the
possible states of an interlock. Assume
that it is a limit switch on an access door.
Assume further that the interlock is in-
tended to prevent the machine from run-
ning if the access door is open.

Our example will consider a machine with
large mixing wheels, an access door, and a
full enclosure. The entire enclosure not
only functions as a dust enclosure but also
as acomplete guard over the moving parts.

An interlock is placed so that it will signal
when the door is fully closed. Its electrical
contacts are connected in the coil circuit of
the motor starter (controller). The intent is
that if the door is not fully closed, it will not
be possible to start or run the machine.

Of course, once a man has climbed inside
to clean the interior, he might for whatever
reason close the door behind himself or the
door might accidentally be closed by his
light cord or something outside falling
against the door. This simple foreseeable
event would defeat the intended protection
completely. Butignoring that contingency
for the moment, the following four other
possibilities exist. See Figure 1.

ff the interlock fails so that when the door is
open (hazard) the interlock is still in the
permissive mode; clearly it is dangerous
because it does not give the protection its
presence promises. See Case 2 of the
Figure I.

It is convenient for discussion to designate
this type of failure as a permissive malfunc-
tion. Thatis, itis dangerous because it has
failed, although the interlock is still present,
looks all right, but affords no protection to
anyone relying on its presence (Case 2,
Figure 1).

If the interlock fails so that whether the door
is closed (hazard guarded) or open (hazard
present), the interlock is in the “hazard,”
“alarm,” or “prevent” mode. A convenient
reference is a preventive malfunction. See
Case 4 of Figure 1.

In deciding whether or not to use an inter-
lock, one of the basic considerations is
whether ornot such aninterlock whenit has
malfunctioned will be repaired or replaced.
Clearly, if the probability is high that it will
not be repaired or replaced, then common
sense would dictate that it would not be
used.

Ifaninterlock has a permissive failure (Case
2), this gives no indication that it has failed,
and the probability is very low that it will be
replaced or repaired. If an interlock will not
be fixed, it would be better never to install
it in the first place. Thus the consideration
of whether an interlock will be fixed if it
malfunctions bears directly on the initial
decision of whether there should be an
interlock or not.

The probability of a failed interlock being
repaired and restored to service depends
largely upon the nature of the interlock -
quiescent, modicum, or cycling - and the
nature of the interlock failure.

Cycling interlock: Ifitis acycling interlock
with a checking characteristic, its repair is
very probable, because unless it operates
normally during the cycle, the cycle will not
be completed. It is true that in some in-
stances, a temporary expedient is to sub-
stitute a pushbutton for the operator’s use
in simulating the operation of the interlock.
The added burden on production and on
the operator usually becomes such a hard-
ship that the maintenance department is
soon pressured into repairing it.

Modicum interlock: Unless there is a self-
checking feature to a modicum interlock,
when it fails to danger, there is no inconve-
nience that occurs. There is simply an
appearance of protection, which in fact
does not exist. An interlock that fails-to-
the-alarm mode (Case 4) will of course get
immediate attention because the machine
will not run until it is fixed, but the example
here is a failed-to-danger interlock

(Case 2).

Suppose that there is an interlocked gate
which stops the machine if opened, and
that the interlocked switch has a permis-
sive malfunction (Case 2) so that opening
the gate does not stop the machine. De-
pending upon the hazard protected against,
probably a minimum requirement for test-
ing this type of interlock would be once a
day or every shift.

Whatis the “self-checking” feature referred
to for a modicum interlock? This testing
could be incorporated in the starting circuit
by initiating a preliminary signal by opening
the gate, followed by a completion signal to
close it. Thus starting the machine would
require first opening the gate followed by
closing the gate. Without a self-checking



Case 1 Door CLOSED Interlock circuit permits PERMISSIVE
Hazard enclosed. machine to start or run.
Case 2 Malfunction makes interlock MALFUNCTION of the PERMISSIVE
act as if door were closed interlock may cause it to MALFUNCTION
(safe), whether door is open remain in this "safe" state
or closed. even when door is open {(Failed in permissive state)
Exampile: Interlock sticks allowing someone to enter. Failure to danger.
and spring fails to open it.
Case 3 Door OPEN. Interiock circuit is intended PREVENTIVE
to stop machine from starting
Hazard to personnel or running. IT MIGHT NOT! Intended to prevent machine
exists if machine At best it is only secondary running or starting, BUT
starts or runs. protection. MIGHT NOT!
Case 4 THIS MALFUNCTION MALFUNCTION of the PREVENTIVE
oceurs when interlock fails interfock may cause it to MALFUNCTION

Example: Machine with heavy driven wheels and paddles enclosed by a dusthood. An access door
is provided in the dusthood. An interlock is provided which is intended to prevent machine startup
unless the door is closed. Compare Figure G, Negative Mode Interlock 1L.S. Shaded areas repre-

sent malfunction conditions.

Figure | - Permissive and Preventive Malfunctions

Condition of the
Interlocked Door

State or Condition
of the Interlock

Convenient Name for
Interlock State

1o be actuated. Interlock
fails in "door-open" position
i.e. Fails to close when door

remain in this "door open"
state even when door is

is closed.

closed ("safe" state ).
MALFUNCTION must be
repaired before machine
can run normally - but the
danger exists that someone
may simply bypass the
interlock instead of repairing
it.

(Failed in preventive state)

Might prevent machine from
running.

feature, a modicum interlock failed to dan-
ger does not really force maintenance to be
done.

Quiescent interlock: Like a modicum in-~
terlock failed-to-the-alarm mode, this type
of interlock will not be fixed - or it will be by-
passed. Remember there is nothing that
requires repair of a failed-to-danger inter-
lock. If it fails in this position, it does not
stop the machine and in fact provides no
inconvenience. Unless maintenanceisalert

and discovers this failure, the malfunction
will be ignored. And, if discovered, there is
rarely any incentive to fix it. Thus, for this
reason alone, logic would be against using
quiescent interlocks. They invite reliance
but actually provide no protection.

It is like an empty fire-extinguisher on the
wall - it looks good but nobody really has to
fill it if he is busy elsewhere. While appear-
ing to give protection, it really provides
none. ltis probably better not to provide a

fire extinguisher if it can reasonably be
anticipated that it will not be serviced. Simi-
lar logic applies to an interlock.

Two steps in a failed interlock: First, the
malfunction must be discovered. Second,
the malfunction must be fixed. In the cy-
cling interlock, certainly the malfunction
will be discovered and it is probable that it
will be fixed - otherwise the machine will not
run.
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inthe modicum interlock with good mainte-
nance, the failure-to-danger malfunction
has a chance of being discovered. An
awareness of the hazard guarded against
will operate to have the malfunction fixed
(Case 2). But ordinarily with a modicum
interlock failed to danger, note that there is
no compelling reason either to discover the
malfunction or to fix it after it is discovered,
as far as the operation of the machine is
concerned - unless there is a checking
feature.

It may even be the conservative design by
a good engineer that is responsible for not
fixing a malfunctioning interlock. For in-
stance, the designer, in order to meet what
he regards as an adverse condition, may
have specified a switch of an ultra-heavy-
duty kind. Availability of this special switch,
however, may limit replacement.

Faced with the difficulty of procuring a
replacement switch, the field maintenance
man may defeat the interlock until he can
get the replacement. This may become
another “temporary-permanent” condition.
Or he may substitute another, more avail-
able but inferior, interlock. The possibility
therefore may be a dangerous interim in
which the interlock remains defeated or in
which a switch more susceptible to failure
is substituted.

Thus the design engineer who has worked
out a very conservative interlock system,
may have built in a procurement problem
that acts to defeat prompt repair or re-
placement of the malfunctioning interlock.

The more unigue his solution, the more
probable this possibility. The closer he
stays to standard, readily available, off-the-
shelf items, the more he avoids this prob-
lem. !

CONCLUSIONS ABOUT INTERLOCKS

There is no way a manufacturer who builds
machines with interlocks and guards can
enforce either their use or their mainte-
nance by the employer who buys and uses
the machine. The manufacturer has sold a
machine and although he can suggest and
recommend, he has no way to control what
happens to that machine.

Most machine manufacturers are pessi-
mistic as to ordinary maintenance on their
equipment, even more pessimistic asto the
maintenance of guards and interiocks in
hostile environments. Through their field
engineers and service personnel, they have
been exposed to watching unwarranted
reliance on interlocks instead of on primary
protection. Many of them, in cases of
guards, have consistently refused to pro-
vide interlocks, particularly in cases of ulti-
mate or grave risk.

Their philosophy is very simple. Force
personnel torely only on primary protection
by deliberately keeping secondary protec-
tion devices off their machines.

In the case, for instance, of a single motor
drive machine, manufacturers have consis-
tently insisted that locking out the primary
power is the only reliable way of protecting

personnel entering the machine -~ if the man
entering the machine has the only key in his
possession. They have now been sup-
ported by the OSHA Lockout/Tagout Di-
rective which calls for this exact action. 3

In such a case, the addition of an interlock
to the machine would not only contribute to
violations of this directive by offering an
easier (but false) alternative, but would in-
vite reliance instead on a device that does
not offer the same scope of protection.
That is, the addition of an interlock to the
machine would tempt less informed per-
sonnel 1o rely on the interlock instead of
using the less easy Zero Mechanical State
(ZMS) procedure or the equivalent OSHA
lockout/tagout procedure. Probably a con-
scientious, knowledgeable manufacturer
would regard such a “backup” interlock as
an increase of the hazard.

Lastly, to all who are not conversant with
the various types of failure of interlocks and
to all who might be tempted to add an
interlock, thinking that certainly safety would
be served, let us repeat this statement:

The choice of the kind of interlock to use
in any particular case is a sophisticated
engineering decision. Whether an inter-
lock should be used at all, is an even more
important decision. The choice is af-
fected by whether or not the application
permits use of primary protection. If so,
the decisionmaker must consider whether
the interlock by its presence significantly
invites neglect of primary protection pro-
cedures.
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Safety Registry: 1000
(Includes updated $2.00 supplement) $7.00

Access to the Triodyne $3,000,000 safety literature data
base, representing almost two decades of intensive effort by
engineers, scientists, and information scientists. It is com-
prised of over a thousand advanced bibliographies contain-
ing codes, standards, regulations, trade, and technical lit-
erature on topics ranging from aerial baskets through wood-
working machinery.

Commercial Vehicle Preventable Accident Manual:
A Guide to Countermeasures $15.00
by 8.C. Uzgiris, Michael A. Dilich, and Crispin Hales

Compiled for the U.S. Department of Transportation , Fed-
eral Highway Administration, Office of Motor Carriers, this
manual is a key element in the FHWA Carrier Accident
Prevention and Evaluation Program (CAPE). Itis the result of
a U.8. DOTinvestigation into the primary causes of commer-
cial vehicle accidents and the development of countermea-
sures which could be used to prevent them.

A Table of Accident Situations and Countermeasures sum-
marizes twenty-eight accident situations, with correspond-
ing listings of potential causes and countermeasures. Acci-
dent Analysis Work Sheets are provided for all the twenty-
eight accident situations, to help identify potential causes
under specific circumstances. In another section of the
Manual, each Countermeasure is assigned an Objective, a
Description, Questions for Management, Maintenance
Checks, Driving Tips and References, including applicable
FMVSS Safety Regulations

Safety specialists and managers for commercial fleets, main-
tenance personnel, bus and truck drivers, and those in-
volved in litigation relating to commercial vehicles will find
this Manual a MUST tool for evaluating safety performance.
The Manual focuses on improved safety management, pre-
ventive maintenance and defensive driving and provides
safety tips for specific areas of responsibility. No other single
sourcebook on commercial vehicles treats these subjects in
such a concise and understandable way.

Carpal Tunnel and Other Compression Syndromes
Bibliographic Database

PC and Macintosh Editions  $60.00
by Merdith L. Hamilton

Departing for the first time from hardcopy format, Triodyne is
offering a comprehensive bibliographic database and ac-
companying search software which allows users to search
the database on a PC. Users can search by authors,
keywordsin article and journal titles, either displaying search
results on the screen or by printing them out in text or
database format or by merging them with other files. If
printed out in hard-copy, the database is about 800 pages
long. A Triodyne Support Disk is available by telephone to
provide user support as needed.

Carpal tunnel and compression syndromes are reaching
epidemic levels for occupational injuries. The world-wide
body of literature on this subject is primarily in English or has
English abstracts. Alltypes of documents are included, from
scholarly research reports to those written for the general
public. The database includes over 6,000 citations, covering
the scientific literature from the earliest 17th Century to
reports indexed as of June 1, 1991. The primary disciplines
represented are Medicine, Human Factors and Biomechani-
cal Engineering.

The medical literature covers most compression-entrap-
ment syndromes, such as DeQuervain's Disease, Colles
fractures, trigger finger, Raynaud's Phenomenon (or white
finger) and vibration syndrome. Literature on identification
and control of CTS concerns diagnostic and evaluation
techniques, exercise programs, drug therapies, nuirition,
conservative management and surgical technigues.

The Human Factors studies show the impact on CTS of such
work environmental features as work station and equipment
design, manual and repetitive tasks, postural discomfort,
hand positions and dominance, and work methods.

The Biomechanical Engineering lierature includes force analy-
sis, grip measurement and loss, human strength, maximum
weights and work loads in manual handling tasks, muscular
strength, power grip, skin surface measurements, and pre-
hensile movements.

A smaller portion of the citations is devoted to worker's

compensation laws, pre-employment testing, and liability
issues.
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