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A thorough Fault Tree Analysis was made for the light-Curtain

system, and the analysis procedure and the resulting fault trees are

presented in this Appendix. Two types of safety are differentiated and

analyzed separately. Assuming a single-stroke press operation, the

press operator puts his/her hand into the dangerous area at every press

cycle to change the workpiece. Here, we are interested in the

probability of the press coming down while the operator is changing the

workpiece. The probability of this event not happening is termed

Self-Tripping Safety. It is also possible that the press operator or

anyone else might (unintentionally) put his/her hand into the dangerous

area during the down stroke of a press cycle, and in t~ case, the

light-curtain unit is supposed to give a command signal -to the press

control unit to stop the press. The probability of stopping the press

in this situation is defined as ~Safety.
--.

The Appendix eensf str- ~f.. four sections. Section 1 describes the

overall fault tree analysis procedure, and a press operation cycle

analysis is made in the section that follows. Detailed analyses for the

self-tripping safety and the guard safety are made in the last two

sections.

1. OveraLL FauLt Tree Analysis.

The light curtain system consists of the Optical Head, the

Electronic Circuitry, the Control Unit, the Solenoid Air-Valve Unit, and

the Brake/Clutch Unit of the press. For the analysis of the system

safety, the overall light-curtain system is depicted as a functional

block diagram in Fig.A-1. The first block' (Optical ~ad) detects the

interruption of the light-curtain, and the last block (Brake/Clutch
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System) activates the brake to stop the press.

The Top Fault Event in the light-Curtain System could be defined to

be an event which allows the press to ~ when the light curtain is

under obstruction. From the functional characteristics of the light-

curtain system, a set of component faul t events has been identi f ied

which will, jointly or individually, cause the top event to occur. The

initial fault tree developed as such is shown in Fig.A-2.

There are eleven component fault events which are conceptually

possible, but some of them were found to be infeasible or meaningless.

An explanation of the component fault events is given below:

"---1. False Light Input to the Photo-cells: Should the" photo-cells
receive light other than the one passing through the normal
light path, the system may not detect the presern:e of an­
object in the guarded area.

2. Photo-Celts Produce Fault Output: If the photo-cells produce
electrical output without light input, the system will not b~­

able to detect t~L obstruction of the light.

3. ~lt;-Vibrator (block #2) Primary Failure: This fault event is
defined as any failures in the Multi-Vibrator circuit which
would cause a reduction of the scanning width. If the
scanning width is reduced, the dangerous area of the press
will not be fully guarded.

4. Putse-Shaper (block '1) Primary Failure: The primary failure.
of the pulse-shaper;s defined as any failure in the circuit
which will cause the pulse-shaper to produce a normal-signal
output for an obstruction signal input (output from Photo-cell
P1).

5. Low Scanning Frequency: The scanning frequency is determined
by the rotation speed of the Rotating Mirror Wheel. If the
frequency becomes too low, say 20/sec (200/sec is normal), the
system response time (i.e., stopping time) will be increased.
This is a dangerous condition for the Guard-Safety.
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6. Multi-Vibrator Secondary Failure: The secondary failure of the
multi-vibrator 1S the fault condition in the circuit which
causes the multi-vibrator to produce a zero-voltage DC output.
If this fault event is not detected by the subsequent
monitoring circuits <blocks #8, #10 and #12), the light­
curtain system will lose its function.

7. Pulse-Shaper Secondary Failure: The event
produces a zero-voltage DC output" is
secondary failure of the pulse-shaper. As
vibrator, a monitoring circuit (blocks
provided to detect this failure.

"the pulse-shaper
defined to be the
with the' multi­

5, 9 and 11) is

8. Digital Logic Circuit Failure: The digital logic circuit
contains two functionally identical circuits named A-Path and
a-Path in Fig.A-1. Each path consists of an AND-gate, a
rectifier, an amplifier and a relay control circuit.
Normally, when the light-curtain is interrupted, the digital
logic circuit receives an obstruction signal from the pulse­
shaper (block #1) and then energizes a-Relay and-cJe-energ;zes
A-Relay. If the digital logic circuit de-energizes a-Relay
and energizes A-Relay for an obstruction input, the -press will
run with the light-curtain being interrupted.

9. Failures in Switch Contacts: A series of contact switches is
connected serially to provide power to the solenoid air-valve.
There are 15 switch contacts, and if they all fail short,· an-_
accident may occu~~ .

10. Air-Valve Failure: A Parallel-Flow Double-Value Unit with
LIFEGUARD Lockout (by ROSS Valve Co.) is used to
activate/deactivate the brake/clutch unit. If both valves
become "jammed" at the same time, we have a fault condition.

11. Brake System Failure: The brake system consists of a
brake/clutch assembly and four limit switches <and a motion
detector relay). Worn-out brake-linings or broken springs may
cause the brake assembly to fai l, whi le alimit-switch fai lure
requires that the motion detector relay fails and the limit-
switch chain is broken. ----

A thorough analysis of the system design showed that only the

component fau( t events '6, #7, tl8, #10, and #11 had a practically
"

meaningful po'ssibil ity. We chose not to elaborate on the el iminated

fault events except giving brief explanations about the reason(s) why

they were eliminated.

1. The physical arrangement of the Optical Head does not allow
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any false light input.

2. All the photo-cells are photo-voltaic, which means that they
cannot produce an output energy (voltage) without an input
energy (light).

3. The fixed arrangement of the rotating mirror wheel and the
auxiliary photo-cells P2 and P3 would not allow the scanning
width to change.

4. The main photo-celt P1 produces an artifical obstruction
signal at the end of each scanning cycle, and a real
obstruction signal is produced when the light-curtain is
interrupted. As far as the pulse-shaper is concerned, they
are identical, and as a result, it is not possible for the
circuit to selectively' neglect the real obst~uction signals
only.

s. The scanning frequency is controlled by the electrte motor in
the Optical Head, and is monitored by the Resonance Amplifier
cfrcui t (block #8). The joint probabil itythat "motor speed
drops, say, to Hf/sec from 30/sec during a press eye leu and
tithe monitoring function fails" was found to be practicaTIY
negLigible.

6. Simultaneous fai Lures (fa; l short) in the seria lly conneeted.,..
contacts were fOUliu to have no practical l ikeLihood.

Now, going back to the meaningful fault events, detailed fault

trees have been developed. Fig.A-3 and Fig.A-4 show the fault trees for

the secondary failures of the fltIlti-Vibrator (event #6) and the Pulse-

Shaper (event tn), respectively. The fault tree for the Digital logic

Circuit (event #8) is shown in Fig.A-S. These three fault events are

related to the Light-Curtain Unit itself, and the remaining two fault

events (#10 &#11) are the responsibility of the press unit (with or
,

without alight-curtain unit attached to it). A combined faul t tree' for

the Air-Valve Failure and Brake System Failure. isg;ven in Fig.A-6.

The failures in the Air-Valve and Brake systems are of mechanical

kind, while those in the Light-Curtain Unit are of electronic kind.

Lack of data about the mechanical failures of the Air-Valve and Brake
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systems prevented us from any quantitative analysis. Note, however,

that the mechanical failures are not affected by the introduction of the

Light-Curtain Unit.

The fault trees in Figures A-3, A-4, A-5, and A-6 are combined -;0

the fault 'tree in Fig .A-7. Since the mechanical faitu~es in the press

unit (Air-Valve and Brake) are not to be evaluated quantitatively, an

U1developed event symbol (diamond) is used. Note also that the fault

trees for the secondary faiLures (Fig.A-3 &A-4) have been simplified

somewhat, because there are no 'unsafe failures in the Resonance

Amplifier circuit and Check-Stage circuit (block #5 in fig~~).

2. Analysis of Press Ope~at;on Cycle.

A press operation with self-tripping involves four elements; an

operator, a light-curtain unit, an electrical control unit, and the
I

press itself. If the press j :.ops at each cycle, ; t ; s cal led a sing Le-

stroke mode. To initiate the next cycle, the "RUN-BUTTONS" have to be

depressed. In self-tripping, however, a breakage of the light-curtain

restarts the p~ess. Fig. A-8 describes the operation cycle of the press

in a single-break single-stroke mode.

At time to' the light-curtain is cleared, and then, after a short

time period the light-curtain unit goes to tlgreen" (meaning ready),

which will activate a series of relays to start the press at time t 1•

This time delay (t1 - to) is mainly due to the response times of the

relays involved and air va lue a~~~.~!~.0r'!, time and ~~.termed Start ina Del~y

(SD). For the Li ght-curt~ i n system J.nsta11ed in Inte r l ake Stamo i n~ Cn.,

SD is about 60 msec.
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The ram slide reaches the bottom at t
3

, and stops at the top at

time t S. For the type of presses used in Interlake, both the Down

Stroke (~= t 3 - tt) and the .!:!.e. Stroke (US = t s - t
3

) were estimated

to be around 300 m~ec. It takes a while for a human hand to travel

the safety distance (a distance between the light-curtain'and the press

die), and we call it the~ Time (RT). RT is about 200 msec which

must'be sightly longer than the Stopping Time (ST). A stopping time is

determined by measuring the time delay from the instant the light-curtain

is interrupted to the moment when the ram slide is completely stopped

(ST = 200 msec.). The control unit gives a self-test signal to the

light-curtain unit right after t
3

, and at time t 4, the cont'ret-unit

activates the brake to stop the press at the top.
- - . - ::;.00-

Now, at time t 6, the operator is ready for another press operation

(during the .E!!:! preparation time the operator puts aside the finished

workpiece and picks up a new one), and the operator's hand gets to the

press die at time t7• Then, at time t s' the operator's hand leaves the

dangerous area. Once the light-curtain is cleared at time t 9, the press

begins the next operation cycle.

If, for some reason, the light-curtain is interrupted during the

time interval (to,tZ>' the press will stop during the down stroke. This

is the guard function of the light-curtain system. The time period

between to and t 2 is called the Dangerous Period, and the length of the

dangerous period in a press cycle may be calculated as foLlows;

Dangerous Period =SD + DS - RT ~-----------------------(A-1)

=60 + 300 - 200 =160 msec.

where;
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SD =Starting Delay length.

DS =Down Stroke length.

RT =Reach Time.

Note in Fig.A-8 that a press operation cycle time is dete~mined by the

opera~ion speed of the operator. That is:

Cycle Time = PPT + 2*RT + PCT ---------------------------(A-Z)
where;

PPT = Part Preparation Time.

RT =Reach Time (ZOO msec).

PCT = Part Change Time.
"---

Let's assume that PPT is 800msec and PCT is 300 msec, then the press

cycLe time will become 1.5 sec (or a production rate of 40 pieces per

minute). The Reach Time CRT) ;s the ratio of the safety distance to the

. hand moving speed, and shoul dbejireater than the press ._s.topping time.

63 inches/sec is the OSHA standard for hand speed and is the same as 1.6m/sec

in Germany and Sweden. 2.5m/sec, however,is used in Sweden for small presses.

l>uring the. time interval Ct3,t4), the.Light-curtain unit receives a

self-test signal from the control unit, which will de-energize a relay

(D-Relay) in the light-curtain unit. The relay wiLL be energized again

only if th light-curtain is interrupted (in Fig. A-8 at time t6). Note,

however, that}he interruption time Ct6) can be placed any time after

t 2- If the light-curtain;s completely cleared at time t 9, the press

wiLl start the next cycle. Assuming that the press has been

successfully stopped at the top (this is the responsibility of the press

unit) and that the light-curtain unit has received the self-test signal,
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and then the light-curtain unit becomes "go green" while the operator is

changing the workpiece, an accident may occur~ To have an accident,

this fault event must occur during the time interval (t6, ts-DS). let's

call this time period the Self-Tripping Period which ~ay be roughly

equal to:

Self-Tripping Period =RT + PCT - DS---------------------(A-3)

where:

RT = Reach Time (200msec).

peT= Part Change Time.

DS = Down Stroke Time (300 m~.

3. Guard Safety

Since we are mainly concerned about the light-curtain failure, the

fault tree in Fig.A-7 ;s reproduced in Fig.A-9 with the press unit

failures being neglected. In the fault tree the following variables are

defined;

x = Multi-Vibrator Secondary Failure.

Y =Pulse-Shaper Secondary Failure.

U = Amp-A(w.r.t.V4) or Relay-A Circuit Failure.

V =Amp-B(w.r.t. V2) or Relay-S Circuit Failure.

A =A-Path Failure.

S =B-Path,Failure.

Here, we want to define the exact form of the TOP EVENT in the

fault tree in Fig.A-9 with regard to the guard safety. For this

purpose, additional variables are defined;

e.,
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g = Length of the Dangerous Period to be guarded (see Eq. A-1).

T = Time of obstruction during the dangerous period.

Then, the TOP-EVENT (guard failure) becomes:

TOP-EVENT (guard) =E1 U E2 U E3 -------------------~~----(A-4)

E1 = eo<x,U<T ; U<X+r ; O<T<g) ,

E2 =(O<Y,B<T ; V<Y+r ; O<T<g) ,

E3 = (O<A,B<T ; O<r<g).

Where, r = relay response time (20 msec).

Note in Eq.A-4 that the events E1 and E2 have additional joint event
.----

terms because the monitoring functions (U &V) must fail. before the

secondary failures ex &V).

4. Self-Tripping Safety.

If the self-testing function is working properly (this means that

·the relay-synchronization monitoring function ;s also working), the pair

of component fault events in each AND-logic gate in Fig.A-9 must occur

simultaneously in order to have the top fault event. The TOP-EVENT

(self-tripping) in this case would become:

TOP-EVENT(self-tripping) =E1 U E2 U E3 ----------------(A-S)

E1 = (O<X,U<s ; IX-Ul<r)
E2 = (O<Y,V<s i IY-Vl<r)
E3 = (O<A,B<s ; IA-Bl<r)

Where, r =relay response time (20 msec).
s =self-tripping period (Eq.A-3).

The self-test function will faiL if tithe self-test contact of 2CR-

Relay. faits short" E!. tithe self-test relay, D-Relay, remains energized

without power". If the sel f-test is unsuccessful, the press wiII
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restart the next cycle by itself.

In the case of the 2CR-Relay failure, the TOP-EVENT (2CR self-test)

becomes;

.,

TOP-EVENT(2CR self-test) = E1 U E2 U E3 ---------~---~(A_6)

E1 = (O<X,U<p i U<X+r)
E2 = (O<Y, V<p ; V<Y+r)
E3 =(O<A,B<p).

Where, r =reLay response time(2Omsec).
p =part preparation time (see Fia.A-S).

If the self-test failure ;s due to the D-Relay failure (in this

tase, the A,B-Relay synchronization monitoring function may. also fail),

'---the TOP-EVENT(D self-test) would become;

TOP-EVENT(D seLf-test) = E1 U E2U E3 ----------------------(A-7)
"

E1 = (O<X,U<p)
E2 = CO<Y, V<P)
E3 = (O<A,B<p).

-
Where, p =part preparation time (Fig.A-S).

Observe that the event spaces in Equations A-6 and A-7 are larger than

the actual ones. In other words, the unreliability values obtained will

be an upper bound. A fault-tree representation of the self-tripping

safety is given in Fig.A-10.

A summary of the variables and parameters (and their typical

values) is given beLow;

x
y
U
V

.A
B

".< T

D

=Multi-Vibrator Secondary Failure.
=Pulse-Shaper Secondary Failure.
= Amp-A(w.r.t. V4) or Relay-S Circuit Failure.
=Amp-B(w.r.t. V2) or Relay-A Circuit Failure.
= A-Path Failure.··
= B-Path Failure
= Time of Obstruction of the light-Curtain during a

Dangerous Period (to be guarded).
=Failure in D-Relay so that it remains energized



wi thout power.
2CR = The self-test contact of 2CR-Relay fail short.

c = press operation cycle time (1.5 sec.>.
9 = dangerous period in a press cycle requiring guard

(.16 sec.).
p = part preparation time (.80 sec.>.
s = self-tripping time in a press cycle (~'20 sec.>.
r = relay response time (.02.).
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(Blocks 1 thru 12 as defined in Fig.2 of the' Reliability Main Report)

Pl~P2,P; : Outputs from the Photo-cells.
A,B : Relays.
A,B-Paths: Digital Logic Circuits consisting of

AND-Gate (;...4 ), Rectifier(6,,7), Amplifier( 9,10),
and Relay Switch(lll12).

Fig.A-l, Functional Block Diagram of the Light-Curtaintr:
\

J
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PRESS RUNS with
INTERRUPTED LIGHT-CURl'AIH

"---

{ False Light
r------=-t Input

Low
Scanning 1req.

6
Second.ar7­
failure ot
Multi-Vibra or .

'I Failures in
Sld.tch Contacts

It

Fig.A-2, Initial Fault Tree for the Light-Curtain System.
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Monitoring

Circuit -A
Fai lure
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Multi-Vibrator

Secondary
Fai 1ure

Multi­
Vibrator

Zero VOltage
DC 'Output

Relay-A
Circuit
Fai 1ure

Figure A-~l~ Initial Fault Tree for Hulti-Vibrator
Secondary Failure.
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Pu1se-Shaper
Secondary
Fa ilure

Monitoring
Circuit-B
Failure

"---

Fig. A-4, Initial Fault Tree for Pulse-Shaper Secondary Failure.
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...z; .,"', ', ....r,
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Digital-logic
Circuit
Fa i 1ure

A-Path
Fa i 1ure

a-Path
Failure

"---AND-S'
Fai lure

Relay-S
Circuit
Failure

AND-A
Fa i1 ure

Relay-A
Circuit
Fai lure

Fig. A-S, Fault Tree for Digital logic Circuit Failure •

.... .
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Brake/Air-Valve
Failure

Brake Unit
Fai lure

Air-Valve Unit
Fai 1ure

"----

Valve-A
Jammed

Limit Switch
Failure

Brake Assembly
Failure

Lining
Worn-out

Fig. A-6, Fault Tree for Brake/Valve Failure.
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Press Runs wi th

Interrupted Light-Curtain

Light-Curtain
Uni t Fai lure

Et = Multi-Vibrator Failure
E2 :I Pulse-Shaper Failure
E3 = Digital~~ic Circuit Failure
E4 :II Honitoring-Circuit-A Failure
E5 = Monitoring Circuit-B Failure
E6 = A-Path Failure
E7 c B-Path Failure

1 = DC output from Multi-Vibrator
2 - DC output from Pulse-Sb~per

3 = Amp Ii fi er-A
4 ~ Relay-A Circuit
5 :I Amp1ifier-B
6 = Relay-B Circuit
7 = ANO-A
8 = Rect i fi er-A
9 = Amp 1i fi er-A

10 = Relay-A Circuit
11 = AND-B
12 • Rectifier-B
13 = Amp1i fie r- B
14 = Relay-B Circuit

Figure A-7. Refined Fault Tree for light-Curtain System
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OPERATOR LIGHT-CURTAIN CONTROL UNIT PRESS

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

US

.---..
- -- - STOP AT TOP

---- STROKE BOTTO

-- ~ START MOVING

SELF-TEST

----------_.-

--ACTIVATE BRAKE

t 1 -ACTIVATE CLUTCH

"GO GREEN"

"GO GREEN"

STOP "RED"

SET BREAK-MODE

....... - .... ~---------

PPT

REACH PRESS DIE

CLEAR CURTAn,

OUT OF PRESS DIE

RT

CLEAR OBSTRUCTION

PPT - PART PREPARATION TIME
PCT= PART CHANGE TIME
RT I:: REACH TIME
SO • STARTING DELAY
DS • DOWN STROKE
US = UP STROKE

Figure A-B. Operation Cycle in Single-Break Single-Stroke Mode.

- --- ----------:-----------
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TOP EVENT

--..-

x = Multi-Vibrator

Y = Pulse-Shaper

U = Amp-A (with respect to V4) and Relay-A

V = Amp-B (with respect to V2) and Relay-B

Figure A-9.# Fault Tree for Light Curtain Unit Failure
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Fau 1t Event
in

Self-tripping

Top Event
(se1f -t r i pp i ng)

Eq. A-S

Top Event
(0 self test)

Eq. A-7

Top Event
(2CR self-test)

Eq. A-6

S = Slef-test successful

o = D-Relay remains energized without Power
to the Relay

2CR = The self-test contact switch fails
short (2CR-Relay in Control Unit).

Figure A-lO. Fault Tree for Self-Tripping Safety
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The result of components failure mode analysis is presented in this

Appendix. Section 1 describes basic failure modes of electronic

components in the light-curtain unit, and different faiLure modes for

the relays are separately described in Section 2. Section:$. gives the

failure rate data for each functional block.

1. ELectronic Component Failure.

A transistor can fail short or fail open. In our case, fail-short

or fail-open of a transistor is defined as a short or open between the

COllector and Emitter, and it is assumed that the chances of failure in

either mode are equal. The chance of a diode fail-short is'as-s-umed to

be equal to that of fail-open. A resistor failure is mostLy due- to a

burn-out of the Carbon, and as a result, only the fail-open mode is

considered. Similarly, only the fail-short mode ;s considered for the

capacitor failure.

2. Relay failure Modes.

As far as safety is concerned, four relays were found to b~

important. As discussed in Appendix A of this reliability report, the

final output from the light-curtain unit is the state of Relay-A and

Relay-a. Relay-o and Relay-2CR are used as self-test relays. Relevant

failure modes for these relays are as follows;

,

RF1 : Relay remains energized after power is turned off.
RF2 : Relay remains de-energized after power is turned on.
RF3 : Relay suddenly de-energizes itsel f whi le powe·r is on.
RF4 : Relay suddenly energizes itself while power is off.
RFS : Only a specific contact becomes shorted and the rest of the

relay operates normaLly.
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Table 8-1, Failure Rates of Electronic Components.

Individual Individual
Component Fa i l ure- rate Mode (X) Failure-rate

Transi stor 0.615 open(SOX) 0.308
short(5OX) 0.308

Diode 0.43 open(50%) 0.215
short(5O%) 0.215

Resi stor 0.027 open(100X) 0.027

Capacitor 0.59 short (100X) 0.59

c.f. 1. Source: MIL-HDBK-217C, the values are the same as
those used in the Boeing Report .
(NIOSH CO~~ 310-78-0124). .---

2. Failure rate per 10 house

If there is little possibility of contact welding, the failure

.odes RF1 and RF4 are highly unlikely (a probably cause for these types

of failure could be due to' the a~ing fatigue of the springs in the relay

unit). Assuming a relay unit will be replaced before the fatigue

failure of the springs, failure rates for these modes (Rf1 and RF4) were

not considered.

For RF2, RF3, and RFS, we assigned (to each of them) 1% of the

total failure rate of the relay which is found to be 403.2 per 106 hours

(Source; MIL-HDBK-217C, Inductive type 40X load; Environment condition

GM; DPDT contact and 1 cycle/sec; 5-amp general purpose Armature type).

Thus, we have;

RF1 failure rate : not significant.
RF2 falure rate : 4.03.
If3 failure rate : 4.03.
RF4 failure rate: not significant.
RfS failure rate: 4.03.
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The mode of "Relay-D self-test failure" t s RF1, and "Relay-2CR

sel f-test fa; lure" corresponds to RFS. For the "self-tripping TOP-

EVENT" (see Eq. A-S), RF4 is the failure mode of Relay-A and RF3

corresponds to the failure of Relay-S, and so on.

Table B-2, Relay Failure Modes and Rates.

Type of Mode of Fai lure
Top Fault Event Relays Failure Rate Remarks

Guard A RF1 Eq. A-4 in
B RF2 4.03 Appendix A

Sel f-Tripping A RF4 Eq..." A- S in
B RF3 4.03 Appendix A

SeLf-Test A RF1 Eq. A-6,
B RF2 4.03 Eq. A~7, and
D RF1 Fig. A-10 in
2CR RFS 4.03 Appendix A

Summarized in Table B-iare the failure modes and rates of the

relays for different types of the top fault (i.e., accident conditions

during the "guard", "seLf-tripping", and "self-test failure"). Note

that the failure modes of the electronic components in the previous

section were identical in all three types of the top fault event.

3. Block Failure Rates.

A functional block diagram of the light-curtain system is shown in

fig. B-1 (whi~h is the same one as in the main report). For each

functional block, a comprehensive failure mode analysis has been made as

can be seen in the figures B-2 to 8-10. EventuaL ly, we want to find the

probability of the top event in Fig. A-9 for both the Guard Safety and

Self-Tripping Safety. In evaluating the fault conditions for a block,
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only sing le component failures were considered.

Referring to Fig. B-1, the main command signal generated by the

photo-cell P1 passes through the pulse-shaper (block #1), and is

distributed to A-Path and B-Path. The signals denoted above the

command-l ine represent "normal input" to the next block, and below the

l ineare the "obstruction signals". Fault conditions for each block are

as follows;

Fault Conditions~ Each Block;

1. Pulse-Shaper : o-voltage DC output regardless input condition.
2. Multi-Vibrator: O-Voltage DC output. .
3. AND-B Normal output VS for obstruction input V7.----
4. AND-A :" "V6" If II V8.
S. Check-Stage : High-voltage output V2 for DC input V7.
6. Resonance-Amp: .. "V4 "" .. V8.
7. Rectifier-B : Normal output V1 for obstruction input VS.
8. Recti fier-A :" .. V3" .. .. V6.
9. Amp-S(w.r.t.V1) : NormaL Vb for obstruction input V1.

Amp-S(w.r.t.V2) : Normal Vb for a-voltage V2.
10. Amp--A(w.r.t.V3) : Normal·\') for obstruction input V3.

Amp-A(w.r.t.V4) : Normal Va for a-voLtage V4.
11. Rel-BCexcluding relay itself) : no power to relay for obstruction

input Vb.
12. Rel-ACexcluding relay itself) : power to relay for obstruction input Va.

Possible failure modes for the entire components in the circuit

have been enumerated, and the components failures satisfying the above

fault conditions were identified as listed in Table B-3. Other

component failures not listed in the Table were found to be fail-safe.

The failure modes for the Pulse-Shaper and the Multi-Vibrator were

identified by examining the originaL circuit diagrams, Drawing no.

4~OO-52S and 4-{)OO-S26.

To evaluate the probability of the top fault event defined in

Appendix A, 'Ie need to find the failure rates reLated to the following
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Table B-3, Block Failure Rate.

-.----

Block
No.

1

2. .

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Block
Name

Pul se-Shaper

Mul ti-Vibrator

ANO-B

ANO-A

Check-Stage

Rectifier-B

Rectifier-A

Resonance-Amp

Amp-B(w.r.t. V1)

Amp-B(w.r.t.V2)

Amp-A(w.r.t.V3)

Amp-bCw.r.t.V4)

Relay-B

ReLay-A

Component
Failures

13-S, T101-S, T102-o
T104-S, R103-o, R104-o,
R105-o.

T503-5, T504-o, T505-S(8-£),
T506-5, 0501-0, D502-o,
RS20, R526, C514, C1 07.

R117.

R116.

none.

T108-o, 0109-0, C702.

T107-o, 0106-0, C602.

none.

T702-o, T703-S, R701,
R705, C701, C703.

T702-o, T703-5, R705, C701.

T601-o, T602-5, T603-o,
R601, R605, R606, C603.

T602-5, T603-C, R605, R606.

T704-o, R707.

T604-5.

Failure
Rate

4T + 3R

4T + 20 +2R + 2C

R

R

T + D + C

T ....+ D + C

2T + 2R + 2C

2T+R+C

3T + 3R + c.

2T + 2R

T + R

T

C.F., 1. T: t.ransistor failure rate(O.30S)
o : diode failure rateCO.21S)
R : resistor falure rateCO.027)
C : capacitor failure rateCO.59).

2. Relay-A and Relay-B blocks do not include the
failures in the relay units.

. ••1
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variables;

X Multi:Vibrator Failure,
Y : Pulse-Shaper Failure,
U Amp-A Cw.r. t , V4) orRe lay-A FaiLure,
V : Amp-BCw.r.t.VZ) or Relay-B Failure,
A : A-PathCAND-A, Rect-A, Amp-A, or Rel-A) Failure"
B : B-Path(AND-B, Rect-B, Amp-B, or Rel-B) Failure,
D(sel f-test): Relay-D sel f-test function fai lure,
2CR(self-test) : Relay-2CR self-test function failure.

From the results obtained in Table B-2 and Table B-3, it is

straightforward to find the necessary failure rates, and the final

results are summarized in Table 8-4.

Table 8-4, Fa; lure Rate for the Base Faul t Events."---

Variable related to Electronic Components
the fault Event Failures

X : Hul ti-Yibrator 4T + 2D + 2R + 2C

y · Pulse-Shaper l'" +··3R· .1

U · Amp-A, Rel-A 3T + 2R + RFa*·
V · Amp-B, Rel-a 3T + 2R + C + RFb·
A · A-Path 3T + D + 2R + 2C + RFa·
a · e-f'ath 2T + D + 3R + 2C + RFb·
DR : Relay-D sel f-test RF1

2CR: Relay-2CR self-test RFS

Fai lure .;
Rate

2.90

1.31

0.98

5.60

2.37

6.12

4.03

c. F. (*) ; 1. RFa becomes RF1 for "Guard" and "Se l f-test", RF4
for'" "Self-tripp;ng" (but the failure rate is neglected).

2. RFb equals RF2 for "Guard" and "Sel f-test" RF3. • ,
for "self-tripping"(in all cases, the rate is 4.03).
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Vout
L

R(lX)

12V

Db

,--B:n, ,

,-..., ..., ,
:1 f1

Vnormal \I::---J,'.... _-
,--,, ..., ,

VObstr·W--
V7

'--'

Output (V-out)
No. Fai 1ure Hade V7: Obstruct. Normal Fault Type

0 fai lure ri
.,

L -no
~

1 Da open H H safe
2 Da short H L long-term effect

(overs hoot)
3 Db open H H safe
It Db short H L long-term effect

5 R open L L unsafe

Fig. B-2, Passive AND-Gate (blocks 3 and 4).
a) R = RIl7, Da = 0101, Db c 0104 for AND-B.
b) R - Rl16, Da = 0102, Db • 0105 for AND-A.
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.:L" .:: ··f

----

H
L~

No.

o

Fa i 1ure Hode

no failure

Output (V2)
V]: DC

L

AC

H

Faul t Type

There is no fault event. That is, it is not
possible to get V2 c H, for a DC input, due
to a domponent failure.

Fig. B~3, Check-Stage (block 5)

- 111_".
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12 V--....

n
=. --~ ~
1 ". -" ~l~.)

1

.---

Output(Vl} -,-
No. Failure Hode V5: H L Fault T,·_~

0 no failure H L -
1 T108 open L L unsafe
2 TIOa short H H safe

3 D109 open L L unsafe
It D109 short H L long-ter-'n- ~-·~ct

5 R700 open H L long-ter'tt ~-fect
,

6 C702 short L L unsafe
"/

->.-----.-

Fig. 6-4. Rectifier-B (block 6)
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12 V ---.

C602(lu)R611(33

~---i~-""----'----- V)

L

JUC
'...-...,'

H :' ,
~ ,

"'-_/

v6

"--

Output (V3)
No. Failure Mode Vb: H L Fault Type

0 no fa; lure H L -
1 Tl07 open l L unsafe
2 Tl07 short H H safe

3 Dl06 open L l unsafe

" Dl06 short H L long-term effect

5 R611 open H L long-term effect

6 C602 -short L L unsafe
,

Fig. 8-5, Rectifier-A (block 7).
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Reproduced from
Fi 9. B-~. Resonance Ap 11 f ter Ci rcu t t (B lock H8). I best available copy.

Fault Condition for this circuit is any cornpJn'ent failure
which will cause the circuit to produce a high-voltage(V4)
for a low-frequency input(or DC input). There is, however.
no meaningful fault events in the circuit.

-~.,
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-12 V 12V
R705(h.7K)

R702(S60K) Vb

>-
:t: L 703
.tr. 702.a: VlII.:.; B R701(h7K)>
z- C703(ln)
w R704(h7K);:)
0
c: B::> V2to. ¢ R703(18K)

"---fa
01{lu)

OutP~l·. ~(Vb)

No. Failure Mode Vl/V2: H/H H/O L/H L/O Fault Type

0 no failure H H l H - .
1 T703 open H H L L safe
2 T703 short L L L L unsafe
3 T702 open L L L L unsafe
4 R70S open L L L l unsafe
5 R704 open H H L H safe
6 R703 open H H H H safe
7 R702 open H H l H safe
8 R701 open L H L H unsafe (wer.t. VI only)
9 C703 short L H L H unsafe (w.r.t. V1 only)

10 C701 short l l L l unsafe
11 T702 short H H H H safe

Figure B-7. Amplifier - B (block 9)
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12 V ---r----"'"
-12 V

~---Va

>- L
z.- V3 H
~u:;
G'ltr
;,w

Oh(lDll:~
o Z
lo.j
0
1.J1II

B>:;)

V4go
11~ c:

~:;)
Q.

=.--
...,

Output (Va)
No. Fai lure Mode V3/V4: HIH H/O L/H L/O Fault Type

0 no fai lure L L H L - --
I T603 open H

".
H H H unsafe

2 T603 short L 1 L L safe
3 T602 open l L L L safe
4 T602 short H H H H unsafe
5 T601 open H L H L unsafe (w.r.t. V3 only)
6 T601 short L L L L safe
7 R608 open L L l L safe
8 R607 open L L H L safe
9 R606 open H H H H unsafe

10 R60S open H H H H unsafe
11 R604 open L L H L safe
12 R603 open L L L l safe
13 R602 open L L H L safe
14 R601 open H L H l unsafe (w.r.t. V3 only)
15 C603 short H L H L unsafe (w. r , t , V3 only)

Figure 8-8. Amplifier - A (block 10)

-----------_._---------,-.-..,,,
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»
. -

...
:c::
:1.:

.~

:z

·w
:J
C
z:...

Vb--~-~

1-----...--- 16.S V

.---

Output {ReI-B)
No. Fai lure Hode Vb: H L Fault Type

0 no failure Energi ze De-energ. -
I T704 open 0 D unsafe
2 T104 short E E safe

3 R707 open 0" D unsafe

~ R802 open E D long-term
effect

* Relay itself failure is not included.

Figure B-9.Relay - B Circuit (block 11)
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1---+---- 16. 5V

--

'---

.... Output (reI-A)
No. Fai lure Hode Va:L H Type of Fault

0 no fai 1ure De-energize Energ i ze -
1 T604 open D D safe

2 T604 short E E unsafe

3 R609 open D D safe

" R801 open D E effect on other
parts

Figure 8-10. Relay - A Circuit (block 12)
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In this Appendix, actual probability values for the "Self-Tripping

Safety" and "Guard Safety" are calculated, based on the results obtained

in Appendix A and Appendix B. Some of the variables and parameters

defined earlier are re-introduced here;

e · press cycle length.·
9 · length of the dangerous period to be guarded.·s · self-tripping period length.·p · length of a part-preparation period.·r · relay response time length.·
A :
B :
X :
y :
U :
V :
2CR:
T . :

A-Path Failure (withrate a).
B-Path Failure (with rate b).
Multi-Vibrator Failure (with rate x).
Pulse-Shaper Failure (with rate y).
Amp-A or Rel-A failure (with rate u).
Amp-B or Rel-a Failure (with rate v).
2CR Relay Failure (with rate 4.03).
Time of obstruction.

1. self-Tripping Safety.

As discussed in Appendix A, there are three cases in which an

accident may occur during the self-tripping period due to the light-

curtain unit failure. for each case, we want to find the probability of

a (possible) accident in a single press cycle. The three cases are;

(1) Successful self-test.
(2) Unsuccessful self-test due to Relay-2CR failure.
(3) Unsuccessful self-test due to Relay-o failure.

In Appendix B, however, the type of failure in Relay-o was found to

be insignificant. As a result, we have only two cases to consider.

When the self-test has been successful, the accident probability can be

calculated by finding the probability for the top fault-event defined in

Eq. A-S in Appendix A. For an U'lsuccessful self-test, Eq. A-6 is used.

Probability of Accident with Successful Self-test (PASS)

PASS =Pr(E1 U E2 U E3)

=PreE1) + Pr(E2) + Pr(E3)
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=Pr[O<x,U<s ; JX-UJ<rJ + Pr[O<Y,V<s ; IY-vJ<rJ +

Pr{O<A,B<s ; IA-SI<rJ

=HlCs,r,x,u) + Hl(s,r,y,v} + Hl(s,r,a,b) ------------(C-1).

Where, HlC.} : Formula 1 (in Section 3).

Probability of Accident with Unsuccessful Self-test (PAUS)

PAUS =Pr(E1) + Pr(E2) + Pr(E3)

= Pr[O<X,U<p ; U<X+rJ + Pr[O<Y,V<p ; V<Y+r] +

Pr[O<A,B<p]

=H2(p,r,x,u) + H2(p,r,y,v) + H3(p,a,b) --------------(C-2) •
..--­

Where, H2(.), H3(.} : Formulae 2 and 3, respectively.

Probability of Self-test Failure <PSF) due~ Relay-2CR

PSF = PrC2CR<c)

=4.03x10-6xc--------------------------~--------------(C-3).

Thus, the probabiL ity of the seLf-tr;pping accident in a press eye le

becomes;

Pr(self-tripping accident) = PASS + PSF * PAUS ------------(C-4).

Note that the probability in Eq. (C-4) is an upper bound.
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2. Gua rd Sa fe ty

Here, we are interested in the probability that, when the light­

curtain is interrupted during the dangerous period, the press will not

stop·due to the failure (or fault event) of the light-curtain unit. The

top fault event is as defined in Eq. A-4 in Appendix A. Given that the

light-curtain is interrupted during the dangerous period, the

probability can be calculated as follows;

Probability of Guard Malfunction (PGM)

PGM = Pr(E1) + Pr(EZ) + Pr(E3)

=PrCO<x,U<T ; U<X+r ; 0<T<9)

+ Pr (O<Y, V<T ; V<Y +r ; O<T<g>

+ Pr(O<A,B<T ; O<T<g)

= G1(g,r,x,u) + G1(g,r,y,v) + G2(g,a,b) ---------------(C-S).
Where, G1 (.> and G2(.> : i ormulae 4 and S, respectively.
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3. Probability Formulae

In the formulae below, X and Yare exponential random variables

with parameters ). and 11 respectively, and T is uniformly distributed

between D and t. d is a small real number relative to t.

FORMl1.A 1

H1(t,d,).,11) =Pr[D < X, Y < t; Ix - yl < dJ

.----.
Derivation;

Pr[o<X, Y<T; IX-Y l<dJ

= p CX>y)·p ceex, Y<t; ..Y<X<Y+d) + P (X<Y)·p ceex, Y<t; X<Y <X+d)

~ P (X>y)·p (Y<X<Y+di X<Y<t) + P (X<Y)·p (X<Y<X+di O<X<t)

_ lI1:t (-).y _). (y+d».lI -lIYd 1 • ~ -Ilx· -11 (x+d) .1 _lx
- A+ii e -e e y + T+li"L (e -e ) e dx

o 0
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FORMUlA 2

H2(t,d,l,p) =Pr[o<X,Y<t ; X<Y+dJ

Derivation;

Pr[o<X, Y<t ; X<Y+dJ .;. Pr[X<Y+d; Y<t]

t
=IFX(y+d) • fy(y)dy

o

'--'"
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FORMULA 3

H3(t,l,~) • Pr[o<x, y<tJ

=

FORMll.A 4

61 (t,d,l,~) :: Pr(o<X, Y<t ; X<Y+d; T<tJ

Derivation;

Pr[o<X, Y<T ; X<Y+d ; T<tJ

t
=~P[O<X,Y<U ; x<Y+dIT=uJdPCT<tJ

o

=j[ -! Fx(y+d) • fey) • dy] • ~u
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1It 't -JJy -).d - ().+JJ)=t 0 [ ~ (~e -JJe ee )dyJdu

1]it -~u ~e_Ad (1-e- {).+JJ)U)Jdu=- [(1-e ) -~
t 0

FORMULA 5

G2Ct,A,p): Pr[o<X,Y<T ; T<t]

._---

Derivation;

Pr[o<X,Y<T ; T<t]

t=IP (0<)(, Y<u) • ~u
o

1It= - fx(u)· fy(u) du
t 0

1]t _lu -JJU=- (1-e ) (1-e ) dut·
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1 t _AU -~u _(A+~)U=t f E1-e - e + e J du
o

1 1 _At 1 -Ut 1 -(A+JJ).=p: t -r(1- e )- u(1-e ) + A+}1 (1-e ~) J

."----
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4. Approximation of the Safety Formulae and Mean Time Between

Accidents.

To calculate the MTBA (mean time between accident> values, we have

to evaluate the functions H1, H2, H3, G1, 62. It is straightforward to

evaluate the functions, but" some numerical probLem may result because

the exponent values are expected to be extremely small. This fact

suggests that approximation calculations (by using Taylor's expansion)

can be successfully employed.

----
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= (It) CPt)

-_",",--

-ld
= {(Pt)/2-(pt)2 / 6) - ~!+U) {C1+P)t/2-<A+p)2t2/6>
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(NiU+ (>.41-

~ -21 (~t) • ().d -C).d)3 /6) - 1.. (~t) 2 e-d>2/ e )
A 6 1\

"----

= ().t) (Pt) /3

With these approximation results, it would be easier to evaluate

the probability equations. From Appendix B, we also know the following

values;

x = 2.90
y =1.31
u :: 0.98"
v :: 5.60
a :: 2.37
b =6.12

(multi-vibrator failure rate),
(pulse-shaper failure rate),
(amp-A, rel-A failure rate>,
(amp-B, rel-B fa; lure rate),
(A-path failure rate),
(S-path failure rate),

..



r =20 msec. (relay response time, from Appendix A).

Now, the Probability of Accident with a Successful Self-test (PASS)

in Eq.C-1 becomes;

PASS =H1(s,r,x,u> + H1(s,r,y,v) + H1(s,r,a,b)

=s*r*x*u + s*r*y*v + s*r*a*b

= (1.4 * 10-16)s-------------------------------------(C-6).

Where, s : length of a self-tripping period.

Eq.C-2 becomes; .---
PAUS =HZ(p,r,x,u) + HZ(p,r,y,v) + H3(p,a,b)

= p*x*u*(r+p/Z) + .p*Y*Y*(r+p/Z) + p*p*a*b
-17 -11 Z= <5.7 * 10 )p + (Z.O * 10 )1' ----------------- (C-7).

Where, p is the length of part preparation time.

In Appendix A, typical values for the parameters related to press

operation eye le were given as follows;

c = Length of a press operation cycLe (1.5 sec.),
s = Length of a self-tripping period (0.2 sec.),
p = length of part preparation time (0.& sec.),
9 = length of a dangerous period (0.16 sec.).

Using these values, we can find a typical value for the probability of

self-tripping accident ina press cycle by evaluating Eq.C-4.

Plugging in the values into the equations C-3, C-6, and C-7, we

have;

PSF
PASS
PAUS

-6 -9= (4. 03 * 1Q16) c = 2. 0 * 10_2•= (1.4 * 10_17) 5 = 8.0 * 10_11, 2 -18
= (5. 7 * 10 ) p + (2. 0 * , 0 ) p =1. 0 * 10 •

Note, in the above calculations, that the unit of the parameters is

hours. for example, c is 1.5 seconds and is equivalent to 4.2 x 10-4
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hours. Thus, finally we have;

PrCself-tripping accident) =PASS + (PSF * PAUS)

= 8.0 * 10-21•

In practice, we are more interested in the .!!!!!!l. time between

accidents (MTBA), the value of which can be determined as;

MTBACself-tr;pping) =c/Pr(self-tripp;ng accident>

= (4.2 * 10-4)/C8.0 * 10-21)

16· '---=5 * 10 hours---------------------(C-S>.

for the guard safety, the probability of guard malfunction(PGM) in

a single press cycle can also be evaluated as follows CEq. C-5);

PGM =G1(g,r,x,u) + G1(C,r,y,v) + G2Cg,a,b)

2 2 2=(g*r*x*u/2 + 9 *x*u/6) + (g*r*y*v/2 + 9 *y*v/6) + (g *a*b/3)

= Q*r* (U*x + ,,*y) /2 + g2*(u*x + v*y + 2*a*b) /6

= (1.3 * 10-21) + (1.4 * 10-2°>
=1.5 * 10-20- - - - - --- - - ---- - - - - - - - - --- - - - - - - - - - - - - - - - (C- 9>.

The values in Eq. C-8 and Eq. C-9 gives overall reliability

measures of the system (light-curtain unit only). Then, how much

"rel iable" are the rel iabil ity values? The accuracy of a final value

can not be better than that of the input data. from the approximation

equations, we can see that. the errors in the component failure rates are

squared. In other words, for example, ; f the actual fa; Lure rates of

the electronic components <transistors, diodes, resistors, capacitors,

relays) were 10 times higher than the ones used in our calculations,
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then the accident pr obab i t ities would become 100 times higher than the

ones given in Eq, C-8 and Eq. C-9. Thus, if we use these conservative

values, the mean-time-between accident during self-tripping, MTBA

(self-tripping), would become 5 * 1014 hours. Similarly, the

probability of guard malfunction in a single press cycle will be changed

-18
to 1.5 * 10 •

"---

-- ...,.ll_~~;. ·.~........ "'_,-;.,..._,,·,~ ..
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Appendix D describes the sequences of operations in various modes,

and all the references are made to the circuit diagram (Drawing No.

7A~OO-77>.* As listed in Table 1 of this appendix, there are 14 relays

and 4 limit switches. Described here are three operatiQn modes, 1)

Guard-only Sing le-stroke Mode using two-hand push-buttons, 2) SingLe­

break Single-stroke self-tripping mode, and 3) Double-break Single-

stroke self-tripping mode.

Guard-only Sing le-Stroke Mode.

1. selector Switch Position;
"--..

sst at "RUN", SS2 at "SINGLE STROKE", and SS3 at ttHAND".

2. Start-up Sequence.

Power is applied to the circuit through the motor forward contact

(MF-Relay) on line 6 after tL~ MOTOR-START button has been depressed.

With the press at top-stop (0 degree rotation>, LC2-Relay energizes on·

line 35. Since limit-switch 1LSa is closed and the relays 3CR, MD and

2CRare de-energized, 1CR-Relay will pull in.

With 1CR energized, the closed contacts of MD Cline 20), 1CR (line

19) and 4CR Cline 19) will make 2CR-Relay energize. When 2CR pulls in,

the self-test contact (line 38) to the light curtain terminals 11 & 12

are closed, and the self-test function starts its cycle. If there were

no obstruction in "the light curtain, the light curtain would "go green",

de-energizing LC2 and closing the contacts between terminals 5 &8

(lines 30 & 32). Now the light curtain;s ready for a press cycle.

This start-up sequence is summarized in Table 2.

*This drawing Is proprietory of Sick Optic-Elektronik. Persons wishing to
obtain it should contact Sick Optic-Elektronik directly.
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3. Cycling Sequence.

If the RUN-buttons are pressed, power is applied to 3CR through the

closed contacts between terminals 5 &8, normally closed LC2-contact

(line 30), and 2CR contact on line 30. When 3CR-Relay energizes, power

is applied to the AIR-VALVE solenoids through the contacts of 1CR Cline

31) which has already been de-energized (after the RUN-buttons

depressed) and of 3CR.

motion detector relay MD.

The press now goes in motion, energizing the

2eR-Relay remains energized, through the

normally open contact of 3eR (line 19), when the press continues to0 ____

operate.

Limit Switch 1LS changes position shortly after start-up, and 4LS

changes position shortly before the bottom. 2eR was held in via the

contact of Le2 and the 2CR self-holding contact (line 21) through the

limit switch contacts, 2LSb and 3LSb. This is a stop-off-bottom

feature. Still, if there is no obstruction, the limit switches 2LSa and

3LSb (line 33) close at 1800 and the press returns to the top until

either 2LSa or 3LSb opens, giving the top-stop. If, for some reason,

the chain on the cam limit switch had broken during this time (then 2LSa

and 3LSb remain closed), the ftlJ)-Relay would detect this failure and drop

out,. stopping the press. During the up-stroke (at around 270°>, 4LSa

and 1LSb open up, de-energizing 2CR which will give a self-test signal

to the light curtain through the terminals 11 &12 (line 38). The whole

cycling sequence is described in detail in Table 3.

If there were any obstructions during the down-stroke, the light

curtain would tell the press to stop by opening contacts between

terminals ~ & 8, and by closing contacts between terminals 3 & 4 which
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in turn wiLL energize LC2, opening the LC2 contact on line 30 (i.e.,

contacts A4 and BS open, and AS and B4 close, and then LC2 contact

opens) •

Single-Break Single-Stroke Mode.

1. Selector Switch Positions.

SS1 at "RUN"; SS2 at "SINGLE STROKE"; SS3 at "SINGLE BREAK".

2. Start-up sequence.

Power is applied to the circuit by depressing the MOTOR-START

"--­button, but the light curtain must be obstructed to initiate the unit

(see the sequence no. 4 thru 8 in Table 4). Now depress the CONT. AAUTO

PRESET button to temporarily energize 4CR-Relay whose time contact Cline

28) remains pulled in and holds in SCR-Relay.

pulled out by depressing the button.

2CR has already been

So the power is to be applied to the light curtain (terminal 5)

thru the 4CR timer contact Cline 28), thru 5CR contact (line 30), and

thru SS3 switch Cline 31). At the time of 2CR de-energized, the self-

test command was given to the light curtain (to de-energize D-Relay in

the light curtain) thru the self-test terminals on line 38. The states

of the relays at the end of start-up sequence ;s as shown in Table 4

(step no. 13).

3. Cycling Sequence.

Now the press is ready to run. So if the timer (4CR on line 28)

has not timed out and the {;ght curtain is broken once (see the 3rd step

in Table 5), the relays in the tight curtain (by connecting between
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terminals 5 &8 and opening 3 &4) will tell the press to run by de-

en~rgizing Le2 and energizing 3eR. The only power line to the AIR VALVE

solenoid is thru the contacts between terminals 5 &8, until the press

ram reaches 1800 from which point the auto-return Cline 33) takes over

and returns it for a top stop.

During the return cycle, 2CR-Relay is de-energized, setting the

relay logic in the l ig ht curta in again (de-energ ; zi ng D-Re lay) • Re lay

4CR is pulsed via 3CR (at each start of a press cycle), resetting the

4CR timer contact for a new time period (around 10 - 20 seconds).

If the light curtain is interrupted during the down-stroKe-- period,

the RESET push button must be depressed to energize 1CR to start the

sequence allover again, because 1LSa is open and 1eR has been de-

energized. The interruption initiates the same sequence of relay
,

operations as before (i.e., A4 ~.BS open and AS &B4 close to open the

LC2 contact> to stop the press.

After a normal completion of a press cycle, the states of the

relays are as shown in Table S (step 0). That is, A and C relays

energized and Band 0 relays de-energized; Le2, 1CR, 2CR and 5CR

energized, and 3CR, 4CR and ,.,0 de-energized. If the operator puts his

hand(s) into the guarded area to change the work, A-Relay becomes de-

energized and B-Relay energized, causing D-Relay to energize. If, for

some reason, the relays A and 8 change their states simul taneously whi te

the hand (s) is still Lnder the press die, an accident may occur.

Doubt~Single-Stroke Mode.

The sequence of operation is exactly the same as in the Single-

break mode except the contact between terminals 9 &10 of the selector
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switch (553) is open, requiring two breakages of the light curtain to

initiate the press cycle. All other controls and functions act the

same.

.----.

-----------~ ••-> •• _.__•••. _-
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Table D-l, List of Relays and Limit S~itches.

No. of I E:ffect *1
Dr-ai... ir:g

No. Symbol Description Contacts on .Sai"ety No.

1 A Light Curtain Output 5 Critical 4000526
Relay

2 B Light Curtain Output 5 Critical "
Relay

3 C A, B Rel~s 1.Jonitoring 6 Important 4000733
Relay

11 D Self-Test Starting Rel~ 1 ,?ery II

Important
5 E Double-Break Relay 6 No "
6 RelJ.(S)*2 Sel~-Test Signal Rel~ 1 No--_ 4000525

7 MF Motor Starter Relay 5 No 7AOOO77
8 MD(M) Motion Detector Relay 11 Indirect/ "
9 lCR(Rl) Interrupted Stroked Relay ~ No "

J.O 2CR(R2) Anti-Repeat Rel~ 11 Very
"

- Important -- ..

II 3CR(R3) Valve Relay 5 No "
12 4CR(R3) Auto Time-Out Relay 3 Indirect "
13 5CR(R5) Auto Relay 3 No ..
14 LC2{L) Stop Channel Re18¥ 4 Indirect "

J.5 1LS Brake Monitor Anti-Repeat 3 Indirect "
Limit Sritch

16 2LS Auto-Return Limit Switch 2 Important "
17 3LS " " " " 11 Important "
18 4LS Stop orr-Bottom Anti-Repeat 2 No "

(e.~.) *1 "Effect of Safety" with respect to the use of light curtains.

*2 The "Symbols" vi.thin the parentheses are the ones used in the
Rel~ Sequence Tables.
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Table D-2. "Guard-Only Single Stroke" ~tart-Up Sequence
Tendnals [2J - CJD 'closed, mID - {gIl open)

No. LVU 200 Relays Control Rele,s St ate Changes or Input 1

0 A B C D 8 L R1 112 R3 M "Power-Up" energizes B. S, L

1 A (B)·; C D (8) (L) Rl R2 R3 M On Rl thru L - contact on line #23,

2 (L) (Rl) R2 R3 M On R2 thru Rl - contact 621 (see 7AOOO77)

3 (L) (Rl) (R2) R3 M Close termin~ls @ -1121 thru R2 - contact #38 I

"MOTOR SPEED-UP" in LVU200 (on At off B)

4 (A) B C D (S) I On C thru contacts a1, bi (see 4000733)
I

5 (A) . B (C) D (a) Ott S by opening contact cl
j

6 (A) B (C) D 8 Self-test obstruction signal (on Bt orf A)

7 A (B) (e) D s , On D thru contacts a2,b2t "s
8 A (B) (e) (D) 8 On 8 thru contact 4

3

9 A (B) (e) (D) (8) End of self-test (normal signal on A, off B)

10 (A) B (C) (D) (8) Close 111-IID, open [I}.ill (off L) I
11 (A) B (e) (D) (8) L" (Rl) (R2) R3 'M READY FOR PRESS OPERATION

1

. t

(c.f.) 1. Relays E, R4. R5 are not used in this mode.

2. (B) means Relay B energized.

I
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Table D-3, "Guard-Only Single-Stroke" Cycling Sequence

1) Two Hand Control Relay Sequence

Ram Slide Control Relays State Change or Input

00
L (Rl) (R2) R3 H Depress "Run-Buttons"

(on R3, off Rl) •.

00
L Rl (R2) (RJ) H Power to clutch; cam movement

(on M).

O~l800 L Rl (R2) (R3)
0

H Down-stroke; at 180 , auto-return
limit switches chan~e.

1800,.,270° L Rl (R2) (R3) (M) Up-stroke; at 270°, ~n L, off R2.

270C?v3000 (L) Rl R2 (R3) (M) At 3000
• off R3 and·Ii'BR.AKE".

200~3600 (L) (M)
0

Rl R2 R3 At 360 • stop motion (off M).

3600
(L) Rl R2 R3 H Power to Rl on line #23/(on Rl).

3600
(L) (Rl) R2 R3 H Off L (line 136), on R2 (line D19).

3600
L (Rl) (R2) R3 K End of cycle.

° -02>' Self-Test in LW200 (During 270 -360 RAM-SLIDE) •

No. LVU200 Relays State Change or Input

0 (A) B (C) (D) (5) Terminals 1JJ] - @ open (off D) at 2700

1 (A.) B (C) D (5) d
3-contact

open (off S)

2 (A) b (C) D 5 Self-test obstruction pulse (on B. off A).

3 A (B) (e) D S [llJ -!ill closed at 360° (on D).

4 A (B) (e) (D) S d
3-contact

closed (OD S)

S A (B) (e) (D) (S) End of self-test; normal signal (on A, off B)
6 (A) B (C) 'CD) (S)
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Table D-4. "Single-Break Single-Stroke" Start-Up Seguence

No. LVU200 RelaY8 Control Relqs State Change or "Input tI

1 A (D) c D (L) 81 R2 . R3 a4 RS M "POWER-UP" (on L, on B)

2 (L) (81) R2 a3 R4 R5 M Close Rl-contact #19 (on R2)

3. , (L) (Rl) (R2) R3 R4 R5 M "LVU200 Motor Speed;'up (on A, off B)
4 (A) D 'C D Close contact al (on e)

5 ' (A) D (c) D "OBSTRUCTION OF LIGHT" (off A, onB)

6 A (B) (e) D Close contacts a2, b2 (on D) I

7 A (D) (e) (D) "OBSTRUCTION REMOVED" (on A, off B) I8 (A) B (C) (D) i Close "MAKE" (I])-l]]), open .a1 ~ l!J I
(ott L) !

I

9 '. L (al) (a2) a3 R4 RS M "depress AUTO-PRESEr" (off R2, on R4) I

10 L (81) R2 R3 (R4) R5 M Close timer-contact R4 #28 (on R5) I, open R2-contact #38 (self-test, off n) I
11 (A) B (e) , D L (Rl) R2 R3 (R4) (RS) M "return AtJrO-PRESET" (oft R4) I

open [] -[[1. close 13J -ill (on L) I

12 (L) (ai) R2 R3 R4 M Close R4-contactN19 (on R2)

13 (L) (81) ,(R2) R3 R4 (R5) M

(c.t.) 1. Rel8fs E and S are not used.

2. Terminals []) - I!QJ closed, 120 ,- m closed. J.

-\.D
N



'f
I, !

,

Table D-5, "Bingle-Break Single-Stroke" Cyclins' Seguence

I

No. LVU200 Relay8 Control Rel8.18 State Change or "Input"

0 (A) D (C) D (L) (Rl) (R2) R3 a4 (a5) M "OBTRUCTION OF LIGHT"
(otf A, on B)

(D) (e) close contacts a2 t b2 (on n)
I1 . A D
\

2 A (B) (e) (D) "REMOVE OBSTRUCTION" J

(on At off B)

close [}j-([]. open [1]-~ (off L)
I

3 (A) B (e) (D) .
I

I

4 L (al) (R2) R3 a4 (as) M close L-contact 630 (on R3) !5 L (Rl) (R2) (a3) a4 (as) M close R3-contact #25 (on n4),
open 623 (off Hl)

,

6 L Rl (R2) (R3) (a4) (as) M pover to clutchl CAM movement (on M) I
(R2) (R3) (a4) (as) (M)

, 000
1 L Rl DOWN-STROKE (O~180 ); at 180

auto-return. I
I

I
UP-STROKE (180~2'100) tat 2100 I

8 :
(on L. off R2)

!

9 (L) Rl R2 (R3) (n4 ) (R5) (M) (2·rO~::\Ooo). OJUHI H~-eolll,llf·t. II IH I
(off n) I

10 (A) B (e) D At 300°, open #33 (off R3) and I
I

BRAKE I

(L) R2 R3 (R4) (R5) (M) o () .
I11 Rl (300 "-360 ) t open·H3-contact 1121

(Jl5) . (li
orf (R4) ,

I.
I

12 (L) R1 R2 R3 R4 complete stop at 3600 (off M) i

(L)
I

13 Rl R2 R3 R4 (n5) M close M-contact #23 (on H1) I
I

14 (L) (Hl) H2 R3 R4 (n5) M close Rl-contact #19 (on R2)
I
I

(L) (Rl) (R2) R3 R4 (R5) M end of cycle I
15

I,

-\.U
W

'I
"



- - -
-~~ ,-------._- .. _~--.' ..... --,".--

APPENDIX E

TABLES OF RAW PRODUCTION DATA
'---



I
I
1

III Shift

INTERLAKE STAMPING CO.

Production Data

Oa te: 6/11 B\ Machine No. ~~ Machine No. ~L\ Machine No. 21
Subject No. i .SubJ.ect No. ~ Subject No. ~

~lf. ~ - ~
.
~ JDaY:M()~\~

Two hand Two hand ( Sal f- Two hand ~ Sel f-
control r\... tr1 pp1 ng control ~ tripping control " tripping

\

c C c c c c
0 -0 0 . .. 0 0 0

'" ~~
.,. §# .,.. ,,...... ... .... .... +t ....

",.
.. ... IIt:a o4-J

'" to '" '.". ctJ en to ~ to lit eu lit ~
.0 +t s- .a +t

~~
.Q .... s- A +t

~~
.0 +t s, .0 ... S-

O ... :J 0 .,..~ 0 ... :J 0 ... ' 0 ... :J 0 Or- ::J
~ :c c .., :c ,., :c c .., :z: Q .., ::z: c .., :c c

7:00-8:00 i\~ \15 \6 ~Odl8 \5:2 ~ \5 nzz'f 0 0
8:00-9:00 .~ca.sq1\1.lt\ 60 'I \05< 5.5 II a 0

l20ll ICA.O II -

L+~ 09:00-10:00 n ~~ " o~. 1- ~41J
10:00-11:00 II [3'" 58 1/· ~t.t. ~ 5-6 II ~ 37
11:00-12 :00 n ~\7J 5·5 ,,

~n 55 (( '5~~ .55
12:30-1:30 II 501~ .~ II ft~ol 60 1/ t2.~ 60....-

1:30-2:30 II ~O~ tt, .. J 5\6\ 50 " ~2.8b 4-5
2:30-3:10' ~gct ~8 II ~l~ ltd II ~~~~ lK)

,

-~
,.l::-

~

..



2!!.9. Shift

---vo
Vl

INTERLAKE STAMPING CO.

Production Data
.

Date: Machine No. Mach'ina No. Machine No.
611t~1 Subject No. L. (~SubJect No. 2- Subject No. S

I"'fwo hand !) Self- lITw"o han~-:;) Self· ~wo han~ Self-
Day: i'--.... con,trol tripping ~ _ control tripping ~ contra tripping

VvI"rt J<} ,
c c c c c c
o . 0 0 0 0 0... .... .,. .,. ... .,...... .... .. +' .... .... ... +' .... +J .. +J

'" "' '" "' III "' '" "' III "' '" to. ,Q +' s- ,Q +' s- ..0 +' '- .a +' s- ,Q .. r.- oO .. s-
o ... ::I 0 .... ::I 0 ... ::I 0 .,.. ::I 0 .,. ::I 0 'P'" ::2
~ :c Q ., :c Q ., :c Q .., :c Q ~ :c Q P') :c Q

4:00-5:00 ~ I~ -z-,oJ IS IVY: . IV.
5:00-6:00 ~t~ ~\, ~~ ~~ . .. l()lf(, ~f.D

6:00-7:00 \\\" q:;, 'f3 -
1(&, '13\~ tf.,

7:(J0-8:00 2J,,~ \to 2t1l- ~O z...irl, 58
8:eo.~:oo 3'IU ~ 31t~ J:{ ,3J¥5' ~t
9:30-10:30 Y'J~1 t.p ~"'i, '0 ~"II s7
10:30-11:30 'IS'" 5° '9-~ £0 41,'/Q sO
1'1:30-12 :1.0 (M'o '.< ~01J .3< ..JI'I'I

....,,/.
~ ,.......

I .

., '
\ "

/~
.,ll\l ,

I'}.,\ .~"
~ ",'V

p"



1~ Shift

INTERLAKE STAMPING CO.

Production Data

~a/:jS1-
Machine No. Machi'ne No. Machine No.

Subject No. L Subject No. ?. . Subject' No. :3r.

1(:0 han~-:.;) 51l f- (""WOhan~ Self- "Two han~~ Sel f-
Day s .contro' tripping ..~ control tripping ~ _ contro tripping

7Vf.~d-- \

c C c c c c
, 0 . 0 0 0' 0 0.,. ... ... .,. er- ..... .... .. .... ... .... .... .... .... .... .. ...,

lit ta lit IG lit ta lit IG en '" en ru
..a .... I- .0 .... I- .I:J ....

~
.a .... I- .0 ..., I- .0 +' s,- 0 ... ::t 0 .,. ::t 0 .,.. 0 ... ::t 0 .,. ::t 0 .,.. :J., = Q ., :: Q .., = Q .., :c Q ., ::c 0 ., x c

7:00-8:00 50k~5 ~1i Lto 535 35
8:00-9:00 I~~O 60 \~~L to \6"23 60
9:00-10:00 \1% l\1 \'\11 ~l il-%6 L\5
10:00-11:00 '2&J 56 t2S3~C GO ?J)O() 5l
11 :00-~:GO bub 55 t3S5? 55 450\ 60
12:30-1:30 13~ 55 . . 't2f\ 5~f) ~5J) 58
1:30-2:30 lft\2 £;3 'i~1£ ,Lj-Z 52\0 35
2:30-3:JO ~Z'\ 31 ~lK) qO I ~~~\ Ltd! .

-
\.D
0'

t~,ij

~
'\,".!

;;

.. 1

\
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INTERLAKE STAMPING CO.

Production Data

'~
,;:" .-

Da te: 0'tZ./8\ Machine No. Machine No. Machine No.

Subject No. j.-. $~bj.ect N.o. , :L Subject No. 3, ..

Two hand r!iif. ~ Two hand /1"11f. ~ Two hand ~~t 5el f-
Day:-nx=satt control ~tr1pp1ng control ~ tripping control ~ tripping

,
c c c c c c
0 0 0 0 0 0.,. ..,. '" ... .,.. ........ .... ... .... .... .... ... .... .... ..... .... ...

en ns en ns en to VI '" en to en .",

oC .... s- oC .... I- .0 .... I- .0 .... l- .e .... L. .e .... 'I-

0 ... ~ 0 ... ::I 0 ... ::I 0 ... ::I 0 ... ::J 0 .,.. ::t.., :c c:a ":t :c c:a .., :r: Q .., :c c:a .., :c Q .., :c Q

4:00-5:00 ll~ \ '0 J/.& ~/ l/-' ?j, '1~

~ 5:00-6':0' ~-!fJ.' ';/~ , I . ~IJ.{ , I "} 17~" ~()"" • I

6:0"7:00 3't/\t Hfo 30lCl tj~ 2.~~1 lt0
, 7: 80-8 :00 Lf~{~ 60 'jf)'l/' G'O 33'1~ GD
8:00-~ ~t) 7(, Z~ ~~ rg~ 'IJ{l1

)

.J

10: 80-10: 30 1IJS"t" 30 U'03 aW 470 3D

10: 30-l3t:OJ f"" ,.~ 131' ~O (Jyl,. '1D
H = 36-12 :;lCf

J

-\.0
........



INTERLAKE STAMPING CO.

Production Data

'-=\-

he
01

-\..0
00

\'\c'-'•-Jc

(;J:2:/~,
Machine No. Machine No. Machine No.

Subject No. L Subject No. .1- Subject No. .3
..

~ ~ "'Self. ~Two' hand ( Self. Two hand Two hand l~lf- ~Day: . control ~tr1pp1ng contro' ~r1PP1n control ~ tripping
()J,J" ,,.r/?}

c c: c c c c0 0 0 0 0 0... ... .,. e,. e,.
''''.... ... ... ... .... +' .... ..., .. +-' 'tea ~

tit to .,. IQ .,. IQ III ra .,. co "" IU.Q ... L. .Q ... ... .a ... ... .a ... L. .Q +' L. oa +' '-0 ... ::J 0 e.. ::a 0 ... ::a 0 ... ::J 0 .,.. ::a 0 .,. :::J
~ :c Q "'::I :c Q "'::I :c Q .., :c Q .., :c c .., :c c

7:00-8:00 115g 3'\ Sqo 3~ t~'f( \U \5
8:00-9:00 \811 51 Ilfl) 55 II \C\~ 5·~~. . ~......
9:00-10:00 eong 5'1 till' 51 II 0 0 A

~_-1"'1

lt~ 60 2111 3'6
•I'10:00-11:00 -'~e

. . .. ~~1J 3:2-
11:GO-12 :00 '\fJ\O 55 [3170 55 %11\~Q1r\tZ [.,

~; ,=>t). LjS!J 50 ~~}5~O ~6
r-.. ,

12:30-1:30 ... '-'
1:30-2:30 .'~l~ ~'1 .. p\lG ,,~ ~ \\2.0 tt.5
2:30-3:10 n3~ L\\ . . ..

~'lt~ '1~ . /1 Ilt8~ ~1,

J .
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INTERLAKE STAMPING CO.

Production Data

~
~~'
~"

\~\
\\:.~'\,..

.
~Ci' Machine No. zyDate; 1 Machine Ho. Machine No. ~7

::TO~ # II9 JI/, ..-s: JOJ, # 33S'~-1I~ ?> ~I Subject No. J.- S,ubject N.~ •. a- Subject·No. .3,

~and~ 5e' f· t1"Wo hand~ Self· e hand~ Self-
Day: ,control tripping 1'--_ control tripping control tripping

~ C c c c c c
0 0 0 0 0 0.... ..... I,. I,.. .,. "r-.... +I .... +I .... .... .. .... ilia .... .... ~

til ftI til ftI lit R:I CIt ftI til to til n:I
.0 +I s- .0 .... s- .0 .... s- ..a .... l- .e +' s- oC .... s,
o .... :::I 0 .... :::I 0 .... :::I 0 I,. :::I 0 I,. :::I 0 .... ~

"') :c Q .., = Q ., = Q .., = c::a .., = Q ~ :c Q

4:00.5:01 ~i ~"a.' n'l So ~70 ~~

5:0'-6:0) ~:l~:t. GI . llJ3 .~.~ . , 9JO III
6:0,3-7:00 III qJ ~!S' 1901" 5i }1~~ ~7

.7: 00-8 :00 ~S~ S'7 ~!.3~ 5~ u~'1 ~o

a:eo-s:SC ;1..1111 .5'( .
~/~~ 6/ ~i'c; ~)

9:30-10:30 ~3!1 5~ 3rYI ~lo 3ft, ~.-

10:30-11:30 1f7 'l'l!1 Jff1 \D If{f(.s' 31

B?/9 - l.i~4,·,,\ ";';~j~ .

11: 30-1_2 :10 Htl11 3"2, ~r1o 31 "tP ~:v ~3
'.

J

\

o ci°b:# S"!>.s~ -1/ t-rMj..RJ.:&t
® d"t-l1J: 7 ~~'l- 'If?

-\.0
\.0

.:i



1~ Shift- --
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INTERLAKE STAMPING CO.

Production Data

N
o
o

'=- h€,,--~ i

....... ~':.\~ I

w~ Hl.oJ..\~ \;~ 'w, :;;\~<:.. <:..l.',rr-fX~""e.~ \0

l & I '! 'f.. b t')
.:sob 18Gq-L"L

?f~\CJ\j~ .s-bS .

l'\ 0 te :

Date: Machine No. ~~ '~ach1 ne No. '-'-\ Machine No.2,
9(4/&( Subject No. \ .Subj.ect No. ~ Subject No. -:3>
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APPENDIX G: Computer Program for Monitoring

and Recording Physiological Data

G.l. Computer Program'

G.2. A sample of program output of recorded
physiological data.

.._---
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TYPE ,.J53TE5T

'---

,

CHANTASK 16,4
EXTERNAL VARS,MONTR,FAIL
COMMON/PlACE/IFIN,KAT,MBP,SYS,DIAS,HR
COMMON SUMRY(l,S),ISTDP
COHHON/SENSE/IRSMP,INUM
DIMENSION IAR(3)
INTEGER SUHRY
INTEGER SYS,DIAS,HR
CALL INIT(aHTO·,O,IER)
TYPE- •
TYPEaDATA TAPE SHO~LD BE LOADED; INDICATOR SET TO ON-LINE.-
TYPE- •
TYPE-AFTER PAUSE, TO EACH 'REQUEST REGARDING TIME,·
TYPE-INPUT APPROPRIATE NUMBER AND HIT RETURN.­
TYPt- -
TYPE- ­
PAUSE
TYPE- -
TYPE- •
ACCEPT-TIME IN HOURs=a,IAR(1)
ACCEPTaTIME IN HINUTES=-,IAR(2)
ACCEPTaTIME IN SECONDS=-,IAR(3) .
TYPE- -
TYPE- • ,
,TYPE-MISTAKE? ENTER THE NUMRER ONE AND THE ABOVE ~EaUESTS·

TYPE-WILL BE REPEATED. OTHERWISE, STRIKE ANY OTHER KEya
TYPE-FOR PAUSE. AFTER PAUSE, ,CONSOLE WILL REQUEST HTO FILEt.­
TYPE-· •
TYPE- ­
tALL HGTCHRCO,ICHAR,IER)
IFCICHAR.EQ.49) GO TO 80
CALL STIMECIAR,IER)
PAUSE
TYPE- -
TYPE-· .
TYPE-WHEN ASKED, ENTER THE HTO FILE. AND HIT RETURN.­
TYPE-NOTE: FILEt RANGE EQUALS 0-14.-
TYPE- •
TYPE- -
ACCEPT-FILEt ON HTO TO BE OPENED=·,IFNUM
TYPE- •
TYPE- -
TYPE-MISTAKE? ENTER THE NUMBER ONE. OTHERWISE, STRIKE-

so

81

~ ,. -- .".~ .--- ....--. .-. ..- - ,..... ..
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:----

. '...

. ,-

. ***LS BIT=DYNAHAP RESET/ENABLE
BIT=l;DYNAHAP IS RESET
BIT=O;DYNAHAP FUNCTIONS ACCORDING TO PANEL SPECIFICATION
BITS 1 THROUGH S;SOLENOID RESET/ENABLE
IF BIT=l;SOLENOID IS ENABL~D AND MUST 8E DISENGAGED

PRIOR TO ANY NEW SAMPLING

fl ...·t:.·tq·t ..tJl~)' "It "/f/11(tk Ut· :,.'J·(,It-I/') ILl l(~: ~jHtitlLlt. tr·llt·,.·· ..

TYPEaAl-'f-'RUPRIAfE" NI.IMlH:h: BUT no NUl HI J f~ElURN.·

CALL HG J CHR (0, I CHAr" I ER )
IFCICHAR.EQ.49) GO TO 81
TYPE· •
TYPE· •
IFCIFNUM.EQ.O) GO TO 82
GO TO(83,84,85,86,87,88,89,90,91,92,93,94,95,96)IFNUM
GO TO 81
CALL OPENC2,·MTO:O·,3,IER)
GO TO 100
CALL OPEN(2,·MTO:l~,3,IER)

GO TO 100
CALL OPENC2,·MTO:2·,3,IER)
GO TO 100· .
CALL OPENC2,·MTO:3·,3,IER)
60 TO 100. •
CALL OPENC2,·MTO:4·,3,IER)
60 TO 100
CALL OPEN(2,!MTO:5·,3,IER)
GO TO 100

I CALL OPENC2,·MTO:6·,3,IER)
GO TO 100·
CALL OPENC2,·MTO:7·,3,IER)
GO TO 100
CALL OPENC2, -HTO:8- ,3, IER) .
GO ,TO 100
CALL OPENC2,-HTO:9·,3,IER)
GO TO' 100 .
CALL OPEN(2,-HTO:I0·,3,IER)
GO TO 100 . .
CALL OPENC2,·HTO:l1·,3,tER)
GO TO 100
CALL OPEN(2,-HTQ:12-,3,IER)
GO TO 100 .
CALL OPENC2,·HTO:13-,3,IER)
GO TO 100
CALL OPEHC2,-MTO:14·,3,IER)

'CALL DGOTC1,1,IER)

91

83

88

89

94" .

93

90

82

86

87

92

85

84

95

96
100 •
C
C
C
C
c·
c
c
c
c
C ***IFIN=l; HEADER NOT FOUN~

C . . IFIN=2; 27-11 NOR 48-48-58-32-46 SEQ FOUND
~__ ...__....1F~N.:.3..:....M-C;-.D.JJAI'A.I=nll~n .RUT•.Nor ~R -:_~__ ......._

Reproduced from
best available copy.

----'



t.

C
C
C
C

it 1 rJ:- 4i; rH: 1 111~·.k 11··S,·,1.1 Nuk t1K !.tIll f~ t 1/l.JNl.I

IFIN==5; HR {"lATA FOUND Bin NUl M· S-[1
IFIN=6; ALL DATA FOUND BUT ZERUS F'f\f:SENl
IFIN=7; ALL DATA FOUND AND NON-7ERO

216

PAUSE
99 TYPE· ­

TY,PE- •
TYPE-HOW MANY SUBJECTS WILL BE SAMPLED?·

c
C ***ASSUMIN6 SUBJECT NO.1 CORRESPQNDS TO IVAL1, SUBJECT
C NO.2 TO IVAL2, AND 'SUBJECT NO.3 TO IVAL3, WHERE THE
C VALUES 2,4,8,16,32 ARE POSSIBLE AND CORRESPOND TO
C SOLENOIDS 1,2,3,4 AND 5 RESPECTIVELY.
C

ISTOP=O
IRSMP=O
IWAIT=O
CALL HGTCHR(O,ICHAR,IER)
IFCICHAR.EO.49) GO TO 1
IF(ICHAR.EQ.50) GO TO Q
IF(ICHAR.EO.51) GO TO 3
GO TO 99

1 TYPE- -
TYPE-MISTAKE? ENTER THE NUMBER ONE. -' ----
TYPE-OTHERWISE, STRIKE ANY OTHER KEY.-
TYPE- •
TYPE-CONSOLE WILL VERIFY THAT N~MBER, AND,'THEN ASK FOR ~VALUE>-
TYPE-OF SOLENOID FOR THAT SUBJECT. RESPOND BY ENTERING THE­
TYPE-APPROPRIATE NUHBER(2,4,8,16, OR 32) AND HIT ~ETURN.·

CALL.HGTCHRCO,ICHAR,IER)
. IF(ICHAR.EG.49) GO TO 99," .

TYPE- -
TYPE-ONE SUBJECT WILL BE SAMPLED. e

INUM=l; ,
101 TYPE- •

,TYPE- • .
ACCEPT-SOLENOID VALUE TO BE USED FOR SUBJECT ONE=-,IVAL1
TYPE- -
TYPE-MISTAKE? ENTER THE NUMBER ONE.­
TYPE-OTHERWISE, STRIKE ANY OTHER KEY.­
CALL HGTCHR(O,ICHAR,IER)
IFCICHAR.EQ.49) GO TO 101
GO TO.6

2 TYPE- ·e

TYPE-MISTAKE? ENTER THE NUM8ER ONE.­
TYPE-OTHERWISE,. STRIKE ANY OTHER KEY.-
TYPE- - ,
,YPE-CONSOLE WI~L VERIFY THAT NUMBER,AND THEN ASK FOR <VALUES>­
·TY~E·OF SOLENOIDS FOR THOSE SUBJECTS. RESPOND BY ENTERING THE­
TYPE-APPROPRZAT£ NJlMRJ:"r;t.e.t?.4_J:l-~.L-- n.D_.2"~-""'~ ........... -_.- - _.



LAL L h u I L tl h ~ \...} ~ I f I it u- , .1. t t\ 1

IF(ICHAR.EO.49> GO 10 99
r'l' PE--
TYPE-TWO SUBJECrS WILL BE SAMPLED.- 217
INUM=2

102 TYPE-·
TYPE- •
ACCEPT·SOLENOID VALUE TO BE USED FOR SUBJECT ONE=-,IVAL1
ACCEPT-SOLENOID VALUE TO BE USED FOR SUBJECT TWO=-,IVAL2
TYPE- •
TYPE-MISTAKE? ENTER THE NUMBER ONE.·
TYPE-OTHERWISE, STRIKE ANY OTHER KEY.­
CALL HGTCHRCO,ICHAR,IER)
IFCICHAR.EQ.49) GO TO 102
GO TO 6

3 TYPE- - I

TYPE·MISTAKE? ENTER THE NUMBER'ONE.·
TYPE-OTHERWISE, STRIKE ANY OTHER KEY.­
TYPE- -
TYPE-CONSOLE WILL VERIFY THAT NUMBER, AND THEN ASK FOR <VALUES>·
TYPE-OF SOLENOIDS FOR THOSE SUBJECTS. RESPOND BY .ENTERING THE·
TYPE-APPROPRIATE NUMBERS(2,4,8,16, OR 32) AND HIT RETURN.-
CALL HGTCHRCO,ICHAR,IER)
IFCICHAR.EG.49) GO TO 99
TYPE- -
TYPE·THREE'SUBJECTS WILL BE SAMPLED.- '---
INUH=3

103 TYPE--
TYPE- •
ACCEPT-SOLENOID VALUE TO BE USED FOR SUBJECT ONE=-,IVALl
ACCEPT~SOLENOID VALUE TO BE USED FOR SUBJECT TWO=-,IVAL2
ACCEPT-SOLENOID VALUE TO BE USED FOR SUBJECT THREE=-,lVAL3
TYPE- -
TYPE-MISTAKE? ENTER THE NUM~:~ ONE.- .
TYP£-OTHERWISE~ STRIKE ANY OTHER KEY.-

" CALL HGTCHRCO, ICHAR, IER) I

IFCICHAR.EQ.49)" GO TO 103
6. TYPE iI •

TYPE- - ,
TYPE-FOLLOWING THE NEXT PAUSE, THE EXPERIMENT WILL­
TYPE-BEGINCOR RESUME). CREeK POWER FOR DINAHAP AN~.SOLENOIDS.-

TYPE- • .
PAUSE . ,
CALL FTASKCFAIL,$60,4,
IVAL=IVAl1
ISUB=1

9 K=O
10 CALL FTASK(~A~S,.50,2)

KAT=O
CALL DGOTC1,IVAL.~ER)

.. _•• _~ r~ .1.... pI:r..L~.b.l"__TrO"TT UIJC".) _._ .. _ . _ _ ..,. .
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IF(IFIN.EQ.7) GU In 14
1\=1\+1
IFCK.GT.1) GO TO 14
IFCIFIN.LE.S) GO TO 11
IF(IFIN.EG.6) GO TO 12
TYPE- -
TYPE-PROBLEM WITH DATA TRANSMISSION.­
TYPE-ANOTHER SAMPLE WILL BE ATTEMPTED.-
IRSti?=1 .
CALL WAITC40,2,IER)
GO TO 0 10
TYPE- •
TYPE-ZERO READINGS; CHECK CUFF PLACEMENT AND CONNECTIONS.­
TYPE-ANOTHER SAMPLE WILL BE ATTEMPTED.-
IRSMP=1 .
CALL WAIT(40,2,IER)
GO TO 10
IFCISUB.EQ.l) GO TO 15
IFCISUB.EG.2) GO TO 18
IFCISUB.ED.3} GO TO 24
SUHRYC1,1)=MBP
SUttRY ( 1 ,2) =SYS·
SUtiRY(1,3)=DIAS
SUMRYC1,4)=HR
SUMRY(1,5)=IFIN
SUMRY(1,6)=ISUB
CALLFGTIM(IHR~IHIN,ISEC)

SUMRY(1,7)=IHR
SUMRY(l,S)=IHIN
CALL FTASK(HONTR,SS5,3)
CALL DELAYCIWAIT)
CALL WAITCIWAIT,2,IER)
IFCISTOP.ED.!) GO TO 16
IFCISTOP.EO.2) GO TO 75
IFCINUI1.GE.2) GO TO 17
GO TO 9 •
PAUSE
TYPE- •
TYPE-· - . 0

TYPE-IF A CHANGE IN THE NUMBER OF SUBJEC1S/(SOLENOIDS) IS NEe-­
TYPE-ESSARY, ENTER A ONE. OTHERWISE, STRIKE ANY OTHER KEY FOR·
TYPE-PAUSE. RESPONSE MEANS BREAK IS OVER~-

CALL HGTCHR(O,ICHAR,IER)
IFCICHAR.EQ.49) GO TO 99 .

---TYPE- -

11

12

15

16

.'....

PAUSE
ISTOP=O
IF(INUH.G£.2) GO TO 17

....- ..--
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ISUB=2
IVAL=IVAL2
GO TO 8
SUMRYCl,l)=HBP
SUHRY(1,2)=SYS
SUMRY( 1,3) =IIIAS
SUMRYCl,4)=HR
SUHRYCl,S)=IFIN
SUMRY(1,6)=ISUB
CALL FGTIM<IHR,IMIN,ISEC)
SUHRY(1,7)=IHR
SUMRY(1,8)=II1~N

CALL FTASKCHONTR,SS5,3)
CALL DELAYCIWAIT)
CALL WAITCIWAIT,2,IER)
IFCISTOP.Ell.·1) GO TO 19
IF(ISTOP.EO.2) GO 10 75
IF(INUH.GE.3) GO.TO 20
ISUB=l
IVAL=IV"Ll
GO TO 8
PAUSE

.. TYPE- ••
TYPE- •
TYPE-I~·A CHANGE IN THE NUMBER OF SUBJECTS/(SOLENOIDS) IS NEe--
TYPE-ESSARY, ENTER A ONE. OTHERWISE, STRIKE ANY, OTHER KEY FOR­
TYPE-PAUSE. RESPONSE MEANS BREAK IS OVER.-
CALL HGTCHR(O,ICHAR,IER) ._
IF(ICHAR~EQ~49) GO TO 99
TYPE- •
PAUSE

\ ISTOP=O
IF(1NUH.GE.3) ·GO TO 20
1SUB=1 .
IVAL=IVAL1'· ~

GO TO 8
1SUB=3
I VAL=IVAL3,. "-
GO TO 8
SUHRYCt",1)=trBP
SUHRYC 1~2)=SYS'

SUHRY(1,3)=DIAS
SUHRYC1,4)=HR
SUHRY(1.S)=IFIN .
SUI1RY(1,6)=ISUB
CALL FGTIH(IHR,II1IN,ISEC)
SUH,RY( 1,,7)=IHR
SUHRY(l,8)=IHIH ..
CALL FTASKCHONTR,'55,3)
CALL DELAYCIWAIT) ,

___ ....ctu r ..J.lA.X;X:~...rJ.lA.7 T •. ? Y.ro \.
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IFCISTOP.£Q.1) GO TO 25
IF({STOP.Ea.2) GO TO 75
ISUB=l
IVAL=IVALl
GO' TO 8 .
PAUSE
TYPE- -
TYPE- - .
TYPE-IF A CHANGE IN THE NUMBER OF SUFJECTS/(SOLENOIDS) IS NEe-­
TYPE-ESSARY, ENTER A ONE. OTHERWISE, STRIKE ANY OTHER KEY FORe
TYPE-PAUSE. RESPONSE MEANS BREAK IS OVER.-

. CALL HGTCHR ( 0 , I CHAR, I ER )
IF(ICHAR.ED.49) GO TO 99
TYPE· • . I

PAUSE
ISTOP=O
ISUB=l .
IVAL=IVALI

. GO TO 9
TYPE- NOT ENOUGH VARS" TCBS­
TYPE-NOT ENOUGH'HOHTR TeBS­
TYPE-NOT ENOUGH FAIL TeBS·
PAUSE .
DO 76 J=l~S

SUHRY(1~J)=1

CONTINUE .
WRITE(2,77)(SUHRY(~,J),J=1,8)

FORMAT(lX,I3,2X,I3,2X,I3,2X,~3,3X,Il,3X,Il,2X,I3,2X,I3)

CALL AKILL(4) , .
CALL CLOSEC2,IER)
CALL RLSE(-MTO-,IER)

.TYPE- . - '
TYPE- - • . .
TYPE 8 flAGTAPE FILE CLOSED AND HTO RELEASED.­
TYPE~TOGGLE· STOP/RESET.-
TYPE-HIT ON-LINE AND REWINn.-
TYPE-NOTE,WHICH HAG TAPE FILE GETS OPENED NEXT~­

TYPE-RESET SWITCHES TO 100022.-
TYPE-TURN OFF POWER TO DINAMAP AND SOLENOIDS.­
STOP
END

.._. _ '__ • _-. .--.-. _ .-..... i· # .. ~. c> • __~... _. _ ~."""'''' too _ •.-..-- ~.
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TYPE TEST2

.._--_.

.~

, ..

'. ".

TASK VARS
COHHON/PlACE/IFIN,KAT,HBP,SYS,DIAS,HR
DIMENSION 11(120) ,
DIMENSION 111(60)
INTEGER SYS,DIAS,HR
f1SDS=O
DO 3 J=1,18
CALL HGTCHR(l,ICHAR,IER)
TYPEeICHARA=·,ICHAR
III(.J)=ICHAR
CONTINUE
ISUM=III(J)+III(J-l)+III(J-2)
IF(ISUH.EQ.30) GO TO 5"
J=J+.1
IF(J.GT.SO) GO TO 997
CALL HGTCHR(l,ICHAR,IER)

'III(J)=ICHAR
TYPE-ICHARB=·,ICHAR
GO TO 4. .
CALL HGTCHRC1,ICHAR,IER)
TYPE·ICHA~=·,ICHAR
IF(ICHAR.NE.27).GO TO 5
II(l)=ICHAR
DO 8 J=2,.S8
CALL HGTCHR(1,~CHAR,IER)

II(J·)=ICHAR
TYPE 8 I CHAR1=- , I CHAR
CONTINUE ..
N=O· '.
DO 10 J=1,5,2
IFC II(J) .EO. 11'(..1+2'» N=N+•. ~ .... ,
CONTINUE
IF(N.EQ.~)GO TO' 50
CONTINUE . ' .....,' ..
DO 20 ..1=5,9
ICOHB=IICJ)+II<J+l)+II(J+2)+II(J+3)+IIeJ+4)
IF(ICOKB.EO.232) Gp T~ 30
CONTINUE
GO TO 998
'IH/tRKaJ
TYPEaIHARK=-.-J
GO TO 70
CONTINUE
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***FOUR -2711- SEQUENCES HAVE BEEN FOUND

***ASSUHING REMAINING OUTPUT(CHARACTERS) HAVE
REMAINED IN BUFFER

1'\=47
MBP=100*<II(f()-48>+10*<II<K+l)-48>+IICf(+2)-48
IF(CMBP.GE.O).AND.CHBP.LT.200.» GO TO S5~

K=I<-1
ICOUNT=ICOUNN1·
IFCICOUNT.EG.S) GO TO 999
GO TO 52
ISPACE=II<I<+3)
SYS=100*(IICI<+4)-48)+10*CII(K+5)-4B)+II(Kt6)~48

ISLASH=IICK+7)
DIAS=100*<II(K+8)-48)+10*CIICK+9)-48)+IICK+10)-48
ILF=IICK+ll) .
CONTINUE
IECISPACE.NE.32) GO TO 999 ~

IF«SYS.LT.O).AND.(SYS.GT.250.» GO TO 999
IFCISLASH.NE.47) GO TO 999
IF(ILF.NE.I0) GO TO 999
TYPE 8MBP=·,MBP

TYPE·SYS=·,SYS
TYPE·DIAS=·,I1IAS
GO TO 80 .
.ICOUNT=l
K=IHARK+3B
GO TO 52

52

S5

x
x
X

70

c
c
c
C
80

x
X
85

x
x
x
8S

x

DO 85 1(=59,61
CALL HGTCHR(l,ICHAR,IER)
IICK)=ICHAR
TYPE·I(=·,K
TYPE- ICHAR2=-', ICHAR '.
CO~TINUE

1\=62
CALLHGTCHRC1,ICHAR,IER)
II(K)~ICHAR .
TYPE·ICHAR2=·,ICHAR
TYPE-K=-,K
TYPE 8II(BO)=·,II(80)

ICOHB=II(K-2)+IICK-l)tII(K)
IFCICOHB.EQ.30) GO TO 90
I\=K+l
CALL HGTCHRC1,ICHAR,IER)
TYPE eICHAR2=·,ICHAR ~

II(K)=ICHAR
GO TO 88
ICOUHT=l

\ .

.'
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IF«HR.GE.O).AND.CHR.LT.200.» GO TO 95
HR=10*CII(K-4)-48)+II(K-3)-48
IF«HR.GE.0).AND.(HR.lT.l00.» GO TO 95
K=K-1
ICOUNT=ICOUNT+l
IF(ICOUNT.EQ.]) GO TO 1000
GO TO 92
CONTINUE
TYPE·HR=·,HR
IFCMSDS.ED.l) GO TO 994
GO TO 995
IFIN=5_
GO TO 1002
IF<HBP.EQ.O) GO TO 996
IF(SYS.EQ.O) GO'TO 996
IF(DIAS.EO.O) GO ,TO 996
IF(HR.EQ.O) GO TO 996
IFIN=7
GO TO 1002
IFIN=6
GO TO 1002
TYPE-COULD NOT FIND PROPER HEADER.-
IFIN=l, ' '.­
GO,TO 1003
TYPE-COULD NOT FIND 27-11 NOR 48-48-58-32-46 SEQUENCES.­
GO "[0 1001-..
TYPE-COULD NOT FIND COMPLETE MBP-SYS-DIAS ·SEQUENCE.­
HSDS=l
GO TO 80
TYPE-COULD NOT FIND HR.­
IF(MSDS.NE.l) IFIN=3
IF(MSDS.EQ.l) IFIN=4
GO TO 1.()02·
IFIN=2
CONTINUE"
WRITE(10) II
GO TO 1004
CONTINUE .
CALL'XHT(KAT,IFIN,$9999)
TYPE-KAT ALREADY- SET-
END I .

995

95
X

994

996

998

997

1000

999

1001
1002
X

1003
1004
9999

R

-..- ..... ~- -- - .. -.- ...
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E TEST3
"

" .

TASK HONTR .
CO~HON SUHRY(1,B),ISTOP
INTEGER SUHRY
TYPE- -.
TYPEeMBP SYS DIAS HR, IFIN SUB IHR IMINe
WRITE(2,70)(SUHRYC1,J),J=1,B)
WRITE(10,70)(SUMRYf1,J),J=1,S) .,
FORHAT(1X,I3,2X,13,2X,I3,2X,I3,3X,Il,3X,Il,2X,I3,2X,IJ)
CALL RDSCIVAL)
IHASK=000022K.. '
IVAL=IVAL.AND.IMASK
IFCIVAL.EQ.16) GO TO 100
IFCIVAL.EQ.O).60 TO 120
GO TO 150
TYPE- •
TYPE-LUNCH B~EAK OR PTHER TEMPORARY DELAY ENCOUNTERED.-.
TYPE-MAGTAPE FILE WILL NOT BE CLOSED.-
TYPE-RESET SWITCHES T6 100022,- t' •

TYPE-LEAVE POWER ON TO DINAMAP ~ND·SOLENOIDS.~

TYPE-'- . . ."
TYPE-A PAUSE STATEMENT WILL ARRIVE FOLLOWING THE RETURN­
TYPE-TO THE MAIN PROGRAM. RESPONDING ro THIS PAUSE- ... ,'
TYPE-WILL CAUSE THE CONSOLE TO INQUIRE WHETHER A WORK-a,
TYPE-BREAK IS' IN -EFFECT, OR WHETHE~ A' 'CHANGE IN­
TYPE-SUBJECTS AND/OR SOLENOIDS IS NECESSARY.-
ISTOP=:l
TYPE- -
TYPE- -
GO TO 150 . .
TYPE- - ,
.TYPE-END OF DAY OR OTHER 'PERMANENT SHUTDOWN ENCOUNTERED.­
TYPE-MAGTAPE FIL~ WILL BE CLOSED AND HTO RELEASED,~ .
TYPE- -' . . I

TYPE-A PAUSE STATEMENT WILL ARRIVE FOLLOWING THE RETURN­
TYPE-TO MAIN PROGRAM. RESPONSE WILL INITIATE SHUTDOWN.­
ISTOP=2
TYPE·· •
TYPE- ,-
CALL AKILlC3'

, STOP
END

'-~--
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JSFAlt.

. ---
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.0
I

TASK FAIL
COMMON SUHRY(l,S),ISTOP
INTEGER SUHRY
CALL RDSCIVAl)
IMASI\=000077K
IVAL=IVAL.AND.IHASK
IFCIVAL.EQ.63) GO TO 10
GO TO 5
DO 20 J=1,B ..
SUHRY(l,J)=l
CONTINUE
WRITE(2,30)(SUHRY(1,J)~J=1,a) ..
FORMAT(lX, IJ,2X, 13 ,·2X, 13,2X, 13 ,3X, I 1 ,3X,Il ,2X, 13, 2X, 13)
CALI,. DGOT(1,1,IER) i ..

~ALL CLOSE(2,IER'
CALL RLSE(·HTO·,IER)
TYPE- •
TYPE- • '.
TYPE-PROBLEM ENCOUNTERED. TOGGLE STOP/RESET,­
TYPE-TURN OFF POWER TO DINAMAP AND SOLENOIDS.~

TYPE-HIT ON-LINE AND REWIND.· '. .'
TYPE-NOTE WHICH FILE GETS OPENED NEXT OR USE NEW TAPE.·
TYPE-<USE,. DIFFERENT SOLENOID> IF IT IS A SOLENOID PROBLEM.­
TYPE-RESET SWITCHES TO 100022.· ...
STOP
END
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TYPE JS1DELAY

.. -

10

12

.14

16

18

20
"50

R

SUBROUTINE DELAYCIWAIT)
COHHON/SENSE/IRSMP,INUH
IFC(IRSMP.EQ.0).AND.CINUM.EQ.3»
IFC CIRSMP .EO.l >.•AND. (INUH.EQ. 3»
IF(CIRSHP.EQ.0).AND.CINUM.EQ.2»
IFCCIRSMP.EQ.l).AND.CINUH.EQ.2»
IF(CIRSHP.EQ.O).AND.CINUH.EQ.l»
IF(CIRSHP.EQ.l).AND.CINUH.EQ.l»
IWAIT=100
GO TO 50
IWAIT=15
GO TO 50
IWAIT=180
GO TO 50
IWAIT=90
GO TO SO
IWAIT=410
GO TO 50
IWAIT=320
I RSI1P=O
RETURN

. END

: .• ~t

. "

1. ,.

..
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DATA TAPE SHDULD BE LOADED; INDICATOR SET TO ON-LINE.

AFTER PAUSE, TO EACH REQUEST REGARDING TINE,
INPUT APPROPRIATE NUMBER AND HIT RETURN.

PAUSE
STRIKE ANY KEY TO CDNTINUE.

TIME IN HCURS=15
TIME IN MINUTES=S6
TIME IN SECONDS=lO

MISTAKE? ENTER THE NUMBER ONE AND THE ABOYE REQUESTS
WILL BE REPEATED. DTHERWISE~ STRIKE ANY OTHER KEY
FOR PAUSE. AFTER PAUSE, CDNSOLE WILL REQUEST MTO FILE:.

PAUSE
STRIKE ANY KEY Tn CDNTINUE.

WHEN ASKED~ ENTER THE "TO FILE: AND HIT RETURN.
NOTE: FILE: RANGE EQUALS 0-14.

FILE=ON MTO TO BE DPENED=O
I

MISTAKE? ENTER THE NUMBER ONE. nTHERWISE~ STRIKE
ANY OTHER KEY FOR PAUSE. AFTER PAUSE~ CDNSOLE WILL
REQUEST THE NUMBER OF SUBJECTS TO BE SAMPLED. ENTER
APPROPRIATE NUMBER BUT DC NDT HIT RETURN.

PAUSE
STRIKE ANY KEY TO CONTINUE.

HOW MANY SUBJECTS WILL BE SAMPLED?

MISTAKE? ENTER THE NUMBER DNE.
DTHER~ISE~ STRIKE ANY DTHER KEY.

CDNSDLE WILL VERIFY THAT NUMBER, AND THEN ASK FOR <VALUES>
OF SDLENOIDS FOR THDSE' SUBJECTS. RESPOND BY ENTERING THE
APPROPRIATE Nl1MBERS(2,4,8,16, DR 32) AND HIT RETURN.

T~:EE SUBJECTS WILL BE SAMPLED.

SOLENOID VALUE TO BE USED FOR SUBJECT DNE=2
SOLENOID VALUE TO BE USED FDR SUBJECT TWD=4
SOLENOID VALUE TO BE USED FOR SUBJECT THREE=8

MISTAKE? ENTER THE NUMBER ONE.
OTHEPWISE, STRIKE ANY OTHER KEY.

FOLLrJ'•.Ilt"i,-, THE NE::T PAUSE, THE E~<PE~~ It'lENT I"I! Ll
,.,:- ,. L.4l: r ...· c:n.,I~ ~ Fnl--' n ~ th-=tt'H"iF" Hr'~!:' :-OL END Tn.: •

227
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IF A CHANGE IN THE NUMBER OF SUBJECTS/(SOLENOIDS) IS NEC- 228

ESSARY~ ENTER A ONE. OTHERWISE~ STRIKE ANY OTHER KEY FOR
PAUSE. RESPONSE MEANS BREAK IS OVER.

PAUSE
STRIKE ANY KEY TO CDNTINUE.

MBP SYS DIAS HR IFIN SUB IHR IMIN
112 156 94 101 7 1 14 15

t'fBP SYS DIAS HR IFIN SUB IHR IMIN
119 137 112 93 7 2 14- 18

MBP SYS DIAS HR IFIN SUB IHR IJitIrt
127 146 111 93 7 3 14- 21

MBP SYS DIRS HR IFI"" SUB IHR II'tIN
123 169 87 75 7 1 14 24-

t1BP SYS DIAS HR IFIN SUB IHR IMlrt
129 168 106 94- 7 2 14 26

t1BP SYS DIAS HR IFIrt SUB IHR II'fIN
.._-----

130 156 103 70 7 3 14- 29

t1BP S'r'S DIAS HR IFI,... SUB IHR I"IH
79 111 73 97 7 1 14 33

I'1:BP S'r'S BIAS HR IFIN SUB IHR II'tIN
121 149 99 97 7 2 14 36

MBP SYS DIAS HR IFlrt SUB IHR I"IN
141 159 131 102 7 3 14 38·

MEP SYS DIAS HR IFIN SUB IHR IMIN
105 124- 97 107 7 1 14 42

MEP S'r'S BIAS HR IFIN SUB IHR 1I1IN
148 169 134 94- 7 2 14- 44-

MBP SYS DIAS HR IFIN SUB IHR II'tIN
129 158 104 56 7 3 14- 47

MBP SYS DIAS HR IFIN SUB IHR IMIN
146 174- 121 102 7 1. 14 50

MBP SYS DIAS HR IF IN SUB IHR IMIN
148 169 138 94 7 2 14 52

MBP SYS DIAS HR IFIN SUB IHR IMltf
129 157 108 93 7 3 14 S5

MBP S~'S IHAS HR IFIN SUB IHR "IMIN

146 171 131 107 7 1 14 58

M:E:P SYS DIAS HR IFIN SUB IHR IMIN
149 169 144 90 7 2 15 0

MBP svs DIAS HR IF IN SUB IHR I.MIN
129 158 108 '~3 7 :3 15"'''''" 3

... ~"C'. - '\'~ TIT~::' ~~. It:"TN ~, It:· TU;:- 1 "'1" '.
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NAME ()

Q

.,
o

••

22:3.

~_.-

DA\~: C,!3!R/

o A \.{ W,-dl1esdAAJ
d

"-"'- ...

1:£ you feel about 1:.he s'ame as the statement, place an ·x·
in 'the • same as· column. - -

1:£ you feel worse than the statement, place aD ·X· in the
* ·worse than- column. -

Remember, answer each question with regard to how you feel
at this instant. .-----

Better Same Worse
No. than as thaD Statement

1. ( ) l ) (¢') very lively

~ ( .J) I ) ( ) extremely tir~

3. ( ) ( ) (vi) quite fresh
4. ( ) ( /) ( ) slightly pooped

5. I J I J (/) extreme1.y peppy

6. ( ) [ {) .( ) somewhat fresh

7. ( J ( \/) ( ) petered out

8. ( ) ( ) ( /.) very refreshed

9. ( ) ( J) e ) fairly well pooped

10. eV) t oJ e ) ready to drop
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DA\E:: 6/3/~

OA'i. w~

pus tt BUllo'" .------

.'

l:f you feel about the same as the statement, place an ·X·
ill the ·same as· column. - -

l:f yoU: feel worse than the statement, place an ·X· in the
. ·'WOrse than· 'Column. -

Remember, answer each question with regard to how you feel
at this instant. -

Better Same Worse
No. than as thaD Statement

1. ( ) t)(1 ( ) very lively

--2. tk") ( ) ( ) extremely tir~

3. ( ) (X") ( ) quite fresh

4. ( ) k) ( ) slightly pooped

s. ( ) ()(') ( ) extremely peppy

6. ( ) (~J .( ) somewhat fresh

7. (X') ( ) ( ) petered out

8. e ) (\") ( ) very refreshed

9. (,\1 ( ) ( ) fairly well pooped

10. (»' I . ) ( ) ready .to drop

'.'.:,-~':.i"i~"

- ---.'. ~;-- ... ~,.. .. - -,'"""'--~"''''''',-~ -.,.'-,.,-"",,,



APPENDIX I: PHYSIOLOGICAL DATA PLOTS

Please Note:
1. Time values in all figures are in minutes.

2. "OBS" refers to the number of observations
in the plots which have missing data.

3. Blood pressure units are in rom Hg.

4. Heart rate units are in beats/minutes.

. --...- ...
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Figure 1.24. ~ va , ....
•ue~ec' 0 .DAYS I AND as.sa.. 'RIPPING

'-'.0 HAND CONTROL

N
TV1

.J:-

s

T

•

,
T
S ,

•

T

•

S

T"

• s

"STSTS,

•

,

•

•

,,

• •

I
I

,
s

,

•

T

•

"
T S

•
•

, ,•
"•

"

• T•

T

T

• •a'

T

s
S,

rs
"

s

T•
T

•

•
•

•

. \

s, T

•
•

s•

H~ I
100 i
lUi
130 i
us i
120 i
liS j
''OJ
lOS i
100 i

9S i
90 j
asj
80 i
7. i
70 j
6S i

---~.-~~-~+~~~.~-.~~-~-~~~~.~-~~~~.--~~--.--~---.---~-.-~~~~-.----~-.-~~~.~~~--.~~-._~.----~-.---~--.~----.--~---.---~o JO 60 90 '20 150 &80 2&0 2"0 270 JOO J30 360 ~90 420 4~0 480 510,
I ,I ..e

NOTEI 2 cas HIDDEN



Figure 1.25. 8VI~C'f1I~ ~A~l" AND 4
8-8£...., TAIPP tHO

T-TWO HAND CONTROL

\

T N
8 Vl

Vl

T T

68 I

8

T

T

8 8
T

8 8

T T

B

8

T

8

8

T

•

8 8
T T

I
I

8

8 8
T

T

8

T

8

T

8

8 8
T

8

T

8

•
T T 8

8

T

B

T

T I T8

8

T8

B

8

T

B

8

T

T T
8

T

8 8

T

T

8
88

T

8

MBP ,
I

i
I
I
I

170 +
:
I
I

11t' +
I
I
I

160 +
I
I

i
I" +,

I
I

1:tO +
I
t
I

l~' .:.
1

I
140 +

I
:
I

135 +
I
t
I

130 +

!
12' ~

I
I
I

120 +
I
I
I

115 +
I
I
I

110 .:.
I
I
I

10' ~
I..
I

100 .;.

i
I:
I
I . I
~~--+~-~~~~+---~~~+~~~-~+----~+~--_.+-~~-~+------+~----~+-~----+~--~~+-~~-+~~~+-~~~-+-~~.~~-~--+------+------+----o 30 60 90 120 1~ 180 210 240 270 300 330 360 a90 ~ao ~50 ~80 '10

TII1E

NOTe:: II ODS HAD "IDeUNGJ VALUES

I



Figure 1.26. . HiP VB TIt1E
BU8JECT2 , DAve :I AND 4

BafJELF TRIPP tHO
T-TWO HAND CONTROL
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Figure 1.27. ttl, Y8 TI:1
BUaJE.CT 3 .DAYS AND 4

a-RUt TRIPP NO
'-TWO HAND CONTRCL
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Figure I .28. . ... va , ....
SUBJeCT' .OAYS 3 ANO •s-sn... TAIPPtNG,-two HAND COHTAQL
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F• t 29 MeP "I "MI!I gure •• SUIIJI!CT' .OAYS 3 ANI) •
,-sa.. TRIPPING
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Figure 1.30. Me.. VI 'UII
SUBJeCT 6 .DAYS , AND •

S-seLI' TRIPPING
'-TWO HAND CONTA~
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Figure 1.32. SVSTOLIC VI TiMe
SUBJeCT I ,DAYS 3 AND •

,-aeL" TRIPPING
'-'_0 HANG CONTROL
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Figure 1.33. SYSTOLIC va TiNe
SU8~!CT 3 .DAYS 3 AND •

5-SELP TRIPPING
T.T~a HAND COHTR~
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Figure 1.34. IvsrOL.C va T'"
SUllJJICT • .DAVS 3 AID •

l-seU' "UPPING
'-TWO HANG CON'A~
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Figure 1.35. IYSTOLle YI 'IMe
'U8~!(' 5 .OAYS JANO ..s-sn... TRIPPING'-'va HAND CONTROL
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Figure 1.36. SYSTOLIC VI flM!
SUBJeCT 6 .OAYS 3 AtG •

I-SELl' TRIPPING
'-TWO HAND CDNTR~
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Figure 1.37. I). ASIOLIC VS IIMI!
SUBJECT I .OAYS :a AND •

S-SELfI TRIPPING
'-Twa HAND CONTROL
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P'i gure I. 38• DIASTOLIC VI TINE
Sue~£CT a .OAVS J AND •

S-SELI' 'AIPPING
Y-TWO HAND CQNTROL
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OIA$

Figure 1839. O'ASTOLIC VI TiMe
SUBJECT 3 .DAYS 3 AND •

S-SIL.. TRIPPING
'_TWO HAND CONTROL
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Figure 1.40. OIAITOLIC VI TIM!
SUBJeCT , .OAYS 3 Ate) •

S-Sa.pr TRIPPING
'-TWO HAND CONTROL
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Figure 1.41. D"STOLIC va YlMe
aU8J~CY a ,DAYS 3 AND •

S-Sn.fl TRIPPING
Y-T.a HAND COHTROL

'1'0 •
I

165 •
1

160 •
I

IS5 •,
1'0 +,
I.a •,

T
1.0 +

I
135 +

I I I
S

130 .. T • a
I s T •• • • .1 • • N125 + • • • • • • T

I a· • lilt T T •• •
• t

t • • • ••• T ""-J

T T T T , • T T a
.20 .. • T

1 'T T S ••• a T f • T .f
tiS + T T

I , , T T I a T
T , l' T • T

110 • T, T • T T
I r T

105 • T

I T ,
• •

100 + , S T

I
95 +

I
90 +,

!
85 + !

t
80 +

-~~..------•.~~---~~~~.l_t-~~~_.~~~ __.--~~~._~~~_.~~~~_.~~~--+~--.~~~~~-.~~_._~ ..~_.~ ~...~~.~ .~__.__.~~
o 30 60 90 120 150 100 210· 240 '70 300 330 3~' 19. .ZO .50 ••0 &10

"ME



OIAS

Figure 1.42. OIASTOLle VS YIM!
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Figure 1.43. HIt VB TIKE
SUBJECT 1 • DAV83 AND 4e-B€LP' TRIPPING

'-TWO HAND CONTROL
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Sc8El.lf TRIPPING
T-TWO HAND CONTRQL

, I

I

I

~ I

: I

, I
, I

N
'-J
+-

T

T

8

T T
8

8 T
B B

T
T

T .
8 T

8

T8

8

8

T
8

BT T

T

8

8

T

/I .

TT

8 8
8 ~

T

I. T

T

T
T T

•
T 8
8 8

T

8 8

T

T

as T
8

8

8
88

8

T

T

T

T

T

T

8

8 88 ~ 8 8

8

HR !
i
I

140 +
:
:
I

135 +.
I
I
J

130 +
I
I
I

125 +
I

i,
l~O i

!u,":
I

i
110 +

I
!

10' .;.
t
I
I

100 +
I
!

9' +
i

90 .;.
. I

I,
a, +

I
I
I

80 +
I
I
I

75 +
I
!

70 +
I

i
b' +

I
I

i
I
I ..

----+------+-~----+------+------+------+------+------+------+------+------+------+------+------+------+------+------+------+----o 30 40 90 120 l~O .ao ~lO ~40 a70 300 330 360 390 4~0 450 480 510
TIME

NOTE; I 0'$ HAD rtUJOINe y~U'U.



Figure 1.45. . .... va TII1E
IUlJECT 3 .DAYS 3 AND 4

·S-S£Lwr TRIPPING
T-TWO HAND CONTROL

N
.......
V'I

aT T

a a

T

8 T

T

8

88

T T8

T T

I

8

T

8

T
T

T

T

,I

T

T

T T

8

8

T T

•
8

T T

8

T

8

T

T

T
T

T

T

'T T T

8

T

T

8

HR I,
I
I

140 +
I
I
I

135 +
I
I.

130 .;.
I
I
I

t~, +
I
I
I

120 +
I
I
Iu,+,
r
I

110 +
I
I
I

10' +
I
I
I

100 +
1
I
I'5 +
I
I
I

90 +

!•ra, +
I
I
I

80+
I
I
I

75 +
!
i

70 1
65 .;.

:
i
I i
---~+~~~~~-+~-~-~~+----~+.._~-~-+--~-~~+----~~+~-~~--+-~~~-+-~~-+~~~-+-~~+~~_.~~+~~-~~+~~~-~+---~--+-~~~~+~~----+--~~o 30 60 90 1~0 1'0 160 210 240 270 300 330 360 390 420 450 480 •• ~

TUtE

NOTa:: a CD5 H~D "IB8IN. Y~~UEa



F i gu re I. 46. HA VI rtMI!
luaJIC'. ,DAYS 3 AND •

I-ln. .. TRIPPI~
'-TwO HANG CONTROL

N
'-J
(T\

T

T

S

s

T

a
•

T T

T

•

S

T

T

s

T

s
T

a

r

•

,

l'

•
IT l'•

•
T

l'

J

,I•
's

T

T

T

S

•

T

•
l'

T

s
T S

l'

•
T

a

T

l'•T

s

ss

l' S
T

s

T

•
s

T

•

r

s

S

T

ST

,
S

T

T
5

s

a'

T

s

s

r

s

,

T S

a T

100

105

tis

H-l
+

I
i
+

1

i
i
i
i
i
i

9Sj
90 i
05 i
00 i
T5 i
TO i
65 i .

----.-----~.------.------t------t------t------+------+------,------t------+------+------t------.------t------+---__-+------.----o )0 60 90 120 150 180 210 2"0 270 300 330 360 390 _20 .SO "eo tuO
TIME

110

120

'35

125

130

'.0

NOTE: I OOS HAD MISSING VALUES



Figure 1.47. HR VIS 'u.e
S"G.H!CT , ,DAYS :I AHO 4

a-sELl' TAIPP'H~
'·TWO HAND CDNTA~

.)

-...J
-...J

T

T

5 • T

&
T

S
T

T

•

T

s
$

T

• ST

T

s

T

s

T

5

,

T

s

s

s

T
T

$

/

T S

r

$
S

T

s

T

S

T

SST

't

r

$ S

T

r

T T

S S S

s

T

s

T

r
s

s

T

s

T

s

T

IS

T

T

l'

5 i

• ••

T

S

5

T

r

55

, T

•

T

5

$

,
T

T
T

s s s

t 35

l:SO

H" ,
I

i
i
i
i
j
i
i

IG" i
+

I
q5 •,

I
9G i
85 i
80 i
?5j
10 i
65 i

----t-- + • •• ••• • - __ • • •• • • -_+ + .- • ~~~.~~~.--~-_~.--~~

e 30 60 90 n20 I ~O 180 210 2 .. 0 210 300 330 360 ]90 .20 "SO .So GlO
TIM

il5

12~

100

110

120

.40



Fi gu re I e 48e ..,. VI T' .cr.
lua"'IC' • ,DAYS 3 AND •

5-Sa... tRIPPING
'.'Wo HAND CON'A~

I

N
'-J
co

T

I

T

I

II
T

s

s

s

,

T

t
S •

•

,
t.

s

T

t •
,

• $

.,
S

T

J

T
S S

,

s
$

, ,

$

,
,

s
s

, T

s
s

,

s

T

s

,
T

S S

T

s

T

•

T

TS

s

, T

S 5

5 5 S

T, t t

5

T

s

T

s

T

,
5

s

T

s

T

s

5 S T

,90

H~ I
i
•
I
i
i
i•
I
•
I..
I
i

95i
+

I
~5 i
U i
75 i
10 +

I
I

65 i . .. .
----..-.---t------~----.------t------t------.------.------++-----+------t------t------t------t---t------+------t--_·--t----1\ 30 60 90 120 150 I eo 21 0 ~40 210 300 :JJO 360 :190 420 450 4DO 010

TIME

I II)

100

105

liS

120

125

130

135

140



Appendix J. Baseline and Recovery Data
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Tab Ie J. 1• BASELINE AND RECOVERY MEASURES

MBP (mm Hg)

\

Subject Day 1 Day 2 Day 3 Day 4

Basel ine 129 134 124 110
Recovery 145 136 130 134

2 Basel ine 146 125 146 Missing
Recovery 129 ~ 46 137 149

3 Base1ine 137 129 128 117
Recovery 139 139 129 129 N

""-J
U)

4 Base1ine 128 125 121 136
Recovery Missing Missing 138 136

5
Baseline 137 127 128 136
Recovery 129 120 123 133

6 Baseline 125 126 147 131
Recovery 141 147 148 137

I! .



Table J.2. BASELINE AND RECOVERY MEASURES

SYSTOLIC Bp (mm Hg)
,

Subject Day I Day 2 Day 3 Day"

Basel ine 153 155 144 147
Recovery 169 158 148 156

2 Basel ine 168 1~? 171 MissIng
Recovery 156 1/2 156 172

3
Base1ine 155 148 146 135
Recovery 158 158 147 148 N

co
0

4 Baseline 146 142 147 168
Recovery Missing 119 158 157

5 Base1i ne 157 146 147 168
Recovery 147 147 149 150

6 Baseline 140 150 167 158
Recovery 158 167 171 156

! .

"



Table J.3. BASELINE AND RECOVERY MEASURES

DIASTOLIC Bp (mm Hg)
,

Subject Day 1 Day 2 Day 3 Day 4

Base1i ne 114 119 110 101
Recovery 121 121 116 129

2 Baseline 130 107 i, 121 Missing
Recovery 116 119 119 126

3 Baseline 120 120 114 112
Recovery 130 130 124 124 N

co-
: 4 Base1Ine 120 116 109 114

Recovery Missing Missing 128 li6

5 Basel ine 123 109 120 110
Recovery 120 112 111 126

6 Base1i ne 110 ; 105 129 107
Recovery 128 138 122 120

I/ .



~

Table J.4. BASELINE AND RECOVERY MEASURES

HEART RATE (Beats/minutes)

Subject bay 1 Day 2 Day 3 Day 4

Baseline 97 97 111 94
Recovery 89 81 88 96

2 Base1i ne 75 85 74 75
Recovery 94 96 89 80

;

3
Baseline 88 100 89 87
Recovery 90 82 85 ,86

N
00
N

4 Base1Ine 87 120 91 100
Recovery Missing 89 70 68

5 Basel ine 87 101 98 88
Recovery 82 71 72 82

6 Baseline 87 92 86 82
Recovery 93 81 79 69

! .

"


