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K thorough Fault Tree Analysis was made for the Light-Curtain
system, and the analysis pfocedure and the resulting fault treeé are
presented in this Appendix. Two types of safety are differentiated and
anatyzed separately. Assuming a single-stroke press opgration, the
press operator puts his/her hand into the dangerous aréé“at every press
tycle 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 doun stroke of a pres§ cycle, and in fﬁ%s case, the
light-curtain unit 1is 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 Guard Safety.

The Appendix consists of four sections. Section 1 describe§ t&;
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 Llight curtain system consists of the Optical Head, the
. rElectronic Cifcuitry, the Control Unit, the Solenoid Air-Valve Unit, and
the Brake/Clutch Unit of the press. Ffor the analysis of the system
safety, the overall Llight-curtain system is depicted as a functional
block dizgram in Fig.A-1. The first block (Optical Head) detects the

interruption of the Llight~curtain, and the lLast 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 run when the light curtain is

under obstruction. From the functional characteristics of the Light-

curtain system, a set of component fault events haévbeen identified"
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

possibie, 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 Llight other than the one passing through the normal
Light path, the system may not detect the presence of an-
object in the guarded area.

2. Photo~Cells Produce Fault Output: If the photo-cells produce
electrical output without Llight input, the system will not be-
able to detect thc obstruction of the light.

3. Multi-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 1is reduced, the dangerous area of the press -
will not be fully guarded.

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

5. Louw Scanning Frequency: The scanning frequency 1is 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 is the fault condition in the circuit which
causes the multi-vibrator to produce a zero-voltage DC output.
If this fault event 1is not detected by the subsequent
monitoring circuits (blocks #8, #10 and #12), the Llight-
curtain system will lose its function.

7. Pulse-Shaper Secondary Failure: The event “the pulse-shaper
produces a zero-voltage DC output” is defined to be the
secondary failure of the pulse-shaper. As with the multi-
vibrator, a monitoring circuit (blocks 5, 9 and 11) is
provided to detect this failure.

8. Digital Logic Circuit Failure: The digital Llogic circuit
contains two functionally identical circuits named A-Path and
B-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 B-Relay and de-energizes
A-Relay. 1If the digital logic circuit de-energizes B-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 solencid air-valve.
There are 15 switch contacts, and if they all fait short, an-.
accident may occui’.

10. Air-Valve Faiture: 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.

M. 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 fail, while a Limit-switch failure

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 fault events #6, #7, #8, #10, and #11 had a practically
meaning ful pBSSibiLity. We chose not to elaborate on the eliminated
fault events except giving brief explanations about the reason(s) why
they were elimin;ted.

1. The physical arrangement of the Optical Head does not allow
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any falsé 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 atlow the scanning

width to change.

4. The main photo—cell P1 produces an artifical obstruction
signal at the end of each scanning cycle, and a real
obstruction signal 1is produced when the Ulight-curtain s
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 obstruction signals

only.

S. The scanning frequency is controlled by the electFit motor in
the Optical Head, and is monitored by the Resonance Amplifier
circuit {block #8). The joint probability that "motor speed
drops, say, to l0/sec from 30 /sec during a press cycle” and
"the monitoring function fails" was found to be practically
negligible.

6. Simultaneous failures (fail short) in the serially connected__
contacts were founu to have no practical likelihood.

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 Multi-Vibrator (event #6) and the Pulse-
Sﬁaperr (event #7), respectively. The fault tree for the Digital Logic
Circuit (event #8) is shouﬁ in Fig.A-5. 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 a Ligh}-curtain unit attached to it). A combined fault tree for
 the Air-Valve failure and Brake System Failure. is given in Fig.A-6.

The failures in the Air-ValQe and Brake systems are of mechanical
.. kind, while those 1in 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 in
the fault tree in Fig.A-7. Since the mechanical failures in the press
Lnitr(Air-VaLve and Brake) are not to be evaluated quantitatively, an
uhdeveloped 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,&:l}.

2. Analysis of Press Operation Cycle.

-

A press operation with self~tripping involves fpur elements; an
eperator, a Llight-curtain unit, an electrical control unit, and the
press itself. If the press ;.ops at each cycle, it is called a single~
 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 press. 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 Llight-curtain unit goes to "green" (meaning ready),
which will activate a series of relays to start the press at time t1.
This time delay (t1 - to) is mainly due to the response times of the

_ relays involved and air value actuation time and is termed Startina Delay

(§2). For the Light-curtain system installed in Interlake Stampina Co.,

SD is about 60 msec.

R e T
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The ram slide reaches the bottom at t3, and stops at the top at
time ts. For the type of presses used in Interlake, both the Down
Stroke (DS = t3 - tl) and the Up Stroke (US = t5 - t3) were estimated
to be around 300 msec. 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 Reach Time (RT). RT is about 200 msec which

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

deférmined by measuring the time delay from the instant the light-curtain
s 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 t3, and at time ty, the contFEﬁ‘unif

activates the brake to stop the press at the top.
- —— . S

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

({during the part 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 to. Then, at time t8' the operator's hand leaves the
dangerous area. Once the light-curtain is cleared at time to, the press
'Eegfhs the next operation cycle.

1f, for some reason, the light-curtain is 1interrupted during the
time iﬁtervélh(to,tz), the press will stop during the down stroke. This

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

between ty and t, 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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S$D = Starting Delay length.
DS = Down Stroke length.
RT = Reach Time.

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

operation speed of the operator. That is:

Cycle Time = PPT + 2#RT + PCT (A=2)
where;
PPT = Part Prepafation Time.
RT = Reach Time (200 msec). —~
PCT = Part Change Time.

g

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 _
‘pinute). The Reach Time (RT$>ismthe ratio of the safety distance to the
hand moving speed, and should be greater than the press stopping time.

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

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

7 buring the;timeAintervé@ (t3;t‘), the }ight—eurta{n unit receives a
self-test signal from the control unit, uhich will de-energize a relay
(D-Relay) in the light-curtain unit. The relay will be energized again
only if th lightjcurtain is interrupted (in Fig. A-8 at time t6). Note,
hogever; thatu;he interruption time (t6) can be placed any time after
tz. If the Llight-curtain is completely cleared at time to, the press
‘uilt‘ stért 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 (té, t8-DS). Let's

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

equal to:
Self-Tripping Period = RT + PCT - DS (A-3)
where:
RT = Reach Time (200 msec).
PCT= Part Change Time.
DS = Down Stroke Time (300 msec).
3.7 Guard Safety .

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

fault tree in Fig.A=7 1is reproduced in Fig.A-9 with the press unit _

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

-.defined;

Multi-Vibrator Secondary Failure.

>
L]

L
u

Pulse-s-haper Secondary_ Failure.

1]

Amp-A{w.r.t. V4) or Relay-A Circuit Failure.

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

> < [ =4
"

A-Path faiture.

‘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 ——————rT
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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:

E1 U E2 U E3 mmam (A=)

TOP-EVENT (guard)

E1 = (0<X,U<T ; UX+r ; 0<T<q) ,
E2 = (0<Y,B<T ; V<¥+r ; 0<T<g@) ,
E3 = (0<A,B<T ; 0<T<qg).

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

Note ih Eq.A=4 that the events E1 and EZ have additional joint event
T
terms because the monitoring functions (U & V) must fail before the

secondary failures (X & Y). -,

- 4, Self-Tripping Safety.

If the self-testing function is working properly (this means that
ithe rglay-synchronization monitoring function is also working), the pair
of component fault events in each AND-logic gate in Fig.A~9 must éccur
simultaneousiy in order to have the topifault event. The TOP-EVENT

_(self—tripping) in this'casé would become:

TOP-EVENT (self-tripping) = E1 U E2 U E3 (A-5)
- : o ET = (0<X,U<s ; [X-ul<r)
E2 = (O<Y,V<s ; |Y-V|<r)
E3 = (0<A,B<s ; |A-Bl<r)
- Where, r = relay response time (20 msec).

s = self-tripping period (Eq.A-3).
The setlf-test function will fail if “the self-test contact of 2CR-
Relay fails short” or "the self-test relay, D-Relay, remains energized

without power”. If the self-test 1is unsuccessful, the press will

ARATABN o8 sk i € e b g oy et e e e
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restart the next cycle by itself.

In the case of the Z2CR-Relay failure, the TOP~EVENT (2CR self-test)

becomes;

E1 U E2 U E3 e (A=6)

TOP-EVENT (2CR self-test)

E1 = (0<X,U<p ; UX+p)
E2 = (O<Y, V<p ; V<V+r)
E3 = (0<A,B<p).
Where, r = relay response time(20Omsec).
p = part preparation time (see Fig.A-8).

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

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

e
the TOP-EVENT(D self-test) would become;
TOP-EVENT(D self-test) = E1 U E2 U E3 —===(A-7)
E1 = (D<X,U<p)
E2 = (O<Y,v<p)
E3 = (0<A,B<p).
Where, p= bart preparation time (Fig.A-8).

Observe that the event spaces in Equations A-6 and A-7 are Llarger 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;

Multi-Vibrator Secondary Failure.

Pulse-Shaper Secondary Failure.

Amp~A{w.r.t. V4) or Relay-B Circuit Failure.
Amp-B(w.r.t. V2) or Relay-A Circuit Failure.
A-Path Failure.-

8-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

. R )
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without power.
The self-test contact of 2CR-Relay fail short.

press operation cycle time (1.5 sec.). 3
dangerous period in a press cycle requiring guard %i
(.16 sec.). €
part preparation time (.80 sec.). ;

self-tripping time in a press cycle (.20 sec.).
relay response time (.02.). 4

S W A ey . et e erretrn
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(Blocks 1 thru 12 as defined in Fig.2 of the Reliability Main Report)

P1,P2,P3
A,B
A,B-Paths

Outputs from the Photo-cells.

Relays.

Digital Logic Circuits consisting of .
AND-Gate(3.4), Rectifier(6,7), Amplifier(9.10),
and Relay Switch(11,12).

Fig.A-1, Functional Block Diagram of the Light-Curtain /System.
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PRESS RUNS with

INTERRUPTED LIGHT-CURTAIN

{ [ False Light \
Input

Photo-cells

2 produce

Fault OCutpu

frmure
2 of )
\\ Multi-Vibragtor

\ Pulse-SEer)
5{ Low }

\ Scanning Freq.

' 6 Secondary-

{ failure of ’
\Hulti-Vibra;or B
econdary-

failure of

Pulse- &

3 4 Digital-loac
\ Circuit ’

ailure

9/ Failures in \

\ Switch Contacts

1tof Air-Valve
Failure

Y / Brake System
Failure

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

Secondary
Failure

AND

Monitoring Multi-

. . Vi
Circuit ~-A Zeroigg §3§e
Failure DC Output
 OR
r‘

Resonance
Amplifier
Failure

Amplifier-A
Failure

w.r.t. V

input N

Relay-A
Circuit
Failure

Figure A=3. Initial Fault Tree for Multi-Vibrator

Secondary Failure.
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Pulse-Shaper
Secondary
Failure

()

Pulse-Shaper

. . Zero Voltage
Monitoring
Circuit-B DC output
Failure
Check-Stage
Failure P

Amplifier-8
Failure

Circuit

Failure

Fig. A-4, Initial Fault Tree for Pulse-Shaper Secondary Failure.

- e s

R R g o 7



148

Digital-logic
Circuit
Failure

()

|

A-Path
Failure

Rectifier-A
Failure-

Amplifier-A
Failure
w.r.t. V3

Relay-A
Circuit
Failure

AND-A
Failure

Input

B-Path
Failure

—

AND-B‘_
Failure

-

Rectifier-B
Failure

Amplifier-8B
Failure

w.r.t Vi
Input

Relay-B
Circuit
Failure

Fig. A-5, Fault Tree for Digital Logic Circuit Failure.
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Brake/Air-vValve
Failure

Brake Unit
Failure

Brake Assembly
Failure

Lining
Worn-out

Air-Valve Unit
Failure

[

Limit Switch
Failure

Springs

T
Valve-A Valve-B
Jammed

Jammed

Mot ion
Detector

Limit-
Switch

Chain
Broken

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

Interrupted Light-Curtain

Light-Curtain
Unit Failure

Brake/
Air Valve System
Failure

Muiti-Vibrator Failure
Pulse-Shaper Failure
Digital-USgic Circuit Failure
Monitoring Circuit-A Failure
Monitoring Circuit-B Failure
A-Path Failure

B-Path Failure
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DC output from Multi-Vibrator
DC output from Pulse-Shaper
Amplifier-A

Relay-A Circuit
Amplifier-8B
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Rectifier-A

Amplifier-A

Relay-A Circuit

AND-B

Rectifier-8

Amplifier-8

Relay-B Circuit
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Figure A~7. Refined Fault Tree for Light-Curtain System
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OPERATOR LIGHT-CURTAIN CONTROL UNIT PRESS
CLEAR CURTAIN w ettt 5% S i 2 R
"GO GREEN" —F $D
+t, T-ACTIVATE CLUTCH -"’—-f — START MOVING T—
DS
Te T T
PPT RT
dt - - -- STROKE BOTTO
| SELF-TEST |
SET BREAK-MODE
¢, £---ACTIVATE BRAKE —| us
| ..\ l
B {- - —sT0P AT TOP
INTERRUPT CURTAIN ¥+ -----=====--- te T -
RT STQP "RED® ~—t
REACH PRESS DIE -?—- —————————————— t 4
PCT
OUT OF PRESS DIE -i— ------------------ tg T
RT
CLEAR OBSTRUCTION X -cvocooco oo O EEEEEEEEEE R
GO GREEN'' ~—t |
PPT = PART PREPARATION TIME
PCT = PART CHANGE TIME
RT = REACH TIME
SD = STARTING DELAY
DS = DOWN STROKE
US = UP STROKE

Figure A-8.

Operation Cycle in Single-Break Single-Stroke Mode.
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TOP EVENT

El E2 ‘ E3 f—

Multi-Vibrator

Pulse-Shaper
= Amp-A (with respect to V4) and Relay-A
Amp-B (with respect to V2) and Relay-B

< <€ X

Figure A-9. Fault Tree for Light Curtain Unit Failure
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Fault Event
‘ in
Self-tripping

Top Event
(self-tripping)
Eq. A-5

Top Event Top Event -
(D self test) (2CR self-test)
Eq. A-7 Eq. A-6

S =

2CR

Figure A-10.

Slef-test successful

D-Relay remains energized without Power
to the Relay

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

Fault Tree for Self-Tripping Safety
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The result of ;omponents 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'3 gives the

failure rate data for each functional block.

1. Elec&ronic Component Failure.

A transistor can fail short or fail open. 1In our case, fail-short
or fail-open of a transistor is defineﬂ 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 dfode fail-short is’E?sumed to
be equal to that of fail-open. A resistor faiLure is mostly dué— to a
burn-out of the Carbon, and as a result, only the fail-open ﬁ;de is

considered. Similarly, only the fail-short mode is considered for the

capacitor failure.

2. Relay Failure Modes.

As far as safety is concerned, four relays were found to be
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-B. Relay-D 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 itself while power is on.

RF4 : Relay suddenly energizes itself while power is off.

RF5 : Only a specific contact becomes shorted and the rest of the

relay operates normally.
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Table B~1, Failure Rates of Electronic Components.

Individual Individual
Component Failure~rate Mode (%) Failure-rate
Transistor 0.615 open{50%) 0.308 |
short (50%) 0.308
Diode 0.43 open(50%) D.215
: short(50%) 0.215
Resistor 0.027  open(100%) 0.027
Capacitor 0.59 : short(1.00%) 0.59

c.f. 1. Source: MIL-HDBK-217C, the values are the same as
those used in the Boeing Report
(NIOSH CONE; 310-78-0124). —
2. Failure rate per 10° hous. ,

If there is little possibility of contact welding, the = failure
modes RF1 and RF4 are highly unlikely (a'probably cause for these types
of failure could be due to'the_aging fatigue of the springs in the re(ay
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) 1X of tﬁe
total faiiure rate of the relay which is found to be 403.2 per 106 hours
(Source; MIL-HDBK=217C, Inductive type 40% load; Enviromment condition

GM; DPDT contact and 1 cyclte/sec; S5-amp general purpose Armature type).

L 4

Thus, we have; ..

RF1 failure rate : not significant.
RF2 falure rate : 4.03.
RF3 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” s RF1, and "Relay-2CR
self-test failure” corresponds to RF5. For the "self-tripping TOP-

EVENT" (see Eq. A-5), RF4 is the failure mode of Relay-A and RF3

corresponds to the failure of Relay-8B, and so on.

Table B-2, Relay Failure Modes and Rates.

Type of Mode of Failure
Top Fault Event Relays Fajlure Rate Remarks
Guard A RF1 - £q. A-4 in
B RF2 '4.03 Appendix A
Self-Tripping A RF4 : - Eg. A= 5 in
B RF3 4,03 Appgndix A
Sel f-Test A RF1 - Eq. A-6,
B RFZ2 4.03 Eq. A<7, and
b RF1 - Fig. A-10 in
2CR RFS 4,03 Appendix A

Summarized in Table B-2 are the failure modes and rates of the
felays 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 (which is the same one as in the main report). For each
funct{onal block, a comprehensive failure mode analysis has been made as
can be seen in the figures B-2 to 8~10. Eventually, we want to find the
ﬁrobability of the fop 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 single 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—-line represent "normal input” to the next block, and below the
lineiare the "obstruction signals”. Fault conditions for each block are

as follows;

Fault Conditions For Each Block;

Pulse-Shaper : O-voltage DC output regardless input cond1t1on.
Multi-Vibrator : O-voltage DC output. .
AND-B Normal output V5 for obstruct1on input V7.
AND-A “ V6 " * V8,
Check-Stage H1gh-voltage output V2 for DC input V7.
Resonance-Amp " vg " " * V8, -
Rectifier-B Normat output V1 for obstruct1on input VS.
Rectifier-A . oy3 " V6.
Amp—B(w.r.t.vV1) : Normal Vb for obstruction input V1.
Amp-B(w.r.t.V2) : Normal Vb for O-voltage V2.

Anp~A(w.r.t.v3) : Normal Va for obstruction input V3.

Amp-A(w.r.t.V4) : Normal Va for O-voltage V4,

'OWNO‘.UT‘*WN—I

-l
[=]
.

11. Rel-B(excluding relay itself) : no power to relay for obstruction
input Vb.
12. Rel-A(excluding 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 Ulisted 1in 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—000-525 and 4-000-526. |

To evaluate the probability of the top fault event def1ned in

Appendvx A, we need to find the fa1lure rates related to the following




Block
No.

& W
h

[~ -~ [ RV |
. h

O
.

10.

1.
12.

Block
Name

Pulse-Shaper

Multi-Vibrator

Table B-3, Block Failure Rate.

Component
Failures

R105-0.

AND-B R117.
AND-A R116.
Check-Stage none.

Rectifier-B

Rectifier—-A

Resonance-Amp none.

Amp-B(w.r.t.v1)

Amp—B{w.r.t.V2) T702-0, T703~-s, R705, C701.
Amp-Alw.r.t.v3) T601-0, T602-5, T603-0,
R601, R605, R606, €603,

Anp=b(w.r.t.v4) T602-s, T603-C, R605, R606.
Relay-8 T704-0, R707.
Relay-A T604-S.,
C.F., 1. T : transistor failure rate(0.308)

D : diode failure rate(0.215)

. R : resistor falure rate(0.027)
C : capacitor failure rate(0.59).

2.

R705, C701, C703.

13-s, T101-5, T102-0
T104-s, R103-0, R104-0,

1503-s, T504-0, T505-5(B-E),
1506-S, D501-0, D502-0,
RS20, RS26, €514, €107.

1108-0, D109-0, C702.
T107-0, p106-0, c602.

_ T702-0, T703-S, R701,

Failure
Rate

4T + 3R

4T + 20 +2R + 2¢C

3T +3R + C.

2T + 2R
T+R
T

Relay-A and Relay-B blocks do not include the

failures in the relay units.
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variables;
X : Multi:Vibrator Failure,
Y : Pulse-Shaper Failure,
U : Amp-A(w.r.t.V4) or Relay-A Failure,
V : Amp-B(w.r.t.V2) or Relay-B Failure,
A : A-Path(AND-A, Rect-A, Amp~A, or Rel-R) Fa1ture,
B : B-Path(AND-B, Rect-B, Amp~B, or Rel-B) Failure,

D(self-test) : Relay-b set f-test function
2CR(self-test) : Relay-2CR self-test funct

From the results obtained in Table B-2 and
straightforward to find the necessary failure

results are summarized in Table B-4.

Table B-4, Failure Rate for the Base Fault

Variable related to Electronic Components
the Fault Event Failures

X : Multi-vVibrator 4T + 2{ + 2R +2C

Y : Pulse-Shaper (T + 3R

U : Amp~A, Rel-A 3T + 2R + RFax

V : Amp-B, Rel-B 3T + 2R + C + RFb

A : A-Path 3T +D + 2R + 2C + RFa
B : B-Path 2T + D + 3R + 2C + RFb
DR : Relay-D self-test RF1

2CR: Relay-2CR self-test RF5

failure,
ion failure.

Table B-3, it is

rates, and the final

Events.
Failure -
Rate
2.90
1.3
0.98
5.60
2.37
6.12

4.03

C.F.(*) ; 1, RFa becomes RF1 for “Guard" and “Self-test", RF4

for "Self-tripping” (but the failure
2. RFb equals RF2 for "Guard" and "Self-
for “Self-tripping”(in all cases, the

rate is neglected).
test”, RF3
rate is 4.03).
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Fig. B-1, ELECTRONIC PRINCIPLE OF THE LIGHT CURTAIN.
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\ } R(lx)
Vnormal ‘\ ”
— - I‘
» o
zc v7 o~ ﬁ'ﬁn, e Vout
d ' X H: | H 5
>3 Vobstr. l ” l ; \- ',f
°z — - o
=2
8 W Pt
> .
- ‘-
x -
< LY 4
‘2 " i
Db
—
Qutput (V~out)
No. Failure Mode V7: Obstruct. Normal Fault Type

0 no failure H L -

1 Da open H H safe

2 Da short H L long-term effect

(overshtoot)

3 Db open H H safe

4 Db short H L long-term effect

5 R open L L unsafe

Fig. B-2, Passive AND-Gate (blocks 3 and 4).
R = R117, Da = D101, Db = DI04 for AND-B.
R = RI16, Da = D102, Db = D10S for AND-A.

a)
b)
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e RMEL .l

P [NV S VLA

iyt b v i

AC . - :
Tc_—m+ o T—‘°5—-—-—- c103f‘

{5

No.

Output (V2)
Failure Mode v7: DC AC Fault Type

no failure L H -

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

to a domponent failure.

Fig. B~3, Check-Stage (block 5)
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vs L 1108
H - :, ‘\ D 09
* P
J\U,L‘ ) r n
R?m(BBK):% =z IO )
—
—
Output (V1) e —————
No. Failure Mode V5: H L Fault Ty e
‘v‘\—_\—‘l
0 no failure H L -
—_— ]
1 T108 open L L unsafe
2 T108 short H H safe
3 D109 open L L unsafe
5 0109 short H L ]Oﬂg‘ter'n i‘;f‘ect
5 R700 open H L long-term cssac,
6 €702 short L L unsafe

— ]

Fig. B-4, Rectifier-B (block 6)
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12V
>
EE L T107
s g v6 _—
:E ' H: / ™ Dﬁgg - -
2z ‘ " u ! Vi _J_ 3
= 1Y
] - P
s u - R611(33 C602(1u)
< 2
|8
—
‘ Qutput(V3)
No. Failure Mode V6: H L Fault Type -
0 no failure H L -
1 TI107 open L L unsafe
2 T107 short H H safe
3 » D106 open L L unsafe
4 D106 short H L long-term effect
5 R611 open H L long-term effect
6 €602 short L L unsafe

Fig. B-5, Rectifier-A (block 7).
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|
Fault Condition for this circuit is any compgnent 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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=12V 12V AN~
R705(L.7K)
L
$702(5605) W S
L 702 @”03
V1 ———— Wy
H  R701(L7K)
=L=C703(1n)
[ R70L(L7K)
v2 AN —)—
R703(18K) . .
" 'h )
€701(1n) i
Outpu’. (Vb)
No Failure Mode Vi/v2: H/H H/0 L/H L/0 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
b R705 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 (w.r.t. V1 only)
9 €703 short L H L H unsafe (w.r.t. V1 only)
10 €701 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
R602( 560K)
L
LE S 7K 601
~€603(1n)
™ ——E
¢ R503(22K)
Output (Va)

No. Failure Mode V3/v4: H/H H/0 L/H L/O Fault Type

0 no failure L L H L - .
] T603 open H H H H unsafe

2 T603 short L i L L safe

3 T602 open L L L L safe

b 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 R605 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 €603 short H L H L unsafe (w.r.t. V3 only)

Figure B-8. Amplifier - A (block 10)
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w4 o)

. A 16.5 v
704 Rel=
R707(10)
Output (Rel-B) '
No. Failure Mode Vb: H ‘ L Fault Type
0 no failure Energize De-energ. -
1 T704 open ‘D D unsafe
2 T704 short £ E safe
3 R707 open D D unsafe
i 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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i

R801(B0/k)
L] 16.5v
T60L Rel-A '
R609(10)
—

Output (rel-A)

No. Failure Mode Va:L H Type of Fault

0 no failure De-energize Energize -

1 T604 open D D safe

2 T604 short E E unsafe

3 R609 open D D safe

4 RBO1 open D E effect on other

parts

Figure 8-10.

Relay - A Circuit (block 12)
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APPENDIX C, RELIABILITY FORMULAE AND PROBABILITIES
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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;

¢ : press cycle length.

g : 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 : A-Path Failure (with rate a).

B : B-Path Failure (with rate b).

X : Multi-Vibrator Faijlure (with rate x).

Y : Pulse~Shaper Failure (with rate y). )
U : Amp~A or Rel-A Failure (with rate u). r—
V : AmpB or Rel-B Failure (with rate v).

2CR: 2CR Relay Failure (with rate 4.03). .
T : Time of obstruction. P

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-
cdrtain 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-D faiLure.

In Appendix B, however, the type of failure in Relay-D was found to
be dnsignificant. As a result, we have only two cases to consider,
When the self-test has been successful, the accident probability can be
calculated by finéing the probability for the top fault—event defined in

Eq. A-5 1in Appendix A. For an unsuccessful self-test, Eq. A-6 is used.

Probability_gi Accident with Successful Self-test (PASS)

PASS = Pr(E1 U E2 U E3)
= Pr(E1) + Pr(E2) + Pr(E3)
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PriO<X,U<s ; [X-U|<r] + PrCO<Y,V<s ; |Y-V]<r] +
Prl0<A,B<s ; [A-B|<r]

Ht(s, r, x,u} + Hl(s,r,y,v) *+ Hl(s,r,ab) ——=—veecev (c-1).

Where, HL(.) : Formula 1 (in Section 3).

Probability of Accident with Unsuccessful Self-test (PAUS)

Pr{(E1) + Pr(E2) + Pr(E3)

PAUS

PriO<, U<p ; UX+r] + PrLO<Y,V<p ; V<f4rl] +

PrL0<A,B<p]

H2¢p,r,x,u) + HZ2(p,r,y,v)} + H3(p,ab) _(C-Z).

Where, H2(.), H3(.) : Formulae 2 and 3, respectivel):\\

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

Pr(2CR<c)

PSF

4.03x10 8xc : ~ (c-3).

Thus, the probability of the self-tripping accident in a press cycle

becomes;

Pr(self~tripping accident) = PASS + PSF * PAUS —-r=——c=e—- (C=4).

Note that the probability in Eq. (C~4) is an upper bound.
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2. Guard Safety

Here, we are interested in the probability that, when the Light-
curtain 1is 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. A4 in Appendix A. Given that the

tight=curtain dis interrupted during the dangerous period, the

probability can be calculated as follows;

Probability of Guard Malfunction (PGM)

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

= Pr(O<X, U<T ; UX+r ; O<T<g)

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

+ Pr(D<A,B<T ; 0<T<g) i
= 61(g,r, x,u) + G1(g,r,y,v) + G2(g,ab) (¢c-5).

Where, G1(.) and G2(.) : .ormulae &4 and 5, respectively.

R e s
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3. Probability Formutae
In the formulae below, X and Y are exponential random variables
with parameters * and ¥ respectively, and T is uniformly distributed

between 0 and t. d is a smatl real number relative to t.

FORMWA 1
H1(t,d,2,») =Prl0 <X, Y<t; [X -Y] < d]
- - -(X
22 4 w2 LaZTM L 27y g L Yy )2
Derivation; )

Prlo<X, Y<T; [X-Y|<d]

P (X>Y) P (0<X, Y<t; YX<Y+d) + P(X<Y)"P(0<X,Y<t; X<Y<X+d)

P (XDY)"PY<X<Y+d; X<Y<t) + P(X<Y)"P(X<Y<X+d; 0<X<t)

offe

t -t
u * u - Ll
y vury g (Fx(y+d)-Fx(y)) fy(y)dy i v ! (Fy(x+d) Fy(x)) fx(x)dx

oy, o ~H YR ST oy =X
3% (e y__e (7+d)) He ydy + m[(e x_e (x"“d)) Xe de

()

Ag. Y- 22 -ug. b~ -2
= Xyi-e d)[e T ey 4 prtize S SO %ax
[»}
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1 . —OQHdt

1 ...2 -xd 2 -ud o
pysTy e~ (1-e )+ AT (1-e )] W” e

T . \ (A
1 (X2+u2-12e d _uze d)(1°e (A+H) ¢t
(A+1)

FORMULA 2
H2(t,d, 2,5 = Prlo<X,Y<t ; X<Y+dl
-ld ‘
. ~H . - (241
$ e - i A= O
Derivation;
Prlo<X, Y<t ; X<Y+d] % PriX<v+d ; Y<tl
t *
= Fx Cy+d) fy(y)dy
[o]

1]
~
-l
o
=
”
~
o1
[ ]
4+ 1
a
~
-
[ ]
1
~
>
+
=
~
[ad
~

).

)
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H3(t, A, 1) = Prlo<x, y<t]

-A -
= (-t (-e"'Y

FORMULA 4

61(t,d, 2, W

Derivation;

PrLo<X,Y<T

Prlo<X,Y<t ; X<Y+d; T<tl

=id -
1 -0 He 1

2 X<Y+d ; T<t]

t
=fP£o<X,Y<u 2 X<Y+d|T=uldPLT<t]
(o]

t
%J/”P£X<Y+d, o<Y<ul ° Fdu
()

1

. _
= t,Z Fx(y+d) ° f(y) ° dyl ° %du

1
T

t

(s]

-1 -u
[I(1°§ Oty « ue™Yaydeu

(1-e

I S L 0] 2y

)]
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t - Ad. =(A
;f[ z (ue™ Yeug™ e +u’)dy]du
(o]

-t

- d
u - (A
_/£(1_e u - € o - ( W)U)Jdu

1., 1, -ut, _wed  yupmd - Q4u)e
=t - =(1-e ) - t + (1-e )1
t u A+l (M_u)z
FORMULA 5 i
62(t, 2, Mz Prlo<x,Y<T ; T<t]
=1l g-e 't - Lgeeh ¢ 1o PHiY,
Tt e It
Derivation;

Prlo<x,Y<T ; T<t]

t
= f PCo<X, Y<u) ° %-du
o]

1t
==/ fx(uw) ° Fy(uw du

tho

o

oy ST -
- =" du

f
rt] -
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. t ~Au ~Hu - (A4U)U
=%ft1-e N Y
[+]
1 <A - -CA -
= Leda-eh- la-e™h + i
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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, G2. It is straigﬁtforwa;d 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.

- - -CX
HICt,d, 0, 0= (24222 70y (gm0 042

- -1 Agn )
320" + 18- D) (-e” P s0uyd -

224,03

02 ug- e 2/2+..) + ¥2(Ag-COa)

2.2 2

LA+ = A4z, 3/ (A41)

d*AHLA(1-Hd/2)+M (1-8d/2)> ° {1-(A+¥)°¢/23 ° t/(A+1)

d*Aut (A4 t/ (A41) = t°d° A%

u . -Xd .

- -(A
H2(t,d, 0 W= (-e "% - o 7 9 0 a-e” Y

+H

-

e-0)272) - o * (=3d) (G- Aendelr2)
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H3(t, X, )=

61(t,d, 2, W=

179

HE(1-ue/23 = HE(1-2d) (1~ (A+4)t/2)

UEL1~-Bt/2-14+3c+ Q+1)/2-Ad(A41) £/2]

ue(d

u.t.

(1-e

1

I

dt5 t)

At (d+t/2)

=2 -
) qoe~t)

(At) (¥t
- -ty - L
e Y - e

2 3

a-oe-anriene -

{(1t) 72- (1)
{(ue) 72-(1t)

-
Tentd-e % - Lon

1 - (A+U)

{1 ‘mﬂ -

ne~d

t

33

e 1 - 2,2
m‘ﬁ‘-a:m{(“‘“)t (A+1) /2

033613

-id
2 Ye
762} ‘—(n-a—)-{(

2/63 ~ (M) e

2(1-e

...Kd

2

Asn)ye/2-Aeu)2e 2763

A -
dr2-u) A+urtoe

) + %(m (At)e

Ag-

id

16}
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4T + (rd=

_1_ . A _‘A 3 _l 2 A 2
t) (*d A( /63 (“t)A( dd"/2)

2 6

+% Ao ) A=A + Ad2/2)

= %("t)(*d) £ A=-Cds2 - M/3 + Cds6 + () A /6)) +

%(*t) LA - A+ A 2/2)3

:lodan + oo ey

—

=A - '
G2Ct,A,H) =1 = (1-e D)/At = (1=e §/Ht + (1-e- (A+1)t) /(A+i)t

-

2 2

F1=-0-C0/2 + A)%/6) - -t /2 + (M1)T/6) +

A=amy/2 + (41)242,p)

= AR/ + (/2 - M2 - Al - s + CenZelrg

Ao ) /3

With these approximation results, it would be easier to evaluate

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

values;
x= 2.9 (multi-vibrator faiture rate),
y = 1.31 - (pulse-shaper failure rate),
u=0.98 (amp-A, rel—A failure rate), '
v = 5,60 (amp~B, rel-B failure rate),
a = 2.37  (A-path failure rate),
b=6.12 (B-path failure rate),

T N - e S by et < L e
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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;

H1(s,r x,u) + H1(s,r,y, v} + H1(s,r,a,b)

PASS

shrkyky + skrkyky + gkrigib

(1.4 + 107165 (c-6).

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

Eq.C~-2 becomes;

PAUS = H2(p,r,x,u) + H2(p,r,y,v) + H3(p,a,b)
= phxruk(r+p/2) + prky*yk(r+p/2) + pkpkaxb -
= 5.7 %10 " p + 2.0 « 107 Hp? (7.

Where, p is the length of part preparation time.

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

operation cycle were given as follows;

length of a press operation cycle (1.5 sec.),
length of a self-tripping period (0.2 sec.),
length of part preparation time (0.8 sec.),
tength of a dangerous period (0.16 sec.).

0 ovVun
it un

Using these values, we can find a typical value for the probability of
self~tripping accident in a press cycle by evaluating Eq.(C-%.

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

have;
PSE = .03 # 10:5)c = 2.0 « 105,
PASS = (1.4 # 10%)s = 8.0 105, , 8
PAUS = (5.7 » 1071 p + 2.0 % 10 1 13p% = 1.0 « 10718,

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

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

Pr(self-tripping accident) PASS + (PSF % PAUS)

8.0 * 1071,

In practice, we are more interested in the mean time between

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

MTBA(sel f-tripping) c/Pr(sel f-tripping accident)

-21)

.2 *10™)/¢8.0 * 10

5 106

. —

hours \YC-S).

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

a single press cycle can also be evaluated as follows (Eq. (-5);

PGM = G1(g,r,x,u) + 61(,,r,y,v) + 62(g,ab)

(g*rixtu/2 + gz*x*u/6) + (ghrxykv/2 + gz*ytvlé) + (gz*a*b/3)

grrr(urx + viy) /2 + gox(ukx + viy + 2xa%b) /6

(1.3 #1072y + a.4 = 10720

1.5 » 10720 c-9.

The values {n Eq. (-8 and Eg. C-9 gives overall reliability
measures of the system (light-curtain unit only). Then, how much
"reliable" are the feliability 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 errars in the component failure rates are
squared. In other words, for example, if the actual failure 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 probabilities would become 100 times higher than the
ones given 1in Eq. ¢-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 S5 * 1014 hours. Similafly, the

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

to 1.5 + 1018,




APPENDIX D, OPERATION SEQUENCE OF CONTROL RELAYS.
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Appendix D describes the sequences of operations in various modes,
and all the references are made to the circuit diagram (Prawing No.
7A-000~77).% As listed in Table 1 of this appendix, there are 14 relays
and 4 Llimit switches. Described here are three operation modes, 1)
6uard—-only Single~stroke Mode using two—hand push-buttons, 2) Single-

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

stroke self-tripping mode.

Guard-Only Single-Stroke Mode.

1. Selector Switch Position; .
—

$51 at "RUN", SS52 at "SINGLE STROKE”, and SS3 at "HAND".

: 2. Start-up Sequence.

Pouer is applied to the circuit through the motor forward contact
{(MF-Relay) on Line 6 after i} MOTOR-START button has been depressed.
Hith.the press at top-stop (0 degree rotation), LCZ2-Relay energizes on
Line 35. Since limit-switch 1LSa is closed and the relays 3CR, MD and
2CR are de—energized, 1CR-Relay will pull in.

With 1CR energized, the closed contacts of MD (line 20), 1CR (line
19) and 4CR (line 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’ L2 and closing the contacts between terminals 5 & 8
(lines 30 & 32). Now the Light curtain is ready for a press cycle.
This start—up sequence is summarized in Table 2.

*This drawing s proprietory of Sick Optic-Elektronik. Persons wishing to
obtain it should contact Sick Optic-Elektronik directly.

OIS e e
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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 solenocids through the contacts of 1CR (line
31) which has already been de-energized (after the RUN-buttons
depressed) and of 3CR. The press now goes in motion, energizing the
motion detector relay MD. 2CR-Relay remains energized, through the

normally open contact of 3CR (line 19), when the press continues to
T

operate.

Limit Switch 1LS changes position shortly after start-up, ;nd 4LS
changes position shortly before the bottom. 2ZCR was held in via the
contact of LC2 and the 2CR self-~holding contact (line 21) through the
limit switch contacts, 2LSBy‘aﬁd 3LSb. This 1is a stpp-off-bottom

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

3LSb (@ine 33) close at 180° and the press returns to the top until

either 2L.Sa 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 MD-Relay would detect this failure and drop
out, stopping the press. During the up-stroke (at around 270°), 4L Sa
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 de?ail'in Table 3.

If there were any obstructions during the down—stroke, the Llight

curtain would tell the press to stop by opéning.contacts between

terminals 5 & 8, and by closing contacts between terminals 3 & 4 which
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in turn will energize LC2, opening the LCZ contact on Lline 30 (i.e.,

contacts A4 and B5 open, and A5 and B4 close, and then LCZ2 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 Llight curtain must be obstructed to initiate<:;; unit
(see the seq&ence no. 4 thru 8 in Table 4). Now depress the CONT.'/AUTO
PRESET button to temporarily energize 4CR-Relay whose time contact (lLine

28) remains pulled in and holds in 5CR-Relay. 2CR has already been
pultled out by depressing the butgﬁh:

.So the power is to be applied to the Light curtain (terminal $S)
thru >the 4CR timer contact (line 28), thru 5CR contact (line 30), and
thru SS3 switch (line 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 is as shown in Table &

(step no. 13).

3. Cycling Sequence.
Now the press is.ready to run. So if the timer (4CR on Lline 28)
has not timed out and the -light curtain.is broken once (see the 3rd step

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

energizing LC2 and energizing 3CR. The only power line to the AIR VALVE
solenoid is thru the contacts between terminals 5 & 8, until the press
ram reaches 180° from which point the auto-return (line 33) takes over
and returns it for a top stop.

During the return cycle, 2CR-Relay is de—energized, setting the
relay logic 1in the light curtain again (de-energizing D-Relay). Relay
4CR is pulsed via 3CR (at each start of a press cycle), resetting the
4CR timer contact for a new time per{od (around 10 - 20 seconds).

If the light curtain is interrupted during the down-strdié\ period,
the RESET push button must be depressed to energize 1CR to étart the
sequence all over again, because 1L.Sa is open and 1CR has bé;n de~
energized. The interruption 1initiates the same sequence of relay
operations as before (i.e:, A4 % BS open and A5 & 34 close to open thé
LC2 contact) to stop the press.

After a normal completion of a press cycle, the states of the
relays are as shown in Table 5 (step (). That is, A and C relays
energized and B and D relays de-energized; LC2, 1CR, 2CR and 5SCR
energized, and 3CR, 4CR and MD 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 B change their states simultaneously while

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

Double-Break 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 Llight curtain to
initiate the press cycle. ALl other controls and functions act the

same.
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Table D-1, List of Relays and Limit Switches.
]
No. of Effect Drewirg
No. Symbol Description Contacts on Safety No.
1 A Light Curtain Output 5 Critical 4000528
Relsay ’
2 B Light Curtain Output 5 Critical "
Relay
3 c A, B Relays Monitoring 6 Important 4000733
Relay
L D Self-Test Starting Relay 7 Very "
Important
5 E Double-Break Relay 6 No "
* .
6 Re11(S) 2 | Self-Test Signel Relay 1 No—. 4000525
7 MF Motor Starter Relay 5 Ko TAOOOTT
8 MD(M) Motion Detector Relay 4 Indirect” "
9 1CR(R1) Interrupted Stroked Relay 4 No "
. Very "
10 2CR(R2) Anti-Repeat Relay ) ] Important
1 3cR(R3) | Valve Relay 5 Fo "
12 LCR(R3) | Auto Time-Out Relay 3 Indirect "
13 '5CR(RS) Auto Relay 3 No "
1% Lcz2(L) Stop Channel Relay 4 Indirect "
15 118 Breke Monitor Anti-Repeat 3 Indirect "
Limit Switch
16 2Ls Auto-Return Limit Switch 2 Important "
17 3LS " " - " Y Important "
i8 kLs Stop Off-Bottom Anti-Repeat Yo "
(c.f.) %1 "Effect of Safety" with respect to the use of light curtains.

#2 The "Symbols™ within the parentheses are the ones used in the

Relay Seguence Tables.
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Table D~2, "Guard-Only Single Stroke"
Terminals [J] - 0] closed, [20]-

Start-Up Seguence
2I] open)

LVU 200 Relsays

No. Control Relays State Changes or Input

0 A B ¢ D B8 L Rl R2 R3 M "Power-Up" energizes B, S, L

1 A (B)* ¢ D (8) (L) RL R2 R3 M On Rl thru L - contact on line #23

2 ' (L) (R1) R2 R3 M On R2 thru Rl - contact #21 (see TA0OOTT)

3 (L) (R1) (R2) R3 M Close terminels [1i]-[I2) thru R2 - contact #38

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

4 (A) B ¢ D (s) } ‘On C thru contacts a,, b} (see L4000733)

5 (A) B (c) p (8) Off 8 by opening contact ¢,

6 (A) B (c) » 8 Self-test obstruction signal (on B, off A)

T A (B) (c) »p S . On D thru contacts 8y by, ¢,

8 A (B) (c) (p) s On 8 thru contact d,

9 A (B) (c) (p) (s) End of self-test (normal signal on A, off B)
10 (A) B (c) (p) (s8) Close [5]-[B], open [1]-[L] (off L)

11 () B (c) (D) (8) L' (m) (R2) R3 M

READY FOR PRESS OPERATION

(e.rf.) 1. Relays E, R4, RS are not used in this mode.

2. (B) means Relay B energized.

\

I
/ )

061
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Table D-3, "Guard-Only Single-Stroke" Cycling Sequence '

1) Two Band Control Relay Sequence

State Change or Input

Ram Slide Control Relays
0° L (rR1) (R2) R3 M Depress "Run-Buttons"
"(on R3, off R1). ’
0° L Rl (R2) (R3) M Power to clutch; cam movement
(on M).
0%180° L Rl (R2) (R3) M Down-stroke; at 1800, auto-return
limit switches change.
180%270° L RL (R2) (R3) Up-strcke; at 270°, on L, off R2.
270%/300° (L) RL R2 (R3) M At 300°, off R3 and “BRAKE". )
200%-360° (L) R1 R2 R3 (M At 360°, stop motion (off M).
360° () RL R2 R3 M Power to Rl on line #23”(on R1).
360° (L) (R1) R2 R3 M Off L (line #36), on R2 (line #19).
360° L (R (R2) R3 M End of cycle. )

2) Self-Test in LVU200 (During 270%-360° RAM-SLIDE).

State Change or Input

No. LVU200 Relays

0 (A B (C) (D (S Terminals -[12] open (off D) at 270°

1l (A) B (&) 1 (% d3—contact open (off S)

2 a4 » () » Self-test obstruction pulse (on B, off A).

3 A (B) (¢) D - closed at 360° (cn D).

4 A (B8) () (D) d3-contac: closed (on S)

5 A @ © D &) End of self-test; normal siénal (on A, off B)
6 a) B (C) -(®) (s)
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Table D-4, "Bingle-Break Single-Stroke" Start-Up Sequence

=
(<)

LVU200 Relays _ Control Relays State Change or "Input"

® - AW s W e

A (B) ¢ b (L) R B2 R3 B4 B5 M UPOWER-UP" (on L, on B)
(L) (R1) R2 R3 R4 RS Close Rl-contact #19 (on R2)

, (L) (R1) (R2) R3 Rk RS M "LVU200 Motor Speed-up {on A, off B)
(A) B ¢ »

=

Close contact 8y (on C)

(A) B (¢) b "OBSTRUCTION OF LIGHT" (off A, on B)
A (B) (c) » Close contacts 8y, D, (on D) !
A (B) (c) (p) "OBSTRUCTION REMOVED" (on A, off B)
(a) B (c) (D) : Close "MAKE" ([5]-[8]), open [3]-[T]
| (off L) I
L (R1) (R2) R3 R4 RS M "depress AUTO-PRESET" (off R2, on RA4) I

L (RL) R2 R3 (R4) RS M Close timer-contact R4 #28 (on RS)
) open R2-contact #38 (self-test, off D)

(A) B (c).Dp L (RL) R2 R3 (Rs) (RS) M | ‘"return AUTO-PRESET" (off Rk)
open [5] -[8], close [3]-[4] (on L)
(L) (R1) BR2 R3 R M Close Rh-contact #19 (on R2)

(L) (R1) (R2) R3 R4 (RS) M

(e.f.) 1. Relays E and B are not used.
2, Terminals [9)~[10] closed, [20]- 21] closed. /

A



Table D-5, "Single-Break Single-Stroke" Cycling Sequence

No.| - LVU200 Relays ‘ Control Relays ~ State Change or "Input"
0| (A) B (c) » (L) (R1) (R2) R3 R4 (RS) M "OBTRUCTION OF LIGHT"
; ' (off A, on B)
A (B) (c) close contacts a,, b, {on D)
2 A (B) (&) (D) , "REMOVE OBSTRUCTION"
: : (on A, off B)
(A\) B (c) (p) close [5]-(8], open [3])-{L] (off L)
L | L (R1) (R2) R3 R4 (RS) M close L-contact #30 (on R3)
5 L (r1) (R2) (R3) R4 (RS5) M close R3-contact #25 (on R4),
open #23 (off R1)
L RL  (r2) (R3) (R4) (R5) M power to clutch; CAM movement (on M)
L Rl (R2) (R3) (m4) (RS) (M) | DOWN-STROKE (0%-180°); at 180°
auto-return. ’
8 ' UP-STROKE (180%-270°); at 270°
(on L, off R2)
9 (L) Rl R2 (R3) (nk) (rs) (M) (2'{09\'3000); open Wol-conbact, #4
(orf D)
10 (A} B (c) b At 300°, open #33 (off R3) and
BRAKE |
11 () RL R2 R3 (RM) (RS) (M) (300%360°%); open R3-contact #27
, , A, off (Rh) :
12 (L) RL  R2 R3 RW (RS) (M) complete stop at 360° (off M)
13 , (L) m R2 R3 RU  (RS5) M close M-contact #23 (on R1)
1k S (L) (R1) R2 R3 Rk (R5) M close Rl-contact #19 {(on R2)
15 (L) (R1) (R2) B3 RE (RS) M end of cycle

£l
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TABLES OF RAW PRODUCTION DATA
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INTERLAKE STAMPING CO.

Production Data

Date: 6/ 8| Machine No. 23 Machine No. 2.4, Machine No. 7))

Subject No. 1 Subject No. o Subject No. 2
Dav: | Two hand 1/§;T?f=-~‘:> Two hand Self- Two hand Self-
ay.hﬁuhﬁ)%* control \‘rtripping control \‘Pfripping control \\_Eripping

- T | - 25| - ’g .- | ?’g - é - ;.:
7:00-8:00 Bs\\ 15 15 0018 15A 1 5 1224 O | O
8:00-9:00 a9 24\ 50 /] joAB5 ” 1010
9:00-10:00 " 0o &3  hezs14-6 0 | 51O
10:00-11:00 1 BUBS8 /7 QY1 56 AR EL,
11:00-12:60 )L 4755 1l Bl 55 i \54955
12:30-1:30 Il 561855 y 1l 60 /7 3l 60
1:30-2:30 / G6ORA| 41 J P\ 50 h B286| &5
2130-3: §0 (80938 {510 4o U BEYO

sk 13
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[

INTERLAKE STAMPING CO.

Production Data

Date: : Machine No, Machine No. Machine No,
é,/"/%’/ Subject No. 72 | Subject No, o Subject No, 3
wo hand : Self-1- 1 wo ha:d : Self; | ' Two haréd D Self; ‘
Day: contro tripping |\ __contro ripping contro tripping
0M%n{}1'53>‘ ' \"-13-5
d- & 5 | 5 5 5 S
- o | = o | - P . o |- S| =™ pos
wv L " [, " " [} ] w ] wv ©
Q - - L0 + - -2 :_-s fe 0 :-_h T O :: s:; .g :: ;
S|l d| 3|lz| a|ls| =] a|s]| 2| a8|s| =] a|l~|=z]| 3
4:00-5:00 rsa 15 20| 13 iy 10
= [ 5:00-6:00 ot | bl bas | o AR
6:00-7:00 W | 42 L e 43| | I<89| 43
7:00-8:00 200y | WO /| (,0 2w | S8
8:00-:00 Nyl & | €f ENEN
9:30-10:30 yogr | \D Y| Go ¥ (7
10:30=11:30 4stg | 50 o <o Hoyo| 0
/ 11:30-12:30 ool S R E | 7y 75
.;’NT;‘I’

961



1== Shift

INTERLAKE STAMPING CO.

Production Dat

Date: | Machine No, Machine No. Machine No.

(D,z,lsb Subject No, 1. Subject Ko, 2. - Subject No. 3
wo hand Self- ( Twof;and Self=- Two hand Self-

Day: control tripping Y\ control tripping N contro tripping

Toesdy =TT ] . i i i
SRR - U L O D - S I -0 O

- Sz |5 |2 |=z| 5|8|z|2 |8 |z|28|8|z|3|8|%2/|3

7:00-8:00 50L|35 54 4o 535 35

8:00-9:00 124060 1342l & \623| 60

9:00-10:00 6 & 14T 4] 466 4D

10:00-11:00 253 56 040 60 2500 57

11:00-12:00 g 55 35%| 95 45050

12:30-1:30 284 55 4 5H 5535 5

1:30-2:30 Wwlu3 4920 48 620 35

2:30-3: )0 L\ 37 54400 40 . S 98\ 4Q

961
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L)

INTERLAKE STAMPING CO.
Production Data

Date:&/2|8)| Machine No. Machine No. Machine No,
Subject No. 1 Subject No. 2 Subject No. 3
Two hand elf- Two hand e]?ZTt ~ Two hané-g 1Se1f-
oay;'fuéfﬂ?ﬂ control tripping control tripping control tripping
‘ : : : 5 g :
- | - S| - o] - pra I S| om po
al o 0 al| 8 P H 2| a 2] £l 2 ol o | 3 3
[~ (¥ P ] [=) ) =] [« y= =] Q [ -} o oyue - o sy b=
] = [~ Lr ] €= Q - x* [~ - = [~} L] o= (=] - X o
.| 4:00-5:00 Ihy| €0 1 X/ | 46 27 V2
"% 5:00-6:00 M| & ./ o) 6/ 7R 6D
6:08-7:00 3% | 4 3019 ‘ﬂﬂ 2%1| %6
7:60-8:00 tSol 60 How,| 6 3344 40
5T%e -
8:00-Gall’ w7, 53 (22| T Yrg)
10:00-10:30 13| 3o (o3 | aw 27, 20
10: 30-13:08 %164| 70 237 90 61t 50
+30=12T 0 }

L6l



INTERLAKE STAMPING CO. -

Production Data

Date: | Machine No. Machine No, Machine No,

/81 Subject No, _1_ Subject No. ol Subject No, 3

| Two hand qts«m- > Two hand Csm- P Two hand  (SETT-

Day: - control tripping control trippin control \ _tripping
Wedmsin* T ' i—j
7:00-8:00 N53| 39 590 39 RAY\TD\D °°
8:00-9:00 gl 871 1130 55 y A4 5 P
9:00-10:00 208 54 174 57] iQ | O ‘
10:00-11:00 2263 4D R H0 836632~ 5% |
11:80-12:G0 40| B5| 377055 TR \G lehe
12:30-1:30 . BT B 459 50 33254026 | ok
1:30-2:30 el 47 |20 & 3 WY 2ol 45 ‘
2:30-3:§0 1389 W\ EC“‘S 4 /|lagdl 42 \
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Production Data

INTERLAKE STAMPING CO.

Date: Machine No., plg Machine No, 2\/ Machine No. 17
b/3)g] Tob#r 99 #b-8 Tob# 3562+
— Subject No, 1. | Subject No, . Subject No. 3
wo hand Selif- (I?;hand Self- (IEthand' Self-
Day: control tripping _control tripping contro tripping
Mﬂ%— & = o ' [~ c
Q - - - 2 o
ol & el 2| 8 |l al & el al|l 8 B |a 5 el al B Y
Sl 8|l 3|=z| 8|8 =] 8|3 =|&d|8|=| &38| %] a8
4:00-5:00 5| £ s 270| 3a
5:09-6:08 a6/ laa| b %04/
6:08-7:00 ba)| €5 1900 £ Jfga | &7
7:00-8:00 283y §7 283y ¥ 20Y | O
8:00-3:9% b S€ b S/ 2799 <
9:30-10:30 333/ | ¥ 3/ Sl P <K
, Bhwks | 21
10:30-11:30 19| ¥7 ey | Y e I sl
11:30-12:20 47|22 Y| 2Y C2PYey 23

@& JM# 723)- Y&

@ §ob#H 3355 I M*W

/

661




1== Shift

INTERLAKE STAMPING CO.

Production Data

Machine No.2. )

Date: | Machine No, 2.8 Machine No, 2.4
—JQ[Zilj%L—-' Subject No, ‘ , Subject No. 2__ Subject No, EE>
< Two hand ) Self- { Two ﬂ;;;:;:> Self- <:ji§ij?§f{:::> Self-
Day: control tripping - control tripping control tripping
% huesdoy ‘
~—" = = c ] = =
Q -0 (=] Q o o
- o - P . S |m S| o F e
o | B |2 a |l & cloald]2 |la 8|2 |a|l 3] 2lal| b8)cF
Q - = o e =4 (=] o 4 (=4 L o (<] e s <) oy 3
- X [=] i =~ Q -3 X Q - &£ (=) - X Q ) x (=]
7:00-8:00  [135386A] 44 1461382 4O 124\711 10 .
8:00-9:00 v 1322 BE u a6 54 1 |hag 55 °
9:00-10:00 i \ag 4t I{igzd Y1 I \g62] 22 e |
10:00-11:00 | 4, |263¢ €G i 299 60O 50555 LN
11:00-12:00 | 17 {200 5| 1 2610 B5 v 1361150
12:30-1:30 | // 3W| BY I B3z B nN\236| 446
1:30-2:30 | 4 HEPI45 0 BBIHT /1 \65\| 4O .
2:30-3:§0 4 (B0 4O 26 80 i 7 {2000l 25 |
note: Sob 1&A-22  wlak vaad, 3

ereniaus \'_5&\33. C &”z * é“)

gifj kgiiBKW\:s«:Q. ngnagxureﬁ *O
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INTERLAKE STAMPING CO.

'.})t CASr O AAL

Production Data

u’l_ (MS

7

Job = 2&0y

Mkchine No}

Machine No:ﬁ

Date: Maching No,
é./l,. §/ Subject No. | | Subject No. o8 Subject No, -~
o S — -
Two hand Selfe Two hand 811 Two hand el f- ™
Day: control "__tr1pp1ng control g:igping_// control tgipg1ng
7[0“449/ | [ = = i | = “ [~
N o o o o o o
- - " Py o = P S| - o
al d Pl ol 8] Plal 8] Rl ol 8| 2 lal] 8 £ 2| 8 e
o oy =3 J - = 2 o Lo k=) [=] sy =3 o = =] [ e -
~ - (=] L] = (=] L ] = [=] - - -4 Q L) < [} L] pe o (=]
4:00-5:00 THel (g3 He N sTzg 31| o
5:00-6:00 l4do | 40 150! 60 Mol (o
6:00-73:00 0a<] 4S 8071 40 ) a0 4
17:00-8:00 %0 (S 7 2979 £Y M3 2 370
8:00-9: 45 | 7 Boi | 19 k17| 55"
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APPENDIX G: Computer Program for Monitoring

and Recording Physiological Data

G.1. Computer Program

G.2. A sample of program output of recorded
physiological data.
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214

TYFE S3TEST

CHANTASK 1674
EXTERNAL VARSYMONTRsFAIL
COMMON/FPLACE/ZIFINSKAT+MBFsSYSsIIASyHR
‘COMMON SUMRY(1+8) s ISTOF
COMMON/SENSE/IRSHF » INUM
DIMENSION IAR(3)
INTEGER SUMRY .
INTEGER SYSsDIASsHR ,
CALL INIT(*MTO*»0yIER)
TYPE® *
TYFE*DATA TAPE SHOYLD BE LOADED; INDICATOR SET TO ON-LINE.*
TYPE® °*
TYPE*AFTER PAUSE» TO EACH REQUEST REGARDING TIMEs®
TYPE*INPUT AFPROFRIATE NUMBER AND HIT RETURN.' .
TYPE® *
TYPE® * K
PAUSE : o T
TYPE" *
TYPE® *
80 ACCEPT*TIME IN HOURS— »IARC1)
ACCEPT*TIME IN MINUTES="sIAR(2)
ACCEPT*TIME IN seconns=-,IAR<31 :
TYPE® * .

TYPE® *
TYPE*MISTAKE? ENTER THE NUMRER ONE AND THE ABOVE REQUESTS®

TYPE*WILL BE REPEATED. OTHERWISEs STRIKE ANY OTHER KEY*®
TYPE*FOR PAUSE. AFTER PAUSEs .CONSOLE WILL REQUEST MTO FILE®.®
TYPE®" * . : | .
TYPE® * .
CALL HGTCHR(OyICHARyIER)
IF(ICHAR.EQ.49) GO TO 80
CALL STIME(IARsIER)
PAUSE
81  TYPE* *
TYPE® * .
TYPE*WHEN ASKEDs ENTER THE MTO FILE# AND HIT RETURN.®
TYPE*NDTE! FILE# RANGE EQUALS 0-14.°
TYPE® * : .
TYPE® *
ACCEPT*FILE# ON MTO TO BE OPENED=",IFNUM
TYPE® * -

TYPE® * : :
TYPE*MISTAKE? ENTER THE NUMBER ONE. OTHERWISEs STRIKE®

e - At YT Gesan -— - - S PEa e SEREY .  EICEMLUPERE O s Va =
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84
85
86
87
88
89
90
91

92

b e
8 2 8

g
o o
<

NEOOOO00OOO0

CIFE hervub sl b chiare R U OB EE 1S b HE Satib b B, et
TYPE*AFFRUFRIATE NUMBER RUT DO NUT HIT KETURN.®

CALL HGBICHR (O, ICHARY, TER)

IF(ICHAR.ER.49) GO TO 81 - 215
TYFE®

TYFE® *

IF(IFNUM.EQ.0) GO TO 82

GO TO(B83+84+85:,85:87+88:89+90¢91r92+,93,94+95,96) IFNUM

GO TO 81

CALL OFEN(2,*MTO0:0",3,IER)

GO TO 100 ,

CALL OFEN(2/s*MTO!1%»3,IER) ’ .

GO TO 100

CALL OFEN(2y*MTO0:2°»3yIER)

GO TO 100. .

CALL OFEN(2,*MTO:3"s3,IER)

GO0 TO 100. '

CALL OPEN(2y*MT0:4%r3sIER)

GO TO 100

CALL OFEN(2/y*MTO:5"s3+I1ER) :

GO TO 100 . .

CALL OPEN(2,°MTO0t6%»3,IER)

GO TO 100 - . S

CALL OPEN(2s*MTO$7"s3,IER) - .
GO TD 100 S , T~
CALL OPEN(2y"MT0:8*s3sIER) - : ‘ .

GO .TO 100 : , .
CALL OFPEN(2,°*MTO:9°,3,IER) - : .
G0 TO 100 o

CALL OFEN(2y"HT0:10"s3sIER)

GO TO 100 .

CALL DPEN(Z:'HTO’ll',BoIER) e

GO TO 100 . .

CALL OPEN(2 .'nro.12'.3,1£R)‘

GO TO 100 . S

CALL OPEN(2s*MTO$13°y3sIER) . )

GO TO 100

CALL OPEN(2,°*MTO0$14"»3»1ER) |

CALL DGOT(1,1+1ER)

. XkxLS BIT=DYNAMAP RESET/ENABLE coa
BIT=17;DYNAMAP IS RESET
BIT=0;DYNAMAP FUNCTIONS ACCORDING TO PANEL SPECIFICATION
RITS 1 THROUGH S+SOLENCID RESET/ENARBLE ‘
IF RIT=13iSOLENOID IS ENARLED AND MUST BE DISENGAGED
PRIOR TO ANY NEW SAMPLING

XXXIFIN=1; HEADER NOT FOUND- '
IFIN=2} 27-11 NQR 48-48-58-32-46 SEQ FOUND
JEIN=23 M-C-D _NATA FOUND RUT, NAT MR______ . . ..

Reproduced from o
best available copy. N




Ibiidv 4y NE LIV ER M-S~1 NUK HK Lnovee FUUND

IFIN=87 HR DATA FOUNIN RUT NOT M $-D

IFIN=A&+ AlL DATA FOUNRD RUT Z2ERQS FRESENT 216
IFIN=7% ALL DATA FOUND AND NON-Z7ERD

oo or

FAUSE
9 TYPE* *
TYPE® *
TYPE*HOW MANY SUBJECTS WILL BE SAMFLED?®

0

XXXASSUMING SUBJECT NO.1 CORRESFONDS TO IVAL1,» SUERJECT
NO.2 TO IVAL2s AND SUBJECT NO.3 TO IVAL3» WHERE THE
VALUES 2r4/+8,16+32 ARE POSSIEBLE AND CORRESFOND TO
SOLENOIDS 1,2,3s4 AND S RESFPECTIVELY.

s N rReNoRw Ryl

ISTOP=0
IRSMP=0
IWAIT=0
CALL HGTCHR(OsICHARsIER)
IF (ICHAR.EQ.49) GO TO 1
IF (ICHAR.EQ.50) GO TO 2
IF (ICHAR.EQ.51) GO TO 3
60 TO 99 -
1 TYPE® *
TYPE*MISTAKE? ENTER THE NUMBER ONE.®

TYPE*OTHERWISEs STRIKE ANY OTHER KEY.*®

TYPE® * , .
TYPE*CONSOLE WILL VERIFY THAT NUMBER, AND THEN ASK FOR <UALUE>*

TYPE*OF SOLENOID FOR THAT SURJECT. RESFOND BY ENTERING THE®
TYPE*APFROFRIATE NUMBER(2s4s8s16+ OR 32) AND HIT RETURN.®
CALL . HGTCHR(Oy ICHAR Y IER) ; .
IFC(ICHAR.EQ.49) GO TO 99 ' T . . : -
TYPE" °
TYPE'ONE SUBJECT WILL BE SAMPLED.®
INUM=1"
101 TYPE* *
JYPE" *
ACCEPT*SOLENOID VALUE TO BE USED FOR SUBJECT ONE="sIVAL1
TYPE® * .
TYPE®" MISTAKE7 ENTER THE NUMBER ONE.*
TYPE*OTHERWISEs STRIKE ANY OTHER KEY.®
CALL HGTCHR(OsICHAR»IER) ,
IF(ICHAR.EQR.49) Go 70 101
. GO T0 6 .
2 TYPE®* "
TYPE*MISTAKET ENTER THE NUMBER ONE.*®
TYPE®*OTHERWISE, STRIKE ANY OTHER KEY.*®
TYPE® °*
TYPE*CONSOLE UILL VERIFY THAT NUMBER»AND THEN ASK FOR <VALUES>*

‘TYPE*OF SOLENOIDS FOR THOSE SURJECTS. RESFOND BY ENTERING THE*
TYPE*AFPROPRIATE NIMRFRALPaAofo1Lbe D IO AL 4ixw fommoemas o - —



102

103

CUALL FLIUHR OO L it s L s

IF (CICHAR.EQ.49) GO 10 99
TYPES

TYFE*TWO SURJECTS WILL RE SAMFLED.® 217

INUM=2

TYPE® *

TYFE® ‘
ACCEFT*SOLENOID VALUE TO EE USED FOR SUEJECT ONE=*,IvaLl
ACCEPT*SOLENDID VALUE TO KE USED FOR SUEJECT TWO=*,IVAL2
TYPE® *

TYFE*MISTAKE? ENTER THE NUMEER ONE.,®

TYFE*OTHERWISEs STRIKE ANY OTHER KEY.®

CALL HGTCHR(OsICHARsIER)

IF(ICHAR.EQ.49) GO TO 102

GO TO &

TYPE® *

TYPE*MISTAKE? ENTER THE NUMEER ONE.*

TYPE*OTHERWISEs STRIKE ANY OTHER KEY.*

TYPE® *
TYPE*CONSOLE WILL VERIFY THAT NUMBER, AND THEN ASK FOR <VALUES>®

TYPE*OF SOLENOIDS FOR THOSE SUEJECTS. RESPOND EY ENTERING THE®
TYPE*APPROPRIATE NUMBERS(2,4s8+16y OR 32) AND HIT RETURN.®

CALL HGTCHR(O» ICHARy IER) - .

IF (ICHAR.EQ.49) GO TO 99 _

TYFE® * =
TYPE*THREE SUBJECTS WILL BE SAMPLED.* ~
INUM=3 ‘

TYPE®* * y

TYPE® * ) ’
ACCEPT"SOLENOID UALUE TO BE USED FOR SUBJECT ONE=",IVAL1

ACCEPT*SOLENOID VALUE TO ERE USED FOR SURBRJECT TWO=*,IVALZ2
ACCEPT*SOLENOID VALUE TO BRE USED FOR SURJECT THREE=*,IVAL3
TYPE®" *

TYPE"MISTAKE? ENTER THE NUM“”R ONE. *

TYPE*OTHERWISEs STRIKE ANY DTHER KEY."

-

- CALL HGTCHR(OvICHARrIER)

IF (ICHAR.EQ. 49 GO TO 103
TYPE* * ..
TYPE® ° . \

TYPE*FOLLOWING THE NEXT PAUSEs THE EXPERIMENT WILL®
TYPE*BEGIN(OR RESUME). CHECK POWER FOR DINAMAP AND SOLENOIDS.*

TYPE®
PAUSE :

CALL FTASK(FAILs$60s4) . o o T
IVAL=IVAL1

ISUR=1

K=0 -

CALL FTASK(UARS»$50r2) ,
KAT=0 -

CALL DGOT(1,IVALsIER) = . . '

CHLV  RESAKLT TICOMNMTTIMULY | | et am ee i e e e e - . me e -
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12

14

15

16

e UL (L 1y A ER)
IFCIFINJZEQ.7) GU 1) 14 218
N=K+1
IF(K.GT.1) GO TO 14 :
IF(IFINJLE.S) GO TO 11
IF(IFINJERQ.6) GO TO 12
TYPE® *
TYPE*FRORLEM WITH DATA TRANSMISSION,®
TYFE*ANOTHER SAMFLE WILL BE ATTEMFTED.®
IRSMP=1
CALL WAIT(40,2,IER)
GO TO0 10
TYPE®" *
TYPE"ZERO READINGS? CHECK CUFF PLACEMENT AND CONNECTIONS.®
TYPE*ANOTHER SAMFLE WILL BE ATTEMPTED. *
IRSHMP=1 :
CALL WAIT(40:2yIER)
GO 1O 10
IF(ISUB.EQ.1) GO TO 15
IF(ISUB.EG.2) GO TO 18
IF(ISUR.EQ.3) GO TO 24
SUMRY(1¢1)=MBP '
SUMRY (1,+2)=8YS.
SUMRY(1s3)=DIAS
SUMRY(1s4)=HR : :
SUMRY(1+5)=IFIN ", 2 -
SUMRY(1+6)=I5UB .
CALL FGTIM(IHRyIMINyISEC)
SUMRY(C1+7)=IHR -
SUMRY(1,8)=IMIN ‘
CALL FTASK(MONTR»$35¢3) L : . e
CALL DELAY(IWAIT)
CALL WAIT(IWAIT+2yIER)
IF(ISTOP.EQ.1) GO TO 16
IF(ISTOP.EQ.2) GO TO 75
IF (INUM.GE.2) GO TO 17
6o T6 8 °
FAUSE
TYPE® *
TYPE®- *®

TYPE"IF A CHANGE IN THE NUMRER OF SURJECTS/(SOLENOIDS) IS NEC-‘
TYPE"ESSARYs ENTER A ONE. OTHERWISE» STRIKE ANY OTHER KEY FOR®

TYPE"PAUSE. RESPONSE MEANS BREAK IS OVER.*

CALL HGTCHR(OsICHARrIER)

IF (ICHAR.EQ, 49) Go 10 99

TYPE® «

FAUSE .

ISTOP=0

IF(INUM. GE 2) 60 T0O 17 '

M W =



219

v rwv o

ISUR=2
IVAL=IVAL2
6O T0 B ~
SUMRY (151)=MBEP
SUMRY (1,2)=SYS
SUMRY(1,3)=DIAS
SUMRY (174)=HR
SUMRY(1y5)=IFIN
SUMRY(1,6)=ISUB
CALL FGTIM(IHRsIMIN,ISEC)
SUMRY(1y7)=THR
SUMRY(1,8)=IMIN
CALL FTASK(MONTR,$55:3)

. CALL DELAY(IWAIT)
CALL WAIT(IWAIT,2sIER)
IF(ISTOP.EQ.1) GO TO 19
IF(ISTOP.EQ.2) GO TO 75 L .
IF CINUMJGE.3) GO TO 20 _ \ _
ISUB=1 ' , o
IVAL=IVAL1 . e -
G0 TO 8. :
PAUSE

* TYPE® *. ~ P
TYPE® *_
TYFE*IF A CHANGE IN THE NUMBER OF SUBJECTS/(SOLENDIDS) IS NEC-*
TYPE*ESSARY» ENTER A ONE. OTHERWISEs STRIKE ANY OTHER KEY FOR®
TYPE"PAUSE. RESPONSE MEANS BREAK IS OVER.* .
CALL HBTCHR(OrsICHARsIER) .

 IF(ICHAR.EQ.49) GO TO 99
TYPE® *
PAUSE
ISTOP=0
IF (INUM.GE.3) GO TO 20
ISUR=1
IVAL=IVALL1 ~
60 70 8 .
ISUR=3 C
IVAL=IVAL3 . . S S
GO TO 8 - .
SUMRY (1’ 1)=MBP , .
SUMRY(1+2)=SYS" .- VoL
SUMRY(1,3)=DIAS .
SUMRY(1s4)=HR -
SUMRY(1,5)=IFIN . - . Lo
SUMRY(1+6)=ISUB .
CALL FGTIM(IHRsIMIN,ISEC)
SUMRY (1¢7)=IHR -
SUMRY (198)=IMIN.
CALL FTASK(MONTR»$55,3)

CALL DELAY(IWAIT) o .
ceeLOH LAYTLIMNATT .2 TEDY, e e e e - -

. . ‘ -



S50
35
60
75

76 .

77

. T, L

AVE Sitak] 7'1 WLIIT ) K ITOUW 7

WU T WA N awra Yt T r Ay

IF(ISTOP.EQ.1

IF(ISTOF.EQ.2

ISUB=1
IVAL=IVAL1
GO TO 8
PAUSE .
TYPE® *
TYPE® *

) GO 7O 25
) GO TO 75

220

TYPE*IF A CHANGE IN THE NUHBER OoF SUBJECTS/(SOLENOIHS) IS NEC-*

TYFE*ESSARY

ENTER A ONE.,

OTHERWISE>

« TYPE*FAUSE. RESFONSE MEANS RREAK IS OVER.®
- CALL HGTCHR(OyICHAR»IER) C
IF(ICHAR.,EQ.49) GD 70 99

TYFE®" *
FAUSE
ISTOP=0
IsuB=1 ’
IvAaL=IVAL1l
GO TO B

TYPE*NOT ENOUGH UARS TCBS*
TYPE*NOT ENOUGH -MONTR TCES®
TYPE*NOT ENOUGH FAIL TCBS®

PAUSE .

DO 76 J=1,8

SUMRY(1,4)=1
. CONTINUE

URITE(2777)(SUHRY(I:J)rJ-er)

FORMAT(1X,I3»
CALL AKILL(4)
CALL CLOSE(2,

2Xr 1392 X’I3!2X’I303X71173X!II 72XUI372XII3)

IER?

CALL RLSE(" MTO':IER)

TYPE®.*
TYPE® *

TYPE*MAGTAPE FILE CLOSED AND MTO RELEASED.

TYPE*TOGGLE. STOP/RESET.*

TYPE*HIT ON-LINE AND REWIN&.'

)

TYFE*NOTE WHICH MAGTAPE FILE GETS OPENED NEXT.

TYPE® RESET SWITCHES TO 100022.°

TYPE*TURN OFF PONER TO DINAMAP ANL SOLENOIDS.*

STOP
END _

e o ek

STRIKE ANY OTHER KEY FOR®

- ———— -
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TYPE TEST2

TASK VARS
COMMON/PLACE/ IF INsKAT 1 MEP » SYS» DIAS/HR
DIMENSION I1(120)
DIMENSION III(40)
INTEGER SYS,DIASsHR
MSDS=0 .
D0 3 J=1,18
CALL HGTCHR(1,ICHARsIER) :
TYPE® ICHARA="* y ICHAR - .
III(J)=ICHAR :
CONTINUE
ISUM=III( D +ITI(J-1)+I11C¢I-2)
IFCISUM.ER.30) GO TO 5
J=J+1
IF(J.GT.50) GO TO 997
CALL HGTCHR(1yICHARsIER)
"III(J)=ICHAR
TYPE® ICHARB="y ICHAR
GO T 4 o o
CALL HGTCHR(i-ICHAR;IER) s
TYPE® ICHAR="y ICHAR
IF CICHARNE.27) GO TO S
TIC1)=ICHAR
DO B J=2,58
: CALL HGTCHR(1»JCHARsIER)
! II(J)=ICHAR . :
TYPE*ICHAR1="» ICHAR
CONTINUE ° . T :
N=O . . , . .
DO 10 J=1+5,2 | '
IFCIICI) EQ.IICI+2)) N=N4L ™ 0 ©

) CONTINUE
IF(N.EG.3)G0 TO S0
CONTINUE " . - . - . ...
DO 20 J=5,9

ICOHB-II(J)+II(J+1)+II(J+2)+II(J+3)+II(J+4)
IF(ICOMB.EQ.232) 60 TD 30 L .
CONTINUE .
60 TO 998 -
- IMARK=S =
TYPE®IMARK="sJ
GO 70 70
CONTINUE
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XXkXFOUR *2711°* SEQUENCES HAVE REEN FOUND

K=47
MEP=100%(II{(K)-48)+10X(II(K+1)-48)+II(K+2)-48
IF((MBP.GE.O).AND. (MEF. LT.200.)>) GO TO 55
K=K-1

ICOUNT=ICOUNT¥1.

IF(ICOUNT.EQ.5) GO TO 999

GO0 70 52

ISFACE=II(K+3)
SYS=100%(II(K+4)-48)+10%X(II(K+5)-48)+I1I1(K+6)-48
ISLASH=II(K+7)

DIAS=100X%(II(K+8)~ 48)+10*(II(R+9) 48)+II(K+10>-48

ILF=II(K+11)

CONTINUE :

IF(ISPACE.NE.32) GO TO ?99 .
IF({(SYS.LT.0).AND.(S5YS.GT.250.)) GO TO 999
IF(ISLASH.NE.47) GO TO 999

IF(ILF.NE.10) GO TO 999

TYPE *MBF="»MBP -

TYPE*SYS="»S5YS

TYPE"DIAS="yDIIAS

60 TO 80 -

- ICOUNT=1

K=IMARK+38
GD T0 52

XXkXASSUMING REMAINING OUTPUT(CHARACTERS) HAUE
REMAINED IN BUFFER . , .

DO 85 K=59,61
CALL HGTCHR(1»ICHAR»IER)

I1(K)=ICHAR

TYPE*K=",K

TYPE® ICHAR2="y ICHAR -

CONTINUE '

K=62 - , <
CALL HGTCHR(1,ICHAR,IER). .. s
IICK)=ICHAR _ . o
TYPE * ICHAR2=" s ICHAR

TYPE*K="sK '

TYPE*II(80)="y11(80)
ICOMB=II(K-2)+1I(K-1)+II (K>

IF(ICDﬁB E®.30) GO TO 90 : Lo

K=K+1

CALL HGBTCHR(1sICHAR»IER)
TYPE® ICHAR2=",ICHAR
II(K)Y=ICHAR

60 7O 88

ICOUNT=1
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794

995

996

997

798

999

1000

1001
1002

1003
1004
9999
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IF({HR.GE.+0Q) .AND. (HR,LT.200.)) GO TO 99
HR=10X(II(K-4)-48)+I1I(K-3)-48
IF((HR.GE.0) +.AND. (HR.LT.100.,2) GO TO 95
K=K-1

ICOUNT=ICOUNT+1

IF(ICOUNT.EQ.7) GO TO 1000

Go 10 92

CONTINUE

TYPE*HR="sHR

IF(MSDS.EQ.1) GO TO 994

60 TO 995

IFIN=3 .

GO 70 1002

IF(MBEP.ER.Q) GO TO 9946

IF(SYS.EQ.0) GO TO 996

IF{DIAS.ER.O0) GO .TO 996

IF(HR.EQ.0) GO TD ?94

IFIN=?

60 TO 1002

IFIN=6 . ' .

60 TO 1002 ' oy
TYPE*COULD NOT FIND PROPER HEADER. "
IFIN=1 . .

GO-7T0 1003

A

TYPE*COULD NOT FIND 27-11 NDR 48-48-58-32-46 SEQUENCES.®

GO TO 1001

TYPE*COULD NOT FIND CDMPLETE MBP- SYS DIAS SEGUENCE-

MSDS=1
GO0 TO 80

TYPECOULD NOT FIND HR.®
IF(MSDS.NE.1) IFIN=3

IF(MSDS.EQ.1) IFIN=4

GO TO 1002 -

IFIN=2

CONT INUE™ . ’
WRITE(10) II o R
GO TO 1004 ' .
CONTINUE - ‘ S, -
CALL XMT(KATsIFIN,$9999) -
TYPE*KAT ALREADY SET®

END . .

C o e —y— - e . e i - -y oo - cam o e oy ema

~a o

-
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TASK MONTR - .
COMMON SUMRY (1,8) » ISTOP

INTEGER SUMRY

TYPE® * ‘

TYPE*MBP SYS DIAS HR IFIN SUB IHR IMIN®

WRITE(2¢70) (SUMRY(150)»J=1,8) :

WRITE(10s70) (SUMRY(1sJ)sJ=1,8)

FORMAT (1XsI392XsI372X7I392Xs IZ93Xr I193Xs I192XsI352X»13)
CALL RDS(IVAL) : , |
IMASK=000022K. * ' I S g
IVAL=IVAL .AND . IMASK : o

IF(IVAL.ER.16) GO TO 100 .

IF(IVAL.EQ.0) 60 TO 120 . [ .. - .. L
GO TO 150 . e T

TYPE® * ‘ '
TYFPE®LUNCH BREAK OR OTHER TEMPORARY DELAY ENCDUNTERED.,:

TYPE*MAGTAPE FILE WILL NOT ERE CLOSED."
TYFE*RESET SWITCHES TO 100022.° o
TYPE*LEAVE POWER ON TO DINAMAP AND SDLENOIDS.. . .
. TYPE®* *

TYPE*A PAUSE STATEMENT WILL ARRIUE FOLLOWING THE RETURN® ~-
TYPE*TO THE MAIN PROGRA#M. RESPONDING TO THIS PAUSE* .

TYPE*WILL CAUSE THE CONSOLE TO INQUIRE WHETHER A WORK-°,

TYPE"BREAK IS IN EFFECTs OR WHETHER A  CHANGE IN®

TYPE*SUBJECTS AND/OR SOLENOIDS IS NECESSARY." -

ISTOP=1 . : .

TYPE® * ' '

TYPE® * T Lo S _

60 TO 150 T - . . .

TYPE® *
TYPE*END OF DAY OR OTHER PERMANENT SHUTDOWN ENCOUNTERED.®

TYPE*MAGTAPE FILE WILL BE CLOSED AND MTO RELEASED. "

TYPE® *
TYPE*A PAUSE STATEMENT WILL ARRIVE FOLLOWING THE RETURN®

TYPE*TO MAIN PROGRQH. RESPONSE WILL INITIATE SHUTDOWN.®

1STOP=2
TYPE® oL ) S s

TYPE® * . S, . . ' : )
'CALL AKILL(3) : _ '

- STOP . e -

END
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JSFAIL

TASK FAIL

COMMON SUMRY(1.,8),ISTOP
INTEGER SUMRY

CALL ROS(IVAL)
IMASK=000077K
IVAL=IVAL .AND, IMASK
_IF(IVAL.EQ.63) GO TO 10
GO 70 5

BO 20 J=1,8 = /
SUMRY(1,J)=1

CONTINUE
URITE(2130)(SUHRY(I:J):J 1,8) . ' ‘
FORMAT(1XvsI392XrI392X213+2 X!I373X71173X11172X71372X113)

CALL DGOT(1s1sIER) : :

CALL CLOSE(2rIER) . ,

CALL RLSE(*MTO*,IER) ,

TYPE® *

TYPE® * . ‘ A

TYPE* PROBLEM ENCOUNTERED. TOGGLE STOP/RESET.®

TYPE*TURN OFF FOWER TO DINAMAP AND SOLENDIDS..

TYPE*HIT ON~LINE AND REWIND.®

TYPE*NDTE WHICH FILE GETS OPENED NEXT OR USE NEU TAPE.
TYPE'(USETﬁ DIFFERENT SOLENOIL> IF IT IS A SOLENOID PRDBLEH-
TYPE*RESET SWITCHES TO 100022,.° . .
sToP

END
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/

TYPE JSIDELAY

;O
12
-14
16
18

20

=12

SUBRRDUTINE DELAY(IWAIT)
COMMON/SENSE/IRSMP s INUM
IF(CIRSMP.EQ.0) . AND. (INUM.EQ.3))
IFCCIRSHP+EQ.1) +AND. (INUM.ER.3))
IFCC(IRSMP.EQ.0) . AND. (INUM.EQ.2))
IF(CIRSMP.EQ.1) « AND. (INUM.EQ.2))
IF(CIRSHPEQ.0) . AND. (INUM.EQ¢1))
IFCCIRSMP.EQe1) +AND« CINUM.EQ.1))
IWAIT=100 : S
GO0 TO S0 .

IWAIT=1S »

GO TO SO ‘
IWAIT=180

GO TO SO

IWAIT=90

GO TO S50 S :
INAIT=410 .

60 TO S0
IWAIT=320
IRSMP=0

RETURN '

_END CAET

GO

GO
Go
GO

GO

GO

TO
T0
TO
70
TO

10

10
12 ..
14

16
18
20



G.2 .
DATA TAPE SHOULD BE LORDED: INDICATOR SET TO ON-LINE.

AFTER PRUSE»> TO EACH REQUEST REGARDING TIMEs
INPUT RPPROPRIATE NUMBER AND HIT RETURN.

PRUZE
STRIKE RNY KEY TO CONTINUE.

TIME IN HOURSE=1S
TIME IN MINUTES=S56
TIME IN SECONDS=10

MISTAKE? ENTER THE MNUMBER ONE RND THE ARBOYE REQUESTS
WILL BE REPERTED. OTHERWISEs STRIKE ANY OTHER KEY
FOR PARUSE. RAFTER PAUSEs CUONSOLE WILL REQUEST MTO FILE=.

PRUSE
STRIKE ANY KEY TO CONTINUE.

WHEN ASKEDs ENTER THE MTO FILE= AND HIT RETURN.

NOTE: FILES® RANGE EQUALS 0-14.

FILE= ON MTO TOU BE OPEMNED=0

MISTAKE? ENTER THE NUMBER ONE. OTHERWISEs STRIKE
ANY OTHER KEY FOR PRUSE. AFTER PRUSE» CONSOLE WILL

REQUEST THE NUMBER 0OF SUBJECTS TO BE SAMPLED.
APPROPRIATE NUMBER BUT DO NOT HIT RETURN.

.

PAUSE
STRIKE ANY KEY TO CONTINUE.
HOW MANY SUBJECTS WILL BE SAMPLEDR?

MISTAKE? ENTER THE NUMBER ONE.
OTHERWISEs STRIKE ANY OTHER KEY.

CONSOLE #WILL VERIFY THAT NUMBERs AND THEN ASK FOR <YALUES)
OF SOLEMOIDS FOR THOSE SUBJECTS. RESPOND BY ENTERING THE
RPPROFPRIATE NUMRBRERS (254582165 OR 32> RAND HIT RETURN.

THREE EUBJECTS WILL BE SAMFLED.

SOLENOID YALUE TO BE USED FOR SUBJECT ONE=2
SOLENDID VYALUE TO BE USED FOR SUBJECT TuwO=4
ZOLENOID VYALUE TO BE USED FOR SUBJECT THREE=S

MISTREE? ENTER THE NUMBER ONE.
OTHERWISEs STRIKE AMY OTHER KEY.

FOLLOWIM- THE HE.T PRUSE, THE EXPERIMENT WILL

Yeb oy eoeE L FOR NIINAMAFE A0D TOLEMOIDC .
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IF A CHRNGE IN THE NUMBER OF SUBJECTS~ (SOLENOIDS> IS NEC- 228

ESSARYs ENTER R ONE. OTHERWISE, STRIKE ANY OTHER KEY FUOR
PRUSE. RESPONSE MEANS BREAK 1S OVER.

PAUSE
STRIKE ANY KEY TO CONTINUE.

MBP SYS DIAS HR IFIN SUB IHR IMIN
112 156 4 101 7 1 14 15

MBP SYS DIAS HR IFIN SUB IHR IMIN
119 137 112 93 7?7 2 14 18

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

MBP SYS DIAS HR IFIN SUB IHR IMIN
123 169 87 7S 7 1 14 24

MBP SYS BIRS HR IFIN SUB IHR IMIM
129 168 106 94¢ 7 2 14 26

*—

MBP SYS DIAS HR IFIM SUB IHR IMIN
130 156 103 70 7 3 14 29

MBP SY¥YS DIAS HR IFIN SUB IHR IMIN -
79 111 73 74 7 1 14 33 ’

MBP SYS DIAS HR IFIN SUB IHR IMIN
121 149 99 97 e 2 14 36

MBP SYS DIAS HR IFIN SUB IHR IMIN
141 159 131 102 4 3 14 38

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

MEP SYS DIAS HR IFIN SUB IHR IMIN
148 169 134 94 7 2 14 44

MBP SYS DIAS HR IFIN SUB IHR IMIN
129 158 104 56 7 3 14 47

MBP SYS DIAS HR IFIN SUB IHR IMIN
145 174 121 102 7 1. 14 S0

MBP SYS DIAS HR IFIN SUB IHR IMIN
143 169 138 94 7 2 14 S2

MEP SYS DIAS HR IFIN SUB IHR IMIHM
129 157 108 93 4 3 14 S5

MBP SYS DIAS HR IFIN SUB IHR IMIN
145 171 131 107 7 1 14 58

MEP S¥S DIAS HR IFIN SUB I1HR IMIN
143 169 144 =l 7 e 15 0

MBP 3Y3I DIAS HR IFIN SUB IHR IMIN
129 155 108 233 7 3 15 3

AT TN T ThivaT WE TETR THT TLD TmT e,
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APPENDIX H: QUESTIONNAIRES
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DATE: 6/3)8)
DAY Weduesd

NAME °
Svarect NO ° 1

Ruee fRess TYPE & SELE TRIPANG

Pusk yTEN K

—— o

If you feel about the same as the statement, place an "X*
in the “"same as" column.

1f you feel worse than the statement, place an "X" in the
" "worse than" columm.

Remember, answer each guestion with regard to how you feel
at this instant,

Bettex Same Worse
NO. than as than Statement
1. () ) () very lively
2. () () ¢ ) extremely tired
3 () () () quite fresh
4. ( ) (%' () slightly pooped
5. € () ) extremely peppy
6- (O | (V3 -} somewhat fresh
7. ( ) » (\/ ) { ) petered out
8. ) « ) (/) very refreshed
9. (¢ ) . ( ) fairly well pooped
10. (\/) | S « ) ready to drop




230

DATE: 6/3/,
DA WSO
NADQE o
Sugect N © \
Ruee Ress TYPE  » LF Tl _\{ |
E}JSH é\ﬂ‘ta_h_) L

If yon feel about the same as the statement, place an "X*
in the "same as® colunmn.

1f you feel worse than the statement, place an "X" in the
* *worse than" columm.

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

Better Same Worse
NO. than ag than Statement
1. (« ) . X7 « ) very lively
2  w) ) () extremely tired
3 €)) (x) ) quite fresh
4. ( ) ) (« ) slightly pooped
5. ) ) ¢ ) extremely peppy
6. « ) U( b ) - ) somewhat fresh
7. PP ¢ ) () petered out
8. () ‘ (\) ( ) very refreshed
9. (B9 U € ) fairly well pooped
10. (/\\)' { _') ) ready to drop
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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 mm Hg.

4., Heart rate units are in beats/minutes.
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Figure 1.25.
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Figure 1.39. DIASTOLIC VS TIME
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Figure .42, DIASYOLIC VS Yime
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Figure 1.46. HR VS TIME
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Figure |.48. HR ¥3 TINE
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Appendix J. Baseline and Recovery Data



Table J.1.

Baseline
Recovery

Baseline
Recovery

Baseline
Recovery

Baseline
Recovery

Baseline
Recovery

Baseline
Recovery

Day 1

129
145

146
129

137
139

128
Missing

137
129

125
141

MBP (mm Hg)

Day 2

134
136

125
46
i29
139

125
Missing

127
120

126
147

BASELINE AND RECOVERY MEASURES

Day 3

124
130

146
137

128
129

121
138

128
123

147
148

Day 4

110
134

Missing

149

117
129

136
136

136
133

131
137

1 6LlT



Table J.2. BASELINE AND RECOVERY MEASURES

SYSTOLIC Bp (mm Hg)

Subject Day 1 Day 2 Day 3 Day &4
1 Baseline 153 155 144 147
Recovery 169 158 148 156
2 Baseline 168 166 171 Missing
Recovery 156 172 156 172
3 ~ Baseline 155 148 146 135
Recovery 158 158 147 148
N Baseline 146 142 147 . 168
Recovery Missing 119 158 157
5 Baseline 157 146 147 168
Recovery 147 147 149 150
6 Baseline 140 150 167 158

Recovery 158 167 171 156

082



Table J.3. BASELINE AND RECOVERY MEASURES

DIASTOLIC Bp (mm Hg)

v

Subject Day 1 Day 2 Day 3 Day 4
1 Baseline 114 119 110 101
Recovery 121 121 116 129
2 Baseline 130 107 = 121 Missing

Recovery 116 119 119 126

3 Baseline 120 120 114 112
Recovery 130 130 124 124

- Baseline 120 116 109 114
Recovery Missing Missing 128 126

5 Baseline 123 109 120 110
Recovery 120 112 111 126

6 Baseline 110 105 129 107

Recovery 128 . 138 122 120

182



Subject

Table J.4.

Baseline
Recovery

Baseline
Recovery

Basellne
Recovery

Baseline
Recovery

Baseline
Recovery

Baseline
Recovery

BASELINE AND RECOVERY MEASURES

HEART RATE_(Beats/minutes)

Day 1

97
89

75
94

88
90

87

Missing

87
82

87
93

Day 2

37
81

85
%
100
82

120
89

101
71

92
81

Day 3

11
88

74
89

89
85

91
70

98
72

86
739

Day 4

94
96

75
80

87
- 86

100
68

88
82

82
69
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