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id the M555 SINGLE CRYSTAL GROWTH POWER CABLE. The electrical
is converted to heat in the nichrome wires and is transferred to the package
duction and radiation. The blanket dissipates 6. 5 W max. A strip of Velcro is
d to each end of the blanket for securing the blanket around the crystal growth
e. The following warning is printed on one of the Velcro strips: CAUTION -
MAY EXCEED 105 °F.
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nchrome heater wire were to break, the following would occur:ои

• Electrical
— Power could not be supplied to the crystal growth package heaters since

the blanket circuit is integral with the package heater circuit

• Support
— Lack of power could permit the gallium solution to freeze and rupture

the sample ampoules. This would cause experiment termination.

• Communications and Data
--If the gallium solution were to freeze and the ampoules remained intact

so that the experiment could be performed, the experiment data would be
degraded.

ilanket heater wire were to short, the following could occura•5

о

• Electrical
—CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breaker CBS could

open, preventing power from being applied to the experiment container
and crystal growth package for maintaining the gallium solution in a liquid
state. If the circuit breaker did not open, power dissipation in the
package heaters would increase because of the reduced total resistance
(package heaters and heater blanket heaters) so that the package temperatui
would be maintained or increased slightly

u>a|1"S|hОm•81ghО(AО13hЙ4)

1•8M1оaВ201

• Heater wire broken
— The heater blanket and crystal growth package are relatively cool to the

touch.
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--CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breaker CBS ope

се 7. ;

> functional items 3. 5 1. 2. 1 through 3. 5. 1. 2. 7w.
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vlP TEST switch S28 is located on the M-555 Single Crystal Growth Expenn
:r, and is used to test the crystal growth package temperature history. Thi
las three positions- LAMP TEST, OFF, and LO TEMP TEST. The switch
n the LAMP'TEST position to verify LO TEMP light LIO is functional. If al
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temperature of the crystal growth package has dropped below 85 °F, LO Т
0 will illuminate when switch S28 is moved to LO TEMP TEST. The switch
i power from AM Bus 1 through CRYSTAL GROWTH HEATING PAD AM BU
>reaker CB5.
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/itch were to fail in the OFF position, the following would occur->toiaлa

i Communications and Data
— An erroneous impression would be given of the status of LO TEMP ligh

LIO or of the package temperature history. The experiment operator
could be led to believe that the light bulbs were defective. A loss of
data (i e. , the package temperature history) would occur.

/itch were to fail in the LAMP T-EST position, the following would occur»CD

fiл3

> Communications and Data
--LO TEMP light LIO would glow continuously in this failure mode. A

loss of data would occur (i. e. , the package temperature history).

/itch failed in the LOW TEMP TEST position, the following would occur-t̂o£aлa
ft Communications and Data

— This failure would also cause 'ambiguity concerning the temperature
history of the crystal growth package. Unless the temperature of the
package 'dropped below 85 °F, LO TEMP light LIO would never come
on, and, when it did come on, it would remain illuminated as long as
the experiment container received power
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s of failure of LAMP TEST switch S28 are by astronaut observation of the
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Failed OFF
--LO TEMP light LIO does not illuminate when LAMP TEST switch S28 i

moved to LAMP TEST.

•

•o0)(4

Failed in LAMP TEST
--LO TEMP light LIO illuminates when the experiment container is powe

up.

•

Иuн0.ьос•о•яа(ч•

»--No indication unless the crystal growth package temperature falls belo\
85 °F LO TEMP light LIO could then be observed illuminated while
LAMP TEST switch S28 was in the OFF position.
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0lally closed (NC) thermostat opens if the temperature of the interior of th
igle Crystal Growth Experiment Container rises to a level that could
the crewman. When the thermostat opens, power is removed from the
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owth package and heater blanket heaters Thermostat S29 is in series
her most at S30 and serves as a backup to S30 in case S30 fails closed,
iting range of Thermostat S29 is 95 °F (closes) to 110 °F (opens) i 5 *F.
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Communicafaona and Data
--The crystal growth package and container heater blanket heaters would

deprived of power, and this could allow the package temperature to drc
to 85 °F At 85 *F (± 5 °F) the package low temperature thermostat
would close, activating relay K17A, which would close contacts K17 1/
to provide a current path through Thermostat S37 to the package and
heater blanket heaters. It is unlikely that the short amount of time tha
the package would be at 85 °F would allow the gallium solution to freez
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TEST switch S28 to LO TEMP TEST.
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tion of failure of Thermostat S29 is by astronaut observation of the following
!

• Failed closed
--No indication

aи•3•S

• Failed open
--LO TEMP light L10 illuminates when LAMP TEST switch S28 is moved

to LO TEMP TEST.

snces 8 and 9'a0ей

-

ermostat S30 opens if the skin temperature of the M-555 Single Crystal Growti
iment Container reaches touch temperature. When S30 opens, resistor R62 is
in series with the package heaters and reduces power to the heaters,

lostat S30 is in series with Thermostat S29 and serves as a backup in case
us closed. The operating range of Thermostat S30 is 95 °F (closes) to 110 *F
)± 5 "F.
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• Communications and Data
--Resistor R62 (720 П, 10 W) would reduce the power available to the

package and heater blanket heaters. Unless this allowed the package
temperature to fall to 85 °F there would be no effect on the experiment.
If the package temperature did reach 85 °F, the effect on the experiment
would be the same as failure of Thermostat S29 open (refer to functional
item 35 1.2. 2)

tion of failure of Thermostat S30 is by astronaut observation of the following

• Failed closed
— No indication
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--LO TEMP light LIO may illuminate when LA
moved to LO TEMP TEST
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Communications and Data
--Neither of the two bulbs would illuminate sin

temperature history of the crystal growth pa
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—CRYSTAL GROWTH HEATING PAD AM BUS
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pre-experiment operation heating of the crystal growth package, or if
he were ready to install the crystal growth package in the work
chamber, he could leave the circuit breaker open and continue experimen
preparation

ВОв1i1о§L
tОш•§1оИd0шд0.ИО"о0млсояи•ос

• Burnout {
--Burnout of one bulb would decrease the amount of illumination of the

light face, but the crewman may not notice the difference.

• Failed shorted
--LO TEMP light L10 does not illuminate when LAMP TEST switch S28

is placed in LAMP TEST.
--CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breaker CBS may

g
ьи

-

open when LAMP TEST switch S28 is placed in LAMP TEST.
— If the crystal growth package temperature has at some time reached 85 °

CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breaker CBS may <
when LAMP TEST switch S28 is placed in LO TEMP TEST.
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K17A is energized when the low- temperature thermostat in the crystal growth
;e closes This occurs only if the temperature of the crystal growth package
ises below 85 °F. When relay K17A is energized, it opens contacts K17 1/2 to
! the relay fromithe low -temperature thermostat, and closes contacts KIT 1/3
iride a power path to the LO TEMP TEST position of LAMP TEST switch S28
the package and heater blanket heaters through Thermostat S3 7. The two
t sets are magnetically latched in the activated position to maintain the crystal
i package under-temperature indication permanently. (Relay K1TB resets the
ts, but it is activated during ground testing only)

S
-

jS
S

rtS
3*

*
^

1
 8

 8
 H

I 
§
 £

§
К17А is required to function in two cases 1) in the event of another failure
terrupts power to the crystal growth package, and 2) if the package is left
sred long enough that the package cools to 85 "F. Failure of relay K17A in
st case would involve a double failure, therefore, the first case will not be
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relay K17A opendn the second case) would cause the following effect- 1о3а(кИ

Communicabons and Data
— A loss of data for the crewman/operator would occur (i. e. , the

temperature history of the crystal growth package).

.

relay K17A shorted (in the second case) would have the following effect 1

о1я(чrt
э

Electrical
—CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breaker CBS

may trip when power IB applied to the experiment container.

.

Communications and Data
--Since power could not be applied to the crystal growth package and

heater blanket heaters, the gallium solution could freeze and degrade
crystal growth or rupture the ampoules and cause experiment termination.

•

of failure of relay K17A is by astronaut observation of the following 1

|яи•g

Failed open
--LO TEMP light LIO illuminates when tested with LAMP TEST switch

SZ8 in the LAMP TEST position, but does not illuminate when switch
S28 is in the LO TEMP TEST position, the crystal growth package la
relatively cool to the touch.

•
Failed shorted
--CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breaker CBS may

trip when power is applied to the experiment container.
--(If CBS does not trip) LO TEMP light LIO does not illuminate when

LAMP TEST switch S28 is placed in LAMP TEST and LO TEMP TEST,
the crystal growth package is relatively cool to the touch.
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Temperature Thermostat closes when the temperature of the с
drops to 85 °F (nominal). When the thermostat closes, power
7A to close contacts K17 1/3 and complete a current path to the
iS and to package and heater blanket heaters. The crewman thi
e LO TEMP TEST position and receives an indication from LO
the package temperature has at some time gone below 85 °F.
the Low Temperature Thermostat is 85 °F (closes) to 100 "F (
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Communications and Data
--An erroneous impression could be given of the temperature

the crystal growth package (low temperature indication wou
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i>л•о)f the Low Temperature Thermostat ш the closed position woul
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Communications and Data
--Same as failed open.
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Failed open
--LO TEMP light LIO illuminates when LAMP TEST switch S

LAMP TEST, but does not illuminate when LAMP TEST sw
switched to LO TEMP TEST, the crystal growth package is
to the touch
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Failed closed•
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— LO TEMP' light LIO illuminates when LAMP TEST switch S
in LO ТЫЛР TEST, but the crystal growth package is not г
to the touch
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:r Thermostat controls power input to the crystal (
package is inside the experiment container. The с
it is 105 °F (closes) to 120 °F (opens) ± 5 'F.
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Electrical
--Power could not be applied to the package heate

inside the experiment container (the Heater The
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Communications and Data
— Lack of power to the package and heater blanket

gallium solution to freeze and degrade the cryel
ampoules and cause experiment termination
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be affected-
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Crew Safety
--The crystal growth package would reach a highe

resulting in a possible burn to the crewman whe
the package from the experiment container (The
limit the temperatures of the experiment contai
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of the following:
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Failed open
--LO TEMP light L10 illuminates when LAMP ТЕ

LO TEMP TEST.
--The crystal growth package is relatively cool to
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Failed closed
--The crystal growth package is too hot to be held

•

CM1*1ITiPOina£

i i* d00 
U

s 
1

ё 
о

h 
hi

a 
xzm. дияhIn

J-21



a•5д•so>
.e«лсо1
Л

o
.

<</)

оо
:

аооОС.
о

.

а
:оо
:

оаоto<cea

'Remarks

1 ll
£

 
Я

 
3

•
иЛ

 
х

С
 

Л
 

«
rt 

rt 
С

W
 

fc.

(И
 

'З
 

С

•
в
 

=
 

S
Д

 
о

a
 S

X 
£ 

с
ы £

 
;

Q
 

с

о 2

«
 ̂

g,S
0

 
h

«1з 
1

£
|

C
O

C
O

enNCO

inroto Appendix E, functional tiems 3. 5. 3 1, 3. 5. 3
4, 3.5 3 b, and 3.5. 3.9

Ll 
fO

VX
 
т

<2

rgC
O

mXШgC
OtoVi0аио0"aЛ<Z

О
« 

И
5

 
ь

h 
« О
|

 JW
S

3
&

i^
S

S
 8 Л

З
-S

S
"

JR
-
 «

и
S

o

111!*•R CONTROL AM BUS 1 circuit breaker CB4 is
capacity The breaker receives AM Bus 1 pow<
= rs it to the INSTRUMENTATION POWER switc
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ui1ЛR switch S2 5 for performance of Experiment M-
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--Performance of Experiment M-555 would
not be applied to the crystal growth packa
single crystal.
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• Failed open ,
— No electrical functions for the M-512 faci -S5fOinmiоindication of failure is by telemetry me as

Voltage) being between 24 and 30 Vdc.

• Failed closed
--No indication.
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VROWTH HEATING PAD circuit breaker CBS is a push-pull circuit break
ipacity. The breaker receives AM Bus 1 power through the Line Filter
it to the M-555 Single Crystal Growth Experiment Container heater
heating of the crystal growth package and sample ampoules while the

istalled in the container
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\e circuit breaker CB5 in the open position would affect the following
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ectrical
Failure of the circuit breaker CBS in the open position would prevent
power from being applied to the sample ampoules and M-555 Single
Crystal Growth Experiment Container heater blanket Freezing of the
liquid galhum in the ampoules could occur if the ampoule temperature
dropped below 85 "F.

a i
,

pport
If the liquid galhum were to freeze, degradation of the single crystal
growth data would occur, and the sample ampoules might rupture,
causing termination of the experiment.

&
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i re u it breaker CBS in the closed position would have the following effectи"оО)эяЬ.

Ла

•ew Safety
The crewman would disconnect the experiment container cable from the
crystal growth package while the cable was conducting current. The
amount of current is small (~ 1/4 A), however, and the probability of
an arc occurring is small. This failure would be undetectable unless
the circuit breaker knob were frozen.

о :
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failure of CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breake
itronaut observation of the following*
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iiled open
LO TEMP light L10 does not illuminate when LAMP TEST switch S28 is
placed in the LAMP TEST position.
The crystal growth package is relatively cool to the touch. Supporting
indication of failure is by telemetry measurement M155-513 (AM Bus 1
Voltage) being in the range of 24 to 30 Vdc
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• Failed closed
— No indication.

ces 8 and 10.

TRUMENTATION POWER switch 52 is a three -position switch: ВАТТ, OFF,
BUS 1. For Experiment M-555. the switch is placed in the AM BUS 1 position

sives AM Bus 1 power through POWER CONTROL AM BUS 1 circuit breaker
'he INSTRUMENTATION POWER switch S2 energizes the Power Supply Module
/abon of INSTRUMENTATION TEMP gage M4 and INSTRUMENTATION PRESS
>. Pole 4-5-6 'of switch S2 connects instrumentation to AM Bus 1 return.
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of switch S2 in the OFF or ВАТТ positions would have the following impacts-Llя3h

• Communications and Data
--A loss of experiment data would occur (temperature recordings from

INSTRUMENTATION TEMP gage M4).

» Crew Safety
--The experiment operator would have to rely on the mission timeline for

assurance that the crystal growth package had cooled sufficiently before
attempting to remove the package from the work chamber. The pressure
status of the work chamber would be unknown.

of switch SZ in the AM BUS 1 position would have no impact on the experiment,
эп of failure of the INSTRUMENTATION POWER switch S2 is by astronaut
tion of the following
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I Failed in OFF or ВАТТ
--No instrumentation functions, but work chamber floodlight illuminates

when FLOOD LT switch SI 9 is moved to AM BUS 1.

» Failed in AM BUS 1
--INSTRUMENTATION TEMP gage M4 operates immediately when POWER

CONTROL AM BUS 1 circuit breaker CB4 IB closed
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The INSTRUMENTATION BASE TEMP *C switch S5 is a rune-position rotary switch
0, 100, 200, 400, 500, 600, 700, 800, and 900. This switch is used to select the

лs

ы

appropriate temperature range as indicated by INSTRUMENTATION TEMP meter
M4 to allow fine-range temperature readings from 0 to 999 °C ш increments of 5 °C
The INSTRUMENTATION BASE TEMP °C switch S5 receives power from the
INSTRUMENTATION BASE + METER switch S8 when switch S8 ie placed in the BAS
METER position The electrical signal is then routed to the applicable input of the
Amplifier Module for readout on INSTRUMENTATION TEMP meter M4.

Failure of the INSTRUMENTATION BASE TEMP *C switch S5 in any position would
affect the following interface

• Communications and Data
— A loss of experiment data would occur because of inability to take

accurate temperature readings except when temperatures are m the
range of the failed switch position.

Indication of failure of INSTRUMENTATION BASE TEMP °C switch S5 is by
astronaut observation of a diminished range of fine temperature reading capability.

References 8 and 11.
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The INSTRUMENTATION BASE + METER switch S8 is a two-position switch MET]
XIO and BASE + METER. This switch receives power from the Power Supply Modul
and transfers it (when m the BASE+ METER position) to the INSTRUMENTATION
BASE TEMP °C switch S5. When switch S8 is in the METER XIO position, the
INSTRUMENTATION TEMP meter M4 displays temperatures from 0 to 999 °C in
increments of 50 °C. When switch S8 is placed m the BASE + METER position,
the INSTRUMENTATION TEMP meter M4 displays temperatures from 0 to 99 °C in
increments of 5 °C, and these temperatures are then added by the experiment opera
to the base temperature selected on INSTRUMENTATION BASE TEMP °C switch S5
to arrive at the fine temperature measurement.

Failure of the INSTRUMENTATION BASE + METER switch S8 in the BASE + METEI
position would cause no impact on the experiment.

л9

If the switch failed in the METER XIO position, the following interface would be
affected
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• Communications and Data
--А loss of fine temperature measurements would occur.

ion of failure of INSTRUMENTATION BASE + METER switch S8 is by
aut observation of the following

Is

• Failed in BASE + METER
--Rotation of the INSTRUMENTATION BASE TEMP »C switch S5 affects

the reading on INSTRUMENTATION TEMP gage M4 if the temperature
read by a particular thermocouple is high with respect to the setting of
INSTRUMENTATION BASE TEMP °C switch S5. the INSTRUMENTATION
TEMP Meter M4 will be pegger high; if the temperature is low with respec
to the setting of switch S5. gage M4 will be pegged low, if the temperature
is within range of the setting on switch S5, gage M4 will read somewhere
between 0 and 99 °C. (During normal operation of INSTRUMENTATION
BASE + METER switch SB, rotation of the INSTRUMENTATION BASE
TEMP "C switch S5 does not affect the reading on gage M4 when switch
S8 is in the METER XIO position).

• Failed in METER XIO
--Moving the switch lever to BASE + METER has no effect on the reading of

INSTRUMENTATION TEMP gage M4

•D§00tn«80Ll
£s

STRUMENTATION TEMP SOURCE switch S9 io an eight-position rotary switch
R WALL, CHMBR AIR, 1, 2, 3, 4, 5, and 6. This switch is used to select any
t thermocouples that measure work chamber wall and air temperatures and

н
и

*

Single Crystal Growth Package temperatures during performance of the experi-
The switch receives inputs from the thermocouples and sends the signals to the

ler Module for display on INSTRUMENTATION TEMP meter M4
s e

l
NSTRUMENTATION TEMP SOURCE switch S9 should fail in any position, the
ng interface would be affected

1
 °

• Communications and Data
--A loss of temperature measurements would occur
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ication of failure of INSTRUMENTATION TEMP SOURCE switch 59 is by
ronaut observation that rotabon of the switch has no effect on the temperature
asurement displayed on INSTRUMENTATION TEMP meter M4.
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г CRYSTAL GROWTH POWER switch SIO is a three -position switch: ON, OFF,
I TEST The switch receives power through the COMPOSITE CASTING POWER
itch S2S that is in the OFF position. When switch SIO is placed in the TEST
noon, relay K18 is activated to close contacts K18 1/3 to apply 28 Vdc
ectly to the crystal growth package heaters (if any heater is defective, POWER
NTROL AM BUS 1 circuit breaker CB4 will open within 2 min) When switch SIO
moved to the ON position, relay K2 is energized to route the power through the
•V regulator for growth of the gallium arsenide single crystal.
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llure of the CRYSTAL GROWTH POWER switch SIO in the OFF position will
ise the following effect-

а 
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• Support
— Electrical power cannot be applied to the crystal growth package

heaters. Loss of Experiment M-555 will occur.

aa

llure of the switch in TEST position will impact the following interface:aa

• Communications and Data
--Unregulated power will be applied to the crystal growth package heaters,

causing degradation of the single crystal growth. (Growth of the crystal
is closely dependent on temperature, and 28 V will cause the heater to
operate outside satisfactory crystal growth temperature limits)

ilure of switch SIO ш the ON position will cause the following Impact to the
>eriment

« S
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(x 
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a -
• Oper ability

—POWER CONTROL AM BUS 1 circuit breaker CB4 will have to be
opened to remove power from the crystal growth package. For taking
temperature measurements, the circuit breaker will have to be closed
and temperature measurements taken as quickly as possible to minimize
the time that power is reapplied to the package.
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:ronaution of failure of CRYSTAL GROWTH POWER ewitch SIO is by ast
ation of the following-
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• Failed OFF
— Temperature of all crystal growth package thermocouples i

100 °F at the time of the first series of measurements (30 i
CRYSTAL GROWTH POWER switch SIO is placed In ON)

оЙ• Failed in TEST
— Temperatures of all crystal growth package thermocouples

abnormally high. •d• Failed ON
--Temperatures of the package thermocouples remain high wl

first series of measurements during the cooldown cycle are
(30 mm after CRYSTAL GROWTH POWER ewitch is placed
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3MPOSITE CASTING POWER ewitch S25 is a two-position switch:
mance of Experiment M-555 requires that this ewitch be in the О
S25 receives power from AM Bus 1 through POWER CONTROL t
breaker CB4, : and, when In the OFF position, transfers the pow<

'AL GROWTH POWER switch SIO.
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• Support
--Power could not be applied to the M-555 Stogie Crystal Gro

for operation of the experiment, resulting in experiment tei
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Failed ON
--Same as CRYSTAL GROWTH POWER switch SIO fa

functional item 3. 5. 3. 2 7).

Failed OFF
--No indication.
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position. The relay closes contacts K2.4/6 and K2 1/
V regulator, and opens contacts K2 1/2 to prevent рол
о the Composite Casting circuitry.
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Communicataons and Data
--Regulated 23 Vdc could not be supplied to the cryst

heaters, thereby degrading experiment performanc
CRYSTAL GROWTH POWER switch SIO to TEST. I
to the package, but this would cause the package to
temperature and would degrade experiment data.

и' relay KZ shorted would impact the following Interfax:
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Communications and Data
--Same as failed open.
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Failed open
--Same as CRYSTAL GROWTH POWER switch SIO fa

functional item 3. 5. 3.2. 7).
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Failed shorted
— POWER CONTROL AM BUS 1 circuit breaker CB4

CRYSTAL GROWTH POWER switch SIO is placed i:
--Same as CRYSTAL GROWTH POWER switch SIO fa

functional item 3.5.3.2 7).
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•ence 8.

• К18 is activated when the CRYSTAL GROWTH POWER switch SIO is pli
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EST position. The relay closes contacts К 18 1/3 to provide a path for 2
supplied to the crystal growth package heaters for testing of the heaters

i contacts K18 1/2 to enter diode CR37 into the 23 -V regulator circuit. I
protects transistor Q30 from receiving 28 Vdc).
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• Communicabons and Data
— Testing of the crystal growth package heaters for integrity could

be performed, but the experiment could be performed.

ition of failure of relay К 18 is by astronaut observation of the following:

• Failed open
--No indication.

и!

• Failed shorted
—POWER CONTROL AM BUS 1 circuit breaker CB4 may open whei

CRYSTAL GROWTH POWER switch SIO is placed in TEST.
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NSTRUMENTATION TEMP meter M4 is activated by outputs from the Ai
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th Package. The meter face is graduated from 0 to 99 *C in increments
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• Communications and Data

--Loss of experiment data (temperature recordings) would occur
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• Crew Safety
--The experiment operator would have to rely on the mission tameli

assurance that the crystal growth package had cooled sufficiently
attempting to remove the package from the work chamber
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г Supply Module is activated by the INSTRUMENTATION POWER sw
des outputs for the INSTRUMENTATION PRESS meter M5. the INST
IE + METER switch S8, the work chamber air and wall thermocoupb
i Single Crystal Growth Package thermocouple reference junctions.
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' the Power Supply Module to provide the correct outputs could affec
interfaces
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Communications and Data
--Loss of temperature data could occur.

Crew Safety
--The experiment operator would have to rely on the mission trnielj

assurance that the crystal growth package had cooled sufficiently
attempting to remove the package from the work chamber. The f
status of the work chamber would be unknown.
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the following interfaces'

Communications and Data
--Loss of temperature data would occur
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Crew Safety
--The experiment operator would have to rely on the mission bmell

assurance that the crystal growth package had cooled sufficiently
attempting to remove the package from the work chamber.
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3.5. 1.2. 1
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'

•

LAMP TEST
Switch S28

3.5.1.2.2

Thermostat S29
-

3.5. 1. 2.3

Thermostat S30

3.5. 1.2.4

Thermostat S3 7 ,

3.5. 1. 2.5

LO TEMP
Light L10

3. 5. 1. 2.6

Relay K17A

3. 5. 1. 2. 7

Relay K17B

(^

FIGURE J-l. EXPERIMENT М-555, GALLIUM ARSENIDE SINGLE
CRYSTAL GROWTH FUNCTIONAL BLOCK DIAGRAM
(Sheet 2 of 4)
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POWER CONTROL
AM BUS 1 circuit
breaker CB4

35 3. Z.2

CRYSTAL GROWTH
HEATING PAD
circuit breaker CBS

3 5 3. Z 3

INSTRUMENTATION
POWER Bwitch SZ

3.S. 3. Z.4

INSTRUMENTATION
BASE TEMP "C
switch 35

3 5 3 Z.5
INSTRUMENTATION
BASE + METER
switch S8

3 5 3 Z 6

INSTRUMENTATION
TEMP SOURCE
switch S9

3.S. 3. 2. 7
CRYSTAL GROWTH
POWER switch
S10

COMPOSITE
CASTING POWER
switch SZS

3 5 3 Z 9

Relay K2

3 5 3 2 10

Relay K18

INSTRUMENTATION
TEMP meter M4

3. 5. 3 Z. 1

Power Supply
Module

3 5 3 Z 13

Amplifier Module

3 5 3 2.14

Z3-V Regulator

FIGURE J-L EXPERIMENT M-555, GALLIUM ARSENIDE SINGLE CRYSTAL GROWTH FUNCTIONAL
BLOCK DIAGRAM (Sheet 3 of 4)
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WAND

т- Ref. 3.6 —i

Perform Experiment
Sensitivity Analysis

FIGURE J-l. EXPERIMENT M-555, GALLIUM ARSENIDE SINGLE
CRYSTAL GROWTH FUNCTIONAL BLOCK DIAGRAM
(Sheet 4 of 4)
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SECTION П.

EXPERIMENT M-555, GALLIUM ARSENIDE SINGLE CRYSTAL
GROWTH INTERFACE BLOCK DIAGRAM AND DEFINITION
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Remarks |о•gЁэs0•o0и

There is a mechanical interface between CM Locker A9 and the M-555 Single Crystal Growth Container The container la stowed in Locker A 9 prior to 1
launch and remains there until it is removed by the crew to the MDA after docking and mounted on the M-512 Materials Processing Facility |

сЕ0о"о

Г
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There Is an electrical interface between CM Mam Bus В and the M-555 Single Crystal Growth Experiment Container, Mam Bus В provides electrical
power (28 +| Vdc) to the container through UTIL LEB MNB (CB83) circuit breaker on panel MDC 5, UTILITY POWER (S6) switch on panel LEB 100,
and a cable provided by the CM The cable is connected to the J5 connector , on' panel LEB 100 and runs through a hole in Locker A9 to the M-555 Single
Crystal Growth Experiment Container'J47 connector The experiment container requires an average of 7 W from the CM, and will not exceed 10 W max
with 30 Vdc peak voltage The Experiment M-555 energy use in the CM shall not exceed 1 7 kW-hr'for a specific mission (Reference 13)
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There IB a mechanical interface between the M-555 Crystal Return Container and the M-555 Single Crystal Growth Package The package is stowed 1
inside the return container for return to earth ' _ I

1sоОоо'о>ran

There Is a mechanical Interface between the CM Locker A6 and the M-555 Crystal Return Container The return container, containing the processed 1
crystal growth package. Is stowed in CM Locker A6 for return to earth 1

1:£0*o

m

There Is an operational interface between the Commander and Experiment M-555 The Commander is required to remove the M-555 Single Crystal
Growth Experiment Container from the CM to the MDA and to mount it on the M-512 facility and apply AM Bus 1 power For experiment operation,
he is required to remove the M-555 Single Crystal Growth Package from the container, install it in the M-512 work chamber heat sink, connect the
package power cable to the package and to the work chamber J6 receptacle, and to secure the package to the heat sink with the M554/M555 CRYSTAL
GROWTH/COMPOSITE CASTING CLAMP For experiment termination, he is required to remove the package from the heat sink and to stow the
crystal growth package in the CM for return to earth

яs£ии0>тгп

There is an operational interface between the Commander and the M-512 Materials Processing Facility During Experiment M-555 performance, he
is required to operate the necessary M-512 facility valves, switches, and circuit breakers to obtain a vacuum In the work chamber and to apply power
to the crystal 'growth package for growing the crystals
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There is an environmental interface between space vacuum and the M-512 facility work chamber For operation of Experiment M-555, the work chamber
and bulkhead vent valves are opened, exposing the interior of the work chamber to vacuum '8з
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There IB an environmental interface between space vacuum and the M-555 Single Crystal Growth Package The package vent cap Is opened for experi-
ment operation to expose the interior of the package to vacuum to ,pr event oxidation of the package insulation (Oxidation of the insulation would allow
excessive heat loss through the package walls and could prevent the package from attaining a sufficiently high temperature for growth of the crystals )
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There is a mechanical interface between the M554/M555 CRYSTAL GROWTH/COMPOSITE CASTING CLAMP and the M-555 Single Crystal Growth
Package The clamp is placed around the package flange and secured to the work chamber heat sink adapter to hold the package in intimate thermal
contact with the heat sink
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There is an electrical interface between the M-512 facility work chamber and the M554/M555 POWER CABLE Electrical power (28 ±2 Vdc) from AM
Bus 1 is provided to the cable at the work chamber J6 connector
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There is a mechanical interface between the M-512 facility work chamber and the M554/M555 POWER CABLE The power cable zero-g connector Is
mechanically mated to the work chamber J6 connector for operation of Experiment M-555

SооОи0>-

There is an electrical interface between the M-512 facility control panel and work chamber The switches and circuit breakers on the control panel
distribute and control AM Bus 1 power to the work chamber J6 connector during Experiment M-555 operation The control panel also contains the
necessary displays used to determine work chamber pressure and temperature statue "'
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There is a mechanical interface between the M-512 facility honeycomb mounting panel and the M-555 Single Crystal Growth Experiment Container After
the container Is moved from the CM, and before Experiment M-555 operation in the work chamber, the container is mounted on the honeycomb mounting
panel with two Calf ax fasteners ~
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(There Is an electrical interface between the M-512 facility line filter and the control panel The line filter receives AM Bus 1 power, conditions It, and 1
1 supplies it to the control panel for distribution to the work chamber J6 connector and temperature and pressure transducers 1

2i2[g]

There is an electrical interface between the M555 SINGLE CRYSTAL GROWTH POWER CABLE and the M-555 Single Crystal Growth Experiment
Container The cable provides electrical power (28 +jj Vdc) from the M-512 facility line filter to the container when the container is mounted on the
M-512 facility honeycomb mounting panel prior to Experiment M-555 operation
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There is a mechanical interface between the M555 SINGLE CRYSTAL GROWTH POWER CABLE and the M-555 Single Crystal Growth Experiment "
Container The power cable P47 connector is connected to the container J47 receptacle by the crewman when the container is moved from the CM to
the M-512 f \cility and attached to the honeycomb mounting panel
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There is an electrical interface between the M555 SINGLE CRYSTAL GROWTH POWER CABLE and the M-512 facility line filter The lino filter supplies
AM Bus 1 power to the cable through CRYSTAL GROWTH HEATING PAD AM BUS 1 circuit breaker CBS

2'T|P"l

There is an environmental interface between the MDA atmosphere and the M-512 facility work chamber The work chamber is required to be evacuated
for performance of Experiment M-555, therefoYe, one work chamber volume of MDA atmosphere (approximately 1 8 ft ) is lost during Experiment M-555
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There is an electrical interface between AM Bus 1 power and the M-512 facility line filter The bus supplies power to the line filter through M512 circuit
breaker located on AM panel 202 Experiment M-555 requires 28 4 Vdc while the experiment container is mounted on the M-512 facility honeycomb
mounting panel (this power maintains the gallium solution in the experiment ampoules in a liquid state), and 28 ±2 Vdc when the experiment package is
mounted in the work chamber heat sink for growth of the crystals ^>*

2!A

There is an electrical interface between the M-555 Single Crystal Growth Package and the M554/M555 POWER CABLE The power cable provides
electrical power from the work chamber J6 connector to the package heaters for growth of the crystals Approximately 11,270 W-hr of energy at
28 ±2 Vdc is required for growing the single crystals (average 98 W x 1 1 5 hr)
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There is a mechanical interface between the M-555 Single Crystal Growth Package and the M554/M555 POWER CABLE. The crewman Is required to
connect the P36 connector of the power cable to the J36 connector on the package for<experiment operation

S1о00"о>

There is a mechanical interface between the M-555 Single Crystal Growth Package and the M-512 facility work chamber The package is installed
inside the work chamber heat sink for Experiment M-555 operation, with the package heat extraction flange in secure thermal contact with the heat sink
adapter ,

1PоО0ио>

There is an electrical interface between the M-555 Single Crystal Growth Experiment Container and the M-555 Single Crystal Growth Package When
the package is installed in the container, the container power cable supplies CM Main Bus В power (when in the CM) or AM Bus 1 power (when In the
MDA) to maintain the gallium arsenide solution of the package sample ampoules in a liquid state While in the container, the package requires an
average of 7 W from the CM and approximately 3 W from AM Bus 1
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There is a mechanical interface between the M-555 Single Crystal Growth Experiment Container and the M-555 Single Crystal Growth Package Prior
to experiment operation the package is stowed in the container, with the container power cable P48 connector connected to the package J36 connector,
the package is surrounded by the container heater blanket
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There is an environmental interface between the M-555 Single Crystal Growth Experiment Container and the M-555 Single Crystal Growth Package The
container heater blanket and control circuitry is required to assist the package heaters in maintaining the package sample ampoule temperature above
85 *F to prevent freezing of the gallium arsenide solution
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This diagram was adapted from

Reference 14.
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FIGURE J-4. EXPERIMENT M-555, GALLIUM ARSENIDE SINGLE CRYSTAL GROWTH MECHANICAL AND FLUID SYSTEMS DIAGRAM
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1 WELD SPECIMEN 1
2 WELD SPECIMEN 2
3 WELD SPECIMEN 3
4 DEFLECTION MIRROR
5 ELECTRON BEAM WELD MOTOR
6 CAMERA MIRROR

*7 FLOOD LIGHT SHIELD
8 HATCH VIEW PORT MIRROR
9 SPHERE FORMING MOTOR

10 WATER SPRAY NOZZLES
11 HATCH VIEW PORT SHIELD FLAMMABIUTY
12 HATCH VIEW PORT SHIELD SPHERE FORMING
13 BATTERY ACCESS PANEL
14 COMPOSITE|CASTING SPECIMEN STORAGE
15 TOOL STORAGE

*16 WATER SPRAY CONNECTION COVER
*17 ELECTRON BEAM COVER

18 FLAMMABILTTY SPECIMEN HOLDER
19 HEAT SINK COVER
20 SPHERE CATCHER 1
21 SPHERE CATCHER 2

*22 CRYSTAL GROWTH OR COMPOSITE CASTING CLAMP
*23 WORK CHAMBER VENT FILTER 1 and 2

24 SPHERE CATCHER INSTALLATION TOOL
25 CAMERA PORT SHIELD-SPHERE FORMING
26 CAMERA PORT SHIELD-FLAMMABILITY
27 SPHERE FORMING SPECIMEN 1
28 SPHERE FORMING SPECIMEN 2

*Used for Experiment M-555 or installed in the M-512
work chamber during experiment performance.

0 All Materials Processing Facility associated switches,
circuit breakers, lights, and valves are listed as being
common to MDA panel 105. The exceptions are the
4-in. vent valves. These are MDA hardware.

О See Figure J-3.

U> M-555 Single Crystal Growth Experiment Container
circuit details shown on Figure J-3.
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SECTION V.

EXPERIMENT М-555, GALLIUM ARSENIDE SINGLE CRYSTAL
GROWTH DATA REQUEST FORMS
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The data required for evaluation of Experiment M-555 consist only of
crew voice comments, the experiment log book, and the AM Bus 1
voltage level during experiment performance. Data Request Forms
(DRF) have been submitted to obtain these data; therefore, a DRF
requesting these data specifically for Experiment M-555 is not neces-
sary.
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SECTION VI.

EXPERIMENT М-555, GALLIUM ARSENIDE SINGLE CRYSTAL
GROWTH ENGINEERING CHANGE REQUESTS
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No Engineering Change Requests are recommended for Experiment M-555.
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EXPERIMENT М-555, GALLIUM ARSENIDE SINGLE CRYSTAL
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TABLE J- IV. M P E R  lMENT M-555, GALLIUM ARSENIDE S INGLE CRYSTAL GROWTH MALFUNCTION AND CONTINGENCY PLAN OUTLINE - M P E R  IMENT 
PREPARATION (PI (Sheet 1 of 9 )  

ExpertmentlCrew Tasks Pose~ble  Maltunct~on I Cont~ngency Plan 

P 2.2 

P 2 3 

PZZAI Recycle LAMP TEST switch 
S28, and continue. 

P23Al Voice record and log the 
occurrence of the ~l lum~nat ion  of 
LO TEMP laght L10 

LAMP TEST (S28) - LAMP TEST 
(LO TEMP It LIO on) 

LAMP TEST (S28) - LO TEMP 
TEST (Momtor LO TEMP I t  L10) 

Remarks 
(md~nc~ons,corrections,reeulte) 

PZZA LO TEMP It L10 falls to 
lllurn~nate 

P23A LO TEMP llght L10 
~llumlnates. 

The followmg fa~luree  could 
cause the maltunc tion - 

LAMP TEST switch SZ8 
failed OFF 

LAMP TEST switch S28 
fmled In LO TEMP TEST 
and temperature of 
c r y 8 9  growth package 
has not gone-below 85 *F 

LO TEMP light L10 
<shorted (the light consist 
of two bulbs m parallel). 

CRYSTAL GROWTH 
HEATING PAD AM BUS 1 
circuit breaker CB5 
open. 

M512 circuit breaker 
open (AM panel 202). 

Relay K17A shorted and 
crystal growth package 
temperature 1s b e l w  
85 'F, 

This i s  not, actually, a malfunc- 
tion but indzcates a lack of 
sufficient power to the crystal 
growth package to maintain ite 
temperature abwe 85 OF. A 

Possible f a l u r e s  whlch would 
cause the light to illuminate a r e  
a s  follows: 

Experiment contdner 
left &powered long 
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ОÎо<оьь<Q
£

ОL
U

оL
U

«
Л=
 с

*

<
 C

M

О
-
в

.
 
Ш

_

L
U

Remark a
tions, correctioContingency PlanаНоhUISЛ

 C
U

O
Sю

J9К
С̂

 О
- 0 •"i

- 
во

Я
 

и
S

-S

•
»
.

-as
м

*«

8 
-^ §

 f S
3

*

"
 

5
 -

 
о

 
«
в

"
и

 
И

 в
 о

т

<
 

<
 
И
 2

 "
 Я

о 
о

 <
! S

 I 3

iii:

•о

~
.1

-и
 

вО

О
"

емЛОZН

J-72



иQ
.

25а
.

оL
U

ОZооа<оос.
оIОС.оо(ЛL

U
О(ЛОС

С
П

Q
. LLJ

v
: ^

>
Q

O

со<

л•эшоишао
а

 С

«
8

е
ё

а 
иО1з—Contingency Planeоис12о3шлшшлНо0сV£V8-ц>eration

> Number

О
 £т

ЪО
 

в
и
 а

 
л

5
 
S

 
5

£§•18
5

8
3

8
§

8
4

В -8
^1

gail.
Д

 
л S-o

. 5° *
 

ai-
Я

 «О
'Я

 3 -2

«
|| 8

3
Н

 Н
 

Ё
 

* Д
!

и
 в« 8 

о N
и 0,5.0, ю

Й
§ 

* 
S

ie
o

-
i 

^
а 

3
 

1
liw

ig
o

l^
l 

о^ 
^ 

€
jipallsSei: 

g
|ii 8

i !^:|il^?i § li i
lip !l

Й
§

Й
2

5
21

2
5

5
§

§
 

Л
£

§
н

 
а

и
2

§
^

o
x

^ 
S S

H
^ S

-S ^
£ 

s£ 
&

S
1

U
S

^
P

^ >
-c °'S«

<2 - 
^

-ilz 
a

"
B

W
^

-
j

^
n

j
P

^
W

C
^

W
) 

o
»

™
r

i 
*

*
«

I
s

l
^

 Ig
a

5
!s g

?
a 

|g
S

§
 

a
l

I
w

l*
о n G

 S

If gage M4 does not operate,
a malfunction is indicated in
either the POWER CONTROL
AM BUS 1 circuit breaker
CB4 or the MS 12 circuit
breaker. The experiment
will be terminated.

Rotate INSTRUMENTATION
EMP °C switch S5 through
sively higher settings and
the INSTRUMENTATION
age M4.

-
 

U
, 0

 
h

 
™

' 
9

"
&

ls
О

 
ffl 

о. Ё
 H

0, 
.

U
 

M

и
-

5

2
 
"

2
3

§
"*s

s g
1

§
i

H 3
C

Q
 

h

S
2

n
 

0
N

 
ш

S
 "

О
 ш

IT
 ̂

b̂̂
B

k̂̂
^̂

^B
|̂|H

1

If at some setting the gage
indicator moves to a lower
reading, this indicates that
INSTRUMENTATION BASE +
METER switch S6 has failed

=0

J-1oa

J-73



L
U

О
-

В

I

3О
.

оU
J
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SECTION IX.

EXPERIMENT М-555, GALLIUM ARSENIDE SINGLE CRYSTAL
GROWTH MALFUNCTION ANALYSES
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Refer to Appendix E, Section DC for Experiment M-555
malfunction analyses.

J-82



SECTION X. CONCLUSIONS AND RECOMMENDATIONS

1. No Criticality I items were identified for Experiment M-555.
Failures that prevent the readout of crystal growth package
temperatures could present a burn hazard to the experiment
operator if procedures are not followed carefully. Tests
performed under the direction of the PI have developed proper
cooldown times for the crystal growth package after experiment
performance; therefore, -inability to read package temperatures
was not considered critical.

2. Some hardware items such as the heater blanket, experiment
container, and experiment package could exceed touch temper-
ature (105 °F). It is suggested that the experiment operator
wear gloves while handling this equipment.

3. All probabilities of failure for experiment hardware were
relatively low, and it is considered that the experiment has a
good probability of success.

4. The experiment procedures as presented in the MDA Experiment
Checklist and Log were used as a guide in preparing
Section VII of this document. These procedures were modified
in those cases where it was deemed necessary to make the
procedures more efficient for the experiment operator, and
necessary procedural steps were added where they had been
omitted in the Checklist.
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