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has been accumulated to enable authoritative reliability 
predictions for operating periods of up to 1 year In orbit. 

The component testing has been mainly failure-free, altht-â 'h 
some components have been redesigned as a result of early 
failures. The qualification xrogram has been directed at tht 
determination of flight-suitability insofar as environments 
and major performance objectives are concerned. The objective 
was to determine the suitability of each component prior to 
the commitment of the FS-1 and FSM-lf qualification systems 
and the flight systems to their respective test programs. 
This primary objective was met except in the case of the 
first expansion compensator design which caused failure of 
the FS-1 during system acceptance test and necessitated 
Its replacement with the FS-3 system. 

The significant success of the ground test liualiflcation 
system and of the flight test demonstration is due in large 
part to the conduct of the component q^ualification program. 
Thus, important design changes were incorporated early in 
the project's history, and sufficient femiliarity was obtained 
such that very few human errors or oversights crept into the 
vital system test operations. 
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I. INTRODUCTION 

The SNAP lOA reactor development engineering program is unique in many 
ways which may Interest the managers of future space projects. That 
portion of the program being conducted by Atomics International for the 
U.S. Atomic Energy Commission encompasses a range of compact nuclear 
reactors and conversion systems to supply electrical power of from 5OO 
watts to 3u kilowatts for spacecraft systems. The low power range is 
lllust.rated by the SNAP lOA system. This system concept is approached 
by only one other known effort - the Russian Romashka reactor which has 
been operated as a ground development system. 

The SNAP lOA project has been rewarded with highly significant overall 
success and a high degree of reliability has been demonstrated. The 
technical performance has been marked by the completion of more than a 
full year's continuous operation of FS-3, the first complete reactor 
flight system to be placed on ground test. The FS-3 system holds the 
record for the longest continuous full power operation of any nuclear 
reactor, and it operated unattended in a vacuum tank within an under­
ground vault. 

In its dramatic first space-flight the FS-U system furnished more than 
500 watts of electrical power to an Agena Space Vehicle for k'i days of 
a scheduled 90-day test in earth orbit. Prior to shutdown of the reactor 
by a failure of the spacecraft electrical system, the power equivalent 
of more than 20,000 pounds of batteries had been delivered by the 950 
pound shielded reactor system. A corresponding Increase in equivalent 
battery weight is associated with an increase in operating life. Thus, 
more than 40,000 lbs. of batteries are replaced in a 90-day mission. 

No other power system has been operated at such combined extremes of 
vacuum, radiation and operating temperature. This orbital test of 
combined Atlas-Agena-Reactor systems demonstrated that no new environ­
mental interactions or safety problems would plague the use of reactors 
for the electrical power requirements of future space payloads. The 
loss of command thru over-voltage showed that system interface consider­
ations should be better resolved and that Agena-SNAP Interactions can 
result in premature shutdown. 

The flight test system, too, was a singular success, only one launch 
attempt having been made. The excellent reliability record initially 
demonstrated by the SNAP lOA project may have resulted by chance or 
because the product design was not much of a challenge considering the 
proven state-of-art of some elements of the system. However, for the 
purpose of this report, these theories are discounted and the hypothesis 
is advanced that the component development and qualification programs 
(coupled with superior engineering) enabled the successful outcome. 
It is expected that a subjective conclusion regarding acceptance or 
rejection of this hypothesis can be reached by the reader from this 
svuranary of the qualification test program. 
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The planning and conduct of the component qualification program 
was closely integrated with both component development and system 
liuallficatlon activities. It will not be meaningful to re-trace 
here all the failure symptoms and engineering considerations which 
led to component redesigns, specification or procedure changes, or 
to revisions of system configuration. Nevertheless, this integrated 
technical awareness and responsiveness is believed to be a very 
significant factor leading to initial success of the program at the 
level of complete system testing, both on the ground and in space. 

The primary purpose of this final report is to serve both as a 
summary and as an index to the qualification test results in order 
that othe^ present and future, SNAP programs may ascertain whether 
these qualified and space-tested components should be considered 
for their applications. The goal is to reduce duplication of test­
ing and of component development costs thru the use of proven com­
ponents . 

II. SCOPE 

The SNAP lOA Component Qualification program encompasses more than 
50 parts or major components. Their complexity varied from simple 
capacitors, diodes and fusistors to ejectable thermal shields and 
nuclear reflector assemblies. At the level of subsystems, the 
functional requirements become clear and are stated herein. The 
basic objective was to establish flight suitability of each component 
design, not to demonstrate a reliability goal or manufacturing ^iuality 
level. 

Flight suitability can be defined as the inherent capability of 
component designs to survive their specific space and system-
imposed environments for missions of up to one year duration, 
while retaining their ability to perform all functions required 
by the system application of the component. The primary environ­
ments are those of space-vacuum, space-thermal conditions, launch 
shock-vibratlon-acceleration combinations, nuclear radiation from 
the reactor, and the thermal range imposed by full power operation 
of the reactor (up to 1U60°F), following a startup in cold space. 

Even though ade.iuate reliability statistics cannot be obtained 
solely from the qualification of a very few items tested for 
minimum capability of performance, an estimate of component relia­
bility can be derived from consideration of all development and 
system testing as well as proven part capability in other aerospace 

719-P 
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applications. Prior to and during .qualification testing, estimates 
of component reliability were prepared through the use of analogy, 
learning curves, growth curves, and stress analysis. The reliability 
estimates prepared periodically, prior to complete-system testing, 
are compared in Figure 1 with those made during and following the 
completion of the successful component and system qualification 
testing. 

The essential functions of each component are outlined in this 
report. A thorough reliability analysis requires more detailed 
listings of functional steps and failure modes than can be shown 
here, plus alternatives which are available during missions. The 
number of components required to be operable, and major redundancy 
features, are described. These considerations have been combined 
with a continual design review and up-dating of the reliability 
stress analysis technique which is fully exemplified in Reference 1. 
The result is an accurate estimate of the current state-of-art 
reliability inherent in the SNAP lOA system for missions of up to 
1 year in duration. The Increased reliability assessment of every 
subsystem since the publication of Reference 1 reflects the success 
of the qualification testing conducted subsequent to Reference 2 
and 3. The salient failures and design changes occurring since 
these referenced status reports are discussed herein. 

Each of the irajor subsystems of the SNAP lOA flight system is 
discussed separately, with emphasis on the mualification testing 
of its components. Complete references are furnished in Appendix II 
which identify both the item and all technical data reports of its 
qualification testing. The system engineer who is Interested in 
applying these proven components to another system id urged to 
study the listed references and others given in the appendix to 
determine specific suitability. 

III. SUMMARY 

The SNAP lOA component qualification test program has been suî cesf 
conducted over a three-year period in conjunction with extensive 
development testing. In addition, the qualification and demon­
stration testing of both non-nuclear and complete nuclear flight 
systems was undertaken. During the past 1 1''2 years sufficient 
endurance testing has been accumulated to enable authoritative 
reliability predictions for operating periods of up to 1 year in 
orbit. 

ruUy 
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The component testing has been mainly failure-free, although some 
components have been re-designed as a result of early failures. The 
qualification program has been directed at the determination of 
flight suitability insofar as environments and major performance 
objectives are concerned. The objective was to determine the suita­
bility of each component prior to the commitment of the FS-1 and 
FSM-4 qualification systems and the flight systems to their respective 
test programs. This primary objective was met except in the case of 
the first expansion compensator design, which caused failure of the 
FS-1 during system acceptance test and necessitated its replacement 
with the FS-3 system. 

The significant success of the ground test qualification systems 
and of the flight test demonstration is due in large part to the 
conduct of the component qualification program. Thus, significant 
design changes were Incorporated early in the project's history, 
and sufficient familiarity was obtained such that very few human 
errors or oversights crept into the vital system test operations. 

All the endurance Information obtained since the FS-i+ launch date, 
April 3, 1965, has confirmed the validity of the final component 
selections. The current best estimate of system reliability as 
derived by analysis pertinent to the lOA-FS-5 in orbit is given in 
Table I. If the uncertain probability of meteorold puncture is not 
included, the current SNAP lOA system has a probability of .86 of 
surviving for 1 year mission. The reliability as a power plant, 
exclusive of data and shutdown functions, is very nearly 90 percent 
per year when meteoriods and loss of active control are tolerable. 

A short sumroary of the extent of component qualification testing is 
in Table II, and indices to detailed component qualification test 
reports are contained in Appendix II. 

IV. REACTOR AND SHIELDING SUBSYSTEM 

A. Subsystem Description 

The SNAP lOA reactor core has 37 elements, each element having 
10 i>, by weight, enriched uranium. Each element consists 
of a hydrlded uranium-zirconium alloy wherein the hydrogen acts 
as the moderator. Surrounding the cylindrical core is a 
beryllium reflector assembly which includes four semi-cylindrical 
drums. Reactivity Is controlled by the four semi-cylindrical 
drums which are rotated toward the core and alter the geometry 

(Text continues on page I8) 
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TABLE I 

BEST ESTIMATE OF THE REUABILITY OF NPU lOFS-

1 - PROBABILITY OF CAUSING MISSION FAILURE IF AGENA 

SYSTEM AND MAJ(» COMPONENT 

Reactor & Shielding: 
Fuel (core) 
Reflector Assembly (partial) 1 
Radiation Shield 

Conversion &. Distribution: 
T/E Converter System 
Shunts, Taps, Wire | 

Heat Transfer System: ] 
Pump & Battery 

LAUNCH 
SURVIVAL & 
C«BITIHG 

.9996 

.9998 

.9997 

.9997 

.9998 

.9993 
Expansion Compensators (two) | .9988 
NaK Piping (include meteorold) i .9978 

Structural System: j 
Ejectable Heat Shield .9991 
Primary Structure & Compartment 

Control System: 
Controller 
Drive Motors (two) 
Temperature Switches (four) 
Squibs & 7 Pin-pullers 
Relay Boxes 
Wire & Connectors 

Diagnostic System: (as required) 

Shutdown System: (as required) 
Delay Timers 
EABRD & TABRD 
Low Voltage Switches (two) 

Total reliability 
inherent in NPU design: 

.998U 

.9989 

.9993 

.9990 

.9991 

.9988 

.9981 

.9990 

.9998 
I .9995 

.9998 

*(.984) 

•NOTE: The probability is less than .OO5 that 
failures of the NPU will preclude an in 
Residual launch damage has probability 
premature mission termination. 

PLUS 
STARTUP & 
STABIL. 

.9991 

.9993 

.9996 

.9991+ 

.9993 

.998 

.995 

.991+ 

.996 

.997 

.997 

.997 

.997 

.992 

.99"+ 

.995 

.996 

.9996 

.9990 

.9993 

.9hk 

knowledge 0 
Itlatlon of 
of .012 of 

I 
PERFORMS O.K. 

n PLUS ENDUR.OF: 
90 Da. 
500 W 

.996 

.999 

.999 

.9987 

.9990 

.997 

.985 

.985 

.996 

.997 

.99U 

.995 

.996 

.992 

.992 

.992 

.991+ 

.998 

.99b 

.997 

1 Yr. 
.̂ ,500 w 

.995 

.998 

.998 

.995 

.997 

.99*+ 

.97U 1 

.965 

.996 

.997 

.990 

.993 

.996 

.992 

.990 

.98J+ 

.989 

.99'+ 

.996 

.995 

: 

.905 

f launch-
startup 

.8U2 

• induced 

contributing to 
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SUBSYSTEM 

Component 
1 Descrlntlon 

STRUCTURAL 

Ejectable 
Heat Shield 
lOFSl-ll+OOl-C 

1 Primary Structure 
lOFSMl-OO-OOl 

REACTOR & SHIELDING 

Fuel Elements 
7580-18020 

Reflector 
1 Assembly 

lOFS-11001-B 

Radiation Shield 
IOFSMI-I3OI5-F 

HEAT TRANSFER 

NaK Pump 
IOFS-8ICOI-D 

1 Shock 
. Vlbr. 
' Tested 

2̂ 0 

k/Q 

66'0 

' it5 0 

1/0 

2/0 

9'0 

TABLE I 

S-lOA CCWPONEHT (JUALIFIC;* 

Thernal Cycles 

No. 
Units 

2 

2 

66 

63 

1 

2 

6 

1 

Total 
# Cycles 

2 

2 

193 

189 

10 

Ik 

60 

Thermal-

# Units 
Failed 

N/A 

2'0 

66'0 

120 '0 

1 0 

2 0 

7'0 

I 

JION TEST SUMMARY 

Vacuum-Endurance 

Total Hours 
Longest Test 

3,320_ 
2,160 

578,160 
8,7'5o 

259,200 
2,160 

2,160 
2,160 

2,330 
2,160 

3^,625 
17,170 

Radiation 
Exposure _ 

No. Units 

N/A 

1 (FS-3) 

1 (FS-3) 

R«auirks 1 

1 

FSM-1, FS-1 

1 

1) PSM-IA & IB vibr. 
& static only 
2) FSM-1, FSM-it 

Qualification & 
special environ- 1 
imental test 

DRM-1 

DRM-1 & FSM-1 

1 M 1 

ii 

i 
'I 

3 o z > > o 

O ,n 

TN 

O 

o 
03 

I 
en 
50 



SUBSYSTEM 

CoB^nent 
Description 

HEAT TRANSFER 

Primary Battery 
NE10FSM1-24-008 

Expansion Comp. 
7561-34016 

NaK Piping 
10FSM4-00-001 

CONVERSION AND 
DISTRIBUTION 

Thermoelectric 
Modules 
lOFSKL-51022 

Converter Current 
Shunt 
10FS-24011-D 

STARTUP & CONTROL 

Controller 
HElOFSMl-20-004 

TABI£ II 

S-lOA CWfiPONENT QUAT.TPICATIOH TEST SUMMARY (Cont'd) 

Shock 
Vibr. 
Tested 
#Fall 

3/0 

4/0 

3/0 

44/0 

3/0 

3/0 

Thermal Cycles 

No. 
Units 

-

4 

3 

47 

3 

3 

Total 
# Cycles 

-

40 

3 

470 

30 

30 

Thermal-Vacuum-Endurance 

# Units 
Failed 

4/0 

4/0 

3/0 

44^10 

3/0 

2̂ 0 

Total Hours 
Longest Test 

4,320 
1,320 

34,327 
9,051 

3,600 
2,160 

307,838 
18,000 

6.480 
2,160 

4,320 
2,160 

Radiation 
Exposure 

No. Units 

1 

2 (FS-3) 

N/A 

120 (FS-3) 

1 (FS-3) 

1 

Remarks 

Ampere-hours at 
ambjen- temp. 

Assembly includes 
limit switches, etc. 

F3M-1, FS-1 & FSM-4 

1) The demonstrated 
elenent reliability 
is .998 for 90 days 
2) 6 failures due to 
utility power outages. 

> 1200 operating 
cycles 
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1 TABI£ 11 1 

S-lCA COMPOHENT dUAIIFICATION TEST SUMMARY (Cont'd) 

1 SUBSYSTEM { 

Component 
1 DescrlTJtlon | 

STARTUP 4 CONTROL 

Control Drum 
Actuator 
lOFSMl-11061 

1 Reactor Temp. 
Control Sensor 
NE10FS1-24-008-C 

Reactor Temp. 
Control Switch 
NE10FS1-24-009-B 

Thermal Mech. 
Temp. Switch 
HE10FS1-24011-D 

Relay Box 
(Main & Aus.) 
10FS-22002-D 
IOFS-22OI7-C 

Squibs & Pin-Pullers 
1IE10FS-24-015-NC 

Sbock 
Vibr. 
Tested 
# Fall 

6/0 

2/0 

2/0 

3/0 

2/0 

22/0 

Thermal Cycles 

No. 1 
Units 

6 

2 

2 

3 

2 

22 

TotAl 
# Cycles 

60 

20 

20 

30 

20 

220 

Thennal-Vacvtum-Endurance 

# Units 
Failed 

6/1 

2/0 

2/0 

2/0 

2/0 

15/0 

Total Hours 
Longest Test 

11,125 
2,160 

4,320 
2,160 

4.320 
2,160 

4,320 
2,160 

k , 32_Q. 
2,160 

224 
16 

Radiation 
Exposure 

Ro. Units 

2 

1 

2 

1 (FS-3) 

4 

RenulM 1 

1)>3750 operating 
cycles j 
2) Short circuit in 
brake winding 1 

Includes relays, 1 
fusistors and 1 
diodes 

8 of these qualified 
on DRM-1 
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S-lOA COMPOIIElfr QUAUnCAnon TEST SUMMARY (cont'd) 

SUBSYSTEM 

Component 
Description 

STARTUP «e CONTROL 

Ejectable Heat 
Shield Connectors 
10FSM1-61048-B 
lOFSMl-20016 

High Temp. Wire 
Super Temp 
Pyrad 1000 

Low Temp Wire 
Raychem Novathene 

Ball & Shaft Assy. 
Drum Support 
10FSM1-11039-C 

Actuator Assy. 
Drum Lockout 
10FSM1-11031-E 

Shock 
Vibr. 1 
Tested 
# Fail 

2/0 

4/0 

2/0 

3/0 

4/0 

Thermal Cycles 1 

No. 1 
Units 

4 

3 

2 

3 

h 

TotAl 
# Cycles 

40 

20 

20 

30 

40 

Thennal-Vacuum-Eodurance 

# Units 
Failed 

2/0 

2/0 

2/0 

3/0 

4/0 

Total Hours 
Loni];est Test 

204 
102 

2,000 
1,000 

4,320 
2,l60 

n-
^ 

Radiatim 
Exposure 

Ho. Units 

2 

2 

Remarks 1 

Qualified as part 
of relay boxes. 
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TABLE II 

S-lOA COMPOHERT QUALIFICATIOR TEST SUMMARY (Cont'd) 

SUBSYSTEM 

Contponent 
Descrlntlon 

SAFETY SHUTDOWN 

Reflector Eject. 
Delay Timer 
HE10FS1-24-012-C 

Elect. Actviated 
Band Release 
Device 
IOFS-IIO52-NC 
lOFS-11049 

Temp. Actuated 
Band Release Device 
lOFSMl-11133 

Low Voltage 
Trip Device 
HElOFS-20-010 

DIAGNOSTIC INSTR. 

Drum Position 
Transducer 
NEIOFSMI-I6OOI-C 

Shock 
Vibr. 
Tested 
# Pail 

2/0 

5/0 

2/0 

4/0 

1/1 

Thenaal Cycles 

No. 
Units 

2 

2 

4 

2 

Total 
# Cycles 

20 

20 

40 

2/0 

Themal-Vaeuum-Enduremee 

f Units 
Failed 

2/1 

4/0 

2/0 

4/0 

2̂ 0 

Total Hours 
Longest Test 

4^320 
2,160 

8,640 
2,160 

2,016 
1,008 

%2l6 
2,30it 

4,320 
2,160 

Radiation 
Exposure 

No. Units 

2 

2 

4 

2 

Remaxka 

Malfunctioned first 
cycle after 90 days. 
Successfully com­
pleted >2000 cycles 
after endurance test 

Torque exceeded 
4 in-oz. 

1 r\ 
Q 

rn 
90 

I 
o 
I 

CTN 

ON 
ON 

O 

o 
00 
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SUBSYSTEM 

Conponent 
Descrintion 

DIAGNOSTIC INST-H. 

Drum Position 
Demodulator 
NE10FS1-24-010-B 

Reflector Limit 
Switch 
HE10FS1-24-013-NC 

Converter Impedence 
Isolation Inductor 
lElOFS-24-017 

Converter Degrada­
tion Measurement 
Device 
HE10FS-24-013-B 
(and Isolation 
Transformer 
lOFS-22032) 

Gamma Flux 
Rad. Detector 
HE10FS-24-003-D 

TABIE IZ 

S-lOA COMPOHERT QUALIPICATIOH TEST SUMMARY (Cont'd) 

Sbock 
Vibr. 
Tested 
#Fail 

2/0 

8/0 

2/0 

2/0 

1/0 

Thermal Cycles 

No. 
Units 

2 

8 

2 

Total 
# Cycles 

20 

80 

12 

Thermal-Vacuum-Endxirance 

# Units 
Palled 

2/0 

5/0 

2/0 

2/0 

1/0 

Total Hours 
LoxiRest Test 

4,320 
2,160 

10.800 
2,160 

2.052 
1,026 

768 
384 

360 
360 

Radiation 
Exposure 

No. Units 

2 

2 

1 

1 

1 

Remarks 

1 unit operated 
continually @ I7 
amps 

.5 

il 

h 
•?o 

'I 

ĝ  5 5 * 
I 1 
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^ 

1 
ON 
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ON 
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SUBSYSTEM 

Component 
Descriptjpq 

DIAGNOSTIC INSTR. 

Amplifier, Signal 
Cond. (Gamma) 
NE10FS-24-006-E 

Neutron Flux 
Hi Level Detector 
NE10FS-24-005-D 

(Hi Level Neutron) 
Power Supply 
NE10FS-24-002-E 

Neutron Flux 
Detector Low Level 
NE10FS-24-004-D 

Neutron Flux 
Detector-Amplifier 
& Power Supply 
(Low Level) 
NE10FS-24-001-F 

Fast Neutron 
Integ. Flux Det. 
lOFS-24021 

TABIE II 

S-lOA COMPOHERT QUAIJPICATIOH TEST SUMMARY (Cont'd) 

Sbock 
Vibr. 
Tested 
# Fail 

2/0 

1/0 

1/0 

1/0 

1/0 

4/0 

Thermal Cycles 

No. 
Units 

1 

4 

Total 
# Cycles 

1 

8 

^ermal-Vacuum-Endurance 

f Units 
Palled 

1/0 

1/0 

1/0 

1/0 • 

1/0 

4/0 

Total Hours 
Longest Test 

360 
360 

720 
720 

360 
360 

720 
720 

360 
360 

6,048 
2,012 

RadiaUon 
Exposure 

Ho. Units 

1/0 

2/2 

2/0 

2/2 

6/0 

Renaxks 

1) No-load voltage 
exc. spec, limit. 
2) Output volt, 
failure 

Post test aunalysis 
indicated failure in 
signal conditioner 
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SUBSYSTEM 

Component 
Descrintion 

DIAGNOSTIC INSTR. 

RTD's & Bridge 
HE10FS-24-0O9-B 
10FS-24001-B 

Thermocouple Assy. 
Socket-Head Cap 
Screw-Tip 
NE10FSM1-24-006-D 
(IOFS-2OO68-A) 

Thermocouple Assy. 
NE10FSM1-24-006-D 

Exp. Comp. Limit 
Switch 
IOFS-2OOI5-NC 

Conv. Volt. 
Divider 
lOFS-20011-C 

TABIE II 

S-lOA COMPOHERT QUAIIPICATIOH TEST SUMMARY (Cont'd) 

Sbock 
Vibr. 
Tested 
# Pail 

3/0 

3/0 

50/0 

8/0 

2/0 

Thermal Cycles 

Ho. 
Units I 

3 

3 

50 

6 

p 

Total 
# Cycles 

30 

30 

50 

60 

2 

niermal-Vacuum-Bndurance 

# Units 
Palled 

3/0 

3̂ 2 

50/2 

6/0 

2/0 

Total Hours 
Longest Test 

6,480 
2,160 

2,160 
720 

186,000 
2,160 

38,650 
9,051 

3,240 
2,160" 

Radiation 
Exposure 

No. Units 

3 

8 (FS-3) 

25 (FS-3) 

2 (FS-3) 

1 (FS-3) 

Reaaiks 

Insulation resistant 
degraded in 2 
unsandblasted 
specimens 

1) Qualified as part 
of FSM-1 & FSM-4 
system tests 
2) Failed during 
FSM-1 tests 

Four Units qualified 
as part of expans. 
comp. assy. 

[Qualified as part 
bf FSM-1 & FSM-4 
system tests 

^ % l 
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1 TABTE II 1 

S..10A COMPOHERT QUAIIPICATIOH TEST SUMMARY (Cont'd) 

SUBSYSTEM 

1 CoBiponent 
Descrintion 

DIAGNOSTIC INSTR. 

Dlff. Curr. 
1 Transductor 

NE756I-62-OOI 1 

1 Exp. Comp. Position 
1 Transducer & 

Demodulator 
NE10FS-24-0O8 

Sbock 
Vibr. 
Tested 
# Pall 

2/0 

6/0 

Thermal Cycles 

No. 1 
Units! 

2 

6 

Total 
# Cycles 

2 

60 

Themal-Vaeuum-Endurance 

# Units 
Palled 

1/1 

6/0 

Total Hours 
Longest Test 

2,160 
2,160 

35,767 
9,051 

• 

Radiation ' 
Exposure 

No. Units 

1 

1 

' 

RemaxicB 1 

Shifted calib.-
replaced 1 

Four units qualified 1 
as part of exp. comp.1 
assembly 1 
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to maintain required reactivity worth. A 72 hour active control 
period during startup provides stabilization. During this 
period two control drums add reactivity to compensate for 
Xenon buildup and hydrogen redistribution within the elements. 
After the 72 hour period, long operation is assured by burnout 
of the samarium prepoison which compensates for reactivity 
losses caused by hydrogen leakage and fuel burnup. 

Radiation protection of electronic components in the instrument 
compartment and Agena payloads requires neutron and gamma shield­
ing. The shield was designed to limit the yearly fast neutron 
and gamma levels to 10l2 nvt and 10'R across a 5 ft. diameter 
plane, 17-5 ft. below the reactor base. Lithium hydride, cast 
in a stainless steel case, was used for the shielding material 
because it provides high neutron attenuation and withstands 
the operating environment. The shield used on SNAP 10 provides 
a neutron attenuation factor of 10,000 and a gamma attenuation 
factor of 10. 

B. Reliability and Testing Evaluation 

1. Fuel Elements 

Component testing of each fuel element consisted of shocK and 
vibration, thermal cycling and thermal endurance. Sixty-six 
qualification elements were tested successfully for an inter-
grated endurance time of 5Y8,160 hours. In addition, 120 
elements were environmentally tested including 259,200 hours 
of thermal vacuum endurance. In the FS-3 system test, 37 
elements operated in a nuclear-thermal vacuum environment for 
10,000 hours. This system test, as well as the FS-4 flight 
description, is included in Appendix I. When all testing is 
evaluated, the 37 element core, with one or two redundant 
elements, is estimated to be .995 reliable for one year and 
the average core temperature will exceed 830°F when currently 
available knowledge is applied to core loading. 

2. Reflector Assembly 

One reflector block assembly was qualification tested through 
shock and vibration, ten thermal cycles, and 2,l6o hours of 
thermal vacuum endurance. Elimination of the drum drive 
system, EABRD, and TABRD yields an estimated reliability of 
.998 for one year for the remaining components. 
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3, Radiation Shield 

Two radiation shields passed component qualification shock and 
vibration, 7 thermal cycles, and 90 days thermal vacuum endurance. 
Although no system deficiencies were noted, the number of com­
ponent tests is too small to demonstrate the high Inherent 
reliability. Therefore, the following reliatillty analysis goes 
into detail in the failure modes and reliability stress analysis: 

a. Failure Modes 

The purpose of the shield is to prevent radiation damage to the 
transistorized electronic equipment. Thus, radiation shield 
failure occurs when the electronic equipment receives a destructive 
dose. This i-ose is time dependent and a decrease in the radiation 
attenuation of the shield does not have an immediate effect. 
Therefore, a shield failure in flight is defined as the loss of 
H2 which will cause failure of electronic equipment prior to the 
mission flight time. 

Structural failure of the shield could have catastrophic effects 
on other critical components, or result in loss of hydrogen from 
the shield. After a structural failure of the case, H? leakage 
will commence. This leakage is dependent on the magnitude of the 
structural failure and the temperature of the LIH. It has been 
calculated that this leakage would have to be equivalent to "A ^2) 
by weight, at the start of the flight to be critical. In that 
event, a failure will occur at the end of the 1 year mission. 
If the leakage exceeds the 51̂  equivalent the failure may occur 
at an earlier time. Structural failure of the shield case may 
be possible due to the following causes: 

(1) Prelaunch - The shield could fail due to the thermal cycles to 
which it is subjected during system checkout,or by vibration or 
shock during transportation or handling. Such components, if 
detected, would not be launched because replacement is feasible. 

(2) Launch - The shield could fall by load combinations Imposed 
by shock, vibration, and acceleration during the launch phase. 
The ability of the shield to withstand launch loads has been 
demonstrated by seven test shields. 

(3) Startup - During obrltal startup the shield could fall because 
of thermal stresses resulting from the startup, or by meteorold 
penetration. Five shields have been subjected to the startup 
therml cycles, simulating all the thermal transients and stabili­
zation. All were leak-tight. 
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(4) Endurance - The shield could fail during endurance operation 
in a space environment because of the meteorlod penetration or 
because of swelling of the LIH due to absorption of an excessive 
rediation dose. The FSM-1, FS-3, FSM-4 and FS-3 shields survived 
endurance without failure indications. 

b. Estimated True Reliability 

Because of the passive behavior of the radiation shield during 
system operation, the evaluation of true reliability can only 
be based on the integrity of the shield case to contain hydrogen 
as a functione of time. The test data which substantiates the 
performance behavior of the LIH shield material and establishes 
the margin of safety in case design is summarized below: 

(1) Structural - The state-of-the-art failure rate for helium 
storage tanks is 0.07 x 10"^ failures per hour. Using an environ­
mental factor of 900 and a launch time of 0.1 hour would result in 
a state-or-the-art launch reliability of 0.999994. A failure of 
the radiation shield is considered not to take place unless the 
crack area is 0.018 square inches or more. Using this fact, and 
the state-of-the-art value, the launch reliability can be conserva­
tively said to exceed O.999 even when allowance is made for mounting 
variations. 

(2) Thermal - Information in Reference 4 and the results from 
numberous radiation tests on LIH, provide the most conclusive data 
on the performance of LIH. The SNAP lOA shield will not be subjected 
to radiation Induced swelling as long as fully outgassed (hydroxide 
free) LIH is used. The result of the Baxter-Welch experiments show 
that, at the rate of 8 x 10l2 n/cm^ sec. and a total fast dose of 
3 X IQI" nvt, no swelling or outgassing occurred. This value was 
obtained by applying the LITR fast-thermal ratio (1/"+) to the 
maximum thermal dose (l.3 x 10l9) capsule. This does not take 
into account an estimated thermal flux depression factor of l/lO 
(test bias;. If both of these factors are applied, a strength 
equivalent SNAP lOA dose of 3.? x 10^9 is obtained. This compares 
favorably to the SNAP lOA fast neutron ('̂ /O.l mev) dose rate load 
of 2.7 x lol^ n/cm^ sec. and one year dose of 8.7 x 10^° nvt (fast) 
at the shield reactor interface. Therefore, no failure due to 
swelling of the LIH is anticipated, and a one year reliability of 
• 9999 Is assumed for this failure mode. 

(3) Burst - One SNAP lOA shield casing was successfully pressure 
tested to 177'jt of the design limit load without bursting. The 
purpose of this test was to insure the integrity of the pressure-
ized SNAP lOA shield casing. Based on a 77^ margin between the 
maximum expected internal pressure and the actual test pressure 
results in a shield casing reliability ̂  0.9999-
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(4) Meteoroids - The shield meteorold non-puncture probability 
has been estimated at 0.996 for 90 days, and 0.984 for 1 year of 
operation. This, however, is the probability of a meteorold 
puncture and Ignores the size of the hole. The temperature of 
the radiation shield is assumed to be 850°F and a hole area of 
approximately O.OI8 square inches (0.I5I in. dia.) produces a 
non-critical loss of 5^ H^ (by weight) in 1 year. The hole size 
created by a meteorold is considered to be less than twice the 
thickness (t) of the material for extremely small meteoroids, 
and is approximately equal to the meteorold diameter for meteoroids 
greater than ?t in diameter. Using this criteria, the meteorold, 
puncture probability can be restated as: (l) the annual probability 
of a meteorold creating a O.O62 inch diameter hole (2t) is 0.011 
(2) the probability of a meteorold creating a hole somewhat larger 
than 0.068 Inch diameter is O.OOO33, and (3) the probatility of 
being stuck by a meteorold and creating a hole equal to or 
larger than .151 inch diameter is O.OOOOO9 consistent with a 
capability of penetrating .l40 inches of steel and the bumper. 

The meteorold non-puncture probability is one minus the probabi­
lity of meteoroids causing holes equal in area to a O.I5I in. 
hole and is: 

Rjy( = P(area of hole(s)^ area of .15I in. dia. hole) = 1-P (area 
of hole(s)^area of .151 in. dia. hole). An approximation follows: 

RM = 1 - C P ( 1 hole of dia. > .I5I in.) -̂  P(? holes of dla. > .IO65 in.) 
-̂ P(3 holes of dla.>.087 in.) + P(4 holes of dla.> .075 in.) 
+P(5 holes of dla. >.067 in.) + P(=^ 6 holes of dia.>.062 in.) J 

RM = 1 - (9 X 10-6 + 2 X 10-10 + 8 X 10-15 + 12 x 10-15 + 1+ 
x 10-13 + 9 X 10-T ) 

RM = 1 -.00001 
RM = -99999 or .9999 considering other combinations of holes. 

This probability Is still extermely conservative in that it is 
based on the probability of the meteoroids striking the shield 
for 1 year, the H2 leaking for 1 year, and the electronics 
being subjected to the higher dose rate for 1 year. These three 
are mutually exclusive, and if accounted for would increase the 
reliability to a considerably higher value. The probaLillty of 
the meteorold puncture causing failure in 90 days is even lower 
and R (meteorold)^ .99998 for 90 days, except that a great deal 
of uncertainty exists in meteorold data and theory. 

(5) Total Reliability - The total true-estimated reliability is 
equal to the product of the above reliabilities. As the failure 
of the radiation shield is extremely time dependent (time to 
crack skin plus time for H2 leakage plus time for electronic 
damage) the 90 day total estimated true reliability should exceed 
0.9995. The reliability for one year is estimated to exceed .998 
as a total. 
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V. POWER CONVERSION SUBSYSTEM 

A. Subsystem Description 

The power conversion system consists of "n" and "p" doped silicon-
germanium (SlGe) thermoelectric material thermally coupled, but 
electrically Isolated from the NaK heat transfer medium. These SlGe 
pellets are bonded to 4o parallel D-shaped stainless steel tubes 
arranged In a conical configuration about the NPU structure. Along 
any one tube or leg there are 72 SlGe thermocouples, or a total of 
2,880 individual power prcjduclng elements. These pellets are 
electrically Isolated from the hot NaK tube by thin alumina discs. 
The heat transport is from the NaK tube through the Insulator, 
through the SlGe pellet, to an alumlmum radiator. All materials 
which comprise the pellet subassemblies are brazed or otherwise 
metallurgically bonded to each other to ensure a soiuid structure, 
and a thermally conductive stack. 

The electrical current flows through the "n" and "p" pellets which 
are connected alternately at their hot junctions by a copper hot 
strap and at the cold junction through the aluminum redlators. All 
72 pellets on a tube are connected electrically in series. The 
series string of couples on each NaK tube is then cross-coupled 
electrically through the radiators with the adjacent string at every 
couple. These adjacent series-parallel connected legs are connected 
in series so that 20 leg pairs comprise the complete converter 
electrical network. 

B. Component Functional Description 

Throughout the startup and endurance phases, the converter radiator 
assembly must convert the heat supplied by the NaK to electricity 
and provide a minimum of 5OO watts of power at 28.5 volts. 

The T/E leg mounting hardware supports the leg assembly against the 
structure, and allows relative motion between the leg assembly and 
the structure during startup. 

The interleg and intermodule connectors maintain the electrical 
circuit with minimum power loss. The Interleg parallel connectors 
function only in the event of an open element, in which case they 
provide an alternate current path around the open element. 

The current shunt and main-bus wiring provides a low resistance path 
between the converter and the load. The voltage taps provide a 
Junction point between the converter legs and the wiring to the 
diagnostic instrumentation to allow monitoring of the leg voltages 
during the flight demonstration. 
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C. Reliability and Testing Evaluation 

Thermoelectric converter module qualification test sequences and 
the relationship of the tests to the flight operations are as follows: 

Test Flight Operation 

Steady state - 100 hrs. at 870 to 937"? Preflight 

Thermal cycle - 10 cycles; RT to 937°F Preflight 

Steady state - 100 hrs. at 870 to 937''P Pref light 

Shock and Vibration - 3 axes at 100^ spec. Laucnh 

Steady state - life at 870 to 937°F Startup and Endurance 

Forty-four Type V modules have accumulated /v 300,000 hours on life 
tests at 110^ of design temperature. Ten module failures involving 
34 elements have been experienced, six of these following utility 
power failure, and one following a heater failure. For a 90 day 
mission, element reliability can be estimated as O.98, based on 
component qualification test only, if allowance is made for over-
testing, but excluding the slow end-of-test shutdown which is necessary 
for diagnosis. 

The V modules tested as part of the FSM-4, FS-3 and FS-4 contribute 
<^ 1.5 X 10° additional module hours. A description of the system 
test environments is Included In Appendix I. It is impossible to 
determine how many elements have opened during these tests without 
a very costly breakdown of the available assemblies. If the most 
likely number is Inferred to be 6 failures during the > 40 million 
element-hours of type V testing, the annual failure-rate is less 
than 1.2 per thousand elements. Calculation of the series-parallel 
redundancy, see Figure 2, shows that this failure-rate is equivalent 
to a converter reilablllty of .9982 for the endurance phase consider­
ing only open circuits. There is some slight probability of short-
circuits as well, although none showed up during system testing. 
The mounting hardware, shunts and connenctors were also tested 
without showing failure symptoms so the reliability is .992 for the 
entire conversion and distribution system to survive 1 year. 

The relationship between the periodic estimates of reliability 
and the accumulation of test data can be seen In Figure 3. As 
successful experience was obtained from Type V elements the 90 day 
estimates were increased first, followed by increased annual estimates 
as the time of longest testing was extended. The successful develop­
ment of a highly reliable converter system was a notable technical 
achievement due to the pre-qualification testing of Type I thru IV 
elements. Note that nearly all Type V test data was accumulated 
simultanelusly during the period of FS-3 testing, and that 70^ of 
the 40 million element hour total was obtained from that system 
test alone. 
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FIGURE 2 

RELATION BETWEEH ELEMEMT AND SYSTEM SURVIVAL 

SNAP lOA C^RfeRTER CONFIGURATION 
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FIGURE 3a 

HISTORICAL ESTIMATES OF CONVERTER RELIABILITY 

. <)h l _ — I — I I — 1 — I — I — I — I — I I I I 1 I J I — I I I I t . 
S O N D J F M A M J J A S O N D | J F M A M 

19(h 1965 1966 
Date of Estimate 

a go 

(0 o 

^ ; . 
> a 
^^ 
>tr-\ 

EH M 

J o 
cd a 

a o 
O H 

^2 

Uo . -.. 

36 -

32 

28 -

21+ . 

20 . 

16 

12 

8 

k 

FIGURE 3b 

INTEGRATED TESTING OF THERMOELECTRIC EIEMENTS 
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VI. HEAT TRANSFER SUBSYSTEM 

A. Subsystem Description 

1. Pump and Battery 

The thermoelectric pump consists of a D-C conduction type of liquid metal 
pump powered by an integrally mounted thermoelectric generator. 
Electrodes are attached to the pump to permit the pump to measure 
flow rate and to permit the operation from a separate power source 
during startup. The main components are the throat, electrodes, 
magnet, thermoelectric elements and radiator. The following objectives 
reflect the flight pump qualification performance requirements. 

(a) Deliver 13.2 gpm of NaK-T8 at 1010*F NaK 
(b) Develop a net pressure of 1.1 psi at design flow 
(c) Deliver 0.48 gpm at 100'if" to the system with an auxiliary power 

unit supplying 40 amp to the pump 
(d) Have a life of 1 year with a flow of 10.5 gpm minimum at that 

time against the system hydraulic characteristic {^3 &V^ in 
flight) 

(e) Withstand the loads imposed by vehicle launch (shock, vibration 
and acceleration) and retain, at the inception of orbital 
operation, the minimum flow requirement. 

The battery supplies 40 amp of power to the pump during the pre-reactor 
startup phase of operation for 2k hours maximum. 

2. Expansion Compensator 

The expansion compensator unit (ECU) is used on the system to (a) 
accommodate the net volume expansion of the NaK resulting from the 
tempera-nire increase which occurs between vehicle launch and full 
power orbital operation, (b) provide system pressurization to ensure 
that neither NaK boiling nor pump cavitation occurs, and (c) maintain 
a void-free system. The ECU is an all metal assembly employing a 
welded bellow which is connected to the NaK return tube. An 
identical ECU is connected to each return line so that the center-of-
gravity of the system remains on the NPU axis. At normal operating 
conditions the net volume expansion is equally distributed between 
two ECU'S. However, in the event that the release mechanism of 
one compensator unit malfunctions, the other can absorb the total 
volume change. 

In the event that a primary bellows develops a leak, the NaK will 
flow into the evacuated 50 cubic inch secondary container, prevent­
ing loss of NaK and maintaining an adequate system operating pressure. 

The ECU bellows assembly utilizes a 13 convolution primary bellows 
and an I8 convolution secondary bellows, both being contained in 
a can assembly. The fact that two compensators are employed in the 
single SNAP IQft NaK loop leads to the logical failure diagram of Figure 4. 
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FIGURE 4 

RELIABILITY OF EXPANSION COMPENSATOR SYSTEM 

Probability of compensator system leakage 
or relaxation during first year; given a 
system stabilisation probability Pg = .995 

Failure Probabilities 

P = 13 convolution primary bellows 
S = l8 convolution secondary bellows 
C = Can leakage, spring relaxation, or hang-up 

System failure probability (Pf) = P^ S-ĵ  + C-ĵ  + Po Sp + C2 

Pj. = (.09 X .04) + .007 + (.09 X .04) + .007 = .0212 

System success probability (Rg) = (l -Pf) (Pg) 

Rg = .9788 X .995 = -974 
for stabilization and one year operation 
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Note that primary bellows leakage must be accompanied by leakage of 
the secondary bellows of the same compensator before system leakage 
occurs. 

3. Piping 

The NaK piping system consists of pipe subassemblies, manifolds, 
return lines, supply lines, etc. which are welded at final assembly 
to the T/E leg assemblies, reactor vessel, and reactor vessel head 
assembly to form a complete NaK flow loop from the NaK pump outlet 
through the power conversion system to the reactor inlet. 

The piping system must maintain containment integrity of the fluid 
NaK during all operational phases of the NPU. It provides flow 
passages for the heat transfer fluid (from the NaK pump outlet 
through the power conversion system to the reactor inlet) which 
imposes a hydraulic pressure drop compatible with pump performance 
and flow rate requirements of the system. 

B. Reliability Testing and Evaluation 

The best estimate of the reliability of this subsystem for missions 
of any duration can be obtained from Figure 5 by multiplication of 
values given for the major components. Each is discussed separately 
as follows: 

1. Pump and Battery 

Seven pumps of flight design have accumulated approximately 85,000 
hours on life test without significant degradation in flow. The 
data can be summarized as follows: 

Pump 
(S/N) 

016 

018 

022 
023 
028 
031 
032 

Time 
(Hours) 

17,170 
360 

16,909 
1,024 
9,5^2 
11,853 
10,179 
9,389 
8,249 

Temperature 
(°F) 

1010 
1100 
1010 
1100 
1010 
1100 
1010 
1010 
1100 

Flow 
(Initial) 

5*̂ 50 
4360 
5600 
4300 
5270 
5350 
5040 
5140 
5160 

(Ib/hr) 
(Final 

4020 
4420 
4280 
4420 
4460 
3800* 
4155 
4175 
2390* 

•These exceeded the minimum required 3900 Ib/hr at the end of 
the specified 6OOO hours even though over-tested for temperature. 
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The best estimate of pximp reliability for 90-day operation, based 
on these life test data, is 0.975. When all development and NPU 
system test experience is evaluated with respect to the operational 
system failure level of less than 3 gpm, the reliability of the 
pumping system for the first year of operation is O.994. No failures 
have occurred in a total of 31 similar pumps during 185,000 hours 
of testing to a specification much more severe than Is required by 
the NPU system. Four batteries successfully i.assed qualification 
tests, two of these were tested by the supplier. The primary 
batteries have an extremely high reliability as state-of-art 
components for their usage up to 20 hours. 

2. Expansion Compensator 

Four secondary containment ECU'S have completed all phases of the 
qualification test sequences. The goal of one year endurance was 
surpassed on the three units operating at design displacement of 
60 cu. in. Ober 7,200 hours of testing, in addition to the specified 
24 hours, has been accumulated on the unit operating at 120 cubic 
Inches of NaK displacement. The endurance tests consisted of 
operation at 750°F in vacuum with the primary bellows N&K filled 
and the secondary containment voliime evacuated. 

As a consequence of the bellows failure in F3-1 acceptance testing, 
a tightened compensator acceptance test was instituted. Two hundred 
cycles of operation were required of the new dual-containment design 
and considerably more stringent quality control measures were 
Initiated on the material going into bellows and can assemblies. As 
a result, statistical information is available on coupons from 
many material lots which reveals that the standard deviation of yield 
stress is less than 2^ of the mean and that 170,000 psi is a 
conservative mean stress to produce a 0.2^ offset. Thus, the 120,000 
psi handbook value for yield is a valid 99^ gauarantee level, and 
the design margin of safety is 0.20 over the calculated load level 
of 100,000 psi at 700°F. Even though yield is not equivalent to 
failure it can be conservatively taken so, and in the same sense 
the standard deviation of the yield stress can be taken as 5'̂  of 
the mean when a normal distribution of stress is assumed. 

From the qualification test experience and the above data it can be 
.calculated that the reliability of each of the 13 convolutions 
in primary bellows is at least .9996 and this bellows inherent 
reliability is .9948 therefor. The secondary bellows is loaded 
to a stress level of only 70,000 psi, so its I8 convolution total 
reliability is .9997 for at least one year of service. These high 
inherent reliabilities for the endurance phase are not borne out 
by the incomplete experience to date because it is heavily weighted 
with the FS-1 and FS-3 failures which preceeded very Important 
changes in design and QC procedures. 
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A total of 34,000 hours of qualification endurance test time has 
been accumulated without failure which yields a reliability estimate 
per ECU of 0.939 for a 90-day period. Considering the 3I bellows 
tested, including systems and pre-qualiflcatlon, the bellows have 
been tested for about 175,000 hours. This corresponds to an annual 
reliability of/^.910 for the primary bellows, including the FS-3 
failure. Based upon experience the secondary bellows is at least 
.96 reliable, and the vacu\im-melt containment can is estimated to 
be .993 for the first year. When these endurance reliabilities 
and a value for survival of launch and startup are combined in 
the redundant manner shown in Figure 4, the resultant reliability 
for the dtial compensator system is 0.974 for the first year of 
operation. The malfunction in FS-3 was probably a stringer because 
these comjiensators did not Incorporate vacuum-melted can material. 

3. Piping 

The containment of the NaK piping has been demonstrated by system 
tests FSM-1, FSM-4 and FS-1 which provided approximately 3,600 
hours of qualification test time. The FS-3 and FS-4 tests add 
11,000 hours to the total, and stress analysis verifies an extremely 
high reliability. However, the probability of meteoroid puncture 
is nearly 2^ so the annual reliability is estimated as .̂ 965, 

VII. STRUCTURAL SUBSYSTEM 

A. Subsystem Description 
1. Primary 

The structural subsystem consists of the primary structure, 
instrument compartment, and ejectable heat shield. 

The primary structure is made of .020 in. titanium in the shape of 
a truncated cone. The shell is corrugated to form channels for 
the 40 NaK tubes. A torque box maintains the structural formation 
at each opening. Loads from the reactor and shield are transferred 
from the structure apex to the Agena through the shell which is mated 
at the interface by 8 supporting legs. 

2. Instmment Compartment 

The donut shaped instrument compartment, made of aluminum, is 
supported from the structure, within the 8 legs, so that the APU 
load does not affect it. Dimensionally, the compartment has a 
50 in. O.D., a 26 in. I.D. and is 4 in. deep. Eight compartments, 
formed by webbed stiffeners, provide the structure for supporting 
the instrumentation and control subsystems, electrical wiring, and 
interface connectors. 
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3. Heat Shield 

A honeycomb aluminum heat shield is used to minimize the system 
heat losses in orbit prior to thermal startup. During prelaunch, 
the APU is warmed, by conditioned air, to a minimum of 75°P« Since 
orbitual prestartup heat losses could cause NaK freezing, the 
heat shield acts as a thermal blanket and minimizes sun and shade 
transients. The shield is constructed in halves with longitudinal 
separation. Lower supports, at 90° from separation, allow a 
ratatlonal separation of shield and breakaway connector. An 
overlapped band, held by a squib actuated pin puller, encircles 
the halves at the top. When the reactor outlet temperature reaches 
275''F, the squibs are fired, the pin pulled, and the band releases. 
Preloaded springs provide the energy for the shield separation and 
trajectory. The breakaway connectors, one per shield half, carry 
the wiring for firing the squibs and for diagnostic thermocouples. 
For ease in separating, the receptacle sockets are gold plated 
brushes into which fold plated pins are Inserted. 

B. Reliability and Testing Evaluation 

Two primary structures were specifically tested for qualification 
levels of shock and vibration and thermal cycling. Additional 
shock and vibration testing plus thermal-vacuum endurance runs 
were accomplished in system tests, as described in Appendix I. 
Extensive stress analysis and system development testing was conducted 
as noted in references 1, 2, and 3« Subsequent system testing has 
c onfirmed the high reliability values employed in Table I for this 
subsystem, .997 for survival of launch and startup. 

Qualification testing of the instrument compartment was concurrent 
with the primary structure. Significant development testing and 
stress analysis was performed to insure that no structural failure 
could occur which would compromize critical components and jeopardize 
the mission. 

The ejectable heat shield was qualification tested on two units 
which completed shock and vibration and thermal cycling. Endurance 
testing is not significant since the shield is ejected during startup. 
The heat shield was tested on systems FSM-1 and FSM-4 as described, 
in Appendix I . More than 100 ejection tests were performed in 
order to Insure that variations in the force available were allowable 
in conjunction with variations in the connector friction and hinge 
loads. The main reason for the heat shield reliability being .99^, 
and lower than the primary stnacture, is that a probability of 
impacting exists subsequent to ejection. 
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VIII. REACTOR STARTUP AND CONTROL SUBSYSTEM 

A. Subsystem Description 

The SNAP lOA reactor and control subsystem has been designed to 
provide an automatic controller sequence of events to bring the 
nuclear reactor to full thermal power, and to provide active 
temperature control during a 72 hour stabilization period. A 
momentary 26 VDC startup command initiates the startup sequence by 
energizing 12 latching relays connected in functional redundancy. 
A single command signal, originating in the Agena, is transmitted 
to the NPU on separate wires connected to the redundant banks of 
startup relays. Activation of these relays accomplishes three 
startup functions as described below. 

The first startup function energizes two relays on each command wire 
to fire squibs for releasing retaining pins on the reactor control 
drum segments. The relay contacts are arranged so that either of 
two relays will fire squibs for releasing both coarse control drums. 
Full insertion of these drums is through pre-stressed springs which 
snap the drums in. A similar relay-squib-pln-p\iller arrangement 
is provided for releasing retaining pins on the fine control drums. 

The second startup function consists of energizing 4 relays which 
close contacts and arm the heat shield squib bus. Once the bus is 
armed, heat shield ejection is dependent on a thermo-mechanlcal 
temperature switch closure firing a squib. When the squib is fired 
a pin is pulled which releases the heat shield retaining oand 
allowing the spring loaded halves to eject. Parallel circuits of 
temperature switches, relays, and squibs are provided for redundancy. 

The third function provides, by relay contact closure, electric 
power to the startup controller. With the reactor outlet initially 
at a low temperature, dual temperature sensor/switches feed the 
controller a corresponding low temperature input signal. Controller 
cyclical operation of the fine control dnun stepping motors is 
based on a predetermined insertion rate of 1/2° dinim rotation every 
150 sec. '/rtien the reactor NaK coolant outlet temperature reaches 
the set point of 1020°F, both temperature sensor''switches close 
and the controller stops pvilsing the motors. During the 72 hour 
reactor stabilization period, the controller remains energized 
and automatically drives the drum motors to increase reactivity 
when the NaK outlet temperature drops below 1010°P. 
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A ground command is also available to overide the remperature sensor/ 
switch for the purpose of increasing the reactor outlet temperature. 
This command is a backup for use in the event of flight system 
performance anomalies. Following sufficient reactor stabilization, 
the controller electric power is switched off by ground command, and 
continued oower operation is determined by the reactor nuclear 
characteristics. Provision for turning the controller power 
back on is afforded by a ground command should Increased reactor 
power be required. 

B. Component Functional Description 
1. Relay Boxes 

The main relay box and the auxiliary box contain the components 
necessary to distribute and supply electrical power to the operating 
SNAP lOA subsystems. These components are 6P-DT latching relays, PP-DT 
latching relays, PP-DT non-latching relays, relay sockets, diodes, 
fusistors, and interconnecting, low temperature wire. 

Specific functions of the relay box components are summarized 
as follows: 

Single, momentary commands are received from the Agena which energize 
latching relays in the NPU. The choice of logic function and the 
use of redundant contacts is dictated by the subsystem end require­
ments. For startup, complete redundancy is employed for energiz­
ing components and for firing squibs. 

Diodes are installed across the relay coils to short-circuit the 
reverse current generated by the collapsing magnetic field of the 
de-energized relay coil. These suppression diodes substantially 
reduce the EMI generated by the relay box. 

Fusistors, located in the main relay box, are wired in series 
with each of the fourteen squibs. The fusistors provide a controlled, 
current limiting action against squib malfunction into a short-
circuit. Opening time of the flight-type fusistor is 3 seconds at 
a resistance of 4.5 OHMS with 28 VDC applied. 

The relay sockets and interconnecting wiring have been qualified 
as part of the component and system qualification tests. 

2. High Temperature Wire 

The high temperature wire is used in all areas where the temperature 
ranges from 700° to 1,000°F. The wire consists of nickel clad 
copper, stranded conductor with fiberglass insulation and a 
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stainless steel overbraid shield. Three layers of braided fiberglass 
cover the inner conductor. A layer of stainless steel braid follows 
with two additional layers of fiberglass over this braid. The 
outer fiberglass insulation is protected by a stainless steel braided 
shield. This wire is routed through the conical structure to the 
reactor/reflector area, and transmits power to the control drum 
stepper motors, the drum release squibs, the EABRD and related 
components. Signal outputs from the temperature switches, position 
switches, and drum position transducers are also carried on high 
temperature wire. 

3. Controller 

The controller is a solid state device operating in digital logic. 
Transistors are used throughout with the exception of the stepper 
motor output power which is switched by relays. A low temperature 
input signal is provided, by temperature sensor/switches, in the form 
of an open circuit. When power has been supplied to the controller, 
either by startup command or by the controller "on" command, the 
following sequences take place, (l) An initial time period of 
50 seconds effects a delay so that short term thermal transients do 
not Influence the reactor control - if the low temperature signal 
ceases during this 50 seconds, the controller resets and no further 
action occursi (p) when the input signal exceeds 50 seconds, four 
sequenced jnilses are sent to the control stepper motors, -..id there­
after pulses are sent every 150 seconds as long as a low temperature 
is sensed. The internal time base signal is generated by a trans­
former coupled multivibrator. 

4. Drive Motors 

The control drum stepper motors drive the reactor beryllium reflector 
drums into the dixed beryllium cavaties to increase reactivity. 
The motor is a synchronus stepping machine with a permanent magnet 
rotor and an eight pole stator with bi-filar windings. Four 
voltage pulses energize the motor winding sequentially to produce a 
shaft rotation of 6.8°. A gear reduction set with a 13.84: 1 
ratio causes a drum rotation of l/2 degree for each four-step 
sequence. 

During non-operating periods, the motor rotor is locked in place by 
a spring loaded brake consisting of a disc on the shaft. A solenoid 
winding is electrically in series with the motor colls so the brake 
is released whenever the motor Ls being driven. 
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5. Temperature Switches 

a. Electronic Temperature Switch 

Two electronic temperature switches are used for signal 
conditioning of the input to the startup controller. Both 
switches are of similar construction, and are connected in 
series so that opening either sv;itch causes controller 
operation. 

Physically, a temperature switch consists of a platinum 
wire temperature sensor, located at the reactor outlet, 
and a signal conditioner in the instrument compartment. 
The sensor forms one leg of a resistance bridge which feeds 
a control signal to a magnetic amplifier. When the mag-amp 
changes state, a second mag-amp is energized. This second 
amplifier drives a relay which has contacts in series with 
the startup controller input. The operation is such that a 
temperature sensed below the set point of lOlOT causes 
the relay to be de-energized and the contacts, which are 
paralleled internally, open. An open circuit to the con­
troller input initiates a drum motor stepping sequence. 

b. Thermo-Mechanical Temperature Switch 

The thermo-mechanical temperature switches initiate the 
heat shield ejection, and detect high or low temperature 
malfunctions. These switches are made of concentric 
metal tubes with a common weld at one end. These switches 
operate on the force generated by temperature changes on 
bi-metalic elements. Thus, tube materials are chosen for 
their difference in coefficients of thermal expansion. A 
suitable linkage is provided at the open ends with an 
adjustment screw for setting the desired contact closure 
temperature point. Two switches were set to close contacts 
at a probe temperature of 275''F. Each switch closure 
independently energizes a circuit for firing squibs, and 
thereby ejecting the heat shield. The low temperature 
malfunction detection switch closes contacts when the 
reactor outlet temperature drops to ySCF. A non-latching 
relay is then energized and the malfunction sequence is 
initiated. Similarly, for a high temperature excursion, 
a switch closure at 1285"? energizes the malfunction 
detection circuit. 
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6. Squibs and Pin Pullers 

A pyrotechnic squib and pin puller form an actuator assembly 
for releasing the four control drums, both expansion compen­
sator bellows, and the heat shield retaining band. Each of 
these end functions requires one pin actuation, and are 
redundant so that either of two squib firings initiate the 
action. 

The actuator consists of a housing with a piston chamber, 
and a sliding piston and shaft which is retracted by the 
detonation of a squib. Two squibs are attached in a parallel 
redundant configuration for increased reliability. Although 
each squib contains two isolated bridge wires, only one such 
initiating circuit per squib is employed on SNAP-IOA. 

?. Connectors 

The electrical connectors are a major link in the operating 
function on SNAP-IOA, and their complete integrity is 
required for mission success. The variety of connectors 
used is subdivided into these four major categories: 

1. High Temperature Connectors; 
2. Low Temperature Connectors; 
3. Ejectable Heat Shield Connectors; 
4. Terminal Blocks. 

High temperature connectors with stainless steel shells and 
Duroc D-133 insulation are used outside the instrument 
compartment. Applications include reactor interface, squibs, 
temperature switches, and expancion compen.'̂ ator units. 
Extensive environmental testing on these connectors was 
satisfactory, although initial problems were experienced 
with wire terminations. 

The low temperature connectors are installed in the instrument 
compartment where the temperature may range from 75° to 140"?. 
The successful operation of these connectors was verified by 
component qualification tests as well as integrated system 
tests. 

A special connector, with a low unmating force, was used on 
the ejectable heat shield. A plug with tapered gold-plated 
pins was attached to the shield half. These pins mate with 
brush type sockets on the receptacle which is attached to the 
NPU structure. This construction permits easy separation during 
heat shield ejection. 
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Terminal blocks are used in the instrument compartment for 
wiring tie points, power distribution, and for transitions 
from high temperature to low temperature wire. The term­
inal blocks are glass fiver filled, diallyl phthalate with 
10 gold-plated brass inserts as feed-through terminals. 
The inserts accept a tapered, gold-plated brass pin with a 
crimp type wire connection. A forced fit insertion of pin 
into insert provides a sturdy, electrical connection which 
is reliable in state-of-art applications. 

C. Reliability and Testing Evaluation 

1. The main and auxiliary relay boxes were qualification 
tested as assemblies. Each box completed shock and 
vibration, 10 thermal cycles, and endurance testing of 90 
days. This /rosram satit;fied the qualification requirements 
for the three types of relays, the fusistors, the diodes, 
and the low tem^ierature interconnecting wiring. In 
addition, the following tests were completed on the separate 
components: 

Relay Qualification Test Results 

Test Type 

Performance Record 

Sealing 

Overvoltage 

Acceleration 

Vibration 

Shock 

Low Temperature 

Thermal Vacuum 

Endurance 

Radiation 

Number Tested 

51 

^7 

^7 
h7 
k6 
kk 
21 

21 

6 
k 

Number Failures 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

The early radiation hardened relays used ML varnish on the 
coils but failures associated with these required a change 
to Teflon wrapped coils. Although Teflon is susceptible to 
radiation damage no adverse effect, within the hermetic 
container, is anticipated within one year. Component test­
ing on diodes was limited to irradiation where samples were 
subjected to 10^^ nv fast neutron flux and a gamma dose of 
3 X 105 r. No sftrious degradation resulted. 
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Fusistors were qualification tested under shock, vibration, 
thermal-vacuum, and radiation environments without failure. 

2. Samples of high temperature wire passed qualification 
level testing of shock and vibration, thermal cycling, 
thermal-vacuum endurance, and radiation. In addition, 
wire performance on system tests demonstrated 100?^ survival. 

3. Three startup controllers were tested to qualification 
levels of shock and vibration and 10 thermal cycles each. 
Two units completed 90 days of endurance testing and a 
third unit was irradiated. Supplemental endurance testing 
was performed as follows: 

Serial Number Number of Hours Number of Cycles 

8 1,776 42,960 

13 9,209 39,388 

Ik 8 ..870 40.292 

TOTALS 19,855 122,640 

4. The control drum actuators completed qualification 
tests on six units with one failure during the endurance 
phase. The failure resulted from a shorted winding which 
was deformed during assembly. Quality Control measures 
were adopted which prevent defects of the type observed 
from occurring again. Five actuators passed endurance 
testing successfully and two units completed radiation 
testing without failure. 

5. Two reactor temperature control switches were subjected 
to shock and vibration, thermal cycling, 90-day endurance, and 
radiation tests. The temperature sensor, associated with 
the switch, completed the same tests except that only one 
was subjected to shock and vibration. No failures were 
associated with either component during the qualification 
tests. 

Three thermo-mechanical temperature switches successfully 
completed shock and vibration and ten thermal cycles each. 
Two units were endurance tested for 90 days without fail­
ures. Successful operation during system tests added to 
the reliability level for demonstrated performance. 
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6. The squibs and pin-pullers were qualified as components 
as well as part of the DRM-1 assembly qualification tests. 
Fourteen squib and pin-puller assemblies were tested for 
shock and vibration and tO thermal cycles each. Seven 
assemblies were endurance tested for a total of 860 hours 
and four were subjected to irradiation. Eight additional 
units completed shock and vibration, thermal cycling, and 
endurance during the DRM-1 tests. No failures were recorded 
during the test programs. 

7. Qualification testing of high and low temperature 
connectors and terminal boards was completed as part of the 
FSM-1 and FSM-4 test programs. All low temperature con­
nectors, installed on component parts, were also qualified 
along with that assembly's qualification tests. 

The heat shield breakaway connector was qualification 
tested as a separate component. Two connectors were sub­
jected to shock and vibration, and endurance testing of 
102 hours each. Four units were thermal cycled ten times each. 
No radiation tests were performed since the connectors are 
unmated following reactor startup. There were no connector 
failures during the qualification test program. 

IX. FLIGHT DIAGNOSTIC INSTRUMENTATION 

A. Subsystem Description 

The Instrumentation on SNAP lOA provided a source of engineering 
design information and enabled flight system management through 
telemetry data evaluation and subsequent ground commands. Nine 
basic categories of measurements were taken as listed in Table III. 
Provisions were made for redundant rripasurements to Insure a complete 
data profile consistent with the unique demonstration test-flight 
mission. 

B. Reliability and Testing Evaluation 

The diagnostic Instrumentation was generally qualification tested 
on a component level. Except for the thermocouples and voltage 
divider, at least one of each flight type Instrument was tested 
through shock and vibration, thermal cycles, endurance, and 
radiation. The structure-mounted thermocouples and the voltage 
divider were qualification tested as part of the FSM-1 and FSM-4 
system tests. 
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TABLE III 

ITEM 

1. 

2. 

3-

4. 

5. 

1 

6. 

7. 

8. 

9. 

MEASUREMENT 

Shock & 
Vibration 

Flow 

Temperature 

Nuclear 

Position 
(analog) 

Position 
(switch) 

Voltage 

i Current 

Impedence 

Event 

DESCRIPTION 

Accelerometers along X, Y, and Z axes of 
reactor 

1. 
2. 

1. 

2. 

1. 
2. 
3. 
4. 
1. 
2. 

1. 
2. 
3. 
4. 
5. 
1. 
2. 
3. 
1. 
2. 
3-

NaK coolant flow at reactor outlet 
NaK EM pump wall voltage 

Thermocouples on reactor, piping, 
converter, and heat shield 
Resistance temperature detectors on pump 
fins, piping, and instrumentation 
compartment 

Reactor fast neutron leakage flux 
Instr. comp. thermal neutron flux 
Instr. comp. gamma flux 
Instr. comp. neutron dose 

Fine control drums 
Expansion compensator bellows 

Control drums full in and full out limits 
Expansion compensator bellows collapsed 
Heat shield ejected 
Reflector half position 
Reflector retaining band status 

Converter leg taps 
Conterter total voltage 
Controller Internal voltages 

Converter output 
Converter leakage 
NaK pump startup battery current 

Converter Internal impedence 

Relay contact event markers 

TOTAL 

QUANTITY 

3 
1 
1 

33 

16 

1 
1 

I 8 
2 
2 

8 
2 
2 
2 
2 

10 
2 
6 
1 
1 
1 

1 

14 

121 1 
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No serious component failures were observed during the testing 
period. In some cases, output degradation or a calibration shift 
occurred but these were not considered detrimental since satisfactory 
data could still be obtained. The use of redundant measurements in 
the system configuration ensured a high probability of obtaining 
data even with individual failures. 

Considering the conditions under which a given Instrument is required 
to function, the backup provisions available in this subsystem are 
roughly equivalent to 3:1 for reflector/drum position, 11:1 for NaK 
temperature, and 12:1 for converter voltage. 

Table IV lists the measurements required during each mission phase 
for providing data for subsequent ground initiated action. The 
number of measurements available for each required indication shows 
the instrumentation redundancy. During the prelaunch and launch 
phase, the required indications were specified by Air Forces 
direction. Failure of a required indication at this time would 
result in a "hold" condition pending resolution by the Program 
Director. Instrumentation failures during prelauch would not 
constitute a mission failure since repairs are possible. 

Because the flight-testing of FS-5 might Involve the desirability 
of additional data points, a rigorous reliability analysis of the 
diagnostic system is not feasible. It is likely that no new channels 
need be provided, but that the success of FS-4 could lead to a net 
reduction of Instruments. When the probability of requiring each 
given diagnostic function is considered In conjunction with the 
reliability and redundancy of each function, except those in the 
converter 'distribution system, the reliability of the subsystem Is 
pesBlmtstically estimated to be .989 for one year. This does not 
mean that the subsystem will be complete, but that it cannot be 
blamed for contributing to mission failure as a primary cause more 
often than on ~1'5B of the flights. These occasions would include 
both false or ambiguous indications and missing data because adequate 
failure and engineering performance data is part of the defined 
mission criteria. 
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Mission 
Phase 

Prelaunch and 
Launch 

1 

Prestartup 

Orbital 

Orbital 
Startup 

Full 
Power 

TABLE IV 

DIAGNOSTIC TELEMETRY REQUIREMENTS 

Measurement Type 

Reflector Position Switch 
NaK Temperature 
NaK Flow 
Converter Current 
Converter Voltage 
Drum Analog Position 
Heat Shield Position 
Malfunction Bus Status 
ECU Analog Position 

Reflector/Band Position 
NaK Flow 

NaK Inlet/Outlet Temperature 

Fine Dioun Position Switch 
NaK Inlet/Outlet Temperature 
ECU Position 
Converter Current 
Converter Voltage 

Reactor Inlet/Outlet Temp. 
Converter Voltage 
Converter Current 

1 Measurement 
Indication 
Required for 
Phase Success 

' 1 
! 1 
i 1 
; 1 
! 1 
i 2 

2 
1 

i 2 

' 1 
1 1 

1 2 
i 

! 2 
; 2 

1 1 
I 1 
\ 1 
i 
1 

i 2 
1 1 
1 1 

1 

1 
i 

1 Measurements 
Available 

2 
' 5 

1 
1 
1 
2 
2 
1 
2 

^ "1 
3 I 
21 J 
2 * 
27 
3 
1 
12 

21 
12 
1 

Remarks 

Loss of indication 
constitutes a "no go" 
condition at any point 
in the prelaiinch and 
launch operations. 

A successful indication 
may enable saving a small 
proportion of otherwise 
doomed missions. 

•r 
If either switch reads 
full in, controller 
operation would be ground 
commanded at slow rate. 

Ii 
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X. AUTOMATIC MAUUNCTION DETECTION AND SHUTDOWN SUBSYSTEM 

A. Subsystem Description 

This subsystem is a standby circuit for shutting down the SNAP lOA 
reactor by reflector ejection. Ejection is normally accomplished by 
energizing the electrically actuated band release device (EABRD), 
a fusible link in the reflector retaining band. When the retaining 
band parts, the spring loaded reflectors are free to eject. 

As a backup to the EABRD, a thermally actuated band release device 
(TABRD) is employed to pull a holding pin in the retaining band 
when the reactor temperature drops below a usable limit. 

Two circuits in the detection and shutdown subsystem provide an option 
for electrically energizing the fusible link. These options offer 
(1) the use of an on-board automatic malfunction detection and shutdown 
sequence, or (2) a ground controlled ejection command. The end functions 
are identical, whereas the option difference is the initiating signal 
origination. 

The automatic malfunction detection and shutdown circuit is armed 
by a ground command, following the reactor stabilization period. 
This command energizes a latching relay which provides voltage to 
the detection and shutdown circuits. Once the latching relay is 
conmanded on, there is no flight operation or action which will then 
de-energize the automatic shutdown sequence. 

The malfunction detection circuit is activated by either of four 
abnormal system parameters. These are (l) loss of NaK coolant, 
(2) low reactor outlet temperature, (3) high reactor outlet tempera­
ture, and (4) low unregulated bus voltage. Each circuit independantly 
senses and monitors a critical operating limit. The first of these, 
loss of NaK coolant, results in a collapae of the expansion compen­
sators bellows. As each bellows depresses, individual micro-switches 
are closed Indicating the volume loss. With both switches closed, 
a common non-latching relay is energized which in turn initiates 
a malfunction circuit in the Agena vehicle. Circuitry in the Agena 
then provides for taping the system telemetry data, and for subsequent 
transmission to ground stations. 

In the event of a system malfunction causing the reactor outlet 
temparature to drop, a thermo-mechanical temperature switch closes 
at 780°F. This switch closure energizes the same common non-
latching relay, described in the NaK loss section, with the same 
end results. A high temperature malfunction is sensed by • similar 
thermo-mechanical switch which closes at a reactor outlet temperature 
of 1285°F. 
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The fourth sensing circuit combines malfunction detection and 
automatic reflection ejection. If the unregulated 28 VDC bus 
voltage, as sensed in the NPU instrument compartment, drops to 
22.75 V, two low voltage sensors must close their contacts to 
energize a one-minute electro-mechanical timer and a non-latch­
ing relay. This double-pole relay energizes the common mal­
function detection relay, described previously, and also provides 
a signal to switch off the Agena secondary payloads. If the low 
voltage condition clears within one minute, both voltage sensors 
and the timer automatically reset so that only a transient mal­
function is detected. 

The failure sequence initiates when the one-minute timer times 
out, indicating a continued low voltage condition. After the one 
minute delay, a relay is energized which sends a failure signal 
to the Agena for switching power to end-of-life batteries and 
for resetting the data acquisition tape recorder. In the NPU, a 
one-hour timer starts a delay period for acquiring failure data. 
At the end of one hour, a timer contact closure energizes a latch­
ing relay. Parallel contacts on this relay carry current to the 
fusible link in the reflector retaining band. After 30 seconds, 
at an energy of 1,800 joules, the link opens and the spring 
loaded reflectors are ejected. 

The second circuit in the detection and shutdown subsystem allows 
continuous ground command option for reflector ejection. Command 
ejection Is possible through the umbilical, prior to launch, and 
thereafter by radio command at any time the vehicle is in a 

receiving zone. The command directly energizes the ejection relay 
which provides power to the fusible link. This Insures the 
capability of ejecting the reflectors should the automatic circuit 
malfunction. See Reference 5 for Integrated ejection reliatillty. 

B. Reliability and Testing Evaluation 

The malfunction detection components do not directly affect the 
mission objectives, except in the event of low voltage. Therefore, 
the diagnostic system includes the other three functions and the 
following discussion Is limited to the shutdown components. 

1. Low Voltage Trip 

Four low voltage trip devices were qualification tested through 
10 thermal cycles each, shock and vibration, radiation, and 90 
days each of thermal-vacuum endurance. This testing accomplished 
the equivalent of four complete missions without a failure. In 
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addition, two devices on each vehicle were tested as part of the 
system tests, FSEM-2A, FSEM-3, FSM-4, and FS-3. Throughout all 
the testing, the low voltage trip device demonstrated it would 
function properly for the 90 day mission. The probability of 
these two devices either prematurely operating, or falling to 
operate as required is estimated to be .995 for one-year mission. 

2. Delay Timer 

Two reflector ejection delay timers were component-qualification 
tested for an equivalent of 2 normal 90-day missions. At voltages 
below 22 volts, the speed control did not function but this was 
below the system operating limits. With the voltage at 28 VDC, 
the timer successfully completed 2,000 timing cycles. The high 
test cycle performance, when compared with the flight requirements 
of six one-minute cycles and only a single one-hour cycle, demonstrated 
a high level of expected success. During radiation testing, one 
timer failed as a result of the type of drive lubrication used. 
The lubrication method was revised and no further failures were 
recorded. The joint probability of false actuation or failure to 
time out and switch is estimated to be .006 per year under the 
expected duty cycle distribution. 

3. Electrical Band Release 

Thermal-vacuum, 90-day endurance testing was completed on four 
EABRD's. At the end of 90 days, each device was energized and the 
fusible link parted. During development testing, two units were 
radiation tested without any detrimental effects. Five EABRD's 
were subject to shock and vibration testing. On one unit the 
heater resistance decreased greater than the allowed lOjt. This 
EABRD was separately endurance tested for seven days and then 
fired successfully. The remaining 4 units completed the quali­
fication tests. Evaluation of all development and system testing 
leads to the conclusion that .998 represents the EABRD reliability 
for 1 year. 

4. Temperature Band Release 

Two TABRD'8 successfully completed all phases of their qualifi­
cation testing. Both units were subjected to shock and vibration, 
10 thermal cycles each, and endurance testing for one thousand 
hours each. Ho failures were recorded during the tests. Additional 
stud tests deBonstrated a sufficient margin of strength to 
preclude preaature operation or failure of the component. The 
estimated TABRD reliability is .998 for missions of 1 year. The 
reflector retaining band is considered to be a part of the reflector 
assembly. 
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XI. CONCLUSIONS 

The technical success of the SNAP lOA Flight Systems, as exemplified 
by the FS-3 and FS-4 nuclear operations, was due in large part to 
the component qualification testing program. Even though only a 
small number of each final component type was tested, the information 
generated was significant. Numerous design modifications were 
adopted after failure of comjionents during pre-qualiflcatlon tests, 
and system operating points were predictable with excellent accuracy. 

Differences between the component designs as qualified and reported 
here, and those employed on the Flight Systems, were trivial and 
almost non-existent. Because there were numerous differences between 
development hardware and flight designs, an adequate engineering 
data reporting system was required to Insure proper corrective action. 
Notable pre-quelification tests of comTxanents which required re-deslgn-
ing, were conducted on the following critical items: 

1. NaK pump 
2. Thermoelectric modules, Type I thru IV 
3. Expansion compensator 
4. Reflector ejection timer 
5. Two pole, double throw relays 
6 Electrically actuated band release devices 
7. Converter current shunts 
8. Temperature switches, electro-mechanical 

Many custom designed components were successfully qualified for 
flight suitability under the SNAP lOA program. In addition to the 
entire structural and piping systems the following unique components, 
of Atomics International design, were qualified for use in space 
power plants: 

1. Pin-pullers 
2. Temperature actuated band releases 
3. Reflector and drum-drive assemblies 
4. Drum drive stepping actuators 
5. Radiation shield 
6. Ejectable heat shield 
7. Fuel rods 
8. NaK pump 
Q. Expansion compensator for NaK 
10. Thermoelectric converter 
11. Startup controller 
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It was not possible to conduct ground testing under exact conditions 
of space vacuum, non-gravity, meteoroids, magnetism and radiations. 
Nevertheless, sufficient calculations and design allowances were 
made so that no new environmental interaction was observed during the 
single FS-4 orbital demonstration test. No modifications are required 
of qualified components as a result of any testing conducted since 
the FS-4 launch date, although some minor system improvements can 
be made as a result of experience and analysis obtained in the interim. 

Measurements of component and system reliability have been determined 
with notable accuracy from a rather small number of component and 
system tests. The performance during test was nearly perfect for 
all final flight-designed items even though the aprlorl confidence 
of meeting the February, I962 reliability goals did not exceed 50^. 
It is concluded that a balanced component/system development program 
can be efficiently conducted with a slight degree of over-testing. 
A reliability stress analysis of the deslim margins and test data 
as detailed in Reference 1, when combined with an extensive system 
configuration study per Reference 5, can result in quantltlfylng the 
system reliability (as in Table II) adequately for purposes of project 
management. 

Considering the total experience obtained during the SNAP lOA 
program, and the prior state-of-art knowledge existing for many 
components, the inherent reliability of the power plant design has 
grown to a value of nearly 90^ for near-earth missions of one year 
duration. Even if the mission were to include meteoroid showers, 
elaborate data requirements, and mandatory shut down at the end of 
useful life, the annual reliability forecast would probably be 
greater than 84^ unless degradation slightly below 500 watts is 
not allowable under any payload conditions. 

By utilizing this report, designers of space systems can locate 
detailed component test data and evaluate the suitability of SNAP lOA 
qualified components for other programs. 
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APPEMDIX I 

SYSTtSM TEST DESCRIPTIOW 

I. FSM-1 QUALIFICATIOM TEST 

The FSM-1 (Flight System Mockup-l) was the first f\ill-scale, 
non-nuclear, vehicle subjected to qualification performance tests. 
The sequence of operations performed on FSM-1 are summarized in 
the following list. 

1. Pre-operation checkout 
2. Shock and vibration acceptance test 
3. Shock and vibration qualification test 
k. NaK loading 
5. Thermal and simulated nuclear checkout 
6. Pre-startup orbital test 
7. Simulated nuclear startup test 
8. Fxai power operation for 90 days 

The pre-operational checkout was a test phase, performed at ambient 
environment conditions, to verify the electrical integrity of the 
vehicle following final assembly. Subsystem operation was checked 
by sending commands and thereby simulating phases of the flight. 
Verification of successful operation was monitored through special 
test points and by visual inspection. 

The FSM-1 underwent shock and vibration testing at acceptance and 
qualification levels. Several discrepancies were noted and corrected 
prior to the qualification run. The most common faults occurred in 
wire bundling and routing where lengths of wire became frayed. Loose 
nuts vibrated off, fragile lead wires broke, connectors loosened, 
and micro-switches were cracked. All of these discrepancies were 
corrected by redesign for the flight system. 

NaK loading consisted of forced circulation of NaK through the NPU 
to monitor tube plugging and coolant cleanliness. A heater in the 
NaK cart raised the circulating coolant Temperature to 600°F while 
observations were maintained on the outlet temperatures of each of 
the 1*0 converter tubes. A plugging Indicator in the NaK cart 
was periodically tested to ensure the NaK cleanliness. Following 
the 600'F continuous circulation, the NaK was drained and the 
addition of a new clean charge completed the NaK loading operation. 
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A thermal reference test was run for ^2 hours with the temperature 
above 800°F for 2k hours. Data from this test established the 
performance of the thermoelectric converter as predicted from 
early component/module testing. Several trouble areas became 
api)arent «md repairs were completed prior to the 90-day full power 
test. A redesign of the fin thermocouples wea initiated and an 
Improved method of gold foil wrapping was employed. 

The pre-startup orbital test verified the effectiveness of the 
ejectable heat shield during orbit conditions of either constant 
sun-constant shade or sun-shade transients. Simulation of solar 
flux was provided by banks of radiant heaters. The test results 
showed that the system thermal response is not significantly 
affected by flow rate. The time for the system to reach thermal 
equilibrium is dependent on the neutron shield which represents 
about 2/3 of the system total heat capability. 

During the simulated nuclear startup test, the MPU was subjected 
to the maximum thermal transient. Frc» an initial core outlet of 
130*F, the temperature was increased to lf00°F in 30 minutes. In 
four hours the outlet temperature had reached 98o''F and then 
stabilized at 1,000°F. As part of the startup qualification, the 
following actions occurred: 

1. The reactor coarse and fine control drum locking pins were 
released by squib actuation. 

2. The startup controller was energized. 

3. The heat shield ejection circuits were enabled. (The heat 
shield itself was not installed.) 

k. The coarse control drums were sprung to the full in position. 

5. Stepping of the fine control drums was initiated by the 
controller. 

Date collected during this test phase agreed well with the predicted 
startup transient. Corrections were made for the flight system 
calculations based on the measured values of the FSM-1 thermal 
response. 

Results of the 90-day fiill power test provided degradation rates 
for the thermoelectric converter and the electromagnetic pump. 
This test phase also helped to qualify the structural, electrical, 
and piping subsystems for the thermal-vacuiam endurance portion of 
the flight mission. A complete report of the FSM-1 system testing 
can be found in Reference 6. 
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II. F3EM-2A DEVELOPMENT TESTS 

The FSEM.2A (Flight System Electrical Mockupr2A) was used to 
verify that the electrical power, instrumentation, and control 
systems will perform satisfactorily during the flight system 
test phases. The test program objective was to demonstrate the 
ability of the entire flight electrical assembly to survive accept­
ance tests, ground checkout, and ground handling. 

Assembly of the FSEM-2A vehicle consisted of the following parts: 

1. PSM-IA titanium shell 
2. Reactor core mass mockup 
3. Reflector assembly mockup with flight wiring harness 
k. T/E pump from qualification test 
5. Reactor outlet piping to support legs 
6. Six converter legs 
7. Radiation shield mockup 
8. Expansion compensators with instrumentation 
9. Ejectable heat shield connectors and bracketry 

The testing convered a period of nine months. During this time 
the following 15 separate test pahses were completed. 

1. Final assembly checkout - assembly and wiring verification checks 

2. FSEM-2A/TSM-2 mating test - vehicle and test set compatibility 
established. 

3. Reference tests - nine interspersed tests conducted to verify 
vehicle status between test phases 

h. Life test - demonstrated ten consecutive launch and orbital 
sequences 

5. Nose cone fit-up - verified envelope clearances with Agena 
nose cone 

6. EMI tests - determined the conducted and radiated electromagnetic 
characteristics of subsystems 

7. Electrical system modifications - updated modifications during 
test program 

8. Handling and shipping - verified procedures for handling and 
shipping 

9- Thermal vacuum tests - demonstrated operabillty at temperatures 
of 1,000'F at core outlet, 500'F at drum motors, and 120°F 
at the instrument compartment under a vacuum of 1 micron 
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10. TSM-1 checkout - established checkout procedures and operational 
capability between the test set and the vehicle 

11. CZ isolation inductor test - verified isolation capability of 
the converter choke when measuring converter internal imrpedance 

12. EABRD firing test - demonstrated operation of the electrically 
actuated band release device for reflector ejection 

13. TSM-2A checkout - final verification of procedures and test 
set operation for use on the flight systems 

ik. Simulated squib firings - exercised squib firing relays and 
verified performance of squib circuits 

15. VAFB launch pad checkout - established electrical checkout 
and handling procedures for flight launch operations. 

Discrepancies which occurred during these test phases were of a minor 
nature. The primary gains frcsn the test series were (l) a high level 
of training in checkout and handling procedures, and (2) demonstrated 
confidence in the ability of a flight vehicle to survive all pre-
launch environments. References 7 and 8 contain a complete summary 
of the FSEM-2A development testing. 

III. FSEM-3 INTEGRATED SYSTEM TESTS 

A series of ingegrated system tests was performed with the FSEM-3 
(Flight System Electrical Mockup-3) mated to the Agena FMU 
(Functional Mockup). The purposesrf the tests were to (l) 
establish confidence in the electrical system operation through 
repetitive programming of simulated flight sequences, and (2) 
verification of compatability between the payloads and SNAP sub­
systems electrical performance during all pahses of the mission. 
All testing consisted of electrical functions with both vehicles 
at ambient environaent conditions. 

Each test was performed in five phases. These were (l) vehicle 
preconditioning, (2) simulated NPU startup sequence, recorded by 
Agena, (3) orbital sequence from completion of ascent through 
reflector ejection, {k) stimulation of thermocouples and resistance 
temperatiire sensors, and (5) a shutdown procedure. 

A total of four complete test runs was successfully completed. The 
only malfunctions associated with the NPU were with non-critical 
diagnostic instrumentation. These instrument failures were (l) the 
gaama detector reading 20 millivolts, (2) low level neutron detector 
reading above full scale with no stimulation, (3) accelerometer 
cable open circuited, and (4) one thermocouple shorted to the sheath. 
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The startup controller cycled erratically during the low voltage 
tests, but this was for only 9 periods out of a total of 23U. 

In siimmary, the FSEM-3/FMU integrated system tests successfully 
demonstrated the combined systems compatibility and performance 
repeatability for all phases of the flight mission. See References 
9 and30 for additional data. 

IV. FSM-U HOH-HUCLEAR QUALIFICATION TEST 

The FSM-1* vehicle was the first flight configuration system to be 
qualification tested in the factory-through-flight series of 
environments. Major differences between this system and the 
earlier FSM-1 were in the thermo-electric converter, NaK pump, 
expansion compensators, and instrumentation. Wherever possible, 
FSM-U components were the same generation as the flight system, 
except that a non-nuclear electric heated core was used. 

In order to demonstrate the flight qualification, the following 
test objectives were implemented. 

1. Shock and vibration testing of a NaK loaded system 

2. Simulated, pre-startup orbital operation 

3. Simulated orbital startup sequence with a progarmmed thermal 
transient 

h. Thermal-vacuum endurance testing. 

Since each of the above objectives consisted of various phases, a 
brief description of these tests, as they were conducted, follows. 

Following final assembly of FSM-1*, an electrical reference test 
was performed to validate the electrical integrity and operation 
of the subsystems. Loop and lead resistance checks made at this 
time were used as a reference for comparing data taken later in 
the test program. 

With the system installed in a vacuum chamber at 10 mn Hg, the 
NaK loading was Initiated. The NaK cart provided a forced flow 
of 3>100 Ib/hr at 600*F for continuous circulation. A plugging 
indicator was used for monitoring NaK cleanliness. One component 
excepted from this test was the expansion compensator which had 
been removed due to an earlier system failure. A redesigned 
flight compensator was later Installed. 
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The thermal reference test was performed to verify component operation 
at specific temperature levels up to 1,000"F. Chamber pressure was 
maintained at 10"3 torr during the 5-day test. During this time the 
controller and drum motors were exercised, temperature sensors were 
c alibrated, temperature switch set-points checked, and the tempera­
ture-actuated band release device (TABRD) set. One major diffi-
ciilty was experienced in that the converter isolation resistance 
decreased to 37 ohms. As a result of this degradation, a thorough 
investigation of component outgasslng was conducted and It vm hypothesised 
that degradation was due to oil back-streaming. Oxygen was added to 
the system and modifications to the vacuum system were made to 
minimize diffusion pump oil back-streaming. These actions raised 
the resistance to an acceptable level. 

A simulated pre-startup orbital test was conducted with full size 
liquid nitrogen cryogenic panels maintaining a sink temi)erature of 
l60°F. Thermal profiles were programmed for constaiit sun, constant 
shade, and sun shade transients over a period of 36 hours at a 
vacuum of 10' torr. This test effectively qualified the system for 
the flight orbital period preceding the startup command. 

Following the above test, flight-type expansion compensators were 
Installed. The system was reloaded with clean NaK and an additional 
thermal reference test, including a transient startup, completed. 
The thermal reference test was run at thermal plateaus up to 
IjOOO^F over a time of US hours. Periodically, oxygen was bled 
Into the chamber to oxidize the oil film deposits in order to 
decrease converter current leakage. 

The system, fully loaded with NaK, was next tested to acceptance 
levels of shock and vibration. These acceptance levels, as well 
as the qualification levels, are listed in Table V. Both tests 
were run within ±10^ of the specified values. After qualification 
vibration testing, the vehicles was reinstalled in the vacuum chamber 
for additional thermal testing. 

A thermal-vacuiim, 90-day, endurance run was Initiated with a simulated 
orbital startup sequence. The chamber was evacuated to 10"^ torr 
and commands sent to duplicate flight operations. Live squibs 
were fired to release the expansion compensators and control drums. 
The controller was started and the drums stepped in '̂ 2''. At this 
time the thermal startup simulator was energized to program a 
3°F/mlnute transient. After the reactor outlet temperature reached 
1,010°F, the system was stabilized for 72 hours, during which 
converter Isolation resistance checks were made. Following the 
72 hours, the controller was turned off and the outlet temperature was 
adjusted to 920°F for the endurance run. 
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Axis 

1 ̂ 
Y & Z 

[ 

Axis 

1 ̂ 
Y & Z 

Axis 

1 ̂ 
Y & Z 

TABLE V 

VIBRATION ACCEPTANCE TEST LEVELS 

Frequency Band 
cps 

5 - 8 
8-1+00 

1+00 - 2000 

6 - 8 
8 - 250 

250 - 1+00 
1+00 - 2000 

VIBRATION QUALIFICATION TEST 

Frequency Band 
cps 

6 - 9 
9-1+00 

1+00 - 2000 

5 - 8 
8 - 250 

250 - 1+00 
300 - 2000 

LEVELS 

SHOCK QUALIFICATION TEST LEVELS, 

Input G 

+8 
-2.5 

+5 
-5 

Duration 

6 ms 
6 ms 

6 ms 
6 r.i8 

HALF-

-

Input Level 

3/8" 
1.5 
5 

3'8" 
1.0 
3.0 
5.0 

DA 
G 
G 

DA 
G 
G 
G 

Input Level 1 

1/2" 
2.3 
7.5 

1/2" 
1.7 
U.5 
7.5 

•SINE 

No. 

DA 
G 
G 

DA 
G 
G 
G 

Req'd 

2 
2 

2 
2 
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The endurance phase was continued successfully for 32 days at 
which time a NaK leak was discovered in the upper reactor area. 
The system was cooled and an extensive investigation ir.ade to locate 
the exact leakage point. Since the leak initially could not be 
located, the system was taken back up to 920°F and further observa­
tions made. After an additional 23 days at temperature, the NaK 
leak became excessive and the system was permanently shut down. 
A post-test disassembly revealed the leak to be a crack in the 
heater-to-head weld. This weld was in the electric heater core 
and, therefore, did not affect any flight system design. 

During the entire testing period FSM-1+ was continually modified to 
make the vehicle identical to the flight system configuration. As 
a result of these modifications and the successful completion of 
the various tests, the flight system was qualified for all non-nuclear 
phases of the flight mission. Refer to Reference 11 for a more 
detailed description of test results. 

V. FS-3 NUCLEAR QUALIFICATION TEST 

The FS-3 (Flight System-3) nuclear power unit was the only vehicle 
to complete the entire flight qualification test program. The 
extensive and unique character of the full power nuclear endurance 
test demonstrated fully the ability of the flight system to operate 
successfully at the design criteria. 

FS-3 conformed specifically to the flight configuration since it 
was the vehicle originally Intended for the first flight. Due to 
the failure of an earlier system (FS-l), FS-3 was scheduled for 
nuclear qualification tests. The only modifications made were to 
the reflector assembly in order to meet the safety requirements 
of a nuclear ground test, and the use of an external controller. 

The test program, designed to meet the flight requirements, consisted 
of the following phases. 

1. Shock and vibration testing at acceptance and qualifications 
levels 

2. Fuel loading and dry critical tests 

3. NaK loading 

1+. Thermal acceptance 

5- Full power operation with automatic startup and including 
power endurance. 

A brief description of these test phases continues. 

719.P 



ATOMICS INTERNATIONAL 
A Division ol North Amoricon Aviation, Inc. 

NO. 

DATE. 
PAGE. 

NAA-SR-TDR-119llt 

5-6-66 
^ OF. 108 

The FS-3 vehicle was subjected to acceptance levels of vibration 
following the post-assembly electrical and physical inspection. 
Dummy fuel elements were substituted and cyclohexane was used In 
place of the NaK coolant. Following this test, the vehicle was 
helium leak checked and relnspected physically and electrically. 
Next, the qualification shock and vibration levels were completed 
and the vehicle inspected again. Although the qualification levels 
were 505t higher than the acceptance levels, both tests were completed 
within the specified limits. A summary of system response is 
presented In Table VI. 

TABLE VI 

Acceptance Level 
Vibration 

Qualification Level 
Vibration 

First Mode 
Frequency (cps) 

Input, G, at 
First Mode 

Output, G, at 
Reactor Top 

Transmlsslbillty 
Ratio 

X Axis Y Axis Z Axis X Axis Y Axis Z Axis 

58 15 1I+ 59 IU.5 I'*.5 

0.18 0.2 0,19 0.65 0.32 0.21+ 

3.0 3.0 2.8 l+.l 1+.6 l+.O 

16.3 15.0 15.0 6.0 1I+.5 16.5 

Fuel loading and dry critical testing consisted of loading the core 
with 37 fuel-moderator elements and calibrating the two fine control 
drums. The loading was accomplished in 5 steps with an "approach 
to crlticallty" performed after each step. Values were determined 
for excess reactivity of the 37 element core, and for the reactivity 
of each control drum versus its rotation position. NaK was then 
loaded, circulated, and checked for purity. 

A non-nuclear thermal acceptance test was conducted using ground 
test heaters to reach a NaK temperature of 870'F. Performance 
of the thermoelectric converter and NaK pump was verified. 
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Converter isolation resistance decreased as was experienced throughout 
other system tests. This effect was minimized later in the test by 
bleeding oxygen into the chamber at operating system temperatures. 

Nuclear acceptance testing provided data on "wet" crlticallty and, by 
comparison with "dry" crlticallty, a value of NaK worth was obtained. 
A temperature of 600°F was maintained for 1+ hours, during which p\imp 
and converter performanosB were analyzed and reactivity measurements were 
taken. 

The automatic startup test consisted of a progranmed reactivity Insertion 
rate every 3OO seconds which is twice the normal period. This experi­
ment confirmed the analog study and established confidence in a normal 
startup at the 150 second rate. The peak outlet temperature reached 
was 215°F with a peak NaK flow of 0.3 lb/sec. 

The full-rate (15O sec.) startup was Initiated by the controller and 
the transient closely followed the predicted results. Peak outlet 
temperature was 295"? and peak NaK flow rate was O.51 lb/sec. During 
the rise to fxill power, the temperature Increased at a maximum rate 
of 7.3"*F/mln with the cut-off at an outlet temperature of 1,05'+°F. 

During the 72-hour stabilization period, 15 drum steps were automatically 
inserted by the control system. The controller was then turned off and 
the system continued on passive control, governed by the nuclear 
characteristics. At controller deactivation, reactor power was 1+1 KW, 
NaK flow was II+.3 gpm, and converter electric power was 515 watts. 

Performance during the 90-day qualification run was within the 
uncertainty band predicted for the FS-3. The average reactor temp­
erature at the end of 90 days was 923''̂ > *nd the converter electric 
output was 1+15 watts. 

Eighty-two days after first achieving full power, both expansion 
compensator positions indicated a compression of the bellows. The 
decrease in volume corresponds to that resulting from a NaK leak from 
the primary bellows into the secondary containment can. The system 
remained void free and containment integrity was maintained for the 
10,000 hour endurance run. 

Diagnostic instrumentation performed satisfactorily during the 90-day 
test. Of the 120 total channels, 57 were still functioning properly, 
19 were reading off scale, 3'+ not progranmed for readout at the time, 
and 10 had failed. 
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A scheduled shut down was Initiated at the end of the 10,000 hour 
endurance run. Prior to this, at 9>355 hours, the control drums 
were stepped in for the first time since startup. This additional 
exercise, after a year's endurance, demonstrated the high capability 
of the drum drive bearings and gears and the stepper motors. At the 
end of 9/355 hours, the reactor outlet temperature was 971.5°F, the 
flow rate was 12.1 gpm, and the converter electric output was 
376.5 watts. 

Just before shut down at 10,000 hours, the reactor outlet was l,05l+°F, 
flow rate was 12.6 gpm, and electric output 1+79 watts. 

Based on the very successful completion of all the FS-3 qualification 
tests, the SNAP lOA system was qualified for space-nuclear operation 
for 10,000 hours. A final report of this testing is in preparation. 
Reference 12 pertains to early test results from the highly significant 
FS-3 test program. 

VI. FS-1+ FLIGHT TEST 

The SNAP lOA flight test demonstration with the FS-1+ vehicle culminated 
the efforts of designing, developing, and qualifying a nuclear reactor 
power system for space applications. All testing performed prior to 
launch provided a high demonstrated level of readiness. A companion 
flight system, FS-5, is available for space missions and could be 
expected to perform satisfactorily with a high degree of confidence. 

Phases of the flight, from ascent through the endurance run, are 
described below. Measured flight data Is compared with the levels 
performed during the ground test program. 

During the launch and ascent phase, the structural loads were within 
the levels specified during acceptance and qualification tests. The 
following table summarizes this data. (Note: The low frequency 
loads were near the acceptance test levels.) 

Test Data 

Flight 
Acceptance 
Qualification 

Bending 
(in/lb) 

171,000 
165,000 
239,000 

Moment Shear 
(lb) 

191+0 
1950 
2238 

Remarks 

9.0 cps Elastic Mode 
11.0 cps Vibration Test 
Static Ultimate 

The first and second bending modes of the booster vehicle were excited 
to 505t higher than expected during liftoff. However, this did not 
adversely affect the FS-1+ G load. A sound pressure of I37 db was 
recorded versus a design level of II+I+ db. The maximum rigid-body 
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longitudinal acceleration was 6.6 G at booster cutoff and the lateral 
acceleration throughout ascent was near zero. These two levels are 
compared with design points of 7-5 G longitudinal and 1.0 G lateral. 

In general, the flight loads were near the maximum anticipated, as 
demonstrated by the acceptance test levels. The qualification ultimate 
static loads were higher than both the flight and acceptance test 
levels. 

During the orbital pre-startup period, FS-1+ successfully met all of 
the environmental limits. The comparative data is shown in the follow­
ing table. 

Variable Design Point Flight Data 

NaK Temp 50''F Min. 85°F Mln. 
Heat Shield Temp. 375"F Max. 260°F Max. 
NaK Flow 0.26 gpm Mln. 1.2 gpm 

Orbital startup and active control covered a period of II+8 hours 
from initiation of the startup command to turning the controller off. 
Prior to the startup command the vehicle was in a nominal status, 
and both expansion compensators released by actuation of the squib 
energized pin-pullers. Upon startup command, eight squibs were 
energized to pull four pins and to release the control drums. The 
spring-loaded coarse control drums went to the full-in position, and 
the two fine control drums were stepped in by the controller. Times 
to crlticallty, sensible heat, and full power were in excellent 
agreement with expected performance. Thermal response and nuclear 
performance indicated there were no anomalies resulting from space 
operation. 

The controller was kept active during the stabilization period of 
ll+O hours to automatically adjust the temperature to compensate for 
short term reactivity effects. Just prior to deactivation of the 
controller, temperature override was exercised and two additional 
steps Inserted as a power trlming operation. Following these two 
steps, the controller was shut off and the reactor followed the (FS-3) 
predicted curve for long term operation. A total of 121 diagnostic 
Instruments were available for telemetry readout of system perform­
ance. Of these, II8 provided meaningful data throughout the flight. 

After 1+3 days of successful, continuous operation, the FS-1+ system 
was prematurely shut down. The accepted postulatlon is that shut­
down occurred as a result of spurious commands initiated by a 
voltage malfunction associated with the launch vehicle voltage 
regulator. Although the premature shut down defeated the 90-day 
endurance test, valuable data was received on the shut down components. 
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Telemetry data received after the failure showed that the following 
actions had occurred. 

1. Electrically actuated band release device had been energized 

2. Reflector retaining band was separated and reflectors were 
ejected 

3. Startup controller was pulsing, and fine control drums were 
full in 

1+. Diagnostic instrumentation, on 5V telemetry, indicated the 
expansion compensators were collapsed, converter output voltage 
was zero, and one of the series-connected, low voltage sensors 
was closed. The low temperature malfunction switch (785''F) 
was closed and event markers showed the malfunction circuits 
enabled and the malfunction bus energized. 

This data demonstrated the operability of the startup and shutdown 
components after I+3 days in a space nuclear environment. 

The preliminary performance report of the first nuclear power plant 
in orbit is Reference 13. Other date and test procedures with respect 
to the flight designed SNAP 10 vehicles will be found in References 
ll+, and 15. The final SNAPSHOT performance report will be published 
as NAA-SR-II93I+. 
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APPEHDIX II QUALIFICATION TEST WORKSHEET 

F l i g h t Syatea Mater ia l or Component 

F u l l Naae E jec tab le Heat Shield 

NiJlQFSl-ll+-001 C Specification No._ 

Drawing No. fc Lateat Change Letter 

Rev. 

Previoua drawing, apeo. or change if noted in table below: 

C i r c l e SNAP IQA Syate<ia which incorporate 
<-3 , ( F S - 1 , r3M-l+, FS-3 , FS-lt FSEM-

Qualification Test Procedure Documentation: 

Reporta which document test results; NAA-SR-TDR Qr^j 

NAA-SR-10997 

orated t h i s component: (FSM-li) FSEM-2A, 
r^S-55 ^ 

NH 7561-19 

EMTER BELOW THE NUMBER OF CCMPCKENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqat. 

Mech/Elect 
Functions 
A Rooa Amb. 

6 0 

i 1 

Thermal 
Cycles 

. in Vac. 

k 0 

1 or 2 

Thermal-Vacuum-
Endurance 

a i 

hr 
cy 

i 8 hr cj 

Radiation 
(Gamma & 
Neutrons) 

N/A 

one 

Shock, 1 
Vibration 

, l> Accel. 1 

(a) 
1 0 1 

one 1 

Describe all aajor teat exeeptlona or failures and key-letter to table: 

a. FSM-1+ 

b. 

e. 

ITott rasulta and load levala of any apeclal teating needed to qualify: 

1, Heat flux from nun side to shade side 

2. 

Overteatlng which indicatea endurance or cycle reliability, or aargina 

of atrangth: 

1. 

2. 

Waakaeas remaining In f i n a l dea ign; recoaaeaded deaign changea: 

1 . FSM-1+ t e s t s i n d i c a t e s i g n i f i c a n t temp, d i f fe rence develops ac ross 
s h i e l d under simulated space c o n d i t i o n s . 2 , Shie ld p a r t i n g plane 
should be r o t a t e d 90° t o prevent impact . 
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QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Coaponent 

J^ll "••• Primarv Structure 

Specification No. 

Drawing No. t. Latest Change Letter lOFSMl-00-001 

Rev. 

Previoua drawing, apeo. or change If noted in table below:. 

Circle SNAP IDA Syeteaa which Incorporated this component: (FSM-1, rSB4-2A, 
(>SEM-3, FS-l, FSM-~4, FS-3, FS-lf, FS-5^ 

Qualification Test Procedure Documentation; 

Reports which docuaent t e s t r e s u l t s ; NAA-SR-Memo IQ6IQ and Hvst.pm 
t e s t report 

ENTER BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles): 

e 
90 

test 
tested 

?uiv 

day 
M 

sequence 
I 1 failed 
missions 

mission reqat. 

Mech/Elect 
Functions 
'9 SooB Amb. 

Thermal 
Cycles 

. in Vac 

a*: 0 

2 

1 or 2 

Thermal-VacuuB-
Endurance 

• 
(b)32O0 hr 

cy 

2-

2160 hr 

0 

<=y 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

. k Accel. 1 

1, (a) 0 1 

k 
one 1 

Daacrlba all aajor test exceptions or failures and key-letter to tablet 

a. PSMIA l> IB, FSM-1, FSM-1+ Qualified 

b, FSM-1 & FSM-1+ Qualified 

c* 

Hot* raaulta and load lavela of any apeclal testing needed to qualify: 

1. 

2. 

OTertesting which indicatea endurance or cycle reliability, or aargina 
of atrangth: 

1. 

2. 

Waakaeas reaaining In final deaign; recoamended design changes: 

1. Seal upper corrugations to prevent the venting of outgassed 
hydrocarbons onto converter couples 
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QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Ful l Haae FUel Elenwnts 

Speci f icat ion No. NEIOFSI-18-OOI Rev. 

Drawing No. & Lateat Change Letter 7580-18020 

Previoua drawinit. apee. or change If noted in table below: 

Circle SWAP 10A ayateas which xncorporated thia coaponent: FSM-1, FSEM-2A, 
FSEM-3,(FS-1^ FSH-'t,(FS-3,' FS-i+̂  FS-5. 

Qualification Test Procedure Documentation; NA-0|+22-008 (Type 2) NA 0421-001 

Reports which docuaent test results; MAA-.qR-KUmT.'c oi^, \n^6^ inojk 

NAA-SR-II5I+7, NAA-SR-10858 

EMTER BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqat. 

Mech/Elect 
Functions 
• Rooa Amb. 

Theraal 
Cycles 

. in Vac. 

i§^ 0 
0 

193 

1 or 2 

Thermal-Vacuum-
Endurance 

a 

578.160 hr 
259,200 cy 

i 2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

, I. Accel. 1 
66 
45 

0 1 
0 

111 

one 1 

Daaerlbe all aajor test exceptions or failures and key-letter to tablet 

a. Submerged in water during S li Y. 

b. 

e* 

Hot* rasults and load levala of any special teating needed to qualify: 

1. 

2. 

Orartesting which indicatea endurance or cycle reliability, or aargina 

of atrangtht 

1. Bnvlronaental tests of 120 el. 26 @ 200^, 19 @ lOÔ i (of ref. levels) 

2. 

Waakaass reaaining In final design; recoaaeaded deaign changea: 

1. 

2. 

»n.r 
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QUALIFICATION TEST WORKSHEET 

Flight System Material or Coaponent 

Full Naae Reflector Asseablv 

Specification No. Rev. 

Drawing No. & Lateat Change Letter lOFS-11001 "B" 

Previoua drawing, apee. or change If noted in table below: 

IQA Syateaa which Incorporated thia coaponent: (FSM-1, FSEM-2A^ 
,(li^l, FSM-4, FS-3, FS-1+, FS-%) -̂

Circle SNAP 
FSEM-3 

Qualification Test Procedure Documentation; NA-0422-002 

Reports which docuaent test results; TDR 8521, 8872, 967^, IO23I+ 

ENTER BELOW THE NUMBER OF COMPONENTS(or hours, cycles); 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqat. 

Mech/Elect 
Functions 
0 Rooa Amb. 

Thermal 
Cycles 

. in Vac. 

1 0 

10 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
2.160 hr 
2 cy 

1 

i 2160 hr 

0 

1 

cj 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

. fc Accel. 1 

1 0 1 

1 
one 1 

Describe all aajor teat exceptions or fallurea and key-letter to tablet 

•• 

b. 

e* 

ITota raaulta and load ISTSIS of any apeclal teating needed to quallfyi 

1. 

2. 

OTerteating which indicatea endurance or cycle reliability, or aargina 

of atrangth: 

1. 

2. 

Waaknaas reaaining In final deaign; recoaaeaded deaign changea: 

1. 

2. 
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QUALIFICATION TEST WORKSHEET 

F l i g h t S y s t e a Mater ia l or Coaponent 

F u l l Naae Shield Assembly 

S p a e l f l e a t i o a No. NS 7580-13-001 Rev. 

Drawing No. fc Lateat Change Letter lOFSML-13015 "F" 

Previoua drawing, apee. or change If noted in table below: lOFSML-

Clrcle SNAP lOA Syateaa which Incorporated this coaponent: (FSM^lY^fl«-^li 
FSEM-3, FS-lt^FSM-F) (>S-3)(FS-^, FS-5"^ 

Qualification Test Procedure Documentation; llA-0i>01-0Qi+ 

•3 

Reports which docuaent test results; NAA-SB-Meao 10234. TDR 6870 

ENTER BELOW THE NUMBER OF CCMPCNeiTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # aiaalona 
90 day mission reqat. 

Mech/Elect 
p\inctions 
It Rooa Amb. 

Theraa]] 
Cycles 
. in Vac. 

2(a) 0 

2 

1 or 2 

Thermal-Vacuua-
Endurance 

2,330 hr 

0 "y 

1 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrona) 

(D) 1 0 

1 

one 

Shock, 1 
Vibration 

. t, Aceel. 1 

2 (a) 0 1 

2 

one 1 

Daaerlbe all aajor test exceptions or failures and key-letter to tablet 

a. KUCL li FSMl 

b. FS-3 <'0 

Note raaulta and load levela of any apeclal teating needed to qualify: 

1. 
2. 

OTerteating which indicatea endurance or cycle reliability, or aargina 
of atrangth: 

1. 

2. 
Waaknaaa reaaining In final deaign; recoaaeaded design changes: 

1. 

2. 
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QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Naae Thermoelectric NaK PuwP 

Specification No. IOFS-8100I Rev. 

Dratrlag No. & Lateat Change Letter 

Previoua drawing, apee. or change If noted in table below: 

Circle SNAP lOA Syeteaa which Incorporated thia coaponent: (FSM-I^ FS1M-2A, 
FSEM-3,(^FS-1, FSk-'+, FS-3, FS-1+, FS-5'̂  

Qualification Test Procedure Documentation; NA-0lK)l+-009 

Reporta which docuaent test resulta: NAA-SR-Memo ll84l 

ENTER BELOW THE NUMBER OF CCMPCKENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqat. 

Mech/Elect 
V^inetlons 
|0 Rooa Amb. 

9 0 

9 

1 

Thermal 
Cycles 

. in Vac. 

6 0 

30 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
8i+.625 hr 

cy 

39 
i 2160 hr 

0 

cj 

Radiation 
(Gamma & 
Neutrons) 

1 (a) 0 

one 

Shock, ] 
Vibration 

. fc Aceel. 1 

9 0 1 

9 
one 1 

Oaaerlba all aajor test exceptions or failures and key-letter to tablet 

a. FS-3 

b. 

e. 

Hot* raaulta and load levela of any apeclal teating needed to qualify: 

1. 

2. 

OTerteating which indicatea endurance or cycle reliability, or aargina 

of strength: 

1. Two puDops Included above exposed to aceel. tests at 11D0°F MajC. 

2. 

Waakaaaa reaaining In final design; recoaaeaded design changes: 

1. 

2. 
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QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Naae Primary Battery 

Specification No. NE10FSMl-2'+-008 Rev. B 

Drawing No. & Lateat Change Letter lOFS-22029 

Previoua drawing, apee. or change If noted in table below: 

Circle SNAP lOA Systeas which incorporated this coaponent; FSM-1, FSD1-2A, 
FSEM-3, FS-l, FSM-'+,('FS-3, FS-lt, FS-5) 

Qualification Test Procedure Documentation; NA Ol«03-036 

Reports which docuaent test results; NAA-SR-TDR 11156. PR 2726 

ENTER BELOW THE NUMBER OF CCMPCNETITS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 
90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

11 0 

11 

1 

Thermal 
Cycles 

. in Vac. 

1 or 2 

Thermal-Vacuum-
Endurance 

1+.320 (a) hr 
cy 

1+ 

1,000 AMP-HR 

0 

cy 

Radiation 
(Qamma & 
Neutrons) 

1 0 

1 

one 

Shock, ] 
Vibration 

. Ic Aceel. 1 

3 0 1 

3 
one 1 

Daaerlbe all aajor test exceptions or failures and key-letter to tablet 

a* Aflg)ere-hour8 at ambient teop. 

b, 

c. 

Not* rasults and load levals of any special teating needed to qualify: 

1. 

2. 

Orertaatlng which indleatas endurance or cyele reliability, or aargina 

of strength: 

1. 

2. 

Waakaaaa rsaalning In final deaign; recoaaeaded deaign changea: 

I. 

2. 

7if.a 

Mft NAA-SR-TDR-IIQII+ 
ftATr 5-6-66 
pisftr 69 n r 108 



ATOMICS INTERNATIONAL 
A BMriM if MMia ttmthm AVMIM, IM. 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Coaponent 

Full Naae Expansion Coapensator Asseably 

Specification No. 756l-3^l6 Rev. 

Drawing No. I> Lateat Change Letter 7561-22003A 

Previoua drawing, apee. or change If noted in table below:. 

Circle SNAP lOA Systeas which Incorporated this coaponent: FSM-1, FSDf-2A, 
FSEM-3, FS-l, (TSV[-k^(Ta-3, FS-^, FS-5^ 

Qualification Test Procedure Documentation: NA 04o8-011 

Reports which docuaent test results; IL. 781-13-48 Stone to Mm-gan i2-pi-6s 

NAA-SR-TER-11888. II865. 1101+5. IO635. 10282 

ENTER BELOW THE NUMBER OF CCMPCKENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # alsslons 
90 day mission reqat. 

Mech/Elect 
V\inctions 
I0 Rooa Amb. 

Theraal 
Cycles 

. in Vac. 

1»0 

20 

1 or(2) 

Thermal-Vacuua-
Endurance 

• 
34.327 hr 

cy 

16 

1 2160 hr 

0 

cy 

Radiation 
(Qamma & 
Neutrons) 

2 ' * > 0 

2 

one 

Shock, 1 
Vibration 
t> Aceel. 1 

k 0 1 

k 
one 1 

Deacrlbe all aajor test exceptions or failures and key-letter to tablet 

a. FS-3 

b. 

e* 

Net* rasults and load leTals of any apeclal teating needed to qualify: 

1. 

2. 

OTerteating which indicatea endurance or cycle reliability, or aargina 

of atrangth: 

1. 120 cu. in. on S/N 020 

2. 

Waaknaas rsaalning In final design; recoaaeaded design changea: 

1. 

-

HM 
naTg 5-6-66 
MOE '̂0 0 > 108 

fW.P 



NAA.FjR.TDR.naik 

ATOMICS INTERNATIONAL 
A atrUm tt Mwfib AwiHii AvMtan, let. 

NO. 
narr 5-6-66 
aaor 71 nr IQ8 

QUALIFICATION TEST //ORKSHEET 

Flight Systea Material or Component 

J^l l Naae ftplBfi. M 
Specif icat ion No. NE10FSM4-00-001 Rev. 

Drawing No. 8< Lateat Change Letter 

Previoua drawing, apee. or change If noted In table below: 

Circle SNAP IQA Syateaf which Incorporated this coaponent:(FSM-T^ FSD(-2A, 
FSEM-3, (FS-1, FSM-4, FS-3, FS-i+, FS-5) 

Qualification Test Procedure Docufflentatlon:̂  

Reports which docuaent test results: 

ENTER BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles): 

< ts 
tea 

equiv. 
90 day 

St sequence | 
ted 1 failed | 

M missions | 
mission reqmt 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

N/A 

Thermal 
Cycles 

. in Vac. 

3'-' 0 

3 

1 or 2 

Thermal-VacuuB-
Endurance 

• 
3.600 (a) hr 

cy 

1 

2160 hr 

0 

cy 

Radiation 
(Qamma & 
Neutrons) 

N/A 

one 

Shock, 1 
Vibration 
li Aceel. 1 

3 < " 0 1 

one 1 

Describe all aajor test exceptions or failures snd key-letter to tablet 

a. FSMl, FSM4 II FS-l systeas tests. 

b. 

e. 

Nets rasults and load laTsls of any special teating needed to qualify: 

1. 

2. 

OTerteating which indicatea endurance or cyele reliability, or aargina 

of strength: 

1. 

2. 

Waakaaaa reaaining In final deaign; recoaaeaded deaign changeat 

1. 

2. 

7i*>a 



ATOMICS INTERNATIONAL 
N 0 . _ 
DATE. 
MOE. 

NAA-5R-TDR-1191'+ 
5-6-66 
72 .or. .108 

QUALIFICATION TEST WORKSHEET 

F l i g h t S y s t e a Mater ia l or Coaponent 

F u l l Naae T/E Modules (Type V) 

S p e c i f i c a t i o n No. lOFSMl-51022 Rev. 

Drawing No. Ic Lateat Change Letter 

Previoua drawing, apee. or change If noted in table below: 

Circle SNAP lOA Syat»Ba_wblfit incorporated this component: FSM-1, FSEM-2A, 
FSEM-3, FS-l,(F3M-4, FS-3, FS-4, FS-3} 

Qualification Test Procedure Documentation; NA 0412-002 

Reports which docuaent test results; NAA-SR-TER QIS^ 

Project Monthly Performance Summary 

ENTER BELOW THE NUMBER OF COMPCNENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqat. 

Mech/Elect 
Functions 
9 Rooa Amb. 

9k 0 

9k 

1 1 

Thermal 
Cycles 

. in Vac. 

47 0 

470 

1 or 2 

Thermal-VacuuB-
Endurance 

• 
307.838 hr 

cy 

142 

2160 hr 

(a) 
10 (b) 

cy 

Radiation 
(Qamma & 
Neutrons) 

(c) 
120 0 

120 

one 

Shock, 1 
Vibration 

. t, Aceel. 1 

44 0 1 
44 

one 1 

Describe all aajor test exceptions or failures and key-letter to tablet 

a* Six failures occurred after city power loss. 

b. Three failures on VF Mods, seven on TF Mods. 

e. FS-3 

Nott rasults and load levels of any apeclal teating needed to qualify: 

1. 

2. 

OTerteating which indicatea endurance or cyele reliability, or aargina 

of atrangtht 

1. Ten modules tested at 110^ of design teaqp. 

2. 

Waakaaaa reaaining In final deaign; recoaaeaded design changea: 

1* None 

2. 

71t.P 



NAA-SR-TDR-11914 

ATOMICS INTERNATIONAL 
NO. 
nsTr 5-6-66 

waftP 7^ nr JI^ 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Naae Converter Current Shunt 

Specification No. 

Drawing No. & Lateat Change Letter_ 

Rev. 

10FS-24O11 "D" 

Previoua drawing, apee. or change if noted in table below:_ 

Circle SNAP lOA Systeas which Incorporated this component: FSM-1,(FSD1-2A, 
(FSEM-3)(FS^1)(F3M-4)(FS-3. FS-4, F S ^ ^ 

Qualification Test Procedure Documentation: None Qualification Test Procedure Documentation: 

Reports which docuaent test results; NAA-SR-TDR-8749 

ENTER BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. M missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
|8 Rooa Amb. 

3 0 

3 
1 1 

Thermal 
Cycles 

. in Vac. 

3 0 

30 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
6,4tiO hr 

cy 

3 
2160 hr 

0 

1 cy 

Radiation 
(Qamma & 
Neutrons) 

!<*' 
0 

1 

one 

Shock, 1 
Vibration 

. L Accel. 1 

3 0 1 

3 

one 1 

Describe all major test exceptions or failures and key-letter to tablet 

a. FS-3 

b. 

e. 

Net* raaulta and load levala of any apeclal teating needed to qualify: 

1. None 

2. 

OTerteating which indicatea endurance or cycle reliability, or aargina 

of strength: 

1. None 

2. 

Waakaass rsaalning In final deaign; recoaaeaded deaign changea: 

1* None 

2. 

7ie.̂  



ATOMICS INTERNATIONAL 

mrt NAA-SR-TDR-11914 
narr 5-6-55 

r*OE 74 n r 108 

QUALIFICATION TEST WORKSHEET 

F l i g h t System Mater ia l or Component 

F u l l Naae Reactor Startup Controller 

NElOFSMl-20-004 Specification No. 

Drawing No. & Lateat Change Letter 

Rev. 

Previoua drawing, apee. or change If noted in table below: 

Circle SNAP lOA Syateaa which incorporated thia coaponent:(FSM-1, FSEM-2A) 
(rSEM-3, FS-l, FSM-4, FS-3, FS-4, F S ^ 

Qualification Test Procedure Documentation; WA-04o3-018 

Reports which document test results; NAA-Sa-MeBO-10240; NAA-SR-86^q: 

NAA-SR-Memo-9084; NAA-SR-Msmo-9120; NAA-SR-TDR-9001; NAA-SR-04l2; PR's 598. 753, :90 
?47 557, 55fe, 75!*; Bendox TDT's 7224, 7196 

ENTER BELOW THE NUMBER OF COKPCKENTS(or hours , c y c l e s ) ; 

t e s t sequence 
t e s t e d I f a i l e d 

equ iv . # m i s s i o n s 
90 day miss ion reqmt. 

Mech/Elect 
Functions 
'9 Rooa Amb. 

3 0 

3 

1 

Thermal 
Cycles 

. in Vac. 

3 0 (a; 

30 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4.̂ 120 hr 

1200 ^^ 

2 

2160 hr 

0 (a) 

5 
S7Q cy 

Radiation 
(Qamma & 
Neutrons) 

1 0 

1.0 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

3 0 1 

.̂0 

one 1 

Deacrlbe a l l aa jor t e s t e x c e p t i o n s or f a i l u r e s and k e y - l e t t e r t o t a b l e t 

a . Suscept ib i l i ty t o trans ient noise p u l s e s . One addit ional un i t success­
f u l l y coapleted a 30-day endurance t e s t . 

b* 

Note r a s u l t s and load l a v s l s o f any a p e c l a l t e a t i n g needed to q u a l l f y t 

1* Hone 

2 . 

OTerteat ing which i n d l e a t a s endurance or c y c l e r e l i a b i l i t y , or aargina 
of a t r a n g t h : 

1 . Following a 90-day endurance run one contro l l er was cycled to fa i lure 
during a theraal endurance t e s t . Total c y c l e s were 42,96o or 16O t i ae i 
design l i f e . ^ 

Waakaaaa r s a a l n i n g In f i n a l d e s i g n ; recoaaeaded des ign changes: 

1 . Controller meets a l l requireaents when adequate noise suppression 
, devices are i n s t a l l e d . 

7i».a 



NO NAA-SR-TDR-11Q14 

ATOMICS INTERNATIONAL DATE. 
mOE. 

5-6-66 

0 5 - .Or- j f lS. 

QUALIFICATION TEST WORKSHEET 

F l i g h t System Mater ia l or Component 

F u l l Naae Stepper Motor Asseably Control Drua Actuator 

S p e c i f i c a t i o n No.̂  . ^ ^ ^ _ ^ _ _ _ _ _ _ ^ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ 
Drawing No. Ic Lateat Change L e t t e r IOF8MI-IIO61 "C" 

ReT. 

Previoua drawing, apee. or change If noted in table below: 

Circle SNAP lOA Syateaa which incorporated thia coaponent: (VsM-1, FSEM-2Af 
(̂ FSEM-3, FS-l, FSM-4, FS-3, FS-4, FS-5^ ^ 

Qualification Test Procedure Documentation; NA-o4o4-006 

Reports which document test results; NAA-SR-9320; Iĝ 's 55"̂ . 554. 549. 550. 

1400. 1401. 1402. 1414. and l430 (NAA-SR-lOTSO. NAA-3R-M..mo-inPSP, 

JWTER "BELOW' T H E H T O B H ^ O F t;6'iPCNENTS 
NAA-SR-Memo-lO' 

(or hours, cycles): 

test sequence 
tested I failed 

equiv. # alsslons 

90 day mission reqat. 

Mech/Elect 
Functions 
Is Rooa Amb. 

6 0 

6 

I 1 

Thermal 
Cycles 

. in Vac. 

6 0 

60 

1 or 2 

Thermal-Vacuum-
Endurance 

e 

11.125 hr 

3750 °y 

5 

2160 hr 

1 (a) 

14 

270 cy 

Radiation 
(Qamma & 
Neutrons) 

2 0 

2 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

6 0 1 
6.0 1 
one 1 

Deacrlbe all aajor test exceptions or failures and key-letter to tablet 

a, A crushed bobbin had been Installed, prior to encapsulation, which 
resulted in a short circuit in the brake winding. 

b. 

e. 

Note reaulta and load levela of any apeclal teating needed to qualify: 

1. Additional high vacuum-theraal testing for endurance. 

2. 

OTerteating which indicatea endurance or cyele reliability, or margina 

of atrangth: 

1. Special tests performed on two motors at accelerated stepping 
cycles and high current. This was followed by a regular 90 day 
endurance test. (NAA-SR-Memo-10382) 

Waaknaaa reaaining In final deaign; recoaaeaded deaign changea: 

1. None 

2. 

Jif-p 



WAA-qR-THR-noik 

ATOMICS INTERNATIONAL 
AOkrWMifMMia/ 

NO. 
ftsrr '^,6-66 

siaftr 76 n r J^ 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Naae Reactor Temperature Control Sensors 

SpaclfieatloB No. NE10FS1-24-006 Rev. 

Dra%d.Bg No. Ic Lateat Change Letter 

Previoua drawing, apeo. or change If noted in table below^_ 

Circle Le SNAP lOA Syateaa which Incorporated this component: FSM-1, ̂ SOl-2A^ 
rSEM-3t(FS-^(FSM-4, FS-3t FS-4", FS-5) ^ ^ 

Qualification Test Procedure Documentation: NA-04O3-028 

Reports which document test results; DR's l451. 1452. l453. l454 

NAA-SR-10966; NAA-SR-Memo-10597; NAA-SB-II318 

ENTER BELOW THE NUMBER OF CCMPCNENTS(or hours, cycles): 

test 
tested 

equiv. 
90 day 

M 

sequence | 
1 failed 
alsslons | 

mission reqmt. 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

2 0 

Thermal 
Cycles 

. in Vac. 

2 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4.320 hr 

cy 

2 

1 2160 hr 

0 

cy 

Radiation 
(Qamma & 
Neutrons) 

2 1(a) 

1.0 

one 

Shock, 1 
Vibration 

. Ic Aceel. 1 

2 0 1 
2 1 
one 1 

Describe all aajor test exceptions or failures and key-letter to tablet 

a. Considered "no test" due to broken fixture. 

b. 

e» 

Note rasults and load IsTala of any special testing needed to qualify: 

1. 

2. 

OTertesting which indicatea endurance or cycle reliability, or aargina 

of atrangth: 

1. 

2. 

Waakaaaa reaaining In final design; recoaaeaded design changes: 

1. 

2. 

7i».a 



ATOMICS INTERNATIONAL 
^m nViVw M^WfflCSH MvlflMM. M d 

NO. 
narr 5-6-66 
MkOE^II 

WAA-qR-TmR-noik 

or. 108 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

Full Naae Reactor Temperature Control Switch 

Specification No. NElOFSl-24-009 Rev. 

Drawing No. & Latest Change Letter 

Previoua drawing, apee. or change If noted in table below: 

Circle SNAP IQA Systeas which Incorporated this component: FSM-1, FSEM-2A, 
FSEM-3, (FS-l, FSM-4, FS-3, FS-4, FS-5^ 

Qualification Test Procedure Documentation; NA-0403-029 

Reports which document test results; NAA-SR-Memo-10597: NAA-SR-»temo-Q854: 

NAA-SR-TDR-9459; NAA-SR-11117; DR's 76O, 76l, 764, 765, 1455, l456, 1464, 1465 

ENTER BELOW THE NUMBER OF CCKPCNEIITS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
Is Rooa Amb. 

k 0 

1 ̂  
1 1 

Thermal 
Cycles 

. in Vac. 

2 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4.^20 hr 

cy 

2 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 0 

2.0 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

2 0 1 

2.0 

one 1 

Describe all aajor test exceptions or failures and key-letter to tablet 

a« None 

b. 

e. 

Not* raaults and load levels of any special teating needed to qualify: 

1. None 

2. 

OTertesting which indicates sndurance or cycle reliability, or aargina 

of atrangtht 

!• None 

2. 

Waakaaaa reaaining In final deaign; recoamended deaign changea; 

1. Output relay coil should not draw power during steady-state 
operation. 

7lf.f 



NAA-SR-TDR-11914 

ATOMICS INTERNATIONAL 
NO. 
narr 5-6-66 

moE_I^__or. .108 

QUALIFICATION TEST WORKSHEET 

F l i g h t S y s t e a Mater ia l or Coaponent 

F u l l Naae Therm. - Mechanical Tearperature Switch 

S p e c i f i c a t i o n No. NglOFSl-24oil Rev. 

Drawing No. & Latest Change Letter 

Previoua drawing, apee. or change If noted in table below 

Circle SNAP lOA Systeas which incorporated this component: FSM-1,(FSEM-2AI 
FSEM-3, FS-l,(^SM-4, FS-3, FS-4, FS-5^ 

Qualification Test Procedure Documentation; NA-0403-029 

Reports which document test results;NAA-SR-TDR-9874; NAA-SR-10620: 

NAA-SR-11154; NAA-SR-10684 _ ^ _ ^ 

ENTER BELOW THE NUMBER OF CCKPCNBITS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqat. 

^ech/Elect 
Functions 
0 Rooa Amb. 

Thermal 
Cycles 

. in Vac. 

3 0 

30 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4.320 hr 

cy 

2 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

. Ic Aceel. 1 

3 0 1 

^ 
one 1 

Describe all major test exceptions or failures and key-letter to table: 

a» None 

b. 

e. 

Note raaulta and load levela of any apeclal teating needed to qualify: 

1« None 

2. 

OTerteating which indicates endurance or cycle reliability, or margina 
of atrangth: 

1. None 

2. 

Waakaaaa reaaining In final deaign; recoaaeaded deaign changea: 

1. None 

2. 

7l».^ 



ATOMICS INTERNATIONAL 

NO WAA-gR-fna-npik 

narr 5-6-66 
WkOE_I2__.Or. "ToS" 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

Full Naae Relay Box - Main fc Auxiliary 

Specification No., Rev. 

Drawing No. Ic Lateat Change L e t t e r 10FS-22002 "D"; lQFS-22017 "C" 

Previous drawing, apse, or change If noted in table below: 

Circle SNAP lOA Syateaa which Incorporated thia coaponent: FSM-1,(FSD<-2Ai 
(FSEM-3) FS-1,(TSM-4, FS-3, FS-4, FS-5^ ^ 

Qualification Test Procedure Documentation; NA-O403-O31 

Reporta which document test results; NAA-SR-9402; NAA-SR-9144; NAA-SR-9879; 

NAA-SR-9304; NAA-SR-7963; NAA-SR-8103; NAA-SR-6624; NAA-SR-9133; NAA-SR-9144: 
NAA-SR-10136; NAA-SR-10286: NAA-SR-IO532 

ENTER BELOW THE NUMBER OF CCKPCKENTS(or hours , c y c l e s ) ; 

t e s t sequence 
t e s t e d I f a i l e d 

e q u i v . # m i s s i o n s 
90 day miss ion reqmt. 

Mech/Elect 
Functions 
b Room Amb. 

1 2 0 

2.0 

1 1 

Thermal 
Cycles 

. in Vac. 

2 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4.320 hr 

cy 

2 

i 2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

1 (b) 0 

1 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

2 0 1 

2.0 

one 1 

Describe a l l major t e s t exceptions or fa i lures and key- le t ter to tablet 
a. Early developmental testing failures of varnish insulated relays led to 

use of a non-flaking insulation. 
b. FS-3 

Note raaults and load levela of any special teating needed to qualify: 

1. None 

2. 

OTertesting which indicatea endurance or cycle reliability, or aargina 

of atrangth: 

1. Each of the two types of relays were cycled in excess of 100,000 cycle! 

2. 
with no degradation. 

Waaknaaa remaining in final deaign; recoamended design changes; 

!• None 

2. 

71f.P 



NAA-SR-TDR-1191'+ 

AlOMfCS INTikNATIONAL 
NO. 
ftATr 5-6-66 

mOE_flQ OF. M^ 

QUALIFICATION TEST /WORKSHEET 

F l i g h t System Mater ia l or Component 

F u l l N—e Squibs and Pin Pul l ers 

NElOFS-24-01^ Rev. N/C S p e c i f i c a t i o n No._ 

Drawing No. & L a t e s t Change L e t t e r 10F3ML-11031 "E"; lOFSMJ-̂ itOOS "B"; 

Previous drawing, spec, or change iTnote d in table below: 

Circle SNAP lOA aystems which incorporated this component:^FSM-l)(FSD1-2A^ 
FSEM-.3,('FS-IVFSM-'+, FS-3, FS-4, F S - 5 ^ •^ ^ ^ 

Qualification Test Procedure Documentation: NA-Oto4-008; NA-Oto4-015 

Reports which document test results: HAA-SR-Meno-828^f NAA-Sp-TDR-8^^S: 

NAA-SR-Memo-Q065: PR's 662. 66^. 66s. 666: NAA-SR-U ^^6: WAA-RR-in^k-
NAA-SR-10955; NAA-SR-11312 

EHTER BELOW THE NtJMBER OF CCKPCNENTS(or hours, cycles); 
test sequence 

tested I failed 
equiv. # missions 

90 day mission reqmt. 

kech/Elect 
Functions 
0 Room Amb. 

50 0 

50 

1 

Thermal 
Cycles 

. in Vac. 

22 0 

220 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
221* hr 

13 =^ 

16 

Ti ^' 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

if 0 

k 

one 

Shock, 1 
Vibration 

. L Accel. 1 

22 0 1 

22 

one 1 

Describe all major test exceptions or failures and key-letter to table: 

a. Number tested includes 8 on KlM-l. 

b. 

e. 

Not* results and load levels of any special testing needed to qualify: 

1* None 

2. 

OTertes t ing which i n d i c a t e s endurance or c y c l e r e l i a b i l i t y , or margins 
of s t r e n g t h : 

1 . Following a ten cyc le thermal-vacuum t e s t , 6k squibs were f ired for 
a t o t a l of 32 successful actuat ions . 

WsskBSSS remaining in f i n a l d e s i g n ; recommended des ign changes: 

1 . None 

2 . 

7lt.r 



ATOMICS INTERNATIONAL 
A DNIilw W Maifk AawHi— A V M I M , km. 

QUALIFICATION TEST WORKSHEET 

F l i g h t System Mater ia l or Component 

F u l l Na«e E.1ectable Heat Shield Connectors 

S p e c i f i c a t i o n No. Rev. 

Drawing No. & Latest Change Letter 10FSMl-6l048 "B"; 10FSM1-2QQ16 

Previous drawing, spec, or change if noted in table below; 

Circle SNAP lOA aystems which incorporated this component: FSM-1, FSEM-2A, 
FSEM-3, FS-1,1^-4, FS-3, FS-4, FS-5^ 

Q u a l i f i c a t i o n Test Procedur"e~D"ocumentation; NE10FSM1-20-016; NA-04o3-010 

Reports which document test results; NAA-SR-94l^; NAA-SR-IOI76; OS's 644, 

988 

EHTER BELOW THE NUMBER OF CCKPCNETITS(or hours, cycles): 

te St sequence | 
1 tested 1 failed | 

e 

90 
quiv. 

day 
M missions | 

mission reqmt. 1 

Kech/Elect 
Functions 
0 Scoa Amb. 

4 0 

4 

1 . I 

Thermal 
Cycles 

. in Vac. 

4 0 

40 

1 or 2 

Thermal-Vacuum-
Endurance 

204 hr 
cy 

10 

i 20 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

, & Accel. 1 

2 0 1 

2 

one 1 

Describe all major test exceptions or failures and key-letter to table: 

a* None 

b. 

e, 

Nett rsBUlts and load levels of any special testing needed to qualify: 

1. None 

2. 

O v e r t e s t i n g which i n d i c s t s s endurance or c y c l e r e l i a b i l i t y , or margins 
o f s t r e n g t h : 

1 . The connectors a l s o success fu l ly comrpleted a l l phases of the heat 
_ sh ie ld qua l i f i ca t ion t e s t program. 

WsakBSSS r s a a i n l n g i n f i n a l d e s i g n ; recommended des ign changes: 

1• Hone 

2 . 

NO NAA-SR-THR-nQili 
HATr 3-6-66 
l«AOE 81 r>r I08 



ATOMICS INTikNATIONAL 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

Full Haae High Teegerature Wire 

Specification No. Supertemp Pyrad 1000 Rev, 

Drawing No. t Latest Change Letter 

Previous drawing, spec, or change if noted in table below; 

Circle SNAP 10A Systems which incorporated this component: FSM-1,(rSEM-2A 
FSEM-3O'S-1, FSM-4, FS-3, FS-4, FS-5J) ^ 

Qualification Test Procedure Documentation; Pre-Quallflcation Testing 

Reports which document test results; NAA-SR-TI»-9l6^; NAA-SR-10385; 

NAA-aR-9371; NAA-SR-10121; NAA-SR-10972 

EHTER BELOW THE NUMBER OF CCKPCKEIITS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 
9c day mission reqmt. 

Mech/Elect 
p^inctions 
0 Room Amb. 

17,000 
1 ft 0(a) 

4 

1 

Thermal 
Cycles 

. in Vac. 

3 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
2.000 hr 

cy 

•93 
2160 hr 

0 

cy 

Radiation 
(Gamma ge 
Neutrons) 

2 0 

2.0 

one 

Shock, 1 
Vibration 

1 li Accel. 1 

4 0 1 
4.0 

one 1 

Describe all major test exceptions or failures and key-letter to tablet 

a. Acceptance tests 

b. 

e* 

Rets results and load Isvsls of any special testing needed to qualify: 

1. None 

2. 

Overtesting which indicates endurance or cycle reliability, or margins 

of strength: 

1. Additional test performed at 1200°F and lO'^ torr for 1700 hours. 

2. 

WsakBSSS reaaining in final design; recoaaeaded design changes: 

1. None 

_± 

NO. NAA-SR-TDR-11914 

DATE 5-6-66 
82 OF. .108 

7lf.P 



ATOMICS INTERNATIONAL 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

Full Name Low Temperature Wire -_____^^____^_____«______«_«.»__ 

Specification No. Raychem Novathene Rev. 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change if noted in table below: 

Circle SNAP lOA Systems which incorporated this component: FSM-1,(^F5IM-2A 
FSEM-3, FS-1,('FSM-4, FS-3, FS-4, FS-5^ ^ 

Qualification Test Procedure Documentation: 

Reports which document test results; HAA-SR-10175 

EHTER BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles); 

test sequence 
tested I failed 

equiv. # missions 
90 day mission reqmt. 

Mech/Elect 
Functions 
0 Room Amb. 

2(a) 0 

Thermal] 
Cycles 

. in Vac. 

2(a; 0 

2 

1 or 2 

Therraal-Vacuum-
Endurance 

s 

4.990(b) hr 
cy 

2 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

, 1. Accel. 1 

2(a) 0 1 

one 1 

Describe all major test exceptions or failures and key-letter to table: 

a. Qualified as part of relay boxes. 

b. 4,320 hours as part of relay boxes. 

c. 

Rots results and load Isvsls of any special testing needed to qualify: 

1. 

2. 

Overtesting which indicates endurance or cycle reliability, or margins 

of strength: 

1. None 

2. 

Weakness remaining in final design; recommended design changes: 

1. None 

2. 

N O WAfl-.qR->PnP-npili 

naTg 5-6-66 
•aor 83 or .108 



ATOMICS INTERNATIONAL 
NO. WAA-gP-TTlP-nQlk 

6-66 

OF- "ToB" 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

F u l l Name Bal l t Shaft Assembly Drum Support 

Specification No. 

Drawing No. & L a t e s t Change L e t t e r lOFSMl-11039 "C" 

Rev, 

Previous drawing, spec, or change if noted in table below; 

Circle SNAP lOA Systeas which incorporated this component:(FSM-1 i) FSD1-2A, 
FSEM-3, FS-1,(FSM-4, FS-3, FS-4, FS-57) ^ 

Qualification Test Procedure Documentation; NA-0408-008 

Reports which document test results; PR's 21l4, 2115, 2116, 

NAA-SR-MBmo-10367; 10161 

EHTER BELOW THE NUMBER OF CCKPCKENTS(or hours , c y c l e s ) : 

t e s t sequence 
t e s t e d I f a i l e d 

e q u i v . M m i s s i o n s 
90 day mis s ion reqmt. 

Mech/Elect 
X\inctions 
0 Room Amb. 

Thermal 
Cycles 

. in Vac. 

3 0 

30 

1 or 2 

Thermal-Vacuum-
Endurance /, \ 

• 
6,552 hr 

cy 

3 

2160 hr 

0 (a) 

cy 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

. Ic Accel. 1 

3 0 1 

3 

one 1 

Descr ibe a l l major t e s t e x c e p t i o n s or f a i l u r e s and k e y - l e t t e r t o t a b l e : 

a* 1 s e t , hi torque a f ter temp lovrered, 2 se t s af ter press . Increase to 
. atmosphere. 
"* Some s l i g h t deviat ions from spec, temp due to power l o s s . 

e* 
Rots results and load levels of any special testing needed to qualify: 

1. 

2. 

Overtesting which indicates endurance or cycle reliability, or margins 

of strength: 

1. 118 hrs 90^ relative humidity; I5 hrs low temperature following 
- endurance test. 

WsakBSSS remaining in final design; recommended design changes: 

1. 

2. 



ATOMICS INTERNATIONAL 
OATr 5-6-66 

108 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Haae Actuator Assembly - Drum Lockout 

Specification No. 

Drawing No. & Latest Change Letter lOFSMl-llOjl "E" 

Rev. 

Previous drawing, spec, or change if noted in table below; 

Circle SNAP lOA Systems which incorporated this component; FSM-1,(FSD1-2A) 
FSEM-3, (FS-1, FSM-4, FS-3, FS-4, FsT5^ ^ 

Qualification Test Procedure Documentation; NA-04o4-OQb 

Reports which document test results; NAA-SR-TDR-6232, 8335. 9065 

EHTER BELOW THE NUMBER OF CCKPCKEIJTS(or hours, cycles): 

test sequence | 
1 tested 1 failed | 

equiv. 
90 day 

M missions | 
mission reqmt 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

Thermal 
Cycles 

. in Vac. 

4 0 

40 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
192 hr 
4(a) cy 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 0 

2 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

4 0 1 
4 

one 1 

Dsscribs all major test exceptions or failures and key-letter to table: 

a. Squib-actuated at 250°F li 30°F following 48 hr endurance. 

b. 

c* 

Rots rssults ani load levels of any special testing needed to qualify: 

1. 

2. 

Ovsrtssting which indicatss endurance or cycle reliability, or margins 

of strength: 

1. 

2. 

WsakBSSS rsaainlng in final design; recoamended design changes: 

1. 
2. 



ATOMICS INTERNATIONAL 
NO.. 
navr 5-6-66 

NAA-SR-TDR-11914 

OF. 108 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Nsae Reflector Ejection Delay Timer 

Specification No. NEIOFSI-24-012 Rev. 

Drawing No. 8e Latest Change Letter 

Previous drawing, spec, or change if noted in table below: 

yStems which incorporated this component: FSM-1,/FS£H-2AV 
,('FSM-4, FS-3, FS-4, FS-5) ^ ^ 

Qualification Test Procedure Documentation; NA0403-019 

Circle SNAP lOA Sy 
FSEM-3, FS-1 

Reports which document test results; NAA-SR-TDR-11223; NAA-SR-9246: 

NAA-SR-TDR-9216; NAA-SR-10506; NAA-SR-10505: NAA-SR-TDR-1Q77Q: NAA-3R-Q1S7 

EHTER BELOW THE NUMBER OF CCKPCNENTS(or hours , c y c l e e ) ; 

e 
90 

test 
tested 

quiv. # 
day mis 

sequence | 
1 failed 
missions | 
sion reqmt. 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

5 0 

j 5 
1 1 

Thermal 
Cycles 

. in Vac. 

2 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4,320 hr 
400 cy 

2 

2160 hr 

1 (b) 

1 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 1 (a) 

2 

one 

Shock, 1 
Vibration 

. L Accel. 1 

2 0 1 

2 

one 1 

Descr ibs a l l major t e s t e x c e p t i o n s or f a i l u r e s and k e y - l e t t e r t o t a b l e t 

a . Timing malfunction was due to method of lubricat ion and not radiat ion 
e f f e c t s . 

b* Motor speed control contact caused a malfunction at low vo l tage . The 
unit then coii?)leted 2000 cyc l e s success fu l ly at 28 YDC. 

Rots r s s u l t s and load I s v s l s of any s p e c i a l t e s t i n g needed to q u a l i f y : 

1 . None 

2 . 

Overtesting which indicates endurance or cycle reliability, or margins 

of strength: 

1. None 

2. 

WsakBSSS rsaainlng in final design; recoaaeaded design changes: 

1. Enlarge timing tolerance so chrometrlc govenor may be deleted. 

H9.P 



NAA-SR-TDR-11914 

ATOMICS INTERNATIONAL 
NO. 
narr q-6-66 
wanr 87 nr 108 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Naae Electrically Actuated Band Release Device 

Specification No. 

Drawing No. & Latest Change Letter 1QFS-^;LQ52 N/C 

Rev. 

Previous drawing, spec, or change if noted in table below: 

Ci rc l e SNAP lOA SystjAftwhich incorporated t h i s component: FSM-1,(FSEM-2A, 
rsEM-3, FS-1, 'FSM-^^ rs-3, (FS-4 , F S - 5 ^ ^ ^ 

Qua l i f i ca t ion Test Procedure Documentation; NA 04o4-011 "A" 

Reports which document t e s t r e s u l t s ; NAA-SR-TDR-n6Pi; WAA-qR-TTO-n ^6n-
NAA-SR-TDR-11454; NAA-SR-TI»-ll620; NAA-SR-TER-10954; PR's; 2900; 3104; 3110: 

3199* 3973" 3974 
ENTER BELOW THE NUMBER OF CCKPCKENTS(or hours , c y c l e s ) : ' 

k 

Mech/Elect 
Functions 
0 Rooa Amb. 

5 0 

5 

1 

Thermal! 
Cycles 

. in Vac 

0 0 

0 

1 or 2 

test sequence 
tested 1 failed 

equiv. M missions 
90 day mission reqmt. 

Thermal-Vacuum-
Endurance 

• 
8j64t) hr 

cy 

4 
2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 (a) 0 

2 
one 

Shock, 1 
Vibration 

1 Ic Accel. 

•> 0 1 

S 
one 1 

Describe a l l major t e s t except ions or f a i l u r e s and k e y - l e t t e r to t a b l e : 

a . Radiation tes t ing a t qualif ication levels was successfully completed 
during component development t e s t s . 

D. 

C* 
Rots rssults and load levels of any special tasting needed to qualify: 

1. None 

2. 

Overtesting which indicates endurance or cycle reliability, or margins 

of strsngth: 

1 • None 

2, 

Weakness remaining in final design; recommended design changes: 

1. None 

2, 

7lf.^ 



ATOMICS INTERNATIONAL 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

Full Nsae Temperature Actuated Band Release Device 

Specification No. Rev, • 

Drawing No. & Latest Change Letter 10FSMl-li:|.33 

Previous drawing, spec, or change if noted in table below: 

Circle SNAP lOA Systems which incorporated this component: FSM-1, FSQ1-2A, 
FSEM-3, FS-l,(j'SM-4, FS-3, FS-4, FS-5^ 

Qualification Test Procedure Documentation; NA 04o8-009 

Reports which document test results; NAA-SR-TDR-10255. 10156 

EHTER BELOW THE NUMBER OF CCKPCKENTS(or hours, cycles): 

test sequence | 
tested 1 failed | 

e 
90 

quiv. # missions | 
day mission reqmt. 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

2 0 

2 

1 

Thermal 
Cycles 

. in Vac 

2 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
2,016 hr 

cy 

1 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 

. Ic Accel. 1 

2 0 1 

2 

one 1 

Dsscribs all major test exceptions or failures and key-letter to table: 

a. 

b. 

c. 

Rots rssults and load Isvsls of any special testing needed to qualify: 

1. 

2. 

Overtesting which indicatss endurance or cycle reliability, or margins 

of strsngth: 

1. 25 units destructive-load tested. 

2. 

WsakBSSS reaaining in final design; recoamended design changes: 

1. 

2, 

NO NAA-.qR-'mR-nQi4 
navr 5-6-66 
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ATOMICS INTERNATIONAL 
navr 5-6-66 
otsftg 89 n r .108 

QUALIFICATION TEST WORKSHEET 

F l i g h t S y s t e a Mater ia l or Component 

F u l l Naae Low-Toltage Trip Device 

NEIOFS-20-010 Rev. Specification No._ 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change if noted in table below: 

Circle SNAP lOA Systems which incorporated this component; FSM-1,(FSEM-2A, 
FSEM-3^ FS-1,(FSM-4, FS-3, FS-4, FS-5> 

Qualification Test Procedure Documentation: 

Reports which document test results; NAA-SR-TDR-9743 

EHTER BELOW THE NUMBER OF CCKPCKEriTS(or hours, cycles): 

e 
90 

test 
tested 

quiv. 

day 
M 

sequence j 
I 1 failed 
missions 

mission reqmt 

Mech/Elect 
Functions 
0 Rooa Amb. 

4 0 

4 

1 1 

Thermal 
Cycles 

.in Vac. 

4 0 

40 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
9.216 hr 

cy 

4 

i 2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

4 0 

4 

one 

Shock, 1 
Vibration 

. Ic Accel. 1 

4 0 1 

4 

one 1 

Dsscribs all major test exceptions or failures and key-letter to table: 

a. None 

b, 

c* 

Rots rssults and load Isvsls of any special testing needed to qualify: 

1. None 

2. 

Overtesting which indicatss endurance or cycle reliability, or margins 

of strsngth: 

1• Hone 

2. 

WsakBSSS reaaining in final design; recoamended design changes: 

1. None 

2. 

7».P 



»AA-?R-TPR-a9l'^ 

ATOMICS INTERNATIONAL 
NO. 
navr 5-6-66 
aaftg 90 n r .108 

QUALIFICATION TEST WORKSHEET 

F l i g h t System Mater ia l or Component 

F u l l Naae Drum Pos i t ion Transducer 

NEIOFSMI-16-OOI Specification No. 

Drawing No. & Latest Change Letter 

Rev, C 

Previous drawing, spec, or change if noted in table below: 

CirclegNAP lOA Systems which incorporated this component: FSM-1, /'FS£M-2Ai 
(>SEM-3) FS-1,(FSM-V, FS-3, FS-4, FS-5) ^̂  ^ 

Qualification Test Procedure Documentation; NA-04o4-007 

Reports which document test results; PR's; 527. 555, 1422, l424. 1429. 1431 

EHTER BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles): 

test sequence | 
tested 1 failed | 

e 
90 

quiv 

day 
, # missions | 
mission reqmt 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

5 0 

5 
1 

Thermal 
Cyclee 

. in Vac. 

2 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4.1^ hr 

2 '̂y 

2 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 0 

2 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

1 1 (a) 

1 

one 1 

Describe all aajor test exceptions or failures and key-letter to tablet 

a. Torque exceeded 4 in-oz but no serious difficulty. Values up to 12 
in-oz have not been detrimental. 

b* 

Rots rssults and load Isvsls of any special testing needed to qualifyt 

1. Temperature drift curves are requires for accurate position 
_ determination. 

Overtesting which indicatss sndurance or cycle reliability, or aargins 

of strsngth: 

1. None 

2. 

WsakAssa rsaainlng in final design; recoamended design changes: 

1. None 

2. 



ATOMICS INTERNATIONAL 
4 W»lilwi el MmMk Aiwtrit— AvImHm. km. 

QUALIFICATION TEST V/ORKSHEET 

F l i g h t S y s t e a Mater ia l or Coaponent 

F u l l Naae Drum Pos i t ion Demodulator 

S p e c i f i c a t i o n No. NElOFSl-24-OlO Rav. B 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change if noted in table bslow:_^ 

Circle SNAP lOA Systeas which incorporated this component: FSM-1,(FS£H4>2A, 
FSEM-3, FS-1,(FSM-4, FS-3, FS-4, FS-5^ 

Qualification Test Procedure Documentation; NA-04o3-023 

Reports which document test results; NAA-SR-Memo-9476; NAA-SR-Meao-958l; 

PR's: 1417. 1421, l427. l428. l432, 1433. l457: NAA-SR-10499; NAA-g^-Tm-lQ58s 

EHTER BELOW THE NUMBER OF CCKPCNEriTS(or hours, cycles): 

test sequence | 
1 tested 1 failed | 

e 
90 

quiv, 

day 
. # missions | 
mission reqmt. 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

1 4 0 

4 

1 

Thermal 
Cycles 

. in Vac. 

2 0 

20 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
4.320 hr 

cy 

2 

1 2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 0(a) 

2 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

2 0 1 

2 

one 1 

Describe all major test exceptions or failures and key-letter to table: 

a. Following irradiation, the output decreased greater than the 1^ 
specified. 

b. 

e. 

Rots rssults «md load levels of any special testing needed to qualify: 

1. Radiation sensitivity curves required for long term operation. 

2. 

Overtesting which indicatss endurance or cycle reliability, or margins 

of strength: 

1. None 

2. 

WsakBSSS remaining in final design; recoamended design changes: 

1.None 

2 . 

7lf.P 

Mft NAA-SR-TDR-11914 
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ATOMICS INTERNATIONAL 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Haas Reflector Limit Switches 

Specification No. NE10FS1-24-013 Rev. N/C 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change if noted in table bslow: 

Circle SNAP 10A Systeas which incorporated this component: FSM-1, FSEM-2A, 

rSEM-3,(FS-lj FSM-4,(^FS-3, FS-4, FS-?) 

Qualification Test Procedure Documentation; NA-04O3-021 

Reports which document test results; NAA-SR->femo-9476; NAA-SR-Memo-9599^ 

Test Reports P/722-22: 201, 206, 252, 254, 256; Data Reports: 546, 508, 507, 
599. (m. t̂ li, 602, 603, 604. 60^, 6o6, 547, 500, 501, 502, 503. 504, 505. 
^^^' TSftEB BELOW THE NUMBER OF CCKPCNEIITsCor hours, cycles;; 

test sequence | 
1 tested 1 failed | 

e 

90 

quiv. 
day 

# missions | 
mission reqmt. 1 

Mech/Elect 
Functions 
0 Rooa Amb. 

17 0 

17 

1 

Thermal 
Cycles 

. in Vac. 

8 0 

80 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
10.800 hr 

cy 

5 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 0 

2 

one 

Shock, 1 
Vibration 
Ic Accel. 1 

8 0 (a 

8 1 
one 1 

Describe all major test exceptions or failures and key-letter to tablet 

a. One monentary contact closure during vibration testing. 

b, 

e. 

Hots rssults and load levels of any special testing needed to qualify: 

1. None 

2. 

Overtesting which indicates endurance or cycle reliability, or margins 
of strsngth: 

1. None 

2. 

WsakBSSS remaining in final design; recoamended design changes: 

1 . None 

2 . 

J\9-P 

NO NAA-SR-TDR-11914 

naTr 5-6-66 
aaftP 9g n r I08 



ATOMICS INTERNATIONAL DATE ^r6 66 
MOE. 4iU. .OF laa. 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Haae Converter lagpedance Isolation Inductor 

SpseificatioB No. NEIOFS-24-017 Rev, 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change if noted in table below: 

Circle SNAP lOA Systems which incorporated this component: FSM-1, FSEM-2A, 
FSEM-3, FS-1, FSM-4, FS-3,(FS-4, FS-B) 

Qualification Test Procedure Documentation; NA-04O3-Q35 

Reports which document test results; NAA-SR-TDR-11157 

EHTER BELOW THE NUMBER OF CCMPCKEIITS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
k Rooa Amb. 

1 3 0 

3 

1 

Thermal 
Cycles 

. in Vac. 

2 0 

12 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
2.052 hr 

cy 

1 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

1 0 

1 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

2 0 1 
2 1 
one 1 

Dsscribs all aajor test exceptions or failures and key-letter to table: 

a. None 

b, 

c. 

Rots rssults and load Isvsls of any special testing needed to qualify: 

1. None 

2, 

Overtesting which indicatss sndurance or cycle reliability, or aargins 

of strength: 

1. None 

2, 

WsakBSSS rsaainlng in final dssign; recoamended design changes: 

1, None 

2, 



Mft NAA-SR-TDR-11914 
narr 5-6-66 
MOC Q'̂  nr 108 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

Full Naae Converter Degradation Measuring D̂ v-ir̂  t,nf\ Transformer 

Specification No. NElOFS-24-013 Rev. B 

Drawing No. & Latest Change Letter (lOFS-22032) 

Previous drawing, spec, or change if noted in table bslow: 

CircleMAP lOA Systaas which incorporated,^ this component: FSM-1, (FSEM-2A^ 
(rSEM-3) FS-1,(FSM-4, FS-3, FS-4, FS-3) ' 

Qualification Test Procedure Documentation; NA-0403-030 

Reports which document test results; NAA-SR-III55; NAA-SR-IO38I; 

NAA-SR-9234; NAA-SR-9629 

EHTER BELOW THE NUMBER OF CCKPCKENTS(or hours, cycles): 

test sequence | 
tested 1 failed | 

e 
90 

quiv, 

day 
, # missions | 
mission reqmt. 1 

Mech/Elect 
Functions 
b Rooa Amb. 

10 0 

10 

1 

Thermal 
Cycles 

. in Vac. 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
1106 (a) hr 

cy 

•5 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

1 0 

1 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

2 0 1 
2 1 

one 1 

Dsscribs all major test exceptions or failures and key-letter to tablet 

a. Thermal vac. test time = 384 hrs ea. 
Ai]A)ient endur. t e s t time = 722 hrs ea . 

b , 

c . 

Rots rssults and load Isvsls of any special testing needed to qualify: 

1. None 

2. 

Overtesting which indicatss endurance or cycle reliability, or aargins 

of strsngth: 

1. None 

2. 

WsakBSSS rsaainlng in final dssign; recoaaeaded design changes: 

1• Hone 

2. 

7lf.f 
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ATOMICS INTERNATIONAL 
N 0 . _ 
DATE. 
MOE. 

NAA-SR-TDR-11914 

5-6-66 

.21 .OF . 108 

QUALIFICATION TEST WORKSHEET 

F l i g h t S y s t e a Mater ia l or Component 

F u l l Haae Caana Flux Radia t ion Detector 

S p e c i f i c a t i o n No. NB10FS-24-003 Rev, 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change if noted in table bslow: 

Circle SNAP 10A Systeas which incorporated this component: FSM-1, (TSOi-2k^ 
(FSEM-3) FS-1,(F3M-4, FS-3, FS-4, FS-5) ^ 

NEIOFS-24-003 Qualification Test Procedure Documentation: 

Reports which document test results; NAA-SR-Memo-9746 

Qualification Test Performed by Vendor (G.E.) 

EHTER BELOW THE NUMBER OF CCKPCKENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

3 0 

3 

1 

Thermal 
Cycles 

. in Vac. 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
6̂r> hr 

cy 

.17 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

1 0 

1 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

1 0 1 
1 

one 1 

Describe all major teat exceptions or failures and key-letter to tablet 

a. None 

b. 

c. 

Rots rssults ani load levels of any special testing needed to qualify: 

1. None 

2. 

Overtesting which indicatss endurance or cycle reliability, or margins 

of strength: 

1» None 

2. 

Weakness remaining in final design; recommended design changes: 

1. None 

2. 

J}9.f 



ATOMICS INTERNATIONAL 
W W^V^N M^HWvaSR MVsBNBHf fRC* 

N0. -_ 
DATE. 
MOE. 

NAA-SR-TPR-11914 

T^^Z^ 
iiL. .OF IflS-

QUALIFICATIOH TEST WORKSHEET 

Flight System Material or Component 

F u l l Haae Angl l f ier , Sigaal Conditioning^ (ORtiYnp) 

NElOFS-24-006 S p s e i f l c a t i o B No. 

Drawing No. & L a t e s t Change L e t t e r 

Rev. 

Previous drawing, spec, or change if noted in table below: 

Circle SNAP lOA Syatema which incorporated this component: FSM-1, rFSEM-2Aj 
(FSEM-3) FS-l,(F3M-4, FS-3, FS-4, FS-5} 

NElOFS-24-006 Qualification Test Procedure Documentation; 

Reports which document test results; NAA-SR-Memo-9746 

Qualification Test Performed bv Vendor (G.E.) 

EHTER BELOW THE NUMBER OF CCKPCNEMTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

3 0 

3 
1 1 

Thermal 
Cycles 

. in Vac. 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
360 hr 

cy 

.17 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

1 0 

1 

one 

Shock, 1 
Vibration 

1 Ic Accel. 1 

2 0 1 

2 

one 1 

Dsscribs all major test exceptions or failures and key-letter to table: 

a. None 

b. 

c. 

Hots rssults and load levels of any special testing needed to qualify: 

1. None 

2. 

Overtesting which indicatss endurance or cycle reliability, or margins 

of strength: 

1, None 

2. 

WsakBSSS reaaining in final design; recoamended design changes: 

1, None 

2. 



MAfl-gP-rrnp.nyi), 

ATOMICS INTERNATIONAL 
NO. 
naTr 5-6-66 
aaftP p7 r>r ooa. 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Ful l Haas Neutron Flux-Hl Level Detector 

Spsc i f icat ion No. NEIOFS-24-005 Rev. 

Drawing No. & Latest Change Letter_ 

Previous drawing, spec, or change if noted in table below:_ 

Circlt_MAP lOA Sys lt_MAP lOA Systeas which incorporated this component: FSM-1, FSEM-2A) 
(rSEM-3') FS-1,(F3M-4, FS-3, FS-4, FS-5) 

Qualification Teat Procedure Documentation; NE10FS-24-005 

Reports which document test results; NAA-SR-TDR-11333 (Calib. onlvl: 

Vendor Qual. Test data. 

EHTER BELOW THE NUMBER OF CCKPCNEIITS(or hours, cycles): 

test sequence | 
tested 1 failed | 

e 
90 

quiv, 

day 
M missions | 
mission reqmt. 1 

Mech/Elect 
b\inetions 
0 Rooa Amb. 

1 0 

Thermal 
Cycles 

. in Vac. 

1 0 

1 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
720 hr 

cy 

• 3 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

one 

Shock, 1 
Vibration 
Ic Accel. 1 

1 0 1 
1 

one 1 

Dsscribs all aajor test exceptions or failures and key-letter to table: 

a. 

b. 

e. 

Rota rssults and load Isvsls of any special testing needed to qualify: 

1. 

2. 

Overtesting which indicatss sndurance or cycle reliability, or aargins 

of strsngth: 

1. 

2. 

Wsakasaa rsaainlng in final dsaign; recoamended design changes: 

1. 

2. 



NAA-SR-TDR-11Q14 

ATOMICS INTERNATIONAL 
NO. 
navr ^-6-66 

PA0E_2L__0F, 108 

QUALIFICATION TEST WORKSHEET 

F l i g h t S y s t e a M a t e r i a l or Component 

F u l l Haae Radia t ion Detector - Power Supply DC/DC ( H i - l e v e l Neutron) 

S p s c i f i c a t i o n No. NE10FS-24-002 Rev, 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change if noted in table bslow: 

Circle SNAP lOA Systeas which jncorpgrated^this component: FSM-1,(FSEM-2A*^ 
(FSEM-3) FS-1,(FSM-4, FS-3, FS-4, FS-5) ^ 

Qualification Test Procedure Documentation; NE10FS-24-0O2 

Reports which document test results; NAA-SR-Memo-10037 (Irrad. only) 

NAA-SR-Memo-9746 (BMI); Vendor Qual. Test data. 

EHTER BELOW THE NUMBER OF COMPONENTS(or hours, cyclee): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

3 0 

3 

1 1 

Thermal 
Cyclee 

. in Vac. 

1 or 2 

Thermal-Vacuum-
Endurance 

360 hr 
cy 

.17 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 
(a) 

2(b) 

2 

one 

Shock, 1 
Vibration 

, Ic Aceel. 1 

1 0 1 

1 

one 1 

Dsscribs all aajor test exceptions or failures and key-letter to tablet 

a. No load voltage exceeded the upper spec, limit. 

b. Output voltage dropped from 490 to 23 volts during test. 

e. 

Rots rssults and load Isvsls of any special testing needed to qualify: 

1. Irradiation testing, in thermal-vacuum, at 6 x 10 ̂  nvt to 1 x 10 nvt 

2, 

Overtesting which indicatss sndurance or cycle reliability, or aargins 

of strsngth: 

1. Hone 

2, 

Wsakasaa rsaainlng in final design; recoaasndsd design changes: 

1, Radiation induced coaponent damage causes premature failure. 

2. 

»l».^ 



ATOMICS INTERNATIONAL 
A DUiWeii el MtHk tmuhm ArlaHi, km. 

N 0 . _ 
DATE. 
MOE. 

NAA-£ j-TDR-liqi4 

99 OF. "ToT 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Haae Neutron Flux Detector - Low Level 

Specification No. NE10FS-24-004 Rev. 

Drawing No. Ic Latest Change Letter 

Previous drawing, spec, or change if noted in table bslow: 

Circle SNAP lOA Syatyas which ipcorporated this coaponent: FSM-1,(FSEM-2A^ 
(>SEM-3) FS-1,(F3M-4, FS-3, FS-4, TS-3^ 

Qualification Test Procedure Documentation: NElOFS-24-004 

Reports which document test results; NAA-SR-Memo-974b (BMI); HAA-SR-Meao-

10037 (Irrad.); HAA-SR-TI»-11333; NAA-SR-TDR-102b4; Vendor Qual. Data 

EHTER BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

3 0 

3 

1 

Thermal 
Cycles 

. in Vac. 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
720 hr 

cy 

• 3'̂  

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 0 

2 

one 

Shock, 1 
Vibration 
1. Aceel. 1 

1 0 1 
1 

one 1 

Describs all major test exceptions or failures and key-letter to table: 

a. None 

b, 

o. 

Rots r s s u l t s and load l e v e l s of any special t es t ing needed to qualify: 

1, Additional endurance testing to 10^^ ^yt with amplifier li power supply 

2 . 

Overtesting which indicatss endurance or cycle r e l i a b i l i t y , or margins 

of strsngth: 

1 . None 

2. 

WsakBSSS reaaining in final design; recoamended design changes: 

1. None 

2, 

7I».P 



ATOMICS INTERNATIONAL 

NO NAA-SR-TDR-13Q14 
navr 5-6-66 

FAOE^22_OF. 108 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

F u l l Haae Neutron Flux Detector - Aagpllfler t Power Supply (Low Level) 

S p s c i f i c a t i o n No. NE10FS-24-001 Rev, 

Drawing Ho. & Latest Change Letter 

Previous drawing, spec, or change if noted in table bslow: 

Circle SNAP lOA Systeas which incorporated this component; FSM-1, (j sle SNAP lOA Systems which incorporate 
(rSEM-3) FS-1,CFSM-4. rS-3, F3-4, FS 

ed t h i s c< 3 
FSD1-2A^ 

NElOFS-24-001 Qualification Test Procedure Documentation: 

Reports which document test results; NAA-SR-Meao-974b; NAA-SR-TDR-11333; 

NAA-SR-Meao-10037; NAA-SR-TDR-10264; Vendor Qual. Test Data 

EHTER BELOW THE NUMBER OF CCMPCNENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
'9 Rooa Amb. 

3 0 

3 
1 1 

Thermal 
Cycles 

. in Vac. 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
360 hr 

cy 

.17 

12160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2 2 (a) 

2 

one 

Shock, 1 
Vibration 

. Ic Aceel. 1 

1 0 1 

1 

one 1 

Describe all major tsst exceptions or failures and key-letter to tablet 

a. System was not operating properly prior to irradiation. Post test 
analysis indicated a failure in the signal conditioner. 

b. 

Rots rssults and load levsls of any special testing needed to qualify: 
13 

1. Additional endurance testing to integrated flux levels of 10 -" nvt 

2. 

Overtesting which indicatss sndurance or cycle reliability, or aargins 
of atrsngth: 

1. None 

2, 

WsakBSSS rsaainlng in final design; recoamended design changes: 

1. Amplifier failures during irradiation Indicate that coô jonent harden-
, ing is required. 

7lf-P 



ATOMICS INTERNATIONAL 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Haae Fast Neutron Integrated Flux Detector 

Spscification No. Rev, 

Drawing No. & Latest Change Letter 10FS-24021 

Previous drawing, spec, or change if noted in table bslow: 

Circle SNAP lOA Systems which incorporated this component: FSM-1, FSEM-2A, 
FSEM-3, FS-1, FSM-4, (FS-3, FS-4, FS-5) 

Qualification Test Procedure Documentation; NA-O405-O10 

Reports which document test results; NAA-SR-TDR-11152; NAA-SR-9836; 

NAA-SR-10125; NAA-SR-11161 

EHTER BELOW THE NUMBER OF COMPONENTS(or hours, cycles): 

test sequence 
tested I failed ~ 

equiv. M missions 
90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

19 0 

19 

1 

Thermal 
Cycles 

. in Vac. 

4 0 

8 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
6.048 hr 

cy 

2.8 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

b 0 

6 

one 

Shock, 1 
Vibration 

1 k Aceel. 1 

4 0 1 
4 

one 1 

Dsscribs all aajor test exceptions or failures and key-letter to tablet 

a. None 

b. 

e. 

Rota rssults and load Isvsls of any spscial testing needed to qualify: 

1* Hone 

2. 

Ovsrtssting which indicatss sndurance or cycle reliability, or aargins 

of strsngth: 

1• Hone 

2. 

Wsakasaa rsaainlng in final dssign; recoaaeaded design changes: 

1. Teaperature susceptibility requires that each detector be tested over 
its temp, range. 

2, 

NO 

DATE-
PAOE. 

NAA-SR 
5-6-66 

101 

-TER 

0F_ 

-11914 
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NO ^N^-S^-TU^-li'ilh 

ATOMICS INTERNATIONAL D A T E ^ _ 
MaE_lQ2 

6-66 

.OF. .108 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Naae Resistance Temperature Detectors fc Bridge 

Specif icat ion No. NE10FS-24-009 Rev. 

Drawing No. & Latest Change Letter 10FS-24001 "B" 

Previous drawing, spec, or change if noted in table bslow: 

Circle SNAP lOA ̂ sterna which incorporated this coaponent: FSM-1,(FSB1-2A^ 
^wevul^\ I've •\\/va\A U ve x vo /i wc? c \ ^ 
IMiHAP lQA_Sy 
(rSEM-3)(FS^ FS-i;j(FSM-4, FS-3, FS-4, FS 

ed this 

3 
Qualification Test Procedure Documentation; 

Reports which document test results; NAA-SR-TDR-9768; NAA-SR-10084 

EHTER BELOW THE NUMBER OF CCKPCKENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # missions 

90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

3 0 

3 

1 1 

Thermal 
Cycles 

. in Vac. 

3 0 

30 

1 or 2 

Thermal-Vacuum-
Endurance 

s 

6.480 hr 
cy 

3 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

3 0 

3 

one 

Shock, 1 
Vibration 

> Ic Aceel. 1 

3 0 1 

3 
one 1 

Dsscribs all major test exceptions or failures and key-letter to tablet 

a. Brazing damage during Installation caused calibration shift. Method 
of installation changed to insertion into a copper block. 

b, 

c. 

Rots rssults and load Isvsls of aay special testing needed to qualifyt 

1. Additional vibration testing in flight configuration acunting. 

2. 

Overtesting which indicatss sndurance or cycle reliability, or aargins 

of strsngth: 

1. Hone 

2. 

Wsakasaa rsaainlng in final dssign; recoaaeaded design changes: 

1. Variable calibration shift after exposure to temperatures over 1200°F. 

2. 

1\%9 



ATOMICS INTERNATIONAL 
AMVWMWNMMI 

DATE 5-6-66 

moE 103 OF. IW 

QUALIFICATIOH TEST WORKSHEET 

Flight Systea Material or Coaponent 

F u l l Haae Thermocouple Assembly, Socket-Head Cap Screw Tip 

NElQFSMl-24-006 SpseiflcatioB No._ 

Drawiag Ho. fc Latest Change Letter 

Rev, 

lOFS-20068 "A" 

Previous drawing, spec, or change if noted in table bslow: 

Circls SNAP lOA Systeas which incorporated this coaponent: FSM-1, rSEM-2A, 
FSEM-3, FS-1,(FSM^4, FS-3, FS-4, FS-5^ 

Qualification Test Procedure Documentation; HA-0403-034 

Reports which document test results: HAA-SR-10472 

EHTER BELOW THE NUMBER OF CCMPCNENTS(or hours, cycles): 

test sequence 
tested I failed 

equiv. # aisslons 

90 day mission reqmt. 

Mech/Elect 
Functions 
0 Rooa Amb. 

Thermal 
Cycles 

. in Vac. 

3 0 

30 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
2.160 hr 

cy 

1 

2160 hr 

2 (b) 

cy 

Radiation 
(Gamma & 
Neutrons) 

8(c) 0 

8 

one 

Shock, 
Vibration 

. Ic Aceel. 

^ n 

3 

one 

Dsscribs all aajor test exceptions or failures and key-letter to tablet 

a. High failure rate during development testing necessitated a redesign. 

b. Out of tolerauice degrad. in 2 un-sandblasted specimens. 

c. FS-3 

Rots rssults and load Isvsls of any special testing needed to qualify: 

1. Additional endurance testing at 750 F for qualifying insulation 
_ resistance. 

Overtesting which indicatss sndurance or cycle reliability, or aargins 

of strsngtht 

1, None 

2, 

WsakBSSS rsaainlng in final design; recoamended design changes: 

1. Decreasing insulation resistance vrtien endurance tested in thermal 
vacuum. 

7If.^ 



ATOMICS INTERNATIONAL 
A Dliliaw af NwNb 4awH«ee A V M I M , tat. 

QUALIFICATION TEST WORKSHEET 

Flight Systea Material or Component 

Full Haae Thermocouple Assembly 

Spscification No. HE10FSM1-24-006 Rev. D 

Drawiag Ho. & Latest ChaBge Letter lOFS-20013 "F" 

Prsvious drawing, spec, or chancre if noted in table bslow: 

Circls SNAP lOA Systeas which incorporated this component: FSM-1., 'FSEM-2'A 

(rSBM-3)CFS-lJi(^F3M-4, rS-3rFS-4, FS-5J) ~ ' 
Qualification Test Procedure Documentation; NA-04O3-O25 

Reports which document test results; PR's: l6l2, 1019. I6l4, 1021 

EHTER BELOW THE NUMBER OF CCMPCNENTS(or hours, cycles): 

test sequence 
tested I failed ~ 

equiv. # missions 
90 day mission reqat. 

Moch/Elsct 
b^inetions 
0 Rooa Amb. 

Thermal 
Cycles 

. in Vac. 

50 0 

50 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
81.000 hr 

cy 

37 

1 2160 hr 

2 (b) 

cy 

Radiation 
(Gamma & 
Neutrons) 

25(c) 0 

25 

one 

Shock, 1 
Vibration 
fc Aceel. 1 

50 0 1 
50 

one 1 

Dsscribs all aajor tsst sxceptlons or failures and key-letter to tablet 

a. Qualified as part of TSH-1 U FSM-4 system tests. 

b. Two thermocouples failed, by open circuits, during FSM-1 testing. 

c. FS-3 

Rots results and load Isvsls of any special testing needed to qualify: 

1. None 

2, 

O v e r t e s t i n g which i n d i c a t s s sndurance or c y c l e r e l i a b i l i t y , or margins 
of s t r s n g t h : 

1 . None 

2 . 

Wsakasaa r s a a i n l n g in f i n a l d e s i g n ; recoamended des ign changes: 

1 . The basic thermocouple design i s su f f i c i en t for use on a l l systems but 
s t r i c t qual i ty control i s required t o prevent damage at i n s t a l l a t i o n . 

fcin NAA-SR-TDR-11914 
navr 5-6-66 

MOE ^^ nw 108 

7I».f 



ATOMICS INTERNATIONAL DATE Iz.^-^ 
or. "ToS" 

QUALIFICATION TEST WORKSHEET 

Flight System Material or Component 

Full Name Expansion CoapenBator Limit Switches 

Specification No. 

Drawing No. & Latest Change Letter 10FS-200i3 N/C 

Rev. 

Previous drawing, spec, or change If noted in table below; 

AP IQA igystema which incorporated this component: FSM-1, (FSEM-2A~i 
-3, (FS-lVpSM-it, FS-3, TS'h, FS-5i) 

Circle SNAP 
FSEM 

Qualification Test Procedure Documentation; NA-0403-Q26 

Reports which document test results; NAA-SR-9883 

EHTEB BELOW THE NUMBER OF CCKPCNENTS(or hours, cycles)! 

test sequence 
tested T failed 

equlv. # missions 

90 day raission reqmt. 

Mech/Elect 
Functions 
|o Room Afflb. 

8 0 

8 

1 1 

Thermal 
Cycles 

. in Vac 

60 0 

30 

1 or(2) 

Thermal-Vacuum-
Endurance 

• 
3B,W*7 hr 

cy 

18 

1 2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

2(a) 0 

2 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

8 0 1 

8 

one 1 

Describe all major test exceptions or failures and key-letter to table: 

a. FS-3 

b, 

c. 

Hett results and load levels of any special testing needed to qualify: 

1. None 

2. 

Orertesting which indicates endurance or cycle r e l i a b i l i t y , or margins 
of strength: 

1 . Qualification tes t ing performed on h Bwltches as par t of experi­
mental component assen&ly. Data included above. 

2* 

WsskBSSS remaining In f i n a l design; recommended design changes: 

1 . None 

2. 
Jlf'P 



ATOMICS INTERNATIONAL 
NO.. 
O A T E _ ± : £ ^ 
p^0E_106 

NAA-SR-TDR-1191'* 

OF. 108 

QUALIFICATION TEST VORKSHEET 

Flight System Material or Component 

Full Name Converter Voltage Divider 

Specification No. 

Drawing No. fc Latest Change Letter lOFS-20011 "Ĉ  

Rev. 

Previous drawing, spec, or change If noted in table below: 

Clrcli lie SNAP lOA Systems which incorporated this component;(FSM-I, FSEM-2A^ 
(FSEM-3, FS-1, FSM-'t, FS-3, FS-it, FS-5^ ^̂  -^ 

Qualification Test Procedure Documentation; NA-Oto3-027 

Reports which document test results; 

ENTER BELOW THE NUMBER OF CCKPCKElITS(or hours, cycles); 

test sequence 
tested I failed 

equiv. # missions 
90 day mission reqmt. 

Mech/Elect 
Functions 
is Room Amb. 

2 0 

1 1 

Thermal 
Cycles ' 

.in Vac. 

2 0 

2 

1 or 2 

Thermal-Vacuum-
Endurance 

• 
^.2U0 (*}hr 

cy 

1-5 

2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

Kb) 0 

1 

one 

Shock, 1 
Vibration 

. Ic Accel. 1 

2(a) 0 1 

2 

one 1 

Describe all major test exceptions or failures and key-letter to table: 

a. Qu«aified as part of FSM-1 li ¥S»-k systems tests. 

b. FS-3 

c. 

Not* results and load levsls of any special testing needed to qualify: 

1. None 

2. 

Overtesting which indicates endurance or cycle reliability, or margins 
of strength: 

1. None 

2. 
Wsakaess remaining In final design; recommended design changes: 

1> None 

2. 

J}9'P 



ATOMICS INTERNATIONAL naTr 5-6-66 
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QUALIFICATION TEST /WORKSHEET 

F l i g h t System Mater ia l or Component 

F u l l Name Di f ferent ia l Current Transductor 

NET361-62-001 Rev. Specification No._ 

Drawing No. & Latest Change Letter 

Previous drawing, spec, or change If noted in table below: 

Circle SNAP lOA Systems which incorporated this component: FSM-1, FSEM-2A, 
FSEM-3, FS-1, FSM-it, FS-3, (FS-4, FS-5^ 

Qualification Test Procedure Documentation; 3TQto3-NA0037 

Reports which document test results; NAA-SR-TDR-11153; NAA-SR-ll4l6 

ENTER BELOW THE NUMBER OF CCMPCNEIITS(or hours , c y c l e s ) ; 

t e s t sequence 
t e s t e d I f a i l e d 

equlv . # m i s s i o n s 
90 day miss ion reqmt. 

Kech/Elect 
Functions 
M Room Amb. 

3 0 

3 
1 

Thermal 
Cycles 

.in Vac. 

2 0 

2 

1 or 2 

Thermal-Vacuum-
Endurance 

2.160 hr 
cy 

1 

2160 hr 

1 (a) 

cy 

Radiation 
(Gamma & 
Neutrons) 

1 0 

1 

one 

Shock, 1 
Vibration 

, Ic Accel. 1 

2 0 1 

2 

one 1 

Descr ibe a l l major t e s t e x c e p t i o n s or f a i l u r e s and k e y - l e t t e r t o t a b l e : 

a . Component shi f ted ca l ibrat ion af ter appl icat ion of 500 vdc Megger and 
was replaced for endurance t e s t i n g . 

B* 

C . 

Not* results and load Isvsls of any special tasting needed to qualify: 

1. None 

2. 

Overtesting which indicates endurance or cycle reliability, or margins 
of strength: 

1* None 

2. 

Wssknsss remaining In f i n a l d e s i g n ; recommended des ign changes: 

1 . Transductor should not be checked for insulat ion res i s tance , at 5OO 
vdc, for 25 times as was done during qua l i f i ca t ion t e s t i n g . 

2 . 

J\9.P 
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QUALIFICATION TEST WORKSHEET 

F l i g h t System Mater ia l or Component 

F u l l Wame Expansion Compensator Posi t ion Transducer and Demodulator 

S p e c i f i c a t i o n No. NElOFS-24-008 Rev. p 

Drs%rlBg No. Ic L a t e s t Change L e t t e r 

Previous drawing, spec, or change if noted in table below; 
.* 

Circle SNAP lOA Systems which Incorporated this component: FSM-1,(fSra-2Aj 
^SEM-3,) FS-1, CPSM-'t, FS-3. TS:X\~fS-5.} 

Qualification Test Procedure Documentation; NA-OU03-O23 

Reports which document test results; NAA-SR-Memo 9746 (Radiation) 

Qualification test performed by vendor 

EHTER BELOW THE NUMBER OF CCKPCKEIJTS(or hours, cycles); 

e( 
90 

test 
tested 

luiv. # 

sequence | 
1 failed 
missions | 

day mission reqmt. 1 

Mech/Elect 
Functions 
0 Room Amb. 

6 0 

6 

1 1 

Thermal 
Cycles 

. in Vac 

60 0 

30 

Thermal-Vacuum-
Endurance 

• 
35.767 hr 

cy 

18 

1 or (2)1 2160 hr 

0 

cy 

Radiation 
(Gamma & 
Neutrons) 

1(a) 0 

1 

one 

Shock, 1 
Vibration 

. Ic Accel. 1 

6 0 

6 1 
one 1 

Dsserlbe all major test exceptions or failures and key-letter to table: 

a. Demodulator only 

b, 

c. 

Nets results and load levels of any special testing needed to qualify: 

1. 

2. 

O v e r t e s t i n g which i n d i c a t e s endurance or c y c l e r e l i a b i l i t y , or margins 
o f s t r e n g t h : 

1 . Qual i f icat ion t e s t i n g performed on k uni t s as part of experi­
mental component assembly t e s t s . Data i s Included above. 

2 . 
Wssknsss remaining in f i n a l d e s i g n ; recommended des ign changes: 

1 . 

2 . 

^ NAA-SR-TDR-11914 
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