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PREFACE 

The Hughes Ai rc ra f t  Company Pioneer  Venus final  repor t  i s  based on 
study task repor t s  p repa red  during per formance  of the "System Design Study 
of the  Pioneer  Spacecraft .  " These t a sk  r epo r t s  w e r e  forwarded to  Ames 
Resea rch  Center  a s  they w e r e  completed during the nine months study phase. 
The significant resu l t s  f r o m  these t a sk  r epo r t s ,  along with study resu l t s  
developed a f te r  t a sk  repor t  publication da tes ,  a r e  reviewed in this f inal  
r epo r t  to  provide complete study documentation. Wherever  appropria te ,  the 
task  repor t s  a r e  cited by referencing a t a sk  number  and Hughes repor t  r e f e r -  
ence number,  The t a sk  repor t s  can be made available to  the r e a d e r  specific-  
ally in te res ted  in the details  omitted in  the final  repor t  for  the sake of brevity. 

This P ioneer  Venus Study f inal  repor t  descr ibes  the following baseline 
configurations: 

" ~ h o r / D e l t a  Spacecraf t  Basel ine"  i s  the baseline presented a t  
the mid te rm review on 26 F e b r u a r y  1973. 

" ~ t l a s / ~ e n t a u r  Spacecraf t  Baseline" i s  the baseline result ing 
f r o m  studies  conducted s ince the mid te rm,  but p r io r  t o  receipt  
of the  NASA execution phase R F P ,  and subsequent to  decisions 
to  launch both the multiprobe and orb i te r  miss ions  in  1978 and 
use  the ~ t l a s / ~ e n t a u r  launch vehicle. 

" ~ t l a s / ~ e n t a u r  Spacecraf t  Midterm Baseline" i s  the baseline 
presen ted  a t  the 26 F e b r u a r y  1973 review and i s  only used in the 
launch vehicle utilization t r ade  study. 

The use  of the International Sys tem of Units (SI) followed by other 
units in  parentheses  implies  that  the principal measurements  o r  calculations 
w e r e  made in  units  other than SI. The use  of SI units alone implies  that  the 
principal measu remen t s  o r  calculations were  made in  SI  units. All conver- 
s ion fac tors  w e r e  obtained o r  der ived f r o m  NASA SP-7012 (1969). 

The Hughes Ai rc ra f t  Company f inal  repor t  consis ts  of the following 
documents: 

Volume 1 - Executive Summary  -provides  a summary  of the m a j o r  
i s sues  and decisions reached  during the cou r se  of the study. A br ie f  
descr ipt ion of the P ioneer  Venus ~ t l a s / ~ e n t a u r  baseline spacec ra f t  
and probes  is  a l so  presented.  
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Volume 2 - Science - reviews science requi rements ,  documents the 
s c i e n c e ~ p e c u l i a r  t rade  studies and desc r ibes  the Hughes approach 
f o r  science implementation. 

Volume 3 - Sys tems  Analysis - documents the mission,  sys t ems ,  
operations,  ground sys t ems ,  and reliabil i ty analysis  conducted on 
the ~ h o r / D e l t a  baseline design. 

Volume 4 - Probe  Bus and Orbi te r  Spacecraf t  Vehicle Studies - 
presen t s  the configuration, s t ruc ture ,  t he rma l  control  and cabling 
s tudies  for  the probe bus and orbi ter .  T h o r / ~ e l t a  and At las /cen taur  
baseline d e s c r i p t i o n s a r e  a l so  presented.  

Volume 5 - Probe  Vehicle Studies - presen t s  configuration, 
aerodynamic and s t ruc tu re  studies for the l a r g e  and sma l l  probes  
p r e s s u r e  v e s s e l  modules and decelerat ion modules. P r e s s u r e  
v e s s e l  module thermal  control  and science integration a r e  discussed. 
Decelerat ion module heat shield,  parachute  and separation/despin 
a r e  presented.  ~ h o r / ~ e l t a  and Atlas/Centaur baseline descr ipt ions  
a r e  provided. 

Volume 6 - Power  Subsystem Studies 

Volume 7 - Communication Subsystem Studies 

Volume 8 - c ommand/Data Handling Subsystems Studies 

Volume 9 - Altitude C o n t r o l / ~ e c h a n i s m s  Subsystem Studies 

Volume 10 - ~ r o ~ u l s i o n / ~ r b i t  Inser t ion Subsystem Studies 

Volumes 6 through 10 - discuss  the respec t ive  subsys tems  f o r  the 
probe bus,  probes ,  and. orbi ter .  E a c h  volume presen ts  the sub-  
sys t em requi rements ,  t r a d e  and design s tudies ,  ~ h o r / ~ e l t a  basel ine 
descr ipt ions ,  and ~ t l a s / C e n t a u ~  basel ine descr ipt ions .  

Volume 11 - Launch Vehicle Utilization - provides  the comparison 
between the P ionee r  Venus spacecraf t  sys t em f o r  the two launch 
vehicles ,  T h o r / ~ e l t a  and Atlas/Centaur.  Cos t  analysis  data i s  
p resen ted  also.  

Volume 12 - International Cooperation - documents Hughes suggested 
al ternat ives  to  implement a cooperative e f f o r t  with ESRO for the 
orb i te r  mission.  Recommendations w e r e  formula ted  p r io r  t o  the 
deletion of international cooperation. 

Volume 1 3  - Pre l iminary  Development P l ans  - provides the 
development and program management plans. 



Volume 14 - Tes t  Planning Trades  -documents  studies conducted t o  
determine the desirable  testing approach for  the ~ h o r / ~ e l t a  space-  
craf t  system. F ina l  ~ t l a s / ~ e n t a u r  t e s t  plans a r e  presen ted  in 
Volume 13. 

Volume 15 - Hughes I R ~ D  Documentati.,~i - provtdes Hughes internal  
documents ~ e n e r a t e d  on indenendent r e s e a r c h  and dcveloument monev - A - 
which re la tes  t o  some aspects  of the P ioneer  Venus program. These  
documents a r e  re fe renced  within the final  r epo r t  and a r e  provided f o r  
ready acces s  by  the reader .  

Data Book - p r e s e n t s  the la tes t  ~ t l a s / C e n t a u r  Baseline design in an 
informal tabular and sketch format.  The informal  approach i s  used 
to  provide the customer with the m o s t  cu r r en t  design with the final  
report .  
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1. SUMMARY 

This volume reviews P ioneer  Venus sys t em t e s t  plans and t rade 
studies which w e r e  f i r s t  published a s  Study Tasks  (References  1 through 5). 
The plan and t rade  studies a r e  presented here  in  a condensed form;  g rea t e r  
detail may be found in  the referenced study tasks  i f  desi red.  All significant 
conclusions and plan outlines of the original  s tudies  a r e ,  however, presented 
in this volume. 

In general ,  plans and t r ades  that w e r e  applicable only 
to  the Thor /Del ta  boost vehicle configuration have beep 
omitted,  and the contents of this volume a r e  applicable 
t o  the Atlas /Centaur boost vehicle configuration. In 
Section 4, however, the environmeptal  t e s t  considera-  
tions a r e  presented a s  they were  a t  the t ime  of the 
or iginal  study t a sk  ( January  1973). Vibration and 
acce le ra t ion  levels  a r e ,  therefore ,  ThorIDel ta  levels .  
At las /Centaur  levels  have been incorporated into the 
P ioneer  Venus Environmental  T e s t  Specification. 



2. INTRODUCTION 

This volume consis ts  of sys t em t e s t  plans (Sections 3,  4 and 5) and 
t rade  studies (Sections 6 and 7 )  a s  outlined below. 

Section 3.  Assembly,  Test , ,  and Launch Operations Sequences. This 
section d iscusses  the functional flow of the en t i re  sys tem t e s t  and launch 
operations sequence. 

SectLon 4. Environmental  Tes t  Plans,. This section presen ts  an  
outline of the qualification and acceptance t e s t  p rograms to be per formed on - - 
the units, probes and spacecraf t .  Actual environmental  t e s t  levels  a r e  l is ted,  
and a detail discussion of solar- thermal-vacuum testing i s  included. 

g e c ~ i o n  5. Parachutc  Subsystem Dcvclopnlent Test  Plan. This  
sccriun outlines the c r i t i ca l  t e s t s  to be performed by tne General  E lec t r ic  
Company to verify the design of the l a rge  probe parkchute subsystem. 

Section 6. Hardware Cos t  T rades  Study. This section summar izes  a 
study that was made of the re la t ive hardware costs  of seven different 
approaches to  qualifying, accepting, and launching the two spacecraf t .  

Section 7. solar-~hermal-~acuum/~hermal Vacuum Trades .  This 
sect ion presen ts  the r e su l t s  of a study which examined past  Hughes the rma l  
t e s t  pract ices ,  P ioneer  F/G pract ice ,  and cos t  t o  a r r i v e  a t  the P ionee r  Venus 
solar- thermal-vacuum t e s t  plan. 



3.  ASSEMBLY, TEST,  AND LAUNCH OPERATIONS SEQUENCES 

Highlights of the T h o r / ~ e l t a  h a r d w a r e  t e s t  sequences  a r e  as follows: 

1) P r o b e  s p a c e c r a f t  development  and  qualif icat ion between go-ahead 
and 27 months  a f t e r  go-ahead 

2 )  P r o b e  s p a c e c r a f t  accep tance  tes t ing  between months  18 and 3 3  

3) O r b i t e r  s p a c e c r a f t  development  and qualif icat ion between months  
13 and 44 

4) O r b i t e r  s p a c e c r a f t  accep tance  between months  45 and 54 

Original  ~ h o r / ~ e l t a  flow d i a g r a m s  w e r e  u s e d  a s  the b a s i s  f o r  the development  
of the p r e s e n t  s y s t e m  t e s t  and opera t ions  schedules .  The  c u r r e n t  schedules  
a r e  p r e s e n t e d  i n  the In tegra ted  T e s t  P l a n  i n  Volume 15 of the F i n a l  Report .  



4. ENVIRONMENTAL TEST PLANS 

4. 1 GENERAL 

This section outlines the baseline specification f o r  the qualification 
and acceptance environmental  t e s t  p rog rams  to  be conducted on P ioneer  Venus 
hardware.  

The environmental  levels  of the baseline specifications ref lect  the t e s t  
planning ea r ly  in the p rog ram and f o r m e d  the bas i s  for  the cu r r en t  t e s t  plan. 
The present  environmental  t e s t  plan i s  discussed in  the Integrated Tes t  Plan,  
Volume 15 of the Final  Report. Actual environmental  t e s t  levels  present ly  
planned a r e  specified in the Environmental  T e s t  Specification. 

Environmental  t e s t  levels  a r e  based on the mos t  s eve re  exposure  that 
a given unit o r  sys t em i s  required to  survive.  The t e s t  plans f o r  the probe 
units,  p r e s s u r e  ves se l s ,  and a l l  up probes  a r e  generally m o r e  extensive than 
for  the bus units and spacecraf t .  This i s  because operation of the probes  i s  
required a f te r  separat ion f r o m  the bus during the approach t o  Venus. 

In the environmental  t e s t  level  tables of Section 4. 2, unit qualification 
and acceptance t e s t s  apply to  both probe and bus units. The spacecraf t  quali- 
fication and acceptance t e s t s  apply to  the full up spacecraf t  consist ing of both 
bus and probes.  The qualification and acceptance t e s t s  apply only to  the 
probes and represen t  conditions encountered by the probes  a f te r  separat ion 
f rom the bus. Table 4-1 s u m m a r i z e s  the environmental  t e s t s  applicable to  
the var ious  units and sys tems .  

Before,  during, and a f te r  any of the environmental  t e s t s  specified, 
the t e s t  a r t i c le  shal l  be subjected t o  comprehensive operational verification 
t e s t s  and records  made of all  data neces sa ry  t o  de te rmine  the proper  p e r -  
formance of the t e s t  ar t ic le .  

Qualification t e s t s  a r e  intended to  s imulate  conditions m o r e  seve re  
than those anticipated during ground, launch, and space operations.  Sa t i s -  
factory demonstrat ion of the ability of the assembly  to  withstand the t e s t  
environments specified qualifies the assembly,  although final acceptance of 
the design i s  subject  t o  sa t i s fac tory  per formance  of the assembly  throughout 
the complete t e s t  program. 



TABLE 4-1. ENVIRONMENTAL TEST APPLICABILITY 

:;: 
Probe  p r e s s u r e  ves se l  i s  the complete probe without decelerat ion module. 

Environmental  Tes t  Type 

Vibration 

Acceleration 

shock 

Spin 

Magnetic 

Electromagnetic compatibility 

Solar- thermal-vacuum (c ru i se )  

Thermal-vacuum 

Thermal  

Solar- thermal-vacuum 
(separa ted  probe) 

P r e s s u r e  tempera ture  

Deceleration (high g) 

Acceptance t e s t s  s imulate  conditions expected during ground handling, 
launch, and t r ans i t  to Venus. Sat isfactory demonstrat ion of the assembly to 
withstand the t e s t s  specified here in  cer t i f ies  the units a s  suitable f o r  integra- 
tion onto the flight spacecraf t  and cer t i f ies  the spacecraf t  a s  flightworthy. 

4 . 2  ENVIRONMENTAL TEST LEVELS 

Tes t  Applicability 

Tables  4 -2  through 4-7 outline the environmental  t e s t  levels  for  
qualification and acceptance tes t ing of units ,  spacecraf t ,  and probes.  

The vibration and accelerat ion levels  specified a r e  for  the ~ h o r / ~ e l t a  
launch vehicle. All other environments specified a r e  independent of launch 
vehicle. 

Bus 
Units 

QA 

Q 

a 
Q 

QA . 

QA 

Acceptance 

P r o b e s  

Q A 

A 

Q A 

Qualification 

P robe  
Units 

QA 

Q 

a 
Q 

QA 

Q A 

Q A 

(A) 

Spacecraft 
(including 

probe)  

QA 

Q 

A 

QA 

a A 

(Q) and 

P robe  
P r e s s u r e  
Vessel:: 

Q A 

QA 



TABLE 4-2. ENVIRONMENTAL TEST LEVEL5 - UNIT ( " QUALIFICATION . 
I TEST I REQUIREMENTS I COMMENTS I 

Vibration Each assembly  shall  be vibrated in each of three orthogonal directions with one 
direction being para l le l  t o  the thrus t  a x i ~ .  Attachment of the assembly to  the t e s t  
apparatus shall  be via a r ig id  f ixture and shall  s imulate the actual  at tachment of 
the assembly t o  the spacecraf t  s t ruc ture .  The assembly shall  be tested i n  the 
operational condition normal  far the launch phase of the mission.  

a) Sinuaoidal Swept Frequency. This portion of the tes t  shall  be conducted by 
sweeping the applied frequency once through each range specified in the 
schedule. The ra te  of change of frequency shall  be P o  octaves per  minute. 

r Orbi ter  high gain antenna - TBS 
Orbit  Insert ion Motor - TBS 
~ -... 

b) Random Motion Vibration. Gaussian random vibration shall  be applied with the 
ng', peaks d ipped at three  tirnee the root mean square  acce lera t ion  specified in 
the schedule. With the assemblv installed. the control acce lerameter  response 
ahall be equalized such that the specified power spect ra l  density (PSD) values 

I are within +3 dB throughout the frequency band. Tes t  duration shall be 2 min. 
p e r  axis. 

1 )  ~ ~ ~ e l c r a ~ i o n  leve l s  are based on  response 
fa  notched spacecraft  input vibration levels.  

2)  Thrus t  axis input notching utilizes a 2900 k~ 
(6400 lb) maximum axial  load in the boairri  
attach fitting, based on an  0. 8 3  g maximum 
input t o  the spacecraft .  The notching i s  
effective i n  the 63-67 cps frequency range 
and reeults  f r o m  an agreement  with NASA 
concerning Telesa t  spacecraft design utili- 
=ing the 2914 Delta lavnch vehicle SECO 
loads.  

3) ~ a t e r a l  axis input notching utilizes a 
(165,000 ~ r n - k g  (141.000 in-lb) maximum 
equivalent bending moment a t  the space- 
~ r a f t - b o a s t e r  interface plane based on corn. 
bined spacecraft  ultimate loads of 4. 35 g 
axial  and 3. 45 g lateral .  The notching i r  
effective in the 14-25 cps frequency range. 

4) ~ n p u t s  for shelf-moonted i tems are at  the 
shelf  at tach points. 

5) Fundamental frequencies of la rge  and small 
shelf-mounted i t ems ,  including the 

shelves,  shall  be grea ter  than 80 cps. 
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TABLE 4 - 2 .  ENVIRONMENTAL TEST LEVELS - UNIT OilALlFlCAllON (conrinu?di 

TEST 

Vibration (continued) 

Accelerat ion and 
S p i n  

Thermal-Vacuum 

' 

I 
COMMENTS 

I 

I 

i 

P e r f o r m e d  on a l l  units except probe units. 

T e s t  sequencer should uae flight s imulat ive fern- 
p e r a t u r e  slopes. These  will be specified in  the 
Space Simulation section of the Integrated T e s t  
P l a n  (Study Task  PL-4) .  

REQUIREMENTS 

4 

The assembl ies  sha l l  be at tached to  a mounting f ixture s imulat ing at tachment  t o  the 
s p a c e c r a f t  s t r u c t u r e  and at tached to  the accelerat ion equipment such that the acce l -  
erat ion i s  in the direct ion of the resul tant  of the th rus t  and spin accelerat ions applied 
to  the assembl ies .  The acce le ra t ions  are: 

a) Thrusf. The maximum, acceleraLion(2lg)expected in powered flight. 

bl As obtained a t  a spin ra te  of TBD rpm. 

The accelerat ion levels  sha l l  be maintained fo r  a t  l e a s t  3 minutes  fo r  e a c h  assembly.  
The assembly  sha l l  be in the operat ional  c o n f i y r a i i o n  f o r  powered flight. 

Thermal-vacuum t e s t s  shal l  be performed with the assembly  mountcd in a manner 
the rmal ly  ~ i m u l a t i n g  the at tachment  of the assembly  t o  the spacecra f t  s t ruc tu re .  
T e s t s  shal l  be conducted at 10°C (18°F) above the manimmn and at 10°C (18°F) 
below the minimum predicted base plate t empera tu res  (as determined from the 
the rmal  madel  t e s t s  o r  anaiysis). The assembly  sha l l  be suiiicient1y i n 5 t r u m m -  
Led to  i n s u r e  measurement of rea l i s t i c  assemhly  maximum and minimum femper -  
atures .  

a) P u m p  D w n .  During the rmal  vacuum chamber  pump down, the assembly  sha l l  
be operated in the  condition typical  of the  launch phase with continuous monitor-  
ing for corona effects .  

b) Orbi tal  Operation. Tests sha l l  be conducted under stabilized t empera tu re  and 
p r e s s u r e  conditions wilh the p r e s s u r e  no g r e a t e r  than 1 x T o r r  io r  a 
minimum exporurc period of 12 h at each 01 thc hirh and low design t empera -  
tu res  rondifione with the assembly  operat ing.  For cyclically-opcratcd i s r e m -  
bl ies ,  cold tu rn  on capabi l i t ies  sha l l  be demonstrated a t  l eas t  th ree  t i m e s  
during each 12 h t empera tu re  exposure.  Per fn imance  of the assembly  sha l l  
be veri i ied throughout and after rhr exposure period. 

UNIT PRELMINARY OUALIFICATlON RANDOM 
VIBRATION TEST LEVELS 

Vibration 
Axis 

Thrus t  

La te ra l  

Frequency 
HZ 

LO - 60 
60 - I50 

150 - 260 
2b0 - LOO0 

LO - 150 
150 - 300 
300 - 2000 

PSD evr l .  
s i i H s  

13 d ~ / O ~ t  
1.0 

-13 d8/Oct  
0. I 

0. L O  
-3  dB/Oct 

0. 1 

~ R M S  

17. 8 

14. 7 



TEST 

T h e r m a l  

Shock 

Magnetic P r o p e r t i e s  

Tea t s  sha l l  be conducted under s tabi l ized t empera tu re  condition% for  a minimum 
exposure period of 12 hours  a t  each of the high and low design t empera tu re  cond i t~ons  
with the assembly  operating. For cyclically-operated assembl ies ,  cold tu rn  on 
capabi l i t ies  sha l l  be demonstrated a t  l e a s t  th ree  t imes during each  12-hour t empera -  
tu re  exposure.  Per fo rmance  of the assembly shal l  be ve r i f i ed  throughout and a f t e r  
the exposure period. 

TABLE 4-2. ENVIRONMENTAL TEST LEVELS - UNIT QUALlFItATION (Continued) 

Qualification shock t es t  environment  requ i rements  are sat isf ied by the 100-2000 cps 
levels  specif ied f o r  unit qualification ",bratian. 

I 
1 

REQUIREMENTS 

T h e r m a l  t e s t s  sha l l  be performed on  prohr  units vi ih  the assembly maunfed in a 
manner  thermally simulating the at tachment  of the assembly to the spacecraf t  s t r u c -  
ture. r e s t s  shal l  be conducted at 10-C ( I B ~ F )  abovc the maximurn and a t  [ 10°C 
( 1 8 ~ F )  below the minimum predicted hase plate t empera tu res  ( a s  determined f rom 
the the rmal  mode t es t s  inalyses). The shall he sufficiently instrumented 
to enaure measurement  of rea l i s t i c  assembly  maximum and minimum tempera tu res .  

All a ssembl ies  shal l  be t e s ted  f o r  magnetic p roper t i e s  in accordance with rub- I 

COMMENTS 

Per formed  only on probe units. 

paragraphs (a) through Id) h e l m .  ~ e s t  techniques shall be chosen that will provide 
information requ i red  t o  calculate  the combined maenetic f ie ld of al l  a s sembl ies  on I - 
the spacecra f t  at the location of the flight magnetometer  sensor. I 
a) Measurement  of the radial  component of the magnetic f ie ld of the i tem along 

th ree  orthogonal axes and at a range where  the inverse cube law applies. 

b)  The measurements  in (a) above ahall be performed a f te r  the i t em ha* been 
depermed  in a field of 50 gauss  o r  m o r e  and again a f t e r  exposure t o  a momentary 
f ie ld of 25 gavss  in  each  axis. 

L )  M c d j y r e m e n ~ n  L I  tne rrdxdl ;ot,.porent dt tnc n.adur.t.. itelm rf i n r  . ,em ; I ~ n y  
tnrer  a r r n ~ g ~ n a l  2x8s and a! n dtsrn,.e unrrr  thc i n v c r i e  i ~ b r .  .ac app l l r r  \~b.aI.: 
cnr .tern ,r oprr*?ed .I. i r s  , .orma, 111*h, '>r:.,rn, ,:,oc!:. I 

dl Additional t e s t s  on any hardware  or assembl ies  that are in  close proxiinity to the 
flight magnetometer  sensors. These  t a r t s  will be made a t  c lose measuring d i r -  
tanco. 3 to  5 c m  ( I  to 2 inchcsl after the i t ems  h i v e  beon magnetized in a 
50 gavss field. 

. . , 



ASSEMBLY ACCEPTANCE SINUSODAL 
VIBRATION SCHEDULE 

v ib ra t ion  Frequency, Accelerat ion,  g's  
Axis Hs ( 0  - peak) - 

T h r u s t  5-2000 Leve l s  for var ious units are 2/3 of the 
l eve l s  shown for qualification s inusoidai  
vibration. 

Bo th  
L a t e r a l  5-2000 

ASSEMBLY ACCEPTANCE RANDOM MOTION 
VIBRATION SCHEDULE 

v ib ra t ion  T e s t  Duration. Frequency,  Acceleration 
Axis Min. each Axis Hz 

2 g /HZ l eve l s  wil l  be 

All  
4/9 of unit qualifica- 

Three I .  0 20-2000 
t ion levels. 

Axes 
l eve l s  wil l  bz'ms 
2/3 of unit qualifica- 
tion levels .  

Both probe units and bus unit. 



TABLE 4 - 3 .  ENVIRONMENTAL TEST LEVELS - U N I T  ACCEPTANCL (Lonlinuedl 

COMMENTS 

The assembly shall be sufficiently instrumented 
t o  insure the measuremrnt of realistic assem- 
bly maximum and minimum temperatures. 

Performance of each assembly shall be veri-  
fied throughout and after  the exposure period. 

Not performed on probe units. 

The assembly shall be sdf lc ient ly  instrumented 
to insure the measurement of realistic assem- 
bly maximum and minimum temperatures. 

Performance of each assembly shall be veri-  
fled throughovt and after the exposuro period. 

On probe units' 

TEST 

=hermal vacuum 

Thermal 

REQUIREMENTS 

Thermal "acuum tests shall be performed on each assembly with the assembly 
mounted in a manner thermally simulating the attachment of the assembly to thc 
spacecraft structure. ~ e s t s  shall be conducted with the assembly operating in 
its flight mode a t  the maximum and minimum predicted assembly temperamres 
(as determined f rom the thermal model t e s t s  o r  analysis). 

a) Pump Dm;, During thermal vacuum chamber pump down the assembly shall 
be in the cmdition typical of the launch phase with continuous moni- 
toring f o r  corona effects. 

b) Orbital Operation. Tests  shall be conducted under stabilized tem era ture  P and pressure  conditions with the pressure  no greater than 1 x 10- Torr  
for a mmimum cxposure of 12 hours a t  each 01 the design tempera- 
tures. F o r  cyclically-~perated assemblies,  cold  turn-on capabiiilies 

be demonstrated at least two times during each 12-hour temperature 
exposure. For assemblies that will not be tested as a part of the system 
thermal vacuum tests  (such assemblies may be solar a r r ay  panels, append- 
age. and spare assemblies), the minimum exposure pericd shall be I20 hours 
a t  the maximum temperature and 9 6  hours a l   he minimum temperature. 

Thermal tests shall be performed on each probe assembly whth tho assembly mounted 
in a manner thermally simulating the attachment of the assembly to the spacecraft 
structure. Tests shall be conducted with the assembly operating in its fllght mode at 
the maximvm and minimum predicted assembly temperatures (as determined from the 
thcrmal model tests or  analysis). 

Testa shall be conducted vnder stabilized temperature conditions far a minimum 
exposure of 12 hours at each of the design temperatures. Far cyclically-operated 
assemblies, cold turn-an capabilities shall bc demonstrated at least  two times during 
each 12-hour temperature exposure. 



'TABLE 4-3 .  ENVIRONMENTAL TEST LEVELS - UNIT ACCEPTANCE (Sontinued) 

TEST . 
Magnelrc 
Proper t ies  

REQUIREMENTS 

All assemblies shall be tested for magnetic propert ies in accordance with sub- 
paragraphs (a) through (dl below. Test  techniques shall be chosen that will provide 
information required t o  calculate the combined magnetic field af al l  assemblies on 
the spacecraft  at the location of the flight magnetometer sensor. 

a) Measurement df the radial ckmponent of the magnetic field of the i tem along 
three orthogonal axes and a t  a range where the inverce cvbe law applies. 

b )  Themeasuremente in (a) above shall be performed ai ter  the item has been 
depermed in a field of 50 gauss or more  and again after exposure to a 
momentary field of 25 gauss in each axis. 

C )  Measurements of the radial  component of the magnetic field of the item along 
three orthogonal axis and a t  a distance where the  inverse cube law applies 
while the i tem is being operated in i ts  norrnalrflight operating modes. 

d) Additional tes t s  on any hardware o r  assemblies that a r e  in close proximity to 
the flight magnetometer sensors. These tes t s  will be made a t  close mrasu r -  
ing distances 3 to 5 cm  ( 1  to 2 inches) a f te r  the items have been magnetized in 
a 50 gauss field. 

COMMENTS 



Spin 

TABLE 4-d. ENVIRONMENTAL TEST LEVELS - S P A C E C I W F ~ ~ ' O U A L I ~ ~ C A ~ ~ I O N  

Vibration 

TEST 

The prototype spacecraft  shall be vibrated in each of three orthogonal directions with 
one direction being parallel to the thrust  axis. The spacecraft shall be attached to 
the vibrator table via a flight quality interstage structure. Attachment of the space- 
craft  to the interstagc structure shall simulate the attachment f o r  the launch configu- 
ration. vibration excitation shall be a ~ ~ l i e d  at the base of thc interstace structure 

REQUIREMENTS 

The prototype spacecraft shall be subjected to a spin test  to demonstrate satisfactory 
eyrfem performance in both the lavnch and orbital configurations. Visual inspections 
before and after  spin exposure shall be conducted to a s s e s s  any mechanical damage. 
e he spacecraft in i ts  launch and launch operationat mode shall he sub- 
jected to a spin rate of TBD rpm. 

where it interfaces with the vibrator table. The control acce1eromete;for thcse 
tests  shall be pos~tioned on the interstage structure as close as practical  t o  the 
interfacing plane between the hterstage structure and the vibrator table. The space- 
craft  shall be tested in the operational condition normal for the launch phase of the 
mission. 

COMMENTS 

Theduration shall be suf f ic~ent  to obtain a 
satisfactory record of spacecraft operation. 

I S~n~rsulda l  V~braraun. r h l ,  2oruur~ uf inc t c i t  snail I: . . I  (11. t e a  h) .u...,,,q: 

L ~ C  appltrd frequency on<.: rhrorgn er:n ran,:c .pr. drrd i r .  Inr crnccl..lr l rclcu 
The rate of chdngr df 1 r e q ~ c r . c ~  ihdll b., t u o  r c l r r r s  per m.nl.1~'. 

Sinusoidal Vibration Tes t  Levels ( ~ n n o t c h e d ) ~ "  

Qualification - 2 octaves per minute 

Any lndicarion of out-of-tolerance performance 
degradation, o r  malfunction af the spacecraft  
during any phase of the vibration testing shall 
be recorded and immediately reviewed in coop. 
e r a r im  with NASA/ARC Senior Test Represen- 
tative. Specified performance of al l  spacecrafl 
equipment shall be verified before and after 

, vibration testing. 

i 
1. Thrust axis input will bc notchcd utilizing 

a 2900 k g  16400 1b) maximum axial load 
i n  thc booster attach fitting, bared on a 
0.83 p, maximum input to the spacecraft. 
The notching is effective in Lhe 6 3 - 6 7  cps 
frequency range and reault. from an agree 
merit w ~ t h  NASA concerning Teiesar space. 
craft  design uliliring the 2914 Delta launch 
vehicle SECO loads. 

2 .  Lateral  axis input will be notched 
a 165, 000 cm-kg 1141, 000 in-lb) maxi- 
mum equivalent bending moment at the 
spacecraft-boosfcr interface plane based 
on combined  pacec craft ultimate loads of 
4 . 3 5  g axial and 3 . 4 5  g lateral .  The 
notching i s  effective in the 14-25 cps f r e -  
quency rangc. 

Spacecraft shall be tested with probes installed. 



TABLE 4-4. ENVIRONMENTAL TEST LEVELS - SPACECRAFT QUALIFICATlON (Continued) 

-~ - 

TEST 

Vibration 
(Continued) 

Solar Thermal-  
Vacuum 

REQUIREMENTS 

b) Random Motion Vibration. Gaussian random vibration shall be applied with "g" 
peaks clipped at three rimer the root m a n  square acceleration, according to  
the schedule below. With the spacecraft installed, the control accelerometer 
response shall be equalized such that the specified pawer spectral density values 
are within * 3 dB everywhere in the frequency band. Test duration shall be 

Thrust and Lateral  Axes 

Frequency 

20-300 

T h e r m a l ~ a c u u m  tests shall be performed with the prototype spacecraft to verify 
the thermal design and, within the performance capabilities of the thermal-vacuum 
~ h a m b e r ,  to demonstrate performance capability beyond the environmental 
extremes to be encountered in f l~ght .  The spacecraft  shall be installed in a vacuum 
test  chamber that has cold wall and solar simulation capability and in such a manner 
as to simulate space conditions as accurately as possible. Electrical interference 
shall be minimized to insure accurate transmission of spacecraft performance data. 
The thormal-racuum tesf shall include the following requirements: 

a) The spacecraft  shall he operated in the modes normal to launch during the 
=hamber evacuation and spacecraft data shall be monitored continuously for 
detectton of corona effects during this period. 

COMMENTS 

d he test facility, test configuration, and t e s t  
instrumentaiim shall be subject to  approval by 
the ARC/Project Office. 

Failure of any ~ u b s y r t e m  dvring the thermal 
test that would result in a catastrophic 

mission fai lure shall require abortion of the 
thermal vacuum test  and a retest  shall be 
required. Failure of a redundant assembly 
of a particular subsysem shall nu necessarily 
be sufficient cause fo r  aborting the thermal 
vacuum test  provided the baslc mission 
requirementi can be met throughout the entire 
17-day thermal vacuum test  p r i o d .  Ultimate 
authority for  abortion of the thermal vacuum 
test and duration of retest  after  correction of 
the malfunction shall he ARC. 



TABLE 4-4. ENVIRONMENTAL TEST LEVELS - SPACECRAFT QUALIFICATION (Continued) 

COMMENTS 

Solar constants, i.  e . .  1 .  0 SC and 1 .9  SCTBS 
in Integrated Test  Plan (Study Task PL-41. 

TEST 

Solar Thermal 
Vacuum (continued) 

Electromagnetic 
Compatibility 

REQUIREMENTS 

b)  Simulated orbital flight tests  shall be cond cted under stabilized pressure  condi- 
t ~ o n s  at pressures  no grea ter  than 1 x 10- f Torr  with a simulated solar  illumina- 
tion of the spacecraft  and with the chamber shrouds cooled to -185 +8'C 1-305 
+ l 5 ~ F ) .  At least three intensifies of so lar  illumination shall be applied; 
that experienced by a spacecraft  at 1. OSC, l.SSC, and at leas t  one intermc- 
diate value representative of a reasonable level of illumination between the two 
extremes.  Approximately equal tes t  time shall be allotted for e a c h  intensity of 
solar  illuminatxon. The spacecraft shall be operated in al l  modes of normal 
operation that are controlled by grovnd command. The configuration of the 
spacecraft f o r  the t e s t s  shall be i ts  space flight configuration as nearly as 
prdlcticsl and external instrumentation to tho spacecraft minimized. Ground 
power supplied to the spacecraft  shall simulate that expected from the space- 
c raf t  power subsystem throughout the mission.   he test  duration shall be a t  
least 17 continuous days. 

Electromagnetic compatibility tes t  of the prototype spacecraft, including scientific 
instruments, shall be performed LO verify that ai l  subsystems are  capable of com- 
patible operation without degrading the performance of one subsystem due to the 
operation of any or  a l l  other subsystems. The tes t  shall include a measurement of 
the spacecraft-gcnerated interference. The test shall also include audio-conducted 
susceptibility t e s t s  and rf-radiated susccpt~bil i ty tes ts .  



bracecra f t  sha l l  be t e s ted  with p robes  installed 

COMMENTS 

Vibration l eve l s  wil l  be  Z/3 of the notched 
spacecra f t  qualification levels .  

So la r  Constant, i. e . ,  1.0 SC and 1. 9 SC TBS 
i n  Study Taak PL-4,  Integrated Tea t  Plan. 

TEST 

v ibra t ion  

Solar-Thermal-  
v a c u u m  

REQUIREMENTS 

The flight spacecra f t  shal l  be subjected to vibrat ion t e s t s  in  the manner  described 
m d e r  qualification except  that  the slnusoidal swecp rate shal l  be four  octaves per  
minute and the vibrat ion l eve l s  shal l  be as follows: 

Fl ight  Acceptance - 4 octaves per minute 

Thrus t  Axis L a t e r a l  Axis 

Frequency,  
Hz 

5-15 

15-21 

21-250 

250-400 

400-2000 

Frequency,  
L Hz 

5-14 

14-250 

250-400 

400-2000 

Accelerat ion,  
p ' s  (0 -P)  

1. 5 

4. 5 

1.5 

3. 0 

5.0 

Random Vibration T e s t  Levels  

F l igh t  Acceptance - 1 minute p c r  axis 

Thrus t  and L a t e r a l  Axea 

Accelerat ion.  
g ' s  (0 -P)  

I .  5 

1 . 0  

3. 0 

5. 0 

Frequency ,  
Hz 

20-300 

300-2000 

Each  f l ight  s p a c e c r a f t  sha l l  be  subjected to  the rmal  vacuum t e s t s i n  accordance with 
the qualification aection except  that the intensity of the s o l a r  illumination sha l l  be 
that  experienced by a spacecra f t  a t  1 .0 SC, 1 . 9  SC, and at l e a s t  one intermediate  

representat ive of a reasonable l eve l  of illumination h e m e e n  the two ex t remes .  
~ ~ ~ ~ ~ x l ~ ~ t ~ l ~  equal  t e s t  t i m e  shal l  be allotted f o r  each intensity oi s o l a r  i l lumina-  
tion.  he total  t e s t  durat ion ahal l  be  at l e a s t  14 continuous days.  

TSD, 
s /Hz 

t 3  ~ B / O C T  

. 0 2  

RMS. 
Approximate 

6. 1 



TABLE 4 - 5 .  ENVIRONMENTAL TEST LEVELS - SPACECRAFT ACCEPTANCE (Continued) 

I TEST I REQUIREMENTS I I COMMENTS 

Magnetic 
Propert ies 

Magnetic Field 
Measurements 

Magnetic measurements of each flight Spacecraft shall be rrade upon completion of 
the environmental acceptance t e s t  phase. ~ i n a l  mass  properties determination, 
final balance, and final spacecraft performance tests  after magnetic properties 
measurements are permissible. If possible, these measurements shall be made on 
the fully assembled spacecraft  in its orbital configuration. Magnetic t e s t s  shall be 
oerformed with the soacecraft in a nan-ooerativo mode and in sclectcd onerating " 
modes. These Lesfs shall include measurements to determine the following: 

a1 The change in rcmanence resulting from a momentary exposure of 2 5  gauss 
along each axie. 

b) The magn~tude and direction of remanence after  a 50 qauss demagnetization 
along each axis. 

The magnitude and direction of stray magnetic fields 
spacecraft in the commandable opratlng modes. 

produced b) , t h e  complete 

Two types of magnetic field measurements shall be required as f o l l w s :  

Spacecraft Remanence. Tests  rhall be made to permit accurate determination 
of tho dc maenetic fields of the "on-oneratine s ~ a c e c r a f t .   his test  shall 

- 
taken during continuous rotation of the spacecraft about each of three ortho- 
gonal axes. 

A meane shall be provided whereby of the output of the facility 
magnetometer can be correlated to the instancaneas porition of the rpace- 
c r a f t  coordinate system. Data shall be recorded for a t  least  five successive 
rotations through 360" about each axis. 

b) Spacecraft Stray Fields. Tes ts  rhall be m d e  to determine the stray fields 
associated with the operating modes. Triaxial measurements shall be 
recorded along an axis normal to the spin axis that passes through the flight 
magnetometer sensor a t  the distances defined in (a1 above. 

If svilable mLgnelic t e s t  facilities are not avad 
able for teat /ng the fully-assembled spacecraft 

A160 perforAed on probes. 

Also perfor L ed  on probes. 

Stray field tes t s  may be performed in earth 's  
ambient field. 



TABLE 4 - 5 .  ENVlRONMENTAL TEST LEVELS - SPACECRAFT ACCEPTANCE (Contlnuedl 

TEST 

Magnetic Tes t  
sequence 

Facility 
Requirements 

Scientific 
Instrument 
Fields 

Electromagnetic 
Compatibility 

REQUIREMENTS 

Magnetic tes t s  shall be performed in tho sequence shown. 

a) Spacecraft Stray Fields 

b) Spacecraft Remanence (as i s )  

C )  Magnetize spacecraft (3  a x e s )  

d) Spacecraft Remanence (permed) 

e) Demagnetize spacecraft 

f)  Spacecraft Remanence (depermed) 

TBD 

In the event that the magnetic field contribution of the scientific instrument payload 
i s  not ~ ~ f f i ~ i e ~ f l y  defined a t  the magnetometer sensor location, i t  may be necessary 
to  make a spacecraft remanence t e s t  without the instrument payload to assess the 

COMMENTS 

magnetic propelt ies af the spacecraft alone 

Elec t rornagn~t ic  compatibility t e s t a  shall be conducted on each flight spacecraft in 
accordance with the requirements outlined under spacecraft  qualification. 

ARC M11 define n g n e t i c  properties of the 
scientific instrument payload. 



TABLE 4-6 .  ENVIRONMENTAL TEST LEVELS - PROBE QUALlFICATlON 

COMMENTS 

(2) Venus Surface P r e s s u r e  

(3) venus Surface Ternperahlre  

(4 )  Enf ry  

(5 )  t e s t  levels  represen t  conditions encountered by  the probes after separa t ion  f rom the bur. 

i 

TESTS 

P r e s s u r e  (2) 

Tempera tu re  ( 3 )  

Decelerat ion ( 4 )  

NOTES: ( I )  Conditions 

L a r g e  Probe  (1 )  

Simulated Venus descent  t e s t s  shal l  be 
conducted with the p r e s s u r e  verse1 
module (PVM). The PVM shal l  be sub- 
jected to a coordinated pressure and 
tempera tu re  t ime  profile within a C 0 2  
gas.  PvM temperatvre will be stabilized 
a t  TBD 9( f o r  8 hours. The ambient  
temperature and p r e s a u r e  will be  ini-  
tialized a t  235% and , 0 8 1  atm.  PVM 

will be tvrned on. Tempera -  
tu re  and p r e s s u r e  wil l  be  i n c r e a s e d t o  
5. 2 a t m  and 430% in 4 0 m a n d  to  120 a lm 
and 765% in 1 9  m. 

PVM jubsys tem and science experiment  
operat ion will be monitored during the 
test .  

Cri t ical  units and the  l a r g e  probe 
s y s t e m s  sha l l  be t e s ted  to 610 g ' s .  
Systems operat ion verification will be 

before and a f t e r  the 
ac re le ra t lon  test .  

TBS in HAG Specification, HS507-0300-7-1, 

REQUIREMENTS (5)  

Smal l  P robe  (1 )  

Simulated Venus descent  t e s t s  shal l  be 
condvctedwith the p r e s s u r e  vesse l  
module (PVM). The PVM shal l  be sub-  
jected to a coordinated p r e s s u r e  and 
temperature t imc profile within a CO Z 
gas. PVM tempera to re  will be s tabl l lzed 
ar TBD OK f o r  8 h o ~ r s .  The ambient  
t empera tu re  and p r e s s u r e  will be ini-  
tlalizcd at 235% a n d .  081 atm.  PVM 
subsyetems will be turned on. T e m p e r a -  
t u r e  and p r e s s u r e  will be  inc reased  to  
120 atm and765'K in 6 0 m .  

PVM subsystem and science experiment  
opera t ionwi l l  be monitored during the 
test .  

Cr i t i ca l  units and the smal l  probe 
sys tems  sha l l  be t e s ted  to  660 g ' s ;  
Systems verification will be 
accomplished before and a f te r  the 
accelerat ion tes t .  

"Spacecrif t  Design Environments"  



soiar-Thermal- 1 Vacuum (5)  

TABLE 4-6. ENVIRONMENTAL TEST LEVELS - PROBE QUALIFICATION (Continued) 

Thermal vacuum tests  shall be performed 
with the prototype probc to ~ e r i f y  the ther- 
mal design and, w~ th in  the performance 
capabilities of the thermal-vacuum chamber, 

TESTS 

Same ae large probe unless noted. 

codrmonrrrdrv periormancr ;a?ak>I!ry 
br.)ui.d ihc rnv~ru r~mcr l a l  extreme, ro be 
encountered i n  fllgnr Tne probr shall he 
1nsta1.s~ in a \ * c l u n ~  tes t  c ~ a n l b r r  t n d ~  h-r 

REQUIREMENTS 

I Large Probe ( I )  Small Probe ( I )  

cold wall and solar simulation capability I 

COMMENTS 

and in such a manner as to simulate space 
conditions typical of those t o  be encoun- 
tered by the probe during the laat 20 days 
of the mission. 

a) The probe shall be operared in the 
modes normal fa reparation, cruise 
and planetary encounter. 

b) Simulated near Venus flight tests  shall 
be conducted under stahilined pressure 
conditions a t  pressures  no greater than 
I x 10-5 T o r r  with simulated ra lar  
illumination of the spacecraft and with 
the chamber shrouds cooled to -185 + 
+sot (-305 * 15.F). At least  three 
intensities of solar illumi- 
nation shall  be applied,fhat experienced 
by a probe a t  E-20 days, E - l  day and 
at least  one intermediate value repre- 
Sentative af a reasonable level of illu- 
mination between the two extremes.  
Approximately equal test time shall  be 

al lotted for each intensity of solar 
illumination. The orobe shall  be ooe- 
rated in all modes of normal operation 
that are controlled by command. The 
~onfiguratio" of the probe for the testa 
shall be i ts  space flight ~ o n f i ~ r a t i o n  
as nearly as practical and external 
instrumentation mmimieed. External 
power supplied to  the probe shall 
simulate that expected f rom the battery 
power. The test duration shall be a t  
least 3 continuous days. 

NOTES: ( I )  Conditions TBS i n  HAC Specification, HS507-0300-7-1, "Spacecraft Design Environments" 

( 2  Venus Surface Pressure 

(3 )  Yenu8 Surface Temperature 

(4)  Entry 

(51 Near Venus Conditions - after separation f rombus  

The Lest facility, t e s t  configuration, and test 
instrumentation shall be subject t o  approval by 
the A R C / P ~ O ~ ~ C L  office. 

Failvre of any subsyetem d u n n g  the fk rmal-  
vacuum test  that would result in a catastrophic 
miesion failure shall require abortion of the 
thermalliacuum feat and a retest  shall be 
required. Failure of a redundant assembly of 

I a particular subsystem shall not necessarily 
be sufficient cause for aborting the thermal-  - 
vacuum t es t  provided the basic mission 
requiremenfs can be met throughout the entire 
probe thermalvacuum test period. Ultimate 
authority fo r  abortion of the thermalvacuum 
t e s t  and duration of rele3t after carrectlon of 
the malfunction shall be ARC. 

Solar constants to be used fo r  this test will 
be specified in the Integrated Test Plan 
(Study Task PL-4). 



TABLE 4-7. ENVIRONMENTAL TEST LEVELS - PROBE ACCEPTANCE

REQUIREMENTS
( 6 )

TESTS COMMENTS
Large Probe (1) Small Probe (1)

Pressure (2) The pressure vessel module (PVM) shall Each small probe shall be tested to the
be tested to the maximum Venus pressure, maximum Venus pressure, 96 atm.
96 atm.

Temperature (3) The PVM shall be tested to simulate the The PVM shall be tested to simulate the
Venus descent temperature profile. PVM Venus descent temperature profile. PVM
shall be stabilized at TBD oK for 4 hours. shall be stabilized at TBD OK for 4 hours.
Ambient temperature will be initialized at Ambient temperature will be initialized at
235

0
K. All PVM subsystems and science 235

0
K. All PVM subsystems and science

experiments shall be turned on. Ambient experiments shall be turned on. Ambient
temperature shall be increased to 430

0
K temperatures shall be increased to 765

0
K

in 40 mand to 765
0

K in79 m. PVM sub- in 60 m. PVM subsystem and science
system and science operation will be moni- operation will be monitored during the
tored during the test. test.

Deceleration (4) Critical units and the large probe systems Critical units and each small probe system
shall be tested to 490 g's. Systems opera- shall be tested to 530 g's. System opera-
tion verification will be accomplished tion verification will be accomplished
before and after the acceleration test. before and after the acceleration test.

Solar-Thermal- Each flight probe shall be subjected to Same as large probe unless noted.
Vacuum (5) thermal vacuum tests in accordance with

the qualification section except that the
intensity of the solar illumination shall be
that experienced at TBD SC, TBD SC, and
at least one intermediate value represen-
tative of a reasonable level of illumination
between the two extremes. Approximately
equal test time shall be allotted for each
intensity of solar illumination. The total
test duration shall be at least two contin-
uous days.

NOTES: (1) Conditions TBS in HAC Specification, HS 507-0300-7-1, "Spacecraft Design Environments"

(2) Venus Surface Pressure

(3) Venus Surface Temperature

(4) Entry

(5) Near Venus Conditions - after separation from bus

(6) These test levels represent condition encountered by the probes after separation from the bus.



4 . 3  SOLAR-THERMAL-VACUUM TESTING 

General  

The intent of the solar- thermal-vacuum tes t s  i s  to  duplicate the 
sequence of events and, where possible, the real- t ime sequence encountered 
in an actual mission f rom prelaunch through entry,  in the c a s e  of the probe 
bus,  and f rom prelaunch through orbit ,  in the c a s e  of the orbiter.  

Solar-Thermal-Vacuum Tes t  Sequence 

Prelaunch Functional Checkout 

P r i o r  to the actual s t a r t  of the mission simulation for  both the bus and 
o rb i t e r  spacecraf t ,  a prelaunch functional checkout of the spacecraf t  i s  p e r -  
formed to  verify spacecraf t  readiness.  

Launch Through Trans i t  

The simulated miss ion  i s  initiated with launch eclipse and spinup, with 
the spin r a t e  duplicating the actual mission. 

Cru ise  Mode 

At the beginning of c ru ise  mode 1, which m a r k s  the s t a r t  of the t rans i t  
phase,  spacecraf t  functional performance p a r a m e t e r s  a r e  verified, the 
facil i ty so la r  constant i s  adjusted t o  1. 0, and the spin ra te  and so lar  aspect  
angle a r e  adjusted to simulate operational conditions. Cru ise  mode 1 for  the 
probe bus solar- thermal-vacuum tes t  i s  in r e a l  t ime;  i. e . ,  5 days. 

Midcourse Maneuvers 

The f i r s t  midcourse maneuver i s  per formed in  the third day a f t e r t e s t  
s t a r t  in the c a s e  of the orb i te r  solar- thermal-vacuum tes t ,  and a t  the end of 
5 days of testing in the case  of the probe bus. 

There  a r e  th ree  midcourse maneuvers  fo r  each spacecraf t  during the 
tes t ,  and in each case  the so l a r  aspect  angle will be changed to  simulate 
actual miss ion  conditions. The second and third midcourse cor rec t ions  occur 
a t  7 and 10 days af ter  tes t  s t a r t  in the c a s e  of the probe bys, and a t  4 and 5 
days in the case  of the orbiter.  

T rans i t  Phase  t o  Entry/Orbi t  Inser t ion 

The t e s t  continues with midcourse c ru i se  modes with the appropriate  
s o l a r  aspect  angles and so lar  constants. 

Since the objective of the qualification solar- thermal-vacuum t e s t  fo r  
both the probe bus and the orbi ter  spacecraf t  i s  t o  demonstrate  the per form-  
ance capability beyond the tempera ture  range encountered in  flight, both low 
and high tempera ture  functional performance verification i s  planned for  the 
qualification tes t s .  I t  i s  planned to  impose only high tempera ture  testing for  
the  acceptance tes t s .  



Entry/Orbi t  Insertion 

Entry i s  simulated for the probe bus just p r io r  to  the end d the 17th 
day of testing. All thermal  data  will have been obtained a t  this point in t ime,  
and the spacecraf t  will be t r ans fe r r ed  to  bat tery power. 

E a r t h  occultation i s  simulated just p r io r  to orbit inser t ion of the 
orbi ter  spacecraf t ,  and the occultation experiments will be checked out during 
this period. 

Orbit inser t ion simulation for the orbi ter  solar- thermal-vacuum te s t  
occurs  9 days af ter  t e s t  s t a r t  and m a r k s  the beginning of extensive functional 
testing during s imulated eclipse and simulated orbit. These t e s t s  continue 
through the end of the 17 day t e s t  period. 

Shutdown 

At the conclusion of the 17 day solar  - thermal-vacuum tes t ,  warmup 
i s  initiated and the spacecraf t  i s  removed f rom the chamber.  At this point, 
a post-solar-thermal-vacuum functional tes t  i s  performed on the spacecraf t  
to  insure no degradation occurred a s  a resul t  of the environment. The instru-  
mentation i s  then removed, and the t e s t  i s  terminated. 

Instrumentation 

The spacecraf t  is prepared  fo r  solar- thermal-vacuum te s t s  by 
installing approximately 75  thermocouples which a r e  connected to a com- 
puterized tempera ture  data  monitoring and reduction instrumentation center.  
These data supplement the flight sensor  tempera ture  data. 

Following spacecraf t  instrumentation, the spacecraf t  and spin fixture 
a r e  installed in  the vacuum chamber.  A s l ip  ring assembly permi ts  t r ans fe r  
of power and signals between the rotating spacecraf t  and the fixture. As the 
chamber  i s  pumped f rom ambient laboratory p re s su re  to  1 x 10-4 T o r r ,  the 
spacecraf t  i s  operated in the launch/ascent mode on internal  power. The 
main power bus i s  monitored for  evidence of corona arcing during this t e s t  
phase. 

When chamber p r e s s u r e  of 1 x T o r r  o r  l e s s  has been reached, 
the shrouds a r e  filled with liquid nitrogen, spinning of the spacecraf t  i s  ini- 
tiated, and the so l a r  s imulator  i s  adjusted to  a so lar  constant of 1. 0. 

Tes t  access  to  the spacecraf t  i s  via  rf link, umbilical  connector, and 
special  d i rec t  access .  The t e s t  setup i s  diagrammed in F igure  4-1. 
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5. PARACHUTE SUBSYSTEM DEVELOPMENT TEST PLAN 

The development testing t o  demonstrate  performance of the l a rge  
probe parachute subsystem i s  descr ibed  in  this section. These t e s t s  will  be 
performed by the General  E lec t r i c  Company on a subcontract  f r o m  Hughes. 

The development t e s t  p rog ram i s  summar i zed  in  the four tables  
included in this section. Table 5-1 shows deployment and pull t e s t s  of the 
pilot chute, main chute, and cords .  Table 5-2 shows m o r t a r  development 
tes ts .  Table 5-3 shows parachute proof t e s t s  wherein chutes a r e  deployed at  
high aerodynamic p r e s s u r e  (Q) conditions. Table 5-4 shows the t e s t s  of the 
en t i re  sys t em in a i rc ra f t  deployment using a boilerplate tes t  probe. 



TABLE 5 -  1. PARACHUTE VENDOR IN-PLANT TESTS 

TABLE 5-2. PARACHUTE EJECTION MORTAR TESTS 

Test 

A. Pilot Chute Deployment - Static 

B. Main Chute Deployment - Static 

C. Pull Tests  (Critical Joints, etc. ) 

Number 
Required 

2 

2 

A/R 

r 
Test  

A. Dummy Load Ejection 

B. Prototype Parachute Ejection 
(w/lines simulating stowed 
configuration) 

I 

Equipment 

1 Pilot ~ h u t e / ~ a ~  Lines, etc. 

1 Main Chute/Bag Lines, etc. 

Samples 

Number 
Required 

6 min. 

4 min. 

I I 

Comment 

Equipment 

3 Dummy Pilot Chute Packs; 
3 Ejection Mortars; 
12 Ejection Charges; 
1 Fir ing Test  Fixture Instru- 

mentation for  Velocity 
Measurement Reaction Load 
Measurement 

4 Prototype Pilot Chute Assem- 
blies w/connecting Lines to 
Main Chute, Covers, etc. 

8 Ejection Charges 
2 Ejection Mortars  
1 Fir ing Fixture Instrumenta- 

Static pull tests  ta confirm break 
cord pull loads, orderly extrac- 
tion of '-hute from canopy, line 
strengths, etc. 

Comment 

Live ejection of pilot chute f rom 
mortar  to  confirm ejection velo- 
city, mortar  s tructural  integrity, / 
and general firing characteristics. 

Live ejection of pilot chute pack 
to demonstrate ejection velocity, 
line deployment, and general 
mechanics of the prototype ejec- 
tion system. l 

I 
tion for Velocity Measure- 
ment, Load Measurement, 
High Speed Photo Coverage 

' 

b 

1 
I 



, 
TABLE 5-3. PARACHUTE PROOF TESTS 

. 

Comment 

Max Q deployment f rom aircraft  
with static line deployment. 

Max Q deployment from aircraft  
with static line deployment. 

~ a x / m i n  Q deployment from ai r -  
craft  uith programmed ejection 
of the pilot chute followed by the 
complete chute sequence. 

Equipment 

2 Dummy Bombs (GFE) Fitted 
with Pilot Chute Pack Com- 
partment 

2 Prototype Pilot Chute Packs 
(Chute, Lines, Bag, etc. ) - Onboard Load Measurement 
Instrumentation - Ground Tracking Stations for 
Trajectory and Deployment 
Data 

2 Dummy Bombs (GFE) with 
Main Chute Pack Compart- 
ment. 

2 Prototype Main Chute Packs 
(Chutes, Lines, Bag, etc. ) - Onboard Load Measurement 
Instrumentation - Ground Tracking Station for  
Trajectory and Deployment 
Data 

2 Dummy Bombs w/Chute 
Packing Structure 

2 Prototype Parachute Systems 
(Pilot Chute, Main Chute, 
Ejection Mortar,  Lines, 
Disconnects, etc. ) 

2 Onboard Programmers  for  
Initiating Chute Deployment 

2 Sets  Batteries for  Instrumen- 
tation and Programmer  

2 Sets Onboard Load Measure- 
ments Instrumentation 

2 Onboard Line Cameras - Ground Tracking Station for 
Trajectory and Deployment 
Data 

Test 

A. Pilot Chute Load Tests 

B. Main Chute Load Tests  

C. Chute Sequence Tests  

L 

Number 
Required 

2 min. 

2 min. 

2 min. 



TABLE 5 - 4 .  SYSTEM TESTS (SUBSONIC DEPLOYMENT) 

I Tes t  

A. Parachute System Tes ts  

Number 
Required 

4 min. 

Equipment I Comments I 
4 Boilerplate Vehicles Simulat- 

ing Shape, Covers,  Attach 
Points, etc.  

8 Onboard Gun Cameras  
4 Onboard P rogrammers  
4 Comolete Retarda t~on Svstems I 

a )  Mor t a r s  (4) 
b)  Parachutes  (pilot and main 

( 4  each) 
c )  Ejection Mor tar  Charges ' 1 

Drop f rom high performance a i r -  
c ra f t  to check four (4) points on 
deployment envelope drop f rom 
B-58 o r  equivalent high perform- 
ance a i r c r a f t  t a  obtain near  sonic 
velocity at  approximately 4 C ,  000 
feet altitude. 

Nominal system requirements 
are:  

(8) 
d) Release Fitt ings 
e )  Connecting Lines ( 4  s e t s )  

4 Onboard Instrumentation 
Systems (TM o r  onboard 
recording of loads, events 
ve r sus  t ime) 

I Mor ta r :  

Dynamic p re s su re  - 
q = 185 kg lm2  (38 psi) 

Mach No. - m = 0 . 8  

I Pilot: 
1 Sway Brace  Adapter Structure 
2 Ground Handling Fix tures  for  

Vehicle Assembly and Check- 
out 

Dynamic pressure - 
q = 185 kg /m2  (38 psf)i 

Mach No. - = 0, 

2 E lec t r ica l  Checkout Consoles 
(event timing preflight 
checks) 

8 Bat tery Systems (Onboard) 
f o r  Programming,  Fir ing 
Circui ts  and Camera  Opera-  
tions 

Main: 

Dynamic p re s su re  - 2 * 
q = 161 k g l m  ( 3 3  psf) 

Mach No. - m = 0.72 

I t  should be noted that the full  sys tem drop tes t s  will demonstrate  not only the parachute performance capability 
but, in  addition, the full  separation sequence, including mor t a r  f i r e  of the pilot, a f t  cover removal, and pressure  
vessel--forebody separation. * 

NOTE: Proof tes t s  will be performed a t  dynamic p re s su res  50 percent higher than these values. 



6. HARDWARE COST TRADE STUDY 

6. 1 FLIGHT/QUALIFICA TION HARDWARE 

The baseline p rog ram plan used for  initial cost  es t imates  incorporated 
the following sys t em level  flight and qualification models: 

2 flight models 1 multiprobe F-l 
1 orb i te r  F-1 

1 qualification model  1 multiprobe Y - 1  to  be 
refurbished and used 
a s  orb i te r  Y - 1  

This plan has the advantage of low r i s k  because a l l  flight hardware i s  
new, not reworked qualification hardware.  It a l so  allows the option of using 
the orb i te r  Y-1 model for  qualification and/or flight on the 1980 mission,  and 
i t  provides for  adequate s p a r e s  for  the flight models by utilizing component/ 
subsystem qualification hardware.  

Table 6-1 shows the hardware cos t  t r ades  for  seven different 
approaches to  the two-mission t e s t  sequence. Of these seven, the f i r s t  s i x  
include the usual separa te  qualification and acceptance t e s t  phases;  the 
seventh (LA-LB) includes a combination qualification/acceptance (protoflight) 
t e s t  phase for  each  launch. 

Of the seven t e s t  approaches,  the baseline (L2-L3) i s  the mos t  costly 
f o r  hardware.  The lowest cost  approach of Table 6-1, which includes sep-  
a r a t e  acceptance and qualification testing,  i s  L2A-L4. The lowest cost  option 
in Table 6-1 i s  the combined qualification/acceptance t e s t  philosophy of 
LA-LB. The sequence for  this option i s  a s  follows: 

1) Fabr i ca t e  probe spacecraf t  (consist ing of a bus, 1 l a rge  probe,  
and 3 sma l l  p robes)  

2) ~ualification/acce~tance (protoflight) t e s t  probe spacecraf t  

3)  Launch multiprobe spacecraf t  (LA) 



TABLE 6 -  1. PROTOFLIGHT COST TRADES HARDWARE COSTS 

L1 - Multiprobe Mission (Protoflight) 
L2 - Multiprobe Mission (Fab Y-1 and F-1) 
L2.4 - Multiprobe Mission (Fab Y - 1  and F-1 - Fly Y-1 Probes) 
L3 - Orbiter Mission (Fab F-1) 
L4 - Orbiter Mission (Protoflight) 
L5 - 1980 Mission Option (Using Refurbished Orbiter Y-1) 
LA - Multiprobe Mission (Combined ~ual/Acceptance Test) 
LB - Orbiter Mission (Combined Qual/Acceptance Test) 



4)  F a b  orb i te r  spacecraf t  

5 )  ~ualification/acce~tance (protoflight) t e s t  o rb i te r  spacecraf t  

6 )  Launch orb i te r  spacecraf t  (LB) 

These s teps  a r e  d iagrammed in F igu re  6-1 

6 . 2  SPARES HARDWARE 

Hughes experience in qualification testing of components designed f o r  
space applications indicates that  generally l i t t le,  i f  anything, i s  done to the 
hardware to  r ende r  it unfit for  additional usage. In fact ,  Hughes experience 
includes utilization of component qualification hardware i n  a protoflight space-  
c ra f t  with no malfunctions t raceable  to  environmental  exposures  t o  which the 
hardware  was  exposed. 

The s p a r e s  philosophy of option L2-L3 (basel ine) ,  to  uti l ize 
component/subsystem qualification hardware a s  s p a r e s  for  sys tem t e s t  and 
launch operations,  i s  in keeping with Hughes experience.  Since only one of 
each type of component need be qualified, the s p a r e s  l i s t  would not include 
a l l  of the hardware required to  assemble  a spacecraf t  but ra ther  just  one of 
each  type of component r ega rd l e s s  of the redundancy c a r r i e d  on the 
spacecraf t .  

As s p a r e s  a r e  expended they may  be replaced by e i ther  repa i r  and 
r e t e s t  of the fa i led pa r t  o r  new manufacture. Experience on Syncom, 
Surveyor ,  E a r l y  Bird,  ATS, Inte lsat  11, and TACSAT programs indicates 
electronic components can  be r epa i r ed  and re turned  to  se rv ice  f a r  m o r e  cos t  
effectively than they can be replaced with new manufacture.  After re tes t ,  
the per formance  cha rac t e r i s t i c s  of the r epa i r ed  units a r e  indistinguishable 
f rom newly manufactured units. Most mechanical  pa r t s  that fail in  environ- 
mental  t e s t  cannot be adequately repaired.  Depending on the nature  of the 
fa i lure ,  mechanical  pa r t s  for  s p a r e s  replacement  wil l  be  provided through 
new manufacture. 

The m a t r i x  below summar izes  the s p a r e s  philosophy for  each  of the 
cost  t rade  options of the previous section. I t  shows that  the low cost  proto- 
flight option, LA-LB, would requi re  the  manufacture of space units for  the 
orb i te r  mission.  
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7 .  SOLAR-THERMAL-VACUUMJ'THERMAL-VACUUM TRADES 

A review af eight  c o m m e r c i a l ,  m i l i t a r y ,  and NASA p r o g r a m s ,  
s u m m a r i z e d  in  Table  7-1, showed the  a v e r a g e  s o l a r - t h e r m a l - v a c u u m  
activi ty to  be  1 3  days  f o r  s p a c e c r a f t  qualif icat ion and 10 days f o r  acceptance .  
Averages  f o r  NASA s p a c e c r a f t  w e r e  16 and  14 days  f o r  qualif icat ion and 
acceptance .  

It i s  concluded that  the  s o l a r - t h e r m a l - v a c u u m  durat ions  speci f ied  by 
A m e s  R e s e a r c h  C e n t e r  (ARC) f o r  P i o n e e r  F/G (Spacecra f t  Speci f ica t ion 
PC-210)  a r e  appropr ia te  f o r  the  P i o n e e r  Venus p r o g r a m .  T h e r e f o r e ,  the 
t e s t  has  been pa t t e rned  a f t e r  ARC Spacecra f t  Specif icat ion 210. 

On a  n u m b e r  of occas ions  Hughes has  subst i tu ted  the rmal -vacuum 
t e s t s  f o r  s o l a r - t h e r m a l - v a c u u m  t e s t s  and found the  r e s u l t s  t o  be  quite s a t i s -  
fac tory .  Dur ing th is  t e s t ,  incident  heat  e n e r g y  i s  in t roduced into the  s p a c e -  
c r a f t  by m e a n s  of a n  IR s o u r c e  o r  skin  h e a t e r  a s  opposed to  s o l a r  in tens i ty  
lighting. Th i s  h a s  a  decided c o s t  advantage and is the re fo re  often a t t r ac t ive  
as a  tradeoff  ( s e e  Tab le  7-2). 

Hughes r e c o m m e n d s  the following s p a c e c r a f t  the rmal -vacuum t e s t s  
f o r  cons ide ra t ion  dur ing the  P i o n e e r  Venus t e s t  p r o g r a m .  All a r e  b a s e d  
upon the  s a m e  dura t ion and di f fer  only in  the  recommenda t ions  f o r  t h e r m a l -  
vacuum and s o l a r - t h e r m a l - v a c u u m .  

B e s t  Techn ica l  Auuroach 

Qualif icat ion (Y-1) 17 d a y s  S o l a r  - the rmal -vacuum 
Acceptance  ( F - I )  14 days  S o l a r - t h e r m a l - v a c u u m  

Techn ica l  Oution 

Qualif icat ion (Y-1) 17 days  S o l a r - t h e r m a l - v a c u u m  
Acceptance  ( F - 1 )  14 days  T h e r m a l  -vacuum 

Most  Cost  Effect ive  

Qual i f ica t ion (Y-1) 17 d a y s  T h e r m a l  -vacuum 
Acceptance  ( F - 1 )  14 days  T h e r m a l - v a c u u m  



TABLE 7.1. PROGItAM LOMPARLSONS - SOLAil THERMAL VACUUM TESTING 

SOLAR THERMAL 
VACUUM 

Qualification 

Durat ion 

T e s t  
Conditions 

AcCBpflnCe 

Durat ion 

T e s t  
cond i t i ons  

-- -~ - ~ ~- 

- 
M a r i n e r  C la s s  S/C 

Part 1 - 240 hours  
P a r t  11 - 108 hours  

Part  1 - Sys t em 
validation through 
encounter and 
playback. 
P a r t  I1 - t e m p e r a -  
cure  control  ve r i -  
l i c a t ~ o n .  

P a r t  I  - 250 h o u r s  
P a r t  11 - 134 h o u r s  

Part 1 - Sy8ter.r 
va l idat ion through 
encounter and 
playback. 
P a r t  I1 - T e m p e r a -  
cure con t ro l  v e r i -  
i ication. 

OSO 

Ib days  

Same  as accopt-  
ance with  expo-  
sure t i m e  
i n c r e a s e d  
accordingly .  

13 days  

. 11 hi .  hot 
exposu re  
12 hr. =old  
exposu re  

. 12 hr. hot 
exposu re  . 11 hr. cold 
exposu re  

. 72 hr. hot 
soak 

, 72 hr .  cold 
soak . 11 h,. f inal 
ha t  exposu re  

, 12 hr. f ina l  
cold  exposu re  

MILITARY 

FLTSATCOM 

20-l/2 days  

. Equinox - 
low temp. . Summer  
boltice - 
low temp. 

. S u m m e r  
sol t ice  - 
high temp. 

. Equinox - 
high temp. 

. Equinox - 
low temp. . Winter 
sol t ice  - 
low temp. 

I1 days  

. Equinox - 
high temp. . Equinox - 
low temp. . Winter  
sol t lce  - 
low temp. 

. Summer  
ro l f ice  - 
low temp. . S u m m e r  
solrice - 
high temp. 

I, 

NASASPACECRAFT 

P ~ o n e e r  F/G 

17 days  min lmum 

3 equa l  s egmen t s  
of test  t r m e s  at 
s o l a r  in tens i t ies  
of 0. 9, 5. 5 AU 
and one i n t e r -  
med ia t e  value. 

14 days  min imum 

3 equa l  s egmen t s  
of t e s t  t1mc. at 
s o l a r  in tens i f ies  
of I. 0, 5. 5 AU 
and  one i n t e r -  
media te  value. 

SATELLITES 

TACSAT 

LO days  

. Equinox - 
low temp. . ~ q ~ i ~ o x  - 
high temp. 

, W ~ n t e r  
sol t ice  - 
low temp.  . S u m m r  
sol f ice  - 
high temp. 

Same  ar Qual. 
Tes t .  

Same  as Qual. 
'rest. 

Weste rn  Union 

Same  as 1-cle5at 

s a m e  as Telesaf  

In i e i s a l  1V 

5 days  

. S u m m e r  
so l t i c s  - 
high temp. 

. ~ q u i n o x  - 
high temp.  

, Equinox - low 
temp.  . Equulox - 
"om. . w i n t e r  
r a l f i c e  - 
IW temp.  

5 days  

. S u m m e r  
sol f ice  - 
high temp.  . Equinox - 
high temp.  

. Equinox - 
low temp. 

. Equinox - 
no*. . W m t e r  
eol f ice  - 
low temp.  

COMMERCIAL SATELLITES 

'Telesat 

Part 1 - 5 d a  B 

Part 11 - 5-17L 
day r 

. S u m m e r  
sol t ice  - high 
temp.  

, Equinox - 
high temp. . Equinox - 
low temp.  . Winter 
so1tice - 
low temp. . Part I1 - add 
~ q v i n o x  high 
and s u m m e r  
sol r ice  hlgh 

5 days  

. S u m m e r  
sol t ice  - 
high t e m p  

, Equinox - 
high temp.  

. Equinox - 
low temp.  . Winter 
ro l t i c e  - 
low temp.  



TABLE 7-2.  COSC TRADES -SOLAR THERMAL VACUUM/THERMAL VACUUM IES'IING 

SUMMARY: 
T h e r m a l -  S o l a r -  I Thermal-vacuum fes te  use 1R hea t  pos t  f o r  heat f l u  input; hawever, 
Vacuum'  Thermal-Vacuum these  t e s t s  could be supplemented with s o l a r  lighting to  a maximvm 

of 1. 8 solar constant  (SCI. 
Qualification (Y-I) 299 K 582 K 

Acceptance (F-I)  171 K 412 K 
T O  be done a t  J P L  - Chamber  has  2. 0 SC capability. 

- - 
470 K 994 K This  t e s t  would include s o l a r  lighting during the t h e r m a l r a ~ u v m  

up to 1.8 SC. 

OPTION: 

Qualification (Y -1) 582 K 
(STY) 

Terf Operat ions 

Engineer ing 

J P L  Chamber  

s p a c e  Simulation 
Labora to r i e s  (HAC) . Fixfure  

. Support 

TOTALS 

QUALIFICATION (17 day) ACCEPTANCE (14 day) 

Labor  

28 K 

10  K 

71 K 

150 K 

259 K 

Labor  

28 K 

L O  K 

71 K 

150 K 

259 K 

Labor  

23 K 

8 K 

I23 K 

154 K 

Thermal-Vacuum 
ODC 

20 K 

2 0 K  

40 K 

Solar-Thermal-Vacuum - 
Total  

28 K 

10 K 

91 K 

170 K 

299 K 

S o l a r - ~ h e r m a l - ~ ~ ~ ~ ~ ~  Thermal-Vacuum 
ODC 

17 K 

17 K 

Labor  

23  K 

8 K 

123 K 

154 K 

ODC 

3 K 

I K 

289 K 

1OK 

20 K 

323 K 

Total  

23 K 

8 K 

140 K 

171 K 

Tofal 

31 K 

11 K 

289 K 

81 K 

170 K 

582 K 

ODC 

2 K 

I K 

238 K 

17 K 

258 K 

Tala1 

25 K 

9 K 

238 K 

140 K 

412 K 



8. CONCLUSIONS 

Probe  spacecraf t  development and qualification can be completed in 
27 months af ter  go-ahead. 

P robe  spacecraf t  acceptance can .be accomplished between month 18 
and 33. 

Orbi ter  spacecraf t  development and qualification can be completed 
between month 13 and 44. 

Orbi ter  spacecraf t  acceptance can be accomplished between month 45 
and month 54. 

Unit qualification testing will include vibration,  acceleration,  spin, 
magnetic, thermal ,  and ( for  the probes)  decelerat ion tes t s .  

Unit acceptance testing will  include vibration, magnetic,  thermal ,  
and (for  the probes)  decelerat ion tes t s .  

Spacecraf t  qualification testing will  include vibration, spin,  EMC, 
and s olar- thermal-vacuum t e s t s .  

Spacecraft  acceptance testing will  include vibration, so la r - thermal -  
vacuum, p re s su re - t empera tu re ,  and decelerat ion tes ts .  

Probe  acceptance testing will include vibration magnetic, s o l a r -  
thermal-vacuum, p re s su re - t empera tu re ,  and deceleration tes t s .  

Parachute  subsys tem development testing shal l  include a minimum of 
four drop  t e s t s  of the complete subsystem.  These will  be f rom a subsonic 
a i rcraf t .  Boilerplate probe s imula tors  will  be used. The complete para-  
chute subsystem sequence will  be  exercised.  

The mos t  cos t  effective t e s t  approach to the two-mission p rog ram,  
f r o m  the standpoint of hardware cos t s ,  i s  a protoflight, o r  combination 
qualification/acceptance test .  

The recommended bes t  technical  approach to  t he rma l  testing of both 
spacecraf t  i s  a 17 day so la r - thermal -vacuum qualification t e s t  and a 14 day 
solar- thermal-vacuum acceptance tes t .  An acceptable technical  option i s  a 
17 day solar- thermal-vacuum qualification t e s t  and a 14 day thermal-vacuum 
acceptance tes t .  

8-1 
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