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16. ABSTRACT 

Three stainless steel pressure vessels received from the George C. Marshall Space 

Flight Center were instrumented for measurement of strain and temperature, subjected 

to pneumatic and hydraulic pressure cycling at elevated and cryogenic temperatures and, finall: 

pressurized to rupture at cryogenic temperature. Successful completion of the program and 

the rupture of the vessels at the anticipated pressure levels indicates suitability of the 

forming techniques. Detail analysis of strain data recorded during the program will be 

performed by Marshall Space Flight Center and should result in confirmation of 

this conclusion. 
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FOREWORD 

Thi s  report w a s  prepared by Lockheed Missiles & Space 

Company, Santa Cruz Test Base, under Contract No. NAS 

8-21482, "Cryogenic Stretch Form Bottle Test Program", 

for  the George C .  Maxshall Space Flight Center of the 

National Aeronautics and Space Administration. 

work was administered under the jo in t  technical direction 
of t h e  Astronautics Labora to ry  and t h e  PIanuf ac tu r ing  

Engineering Laboratory of the George C .  Marshall Space 

Flight Center. 

The 

The reader  i s  r e f e r r e d  t o  NASA CR-84035, Contract  No. 

NAS 8-11977, f o r  the  Research and Development work 

document covering t h i s  sub jec t .  The r e fe rence  document 

i s  t h e  F i n a l  r e p o r t  generated under Contract  No. 

NAS 8-11977, and i s  e n t i t l e d  RESEARCH AND DEVELOPMENT ON 

CRYOGENIC STRETCH-FORM HELIUM BOTTLES FOR THE SATURN V,  

S-1C VEHICLE, by Arde-Portland, Inc.  , Paramus, N. J. 
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1.0 SCOPE 

This repor t  describes the tes t ing performed on three (3) pressure vessels 

fabricated w i t h  cryogenic forming techniques fo r  the purpose of verirying 

the r e l i a b i l i t y  of the technology t o  produce bot t les  having high weld 

efficiency for use in  a cryogenic aerospace application. 

Testing included high and low temperature cycling with pressure applied 

both pneumatically and hydraulically culminating i n  burst  of the vessels 

a t  cryogenic temperature. 

2.0 SUMMARY 

Three s ta inless  s t e e l  pressure vessels received from the George C .  Marshall 

Space Flight Center were instrumented f o r  measurement of s t r a in  and 

temperature, subjected t o  pneumatic and hydraulic pressure cycling a t  
elevated and cryogenic temperatures and, f inal ly ,  pressurized t o  rupture at 

cryogenic temperature. Successful completion of the t e s t  program and the 

rupture of the vessels at  the anticipated pressure levels  indicates suita- 

b i l i t y  of the forming techniques. Detail  analysis of s t r a in  data recorded 

during the program w i l l  be performed by Marshall Space Flight Center and 

should result i n  confirmation of t h i s  conclusion. 
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DESCRIPTION OF TEST PROGRAM 

3.1 Introduction 

Four (4)  subscale Saturn V helium gas storage pressure vessels were 
received at Lockheed Missiles & Space Company's (LMSC) Santa Cruz 

Test Base (SCTB) for  the NASA George C.  Marsha l  Space Flight Center. 

These vessels were fabricated using cryogenic stretch-forming tecnniques 
and were subjected at  SCTB t o  a ser ies  of tests for the purpose of veri-  

f icat ion of the r e l i a b i l i t y  of the manufacturing technology. 

included pneumatic and hydraulic pressurieation cycling at both elevated 

and cryogenic temperatures culminating i n  a burst test while f i l l e d  w i t h  

and immersed i n  l iqu id  nitrogen. 

These t e s t s  

O f  the  four bot t les  received, one, S/N 4, w a s  designated as a spare uni t  

and, as such, w a s  neither instrumented nor tested.  
S/N 3, US-2 and US-5, were instrumented as shown in  Appendix C and were 

tes ted i n  accordance with the test  requirements reproduced i n  Appendix A. 

The three other units, 

3.2 Test Fac i l i ty  Description 

The test program w a s  conducted i n  Cell  2 of the Component Test Laboratory 

at the LMSC Santa Cruz Test Base, Santa Cruz, California. The capabi l i t ies  

of t h i s  t e s t  c e l l  include remote operation and monitoring of pneumatic 

and hydraulic pressure systems for  the handling of propellants, t e s t  f lu ids  

and pressurizing/purging gases. 

Cryogenic storage dewars are d i rec t ly  adjacent t o  the t e s t  building and 

serve as the source for  both the l iqu id  nitrogen used i n  the low temper- 

ature t e s t s  and the gaseous nitrogen used for  pressurization, purging 

and pneumatic actuation. 

shipping cylinders manifolded t o  the pressurization system. 

H e l i u m  supply i s  provided from an array of I C C  

The cel l  itself is  4.57 meters (15 f ee t )  square with reinforced concrete 
w & l l s  on three sides. 
roof and roll-up rear doors. 

Weather protection i s  provided by a raised s t e e l  
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3.2 T e s t  Faci l i ty  Description (Continued) 

Hardline data acquisition systems l ink  the c e l l  with signal conditioning 
and recording equipment i n  the  blockhouse. End instruments used for  

t h i s  program include the Dymec 20105 Digi ta l  Data System and Moseley 

Dual Channel, 7 lOOB S t r ip  Chart Recorders. Brown St r ip  Chart Recorders 
were used for  t e s t  control. 

The Dymec 20105 Digi ta l  Data Acquisition System scans the instrumentation 
signals and simultaneously p r in t s  out on a paper tape. Physical calibra- 
t ions and calibration data based upon LMSC secondary standards traceable 

t o  NBS are furnished with the data tapes, when applicable. 

System resolution i s  tabulated below. 
Sample Range Full Scale 
Period (Volts) R e  d i n g  

Max. Over Range 
Reading 

1 seq. 0.01" 10.0000 (Mv) 300.000 (Volts ) 

10.0 10.0000 (Volts ) 30.0000 (Vol t s  ) 
100.0 100.000 (Volts) 300.000 ( V o l t s )  

0.1 100.000 (Mv) 300.000 (MV) 
3000.00 (MY) 1.0 1000.00 (MV) 

1000.0 1000.00 (Volts) --- 
.1 see. 0 . Ol* 010.000 (Mv) 0300.00 (Volts) 

0.1 0100.00 ( M V )  0300.00 ( M V )  
1.0 01.0000 (Vol t s )  03.0000 (Volts) 

10.0 010.000 (Volts) 030.000 (Vol t s )  
100.0 0100.00 (Volts) 0300.000 (Volts ) 

1000.0 01000.0 (Volts) --- 
.01 sec. 0 . Ol* 0010.00 (Mv) 00300.0 (Vo l t s )  

0.1 00100.0 (MY) 00300.0 (MV) 
1.0 001.000 (Volts) 003.000 (Volts) 

10.0 0010.00 (Volt 6 ) 0030.00 (Volts) 
100 0 00100.0 (Vo l t s )  00300.0 (Volts) 

1000.0 001000.0 (Volts) --- 

* Amplifier ext sel  gain = +lo; voltmeter, autorange 
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msc 73427 

3.2 Test Fac i l i ty  Description (Continued) 

Tape Format: 

1 2 ~ 1 0  9 8 7 6 5 4 3 2 1 Column 
I I I S R F D D D D D D Voltmeter 

T S S S S S Clock * 
* Enter pr ior  t o  each scan. 

Code I = channel ident i f icat ion 

T = Time 

S = Elapsed time in  seconds 

F = function (polar i ty)  

R = range 

D = data  

M a x i m u m  channel scanning r a t e  ( .01 second sample) 17 channels/second 
System input resistance 109 ohms 
Overall system accuracy f 0.01% of reading f 1 dig i t  

The Moseley Dual Channel 7lOOB s t r i p  chart recorders have a response 

time of one-half second for full scale. 

scale and l i nea r i ty  0.1% of full scale. 

Accuracy is 0.2% of fuLl 

Environmental test conditions were imposed on the bot t les  by the use 

of two separate tanks. Elevated temperature tes t ing  w a s  conducted 

i n  a closed tank capable of pressurizakion t o  prevent boil ing of  the 

water used as the test  f l u i d  a t  the required upper operating tempera- 

ture of 394.3"K (250°F). Low temperature tes t ing was  performed i n  

an open top tank. 

of the  t e s t  program are shown schematicaJly i n  Figures 1 through 6 
of t e s t  procedure LMSC 73336 which is  included as Appendix B of t h i s  

report .  

Piping systems used t o  conduct the various phases 
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3.3 T e s t  Methods 

3.3.1 Instrumentation of Test Bottles 

Instrumentation on each bo t t l e  consisted of one pressure 

measurement, s i x  temperature points and twenty s t r a in  gauges. 

The temperature transducers were copper/constantan thermocouples. 

Three were instal led internal  t o  t h e  test bot t le  on a central  

probe and located with one thermocouple near each end and one 

at  the middle of the bot t le .  The remaining three were bonded 

with Lefkoweld type lo9 adhesive t o  the outer surface of each 

bo t t l e  at  points approximately longitudinally equivalent t o  the 

internal  locations (Reference: Sketch 1, Statement of Work, 
Appendix A). Strain gauges were bonded t o  each of the three 

test bot t les  i n  b iax ia l  pa i r s  at  five locations on each side 

180" apart  for a t o t a l  of twenty gauges per bo t t le .  

were Baldwin-Lima-Hamilton type FNH temperature compensated 

uni t s  and were bonded t o  the bot t les  using Lefkoweld type lo9 
adhesive. After curing of the adhesive a coating of Dow-Corning 

DC-4 w a s  applied t o  waterproof the gauges. 

The gauges 

During the course of the elevated temperature tes t ing l o s s  of 

strain gauges occurred through separation from the bot t le  sur- 
face and through corrosion of gauge leads. A t t e m p t s  t o  alleviate 

t h i s  problem by application of mylar film covered by RTV compound 

were not t o t a l l y  successrul. 

all s t r a in  gauge ins ta l la t ions  up t o  lo@ prior  t o  s ta r t ing  the 

l o w  temperature t e s t  series. 

It w a s  therefore agreed t o  bring 

3.3.2 Weight and Volume Measurements 

Each bo t t l e  w i t h  only the s t r a in  gauge and thermocouple instru- 

mentation components attached was weighed on a calibrated plat-  

form scale. Determination of the volume of each test bot t le  

w a s  m a d e  by mounting the bo t t l e  ver t ica l ly  with a bulkhead 

f i t t i n g  i n  the upper port  and a drain valve in  the bottom port. 

Using f i l t e r e d  water and a graduated cylinder the bot t le  w a s  
f i l led and the quantity required t o  do so was recorded. 
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3.3 Test Methods (Continued) 

3.3.3 Proof Pressure Tests 

With the bot t le  set up in  the hydrostatic t e s t  f ixture ,  as 
shown i n  photograph D-4, pressure was applied using f i l t e r e d  

water and a Sprague booster pump u n t i l  a leve l  of 4.07 newtons/ 

meter2 (5900 psig) w a s  reached. 

for 5 minutes and each bot t le  checked for  damage or deformation. 

This t e s t  w a s  performed at ambient temperature each time tha t  

it was required by the work statement, Appendix A 

This pressure was maintained 

3.3.4 Elevated Temperature Tests 

Elevated temperature tes t ing w a s  conducted in  two phases for 

each bot t le .  

bo t t l e  from 0 t o  1.62 X 10 

t o  0 psig) 5 times, using helium with the b o t t l e  immersed i n  

water at a temperature of  247.05"K (165O~). The water w a s  

maintained at th i s  temperature by recirculation through an 

electrically-heated f lu id  conditioning t r a i l e r .  The second 

phase of the elevated temperature testing required hydraulic 

cycling of each bot t le  from 0 t o  1.62 X 10 t o  0 newtons per 

meter2 (0 t o  2350 t o  0 psig) 1000 times a t  a temperature of  

394.3"K (250°F). 

did not exceed 2 per minute. 

bo t t les  mounted in  the test support frame ready t o  be placed 

in  the adjacent elevated temperature environment tank. 

The f i rs t  consisted of pressure cycling each 
7 2 t o  0 newtons per meter (0 to  2350 

7 

These cycles were performed a t  a r a t e  which 

Photograph D-5 shows one of the 

3.3.5 Low Temperature Pressure Cycle Tests 

Since severe loss  of operable s t r a in  gauges had occurred during 

the elevated temperature tes t ing,  each of the t e s t  bo t t les  w a s  

re-instrumented t o  provide 10% s t ra in  gauge operation prior 

t o  the start of l o w  temperature ac t iv i t i e s .  
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3.3 Test Methods ,(Coqtinued) 

3.3.5 Low Temperature Pressure Cycle Tests (Continued) 

Tests i n  th i s  portion of the program again were conducted i n  

two phases. 

required by the first phase were performed i n  an atmospherically- 

vented l i qu id  nitrogen,bath and ranged i n  pressure from 0 t o  3.50 
X 10 

start of the  second phase of the low temperature pressure cycle 

tes t ing  each bot t le  was suspended on a chain hois t  above the 

l iqu id  nitrogen-fil led environment tank. 

heated t o  394.3 * 5.5"K (250 * 10°F) by flowing heated gaseous 

nitrogen through the bo t t l e  u n t i l  s tabi l izat ion of temperature 

was  achieved as indicated by ex te rnd ly  applied temperature 

sensors. 

nitrogen. 

i t s  immersion t o  prevent imposition of external collapse pressure 

on the bo t t l e  due t o  rapid internal  cooling. 

then f i l l e d  with l i qu id  nitrogen and subjected t o  1000 cycles of 

hydraulic pressurization from 0 t o  3.50 X 10 
meter' (0 t o  5080 t o  0 psig) at a rate of less than 2 cycles 

per minute. 

The f ive  cycles of gaseous helium pressurization 

7 t o  0 newtons per meter2 (0 t o  5080 t o  0 psig).  A t  the 

The bo t t l e  was  then 

The bot t le  was then lowered rapidly in to  the l iquid.  

Pressure was  maintained within the bot t le  during 

Each bo t t l e  w a s  

7 t o  0 newtons per 

3.3.6 Low Temperature B u r s t  Tests 

For this  t es t  each bo t t l e  was submerged i n  the l iqu id  nitrogen 

environment tank, f i l led with l iquid nitrogen and connected t o  

an elevated surge tank pa r t i a l ly  f i l l e d  w i t h  l iqu id  nitrogen. 

Through the surge tank upper port  a pressure of 5.25 X 10 

newtons per meter2 (7610 psig) was applied t o  the bot t le  for  a 
minimum of 5 minutes. 

newtons per meter2 (10,000 psig) for bo t t l e  S/N 3 and t o  6.41 X 

10 newtons per meter' (9300 psig) for  bo t t les  US-2 and US-5. 

7 

7 The pressure was then raised t o  6.89 X 10 

7 

It w a s  held at t h i s  leve l  f o r  a m i n i m  of 5 minutes. 

Pressure was then slowly increased i n  the  bo t t l e  under test 

unti l  rupture occurred. 
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3.4 T e s t  Results 

All three of the bot t les  which w e r e  subjected t o  the t e s t  conditions 

specified in  the Statement of Work, Appendix A, sa t i s fac tor i ly  com- 

pleted the test program. During the course of tes t ing  no damage or 

dis tor t ion was noted in  any of the units. The only anomalies re la ted 

t o  the test  a r t i c l e s  were the instrumentation fa i lures  which occurred 

as a result of the environmental conditions. A l l  data recorded from 

the s t r a in  gauges, thermocouples and pressure transducer together 
w i t h  calibration records and recorder setup information were delivered 

t o  the George 6. Marshall Space Flight Center for  reduction and analysis. 

The following tabulation l i s t s  the weight and volume measurements for  
each bot t le ,  together with the approximate burst pressure observed 

from preliminary data: 

t I I 1 I I 

Surveillance of t e s t  operations t o  ensure conformance t o  the requirements 

of the t e s t  procedure w a s  maintained by Santa Cruz Test Base Quality 
Assurance personnel and periodic audits by the representative of the 

USAFPRO were conducted t o  verif'y compliance with contract conditions. 
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3.5 Conclusions and Recommendations 

Survival of all three specimens through the cycling t e s t s  under 

high and low temperature conditions indicates tha t  the manufacturing 

technology u t i l i zed  resu l t s  i n  predictable properties and ver i f ies  

the r e l i a b i l i t y  of the techniques for  the proposed application of 
the test bot t les .  

the vessels ultimately occurred indicates tha t  a high percentage 

of weld efficiency was, i n  fac t ,  achieved. Rupture of the vessels 
at  pressure leve ls  quite close t o  those predicted further verify 
the su i t ab i l i t y  of the forming methods. It is expected tha t  analysis 

of the s t r a in  data by Marshall Space Flight Center w i l l  confirm these 

conclusions based on gross test resu l t s .  

Inspection of the manner in  which rupture of  

Performance of the s t r a in  gauge instrumentation during the course of 

the t e s t  program indicates tha t  there i s  a need for  further study and 

experimentation with respect t o  the techniques used i n  bonding such 
gauges t o  various materials and i n  protecting the gauges and the i r  

terminations from attack by test  f lu ids .  
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4.0 APPENDIXES 



APPENDIX A - STATEMENT OF WORK 



1. PART I1 of E x h i b i t  "A" a s  i n c o r p o r a t e d  by ARTICLE I i s  d e l e t e d  and t h e  f o l l o w -  
i n g  s u b s t i t u t e d  t h e r e f o r :  

J'IIRT TI - STATEPENT OF WORK 

The C o n t r a c t o r  s h a l l  p e r f o r m  f o r  Ceorge  C. M a r s h a l l  Space  F l i g h t  C e n t e r ,  
M a r s h a l l  Space  F l i g h t  C e n t e r ,  Alabama, t h e  "Cryogenic  S t r e t c h  Form B o t t l e  T e s t  Program" 
d e s c r i b e d  and d e t a i l e d  i n  Appendix 1, " T e s t  Requ i remen t s  f o r  S u b s c a l e  Cryogen ic  S t r e t c h  
Formed Kottle," % h i c h  by a t t a c h m e n t  is made a p a r t  h e r e o f ,  t o  v e r i f y  t h e  r e l i a b i l i t y  
of t h e  m a n u f a c t u r i n g  t e c h n o l o g y  u s e d  f o r  t h e  c r y o g e n i c  s t r e t c h  form f a b r i c a t i o n  of 
p r e s s u r e  v e s s e l s .  

*Appendix 1 (Rev i sed  9-12-68)  i n c l u d e s ,  i n  a d d i t i o n  t o  t h e  a p p e n d i x ,  
the following a t t a c h m e n t s  : 

T a b l e  1 - " V e s s e l  Des ign  P a r a m e t e r s "  
S k e t c h  No. 1 - A l t e r n a t i v e - I n t e r n a l  F l u i d  T e m p e r a t u r e  (1-3-67) 
S k e t c h  No. 2 - S t r a i n  Gauge L o c a t i o n  f o r  R o l l e d  and Welded 

P r e s s u r e  V e s s e l  (Rev ,  7 -17 -67)  
S k e t c h  No. 3 - S t r a i n  Gauge L o c a t i o n s  f o r  I n t e g r a l  Head 

P r e s s u r e  Vessels S/N US-5 (Rev. 7-17-68)  
S k e t c h  No. 4 - S t r a i n  Gauge L o c a t i o n s  €o r  T n t c g r a l  Head 

P r e s s u r e  Vessels S/N US-2 (Rev. 7-17-68) 

I. Y I  rlti 18% l t * * ~ a , l + t  ~ ~ l r t ~ l t r ~ ~ r l ,  ; 1 1 1  I I - I I~~.  Itnfl I onililitiiiq l , r  hiiiil v i i n t l . s < i  wi lirrrlilfrlrr mndil ird rcmntn t t n r h ~ t n ~ r d  and in 
f l j l l  II+tt.c , tntl  **(It  I .  

of Lhc Gencrnl  P r o v i B i o n s .  

I 111s Sti~i~tlciwti~iil Agrrriiwitl ir rotcrral inlo p u r s u n n t  IO  lllr itritlic~rity cd C l a u s e  33 Changes 

WWKENCE GARRISON --__ - I - - __ - ____ __ _-__ -- - 
( T Y P E 0  NAME OF C O N T R A C T I N G  OFFICER1 



PACE 2 OF 2 
MODIFICATION NO. 2 
CONTRACT NAS8-21482 

Note - A t  completion of the test program the Contractor ahall dispose of the four 
Government-furnished pressure vessels furnished for testing as scrap and credit 
the Cavernmcnt'e account with the sale proceeds. 



DCN 1 -8- 30- 2 5 7 5 3 
AFPENDIX "1" 
(Revised 9-12-68) 

TEST REQIfIREPKNTS FOR SUBSCALE CRYOGhNIC STRETCH-FORMED BOTTLES 

"%ret! b o t t l e e  A S  i d e n t i f i e d  below a r c  t o  be t e s t e d  a c c o r d i n g  t o  t e s t a  i d e n t i -  
f i e d  below. The f o u r t h  b o t t l e  is t o  be used f o r  s t r a i n  gage c a l f b r a t i o n ,  f i x t u r e .  
model o r  spa re .  

S/N US-2 (Sketch n4)  Integra l  Head - Teat 
SIN 3 (Sketch 412) Rolled and Welded - Test 
S/N 4 (Sketch #2) Rolled and Welded - Spare 
S/N US-5 (Sketch P 3 )  I n t e g r a l  Head - T e e t  

Instrrimc~ntn t i on 

Onr pres s t i r e ,  s i x  t cmpcra tu re  and 10  s t r a i n  gage (depending on type of b o t t l e )  
( 0  t o  5000 i n / i n )  measurc~ments a r e  r e q u i r e d ,  I n s t a l l a t i o n  o f  t h e s e  measurements i 8  
s h o w n  on Skctches #l through # 4 ,  I n t e r n a l  f l u i d  t empera tu re  may be accomplished by 
means o f  probes o r  o t h e r  s a t i s f a c t o r y  methods, Record t e m p e r a t u r e s ,  s t r a i n  gage 
r e a d i n g s  and pressure t h roughou t  a l l  t e s t s .  Motion p i c t u r e  coverage will be u t i l i z e d  
d u r i n g  b u r s t  t e s t .  

mltt and Vol umc Mea suremen ts 

Conduct mtasiirements p r i o r  t o  s t a r t i n g  t c s t s  and r eco rd .  

Proof P r e s s u r e  T e s t  

Proof pressure t e s t  u s i n g  H20 a t  room t empera tu re  from 0 p s i g  t o  5900 p s i g  
+ - 50 p s i g  in not less than 10 minutes  and hold a t  5900 p s i g  f o r  a m i n i m u m  of t h r e e  
m i n u t e s ,  Check f o r  l eakage .  Purge b e f o r e  conduc t ing  n e x t  t e s t .  

ELcvatPd Tcmpcraturr  T r s t  ftig 

a .  Khi le  mounted v e r t i c a l l y ,  t h e  h o t t l c  s h a l l  bc h e a t e d  t o  +165'F and s h a l l  
he sri l , j tcted t o  f i v e  g r c s s u r i z o t i o n  c y c l e s  of 0 t o  2350 t o  0 p s i g  u s i n g  hclirim a t  
a t empera tu re  of 1-165 F. l7w b o t t l e  s h a l l  be pressurized and vented through the 
lower end. The time t o  p r e s s u r i z e  t h e  b o t t l e  from 0 t o  2350 p s i g  s h a l l  be f o u r  
( p l u s  one,  minus z e r o )  minutes .  

b. The b o t t l e  s h a l l  be  h y d r a u l i c a l l y  p r e s s u r i z e d  using h y d r a u l i c  f l u i d  a t  
+250°F f o r  1000 c y c l e s  from 0 t o  2350 t o  0 p s i g .  Cycl ing r a t e  s h a l l  not exceed 
two c y c l e s / m i n u t c .  A t  room t e m p e r a t u r e ,  h y d r a u l i c a l l y  p r e s s u r i z e  to  proof  p r e s s u r e  
and check  f o r  l e a k s .  Purge b e f o r e  conduc t ing  nex t  tes t .  



Appendix A LMSC 73427 

7,oc; ' I ~ ~ ~ i t t i r ~  I'rtvsurc Cycle Test -- - 
n .  Wlrhtlc mounted v e r t i c a l l y ,  t h e  b o t t l e  s h e l l  be submrrged i n  a n  a tmospher i -  

cc1llv ven ted  h e t h  of l i q u i d  n l t r o g e n .  The b o t t l e  s h a l l  be s u b j e c t e d  t o  f i v e  
p r r s s r l r i 7 a t i o n  cycles of 0 t o  5080 t o  0 psip, w i t h  gaseous helirfm, 
bc p r t s s u r i z c d  and vcntcd through t h e  lower end. P r e s s u r i z e t i o n  time from 0 to  5080 
t o  0 p s i g  s h a l l  no t  be less  than  e i g h t  minutes .  

The b o t t l e  s h a l l  

h. The b o t t l e  s h a l l  be h e a t e d  t o  +2500F +, 10°F and ,  w i t h i n  LO minutes  a f t e r  
Lrmpcrntvre  e t a b i l i z e t i o n ,  submerge i n  l i q u i d  n i t r o g e n .  The b o t t l e  s h e l l  be 
l iydr . i t i l lcel ly  p r c s s u r i z P d  f o r  1000 c y c l e s  from 0 t o  5080 to  0 ps ig  ( 1 - c y c l e )  u s i n g  
l i q u i d  nitroKen. The c y c l i n g  r a t e  s h e l l  n o t  exceed two cycles/rninute .  A t  room 
tcmpernt-urr,  hyc l r a r i l i ca l ly  p r e s s u r i z e  t o  proof  p r e s s u r e  and check for  l e a k s .  

Condtic t Volrinic Mensurenent 

Prior t o  b u r s t  t e s t ,  conduct  volume measurement and r eco rd .  

Low Temperature B u r s t  Test 

The b o t t l c  s h a l l  be i n t e r n a l l y  p r e s s u r i z e d  t o  7610 psip, using l i q u i d  n i t r o g e n  
while submerged i n  l i q u i d  n i t r o g e n  and this presfltirc h e l d  f o r  f i v e  m i n u t e s .  The 
time t o  i n c r e a s e  p r e s s u r e  from 5080 p s i g  t o  7610 p s i g  s h a l l  not  be less  thapl two 
minutes .  If a n  a l l  welded v e s s e l  i s  be ing  t e s t e d  and no l eakage  ie d e t e c t e d ,  i t  
s h a l l  be p r e s s u r i z e d  t o  10,000 p s i g  and this p r e s s u r e  ma in ta ined  f o r  f i v e  minu te s ,  
I f  an i n t e g r a l  head v e s s e l  is be ing  t e s t e d  i t  s h a l l  be p r e s s u r i z e d  t o  9300 p s i g  
and t h i s  p r e s u u r e  ma in ta ined  for f i v e  minutes .  P r e s s u r i z a t i o n  time from 7610 t o  
10,000 p s i g  o r  from 7610 t o  9300 p s i g  e h a l l  not be l e s e  than  ten m i n u t e s .  I f  
r u p t u r e  of a welded ~ e s s e l  does n o t  occur  a f t e r  f i v e  minutes  a t  10,000 p s i g  o r  a t  
9300 p s l g  i n  t h e  c a ~ e  of a n  i n t e g r a l  head v e s e e l ,  t h e  i n t e r n a l  p r e s s u r e  s h a l l  be 
s l o w l y  i n c r e a s e d  u n t i l  r u p t u r e  occurs .  
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0 L/D of 3 IC3 5 
10” m l n ,  diflmeter 

o Thickncse Ratio: r(111 S c a l e  
Subsca le 

Working 
Proof 
Burs e 
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msc D 0 74 1 5  7 
DCN 1-0-30-25753 

4400 pl i t  
6600 p s i  
3760 per1 

FXNAL RESULTS 

S/t4 PO RJl I N G  PH E S S 1 I RE WE ZGHT 0. n. L / n  VOLUME DISPOSITION 

1 10,000 psFg 92 .4  Lbs. 12.5 
(We ldcd)  

9 10,000 p 8 6 g  92 .1  I b s .  1 2 . S  
(Wo 13Pd) 

4 r0,ooo p e i g  9 2 . 7  lbs, #12.5 
(Wc lded)  

11s- L 
( T ii t ~ p ,  r u  1) 9,300 p s i & :  1 1 2  Ibs. 12.4 

11s- 5 9 ,350  p s i 8  108 1h.i .  12.6 
( Intcgre l )  

CF-10 10,115 pri Lu - I ? .  h 

3 s  8 - -320°F burst a t  
10,850 p e i g  (337 
k s i  noli, loop) 

3 . 8  2.24 CU. Shipped to MJFC 
f t .  

3 .9  2 .27  CU. Shipped t o  HSFC 
Et. 

4 . 6  3.28  cu. Sli ippcd to MSFC 
i t .  

4.2 7 . 1 0  cu.  SliFppcd to  MSFC 
11. 

4 .4 - - 3 2 0 V  burr t at 
10,300 ps’g ( 3 1 6 . 3  
ksl nom. ho3p 
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REVISIONS 

STRETCH FORM BOTTLF: 

C O W  LM.0 S O 0 0 4  
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ITLE 

Stretch Form Bottle Test 

Apn,rnr]i J; I! l , l f i3*  '( J > ' I : ' ' [  

TEST PROCEDURE 

LOCKHEED MISSILES 13 SPACE COMPANY INsC 73336 
A .IO", . I . I , ,O* 0 ,  ,OC.*, , .  . , , C . . P I  ~ O I ~ O * . I t O *  

SHEET 2 OF20 SHEETS 

1.0 SCOPE - 
1.1 The purpose of t h i s  procedure is to-descr ibe and define the 

t e s t  method used to  evaluate the performance of a Cryogenic 
S t re tch  Form Bottle. 

2 .O Applicable Documents 

2.1 Technical proposal LMSC-DO 80238 

2.2 Test Schematic CTL 10262 

3 ,O Requirements 

3.1 

3 -2 

3 93 

3 -4 

3.5 

3.6 

Equipment 

3.1.1 Test Bottle Support Stand 
3.1.2 Elevated temperature t e s t  f i x tu re  

3.1.3 Low temperature t e s t  fixture 

Power 

3.2.1 28 Volts DC 

3.2.2 440 Volts AC 

3.2.3 110 Volts AC 

Environment 

3.3.1 The requirements of t h i s  procedure may be accomplished under 
normal t e s t  area conditions. 

Special  Personnel 

3.4.1 Authorized assigned personnel only 

Safety 

3.5.1 Personnel operating i n  the t e s t  area must be constantly 
aware of the hazards imposed when operating a t  the 
extreme temperatures and pressures required by t h i s  
t e s t  program. 

Controlled Functional Equipment 

3.6.1 None 

CORM L M I C  100IA-1 



TEST PROCEDURE 

Stretch Form Bottle Test 
C o c u n L w  MISSILES a SPACE COMPANY . *.*"I .1.,1.10" os 1 0 C . * I , .  . 1 * c . . v 1  c0..0..11** 

3 *O 

4 .O 

5 e o  

Requirements (Continued) 

3.7 Calibration 

3.7.1 Check the cal ibrat ion decals of the tes t  equipment to 
ve r i fy  tha t  the cal ibrat ion is current. 

3.8 Special  

3.8.1 The t e s t  Bottle is constructed of r e l a t ive ly  t h i n  
material. A l l  necessary measures s h a l l  be taken 
t o  avoid dents o r  scratches i n  the material  as any 
wealcness produced by physical mishandling may cause 
premature and catastrophic f a i lu re .  

3.8.2 Extremescare must be taken t o  avoid damage t o  the s t r a i n  
gages affixed to  external bo t t l e  w a l l .  
A l l  e l e c t r i c a l  harnesses must be secured i n  such manner 
as t o  avoid placing a physical load on the S t r a in  Gage 
E l e c t r i c a l  Harness attachment pads. 

Product Assurance Provisions 

4.1 PA Inspection/Test personnel s h a l l  ver i fy  compliance of t h i s  
Test  Procedure and t h a t  documentation is accomplished as noted 
herein. 

Equipment Preparation and Sys t e m  Assembly. 

5 e 1 Bott le  weight measurement. 

5.1.1 

5.1.2 

5.103 

5.1.4 

5.195 

5.1.6 

Verify b o t t l e  is stripped of a l l  encumbrances except the 
s t r a i n  gage and thermocouple Component6 affixed to 
external  area of bo t t l e .  

Place b o t t l e  on contoured support blocks and transport  
i n  enclosed vehicle t o  Bldg. 649. 

Verify scale  ca l ib ra t ion  and zero reading. 

Place b o t t l e  and associated wiring harness on platform 
of sca les .  

Record weight on data sheet and i n  body of t h i s  
procedure . 
Remove b o t t l e  from platform 
t o  CTL on contoured blocks i n  enclosed vehicle. 

scales and transport  

F O R M  LMSC tOl l9A-1  
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5 .O Equipment Preparation and Sys tem Assembly. 

5.2 Volumetric measurement. 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

Suspend b o t t l e  i n  an upright posi t ion i n  b o t t l e  
support t e s t  f ixture .  (Screw AN 832-8 Bulkhead 
F i t t i n g  in to  bo t t l e  and secure t o  t e s t  f i x tu re  by 
locking firmly i n  place with AN 924-8 Bulkhead Nut.) 

I n s t a l l  Drain Valve a t  lower port of bo t t l e .  

I n s t a l l  small clean funnel and vent l i n e  in to  
bulkhead f i t t i n g  i n  upper port  of bo t t l e ,  

Using a source of f i l t e r ed  water and a clean 
cal ibrated 4000 m / l  graduate add ambient temperature 
water through upper bot t le  port  u n t i l  bo t t l e  is 
f i l l e d  t o  top of bulkhead f i t t i n g .  

Record t o t a l  amount of water required t o  f i l l  bo t t l e  
i n  appropriate sec t ion  of Data Sheet and i n  body of t h i s  
procedure. 

Drain water from bo t t l e  by removing bleeder plug from 
lower port of bo t t l e ,  

5.3 Proof Pressure Test 

5-3.1 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

5.3.6 

5.3.7 

Install bo t t l e  i n  bo t t l e  support f ix ture  i n  an upright 
posi t ion as described i n  sec t ion  4.2.1. 

Plumb a 1/4 inch high pressure tubing l i ne  from ou t l e t  
of Sprague booster pump t o  lower port  of t e s t  bot t le .  

I n s t a l l  a high pressure bleed valve (6000 psig minimum) 
a t  upper por t  of t e s t  b o t t l e ,  

I n s t a l l  a 0-10,000 psig pressure transducer and a 0-10,000 
ps ig  d i a l  gage downstream of a high pressure i so la t ion  
valve i n  l i ne  between Sprague Booster Pump and lower 
f i t t i n g  of bo t t le .  

Attach s t r a i n  gage and thermocouple wiring harness of 
b o t t l e  t o  f a c i l i t y  recording system. 

Perform e l e c t r i c a l  ca l ibra t ion  and checkout of pressure 
transducer, s t r a i n  gages, and thermocouples as required. 

Fill t e s t  b o t t l e  t o  overflow with clean f i l t e r e d  water. 

CORM LMSC (OOSA. I 
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5.3 Proof Pressure Test (Continued) 

5.3-8 

5.3.9 

5.3.10 

5.3.11 

5.3.12 

503.13 

5.3.14 

5.3.15 

Operate Sprague Booster Pump and bleed a l l  air  from 
pumping system through hand .vAlve a t  t e s t  bo t t l e  
upper port .  

Place Test Ce l l  area i n  RED. 

Notify a l l  personnel t o  c l ea r  the t e s t  c e l l  area. 

Turn recorders onr, 
While operating the Sprague Booster Pump from the 
safe ty  of an adjacent c e l l  slowly bring the pressure 
of t e s t  bo t t le  up t o  5900 psig a t  a ra te  not t o  
exceed 500 p s i  per  minute. 

When t e s t  bo t t l e  pressure has reached 5900 p s i  close 
i so la t ion  valve a t  booster pump ou t l e t  and ver i fy  tha t  
not pressure decay occurs during a three minute hold period 
Turn recorders off. 
Vent pressure from system by opening the l ine  r e n t  valve 
a t  booster pump. 

Drain t e s t  b o t t l e  and purge b o t t l e  dry with gaseous 
nitrogen. 

5.4 Elevated Temperature T e s t  "A" 

5.4.1 

5.4.2 

5.4.3 

5.4.4 

504-5 

5.4.6 

5.4.7 

Verify f a c i l i t y  piping t o  environmental tank ins ta l led  
per Figure 2. 

Verify funct ional  checkout of water system complete. 

Verify f'unctional checkout of pressurization system 
complete. 

Verify leak check of pressurization system complete. 

Verify helium high-pressure storage b o t t l e  a t  6000 psig. 

Mount l i d  of environmental tank on support stand i n  C e l l .  

upmr  piping t o  environ- - I n s t a l l  T e s t  Bot t le  S/N 
mental. tank l i d .  

Note: Bottle in te rna l  temperature probe must be 
installed at t h i s  time. 

FORM LMSC 1001A-1  
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5.4.8 

5.4.9 

5.4.10 

5.4.11 

5.4.12 

5.4.13 

5.4.14 

5.4.15 

5.4.16 

5.4.17 

5.4.18 

5.4.19 

5.4.20 

5.4.21 

5.4.22 

I n s t a l l  b o t t l e  pressurization l i n e  frm lower port of 
b o t t l e  t o  pass through f i t t i n g  in tank l id .  

I n s t a l l  instrumentation pass-through connectors. 

Supply a 15 psig source of gaseous nitrogen t o  test 
b o t t l e  and perform a visual leak check. 

Vent pressure t o  zero and repair leaks. 

Clear the ce l l  area of personnel and remotely perform 
a lock-up leak check of b o t t l e  at 500 psig w i t h  gaseous 
nitrogen. 

If leakage is detected i n  s t e p  5.4.12, vent pressure t o  
zero and repeat Step 5.4.10 through Step 5.4.12. 

Vent pressure t o  zero and remove GN2 source 

Verify a l l  instrumentation :connected per Instrumentation 
and Controls Documentation Sheet. 

Verify checkout of instrumentation complete; connectors 
and s t r a i n  gages waterproofed. 

Verify test  b o t t l e  bottom guide in s t a l l ed  and bo t t l e  is 
free t o  move v e r t i c a l l y  without guide placing any restraint 
on bot t le .  

Using the overhead hois t  and spreader bar, lift bo t t l e  
and l i d  assembly from support stand and place carefu l ly  
3n place on gasketed mating flange of the  elevated 
temperature environment a1 tank. 

Note: Environmental tank t o  be f i l l ed  w i t h  ambient 
temperature water at  t h i s  time. 

Verify a l l  instrumentation s t i l l  va l id  when immersed i n  
water 

I n s t a l l  and t i gh ten  environmental tank l i d  bolts.  

Attach external plging t o  environmental tank lid. 

Turn water c i r cu la t ing  pump _on. 



5.4.23 

5.4.24 

5.4.25 

5.4.26 

5.4.27 

5.4.20 

5.4.29 

5.4.30 

5.4.31 

5.4.32 

5.4.33 

Pa r t i a l ly  open water reservoir  Circulating Valve 
and bring preheated water a t  165" in to  environmental 
tank. 

Observe water pressure gage on environmental tank and 
adjust  f l o w  t o  es tab l i sh  an environmentd. tank pressure 
of 20 psig. 

- Close the  following hand valves: 

Vg Test Tank Vent, 

V 4  

V 7  Line Vent Valve. 

V2 Line Vent Valve. 

V 3  

Booster Pump High Pressure Inlet Valve. 

Booster Pump Low Pressure I n l e t  Valve. 

the following hand valves: 

V 8  Regulator I n l e t  Valve. 

V 5  Booster Pump Bypass Valve. 

Verify instrumentation people ready for test  with a l l  
pre t e s t  cal ibrat ions run. 

Verify environmental tank at  165O~ by observing tempera- 
t u re  probe recorder. 

Test conductor make announcement o f  test. 

From the console, operate the following valves. 

open 
- Close Test Bot t le  Remote Vent Valve ROV 2. 

Technician t o  supply gas pressure t o  pressure regulator 
PRL by opening high-pressure storage b o t t l e  i so la t ion  
Valve ~ 6 .  

Cel l  area E. 
Records - ON. 

Test Bottle Pressurization VaLve ROV 1. 

FORM LMSC 100aA-1 



5.4.34 Cycle dome loading switch on console t o  produce a bo t t l e  
pressurization r a t e  of apgroximately 600 psi/minute 
u n t i l  a pressure of 2370 psig i s  achieved i n  t e s t  bo t t l e .  

Note: Bottle pressurization time t o  be 4 minutes - 
Vent b o t t l e  pressure to  atmospheric pressure and repeat 
Step.  5.4.34 for a t o t a l  of f i ve  cycles. 

- 

f 1 min. 

5.4.35 

Note: It w i l l  be necessary t o  replenish the helium 
storage bo t t l e s  t o  6000 psig between each t e s t .  

5.4.36 A t  the completion of tes t ing ,  turn record6 5. 
5.4.37 Cel l  area - GREEST. 

5.4.38 Secure water and pressurization systems. 

5.4.39 Remove t e s t  b o t t l e  from elevated temperature t e s t  f i x tu re  
and inspect fo r  damage. 

When post- tes t  cal ibrat ions are  complete, disconnect 
instrumentation md remove t e s t  bothle piping. Place 
t e s t  bo t t l e  on contoured support blocks i n  storage 
building. 

5.4.40 

5.4.41 Repeat Steps 5.4.1 through 5.4.40 for each test bot t le .  

5.5 Elevated Temperature Test "B" 

Verify f a c i l i t y  piping t o  environmental tank ins ta l led  
per Figure 3. 

Verify functional checkout of water system complete, 

Verify f'unctional checkout of pressurization system 
complete . 
Verify leak check of pressurization system complete, 

Verify CTL GN2 supply a t  3200 psig. 

Mount l i d  of environmental tank on support stand i n  ce l l .  

I n s t a l l  Test Bottle and associated piping t o  environmental 
tank l i d  pass-through f i t t i n g s .  

Note: Bottle in te rna l  temperature probe must be 
in s t a l l ed  at  t h i s  t i m e .  



5.5.8 

5.5.9 

5.5.10 

5.5833. 

5.5.12 

5.5.13 

5.5.14 

505.15 

5.5.16 

5~5.17 

5.5.18 

5.5-19 

5.5.20 

585.21 

I n s t a l l  instrumentation pass-through connectors. 

Supply a 15 ps ig  source of gaseous nitrogen t o  t e s t  
b o t t l e  and perform a v isua l  leak  check. 

Vent pressure t o  zero and repa i r  leaks. 

Clear the c e l l  area of personnel and remotely perform 
a lock-up leak check of b o t t l e  a t  500 psig with gaseous 
nitrogen. 

If leakage i s  detected i n  Step 5.5.11, vent pressure t o  
zero and repeat Step 5.?.9. Lhrough Step 5.9.11. 

Vent pressure t o  zero and remove GN;! source. 

Verify all instrumentation connected per  Instrumentation 
and Controls Documentation Sheet. 

Verify checkout of instrumentation complete; connectors 
and s t r a in  gages waterproofed. 

Verify test b o t t l e  bottom guide ins ta l led  and b o t t l e  i s  
f r ee  t o  move ve r t i ca l ly  without guide placing any res- 
t r a i n t  on bot t le .  

Using the overhead hois t  and spreader bar, l i f t  bo t t l e  
and l i d  assembly from support stand and place careful ly  
i n  place on gasketed mating flange of the elevated 
temperature environmental. tank. 

Note: Environmental. tank t o  be f i l l e d  w i t h  ambient 
temperature water a t  t h i s  time. 

Verify all instrumentation s t i l l  va l id  when immersed 
i n  water. 

Insta3.l and t ighten environmental. tank l i d  bol ts .  

Attach external. piping t o  environmental tEPlk l i d .  

Verify the following hand valves are i n  the  closed 
posit ion.  

V2 Pressurization Line Bleed Valve 
V 3  Booster I n l e t  Valve 
V 4  Booster bypass Valve 
V5 Booster bypass Valve 
~6 Accumulator I so la t ion  Valve 
V7 Pressurization Line Bleed V d v e  

FORM LMSC 10091-1 



~8 Regulator Inlet Valve 
v10 Water Reservoir Isolat ion V<dve 
V 1 1  Water mVnp Recirculating Valve 
Vl2 Environmental Tank F i l l  Valve 
V 1 3  Test Bottle Fill Valve 
Vl4 Water Drain Valve 
V l 5  Water Reservoir Hand Vent Valve 

5.5.22 

5.5.23 

5.5.24 

5*5m25 

5.5.26 

5.5.27 

5.5.28 

5.5.29 

5-5.30 

5.5.3 

5.5.32 

5.5.33 

Verify water reservoir heated t o  150°F. 

Verif'y instrumentation ready f o r  test with a l l  pre tes t  
cal ibrat ions run. 

Open the following hand valves: 

V 3  Booster I n l e t  Valve 
V 4  Booster Bypass Valve 
V 5  Booster Bypass Valve 
~8 Regulator In l e t  Valve 
VlO Water Reservoir I so la t ion  Valve 
V 9  Test Tank Vent Vdve 
V l l  Water Pump Recirculating Valve 

Turn water c i rcu la t ing  pump 3. 

Slowly open environmental tank f i l l  VaLve Tl.2 and 
es tab l i sh  and;environmentaL tank pressure of 15  psig 
on Gage G5. 

Note: I f  unable t o  achieve 15 psig on Gage G5, slowly 
close vaLve Vl1 u n t i l  pressure on G a g e  G 5  
reaches 15 psig. 

Slowly open Hand Valve V13 t o  f i l l  t e s t  bo t t l e  and 
surge tank with water. 

When t e s t  bo t t l e  and surge tank are  f i l l e d ,  close 
Hand Valve Vl3. 

Increase water reservoir temperature t o  210°F. 

Close Hand Vent Valve V9.  

Close reservoir  Remote Vent Valve ROV-4. 

Close tes t  b o t t l e  Remote V e n t  Valve ROV-2. 

Establish 20 psig on BPR-1. 

FORM LMSC 100SA.1 
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5.5.34 

5.5.35 

505.36 

595.37 

5.5.38 

5.5.39 

5.5.40 

5.5.41 

5.5.42 

5.5.43 

5.5.44 

5.5845 

5.5.46 

5.5.47 

5.5.48 

5.5.49 

505.50 

5-5-51 

5.5.52 

5.5853 

5.5.54 

Adjust water reservoir  temperature control  t o  25O0F. 

Arm Cel l  2 

Clear a l l  personnel from t e s t  d shop area; close gate. 

CTL area RED. 

Verify environmental tank temperature probe at  250'F. 

- OPEN Cell  2 

Open t e s t  b o t t l e  pressurization Valve ROV-1. 

1/2" regulated GN2 switch at c e l l  box. 

- 

1/2" regulated GN2 supply Valve ROV-3. 

Records - ON. 

Verify c e l l  selector  on Cel l  2. 

Verify C e l l  2 master switch - ON. 

Turn b o t t l e  t e s t  cycling switch t o  automatic. 

Verify t h a t  s t r i p  char t  recorder micro switches allow 
tank pressure t o  cycle between 20 psig and 2370 psig 
a t  a r a t e  t h a t  does not exceed two cycles per minute. 

A t  completion of 1000 cycles, tu rn  automatic cycling 
switch - off .  

Records of f .  

Turn water reservoir  heaters  off (Switch 9 power panel 
"A" ) . 
Slowly vent pressure from water reservoir  t o  zero psig. 

Technician t o  go t o  water reservoir area and reduce 
back pressure regulator t o  zero m. 
Turn water pump off. 
Slowly open t e s t  bot%Je hand vent Valve V-9 t o  reduce 
test  b o t t l e  pressure t o  zero psig. 

- 

Secure CTL GN2 system. 

Drain environmental tank and t e s t  b o t t l e  of water. 
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5.5.55 Disconnect piping from environmental tank lid. 

5.5.56 Remove environmental tank lid and test bottle assembly from 
environmental tank; place on support stand. 

5.5.57 Inspect bottle for deformation or damage. 

5.5.58 Hold bottle and lid assembly on support stand for  next test. 
Do not remove instrumentation. 

5.6 Second Proof Pressure Test 

Perform Proof Pressure Test of test bottle per Paragraph 5.3.1 
through 5.3.15. 

5.7 Low Temperature Test "A" 

5.7.1 

547.2 

5.7.3 

5.7.4 

5.7.5 

5.7.6 

5.7.7 

5.7.8 

5.7.9 

5.7.10 

5.7.u 

5.7.12 

Verify facility piping to low temperature environmental tank 
installed per Figure 4, 

Verify functional checkout of liquid nitrogen system complete. 

Verify functional checkout of pressurization system complete. 

Support instrumented test bottle from hoist in cell. 

Install instrumentation pass-through connectors. 

Supply a 1 5  psig source of gaseous nitrogen to test bottle 
and perform a visual leak check. 

Vent pressure to zero and repair any leaks noted. 

Clear the cell area of personnel and remotely perform a lockup 
leak check of bottle at 500 psig for ten minutes with gaseous 
nitrogen. 

If leakage is detected in Step 5.7.8, vent pressure to zero 
and repeat steps 5.7.6 through 5.7.8. 

Vent pressure to zero and remove gaseous nitrogen source. 

Verify all instrumentation connected per instrumentation and 
controls documentation sheet. 

Verify test bottle bottom guide installed permitting bottle 
to move vertically with guide placing no restraint on test 
bottle . 

F b R M  LMSC 1 0 0 1 A . l  
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5.7.13 

5.7.14 

5.7.15 

5.7.16 

5.7-17 

5.7.18 

5.7.19 

5.7.20 

5.7.21 

5.7.22 

5-7-23 

5.7.24 
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I S H E E n 3  OF 20SHEETS - 

Using the overhead hois t ,  l i f t  t e s t  b o t t l e  and b o t t l e  support 
assembly and i n s t a l l  careful ly  i n  place i n  low temperature 
environmental tank. 

Attach f a c i l i t y  piping t o  t e s t  bo t t le .  

Verify the following hand valves are i n  the closed posit ion: 

V-2 Line Bleed Valve. 
V-3  Booster Pump In le t  Valve. 
V-6 
V-7  Line Bleed Valve. 
V-8 Regulator I n l e t  Valve. 
V-9 
v-16 Low Pressure Accumulator Isolat ion Valve. 
V-17 Low Pressure Accumulator Discharge Valve. 
v-18 Booster Pump High-pressure I n l e t  Valve. 

Cel l  2 - 6000 psig supply valve. 

Test Bottle Hand Vent Valve. 

Verify adequate supply of l iqu id  nitrogen available i n  f a c i l i t y  
dewar. Record l e v e l  

Verify instrumentation personnel ready f o r  t e s t  with all C a l i -  
brat ions completed. 

Open the following hand valves: 

V-3 Booster Pump I n l e t  Valve. 
V-6 Cell  2 - 6000 psig Supply Valve. 
V-8 Regulator In l e t  Valve 
v-18 Booster Pump High-Pressure I n l e t  Valve. 

Open Solenoid Valve SV-4. 

Load dome of Regulator PR-1 t o  20 psig.  

- Close ROV-2 Test Bot t le  Remote Vent Valve. 

Open ROV-1 Test Bottle Remote Pressurization Valve and Purge 
test b o t t l e  while venting helium at  Pressure Transducer P-3. 

Cycle ROV-2 T e s t  Bottle Remote Vent V a l v e  from close t o  
t o  close. 

After purging f o r  three minutes, reat tach tubing t o  Transducer 

- - 
P-3. 



'ITLE 
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5.8 

5.7.25 

5.7.26 

5.7.27 

5.7.28 

5.7.29 

5.7930 

5.7.3 

5.7.32 

5.7.33 

5.7.34 

5.7.35 

5.7.36 

T e s t  area E; make announcement of test .  

Pressurize t e s t  b o t t l e  t o  50 psig.  

Open Hand Valve V-21 a t  l iqu id  nitrogen dewar. 

open ROV-5 Environmental Tank Remote F i l l  Valve from console. 

F i l l  environmental tank t o  overflow with l i qu id  nitrogen, 
then close ROV-5. 

When gas temperature at t e s t  b o t t l e  in te rna l  proble pas s t ab i l -  
ized cycle Remote Valve ROV-2 t o  vent test bo t t l e  t o  zero 
psig . 
Perform f i n a l  cal ibrat ion of instrumentation. 

Records ON. - 
Pressurize t e s t  b o t t l e  w i t h  helium at  a r a t e  t o  achieve a 
b o t t l e  pressure of 5080 psig and re turn  t o  zero in  not less 
than 8 minutes. 

NOTE: Monitor environmental tank temperature Probe T-1  and 
perform top-off of l i qu id  nitrogen environiiental 
tank as required. 

Recover helium and repeat s teps  5.7.28 through 5.7.33 for  a 
t o t a l  of f ive  cycles. 

Turn records OFF; secure helium system. 

A t  completion of test, remove test b o t t l e  from environmentaL 
tank, w a r m  t o  ambient temperature, and a f t e r  removing instru-  
mentation place b o t t l e  on contoured blocks i n  storage building. 

- 

Low Temperature Test "B" 

5.8.1 Verify f a c i l i t y  piping t o  low temperature environmental tank 
in s t a l l ed  per Figure 5. 

5.8.2 

5.8.3 

Verify functional checkout of l i qu id  nitrogen system complete. 

Verif'y functional checkout of pumping and pressurization 
sys t e m  complete. 

5.8.4 Verify N2 high pressure storage bo t t l e s  at 8000 psig 

CORM L M S C  10001.1 
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5.8.5 

5.8.6 

5.8.7 

5.8.8 

5.8.9 

5.8.10 

5.8.11 

5.8.12 

5.8.13 

5.8.14 

5.8.15 

5.8.16 

5.8.17 

5.8.18 

5.8.19 

5.8.20 

5.8.21 

5.8.22 

Support instrumented tes t  b o t t l e  and support frame from ho i s t  
i n  c e l l .  

Install instrumentation pass-through connectors. 

Supply a I5 psig source of gaseous nitrogen t o  tes t  b o t t l e  
and perform a v isua l  leak check. 

Vent pressure t o  zero and repair leaks. 

Clear the  c e l l  area of personnel and remotely perform a 
lockup leak  check of b o t t l e  a t  500 psig f o r  t e n  minutes with 
gaseous nitrogen. 

If leakage is detected in Step 5.8.9, vent pressure t o  zero 
and repeat Steps 5.8.7 through 5.8.9. 

Vent pressure t o  zero and remove gaseous nitrogen source. 

Verify all instrumentation connected per instrumentation and 
controls  documentation sheet, 

Verify tes t  bo t t l e  bottom guide in s t a l l ed  permitting b o t t l e  
t o  move ve r t i ca l ly  with guide placing no r e s t r a i n t  on bot t le .  

Verify a11 pretest cal ibrat ions are complete. Ambient Temp. cal .  

Check f a c i l i t y  LN2 dewar l iqu id  level .  Record 

Fill environmental tank with W 2  t o  overflow by opening the  
following valves : 

Open V-21 
Open ROV-7 
- - open ROV-5 

When environmental tank is  f i l l e d  t o  overflow, close ROV-5. 

Provide a 0-50 psig source of gaseous nitrogen t o  GN2 heater. 

Plumb o u t l e t  of GN2 heater t o  test b o t t l e  lower port  piping. 

Turn recorders ON. 

Turn heaters ON. 

Monitor skin temperature of t e s t  b o t t l e  and tu rn  heaters OFF 
when skin temperature reaches 260%'. Close V-22 and V-23';- 
and disconnect heater l ines .  

- 
- 



Stretch Form Pot t le  Test 
COCKHEED MISSILES & SPACE COMPANY . O I O " ,  . * " 1 * , 0 "  01  , 0 < . * , , 0  A , . C * " , ,  C 0 . 1 0 1 . 1 1 0 "  

5.8.23 

5.8.24 

5.8.25 

5.8.26 

5.8.27 

5.8.28 

5.8.29 

5.8.30 

5 - 8 . 3  

5.8.32 

5.8.33 

Provide a 15 psig source of gaseous helium t o  t e s t  b o t t l e  a t  
Valve V23 through a 1/4 inch f l e x  l i n e  t o  prevent cryo pumping 
and instrusion of air in to  t e s t  b o t t l e  during the immersion 
sequence. 

Verify instrumentation recording system operating and ready 
for the immersion of t e s t  b o t t l e  i n  LN2. 

Using the overhead hois t ,  l i f t  t e s t  bo t t l e  assembly in to  
posi t ion over LN2 environmental tank and lower quickly i n t o  
LN2 bath. 

NOTE: Environmental tank must be fuLl of LN2 a t  start of 
immersion and addi t ional  LN2 may be required t o  achieve 
s tab i l iza t ion  of b o t t l e  skin temperature. 

\\'hen s tab i l iza t ion  of bo t t l e  skin temperature has been 
achieved, tu rn  records OFF. 

I so l a t e  t e s t  bo t t l e  with 15 psig pressure locked up by closing 
hand valves V-22 and V-23. 

Remove 1/4-inch helium supply f l e x  l i n e  from t e s t  bo t t le .  

Attach f a c i l i t y  piping t o  t e s t  b o t t l e  as shown per  Figure 5 .  

Anchor t e s t  bo t t l e  support frame t o  environmental tank upper 
flange and i n s t a l l  insulat ion pads, 

F i l l  test b o t t l e  and surge tank with LN2 by opening the 
following valves : 

Open Test Bottle Isolat ion Valve 7 V-22. 
Open Test Bottle Isolat ion Valve V-23. 
Open Test Bottle LN2 F i l l  Valve - R m .  

Monitor vent and _I close valve ROV-6 when l i q u i d  i s  observed 
coming from vent. 

Verify posi t ion of the following valves: 

Close Line Bleed Valve V-2. 
Open Booster pump I n l e n a l v e  V-3. 
Open Accumulator Flow Valve V-. 
Close Line Bleed Valve V-7. 
open 
Close Tank Vent Vdve V-9. 

- - - 
Regulator Inlet Vrve  - V-8. 

~ . - 
Close T,OW Pressure L i n z a l v e  - V-16. 
Close Low Pressure Line Valve V-17. - - 

FORM LMSC 10011.1 



ITLE 

5.8.34 

5.8.35 

5.8.36 

5.8.37 

5.8.38 

5.8.39 

5.8.40 

5.8.41 

5.8.42 

5.8.43 

5.8.44 

5.8.45 

5.8.46 

5.8.47 

Test conductor m a k e  announceme st: " A l l  personnel 
c lear  the t e s t  area." 

Area RED. 

Recorders E. 

Open T e s t  Tank Remote Pressurization Valve ROV-1. 

GN2 Supply Valve ROV-3, 

- 

- 

Actuate auto sequence E. 

Actuate pump ON. 

Continue pressurization of b o t t l e  t o  5080 t o  0 psig (1 cycle 
hydraulically at a rate not t o  exceed two cycles per minute. 

Repeat cycles for  a t o t a l  of 1000 cycles. 

- 

NOTE: It will be necessary t o  replenish the l i qu id  l e v e l  
i n  the surge tank a t  periodic in te rva ls  t o  avoid 
excessive use of high pressure gas due t o  increased 
ullage.  BE SURE BOTTLE I S  VENTED TO ATMOSPHERE 
BEFORE OPENING L N p  R E F I L L  VALVE ROV-6. 

A t  completion of t e s t ing  turn records _OFF. 

Secure the LN2 system and allow the  LN;! i n  test  b o t t l e  and en- 
arironmentaL tank t o  b o i l  off. 

Remove t e s t  b o t t l e  assembly From environmental tank and 
examine f o r  d i s tor t ion  or  other damage. 

Perform proof pressure test  of b o t t l e  per Taragraph 5.3 and 
log  

Area GREEN. 

Perform volumetric measurement of tes t  b o t t l e  per Paragraph 

temperature environmental 

FORM LMSC l O 0 D A . I  



5.9.2 

5.9.3, 

5.9.4 

5.9.5 

5.9.6 

5.9.7 

5.9.8 

5.9.9 

5.9.10 

5.9.u 

5.9.12 

5.9.13 

5.9.14 

5.9015 

5.9.16 

5.9.17 

Verify functional checkout of liquid nitrogen system complete. 

Verify functional checkout of pressurization system complete. 

Support instrumented test bottle from hoist in cell. 

Install instrumentation pass-through connectors. 

Supply a 15 psig source of gaseous nitrogen to test bottle 
and perform a visual leak check. 

Vent pressure to zero and repair leaks if necessary. 

Clear the cell area of personnel and remotely perform a 
lockup leak check of bottle at 500 psig for 10 minutes with 
gaseous nitrogen. 

If leakage is detected in step 5.9.8 repeat steps 5.9.7 and 
5.9.8. 

Vent pressure to zero and remove gaseous nitrogen source. 

Verify all instrumentation connected per instrumentation 
and controls documentation sheet. 

Verify test bottle bottom guide installed permitting bottle 
to move vertically with guide placing no restraint on bottle. 

Verify a l l  pretest calibrations are complete. 

Using the overhead hoist, lift test bottle and bottle support 
assembly and install carefully in place in low temperature 
environmental tank . 
Attach facility piping to test bottle per Figure 5. 

Verify the following hand valves are in the closed position: 

V-6 Cell 2 - High Pressure Supply Valve 
V-15 High Pressure Accumulator Isolation Valve 
v-16 Low Pressure Accumulator Isolation Valve 
V-17 Low Pressure Accumulator Discharge Valve 
V-30 Cell 3 - High Pressure Supply Valve 

Check facility T,N2 dewar liquid level. Record 

FORM LMSC I O O I A - 1  
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5.9.18* 

5.9.19 

5.9.20 

5.9.21 

5.9.22 

5.9.23 

5.9.24 

5.9.25 

5.9.26 

5.9.27 

5.9.28 

5.9.29 

5.9.30 

5.9.3 

F i l l  environmental tank with LN2 t o  overflow by opening the 
following valves : 

- Open V-21 LN2 Line Valve 
Open ROV-7 - E ROV-5 

* Simultaneously accomplish s tep  5.9.20. 

When environmental tank i s  f i l l e d  t o  overflow as indicated 
on l iqu id  cover sensor, close ROV-5. 

F i l l  t e s t  b o t t l e  and surge tank with LN2 by opening the 
following valve s : 

Open 
Open 
open 
Open 

V-9 Test bo t t l e  hand vent valve 
V-22 Test bo t t l e  i so la t ion  valve 
V-23 Test b o t t l e  i so la t ion  valve 
ROV-6 T e s t  bo t t l e  LN2 f i l l  valve 

- 

Monitor temperature probe T-3 and close valve ROV-6 when 
probe T-3 temperature s t ab i l i ze s  a t  approximately -320°F. 
Calibrate s t r a i n  gages a t  cold condition and record. 

Close valve ROV-7 and open valve ROV-4. 

Verify t h a t  tes t  bo t t l e  remote vent valve PRV-1 is  *. 
Close t e s t  b o t t l e  hand vent valve V-9. 

Open accumulator flow valve V-30. 

T e s t  conductor make announcement of test: 
c lear  the t e s t  area". 

" A l l  personnel 

Establ ish area condition "RED". 

Close t e s t  b o t t l e  remote vent valve PRV-1. 

Open t e s t  b o t t l e  remote pressurization valve ROV-7. 

S ta r t  Corblin compressor with upper l i m i t  s e t  t o  15,000 psig.  

Pressurize test b o t t l e  t o  7610 psig and hold for  5 minutes. 

NOTE: Time t o  pressurize from 5080 psig t o  7610 psig s h a l l  
not be less than 2 minutes. 

F O R M  CMSC t 0 O S A . l  
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5.9.32 

509.33 

5.9.34 

5.9.35 

5.9.36 

5.9.37 

Increase pressure from 7610 psig t o  10,000 ps ig  f o r  bo t t l e  
S/N 3 or 9300 psig for bo t t l e s  US-2 and US-5. 
pressure for 5 minutes. 

NOTE: 

Hold t h i s  

Time t o  pressurize from 7610 psig t o  9300 or 10,000 
sha l l  not be less than 10 minutes. 

If rupture has not occurred a f t e r  holding for  t h e  required 
5 minutes slowly increase pressure u n t i l  rupture does take 
place. 

Immediately upon rupture of the t e s t  bo t t l e  close valve 
ROV-7 and stop Corblin compressor. 

Secure c e l l  systems. 

Obtain photo documentation. 

Record burst pressure i n  log. 



DATA SHEET FOR STRETCH FORM TEST 

BUI'TLE SERIAL NO. 

Weight Measurement 

Date 

Battle Weight 

Comment 

Volumetric Measurement 

Date 

B o t t l e  Volume 

C mment 

Proof Pressure Test 

Date 

Pressure Achieved 

Comment 

Elevated Temperature Test A 

Date 

No . Cycles- -- - -- - 
Camments 
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DATA SHEET FOR STRETCH FORM TEST 

Elevated Temperature Test B 

Date 

NO. Cycles 

C ament 

Secund Proof Pressure Test 

Date 

Pressure Achieved 

Cmment 

Low Temperature Test A 

Date 

No. Cycles 

Low Temperature Test B 

No Cycles 

Comment 



Appendix B LMSC 73427 
SHEET 3 

DATA SKEET FOR STRETCH FORM TEST 

Third Proof Pressure Test 

Pressure Achieved 

Comment 

Second Volumetric Measurement 

Date 

B o t t l e  Volume 

C anment 

Low Temerature B u r s t  T e s t  

Date 

Pressure Achieved 

C anment 

Disposition of Bottle 

Date 

Comment 
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Lockheed Missiles & Space Company 

Santa Cruz Test Base 

D N A  FOR STRETCH-FORM BOTTLE TEST 

Bot t le  S/N 3 
Elevated Temperature Test "A" 

H e l i u m  Pressure -2350 psig 

Water Bath 

5 Cycles 

D i g i t a l  Tape Format 

Dymee Channel 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
224 
225 
22 6 
227 
228 
229 
230 

Item - 
SG 1-1 
SG 1-2 
SG 2-1 
SG 2-2 
SG 3-1 
SG 3-2 
SG 4-1 
SG 4-2 
SG 5-1 
SG 5-2 
SG 6-1 
SG 6-2 
SG 7-1 
SG 7-2 
SG 8-1 
SG 8-2 

SG 9-2 
SG 9-1 

SG 10-1 
SG 10-2 

Test Bottle Pressure 

TC-3 Copper/Constantan 
TC-4 with 32OF reference 
TC-5 '"9 TC-6 
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Lockheed Missiles & Space CompWY 

Santa Cruz Test Base 

DATA FOR STRETCH-FORM BOTTLE 

Bottle S/N 3 
Elevated Temperature T e s t  "B" 

Water Inside Test Vessel - 2350 psig 

Water Bath 

1000 Cycles 

Digital. Tape Format 

Dymec Channel 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
224 
225 
226 
227 
228 
229 
230 

I tern - 
SG 1-1 
SG 1-2 
SG 2-1 
SG 2-2 
SG 3-1 
SG 3-2 

SG 5 -1  
SG 5-2 

SG 4-1 
SG 4-2 

SG 6-1 
SG 6-2 
SG 7-1 
SG 7-2 

SG 9-1 
SG 9-2 

SG 8-1 
SG 872 

SG 10-1 
SG 10-2 

Test Bottle Pressure 

TC-5 
TC-6 



MCKHEED MISSILES & SPACE COME'W 

SANTA CRUZ TEST BASE 

Data for Stretch-Form Bottle Test 

Bottle S/N 3 
Low Temperature Test; "A" 
Helium Pressure - 5080 psig 
LN2 Bath 
5 Cycles 
Tests Completed 12-11-68 

Digital Tape Fonnat 

Dymec Channel 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 

212 
213 
214 
215 
216 
217 

218 

St r ip  Charts Channel 

I t e m  

Test Bottle Pressure 
Blank 
S G  1-1 
SG 1-2 
SG 4-1 

- 

SG 5 - 1  
SG 5-2 
SG 6-1 
SG 6-2 
Blank 
Test Bottle Pressure 

TC -1 1 
TC -2 1 
Tc -4 1 
TC -5 1 

Copper/Constantan 
with 32OF Reference 

TC -3 

TC -6 

Efivironmental Tank Temperature CIA 32%' Ref. 

Item - 
1-1 SG 1-1 

2-1 SG 2-1 
1-2 T e s t  Tasllt Pressure 

2-2 T e s t  Tank Pressure 
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LOCKHEED MISSILE23 & SPACE COWANY 

SANTA CRUZ TEST RASE 

Ilata for  Stretch-Form Bottle Test  

Bottle S/N 3 
Low Temperature T e s t  "B" - 1000 cycles 
LN2 Bath 
LN2 Inside Tes t  Vessel 
Tests Completed 1-8-69 

Digi ta l  Tape Format 

Dymec Channel 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 

212 
213 
214 
215 
216 
217 

218 

I t e m  

T e s t  Bottle Pressure 
B l a n k  

- 

SG 1-1 
SG 1-2 
SG 4-1 
SG 5-1 
SG 5-2 
SG 6-1 
S G  6-2 
Blank 
Test Bottle Pressure 

TC -1 1 
Tc -2 1 
Tc -3 1 
TC -4 ) 

-5 1 
TC -6 1 

Copper Constantan 
with 32 F Reference 6 

Environmental Tank Temperature C/A 32%' R e f .  

Item - S t r i p  Chart Channel 

1-1 SG 1-1 

2-1 SG 1-2 
1-2 T e s t  Bottle Pressure 

2-2 T e s t  Bottle Pressure 
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Lockheed Missiles & Space Company 

Santa Cruz Test Base 

DATA FOR STRETCH-FORM BOTTLE TEST 

Bottle SIN 3 
Low Temperature B u r s t  Test 

LN2 Bath 

LM Inside Test Vessel 

Tests Completed 1-10-69 
2 

Digital  Tape Format 

Dymec Channel 

207 
208 

209 
210 

211 

212 

213 
214 

St r ip  Chart Channel 

1-1 

1-2 

I t e m  

Test Bottle Pressure 
- 

SG 1-1 

SG 5-1 
SG 5-2 

Test Bottle Pressure 

1:::) with 32°F reference 
Copper/Cons t an tan  

TC-3 

Item 

SG 1-1 (Solid Trace) 

T e s t  Bottle Pressure (Broken Trace) 

- 
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Appendix C 

Lockheed Missiles & Space Company 

Santa Cruz Test Base 

DATA FOR STlU3TCH-FORPII BOTTLE 

Bottle US-2 

Elevated Temperature Test "A" 

Helium Pressure - 2350 psig 
Water Bath 

5 Cycles 

Digital  Tape Format 

Dymec Channel 

203 
204 
205 
206 
207 

209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
224 
225 
226 
227 
228 
229 
230 

208 

Item - 
SG 1-1 
SG 1-2 
SG 2-1  
SG 2-2 
SG 3-1 
SG 3-2 
SG 4-1 
SG 4-2 
SG 5-1 
SG 5-2 
SG 6-1 
SG 6-2 
SG 7-1 
SG 7-2 
SG 8-1 
SG 8-2 
SG 9-1 
SG 9-2 

SG 10-1 
SG 10-2 

Test Bottle Pressure 

Copper/Constantan 
with 32'F reference 

TC-5 
TC-6 
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Appendix C 

Lockheed Missiles & Space Campany 

Santa Cruz Test Base 

DATA FOR STRETCH-FORM BOTTLE 

Bottle US-2 
Elevated Temperature Test "B" 

Water Inside Test Vessel - 2350 psig 

Water Bath 

1000 Cycles 

Digital  Tape Format 

Dymec Channel 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
224 
22 5 
226 
227 
228 
229 
230 

Item - 
SG 1-1 
SG 1-2 
SG 2-1 
SG 2-2 
SG 3-1 
SG 3-2 
SG 4-1 
SG 4-2 
SG 5-1 
SG 5-2 
SG 6-1 
SG 6-2 
SG 7-1 
SG 7-2 
SG 8-1 
SG 8-2 
SG 9-1 
SG 9-2 
SG 10-1 
SG 10-2 

Test Bottle Pressure 

Copper/Constantan 
with 32'F reference 

TC-6 
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Lockheed Missiles & Space Company 

Santa Cruz Test Base 

DATA FOR STRFTCH-FORM BOTTLE TEST 

B o t t l e  US-2 

Low Temperature T e s t  "A" 

Helium Pressure - 5080 psig 

LN2 Bath 

5 Cycles 

Tests Completed 29 January 1969 

Dymec Channel 

204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 

St r ip  Chart Channels 

1-1 
1-2 

Item 

Test Bottle Pressure 
- 
SG 1-2 
SG 2-1 
SG 2-2 
SG 3-1 
SG 3-2 
SG 4-1 
SG 4-2 
SG 5-1 
SG 5-2 

T e s t  Bottle Pressure 
SG 6-1 
SG 6-2 
SG 7-1 
SG 7-2 

SG 9-1 
SG 9-2 

SG 8-1 
SG 8-2 

SG 10-1 
SG 10-2 
Copper/Cons t ant an 
with 32'F reference 

I t e m  - 
Test Bottle Pressure 

SG 2-2 



Lockheed Missiles & Space Company 

Santa Cruz Test Base 

DATA FOR STRETCH-FOFM BOTTLE TEST 

Bottle US-2 

Low Temperature Test 'B'  
LN2 Inside Vessel 

LN2 Bath 

1000 Cycles 

T e s t  Corrrpleted 20 February 1969 

Digital  Tape Format 

Dymec Channel 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

S t r ip  Chart Channels 

1-1 

1-2 

Item 
T e s t  Bottle Pressure 

Void (SG 1 -2  non-functional) 

- 

SG 2-2 

SG 3-1 

SG 7-2 
SG 9-2 

SG 6-2 

Test B o t t l e  Pressure 
TC-l} Copper/Consta,ntan 
TC-2 with 32'F reference 

Item 

Test Bottle Pressure 
- 

SG 2-2 
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Lockheed Missiles & Space Company 

Santa Cruz Test Base 

DATA FOR STRETCH-FORM BOTTLE TEST 

Bottle US-2 

Low Temperature Burst Test 

LN2 Inside Vessel 

LN2 Bath 

Test Completed 24 February 1969 

Digitail Tape Format 

Dymec Channel 

203 

206 

208 

209 
210 

2u. 

212 

Item 

T e s t  Bottle Pressure 
- 

SG 3-1 

SG 7-2 
SG 9-2 

Copper/c ons t ant an 

Test Bottle Pressure 

with 32'F reference 
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Lockheed Missiles & Space Company 

Santa Cruz Test Base 

DATA FOR SZIIETCH-FORM BOTTLE 

Bottle US-5 

Elevated Temperature Test "A" 

Helium Pressure - 2350 psig 

Water Bath 

5 cycles 

D i g i t a J  Tape Format 

Dymec Channel 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

216 
217 
218 
219 
220 
221 
222 
224 
225 
226 
227 
228 
229 
230 

215. 

I t e m  - 
SG 1-1 
SG 1-2 
SG 2-1 
SG 2-2 
SG 3-1 

SG 4-1 
SG 4-2 

SG 3-2 

SG 5-1 
SG 5-2 

SG 7-1 

SG 6-1 
SG 6-2 

SG 7-2 
SG 8-1 
SG 8-2 
SG 9-1 
SG 9-2 
SG 10-1 
SG 10-2 

Test Bottle Pressure 

Copper/Cons tant  a n  
with 32°F reference 

TC-5 
TC-6 



LMSC 73427 
Appendix C 

Lockheed Missiles & Space Company 
Santa Cruz Test Base 

DATA FOR STRETCK-FORM BOTTLE 

Bottle US-5 

Elevated Temperature Test "B" 

Water Inside Test Vessel - 2350 psig 
Water Bath 

1000 Cycles 

Digital Tape Format 

Dymec Channel 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21 5 
216 
217 
218 
219 
220 
221 
222 
224 
225 
226 
227 
228 
229 
230 

Item - 
SG 1-1 
SG 1-2 
SG 2-1 
SG 2-2 
SG 3-1 
SG 3-2 

SG 5-1 
SG 5-2 

SG 7-1 
SG 7-2 

SG 8-2 
SG 9-1 
SG 9-2 

SG 4-1 
SG 4-2 

SG 6-1 
SG 6-2 

SG 8-1 

SG 10-1 
SG 10-2 

Test Bottle Pressure 

Copper/Cons t ant an 
with 32°F reference 

TC-5 
TC-6 
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Appendix C 

Lockheed Missiles & Space Company 
Santa Cruz Test Base 

DATA FOR STRETCH-FOREI BOTTLE TEST 

Bottle US-5 
Low Temperature Test "A" 
Helium Pressure - 5080 psig 
LN2 Bath 

5 Cycles 
Tests Completed 31 January 1969 

Dymec Channel 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 

Strip C h a r t  Channels 

1-1 
1-2 

I tern 
Test Bottle Pressure 
- 
SG 1-1 
SG 1-2 
SG 2-1 
SG 2-2 
SG 3-1 
SG 3-2 
SG 4-1 
SG 4-2 
SG 5-1 

Void (5-2 non-functional) 
Test Bottle Pressure 

SG 6-1 
SG 6-2 
SG 7-1 
SG 7-2 
SG 8-1 
SG 8-2 
SG 9-1 
SG 9-2 

SG 10-1 
SG 10-2 
Coppe r/Cons t ant an 
with 32°F reference 

Item 
Test Bottle Pressure 

SG 2-2 

- 
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Appendix C 

Lockheed Missiles & Space Company 

Santa Cruz Test Base 

DA!L'A FOR STRETCH-FORM BOTTLE TEST 

Bottle US-5 

Low Temperature Test "B" 

LN Inside Vessel 

LN2 Bath 

1000 Cycles 

Tests Completed 7 February 1969 

2 

Digital  Tape Format 

Dymec Channel 

203 

204 

205 
206 

207 
208 

St r ip  Chart Channels 

1-1 

1-2 

Item 

Test Bottle Pressure 
- 

SG 1-2 
SG 2-2 

T e s t  Bottle Pressure 

* TC-1) Copper/Constantan 

TC-2 with 32°F reference 

Item 

Test Bottle Pressure 
- 

SG 2-2 



LMSC 73427 
Appendix C 

Lockheed Missiles & Space Company 

Sanka Cruz Test Base 

DATA FOR STRETCH-FORM BOTTLE TEST 

Bottle US-5 

Low Temperature B u r s t  Test 

LN Inside Vessel 

W2 Bath 

Test Completed 28 February 1969 

2 

Digital  Tape Format 

Dymec Channel 

203 
204 

205 
206 

Item 

Test Bottle Pressure 
TC - 1) Copper /C ons t ant an 
TC-2 with 32°F reference 

Test Bottle Pressure 

- 
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D - 1  

D-2 

D-3  

D-4 

D-5 

D- 6 

0-9 

D-8 

LMSC 73427 
Appendix D 

LIST OF PHWOGRAPHS 

Typical Bot t le  Instrumentation 

Typical Bot t le  Instrumentation (Reverse) 

S t ra in  Gauge and Thermocouple Ins ta l la t ion ,  
Detail V i e w  

Bot t le  Ins ta l led  i n  Hydrostat Test F i x t u r e  

Bottle Ins t a l l ed  i n  Test Support Frame Adjacent 
t o  Environment Test Tank . 

Bott le  S/N 3 - After B u r s t  Test 

Bot t le  US-2 - A f t e r  Burs t  T e s t  

Bot t le  US-5 - After B u r s t  Test 
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The nc t iv i ty  on the Cryogcnk Stretch Form Bottlc T c s t  t 
NAS 3-21482, f o r  thc pcriod of 28 June through 28 J 
of nn tc r i a l  procurcmcnt, p r c l h i n n r y  plumbing, faci , and t e c t  bo t t l e  
prcprrntion fo r  the in s t a l l a t ion  of s t r a i n  gages. 

A l l  materlnl  rcquircd for  the t e s t  setup has bcen purchscd and received, with 
the  cxccption of l iqu id  nitrogen. Telephone convercations with V I .  Ron Grecn 
a t  r\IhSA-f.hrshall indicate a contract  change order w i l l  be lssucd to authorize 
WSC t o  buy commercial l i qu id  nitrogen f o r  t h i s  test. Thifi change is requbed  
bccnusc storage dewars available a t  the t es t  site are leased under contract  t o  
Union Carbide and, therefore,  all l iqu ids  placed in the dewars must be supplied 
by t h a t  contractor. 

Fac i l i t y  Setug 

The tes t  tank f o r  the elevated temperature t e s t ,  and the associated hot water 
t r ans fe r  lines and the hot water source have bcen instal led.  

The high-pressure surge tank,which w i l l  be used t o  provide the hydraulic t c s t  
pressures, is i n  the  final stages of fabr icat ion and should be completed on 
30 July 1968. 

F a c i l i t y  data acquis i t ion systcms have been modified t o  accept t he  s t r a i n  @fp 
and temperature data from the teat location. F ina l  checkout w i l l  be complcted 
during the s t r a i n  gage ca l ibra t ion  and w i l l  occur during the  next report  pcriod. 

Four tes t  bo t t l e s  have been received from NASA-Marshall and are in  the process 
of being instrumented. 

Problem Areas 

1. 

2. 

3. 

Government-furnished l iqu id  nitrogen can be accepted a t  the t e s t  s i te  
providing the supplier i f i  Union Carbide (Linde Co.). 
accomplished, govcrnmcnt-supplied helium could be furnished as an 
a l t e rna te  and the  nitrogen purchased by LKSC. The second a l te rna te  
would be t o  provide a contract  change order t o  increase the scope of the 
program t o  allow UISC t o  purchase the l iqu id  nitrogen commercially as 
discussed e a r l i e r  i n  t h i s  progrccs report. 

Tclcphone converrationfi with Mr. Irvlnc and Mr.  Veitch d i c t a t e  chanps  
in s t r a i n  g a ~ c  locations nnd t c o t  pressurcs, 
thcse verbal  instructions.  
2, 3, and 4 are required as soon as possible t o  avoid any misinterpreta- 
t i o n  of telephone conversations. 

Information from Arde, Inc. indicates thc  poss ib i l i t y  of s t r e s s  corrosion 
of 301 m - t e r i a l  by ce r t a in  e2oxics. 
t h a t  stress corrosion is mainly due t o  high alkal ine content i n  epoxy 
accelerators.  LbEC intcndfi using Lefkowcld adhesive which docs not 
exhib i t  a high alkaline content and, therefore,  should not a f f e c t  the 
test material. 

I f  t h i s  cannot be 

Wc are  procccding pcr 
IIowcver, corrected contract  drawinzs, Sketches 

The IsCX Chcnistry Lob has adviccd 

DRM LMSC 17b7-1 



I LOCKHEED MISSILES & SPACE C O M P A N Y  REPORT T f  

Thc E n s t m m  910 reeomrncnrled by Arde, Inc. is not acccptablc for- unc a t  
l i q u  lil nitrogen tcnpcrnturcs and, thcrcfore, would rcqulrc addi t ional  
contract  cost  t o  r e i n s t a l l  thc c t r a in  pc;es f o r  l iqu id  nitrogcn tcstn. 

Confirming verbal instructions from Mr.  Irvine,  LfGC is proceeding a~ 
plnnncd with Lcfkoweld. 
is any c h n g e  i n  these instructions.  

UiSC should be contacted immediately if there  

Plnilncd Act ivi ty  for Next Report Period 

The f a c i l i t y  setup is  estimated t o  be completed by 16 August. 
measurements of the bo t t l e s  w i l l  be taken 19 August followed 'by the i n i t i a l  
phases of the elevated tempcrature t e s t  during tiit week. 
schedule is up t o  date and no changes a re  contemplated at t h i s  t he .  

Attached are preliminary copies of the t cs t  plumbing and instrumentation fo r  
your review. S t i l l  photographs w i l l  be talcen of the completed tes t  setup and 
instrumented tes t  bot t les ,  and w i l l  be forwarded with the  progress report  f o r  

Weight and volme 

The attached t e s t  

' the period 28 July t o  28 A u g u s t .  

L 
FOAM LMSC 1767.1 
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T h i s  rcport  was prepared by Lockhecd Missiles & Space Company, Santa Cruz 
Tcst Dnse, under Contract No. NAS 8-21482, "Cryogenic Strctch Form Bott le  
TcGt l ' r ~ ~ m , ' ~  f o r  t h e  Gcorge C. Marshall Space Fl ight  Center of the National 
Acronnuties and Space Administration. 
tcchnical  direct ion of the  1hm.facturing Engineering Laboratory, of the  . 
Gcorge C. Marshall Space Fl ight  Ccnter. 

During the period from 29 Ju ly  1968 through 28 A u w t  1968 a c t i v i t y  on t h i s  
contract  continued t o  consis t  pr incipal ly  of setup of the f a c i l i t y  and 
in s t a l l a t ion  of instrumentation on the  three bo t t l e s  t o  be tes ted.  

The work was administered under the  

S t r a in  gages necessary t o  complete the  preparation of the t h i r d  t es t  b o t t l e  
were received from the  vendor and ins ta l led  on the unit .  Wire harness and 
connector i n s t a l l a t ion  on two uni t s  is complete except fo r  waterproofing 
and in s t a l l a t ion  is proceeding on the t h i r d  u n i t  with completion expected 
by 6 September 1968. 
(UISC 73326) have been resolved s a t i s f a c t o r i l y  with rece ip t  of revised 
drawings showing s t r a i n  gage locations and a change l e t t e r  deleting the  
requirement f o r  use of Eastman 910 adhesive. 

Problem areas 2 and 3 of the  previous progress report  

Volumetric measurements have been made of the tes t  bo t t l e s  and results are 
8.6 follows : 

S/N 3 78,025 cc H20 Q 54% 
S/N US-2 97,025 cc H20 Q 6 2 0 ~  
S/N US-5 87,530 cc H20 Q 54% 

Weight measurements w i l l  be made on completion of e l e c t r i c a l  harness work. 

Fac i l i t y  Setuz 

Fabrication and cleaning of the  high-pressure surge tank was completed and 
the  tank was hydrostat ical ly  proof-pressure t e s t ed  t o  12,000 psi. 

The system f o r  hydrostatic proof-pressure t e s t i n g  of the instrumented bo t t l e s  
has been completed. 
elevated temperature t es t  f a c i l i t y  is scheduled f o r  completion on 6 September. 

Fac i l i t y  setup for data acquis i t ion is complete and the  

Planned Act ivi ty  f o r  N e x t  Report Period 

Delay in delivery of s t r a i n  gages from the vendor has resul ted i n  a delay 
i n  completion of b o t t l e  instrumentation. A schedule impact of two and one- 
half weeks as shown on the  attached chart  has resul ted as a consequence. 
Effor t  w i l l  be expended t o  accelerate  t e s t ing  a c t i v i t i e s  t o  recoup t h i s  loss 
and the  f i n a l  report w i l l  be prcparcd concurrent t o  the f i n a l  phases of 
t e s t i n g  i n  order t o  aclhcre t o  the  committcd rcport  delivery date. It is 
expected t h a t  weight measuremcnts and hydrostatic proof t e s t i n g  of the 
bo t t l e s  w i l l  be conducted during the week of  9 Scptembcr followed, i n  the  
same week, by the  start of t h e  elevated temperature test. 

3 f l U  L U S C  B 7 0 7 - I  
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This report  w a s  prepared by Lockheed Missiles & Space Company, Santa Cruz 
T e s t  Base, under Contract No. NAS 8-21482, "Cryogenic Stretch Form Bottle 
T e s t  Progrm," f o r  the  George C. Marshall Space Fl ight  Center of the 
National Aeronautics and Space Administration. The work was administered 
under the technical  d i rec t ion  of the Manufacturing Engineering Laboratory, 
of the George C. Marshall Space Fl ight  Center. 

Test Progress 

During the  period from 29 August 1968 through 9 October 1968, several  
f a c i l i t y  problems occurred and were resolved. Details o f  the various 
aspects of these problems are discussed later i n  t h i s  report. 

The elevated temperature t es t  phase w a s  begun. T e s t  Bot t le  S/N US-5 has 
s a t i s f a c t o r i l y  completed the  elevated temperature A phase, 5 cycles; t he  
elevated temperature B phase, 1000 cycles; and the subsequent proof pres- 
sure test. T e s t  Bottles S/N's US-2 and US-3 are progressing through the  
elevated temperature A phase, 5 cycles. The tes-t; data are being tabulated 
as generated at the  conclusion of each test phase. 

During the A phase, 1000-cycle tes t  on Bottle S/N US-5, progressive loss 
of s t r a i n  gage data occurred and a t  the conclusion of the tes t  ten  s t r a i n  
gages were defective. 
of the bo t t l e  i n  the  250°F hot water w a s  removing the E - 4  protective 
compound. 
softened enough t o  flow su f f i c i en t ly  t o  allow water t o  contact the e x p s e d  
e l e c t r i c a l  leads. 
temperature tes t  phase. 

In  order t o  ensure compatibil i ty of the s t r a i n  gages on Test Bottles S/N's 
US-2 and US-3, a M y l a r  film has been applied over the OCA. 
f i lm is held i n  place with RTV s i l icone  rubber. 
gages during the elevated temperature tests. 
RTV s i l icone  rubber from adher@@; t o  the  strain gage. 

Post-test  inspection revealed t h a t  the  immersion 

Although the compound is presumably good t o  4009, it apparently 

The s t r a i n  gages w i l l  be repaired pr ior  t o  the low 

The M y l a r  
This w i l l  protect  the  

The M y l a r  film prevents the  

Fac i l i t y  Setup 

The l iqu id  nitrogen bath is 9 9  complete and the  f a c i l i t y  plumbing is being 
routed t o  accommodate the  cold temperature t e s t  conditions. 
nitrogen and/or helium compressor and receivers have been obtained and 
these items w i l l  be ins t a l l ed  at  the  Components T e s t  Laboratory t o  provide 
a redundant system f o r  the  Stretch Bottle B u r s t  Tests. 

A second 

1 
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Revised Program Schedule 

A s  indicated i n  the  previous a c t i v i t y  report  (MSC 73345, dated 3 September 
1968), a schedule impact had occurred as a result of late delivery of 
strain gages for  use on the tanks. 
f a c i l i t y  equipment failures produced further s igni f icant  delays sequentially. 

Since that time, each of two separate 

The first f a c i l i t y  problem wr28 encountered w i t h  t he  high-pressure helium 
system. I n i t i a l l y ,  excessive leakage prevented the  attainment of the 
required pressure. 
t h e  high pressure (6000 psig) failed. 
parts from the supplier and t e s t ing  was necessarily halted u n t i l  these 
par t s  were received, instal led,  and operationally checked out. I n  addition, 
a back-up high-pressure compressor and supply system is being t ransferred 
from the LMSC Sunnyvale plant  t o  the Santa Cruz T e s t  Base t o  ensure tha t  
no further delays of t h i s  kind occur. 

A f t e r  leak repairs ,  the  booster pump used i n  achieving 
This required securing replacement 

The second f a c i l i t y  failure occurred when the water pump motor burned out 
while an elevated temperature tes t  was being attempted. 
water is used t o  provide the controlled temperature environment. A re- 
placement motor has been secured and ins ta l led  causing a further delay. 
Experience w i t h  t he  reworked system indicates t h a t  the  time required t o  
properly temperature condition the  tes t  bo t t l e  and environmental tank has 
increased, par t icu lar ly  for  the 2509 temperature tests. 
the  t o t a l  elapsed time t o  perform these tests. 

The cumulative e f f e c t  of these various fac tors  is a t o t a l  delay of e i a t  
weeks in completion of the  program. 

In the test  setup, 

1 

This has increased 

The revised schedule is attached. 
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T h i s  report  w a s  prepared by Lockheed Missiles & Space Company, Santa Cruz 
Tcst Fnsc, under Contract No. NAS 8-21482, "Cryogenic Stretch Form Bottle 
Tent  Rogrm," for  the  George 6,  bbrshal l  Space Fl ight  Center of the 
Notional Aeronautics and Space Administration. The work w a s  administered 
utidcr the technical  direct ion of the Manufacturing Engineering Laboratory, 
of t h c  George C. Marshall Space Fl ight  Center. 

Tcst Profyess 

During the period from 9 October 1968 through 31 October the elevated 
tempcrature t e s t  phase f o r  a l l  three bo t t l e s  w a s  completed sa t i s fac tor i ly .  
No evidence of damage o r  deformation was noted as a result of either the 
elevated temperature t e s t i n g  o r  the  subsequent proof pressure tests. 

As a r e s u l t  of immersion in the  hot water used t o  generate the  environment 
for the elevated temperature t es t  phase, some fa i lu re s  of the strain gages 
were observed on all three bot t les .  

Test Bottle US-2 w a s  found t o  have eleven gages inoperative following its 
proof t e s t ;  however, three of these recovered a f t e r  being dr ied out leaving 
a ne t  of e ight  gages fai led.  Similarly, Bottle US-5 had seven gages in- 
operative, one recovery, and a ne t  failure of six gages; SN-3 had 3 in- 
operative, one recovery, and a net  f a i l u r e  of four gages. 

Discussions between C. F. Merlet, LMSC Program Manager, and NASA personnel 
at the  Marshall Space F l ight  Center have resul ted i n  the agreement t h a t  
t he  f a i l e d  gages w i l l  be replaced i n  order t h a t  lo($ instrumentation w i l l  
be avai lable  on each b o t t l e  at the  start of the l o w  temperature tes t  phase. 
It was  fur ther  agreed t h a t  gage failures subsequent t o  the start of l o w  
temperature t e s t i n g  would not cons t i tu te  cause f o r  stoppage of t e s t ing  o r  
replacement of gages. 

F a c i l i t y  Setup 

All f a c i l i t y  equipment and plumbing required f o r  the l o w  temperature test 
environment is complete. Work continues on the  ins ta l la t ion  of a second 
high-pressure gas compressor and receiver bank capable of 15,000 psig out- 
put t o  provide a back-up system for the  burst  tests. 

Pro@-am Schedule 

The agreement t o  replace the  f a i l e d  s t r a i n  gages on the test  bot t les  w i l l  
have a subs tan t ia l  impact on the  remaining tes t  schedule. The required 
gages are not a stock item. A t  this writLng, preliminary contacts with 
the  supplier resul ted in  a delivery of four t o  six weeks (dependent on 
t h e i r  production schcduling) being quoted. Subseqdent t o  c a s  delivery 
approximately one wcck w i l l  be required f o r  i n s t a l l a t ion  and checkout. 
As a result t h i s  could cause an addi t ional  delay beyond the 15 Janusry 
1969 completion date which presently has been agreed to.  
e s t k i t e  can be made when delivery is accomplished. 
w i l l  be expended t o  expedite re-instrumentation a c t i v i t i e s  and t o  lessen 
t he  schedule impairment. 

A more realistic 
Every possible e f fo r t  
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Tlijr: r rpor t  was prcpnrcd by Locl-Jiecd Missilcs t Space Company, Santa Cruz Tcst 
i'np?, un:lcr Contract No. Ilhs 8-211+&, "Cryogenic Stretch Form Cottlc Tcct Pro- 
~:~-n.:a," for  the George C. I h r s h s l l  Space Flight Center of the  k t i o n n l  Acro- 
i n ~ i t i c s  niid Space Administration. The work was administered under the technical  
dlrcct ion of the Ffinufacturing Engineering Laboratory, of the Geor&e C. MarGhall 
Spwc Fl ight  Centcr. 

Tcst  Progress 

During the present reporting period, 1 November 1368 throum 30 movember 1968, 
tl:c rcplaccmcnts fo r  the failed s t r a i n  Gages were obtained and inctallcd.  
S/P? 3 w a s  ins ta l led  i n  the  f is ture  and the low temperature t e s t  se r iee  was 
attempted but had t o  be discontinued because of fa i lure  of the helium booster 
pump * 

Bottle 

Delivery of replacement s t r a i n  Gages was  quoted at four weeks by the vendor; 
however, a p a r t i a l  shipment w a s  made which arr ived on 15 November 1968, thus 
enabling in s t a l l a t ion  t o  be begun on 18 Xovember 1968. 

Instrumentation on Bottle S/N 3 w a s  completely repaired and the uni t  was i n e  
s t a l l e d  i n  the t e s t  f ixture .  On 25 November 1968 the low temperature tes t  w a s  
i n i t i a t ed .  
t he  helium booster pump developed excessive leakage and the t e s t  was suspended 
while repairs  were made, 
ful ly  completed. 
were unsuccessful and the  tes t  was terminated f o r  the Thanksgiving holiday. 

In the course of the first of the f ive  requircd pressurization cycles 

The t e s t  w a s  resumed and t h e  first cycle was success- 
A t  t h i s  point the pump fa i l ed  again. Effor ts  a t  fur ther  repa i r  

In  t h e  course of th i s  first tes t  cycle at l iqu id  nitrogen temperature, consider- 
able instrumentation loss  was experienced. 
on the b o t t l e  e i t h e r  f a i l e d  e l e c t r i c a l l y  or  did not maintain adherence t o  the 
bot t leb surface. 
the remaining two being unrelated s ingle  gages. 

Fourteen of the twenty s t r a i n  gages 

O f  the  six good gages, fou r  comprise two bi-axial  pairs with 

Fac i l i t y  Setup 

Continued trouble with the helium booster pump has made evident the immediate 
need fo r  the  a v a i l a b i l i t y  f o r  use of the  15,000 p s i  Gas compressor and receiver 
bank which is i n  the  process of ins ta l la t ion .  
accelerated t o  enable use of t h i s  un i t  on the %st program. 

Completion of t h i s  work w i l l  be 

Prot~am Schedule 

Upon completion of the  in s t a l l a t ion  and checkout of the new coinpressor, t e s t i n g  
of Bottle S/N 3 w i l l  be resumed. It is intended t o  proceed with both phases of 
the low temperature t e s t  and the burs t  t e s t  of this un i t  in consecutive order 
pr ior  t o  any further t e s t ing  of the rcmsining bot t les .  
quent schedule plan f o r  the program is i n  work nnd w i l l  be heavily dcpenilent on 
the  performance demonstrated by the new pumping u n i t  which is expected t o  be 
on-line next week. 

Updating of the cubse- 
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This report  red by Lockheed Missiles & Space Company, Santa 
Test Base, under Contract No. NAS 8-21482, "Cryogenic Stretch Form Bottle 
Test Program," fo r  the  George C. b r s h a l l  Space F l ight  Center of the 
National Aeronautics and Space Administration. The work was administered 
under the  technical  direct ion of the Manufacturing Engineering Laboratory, 
of the George C. Marshsll Space F l ight  Center. 

Test Progress 

During the  reporting period from 1 December 1968 through 31 December 1968, 
the  low temperature t e s t  s e r i e s  on Bottle S/N 3 was i n  process. 
the  helium pressurization cycling, was completed sa t i s fac tor i ly .  
w a s  begun w i t h  the  heating of the b o t t l e  t o  250°F and subsequent immersion 
i n  l iqu id  nitrogen causing no apparent discrepancies. 
reporting period a t o t a l  of 335 cycles of hydraulic pressurization i n  
l i qu id  nitrogen have been s a t i s f a c t o r i l y  completed. 
remain in operable condition. 

Phase A, 
Phase B 

A t  the  end of the 

Three s t r a i n  gages 

F a c i l i t y  Setup 

Ins t a l l a t ion  of the new high-pressure gas pumping un i t  was completed and 
the  uni t  was put "on-line." 
factory. In an attempt t o  maintain schedule posit ion,  consideration is 
being given t o  simultaneous hydraulic cycling of Bottles US-2 and US-5. 
If feas ib le  t h i s  w i l l  require some r e l a t ive ly  minor rework of the low 
temperature t e s t  fixture. 

Its performance thus far is qui te  satis- 

Program Schedule 

A revised schedule indicating a report  submittal date of 28 February 1969 
was previously forwarded separately. 
ture test has proven more time consuming than was expected; however, it is 
ant ic ipated that simultaneous cycling of Bottles US-2 and US-5 w i l l  enable 
the  s t a t e d  report  date t o  be met, 

Hydraulic cycling i n  the low tempera- 

0 RM LMSC 1717-1 
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This  report  was p r e p r e d  by Loclchecd Missiles & Space Company, Santa Cruz 
Test Base, under Contract No. NAS 8-21482, "Cryogenic Stretch Form Bottle 
T e s t  P r o p m , "  for the  George C. Marshall Space F l ight  Center of the 
National Aeronautics and Space Administration. The work was administered 
under the  technical  direct ion of the Manufacturing Engineering Laboratory, 
o f  the  George C. Marshall Space Fl ight  Center. 

Test Progress 

During the period from 1 January 1969 through 31 January 1969, the t e s t i n g  
of Bottle S/N 3 w a s  completed. 
temperature was s a t i s f a c t o r i l y  concluded, a room temperature proof pressure 
t es t  a t  5900 psig w a s  conducted wi th  no evidence of damage o r  deformation 
being noted, and volumetric measurements were made. The low temperature 
burst t e s t  of S/N 3 w a s  performed on 10 January 1969. A t  approximately 
7000 psi& the three remaining operable s t r a i n  gages ceased t o  function. 
Bot t le  rupture occurred at approximately 10,670 psig. The environmental 
tank and b o t t l e  support frame incurred damage as a result of the  burst. 
Following completion of repairs Bottle US-2 was ins ta l led  and subjected 
t o  Phase A of the low temperature ser ies ,  f i ve  cycles of helium pressuriza- 
t ion.  
nitrogen. Bottle US-2 was then removed from the t es t  setup and replaced by 
Bott le  US-5 which a t  the end of t he  reporting period had been subjected t o  
f ive  cycles of helium pressurization a t  low temperature. 
d i s to r t ion  has been noted i n  the  case of e i t h e r  bo t t le .  

Hydraulic pressurization cycling a t  l o w  

The b o t t l e  w a s  then heated t o  25OOF and rapidly immersed i n  l i qu id  

No damage or  

Program Schedule 

As a result of the time required f o r  repair of the t e s t  equipment following 
the  bursting of Bot t le  S/N 3 which is expected t o  be repeated a f t e r  burst- 
ing of the next u n i t  (US-5), together with t h e  slower than ant ic ipated 
cycling rate at low temperature, it appears that completion of the test 
program x u 1  follow the  newly revised schedule (Issue V) attached herewith. 
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