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. FOREWORD 

T h i s  r e p o r t  has  been prepared  and publ i shed  i n  accordance w i t h  t h e  
requirements of  NASA Contrac t  NAS 3-3245, Task Order Number 4. 
p r e s e n t s  t he  r e s u l t s  of t h e  preliminary des ign  s tudy  funded by t h i s  c o n t r a c t  
Task Order Number 4 and Change Order Number 1. 

The r e p o r t  

A s t a t e  of  t h e  a r t  survey  w a s  made a t  t h e  beginning  of t h e  study. Report8 
of prev ious  e f f o r t s  t o  des ign  and develop high temperature r e g u l a t o r s  were 
s t u d i e d  and, i n  most cases, personal c o n t a c t  w a s  made wi th  t h e  eng inee r8  
who worked on t h e  p r o j e c t .  Various companies were v i s i t e d  f o r  p e r t i n e n t  
r easons  a s s o c i a t e d  wi th  p r e s s u r e  regulatorm. 

i 



ABSTRACT 

6. A l l  s h u t o f f  func t ions  and d e s i r e d  low leakage path. 
i nco rpora t e  poppet-type devicea.  

> 

Four des ign  approaches were success ive ly  pursued f o r  t h e  FLOX A t l a s  
r egu la to r .  The f irst  two des igns  contained unique f e a t u r e s  which l e n t  
themselves t o  a d i r e c t  a c t i n g  r egu la to r .  A s  it became i n c r e a s i n g l y  
apparent  that  some means of ampl i f i ca t ion  would be r equ i r ed ,  t h e s e  
approaches were abandoned. The t h i r d  approach conta ined  more sophis t&-  
c a t e d  f e a t u r e s  which provided t h e  f o r c e  ampl i f i ca t ion  necessary  t o  achieve 
t h e  designed accuracy and still maintained t h e  r e g u l a t o r s  phys i ca l  sit. 
wi th in  reasonable  parameters.  The f o u r t h  approach inco rpora t ed  f u r t h e r  
improvements over  t h e  t h i r d ,  and f u l f i l l e d  t h e  des ign  requirements.  

' 

The most important f e a t u r e s  of t h e  des ign  are as fol lower 

1. C e r t a i n  s e c t i o n s ,  such as t h e  shu to f f  valve,  were t aken  
from e x i s t i n g  des igns  which have been f u l l y  developed. 

2. For s t a b l e  opera t ion ,  a device  is incorpora ted  t o  change 
t h e  r e g u l a t i o n  g a i n  when i n l e t  p ressure  dec reases  t o  2000 
psi 

3. The ga in  change device  a l s o  accomplishes a programmed I pres su re  change i n  tank pressure.  

4. No dynamic s e a l s  are used. 

5 .  Leakage is reduced by assembling t h e  high p r e s s u r e  compo- 
nen t s  from the lower p res su re  s ide.  

ii 
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INTHODUCTION 

The pre l iminary  des ign  s tudy  descr ibed h e r e i n  is an  i n i t i a l  s t e p  toward 
provid ing  a q u a l i f i e d  o x i d i z e r  tank p res su re  r e g u l a t o r  compatible with 
FLOX. Four d i f f e r e n t  des igns  were considered and t h e  approaches were 
d e l i b e r a t e l y  cen te red  around t h e  proven p r i n c i p l e s  of t h e  p re sen t  Atlaa 
tank p res su re  r egu la to re .  

The s e l e c t e d  des ign  i n c o r p o r a t e s  a c o n t r o l l e r  and a c t u a t o r  t o  provide the 
meter ing valve a c t u a t i o n  fo rce .  Netal t o  metal  poppets  and s e a t s ,  bellows, 
and metal  s t a t i c  sea ls  are used t o  meet leakage requirements.  The regu- 
l a t o r  is designed f o r  i n s t a l l a t i o n  i n  t h e  i n t e r s t a g e  adap te r  w i th in  the  
Atlas/Centaur c l ea rance  envelope. No e x t e r n a l  s ens ing  l i n e  is requ i r ed  
and t h e  overboard bleed from t h e  sensing c o n t r o l l e r  is assumed t o  be vented 
i n t o  t h e  boi l -of f  va lve  vent  duct ,  

The des ign  inco rpora t e s  a f e a t u r e  t o  program tank  p res su re  low dur ing  t h e  
f i r s t  20 ,seconds  of f l i g h t  by an i n l e t  p r e s su re  opera ted  c o n t r o l l e r ,  The 
main shut-off  va lve  poppet remains c l o s e d  u n t i l  i n l e t  p re s su re  decrease. 
t o  approximately 2000 PSIG. A t  h igher  i n l e t  p re s su res ,  when t h e  t a n k  
u l l a g e  is s m a l l ,  a s m a l l  flow pascsage is provided for t h e  g a s  flow t o  the 
tank. 

Lubr i can t s  and cadmium p l a t i n g  a r e  no t  

The fo l lowing  personnel  were contacted 
p a r t i c u l a r l y  he lpfu l .  

R. Lo Kenyon Parker  A i r c r a f t  

F. Orona F lu idgen ic r  

R. M. Hamilton Rober t shar  

used in the design. 

du r ing  t h e  s tudy  e f f o r t  and were 

Company Los Angelea, Calif. 

Nat iona l  C i t y ,  Calif. 

Anaheim, Ca l i f .  

N o  Woolgar 

B. Hadley 

R. Smith 

G. Armstrong 

B. H. Hadley, 

Demcor, Inc. 

STL 

Servonice  

Inc. Pomona, Ca l i f ,  

Claremont, Calif. 

E l  Segundo, Calif, ., 

Costa Mesa, Callf, 

iii 
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CONTENTS (continued) 

ATTACHMENTS 

la Design Review Report #696-2-3245-101. FLOX Regulator 

2. Performance Spec i f i ca t ion  Oxidizer Tank Helium 2ressure 
Regulator for  a FmX-Atlas Vehiclo . 

Test Requirements Oxidizer Tank Helium Pressure Regulator 
for  a FLOX-Atlas Vehiclo 

3 .  



1. D E S I G N  REQUIREMENTS . 

1. Pres su re  History 

The upper and lower l i m i t  curves  i n  F igure  1 consAdcr a l l  t h e  
f a c t o r s  a f f e c t i n g  t h e  LOX tank  p r e s s u r i z a t i o n  requirement6 o f  
an  Atlas-Centaur vehicle.  
a s  noted ,  because o f  t h e  i n f luence  o f  f a c t o r s  such as hoop 
s t r e s s ,  ax ia l  suppor t ,  bending moment, p r o p e l l a n t  pump net  
p o s i t i v e  s u c t i o n  head and, v e h i c l e  bulkhead d i f f e r e n t i a l  p re s su re ,  

The upper  . l i m i t  p ressure  curve  spike-down a t  l i f t - o f f  is caused 
by d i f f e r e n t i a l  p ressure  t r a n s i e n t s  on the  tank  bulkhead. 
Programming LOX tank  p res su re  du r ing  l i f t - o f f  raises t h e  d i f f e -  
r e n t i a l  p r e s s u r e  t o  a more advantageous value.  
p r e s s u r e  curve  w a s  a r b i t r a r i l y  chosen approximately mid-way 
between t h e  upper and lower l i m i t s .  F igure  1 curve8 are s u b j e c t  
t o  change dependent on t h e  f i n a l  conf igu ra t ion  o f  a FLOX-At la .  
veh ic l e .  
t o  p r e s s u r i z e  t h e  ox id ize r  u l l a g e  a t  any p r e s s u r e  between 24 
PSIG and 31 P S I G .  24 P S I G  w a s  s e l ec t ed .  This  p r e s s u r e  s e t t i n g  
is s u b j e c t  t o  change dependent on t he  a i r b o r n e  r e g u l a t o r  engine  
start p r e s s u r e  t r a n s i e n t s .  

The cu rves  a re  s u b j e c t  t o  change. 

The des ign  

The AGE (ground) p r e s s u r i z a t i o n  system could be set  

2. Design Parameter. 

The i n l e t  temperature  to  t h e  r e g u l a t o r ,  shown i n  Figure 2, is a 
r e p r e s e n t a t i v e  p r o f i l e  o f  Atlas-Centaur data.  It is, however, 
somewhat conserva t ive  i n  t h a t  t h e  a c t u a l  temperature i u  50.F ' 

t o  100.F lower dur ing  most o f  t h e  f l i g h t .  ' 

3. 

The i n l e t  p r e s s u r e  curve w a s  ob ta ined  from t h e  supply p r e s s u r e  
d a t a  for miss i le  55D f l i g h t  (F igure  12  of Ref. 2). Since  t h e  
p r e s s u r e  a t  boos t e r  engine cu t -of f  (BECO) f o r  t h i s  f l i g h t  na8 
h i g h e r  than  t h e  design requirement o f  75 PSIG, t h e  i n l e t  pres- 

second8 o f  f l i g h t .  

Flow Rate 

Flow ra te  d a t a  was obtained from missi le  5 5 D  f l i g h t  d a t a  (F igure  
1 6  o f  Ref. 2 ) .  The r a t e  e s t a b l i s h e d  f o r  missi le  55D w a s  
p ropor t ioned  in accordance wi th  t h e  d i f f e r e n c e  between t h e  pro- 
posed des ign  p r e s s u r e s  and those  of  5 5 D ,  t o ' o b t a i n  f i g u r e  3 
from p o i n t s  *IBtt t o  "C" and "F" t o  BEO. The c o n ~ t a n t  flow r h t e  
from ItDVt t o  "Etf (tank pressure  r i s i n g ,  figure 1 )  ie accomplished 
by t h e  flow l i m i t i n g  f e a t u r e  o f  t h e  r egu la to r .  

sure curve area extrzqalated t3 r=rr=spond t i3  75 TSIG at 142 

e .  

I 
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DES I G X  JEW I REMkL\TS (cont inued)  . 

4. Flow Area 

The requi red  design flow area curve is shown i n  Figure 4. "hi8 
curve demonstrates t h e  need f o r  flow l i m i t i n g  c a p a b i l i t y .  The 
small area r equ i r ed  a t  engine s ta r t  is due t o  h igh  helium inlet 
g r e s s u r e  and low temperature. The l a r g e  a r e a  r equ i r ed  a t  BECO 
is due t o  low helium i n l e t  p r e s s u r e  and high temperature.  Flow 
l i m i t i n g  is incorpora ted  t o  prevent  a f a i l u r e ,  such AS a ruptured  
sensin,  b e l l o k s  when t h e  tank  u l l a g e  volume is s m a l l ,  from 
p r e s s c r i z i n g  t h e  tank  a t  a ra te  beyond t h e  capac i ty  of  p r o t e c t i v e  
devices .  

5.  Ref crence Pressure  

The o x i d i z e r  tank  p res su re  r e g u l a t o r  w i l l  be i n s t a l l e d  in the 
i n t e r s t a g e  adapter .  
i n  t h e  boos te r  t h r u s t  s e c t i o n *  This  i n t roduces  a r e fe rence  
p res su re  v a r i a b l e  a f f e c t i n g  t h e  in t e rmed ia t e  bulkhead d i f f e r e n t i a l  
p ressure .  F igures  5 and 6 show t h e  r e l a t i o n s h i p  of t h e  two 
r e fe rence  p res su res .  This  r e l a t i o n s h i p  causes  an  inc rease  in t h e  
St~lkhead d i f f e r e n t i a l  pressure.  

The f u e l  t ank  p r e s s u r e  r e g u l a t o r  w i l l  remain 

Figures  7 and 8 ,  show t h a t  t h e  i n t e r s t a g e  a d a p t e r  p r e s s u r e  i r r  
l e s s  than t h e  f r e e  stream pressure .  This  d i f f e r e n c e  i n  pressure 
w i l l  cause a decreasd i n  t h e  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  the 
o x i d i z e r  tank  sk in .  This cond i t ion  r e q u i r e s  f u r t h e r  s tudy  and 
must be considered i n  t h e  des ign  o f  t h e  F L O X - A t l a s  t ank  skins.  

6. Dynamic cons ide ra t ions  

On previous  A t l a s  v e h i c l e  des igns ,  t h e  LO t ank  p r e s s u r i z a t i o n  
system u t i l i z e d  a 65 f o o t  s ens ing  l i n e  t o  d e l i v e r  u l l a g e  pres -  
s u r e  i n t e l l i g e n c e  t o  t h e  r egu la to r .  I n  t h e  FWX-Atlas r e g u l a t o r  
design of t h i s  studr;  t h e  regulatgr if l ~ c a t e d  abeve the cxidizer 
tank,  i n s t e a d  o f  i n  t h e  t h r u s t  s e c t i o n .  This reduce8 t h e  d e l i v e r y  
duc t  and sens ing  l i n e  l eng ths  t o  e s s e n t i a l l y  zero.  The phase 
s h i f t  c o n t r i b u t i o n  from these  elements t o  t h e  c o n t r o l  loop i 8  
thereby e l imina ted ,  r ep resen t ing  a s u b s t a n t i a l  imgmovement ove r  
p rev ious  designs.  

2 

To f u r t h e r  improve pneumatic system s t a b i l i t y ,  a d d i t i o n a l  work 
was 2erfonned. A mathematical model vas developed and analyzed 
dynamically (Ref. 5 ) .  It was determined t h a t  yneunat ic  system 
i n s t a b i l i t y  coupled wi th  the  v e h i c l e  s t r u c t u r e ,  can be reduced 
by two dynamic c o n t r o l  techniques as follows: 
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1. DESIGN REQUIREMENTS (cont inued)  

6. Dynamic Cons idera t ions  (cont inued)  

( 1 )  Induce a low r e g u l a t o r  ga in  f o r  t he  f i r s t  p a r t  
of f l i g h t ,  when the t a n k  u l l a g e  is m a l l ,  and then 
i n c r e a s e  t o  t h e  h igher  g a i n  requirement. 

(2) Use a pneumatic lead-lag network t o  add dynamic 
compensation and provide high s t e a d y - s t a t e  accuracy 
and s t a b i l i t y  to the  r egu la to r .  

The f i r s t  o f  t h e s e  i tems ha6 been incorpora ted  i n t o  the  
pre l imina ry  r e g u l a t o r  design. The sequencing va lve  
(F igure  13) ma in ta ins  the  flow a r e a  r e l a t i v e l y  s m a l l  u n t i l  
t h e  system can t o l e r a t e  a h ighe r  gain.  Then, t h e  main flow 
passages  a r e  made a v a i l a b l e  f o r  flow as required.  

The second i t e m  w a s  considered i n  t h e  des ign ,  however, i f  
s t a b i l i t y  problems.occur,  a d d i t i o n a l  compensation may be 
r equ i r ed  . 

11 



XI. CONCEPT EVOLUTION 

1. Fixed O r i f i c e  

2.. 

A f.ixed o r i f i c e  was considered f o r  both programming p r e s s u r e  and 
minimizing t a n k  p r e s s u r e  o s c i l l a t i o n s  immediately a f t e r  l i f t - o f f .  
Figure 9 shows t h a t  t h i s  approach is n o t  practical. A r e l a t i v e l y  
s m a l l  change i n  o r i f i c e  a r e a  r e s u l t s  i n  a l a r g e  d i f f e r e n c e  i n  
tank p res su re  wi th  time. A r a p i d  decrease  in tank p r e s s u r e  
occur s  with a ,020 in2  o r i f i c e  and an  inc rease  a t  i g n i t i o n  occur8 
wi th  a .035 i n2  o r i f i c e .  Tolerances on i n t e r n a l  p a r t s  and a l l  
o t h e r  f ac to r s  could dec rease  tank  p r e s s u r e  below t h a t  r e q u i r e d  
f o r  adequate  p r o p e l l a n t  pump n e t  p o s i t i v e  s u c t i o n  head (NPSH). 

Design A 

Design 'A' (F igure  l o ) ,  w a s  an a t t empt  t o  r e f i n e  t h e  f i x e d  
o r i f i c e  approach. The key element is a bourdon t u b e  h e l i c a l l y  
wound around a drum. The drum is f r e e  t o  t u r n  and t h e  tube  i 8  
a t t a c h e d  t o  t h e  pe r iphe ry  o f  t h e  drum nea r  t h e  end. The f i x e d  
end of  the  tube  is a t t a c h e d  t o  t h e  r e g u l a t o r  body and is pres -  
s u r i z e d  from i n l e t  p re s su re .  High i n l e t  p r e s s u r e  r o t a t e s  t ho  
tube and drum i n  t h e  d i r e c t i o n  t o  unwind t h e  tube.  As i n l e t  
p r e s s u r e  decreases ,  t h e  tube  rotates t h e  drum toward t h e  t u b e f s  
unpressur ized  p o s i t i o n .  The meter ing va lve  s h a f t ,  a t t a c h e d  ' 
t o  t h e  metering va lve  p i s t o n ,  moves back and f o r t h  axially 
i n s i d e  t h e  drum dur ing  t h e  meter ing  ope ra t ion ,  A p i n  through 
t h e  s h a f t  engages a s l o t  i n  t h e  drum i n  such  a way, t h a t ;  a8 
t h e  metering va lve  moves back and f o r t h ,  t h e  p i n  moves f r e e l y  
in t h e  groove, 
meter ing va lve  a t  t h e  same t i m e  w i thou t  i n t e r f e r i n g  w i t h  the 
r e c i p r o c a t i n g  motion o f  t h e  p i s t o n .  
h igh  i n l e t  p r e s s u r e  p o s i t i o n ,  is r o t a t e d  so t h a t  grooves i n  t h e  
p i s t o n  p a r t i a l l y  a l i g n  wi th  s l o t s  i n  t h e  c y l i n d e r ,  
p i s t o n  is  moved back and f o r t h ,  narrow s l o t s  are opened or 
closed.  As i n l e t  p r e s s u r e  dec reases ,  t h e  p i s t o n  rotates and . 
t h e  grooves and s l o t s  become more c l o s e l y  a l i g n e d .  
r e c i p r o c a t i n g  motion o f  t h e  p i s t o n  under t h e s e  c o n d i t i o n s ,  
exposes more flow area and t h e  m a s s  flow ra te  can be  maintained 
i n  s p i t e  of t h e  dec rease  i n  i n l e t  p r e s ~ u r o .  

Rota t ion  o f  t h e  drum and groove rotates the 

The meter ing  va lve  in t h e  

When t h e  

The same 
, 

Fork on t h i s  system seemed promising;  however, i n fo rma t ion  
regard ing  torque  gene ra t ed  by a bourdon t u b e  system c o n f l i c t e d  
and l a r g e  i n a c c u r a c i e s  i n  c a l c u l a t e d  e m p i r i c a l  d a t a  were expected. 
Also, the f o r c e  r e q u i r e d  f o r  d i r e c t  a c t i n g  a x i a l  motion of t h e  

p i s t o n  was l a t e r  proved to be i m p r a c t i c a l ,  u n l e s s  8ome means of 
f o r c e  ampl i f i ca t ion  w a s  provided. 

12 
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11. CONCEPT EVOLUTION (cont inued)  

3. Design B 

Design 'B '  f i g u r e  11 is s imi la r  t o  design ' A '  i n  t h a t  a s m a l l  

cond i t ions  and l a r g e r  area s l o t s  a r e  used f o r  flow a t  lower 
i n l e t  pressure.  The 'B '  des ign ,  i n s t ead  of r o t a t i n g  t h e  p i s t o n ,  
u ses  one small  s l o t  exc lus ive ly  f o r  high p res su re  flow, Af t e r  
i n l e t  p ressure  decreases  t o  a predetermined va lue ,  t h e  gas is 
then  suppl ied  t o  the  l a r g e  s l o t s .  The main s h u t o f f  valve is 
used t o  supply gas  only to t h e  l a r g e  flow area .  A va lve ,  by- 
pass ing  t h e  m a i n  shut-off  va lve ,  s u p p l i e s  gas  t o  t h e  smal l  s l o t  
and a l s o  p reven t s  the main poppet from opening u n t i l  i n l e t  
p re s su re  dec reases  t o  2000 psi .  The main shut-off  va lve  poppet 
is held c losed  by i n l e t  p re s su re  flowing t o  t h e  backside of t h e  
valve. When t h e  gas  behind t h e  poppet is vented,  i n l e t  p re s su re  
a c t i n g  on t h e  poppet f a c e  opens the  valve.  
open above 2000 p s i ,  s u p p l i e s  gas  t o  t h e  s m a l l  s l o t  and t h e  
main shut-off va lve  remains closed.  A t  2000 p s i ,  t h e  by-pass 
va lve  c l o s e s  and the  gas  behind t h e  main poppet is vented 
t h r u  t h e  small s l o t  a l lowing  t h e  main valve t o  open. 

I area s l o t  i s  used f o r  gas flow under high i n l e t  p r e s s u r e  

I 

A by-pass valve,  

0 

Both des igns  ' A '  and ' B '  use a l eve r  system t o  p o s i t i o n  t h e  
metering valve.  A balanced beam is designed t o  cancel 
a c c e l e r a t i o n  forcee.  

It w a s  o r i g i n a l l y  assumed t h a t  acceptab le  r a t i o s  of f o r c e  and 
s t r o k e  could be obtained f o r  t he  metering va lve  t o  main ta in  
tank pressure  wi th in  s p e c i f i e d  pressure  bands. However, 
c a l c u l a t i o n s  r e v e a l  t h a t  a d i r e c t  a c t i n g  system is n o t  p r a c t i c a l .  
(See a n a l y s i s  of a Di rec t  Acting Regulator Sec t .  111, para.  9.) 
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11. CONCEPT EVOLL'TIOB (continued) 

4. Deoign C 

Design 'C'  (Figure 12) ,  i n c o r p o r a t e s  a t ank  p r e s s u r e  sens ing  
element which v a r i e s  t h e  p r e s s u r e  i n s i d e  an-+actuator bel lows 
and p o s i t i o n s  a valve i n  p r o p o r t i o n  t o  t h a t  p r e s ~ u r e .  Small 
chandes i n  sensed p res su re  r e s u l t  i n  l a r g e  changes i n  t h e  force 
generated t o  move t h e  v a l v e o  Tank p r e s s u r e  flows t o  t h e  i n s i d e  
of t h e  a c t u a t o r  bellows t h r u  a n  o r i f i c e  and t h e  sens ing  va lve  
c o n t r o l s  t h e  p re s su re  w i t h i n  t h e  a c t u a t o r  by varying t h e  amount 
of gas  vented t o  atmosphere. The p r e s e n t  A t l a s  r e g u l a t o r  has a 
shut-off  va lve  f o r  l o w  lock-up leakage  and a p r e s s u r e  balanced 
va lve  (metering valve) for a c c u r a t e  p r e s s u r e  con t ro l .  The 
d e c i e i o n ' n a s  made t o  u s e  t h i s  concept f o r  t h i s  s tudy  because of 
e x c e l l e n t  p a s t  performance and FLOX compa t ib i l i t y  of m e t a l  t o  
metal poppets  and sea ts .  

The shut-off  va lve  i s  h e l d  c losed  by a sp r ing  and i n l e t  pressure 
b leeding  t h r u  t h e  poppet and c y l i n d e r  d i ame t r i ca l  c l e a r a n c e  t o  
t h e  back s ide  o f  t h e  poppet. 
is vented i n t o  t h e  tank,  t h e  unbalanced i n l e t  p r e s s u r e  force 
u n s e a t s  t h e  poppet. 

When t h e  p re s su re  behind t h e  poppet 

The shu to f f  va lve  is he ld  c losed  by a s p r i n g  and i n l e t  p r e s s u r e  
b leeding  through t h e  d i a m e t r a l  c l ea rance  t o  t h e  backside of t h e  
poppet. iyhen tank  p res su re  dec reases ,  t he  meter ing va lve  open6 
t o  i nc rease  t h e  g a s  flow. The primary va lve  is opened a6 soon 
as  t h e  meter ing valve s t a r t s  t o  open and t h e  gas  behind t h e  
shut-off  valve is vented i n t o  t h e  tank,  The shutof f  va lve  opens 
and t h e  meter ing valve moves back and f o r t h  i n  response  t o  tank  
p r e s s u r e  demandso The sequencing va lve  is a c t u a t e d  t o  t h e  high 
p r e s s u r e  p o s i t i o n  when i n l e t  p r e s s u r e  i s  appl ied.  In t h e  high 
p r e s s u r e  p o s i t i o n ,  the sequencing va lve  ene rg izes  t h e  b i a s  
s p r i n g  i n  t h e  c o n t r o l l e r  and causes  t h e  c o n t r o l l e r  t o  r e g u l a t o  
t a n k  p r e s s u r e  a t  a lower value.  When i n l e t  p r e s s u r e  dec reases  
to 2000 p s i ,  i n e  sequencing s p r i n g  f o r c e s  t h e  sequencer  to  move 
t o  t h e  low p r e s s u r e  p o s i t i o n  and t h e  b i a s  f o r c e  is removed from 
t h e  c o n t r o l l e r .  Without t h e  b i a s  f o r c e ,  t h e  r e g u l a t o r  w i l l  
r e g u l a t e  a t  a h i g h e r  value. 

The f low-l imit ing valve is designed t o  be a secondary tank 
p r e s s u r e  sens ing  element. It  s e n s e s  t h e  p r e s s u r e  upstream of 
a r e s t r i c t e r  p l a t e ,  and becomes t h e  r e g u l a t i o n  c o n t r o l  element 
when the  p re s su re  drop across t h e  r e s t r i c t o r  p l a t e  becomes 
abnormally high, The p r e s s u r e  a t  ah ich  t h e  f low- l imi te r  actuate8 
is predetermined and the  a s s o c i a t e d  high flow ra te  aould normally 
i n d i c a t e  a f a i l u r e  of some p a r t .  

17 
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XI. CONCEPT EVOLUTION (cont inued)  

. s. De6ign 0 

The s e l e c t e d  des ign  (F igures  13 & 14)  is, an 3kpmved ve r s ion  
of  design @ C t .  The f low- l imi t e r  3.; modified from t h e . % *  
des ign ,  i n t o  a double  s e a t i n g  valve.  It acts a8 p a r t  or th 
flow l i m i t i n g  syatem i n  one p e r i t i o n  and a8 8 b leed  shutoff 
valvo i n  t h e  o t h e r  pos i t i on .  
du r ing  t h e  atandby phame of  t h e  v e h i c l e  operatioas. Amtho 

-Change w a s  in a redes ign  o f  t h a  sequencing valve'& ' A  &e1 
valve  and a second va lve  (va lvo  @B9), bypassing f h e  6hut 
va lve ,  w a e  added; The first bypa~e v a l v e  I8 referrod to a 

Waive FA*. The redelsigned sequencing va lve  an& vatre *Br form 
a p r i o r i t y  systenr, which, w i t h  t h e  p r o p e r ' n o t e r i a g  v a l r o  .lot 
des ign ,  i n c o r p o r a t e s  on8 of the d e s i r a b l e  f e a t u r e 6  of  do.$@ 
*B*. That is, when i n l e t  p r e e s u r e  ir a p p l i e d  to t h e  regulatsr, 
t h e  shut -of f  va lve  is i n  t h e  closed pos i t i on .  The Ugh I n l e t  
p r e s s u r e  causes t h e  sequencing va lve  t o  move t o  t h e  hlgh Inlot 
p r e s s u r e  p o s i t i o n ,  which g e n e r a t e s  a f o r c o  on t h e  x o p m . a p r i n g ,  
r e s u l t i n g  i n  t h e  c o n t r o l l e r  r e g u l a t i n g  tank  p r e s s u r e  at a 1a-r 
p r e s c r i b e d  value.  With the  sequenclng valve In the hlgh ia1.t 
p r e s s u r e  p o s i t i o n ,  a lowering o f  tank  p r e s s u r e  Ope~mbpp8Se 
va lve  'B' by ven t ing  t h e  g a s  behind t h e  poppet. When by-pare 
va lve  opens, i n l e t  p r e s s u r e  is app l i ed  t o  one crlot. TBe 
a c t u a t o r  move8 t h e  meter ing va lve  p i s t o n  back and fo r th -  openin# 
and c l o s i n g  t h e  s l o t  t o  meet tank  p r e s s u r e  demands. When i n l e t  
p r e s s u r e  r eaches  2000 p s i ,  t h e  s e l e c t o r  spring fo rce6  t h e  
sequencing va lve  t o  t h e  low i n l e t  p r e s s u r e  pos i t i on .  The 
primary va lve  then  v e n t s  t h e  r e a r  s i d e  of  both valve *li' and *B8. 
The valve ' A '  poppet ,  when open, v e n t s  t he  main shu to f f .va lvo  
c a v i t y  and t h e  shut-off  valve opens applying i n l e t  p r e s s u r e  t o  
a l l  t h e  s l o t s .  The metering valve then opens and c l o s e s  t h o  

The lat ter 3s in o p e r a t b n  oalr 
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.( DESIGN CALCULATIONS : 

The fo l lowing  design c a l c u l a t i o n s  demonstrate t h a t  t h e  s e l e c t e d  
des ign  concept  is p r a c t i c a l .  

(l-) Shutoff  va lve  (Figure 151, valve  ' A '  (F igure  16)  and .pr imary  
valve.  (Figure 13): 

(a) Maximum d iame t ra l  c l ea rance  area around t h e  
s h u t o f f  (S/O) valve poppet: 

2 
A = v ( 1 . 3 5 0 0  - - 1.34602) = -1 

4 

.(b) Area behind t h e  S/O valve poppet: 

A = 1.34602 t 

( c )  Area s e l e c t e d  f o r  t h e  S/O va lve  seat: 

0 
A = - = l=i 

4 

( d )  F'rontal a r e a  of  t h e  S/O va lve  
i n l e t  p ressure :  

poppet  exposed t o  

( e )  Spring f o r c e  (S/O .valve c losed ) :  

1 F = in& - A U T  

( f )  P res su re  behind t h e  S/O valve poppet must drop to: 

before  the.S/O va lve  w i l l  open. 

Flow a c r o s s  diametral  clearance of  t h e  S/O valve:  (g) 

= I -146 #/sec1 -2095 ( - 6 )  .0085 (3015) w n  - 
q 4 6 0  

(See Para. 111-8 for d e s c r i p t i o n  of t h i s  equat ion) .  

22 
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111. DESIGN CALCULATIONS (continued) 

( 1 )  (h) Area.of  va lve  'A' s e a t  requi red :  

( i )  Area s e l e c t e d  f o r  va lve  'A' seat: - 
4 

( j )  Pressu re  behind t h e  S/O 

- P = e146 d460 
-2095 (.6)(,0935) 

open when va lve  ' A '  i 8  

(k) Maximum diamet ra l  

( 1 )  Area behind valve 
ri 

valve  w i l l  d rop  

= I 260 PSI] 

*O t 

c lea rance  area around va lva  'A ' :  

\ '  'A': 

4 

(m) Fron ta l  area of valve 'A '  exGosed t o  i n l e t  p re seu ra t  

A P - 0109 - +0935, P 1 .0155 inz I 
(n)  Spring force ,  valve 'A' closed:  

( 0 )  Pressu re  behind valve ' A '  must drop to: 

,109 P.+ 05 p .0155 (3000) 

~ T T z i - q  
befo re  va lve  ' A '  w i l l  open. 

23 
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Figure 15 
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Figure 16 
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111. DESIGN CALCULATIONS (continued) 

( 1 ) .  Flow acroes diametral clearance o f  valve 'A': 

Area o f  primary valve  s e a t  required: 

Area s e l e c t e d  for the  p r i m a r y ~ a l v e  aeatt . 

Force required to  hold the primary valve  c losed:  

A t  .009 (3000) =1=1 
Required l i f t  o f  the primary valve to  expose stat 
area of .OOQ in': 

26 



* 

GD/C- BJB 68 -008 

111. DESIGN CALCULATIONS (continued) 

(1) ( t )  (continued) 

Flow area is frustrum of cone 

A = Z L (Pb + Pt) 
. 2  

. -  
where 

2 A P area i n  

L = s lant  ht ,  In. 

Pb E perimeter of  base .C In, 

Pt P perimeter of top - In. 

L 

A = ' r f  - 
2 

Solving t h i s  

(u) Selected pre 

quadratic f o r  1 g i v e s  '/ P F] 
load o f  metering valve actuator spring: 

IF = lo#! 

( v )  Selected lever rat io  from metering valve actuator  
rod to  primary valve: 

(w)  Required motion o f  metering valve begore primary 
valve becomes e f f e c t i v e :  

-044 x 3 = 

27 



III. DESIGN CALCULATIONS (cont inued)  

(2)  Metering Valve (F igure  16 )  

( a )  Maximum r equ i r ed  flow area: 

where 
2 

A t Flow area a t  BECO In 

w o Flow rate a t  BECO ( f i g .  3 )  #/eec 

T = Temp. a t  BECO ( f ig .  2) OB 

P t I n l e t  p r e s s u r e  a t  BECO ( f ig .  2) PSI 

C = Valve c o e f f i c i e n t  (assumed t o  be 0.6) 

.2095 = Constant f o r  helium f o r  sonic  flow 

(b) Selec ted  d iameter  o f  meter ing  valve: 

dla = 1 z I  
Selec ted  s t r o k e  o f  meter ing  va lve t  (c) 

' Stroke P \3/4 in.[ 

(d) Usable s t r o k e  of meter ing  valve ( r e f .  111-2--1: 

( e )  Se lec ted  flow area: 

( f )  Required s l o t  sice (6  dot . ) :  

.925 = I .618 in. x .25 In.1 
7 

6 .  

(g) Required flow a r e a  be fo re  programming (from f i g .  418 

A =  -1 t 

28 
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111. DESIGN CALCULATIONS (continued) 

(2)  (h)  Se lec t ed  f l o w  area be fo re  programming: 

A t  1x1 

( 3 )  

(i) Required s l o t  s i z e  (one s l o t ) :  

,618 i n .  x .081 in. 

Metering valve a c t u a t o r  (Figure 17) 

( a )  Se lec t ed  bellows c a t a l o g  da ta :  

Mfg. - Standard Thompson C a t  #3045 CRES 

OD = 2.25 in, . .  

ID = 1.475 fP. 

Max. Pressu re  = 90 PSI 

Rate P 211 w i n .  per convolu t ion  

Area = 2,67 i n  2 

Free l e n g t h  p e r  convolu t ion  = .190 in. 

Max. t r a v e l  p e r  convolu t ion  = ,084 Ln. 

Max. number of convolu t ions  = 17 

Wall th i ckness  = .0065 in. 

(b) Bellows f r e e  length: 

17 (.1!30) =-I ' 

( c )  ' Bel lo ro  .Rete: 

211 t 112.4 #/in. 1 - 
17 

(d)  Max. e t r o k t :  

17 (.184) I [1.451 
( e )  P a r t  o f  max. s t r o k e  used: 

- 
1.43 
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Figure 17 
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111. DESIGS CALCULATIONS (cont inued)  

(3) ( I )  Se lec t ed  max. pressure d i f f e r e n t i a l :  

(g) Part of max. pres su re  used: 

98 

(h)  Bellows life: 

From Convair Design Manual Sec t ion  V Fig. 5-5 for 
c o n d i t i o n s  e s t a b l i s h e d  by ( e )  and (e)  above, 

I L i f e  = 200,000 cyc le s  I 
( i )  S e l e c t e d  s p r i n g  preload: 

F 

(j ) S e l e c t e d  bel lows pre loadr  

F =lo#l. 
Required maximum s p r i n g  and bel lows load: 

F P 15 ( 2 . 6 7 )  = 

(k) 

(1) Required m a x i m u m  s p r i n g  load: 

F = 40 - .75 (12.4) = 1-J 
(m) Rate of spring: 

R = 30.7 - 10.0 1-1 .75 

(n) Combined rate: 

R 3: 27.6 + 12.4 = 140#/in.l 
( 0 )  Spr ing  design data:  

Load @ 60,000 PSI Stress = 30.7# 

Inad 62 90,000 PSI stress t 46.03 ( s o l i d  h e i g h t )  

Max. OD P 1-3/8 in. ( t o  f i t  i n s i d e  be l loEs )  

Rate = 27.6 #/in. 
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111. DESIGN CALCL'LATIONS (cont inued)  

(3) ( 0 )  (continued) 

Mean dia. = 1.25 in .  approx. 

Wire dia .  m ,117 in. 
Active c o i l 8  I b 

.Total c o i l 8  = 7 

? 

Free length  = 7 (.117) + 46 = 1-1 
Working length.: 

- 
. 27.6 

4 

Hetering valve c losed  = 2.49 - 10 =-I 
Metering va lve  open 

27.6 

I 2.49 - 30.7 PI-] - 
27.6 

(4) Actuator  O r i f i c e  and Sensing C o n t r o l l e r  (Figure 18) 

( a )  Design accuracy 0- 1-1 - 
(b) Design Response rate: 

Metering valve t o  move from f u l l  c loeed  t o  f u l l  
open i n  1.0 second wi th  a 8 t e p  change o f  1.0 PSI. 

0 

( c )  Required gas volume t o  be removed i n t e r n a l l y  f r p r  
a c t u a t o r  bellows t o  move meter ing  va lve  from f u l l  
Closed t o  f u l l  open: 

(1 )  Bellow8 volume t 2.67 x 3.23 = 8.'6 in 

(2)  Sub t rac t ion  volume8t 

3 

3 
a. l-l/8 in .  d ia .  x 1-5/16 in.  long = 1.3 i n  

3 . b. 1-3/8 in.  d ia .  x l-l/8 in .  long = 1.7 in 

C .  3/8 in.  d ia .  x 7 / 8  in. long = .1 in 3 . 

d. ,117 in. dia .  x 7 ( w )  1.23 long I .3 in3 -- 
3.4 in3 

.32 
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111. DESIGN CALCULATIONS (cont inued)  

(4)  ( c )  
3 (3) I n i t i a l  i n t e r n a l  volume = 8.6 - 3.4 P 5.2 i n  

3 (4 )  S t roke  volume = 2.67 ( -75)  = 2.0 in 

( 5 )  F i n a l  i n t e r n a l  volume P 3.2 i n  3 

( 6 )  I n i t i a l  p r e s s u r e  = 30.7 PSI 

(7)  F i n a l  p r e s s u r e  = 30.7 - 15.0 P 15.'7 PSI 

(Ref. 1 x 1  - 3 - ( f )  

( 8 )  Volume t o  be removed i n  one eecondr 

Se lec ted  a c t u a t o r  o r i f i c e  area? 

Required flow ra te  t o  atmosphere through t h e  oenaiag 
s e c t i o n  I 

(1) Due t o  removal o f  gas from a c t u a t o r  bellowo t o  
meet des ign  responoe 

w I PV = 144 (30.7) 2 = .000015 #/see 

w I pv P 144 (15) 3.2 D .000011 #/see 

386 (910) 1728 a -  m 

RT 386 (910) 1728 

w + Wb P .000026 #/set 
Due t o  flow e n t e r i n g  through t h e . a c t u a t o r  o r i f i c e !  

a 
(2 )  

w P .2095 (.6)(.00174) 30.7 t .000222 #/8ec 

Jim- 
+ 

To t a l  I a .OW248 # / S t C 1  

b . 

34 
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111.. DESIGN CALCULATIONS (continued) 

(4) ( I )  Required area .of. eensing valve: 

A moo0248 = I .0038 id2 1 
(g) Selected sensing valve configuration: 

Seat d ia .  = Fin.] 
Poppet angle = 

(h) Required lift.of sensing poppet to  expose area o f  
.0038 io2: 

\ 

FIOW area is frustrum o i  cone L = COS 67.5 

= 0383 

A r - 1 ( - 3 8 3 1 )  WE250 - 2 ( . 3 8 3 f )  -9253 = .0038 
2 

Solving t h i s  quadratic for] g i v e s  

35 
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111. DESIGN CALCULATIOKS (continued) 

Selected sensing bellows catalog data: 

Mfg - Standard Thompson C a t  #3036 CRES 

OD o 1.563 in.  

I D  t 1.0 i n .  

Max. Pressure = 70 PSI 

Rate = 275 #/in. per convolution 
2 Area = 1.264-IN 

Free length per  convolution = ,138 in, 

Elax. travel per  convolution P .046 in. 

Max. number of convolutions = 16 (use 12)  

Wall thickness  = -0055 in.  

B e l l o w 6  free length: 

12 (al.38) 6 

Bellows rate: 

- 275 P 1-1 
12 

Selected force  of program spring a t  30.7 PSI: 

F = p G - 1  
Requiredm force @ 23.2 PSI: 

F = 1.0 + (30.7 - 23.2) 1.264 I 1 lO.S#l 
Selected stroke of  program spr ing  

s I 1.5 in.] 

Rate of program epringt 

10.5 - 1.0 
50 

= ( 1 9  #/in.[ 

8 

. I  
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111. DESIGN CALCULATIONS (continued) 

(4)  (p) Program spring design data: 

h a d  @ 60,000 PSI stress = 10.5# 

Load Q 90,OOO PSI stress L: 1!5.5# ( s o l i d  he ight)  

Rate = le.#/in. 

Mean dla. I 1.0 in. 

Wire dia. = .076-m. 

Active coils 1 2 . 6  

Total C o i l 8  rn 4.5 

F'roe length  I 4.5 (.076) + 15.5 

Working lengthor 

= 13.16 in.1 - 
19 

8 23.2 PSI; W.L. E 1.16 - 10.5 ='-I 
@ 30.7 PSI; W.L. x ,61 + 0 5 0  = 

Required, force  of sensing spring: 

F = 23.2 (1.264) + 1Q.5 P 139.8ffl 

- 
19. 

(9)  

(r) Sensing. epring design data: - .  

Load €4 60,OOO PSI stress = 39.8# 

b a d  @ 74,000 PSI. stress I 49.0# (solid .height) 

OD o .875 max ( t o  Itit i n s i d e  bel lows)  

Mean dia.  P .77 in .  approx. 

Wire dia .  = .lo8 in. 

a t e  I 39.0#/in0 

Active C O i l 8 . ~  11 

Total coi l8  13 

Free length = 13 ( -108)  + 49 5: 12.671 - 
39 
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111. 

G D/C - B JB 65-OO8 

DESIGN CALCULATIONS . (cont inued)  

(4 )  ( r )  continued 
Forking l eng th  P 2.67 = 39.8 = - 

39 

( 8 )  T o t a l  rate of oeneing c o n t r o l l e r :  

Sensing bellow. 23.0 

Program s p r i n g  19.0 

Sensing spring 39.0 

( t  Accuracy: 

Rate of sensing c o n t r o l l e r  X sens ing  poppet s t r o k e  
f o r  f u l l  r e n u l a t o r  flow L 

Sensing Bellow6 Area 

t 81 x .013 = I=]' . 
1.264 

Note:  Regulator s t a b i l i t y  and accuracy are 
d i r e c t l y  r e l a t e d .  Some development 
t e s t i n g  may be r e q u i r e d  t o  a r r i v e  a t  
t h e  b e s t  compromise. 

( 5 )  Sequencing Valve and Spring 

The sequencing va lve  a c t u a t e s  because o f  a d i f f e r e n t i a l  
a r e a  between t h e  guide and s e a t  i n  accordance wi th  t h e  
fol lowing r e l a t i o n e :  .( 

(1)  3000 A P PI + F2 
e 

(2) 2000 A E PI + F2 
8 

where 

2 

2 

A =.area of guide in 

I area of seat in 
e 

A. 
= sequencing a p r i n g  f o r c e  # F1 

Fa = Program sprij lg f o r c e  lO.S# 

38 
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111. DESIGN CALCULATIONS (continued) 

(d)  

Selected guide area: 

Required seat area: 
I A b  

3000 A = 1.01845 i n z /  
2ooo .g As = 

(d I .153 in.) 

Required force o f  sequencing spring8 

From (1) Fl o 3000 t.0123) - 10.5 -1 
Required rate of sequencing spring: 

2000 A = F1 + Fz - (R1 + R2) 8 
8 

whtro 

R1 P rate o f  sequencing spring #/in. 

% = rate of program spring = 19 #/in. 

S = Stroke of  sequencing valve = -50 in .  (Ref. I11 - 4 - m) 
2000 (.0123) D 26.4 + 10.5 - (R1 + 19) .!50 

=wJ R1 
Sequencing spring design data: 

Load 8 60,000 PSI stress = 26.4 # 
b a d  6 80,000 PSI stress = 34 # t o l i d h e i g h t )  

Mean d ia .  a 2.16 in.  
Wire d ig .  P .134 in.  
Rate = 5 . 6  #/in. 
Active c o i l 6  = 8 

Total co i l s  - 10 

Free length = 10 (.134) + - 34 =: 17.42 in.] 
5.6 
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111. DESIGN CALCULATIONS (cont inued)  

( 5 )  ( e )  cont inued 
Working l eag tha r  

' 8 3000 PSI i n l e t  7.42 - 26.4 =-] - 
3. 6 

0 2000 PSI i n l e t  2.72 + .SO = 13.221 
( 6 )  Flow Limiter:  (Figure 19 )  

(a) Selec ted  flow l i m i t :  

(b) Selec ted  p r e s s u r e  drop a c r o s s  r e s t r i c t o r  plate: 

AP .I 120 PSI] 

Selec ted  s t r o k e  of flow l i m i t i n g  valve:  ( c )  

pF-1 
(d)  Se lec ted  p r e s s u r e  range for f u l l  stroket 

15 t o  50.7 PSIQ 

( e )  Se lec ted  f low- l imi t ing  bel lows c a t a l o g  da ta :  

Mfg - Standard Thompson Catalog #3017 

Maximum Pressure  = 300 PSI 

Rate = 875 #/in per  convolu t ion  
. 

Area = -282 in 2 

Free l eng th  p e r  convolu t ion  = -058" 

Maximum t r a v e l  p e r  convolu t ion  t .011" 

Maximum number of convolut iono = 30 

Wall t h i c k n e s s  .0045' 



! 

Figure 19 
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G D/C-BJBG 5-008 

111, D E I G N  CAWULATIONS (cont inued)  

(6) ( f )  Bellows f r e e  length:  

30 ( .058) t 1-1 
(g) Bellow8 rate: 

- 875 P -#/in] 
30 

(h)  Maximum etroke: 

( i )  P a r t  of maximum s t r o k e  used: 

. 125 - =i3ggcl 33 

( j )  Se lec t ed  maximum p r e s s u r e  d i f f e r e n t i a l :  

AP = I50.7 PSIGl 

P a r t  o f  maximum p r e s s u r e  usedr 

50.7 

(k )  

300 
(1) Bellows l i f o :  

From Convair Design Manualc 
Section V Fig 5-5 f o r  condi t ion@ e s t a b l i s h e d  
by (i) and (k) above. 

life = 1 i n  excess  o f  ~ , O O O , O O O  cycles1 

( 0 )  Se lec t ed  bellows preload:  

F - l O # l  

(n) Required s p r i n g  .preload8 

15 (.282) I ’ 

( 0 )  Required maximum spring & bel lows load: 

(p)  Maximum bel lows load:  

29.2 (.125) = -1 

0 

. .  
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GD/C-BJB65-008 . 

0 111. DESIGN CALCULATIONS (continued) 

(6) (q) Required maximum spring Load: 

14.3 - 3.6 = 1-1 
(r) Rate of spring: 

10.7 - 4.2 = 152 #/in1 . 125 

( s )  Spring design data: 

Load @ 60,000 p s i  6treSEi = 10.7# 

Load @ 90,000 p s i  stress o 16.0# ( s o l i d  he ight )  

Max OD = -42" (to f i t  ins ide  bel lows)  

Rate P 52 #/in 

Mean d i a  = .35p approx. 

Wire d i a  = -05411 

Active coils = 5.5 

Total coils = 7.5 

Free length = 7.5 (.054) + - 16 
52 

= I . 7 2 ~ 1  

Vorking leogtho: - 
Flow l i m i t i n g  .64 - A 2  = 

Required flow area of r e s t r i c t o r  p la te :  (t) 

where; 

A = area - in  

rPn flow = #/sec 

2 

3 e = densi ty  - #/ft (at  upstream condit ion)  

43 
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111. DESIGN CALCULATIONS (cont inued)  

2 (6) ( t )  (cont inued)  
A P ~1 Pressure  drop - #/in 
Y P Expansion f a c t o r  = .92 

C P O r i f i c e  c o e f f i c i e n t  = .68 

.67 x Unite  conversion o & 
. 144 

Pressure r a t i o  for determina t ion  o f  Cs 

Ambient p r e s s u r e  a t  20 s e c  t 13 PSIA 

Ambient p r e s s u r e  a t  47 8ec t 9 PSIA 

Average ambient p r e s s u r e  dur ing  p r e s s u r e  
recovery from 23.2 t o  30.7 = 11 PSIA 

P (downstream) = 30.7 +. 11 =. .67 
P (upstream) 50.7 + 11 

Upstream density: 

Q =  P 
RT 
- 144 (30.7 + 20 + 11. 

386 (910) 
00253 

Number of 1/4" d i a  h o l e s  r equ i r ed  i n  r e s t r i c t o r  plate:  

1.54 I 

tr(.25)* 
4 

- 

(u) Required s t r o k e  for non- in te r fe rence  w i t h  s ens ing  valve: 

hximum sens ing  t a l v e  a r e a  = -0038 in 2 ( r e f .  Para.  XI1.4.f) 

Diameter o f  f low- l imi t ing  va lve  I .37bw 

.. 44 



111. .DESIGN (ALCULATIONS (continued) 

(6)  (u) (cont inued)  
Assume ( 1 )  Flow is t h r u  a c y l i n d r i c a l  s e c t i o n  o f  -375" dia. 

(2) Area w i l l  not i n t e r f e r e  i f  i t  is double t h a t  of 
. sens ing  valve. 

(VI I n t e r f e r e n c e  zone p r e s s u r e  range: 

(50.7 - 15) - .0065 o 11.851. 
125 

(a) Maximum flow l i m i t :  

Maximum flow l i m i t  o ccu r s  a t  start because of lower 
temperature and h i g h e r  ambient p re s su re .  

where s u b s c r i p t  1 r e f e r s  t o  i n i t i a l  cond i t ione  and 
6UbSCript 2 refers t o  average p r e s s u r e  recovery  
cond i t ions .  

Kl E ' e 4 6  d m  
Flow l i m i t  under s p e c i f i c a t i o n  cond i t ions t  

= -1 
(x) 

Condition: .75 #/see maximum Q 150.F 

45 
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111. BESIGN CALCULATIONS (cont inued)  0 
( 7 )  Reference Pressure  Calculation.: 

Figure 9 of Ref. 6 ,  d i s p l a y s  p re s su re  c o e f f i c i e n t  d a t a  a8 
f01 l o r 8  t 

and 

whero 

A Cp = Heat shielc 

, ’. . 
. I  

d i f f  p r e s s u r e  coef f  (dimensionleeo) 

C E Base p res su re  coef f  (dimensionleee) 
pB . .  

= Atlas  engine compartment p r e s s u r e  (PSI) 
pC 

PB 
pOr = Free stream s t a t i c  p r e s s u r e  (PSI) 

= Base p res su re  (downstream of  h e a t  s h i e l d )  (PSI) 

q d  = Free stream dynamic p r e s s u r e  (PSI) 

An a l g e b r a i c  a d d i t i o n  of t h e s e  two c o e f f i c i e n t s  y i e l d 8  t h e  
engine compartment c o e f f i c i e n t :  

c I P€ - p- 
pC q w  

From Ref. 8 ,  t h e  i n t e r s t a g e  adap to r  p r e s s u r e  c o e f f i c i e n t  
is obtained: 

= I n t e r s t a g e  adap te r  compartment p re s su re  (PSI)  

D Pressure c o e f f i c i e n t ,  i n t e r s t a g e  a d a p t e r  (dimensionlese)  

= Pressure  c o e f f i c i e n t ,  engine compartment (dimensionless)  

cp* 

I . ’ .  

46 



I 

111. DXSIGS CXLCULATIOKS (cont inued)  

( 7 )  cont inued 
Sub t rac t ing  t h e s e  two and mul t ip ly ing  by q 00 (Ref. 7 )  gives 
the d i f f e r e n c e  in r e f e r e n c e  p r e s s u r e s  as follows: 

This  d a t a  is  d isp layed  in Fig. 5 and 6. 

Also, mu l t ip ly ing  Cp and C by q w  gives t h e  value of t h e  
C 

r e f e r e n c e  p res su re  with r e s p e c t  t o  the  f ree  stream etat ic  
p r e s s u r e  P a :  

Th i s  d a t a  is displayed in f i g u r e  7 and 8. 

c a l c u l a t e d  using t h e  s o n i c  flow formula f o r  helium as fo l lona :  

w = .2095 C A P 

where 

A t flow area 

I D flow r a t e  

2 ( o r i f  i c e  area)fin 

- #/see 

T t I n l e t  temp. of helium .- O R  

P o I n l e t  p r e s s u r e  of helium = PSIA 
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111. DESIGN CALCULA.TION$ (cont inued)  

(8) cont inued 

C = flow c o e f f i c i e n t  (assumed t o  be 0.6) 

-2095 = Constant for helium f o r  son ic  flow. 

The i n l e t  temperature (T) and p r e s s u r e  (P) were taken from 
Figure 2. 

The helium flow ra te  t o  t h e  t ank  from t h i s  c a l c u l a t i o n  i a  
compared wi th  t h e  flow rate f o r  missi le  5 5 D  f l i g h t  (Ref. 4).  

4 

The d i f f e r e n c e  is used t o  e s t a b l i s h  t ank  p res su res  

A P  P A W  RT 
144 V 
- 

where 

A P  = p r e s s u r e  d i f f e r e n c e  a t  t ime t ( o r i f i c e  VS. miss i le  55D)PSI 

P w t weight d i f f e r e n c e  a t  time t ( o r i f i c e  vs. m i s s i l e  55D)#/sec 

R = gas  cons tan t  f o r  helium = 386 BW/#/.R '.. 
T = temperature o f  u l l a g e  volume (from 55D d a t a ,  Ref.4, 

Y = u l l a g e  volume t 43 f t 3  +.15 f t  /sec x t ' 

Fig. 4)  = 4308R c o n s t a n t  

3 

(43 f t 3  i n i t i a l  u l l a g e  volume) 

This pres su re  d i f f e r e n c e  is a p p l i e d  t o  miesile 55D d a t a  to  
o b t a i n  tank  prerrsure h i s t o r y  f o r  a f i x e d  o r i f i c e  supply. 

, 
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DES1 GN CALCULATIONS (con t iaue d 

(B) Analys is  of a Direct Acting Regulator:  The fo l lowing  a n a l y s i s  
w a s  accomplished t o  determine t h e  f e a s i b i l i t y  of t h e  d e s i g n  
concept of des igns  #A and #B. 

A d i r e c t  a c t i n g  r e g u l a t o r  u s e s  t h e  ou tpu t  e r r o r  signal.  t o  power 
t h e  p r e s s u r e  c o n t r o l  va lve  wi thout  ampl i fy ing  t h e  e r r o r  s i g n a l .  
Tank p r e s s u r e  works a g a i n s t  a r e f e r e n c e  s p r i n g  t o  open o r  c l o s e  
t h e  meter ing  va lve  p i s ton  t o  provide t h e  r e q u i r e d  flow. 

Required s t r o k e  of meter ing  va lve  P 3/4 in. 

Required r e g u l a t i o n  accuracy = 1.0 p s i  
(tiax. e r r o r  s i g n a l )  

Avai lab le  Force = allowable p r e s s u r e  change (1.0 PSI) t imes  
t h e  area over which i t  a c t s  (A) 

Spr ing  Hate = Force = ( 1 )  ( A )  t 2 A 
Stroke 3/4 3 

I n i t i a l  d e f l e c t i o n  r e q u i r e d  ( f o r  a p r e s s u r e  of 30 PSI) 

P Force = fOA = 22.5 i n  - 
Kate 413 A 

This  is not  a p r a c t i c a l  des ign  because t h e  i n i t i a l  d e f l e c t i o n  
is independent of the  a r e a .  I n c r e a s i n g  s p r i n g  ra te  t o  reduce 
i n i t i a l  d e f l e c t i o n  t o  a p r a c t i c a l  l i m i t  of 1 in . ,  would r e q u i r e  
a l e v e r  r a t i o  of 22.5 t o  1 f o r  a 3/4 i n .  s t r o k e  of t h e  metering 
valve.  A l a r g e  bellows wi th  an  e f f e c t i v e  a r e a  f o r  example of 
112.5 i n 2  (0.D. g r e a t e r  than  1 f o o t )  would provide a marginal 
o p e r a t i n g  f o r c e  o f  

F = (1) 112.5 t 5# a t  beginning of stroke 
22.5 

The above a n a l y s i s  demonstrates t h a t  a d i r e c t  a c t i n g  metering 
p i s t o n  type  r e g u l a t o r  is imprac t i ca l .  
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4 .  GENERAL DYNAMICf 
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DESIGN REVIEW BEPOW 

PURPOSE x 

In compliance wi th  t h e  8.0. and Diviolon Pol icy ,  t h i s  Derign Review waa 
held. The ob jec t ive  of t h e  Review war t o  eva luc te  t h e  t e a h n i a a l  Ode- 
quaoy and accaraay  of t h e  prel iminary deolgn. The f u r t h e r  ob jeo t ivo  war , 

fo.deaandrnh +e t h e  O o r C o r r r  $him %oehaior l  ad,qure) &a Well 96 
Cantnir’r oomplionce t o  tho  teohnlor l  roqulremcntn of t h e  eon t r aa t .  

S I  . .* 

. ” , 
1 

PIUSENTATION: 

Llessrr. Gray and Howard of P n e u m t i a a  Deeign gave t h e  main presenta t ion .  
The p r e s e n t a t i o n  eummarlseb t h e  ma te r i a l  found in t h e  p r e e e n t s t i o n  
handout whdah l r  a o l g n i f i c a n t  po r t ion  of t h e  F i n a l  Roport (GDIC-BJB65- ,, 
008)  (A copy of t h i r  handout is on f i l e  wi th  t h e  mas ter  of t h l a  Deaign 
Review Report)  . F l i p  cha r t a  i l l u o t r a t i n g  preosure  requlrementr ,  derlgn 
parameter., and flow r a t e  ‘IO. t ime w e r e  aoed. There a m  Flguro ‘1, 8 & 3 . 
of GD/C-BJB66-008 raspeotivel$. , 

Four r e g u l a t o r  conceptr wera dercr ibed ,  of which “Derign D9 war proforrod. 

, 

Plgure 1 i r  %he F l i p  Chart ured t o  i l l a r t r a t e  t h i r  aon rep t r  . .  
I *  

... 

DISCUSSION HIGHLIGHTS: 

1. Because of t h e  requirement t o  a r o i d  th readed  partr, t h e  f i n e  a d j a r t -  
xaent and c a l i b r a t i o n  of rprings and bel lows w i l l  be accompliehed 
with shims. 
s e a t i o n ,  a o n t r o l l e r  r ec t ion ,  n e t e r i n g  r e o f i o n )  aan alro, be r o t  
s epa rk te ly  before  armembly and f l - l  r e t t i n g .  

Each of t h e  major po r t ions  of .  t h e  regulator (8hub off  

Regulators  a r e  c u r r e n t l y  rap laced  am aomplete u n i t e  and if i8 10 
reaomnended f o r  t h i r  proporel.  

. <  

No p s r f l c u l r r  t r o u b l e  ita orpeoted  i n  t h e  ad jus tment  and c a l i b r a t i o n  
O f  t h e  U p l i t .  

P. The a o n t r o l l e r  reof ion  of t h e  r e g u l a t o r  r e n t r  t o  a tnorpbere .  
war t o  dump Into  t b e  b o i l  o f f  va lve  (BOV) exhauat  l i n e .  
deolsion t o  real off  t h i s  l i n e  a t  lift of f  with t h e  a i r b o r n e  h a l f  of 
t h e  BOV a n b i l l a r l  d l rconnec t  (See Derign brier Beport 690-2-3245-98), 
another  b l e e d  off  oontsepf murf be arranged.  
faaed  by t h e  FLOX Belief Valve (800 Derign Bevlow Beport  896-2-3245- 
97) and, as w i t h  tho Rolief valvo, t h e  problem rill be h e l d  open for 
f u t n r o  r e r o l u t i o n  sine0 it door not  a f f e o t  t h o . D e r l g n  progrbm for 
t h o  r e g u l a t o r  (Dirootion #I). 

Tho r e n t  
With the 

The r a m  problem i r  
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DISCUSSION HIGHLIGHTS t (Cont inaed) 

3s Ur. Howard dercr ibed t h e  regulafor r  func t ion  i n  two rayr. 
deroribed the  separa te  por t ion8  of t h e  r egu la to r  and w h a t  t h e y  did. 
He t hen  derar ibcd how t h o  r egu la to r  func t i en r  i n  t h o  potfarming it. 
r o g ~ l a t l o a  task. 

F i r a t ,  ha 

To onhanco f u r t h e r  anderr tanding Convair rill inalude in t h e  Pi-1 a f - . #  

Report an opera t iona l  matrix t h a t  rill denonr t ra to  t h e  reparato 
funcfioningr  of t h e  r e g u l a t o r  a8 it f u l l f i l l m  i t r  mission of regulatirrq 
FLOX tank pror iare .  

4. In add i t ion  t o  t h e  above, Conrrir pointed ou t  t h a t  the  following conri- 
dera t ion r  hare been incorporated i n t o  the  der ign oonaopt. 

1. 

2. 

- 3. 

40  

6. 

6. 

?b 

8. 

P a  

10. 

The m a t e r i a l s  s e l eo ted  f o r  t h e  r e g u l a t o r  are oompatible 
with a f l u i d  medium of l i q a i d  oxygen and f l a o r i n o  oombinod . 
in any mixture r a t i o t  

On17 m e t r l l i o  real., gaskets  and .0" r ing8  are employed 
f o r  reparable  o lo ru re r  exposed t o  PMX. 

Carbon and rubber mater ia l8  a r e  not used i n  t h e  derign. 

Tho der ign a i n i a i r e r  ex te rna l  and i n t e r n a l  leakago. 

* 

Eaeo of a leaning,  parging, i n rpea t ion  and contamination 
con t ro l  i r  a prim0 oonr idera t ion  i n  t h i o  derign. 

The derign ie  i n  oonfowanco with tho Atlar /Ceataat  r y r t o r  
and 8% i a  sjCentaur enrirenmenta i r p e o i i  i c a i i e n r  (G~$c iiepori 
No. 89-00202, Amendment B, dated h n U 8 q  21, row). 
NO l ub r i can t8  a m  U8.d. 

No aadnium p l a t i n g  i r  urod i n  tho der ign of any part of t h o  
regulator .  

BeguPator derign i r  oonridered t o  be a8 #implo 8 8  porriblo, 
and r t i l l  perform t h e  neoorrsry funot ionr .  
a m  hold t o  a mininuma 

Threadod p r t a  

Lor r o i g h t  war a @do l lno .  
4 - 
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DI SCuS,S I OH HI GlILZGHTS : (Co rat inclod) 

81, Tha r @ g u l & t ~ P  i a  deuigne& t o  rtep program the  regulated 
preeeure band f r o m  one preeaure level  t o  8 predetermined 
higbez preeoure l e v a l .  Bemote oontrol of t h i i  a a t i o a  v a i  
oenaidered, but W Q I  ahelred is favor o f  a aimpler, more 
re l iob lo ,  oendept. This  eoncept u t i l i r s r  the repeatablo 
d o a q  i n  i n l e t  preosnro t o  i n i t l r t o  tho ahange in regulated 
prosrttre. 

- i  
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ABSTRACT 

T h i s  document d e s c r i b e s  t h e  performance. s p e c i f i c a t i o n s  f o r  a veh ic l e -  
borne F L O X - A t l a s  o x i d i z e r  tank  p r e s s u r e  r e g u l a t o r  t o  be l o c a t e d  on top  
of the  Atlas o x i d i z e r  tank within t h e  Atlas/Centaur c l e a r a n c e  envelope, 
The r e g u l a t o r  s h a l l  r e g u l a t e  the f low o f  helium i n t o  an i n c r e a s i n g  tank 
u l l a t e  t o  main ta in  t h e  p r e s s u r e - e p e c i f i e d  in t h e  des ign  requirement. 
from i n i t i a t i o n  of  vehicle-borne pneumatic c o n t r o l  ( i n t e r n a l  pneumatics) 
t o  b o o s t e r  engine cut-off (BECO). 
a t  BECO. 

The helium supply  sou rce  is j e t t i s o n e d  

1 ,  

' I  
! 

I 

. 

1 

, 
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PERF0 RVAKCE SPECIFIC AT ION 
OXIDIZER TAXK HELIUM PRESSURE REGULATOR 

FOR A FLOS-ATLAS VEHICLE 

1.0 

1.1 

1.2 

0-75002 Cleaning Procedures  - Liquid  
Oxygen System Component8 

INTRODUCTION 

Scope 

T h i s  document s p e c i f i e ~  t h e  deeign c r i t e r i a  for t h e  F W X  
o x i d i z e r  tank p r e s s u r e  r e g u l a t o r  and e s t a b l i s h e s  t h e  b a s i c  
c a p a b i l i t y  of t h e  component t o  perform t h e  necessary  func t ions .  
I t  s h a l l  serve as t h e  i n t e r n a l  c o n t r o l  f o r  des ign  in o r d e r  
t o  m a i n t a i n  c o m g a t i b i l i t y  w i th  requi rements  of t h e  pneumatic 
system. 

Applicable Documents - 
In a d d i t i o n  t o  t h e  requi rements  s t a t e d  h e r e i n ,  t h e  r e g u l a t o r  
s h a l l  a l s o  be designed t o  conform t o  t h e  g e n e r a l  requirement8 
s p e c i f i e d  i n  the documents l i s t e d  b e l o r r  

A. M i l i t a r y  S p e d  f i c a  t i o n s  

M i  1- E- 5272A Environmental Tes t ing ,  
16 September 1952 .Aeronau t i ca l  and Associated 

Equipment 

Prop e l  P a n t  -Ni t rogen  Mil-P-27401B 
1 9  September 1962 P r e s s u r i z i n g  

U,S. Bureau of Mines Helium Gas 
Grade- A 

Br P u b l i c a t i o n s  

A i r  Force-Navy-Aeronautical B u l l e t i n s  

143d S p e c i f i c a t i o n s  and Standards ,  
19 Auguet 1954 Use of 

Contrac tor  

. 0-75019 Packaging of Missile System 
Componen ta 

2 

8 



.. 

I 

I 

1 .- 

0 

Attachment #2 
Page S of 15 

0 1.0 INTRODUCTION (con t i n u t d l  

1.2 B. (cont inued)  

- 

Fu)x-00909 
18 March 1965 

7-002098 
1 March 1958 

Coat ing Po ly te t r a f luo roe thy lene  
Primer and Clear F i n i s h  
Appl ica t ion  of 

Environmental Design Condit ione 
and Environmental T e s t  
Procedures  f o r  W'S-107A-1 
Equipmente, S p e c i f i c a t i o n  for 

.69-00202B Environmental Design and Tes t  
21 January 1964 C r i t e r i a  S p e c i f i c a t i o n  for 

Space Launch Vehic les  
Vehicleborne and Aerospace 
Ground Equipment 

- 2.0  REQUIREVENTS 

2.1 Design Requirements - General 

2.1.1 Materials - Materials i n  c o n t a c t  w i th  FLOX vapor or 
l i q u i d  s h a l l  be compatible  with l i q u i d  or gaseous 
oxygen and l i q u i d  and gaseous f l u o r i n e  i n  any mixture 
ratio. 

2.1.1.1 Metals - Only m e t a l l i c  bel lows or diaphraam 
and m e t a l l i c  s t a t i c  seals s h a l l  be spec i f i ed .  

2.1.1.2 Lubr ica t ion  - The r e g u l a t o r  s h a l l  be designed 
. t o  funct ion proper ly  wi thout  l u b r i c a t i o n  of  

an3 parts. and/or assembly, 

2.1.1.3 Screw b r e a d s  - Threaded d e t a i l  p a r t s  s h a l l  
be Epecif ied only  as r equ i r ed  t o  s u b s t a n t i a l l y  
s impl i fy  t h e  design. 

2,1.1.4 Decontamination Requirements - Prime conside- 
r a t i o n  i n  d e s i p  s h a l l  be given t o  provid ing  
f o r  ease of c leaning ,  purging,  i n spec t ion ,  
and contamination con t ro l .  

3 
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2.0 REQU I REN EWS ( con t inued 

2.1 2.1.1 2.1.1.5 

2.1.1.6 

2.1.1.7 

2.1.1.8 

2.1.1.9 

Environmental Requirements - The des ign  s h a l l  
conform t o  environmental requi rements  per 
GD/C Report 69-00202B, 21 January  1964. 

J o i n i n g  - The des ign  s h a l l  p rov ide  for welding 
i n  p r e f e r e n c e  t o  b raz ing ,  however, b raz ing  i 8  
n o t  p roh ib i t ed .  

FLOX Entrapment - Prime c o n s i d e r a t i o n  &all  
be g iven  t o  minimizing FLOX entrapment wi th in  
t h e  r e g u l a t o r ,  for per sonne l  s a f e t y  purpose. 
du r ing  disassembly, a f t e r  being exposed t o  a 
f l u o r i n e  environment. 

Pas s iva t ion  - Prime c o n s i d e r a t i o n  s h a l l  be 
g iven  t o  provide  f o r  ease of p a s s i v a t i o n ,  
by a l lowing  flow t o  a l l  c a v i t i e s  which requiro 
expo mre. 

L imi t a t ions  - The fo l lowing  materials s h a l l  
n o t  be used i n  t h e  design: . 

0 a. Carbon and rubber. 
b. Cadmium p l a t i n g .  
C. Titanium. 

2.1.2 E l e c t r i c a l  Requirement. 

2.1.2.1 

2.1.2.2 

' 2.1.2.3 

2.1.2.4 

2.1.2.5 

.- Voltage - Minimum v o l t a g e  requirement .hall bo 
24 Volt6 (x). 

E l e c t r i c a l  Bonding - E l e c t r i c a l '  bonding shall 
be provided i n  accordance wi th  s p e c i f i c a t i o n  

. 
- 

MIL-B-5087. 

Receptac les  and Ex te rna l  Connections - Receptacle. 
s h a l l  be i n  accordance w i t h  s p e c i f i c a t i o n  
MIL-C-5015, except t h a t  c o n t a c t s  s h a l l  be gold 
p l a t e d  t o  a minimum t h i c k n e s s  o f  .0001 iachc8. 

D i e l e c t r i c  S t r e n g t h  - E l e c t r i c a l  component. 
s h a l l  be capable  of wi ths t and ing  100 volt., ma,  . 
60 c y c l e s ,  between each l e a d  and a l l  o t h e r  
l e a d s  when grounded t o  t h e  case and are mot 
i n t e r n a l l y  connected t o  t h e  t e s t  lead. 

I n s u l a t i o n  Res i s t ance  - The i n s u l a t i o n  r G 8 i 8 -  
t ance  s h a l l  be n o t  less  t h a n  200 megohms when 
measured between each l e a d  and a l l  o t h e r  l ead8  
when they are grounded t o  t h e  case and aro not 
i n t e r n a l l y  connected to t h e  t e s t  lead. 

4 -.  . 
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' 

1 

2.0 REiiUIli&f.;hjrS (cont inued)  

< .  a. Liquid oxygen and l i q u i d  f l u o r i n e  i n  any 4 ix ture  
ratio. 

Gaseous oxygen and gaseous f l u o r i n e  in any mixture 
ratio. 

- 

. u -  

b. 

2.1 2.1.2' 2.1.2.6 Grounding - The design and cons t ruc t ion  of the 
r e g u l a t o r  s h a l l  be such h a t  a l l  e x t e r n a l  p a r t s  
s h a l l  be a t  ground p o t e n t i a l .  

i 
1 

2.1.2.7 Sea l ing  - The e l e c t r i c a l  system e h a l l  be 
i s o l a t e d  from t h e  f l u i d  medium in all reapects. 

3.0 PERFORMANCE REQU I RPIEXTS 

' I  

i /  

1 3' i 

3.1 Working Flu id  

3.1.1 Nonoperatin& - The r e g u l a t o r  s h a l l  be designed to 
func t ion  within t h e  requi rements  of  t h i s  document a f te r  
be ing  exposed to the fol lowing f l u i d  media. 

C .  Dry gaseous n i t rogen- the  AGE oxidizer tank prae- 
s u r i z a t i o n  f l u i d  media dur ing  t r a n s p o r t a t i o n ,  
s tandby on l auncher ,  and countdoarr. 

3.1.2 Opera t ing  - The r e g u l a t o r  s h a l l  be designed t o  func t ion  
wi th in  t h e  requirements  of t h i e  document wi th  gaseous 
helium as t h e  o x i d i z e r  t ank  p r e s s u r i z a t i o n  f l u i d  media 
du r ing  S l igh t .  

Q u a n t i t i e s  of FLOX gas which have b led  through the 
r e g u l a t o r  t o  t h e  i n l e t  system, and are subsequent ly  
A U A b S U  *----a - m i +  V Y I  cf  t h e  regu la tor  when i n l e t  ~ r e s s u r e  is 
a p p l i e d ,  shall n o t  cause a r e g u l a t o r  malfunction. 
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3.0 

3.3 3.3.3 Response - The r e g u l a t o r  response ra te  s h a l l  be 
s u f f i c i e n t  t o  main ta in  t h e  o x i d i z e r  tank u l l a g e  
p r e s s u r e  p e r  F igure  1 dur ing  t h e  s tar t  sequence of 
t h e  A t l a s  Rocketdyne engine system wi th  an i n i t i a l  
tank u l l a g e  of 25 cub ic  feet. 

PERFOflM,!NCE % $J IR DiNTS ( c on t inue  d ) 

3.3.4 Lock-Up Flow - The combined i n t e r n a l  leakage  and b leed  
from t h e  i n l e t  t o  o u t l e t  s i d e  of t h e  r e g u l a t o r  s h a l l  . 
not exceed 1000 SCIM of helium gas when t h e  u l l a g e  
t ahk  p r e s s u r e  is above t h e  r e g u l a t i o n  band (lock-up). 

3.3.5 Back Flow - The leakage  from t h e  o u t l e t  t o  t h e  i n l e t  
side o f  t h e  r e g u l a t o r  s h a l l  no t  exceed 1000 SCIM a t  
any o u t l e t  p re s su re  up t o  proof p r e s s u r e  and z e r o  
i n l e t  pressure.  

3.3.6 Leakage 

3.3.6.1 Exte rna l  - The e x t e r n a l  leakage  s h a l l  not exceed 
35,000 SCIh1s w i t h  o u t l e t  p r e s s u r e  above 20 p i g .  ( a i  
The e x t e r n a l  b leed  s h a l l  be c o l l e c t e d  a t  one 
p a r t  on t h e  r e g u l a t o r  for t r a n s f e r  t o  t h e  
b o i l o f f  va lve  ven t  duct. 

3.3.6.2 I n t e r n a l  -‘The i n t e r n a l  leakage  is s p e c i f i e d  
i n  Paragraphs 3.3.4 and 3.3.5.. 

4.1 General 

The requirements of  GD/C Report 69-002028 s h a l l  apply  t o  tht 
des ign  of t h e  r e g u l a t o r  except  as noted in Paragraphs 4.2 
and 4-3. 

4.2 Storage  and T r a n s p o r t a t i o n  Gnvironmenta 

The r e g u l a t o r  s h a l l  be capable  of s a f e  s t o r a g e  and t r a n s -  
p o r t a t i o n  wi thout  impairment of c a p a b i l i t i e s  from t h e  e f f ec t .  
of non-operating environments s p e c i f i e d  i n  GD/A Report 
7-00209B, Paragraph 3.1 

4.3 V i  b r a t  i on 

The r e g u l a t o r  s h a l l  be des igned  t o  conform t o  t h e  Atlas/Centaur 
adap te r  a r e a  (a i r f rame mounted equipment) s imul taneous ly  
combined siausoidal/random v i b r a t i o n  as shown i n  F igurea  11, 
111, and I V .  

7 
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5.0 LIMITATION 

50 1 Weight and S ize  - 
be h e l d  t o  a minimum c o n s i s t e n t  w i th  good des ign  p r a c t i c e s .  
Ten pounds maximum s h a l l  be t h e  des ign  weight guide l i n e .  

I n s t a l l a t i o n  - The r e g u l a t o r  s h a l l  be designed t o  be located 
on t o p  of t h e  A t l a s  o x i d i z e r  t ank  wi th in  t h e  e x i s t i n g  Atlae/ 
Centaur c learance  envelope. 

The weight and s ize  o f  t h e  r e g u l a t o r  s h a l l  

5.2 

5.3 Dynamic' S t a b i l i t y  - The dynamic c h a r a c t e r i s t i c s  of t h e  r e g u l a t o r  
s h a l l  be compatible with o t h e r  elements in t h e  c o n t r o l  loop  
and s h a l l  no t  produce an i n s t a b i l i t y .  The b lock  diagram of . 
Figure  V shows t h e  r e l a t i o n s h i p  o f  t h e  r e g u l a t o r  t o  t h e  o t h e r  
elements o f  t h e  c o n t r o l  loop. The magnitude r a t i o  and phase  
p l o t s  of l / A ( S )  d e f i n e s  t h e  dynamic c h a r a c t e r i s t i c s  of t h e  
ba lance  of t h e  elements i n  t h e  c o n t r o l  loop f o r  t = O ,  (approxi- 
mately 2% seconds a f t e r  engine  s ta r t ) .  For example, t h e  dynamic. 
o f  a t y p i c a l  r e g u l a t o r  which meets t h e  dynamic requirement a t  
t a O  is p lo t t ed .  
c h a r a c t e r i s t i c s  a t  2.9 rad/sec which shows a phase margin of 
47 degrees. 
margin of -91  o r  21  db. Both requi rements  of phase and g a i n  
margin m u s t  be s imul taneous ly  s a t i s f i e d .  The g a i n  l e v e l  of 
1/A(S) changes wi th  f l i g h t  t i m e  which a d j u s t s  t h e  system r e q u i r e +  
ments gain curve  t o  t = l O  and t520  sec as shown on Figure  V. 
The r e g u l a t o r  dynamics s h a l l  e x h i b i t  t h e  i n d i c a t e d  g a i n  ahd phaso 
margin f o r  a l l  f l i g h t  times as shown i n  F igu re  V. 

The g a i n  of t h i s  r e g u l a t o r  c ro6ses  t h e  system':: 

The phase c ross -over  of  13% rad/sec shows a g a i n  

t 

0 

Y 



. ,  
Attachment #2 
Page 11. o f  13 



Attachment #2 
Page 12 of 15 



I 

I 

Attachment #2 
Page 13 of 15 



1- 
9. 
8. 
7. 
6. 
5. 

1. 

3. 

i 
1 

Attachment #2 I 

Pace 14 of 15 . 





I 

. 
0 

D 

t 

? 

.... -- .. 

-3SVHd 

Attachment g2.e 
Page 15 of 15 

L 

-7 



' I  

f 

; I  
$ 1  

I 
' i  

i 

. .  

TEST REQUIREMENTS 

OXIDIZER TANK IELIUM PRESSURE REGULATOR 

FUR A 

FLOX-ATLAS VEHICLE 

Prepared by -ud h(,vrt~JJ 
D .  E, I I o w a r d  I 

Sr.  Design Enginfjer 

Approved- by 
A .  M. Colvi% 
Design S p e c i a l i s t  

Attachment #3 
Addendum to Report No. 

1 November 1965 
Page 1 of 29 

GD/C JLJB63-008 

Approved 

Sr. DesLgn Engineer -\ 

Design Group Engineer 

Approved by 
W .  A .  Roberts 
. A s s ' t  Project Engineer 
FLOX-Atlas Project 

0 

i 
I 

i 

' i  . i  



1 

i 
1 

1 i o  

1.1 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

3.0 

3.1 

3.2 

3.2.1 

3.2.2 

4.0 

4.1 

4 .L 

4.3 

4.4 

4.5 

4.6 ' 

4.7 

4.e 

4.9 

4.10 

4.11 

4.12 

4.13 

TABLE OF CONTENTS 
, 

INTROMJCTION 

Scope 

TEST CONDITIONS 

Atmospheric Conditions 

To1 eranc ea 

Measurement8 

Adjuetments and Repairs During Testa 

Temperature.Stabi1ization 

CLASSIFICATION OF TESTS 

Individual Acceptance T e s t s  

Pre pr oduc t ion Te s t s 

FLOX Compatibility 

Operational 

TEST PROCEDURES 

Exam of Product 

Proof Pressure 

Standby Leakage 

Operating Leakage 

Altitude Flow Regulatioh 

Operating Vibration '. I '  

Fluorine Compatibility 

Extreme Tempe r.a t ure 

Operating Acceleration 

Temper at urc F1 ow 

Flow Limitation 

Life 

Burst 

1 

PAGE 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

4 

4 

4 

4 

5 

5 

6 

8 

9 

10 

11 

12 

12 

13 

I__ 

i 



I 

. .  
' 1.0 

1.1 

2 .O 

2.1 

2.2 

2.3 

Page 1 

INTRODUCTIOW , 

scope 

This  document s p e c i f i e s  t h e  t e s t i n g  r equ i r ed  on t h e  FLOX-Atlas 
r e g u l a t o r  t o  demonstrate conformance t o  the  performance spec i -  
f i ca t ion .  (Ref. General Dynamics Convair Report No. BJB 65-008). 

b 

TEST CONDITIONS 

Atmospheric Condit ions 

Unless o therwise  s p e c i f i e d  he re in ,  a l l  t e s t s  s h a l l  be performed 
a t  an  atmospheric p re s su re  between 28 inches  and 32 inches  of 
mercury, a temperature  between +60°F and 95OF, and a r e l a t i v e  
humidity of not  m o r e  than 90%. 
o t h e r  than t h e  atmospheric c o n d i t i o n s  s p e c i f i e d  s h a l l  i nc lude  
c o r r e c t i o n s  f o r  ins t rument  compensation. 

Data from' tes t s .per formed a t  

Tolerance8 

The maximum a l lowable  t o l e r a n c e s  on t e s t  cond i t ions  s h a l l  be 
f 011 O W 8  : 

+4OF, or 6% of temp. span whichever 
is g r e a t e r .  

Temperature - 
Barometric Pressure  25% 

Rela t ive  Humidity 21096 

Vibra t ion  Amplitude 210% 

Vibra t ion  Frequency 22% 

Accelera t ion  . - +lost 

Shock 

Volume 

Pressure  

Flow + 3% - 
Ullage p res su re  measurement s h a l l  be c e r t i f i e d  t o  a 
keadout t o l e rance  of 20.32 p s i  .(zl% of 32 FSIG). 

Measurement8 

A l l  measurements s h a l l  be made wi th  ins t ruments  whose accurac i e s  
have been c u r r e n t l y  c e r t i f i e d .  
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Page 2 - 
Adjustments and Repai rs  During T e s t s  

No adjustments ,  maintenance, or r e p a i r s  of t h e  t e s t  specimen 
s h a l l  be allowed dur ing  t h e  t e s t  program. Except ions s h a l l  
be made when i n  t h e  opinion of des igna ted  personnel ,  ad jus t -  
ments, r e p a i r s ,  or maintenance a r e  not  due t o  f a u l t s  i n  design,  
workmanship, materials, or t o  t h e  t e s t  c o n d i t i o n s  imposed. 

Temper a t  ure S tab  i 1 i za t i on 

Temperature s t a b i l i z a t i o n  has  been reached when t h e  tempera- 
t u r e  of the l a r g e s t  c e n t r a l l y  loca t ed  mass of t h e  t e s t  specimen 
does no t  vary more than  5 O F  from t h e  temperature  ambient t o  
t h e  equipment. , 

2.4 

CLASSIFICATION OF TESTS 

Indiv idua l  Acceptance T e s t s  

Each u n i t  s h a l l  be subjec ted  t o  t h e  Ind iv idua l  Acceptance Testa 
i n  t h e  fol lowing sequence: 

a) Examination of Product 
> -  
A 

b)  Proof Pressure  

c )  Standby Leakage 

d)  OperatinK Leakage . 

e )  Al t i t ude  Flow Regulat ion 

f )  Operatinq Vibra t ion  - Only the  a x i s  determined t o  
be t h e  most c r i t i c a l  by t h e  manufacturer. 

g )  Al t i tude  Flow Regulat ion 

h)  Standby Leakage 

i) Operating Leakage 

Preproduct ion Testa . 
. .  

One u n i t  w i l l  be subjec ted  t o  t h e  FLOX Compa t ib i l i t y  tes te  out- 
l i n e d  i n  Paragraph 3.2.1 and one u n i t  w i l l  be sub jec t ed  t o  t h e  
Operat ional  tes ts  ou t l ined  i n  Paragraph 3.2.2. The t e s t  units 
m u s t  have success fu l ly  passed t h e  Ind iv idua l  Acceptance T e s t s  
o u t l i n e d  in Paragraph 3.1 before  being sub jec t ed  t o  t h e  Prepro- 
duc t ion   test^. 
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a) Examination .af Product 

b) P a e s i v a t i b n -  ’ + 

e) Flow Cycle2 

d) A l t i t u d e  Flow Regulation 

e )  ,Standby Leakage 

f )  Opera t ing  Leakage 

Opera t iona l  - Unit Number 2 3.2.2 

Examination of Product 

A l t i t u d e  Flow Regulation 

Extreme Temperature 

Standby Leakage 

Opera t ing  LeakaRc 

Opera t ing  Vibra t ion  

Opera t ing  Leakage 

Opera t ing  Leakage 

Temperature .Flow 

Opera t ing  Leakage 

Flow L i m i t a t i o n  

L i f e  - 
Standby Leakage 

Opera t ing  LeakaRe 

Burs t  - 
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TEST PROCEDURES 

r -- 

4 a 0  

4.1 Examination of Product 

. Examine the t e s t  u n i t  v i s u a l l y  and manua 
t h a t  t h e  specimen meets t h e  requi rements  

a )  

b )  

C )  

d )  

l y  i n  o r L t r  t o  determine 
of workmanship, i d e n t i -  

f i c a t i o n  markings, e x t e r n a l  dimensions, f i n i s h ,  c l e a n l i n e s s ,  and 
proper in spec t ion  approval. 
f o 1 1 owing : 

This  examination s h a l l  i nc lude  t h e  

KorkmanshiE - The specimen s h a l l  be f r e e  of t o o l  mark8 
and any damage r e s u l t i n g  from t e s t i n g  and handling. 
The lockwiring s h a l l  be i n  accordance w i t h  Mil-S-33540. 

I d e n t i f i c a t i o n  - The name p l a t e  s h a l l  be f i r m l y  a f f i x e d  
t o  t h e  specimen a t  a l o c a t i o n  where it can  be r e a d i l y  
seen and s h a l l  i nc lude  t h e  following: 

N a m e  of Unit: 
P a r t  Number: 
I n l e t  p re s su re  r a t i n g :  3000 p e i g  
Contract number: 
Manufacturer 's  name or trademark: 

F i n i s h  - The f i n i s h  of t h e  t e s t  specimen s h a l l  i n d i c a t e  
t h a t  i t  has  been p rope r ly  processed and handled. 

Helium Pres su re  Regula tor  - FLOX-Atla8 
_ _  

\ 

Clean l ines s  - T e s t  specimen c l e a n l i n e s s  s h a l l  be main- 
t a ined  i n  accordance w i t h  t h e  FU)X.clean ' requirement8. ' 

When not i n  t e s t ,  each tes t  specimen s h a l l  be p r o t e c t e d  . 
with por t  c l o s u r e s  and placed- i n  a c l e a n  polye thylene  
bag t o  prevent  contamination. 

Proof Pressure  

With t h e  t e s t  specimen i n s t a l l e d  i n  t h e  tes t  s e t u p  of Figure  
XV, p r e s s u r i z e  t h e  o u t l e t  p o r t  t o  53.0 p s i g  and then  t h e  i n l e t  
p o r t  t o  4350 p s i g  w i t h  ambient temperature d ry  n i t r o g e n  giu 
and hold f o r  one minute. No damage or deformat ion  allowed. 

. .  . 
CAUTION: Depressurize i n l e t  be fo re  o u t l e t .  

Standby .Leakane 

a )  With the t e s t  specimen i n s t a l l e d  i n  t h e  t es t  s e t u p  Of 
Figure I or V, c a p  t h e  specimen i n l e t  p o r t .  
leakage chamber s h a l l  be sealed for l eakage  de termina t ion .  

The specimen 

CAUTION: I f  F igure  I system is usled, start 
helium purge be fo re  i n s t a l l i n g  
teet  specimen to prevent  moi s tu re  
contamination of t e s t  specimen. 
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4.3 Standby Leakage_ fccmtintted) . 

b) Preasu r i ae  t h e  u l l a g e  tank  wi th  ambient tempera ture  
helium gas t 6  a pressure  of 30.0 p s i g  wi th  t h e  f a c i l i t y  
p r e s s u r i z a t i o n  con t ro l  un i t .  Upon o b t a i n i n g  t h i s  
p re s su re ,  6ecure the  p r e s s u r i z a t i o n  c o n t r o l  un i t .  

Allow t h e  tank  pressure  t o  decay from 30.0 p s i g  . to  2.5 
+1.5 psig. 
-0 

d )  Upon ob ta in ing  a tank pressure  of 2.5 p i g ,  inc rease  
t h e  tank  p res su re  t o  9 + 1 p i g  wi th  t h e  f a c i l i t y  pres-  
s u r i z a t i o n  c o n t r o l  unit: 

c )  

+ l o 5  

-0 

e)  Maintain tank  pressure  a t  9 2 1 p s i g  for a pe r iod  of 
f i v e  ( 5 )  minutes. During t h i s  pe r iod ,  measure specimen 
e x t e r n a l  leakage by water  displacement method and record  
t h i s  leakage as specimen standby leakage. Standby 
leakage s h a l l  no t  exceed 5 SCC/hour. 

4.4 Operat ing Leakage 

a )  

b)  

C )  

d )  

The t e s t  s e t u p  f o r  t h e  e x t e r n a l  leakage t e s t  is i l l u s t r a t e d  
i n  Figure I or V. 

CALTION: I f  Figure I s y s t e m  ie used, s t a r t  helium 
purge before  i n s t a l l i n g  t e s t  specimen t o  
prevent  moisture contaminat ion of t e s t  . 
specimen. . 

Pressu r i ze  t h e  u l l age  tank  by means of t h e  f a c i l i t y  
p r e s s u r i z a t i o n  c o n t r o l  u n i t  t o  a p r e s s u r e  between 33.0 
and 34.0 psig with ambient temperature  helium gae. 

With t h e  specimen Itlocked-upt1 between 33.0 and 34.0 
ps ig ,  apply a regula ted  i n l e t  p re s su re  of 3100 2 100 
p s i g  ambient temperature helium gas t o  t h e  t e s t  
specimen. Adjust  and maintain tank p res su re  between 
32.0 and 33.0 p s i g  by means of t h e  p r e s s u r i z a t i o n  
c o n t r o l  un i t .  

Allow t h e  t e s t  specimen t o  opera te  under no flow condi- 
t i o n s  for a period of two (2) minutes during which time 
t h e  e x t e r n a l  leakage shall be measured on a rotometer  
and recorded. The leakage shall not exceed 35000 SCIM. 

4.5 A l t i t u d e  Flow Regulation 

a) The t e s t  s e t u p  f o r  t h e  A l t i t u d e  Flow Regulat ion Tes t  i m  
i l l u s t r a t e d  An Figure I. 

CAUTION: S t a r t  helium purge be fo re  i n s t a l l i n g  
test specimen t o  prevent  mois ture  
contamination of t e s t  specimen. 
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4.5 Altitude Flow Regulation (continued) 

b) Instrumentation - Recorder channel identirication and 
scale ranges shall be as follows: (Paper speed 2.5 mm/SeC). 

CRASNEL NO. CI1ANXEL IOENTIFICATION SCALE RANGE 

1 Ullage pressure to altitude 20.0 - 35.0 pSig 
chamber differential pressure 

2 Altitude chamber pressure 14.7 - 0 psig 

4.6 

3 Specimen inlet pressure 0 - 3000 psig 
4 Water flow 0 - 10,000 GPM 
6 Specimen inlet gas temp. 1OOOF to OOF 

c) 

d )  Fill the facility simulated 2500 FT missile tank with water 
until an ullage.volume of 25 5 cubic feet is obtained. 

e) Pressurize the tank by means of the facility pressurization 
control unit to a pressure between 33.0 and 34.0 psig, 

Verify helium purge valves are open. 

3 

f) With the specimen "locked-up" between 33.0 and 34.0 psig, 
secure the pressurization control unit and apply inlet prea- 
sure of 3000 psig ambient temperature helium to the test 
specimen. 

g) Program inlet pressure per Figure VI& altitude per Figure 
VIII, and water flow per Figure IX .  

The test specimen shall maintain tank pressure per Figure VI. h)  

CAUTION: Helium purge must be on whenever teat 
unit is exposed to the simulated FLOX 
tank to prevent moisture contamination 
of the test urnit. 

Operating Vibration 

a) The test setup for the Operating Vibration Test is illustrated 
in Figure X. The specimen outlet line shall be 4 inch O.D. 
tubing or hose. The specimen shall be mounted to the fixture - 
through the outlet port mounting flange. 

0 '  



I 4.6 Opera t ing  Vibra t ion  (continued) 
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Ins t rumenta t ion  4 Ins t rumen ta t ion  on r e c o r d e r  channe l s  a6 
r equ i r ed  t o  r eco rd  u l l a g e  tank p res su re ,  t e s t  specimen 
i n l e t  p re s su re ,  and v i b r a t i o n  i n p u t  and output.- 

Mount t h e  specimen i n  t h e  t e s t  s e t u p  wi th  its vvXn axie 
a l igned  a long  t h e  a x i s  of i n p u t  v ib ra t ion .  

P r e s s u r i z e  t h e  580 cubic f o o t  u l l a g e  t ank  wi th  ambient 
temperature helium gas t o  a pres su re  of 33.0 t o  35.0 psig. 

With t h e  specimen locked-up between 33.0 and 34.0, apply  
125  2 25 p s i g  ambient temperature helium gas t o  t h e  i n l e t  
p o r t  of t h e  t e s t  specimen and secu re  t h e  manual p r e s s u r i -  
z a t i o n  c o n t r o l  unit. 

Adjust t h e  u l l a g e  tank b l e e d  va lve  .to o b t a i n  a specimen 
helium flow rate of between 0.015 t o  0.025 lbs .  p e r  
second. 

While main ta in ing  t h e  above s t a t e d  cond i t ions ,  commence 
t h e  slow speed v i b r a t i o n  scanning  sweep, a t  f r equenc ie s  and 
amplitudes of combined s i n u s o i d a l  random v i b r a t i o n  as shown 
i n  F igure  I1 and I11 and a sweep p e r i o d , a s  shown in Figure  
IV . 

During t h i s  v i b r a t i o n  sweep, t h e  t e s t  specimen s h a l l  
main ta in  t h e  t ank  p r e s s u r e  between 28.5 and 32.5 p s i g  
a f t e r  i n i t i a l  t ank  p res su re  decay i n t o  t h i s  band. 

If a t  any time dur ing  t h e  v i b r a t i o n  sweep t h e  t e s t  specimen 
f a i l e  t o  func t ion  w i t h i n  t h e  band s p e c i f i e d ,  t h e  frequency 
of v i b r a t i o n  a t  which t h e  malfunction occurs  s h a l l  be he ld  
cons t an t  and t h e  a c c e l e r a t i o n  magnitude s h a l l  be decreased  
u n t i l  t h e  malfunction is no l onge r  ev ident .  These v ib ra -  
t i o n  f r equenc ie s  and a c c e l e r a t i o n  magnitudes s h a l l  be 
recorded on t h e  tes t  d a t a  summary sheet  and t h e  scanning 
sweep continued in accordance with par', (e;. 

Perform an A l t i t u d e  Flow Regula t ion  Test.  

Mount t h e  specimen i n  t h e  test s e t u p  wi th  its ttYn ax i s  
a l igned  a long  t h e  a x i s  of i n p u t  v ib ra t ion .  

Repeat p a r t s  ( d )  through ( j )  . 
Mount t h e  spec imen ' in  t h e  test s e t u p  wi th  its "Z" a x i s  
a l igned  along t h e  axis of i n p u t  v ib ra t ion .  

Repeat p a r t 6  (d)  through (3). 
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Fluorine Coopatibilitz 

a) The test setup for the compatibility tests is illustrated 
in Figure XI. 

b) Instrumentation - Recorder channel identification and scale 
ranges for all phases of life testing shall be as follow6: 
(Paper speed 0.5 mm/sec) 

CHANNEL IDENTIFICATION SCALE RANGE CHANNEL NO. 

1 Ullage tank pressure 20.0 - 35.0 psig 

2 Specimen inlet pressure 0 - 5000 psig 

c )  Mount the test specimen in the FLOX clean test setup, and 
leak check the system while pressurized at 31 yeig. 

d) Passivate the system in the following manner. Open the 
shutoff valve to vent the system to the burner. 
the shutoff valves to allow gaseous fluorine to flow 
through the system. 
system. Close the vent valve. 

Open 

When nitrogen is purged from the 

e) Increase the system 
schedule . pres sur e according to the following 

1. 5 PSIG, Hold 20 minutes 

2. 10 PSIG, Hold 20 minute. 

3. 15 PSIG, Hold 20 minute6 

4. 20 PSIG, Hold 20 minute. 

5 .  25 PSIG, Hold 20 minuteo 

6. 31 WIG, Hold 20 minute6 

Hold pressure at 31 psig for three hour8. 

. 
. ..- 
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Fluor ine  Compa t ib i l j t y  (contiwed) 

f )  Vent system t o  ze ro  p s i g  through t h e  burner.  This  completes  
t h e  p a s s i v a t i o n  of' t h e  system and t h e  test specimen. 

P r e s s u r i z e  t h e  u l l age  tank  t o  32 p s i g ,  us ing  n i t r o g e n  gas. 

P r e s s u r i z e  t h e  accumulator t o  3000 psig wi th  n i t r o g e n  gas 
and c l o s e  t h e  f i l l  v a l v t .  

g) 

h)  

i) Flow gas  from t h e  accumulator through t h e  r e g u l a t o r ,  through 
nk and through t h e  overboard vent  a t  a flow rate  

pounds p e r  second. Maintain flow u n t i l  t h e  the """9g:$j of 0.17 - 
i n l e t  pressure decreases  t o  500 psi.  

Repeat s t e p s  (h)  and ( i )  f o r  100 cycles .  j) 

I , =  

. .  

4.0  

k) Thoroughly purge t e s t  specimen and system i n  p repa ra t ion  f o r  
A l t i t u d e  Flow Regulation. 

Extreme T e n p e r a t u h  

The fo l lowing  t e s t  sequence s h a l l  be conducted i n  a Temperature 
Tes t  Chamber i n  t h e  order  s p e c i f i e d .  A thermocouple s h a l l  be 
placed i n  good thermal c o n t a c t  on t h e  l a r g e s t  c e n t r a l l y  l o c a t e d  
i n t e r n a l  mass wi th in  the t e s t  specimen, or i n  any o t h e r  l o c a t i o n  
necessary t o  check temperature s t a b i l i z a t i o n .  

a) Place t h e  t e s t  specimen i n  t h e  Temperature A l t i t u d e  Chamber 
as shown i n  Figure I and perform an A l t i t u d e  Flow Regulat ion 
tes t .  

CAUTION: S t a r t  helium purge before  i n s t a l l i n g  
t e s t  specimen t o  prevent  moisture  
contamination of t e s t  specimen. 

b)  Reduce chamber temperature t o  minus 65OF a t  a ra te  of 0.75 
t o  1.2S0F p e r  minute. 

Maintain the  above temperature  f o r  a per iod  of no t  less  than  
8 hours,  or u n t i l  t h e  test specimen s t a b i l i z e s ,  whichever is 
1 onger , 

Raise chamber temperature  t o  minus 30°F and m a i n t a i n &  t h i o  
temperature  u n t i l  t e s t  specimen temperature  s t a b i l i z e s  and 
perform an Al t i t ude  Flow Regulat ion T e s t ,  

c )  With t h e  t e s t  specimen non-operating i n c r e a s e  chamber teape- 
r a t u r e  a t  t h e  r a t e  of 0.75 t o  1.25OF per  minute t o  p l u s  160°E', 
and main ta in  a t  t h i s  temperature  for 4 hours  or u n t i l  t e s t  
specimen temperature s t a b i l i z e s ,  whichever is longer  and per- 
form an A l t i t u d e  Flow Regula t ion  Tes t .  
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4.8 

4.9- 

Extreme Temperature (continued) 

d) Return chamber temperature to plus.40°F at a rate of 0.75 
to 1.25OF per minute and maintain for a period of 4 hour8 
or until test specimen temperature stabilizes, whichever is 
greater and perform Altitude Flow Regulation Test. 

e) Return chamber temperature to initial ambient condition and 
maintain these conditions until test specimen temperature 
stabilizes and perform an Altitude Flow Regulation Test. 

Operating Acceleration 

a) The test setup for the operating acceleration test i s  
illustrated in Figure X. The test specimen shall be mounted 
to a suitable fixture through the outlet port mounting flange. 

b) Instrumentation - Recorder channel identification and scale 
ranges shall be as follows: (Paper speed 1 mm/sec) 

CHANNEL NO. CHANSEL IDENTIFICATION SCALE RANGE 

1 Ullage tank pressure 20.0 - 35.0 psig 

2 Specimen acceleration 5 - 15, G's  

c) Mount the test specimen in the test setup with its ccXn axis 
outboard of the centrifuge in order to perform the "X" axis 
acceleration test, 

d) Pressurize the 25 cubic foot ullage tank with ambient tempe- 
rature helium gas to a pressure between 33.0 and 34.0 psig. 

e) With the specimen fclocked-upcc between 33.0 and 34.0 psig, 
apply an inlet pressure of 300 to 500 psig ambient temperature 
helium gas to the inlet port of the test specimen. Secure the 
manual ullage tank pressurization control unit, 

f )  Adjust the ullage tank bleed valve to obtain-a specimen helium 
flow rate of 0.02 to 0.05 pounds per second. 

g )  While maintaining the above stated conditions, the centrifuge 
shall be operated to obtain an acceleration of 10.0 2 1 G for 
a period of thirty (30) seconds. The test specimen shall 
maintain tank pressure between 28.5 and 32.5 psig after initial 
tank pressure decay into this band. 

h)  Repeat parts (c) through ( g )  with the specimen mounted in 
order to perform acceleration in turn along the 21, 'Y, P a ,  2, 
and 2' axes. 

i) Perform Altitude Flow Regulation Test. 
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4.10 Tcmwrature FLOP 

. i n  Pig- I. 
a)  The tes t  s e t u p  for the  Temperature Flow Tes t  is i l l u s t r a t e d  

CAGTJON: S t a r t  h e l i u m  purge before  i n s t a l l i n g  t e s t  
specimen t o  p r e v e n t  moisture  contamination 
of  t e s t  specimen. 

b) Ins t rumenta t ion  - Channel i d e n t i f i c a t i o n  and s c a l e  ranges  
s h a l l  be as follows: (paper  speed 2.5 m / s e c )  

c 
CRkVNEL NO. CHANNEL IDENTIFICATION SCA1.L RANGE 

1 Ullage pressure  20.0 - 35.0 p s i g  

2 Tes t  specimen i n l e t  p re s su re  0 - 5000 p s i g  

3 Water flow 0 - 10,000 GPH 

4 Tes t  specimen i n l e t  p re s su re  0 - 500 psig 

Specimen i n l e t  $emperatwe -100'F t o  +60O0F 5 

6 Specimen body temperature  ' -100'F t o  +50O0F 

c )  F i l l  t h e  f a c i l i t y  s imulated l i q u i d  oxygen m i s s i l e  t ank  wi th  
water u n t i l  an u l l age  of 2 5 2  5 cubic  f e e t  is obtained. 

d )  P res su r i ze  t h e  tank  by means of t h e  f a c i l i t y  p r e s s u r i z a t i o n  
c o n t r o l  u n i t  t o  a pressure  between 33.0 and 34.0 p s i g  wi th  
ambient temperature  helium gas. 

e) With t h e  specimen @@locked-up" between 33.0 and 34.0 ps ig ,  
secure  t h e  p r e s s u r i z a t i o n  c o n t r o l  u n i t  and apply 3100 2 
100 p s i g  helium gas t o  the i n l e t  p o r t  of t h e  tes t  specimen. 
Pressure  s h a l l  increase  from zero  t o  3100 p s i g  wi th in  0.S 
seconds. 

A t  t he  end of t h i s  per iod ,  program i n l e t  p re s su re  per Figure  
V I I ,  a l t i t u d e  pe r  Figure VI11 and water flow pe r  Figure IX. 
The specimen i n l e t  gas temperature  s h a l l  reach  150°F during 
t h e  f i r s t  f i v e  ( 5 )  seconds of program. During t h e  second 
f i v e  ( 5 )  seconds of program, t h e  specimen i n l e t  temperature  
s h a l l  be maintained between -100*F and 0.F- 

I) 

g )  A t  t he  conclusion of t h i s  f i v e  ( 5 )  second per iod  (program 
time = 10 Seconds), i n c r e a s e  t h e  specimen i n l e t  gasr tempe- 
r a t u r e  t o  200.F with in  a n ine ty  (90) .second period. 

h)  Maintain specimen i n l e t  ga s  temperature  a t  200.F throughout 
t h e  remainder of the  program. 
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4.10 Temperature F l o w  (cont inued)  

i )  Repeat pa r t s -  ( c )  through (h)  us ing  45O.F' i n l e t  gao 
temperature i n  s t e p s  (g) and (h). 

Perform A l t i t u d e  Flow Regulat ion T e s t .  j )  

4.11 Flow Limi ta t ion  

a )  

b)  

C )  

d )  

e )  

The t e s t  s e t u p  for t h e  flow l i m i t a t i o n  t e s t  is i l l u s t r a t e d  
i n  Figure X I 1  or XIII. 

Ins t rumenta t ion  - Channel i d e n t i f i c a t i o n  Ad h a l e  ranges  
s h a l l  be as fol lows:  (Paper speed 2.5 ram/sec) 

1 :  
I 

CHANNEL NO. CHANNEL IDENTIFICATION . SCALE KANGE 
S I  

1 Ullage p res su re  ! 20.0 - 35.0 p i g  

2 Specimen i n l e t  pressure  . 0 - 5000 psig 
i 

3 Nozzle i n l e t  temperature  0 - 100.F 
4 Nozzle i n l e t  p ressure  0 - 50 p s i 6  

F i l l  the  f a c i l i t y  s imula ted  l i q u i d  oxygen miss i le  tank wi th  
water  u n t i l  a n  u l l a g e  of 580 cubic  f e e t  is obta ined  i f  
F igure  X I 1  system is t h e  t e s t  system. 

P res su r i ze  t h e  u l l a g e  by means of t h e  f a c i l i t y  p r e s s u r i z a t i o n  
c o n t r o l  u n i t  t o  a pres su re  between 33.0 and.34.0 p s i g  w i t h  
ambient temperature  helium. 

With the  specimen "locked-up" between 33.0 and 34.0 ps ig ,  
s ecu re  the p r e s s u r i z a t i o n  c o n t r o l  u n i t  and apply  3100 2 100 
p s i g  of ambient temperature  helium gas t o  t h e  i n l e t  p o r t  of 
t h e  t e s t  specimen. Minimum pres su re  source  volume s h a l l  be 
twenty-five cub ic  f e e t .  

.... 

I n i t i a t e  a n  ambient temperature  helium gas f l o w  f rom' the  
u l l a g e  tank equ iva len t  t o  a helium flow of 0.75 pounds 'per  
second a t  150°F. T h i s  helium f low-ra te  w i l l  be measured by 
an ASP5 designed flow nozzle.  

Two seconds a f t e r  commencing t h i s  f low, i n i t i a t e  flow l i m i t i n g  
per  manufacturer ' s  i n s t r u c t i o n s .  

S top  t h e  flow when specimen i n l e t  p r e s s u r e  reaches 100 pe ig .  

a) T h e ' t e s t  s e t u p  f o r  a l l  phases  of l i f e  t e s t i n g  is  i l l u s t r a t e d  
i n  Figure X I V .  
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4.12 - Life (continued) 

b ) ’ Ins t rumen ta t ion  - Recorder channel i d e n t i f i c a t i o n  and scab- 
ranges  f o r  a l l  phases  of l i f e  t e s t i n g  s h a l l  be as follows: 
(Paper speed 0.5 Wn/SeC) 

CHANNEL NO. CHANNEL IDENTIFICATION SCALE RANGE 

1 Ullage t a n k  p res su re  20.0 - 35.0 p s i g  

2 Specimen i n l e t  p re s su re  0 - 5000 psig 

With t h e  specimen i n s t a l l e d  i n  t h e  t es t  se tup ,  p r e s s u r i z e  t h e  
25 cubic  f o o t  u l l a g e  t ank  t o  33.0 t o  34.0 p s i g  wi th  ambient 
temperature  n i t rogen  gas or dry air. 

With t h e  motor va lve  c losed ,  open t h e  shu to f f  va lve  and f i l l  
3 t h e  5.38 f t  r e s e r v o i r  with n i t rogen  gas  or dry  air .  

t h e  pressure  r eaches  3000 p s i ,  c l o s e  t h e  s h u t o f f  valve. 
When 

Secure t h e  p r e s s u r i z a t i o n  c o n t r o l  u n i t  and wi th in  0.5 set. 
apply 3100 2 100 p s i g  gaseous n i t r o g e n  or dry  a i r  t o  t h e  
specimen i n l e t  po r t .  Gas temperature  s h a l l  be 100. 2 5.F. 

Open t h e  bleed so leno id  va lve  t o  o b t a i n  an equ iva len t  helium 
flow of 0.17 $:88 pounds p e r  second. 
from ze ro  t o  0.17 pounds per  sedond ( equ iva len t  helium 
flow) wi th in  0.5 seconds. Flow s h a l l  be maintained u n t i l  t h e  
r e g u l a t o r  s h u t t l e  va lve  ope ra t e s  a t  approximately 2000 psi  i n l e t .  

Flow s h a l l  i n c r e a s e  

F ive  seconds a f t e r  t h e  s h u t t l e  va lve  o p e r a t e s ,  c l o s e  t h e  b leed  
so lenoid  valve t o  stop flow. 

Repeat p a r t s  ( c )  through ( g )  for a t o t a l  of 200 c y c l e s  performing 
a n  A l t i t u d e  Flow Regula t ion  T e s t  a f t e r  each f i f t y  ( 5 0 )  cycleo. , 

Buret - 4.13 

a )  

b )  

The t e s t  s e t u p  for t h e  b u r s t  t e s t  is i l l u s t r a t e d  i n  F igu re  XVI.  

Cap t h e  i n l e t  p o r t  and p r e s s u r i z e  t h e  o u t l e t  p o r t  t o  70 p s i g  
wi th  ambient temperature  dry  n i t r o g e n  gas and hold  f o r  3 
m i n u t  eo. 

c )  Examine t h e  u n i t  f o r  d i s t o r t i o n  or damage. 

d )  Reduce t h e  o u t l e t  p r e s s u r e  t o  40 p s i g  and main ta in  thi. 
p r e s s u r e  while  i n c r e a s i n g  t h e  i n l e t  p re s su re  t o  5400 p6ig 
hydroa t a t  ical  l y  . 
Aold t h i s  p re s su re  f o r  3 minutes and examine t h e  u n i t  f o r  
d i s t o r t i o n  o r  damage. 

e)  

f )  Hold t h e  o u t l e t  p re s su re  a t  40 p s i g  and i n c r e a s e  h n l e t  pressure 
u n t i l  rup ture .  Record r u p t u r e  pressure .  
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