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ABSTRACT 

V i b r a t i o n  t e s t s  o n  h i g h  p e r m e a b i l i t y  m a g n e t i c  
s h i e l d s  used i n t h e  SAO-NRL Advanced Devel  opment 
Model (ADM) hydrogen maser have been made. Magnet ic  
s h i e l d i n g  f a c t o r s  were measured b e f o r e  and a f t e r  
v i b r a t i o n  a t  t h e  G o d d a r d  S p a c e  F l i g h t  C e n t e r ,  
m a g n e t i c  f i e l d  f a c i l  i t y .  P r e l  i m i n a r y  r e s u l t s  
i n d i c a t e  c o n s i d e r a b l e  ( <  25%)  deg rada t i on .  

T e s t  r e s u l t s  o n  t h e  NRL d e s i g n e d  vacuum pumping 
s t a t i o n  f o r  t h e  ADM hyd rogen  maser a r e  a1 so d i s c u s -  
sed. T h i s  system empl oys  s i n t e r e d  z i  r c o n i  urn c a r b o n  
g e t t e r  pumps, s u p p l i e d  by  SAES G e t t e r s ,  t o  pump 
hyd rogen  plus  s m a l l  i o n  pumps t o  pump t h e  i n e r t  
gases .  I n  s i t u  a c t i v a t i o n  t e s t s  and p u m p i n g  
c h a r a c t e r i s t i c s  i n d i c a t e  t h a t  t h e  systeni can meet 
d e s i g n  s p e c i f i c a t i o n s .  

INTRODUCTION 

Hydrogen masers t o  b e  used as c l o c k s  aboard  n a v i g a t i o n  s a t e l l i t e s  mus t  
b e  l i g h t  b u t  rugged  enough t o  w i t h s t a n d  shock and v i b r a t i o n  i n t r o d u c e d  
d u r i n g  launch.  F o r  t h e  p a s t  s e v e r a l  y e a r s ,  we have been d e v e l o p i n g  
b o t h  t h e  magne t i c  s h i e l d i n g  system and t h e  vacuum pumping sys tem f o r  
such a hydrogen maser. I n  p a r t  I o f  t h i s  two p a r t  a r t i c l e  we r e p o r t  on  
p r e l  i m i  n a r y  shock and v i b r a t i o n  t e s t s  pe r fo rmed  on  m a g n e t i c  s h i e l d s  
des igned  f o r  a  space-wor thy  hydrogen maser. I n  p a r t  11, we r e p o r t  o n  
vacuum and pumping c h a r a c t e r i s t i c s  o f  ou r  s m a l l ,  1 i g h t w e i g h t  hydrogen 
maser pumping system. 

I .  MAGNETIC SHIELDS 

A compact, 1 i g h t w e i g h t  magne t i c  s h i e l  d i n g  sys tem u s i n g  h i g h  pemie- 
a b i l i t y  y t e r i a l  has been des igned,  and t e s t e d  by us and p r e v i o u s l y  
d e s c r i b e d  ( F i g .  1). I t  c o n s i s t s  o f  4 n e s t e d  s h i e l d s ,  each 0.35 mm 
t h i c k ,  w i t h  an OD o f  19.4 cm, and I D  o f  13.8 cm, and o v e r a l l  l e n g t h  o f  
30 cm. I n  o r d e r  t o  t e s t  t h e  v u l n e r a b i l i t y  o f  t h e s e  s h i e l d s  t o  shock 
and v i b r a t i o n  t h e y  were assembled w i t h i n  a  s p e c i a l  ha rness  i n  a  manner 
w h i c h  d u p l i c a t e d  as c l o s e  as p o s s i b l e  t h e  a c t u a l  hydrogen maser rnount- 
i n g  ar rangement  i n c l u d i n g  h e a t e r s ,  t he rma l  b l a n k e t s  and a  "dummy" 1  oad 



replicating the mass of the  maser cavity. A t  various locations on each 
individual shield,  accelerometers were mounted t o  measure the magnitude 
of the vibration and t o  t e s t  for  unwanted system resonances. The 
shields were vibrated a t  NRL1s shock and  vibration laboratory in  a 
manner which simulated expected launch levels. Figure 2 shows the 
v i b r a t i o n  t a b l e  with the  instrumented sh ie ld ing  system attached,.  

Fig. 1. Photo o f  Magnetic Shield 
system f o r  hydrogen 
Maser. 

Fig. 2 P h o t o  of Assembled 
Shiel d system showi ng 
instrumented mounting 
h a r n e s s  a t o p  N R L  
v i b r a t i n g  t a b l e .  

The magnetic s hi el ding factor  was measured before and  a f t e r  vibration 
a t  the Goddard Space Flight Center where homogeneous f ie lds  of +60p'T 
could be external ly appl ied. Internal f iel ds were measured with a f lux 
gate magnetometer with +. l n T  resolution. The shieldi ng factor   AH^^^/ 
nHint  before vibration test ing was 55,000. This value i s  50% lower 

t h a n  previous shiel ds of similar design and indicates t h a t  fabrication 
s t r a ins  in the high permeabil i t y  material were not completely removeld 
during the factory anneal 1 i ng procedure. 

Figure 3 i s  a p l o t  of the power spectral density of vibration as a 
function of frequency. Curve " a "  i s  from a "control" accelerometer 



mounted on the  harness of t h e  system during vibrat ion t e s t s .  Curve " b "  
i s  the power spect ra  density from an accelerometer mounted on one of 
t he  shie lds  during the same t e s t .  As can be seen the re  i s  a consider- 
able  d i f ference in the two curves. The shie ld  a t  t he  location of t he  
accelerometer i s  experiencing s ign i f i can t  , frequency dependent reso- 
nances i n d i c a t i n g  s h i e l d  f l e x i n g  dur ing v i b r a t i o n .  Spec t r a  from 
accelerometers located a t  o ther  spots on the shie lds  varied in d e t a i l ,  
b u t  a1 1 showed frequency dependent resonances. 

F i g .  3 .  P o w e r  
s p e c t r a l  
d e n s i t i e s  
o f  v i b r a -  
t i o n  a s  
m e a s u r e d  
on m o u n t -  
i  ng harness 
" a "  and o n  
one of t h e  
s h i e l d s  
" b " .  

I 1 a 100 1000 
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Following the  vibrat ion t e s t s ,  the  shielding fac to r  was again measured 
and found t o  be reduced frml 55,000 t o  40,000 - a degradation of 25%; 
This amount of degradation i s  qui te  large. I t  i s  possible t ha t  the  
i n i t i a l  s t r a i n s  in t h i s  poorly annealed s e t  of shie lds  may have predis- 
positioned the shields t o  a nlore rapid degradation. We will soon be 
t e s t i ng  a more careful ly  annealed shie ld  s e t  i n  order t o  a sce r ta in  t he  
degradation level in a shielding system more l ike ly  t o  be employed in 
a n  operating maser. 

Different mounting arrangements f o r  the  magnetic shiel  ds rrlay a 1  l ev ia te  
some o f  t h e  problems observed w i t h  vibrat ion induced shielding deqrada- 
t ion.  More shock absorbing or- cushioning material between the shie lds  
may prevent sorrle of the resonances. A1 te rnat ivcly  one coul d i  ncrease 
t h e  thickness of t he  shie lds  which w i l l  give them more r i g id i t y  while 
a t  t he  same time provide a greater  i n i t i a l  shielding f ac to r  f o r  sa fe ty  
margin against  degradation. Increasi ng the sh ie ld  thickness by 20% 
will  double t he  shielding f ac to r  f o r  a 4-shield system, i .e .  changing 
t h e  shie ld  thickness from .35 t o  .43 mm should provide a n  adequate 
sa fe ty  margin even using the  present mounting arrangerrrent. 

I .  SUMMARY/CONCLUS ION 

We have demonstrated a potential shock a n d  vibrat ion problem associated 
wi th  t h e  magnetic s h i e l d  systerr~ of a space-borne hydrogen maser. 



S h i e l d i n g  f a c t o r  r e d u c t i o n  o f  25% have been seen on a  p o o r l y  annealed 
s h i e l d  set .  F u t u r e  t e s t s  on b e t t e r  annealed s h i e l d s  and d i f f e r e n t  
mount ing arrangements shou ld  suggest ways t o  a l l e v i a t e  some o f  t h e  
problem. 

11. VACUUM/PUMPING SYSTEM 

The vacuum/pumping system was designed t o  be compact, l i g h t w e i g h t  and 
s t r u c t u r a l l y  s t rong .  A complete  eview o f  t h e  v a r i o u s  des ign  cons ider -  f a t i o n s  was presented l a s t  year. The system as f i n a l l y  cons t ruc ted  
i s  schema t i ca l l y  shown i n  F ig .  4. It c o n s i s t s  o f  a  Ti-6A1/4V chamber 
which houses t h e  s t a t e  s e l e c t o r  magnet and 2 ST 1 7 1  Zr-C g e t t e r  pumps 
b u i l t  by SAES Get te rs .  At tached t o  one p o r t  on t h i s  chamber were 2 
sma l l  Va r i an  appendage i o n  pumps ( %  Q / s )  f o r  a s s i s t i n g  t h e  g e t t e r  pumps 
w i t h  r e s i d u a l  gases ( o t h e r  t h a n  H ). Th i s  chamber was welded t o  t h e  
hydrogen maser and t h e  hydrogen d i zassoc i  a t o r  was a t t ached  w i t h  a v i t o n  
" 0 " - r i n g  t o  t h e  bot tom f lange .  The vacuum/pumping system t e s t s  were 
designed t o  de te rmine  i )  t h e  a c t i v a t i o n  procedure i i )  t h e  system 
pumping speed and t o t a l  hydrogen c a p a c i t y  o f  t h e  g e t t e r  pumps and i i i )  
r e s i d u a l  gas con tam ina t i on  1 eve1 s  and o p e r a t i o n  o f  smal l  appendage i o n  
pumps. The maser was i n i t i a l l y  operated u s i n g  t h e  descr ibed  pumping 
system b u t  w i t h  a  turbo-mol ecul  a r  pump i n s t e a d  o f  t h e  g e t t e r  pumps i n  
o r d e r  t o  a s c e r t a i n  t h e  i n i t i a l  o p e r a t i n g  c o n d i t i o n  o f  t h e  complete 
system p r i o r  t o  t h e  i n  s i t u  g e t t e r  pump t e s t s .  

,.---.. .Ti 6A14V CHAMBER 

THERMAL 
BAFFLE 
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Fig.  4. Schematic drawing o f  L i g h t w e i g h t  pumping system f o r  H2 Maser. 



We used o n l y  1 Zr-C g e t t e r  pump i n  t h e  per formance t e s t s .  The second 
g e t t e r  pump p o r t  was used t o  a t t a c h  a tu rbo -mo lecu l  ar pump f o r  system 
e v a c u a t i o n  d u r i n g  a c t i v a t i o n  and f o r  i n s e r t i o n  o f  thermocoupl  e (TC) 
l e a d s  i n t o  t h e  vacuum space. One TC was a t t a c h e d  t o  t h e  g e t t e r  pump t o  
m o n i t o r  i t s  t e m p e r a t u r e  w h i l e  t h e  2nd was a t t a c h e d  t o  t h e  s t a t e  s e l e c -  
t o r  magnet (A1 NiCo V I  I, hexapo le )  i m m e d i a t e l y  f a c i n g  t h e  g e t t e r  pump. 
The two appendage i o n  pumps were a t t a c h e d  t o  one o f  t h e  r e m a i n i n g  s m a l l  
p o r t s  w h i l e  a  p a r t i a l  p r e s s u r e  a n a l y z e r  (Perkin-ELMEk/Ul t e k  Inc .  Model 
607-1000) was a t t a c h e d  t o  t h e  r e m a i n i n g  p o r t .  Thus we were a b l e  t o  
m o n i t o r  p a r t i a l  p r e s s u r e s  o f  a l l  gases p r e s e n t  i n  t h e  system a t  a l l  
t imes .  

i )  A c t i v a t i o n  T e s t s  

The  g e t t e r  pumps w h e r e  e q u i p p e d  w i t h  a n  i n t e r n a l  h e a t e r  f o r  
a c t i v a t i o n .  I n i t i a l  a t t e m p t s  t o  a c t i v a t e  t h e  pumps were t h w a r t e d  
b y  h e a t e r  b u r n  o u t  and s h o r t s  ( a  m a n u f a c t u r i n g  p r o b l e m  h o p e f u l l y  
b e i n g  c o r r e c t e d )  and by a  1  a rge  the rma l  l eakage  f r o m  t h e  punips t o  t h e  
o u t s i d e  wor ld .  A d e s i g n  rnodi f i c a t i o n  i n v o l v i n g  i n s e r t i o n  o f  seve ra l  
i n t e r n a l  r a d i a t i o n  s h i e l d s  l o c a t e d  1) i n s i d e  t h e  T i  p u m p i n g  arm 
s u r r o u n d i n g  t h e  g e t t e r  pump, 2)  between t h e  i n n e r  d i a m e t e r  o f  t h e  
g e t t e r  pump and t h e  c e n t r a l  s u p p o r t  r o d  a n d  3 )  b e t w e e n  t h e  f e e d  
t h r u  f l a n g e  and t h e  f a c e  o f  t h e  pump. These d e s i g n  changes reduced 
t h e  power r e q u i r e d  t o  a c t i v a t e  t h e  pumps b y  75%; D u r i n g  a c t i v a t i o n ,  
t h e  T i  arm hous ing  t h e  g e t t e r  pump was w a t e r  c o o l e d  on t h e  o u t s i d e  
b y  s l i p p i n g  a  doub le  " O H - r i n g  s e a l e d  b rass  c o o l i n g  c o l l a r  o v e r  it. 
The c o o l i n g  w a t e r  was t h u s  d i r e c t l y  i n  c o n t a c t  w i t h  t h e  T i  m e t a l  
i t s e l f .  A c t i v a t i o n  was accornpl i s h e d  by m a i n t a i n i n g  t h e  g e t t e r  m a t e r i  a1 
a t  900°C f o r  30 m inu tes  as recommended by SAES G e t t e r s .  475  w a t t s  o f  
power (8.5 amps a t  5 5  v o l t s  a c )  were r e q u i r e d  f o r  a c t i v a t i o n .  D u r i n g  
a c t i v a t i o n  t h e  s t a t e  se l  e c t o r   nagn net reached a  nlaximum tempera tu re  o f  
195°C - w e l l  below t h e  range  nhgre  d e g r a d i a t i o n  i s  a n t i c i p a t e d  The 
vacuum was m a i n t a i n e d  i n  t h e  10- t o r r  range o r  be low w i t h  t h e  t u r b o -  
rnolecul  a r  pump. Predorni n a t e  gases erni t t e d  d u r i n g  a c t i v a t i o n  were H20, 
C O Y  Npy and hydrocarbons.  A f t e r  a c t i v a t i o n ,  t h e  sys tem was a1 lowed 

t o  c o o l ,  t h e  t u r b o - m o l e c u l a r  pump was v a l v e d  o f f ,  and an u l t i m a t e  

p r e s s u r e  o f  4 x 1 0 ~ ~  t o r r  was a t t a i n e d  w i t h  t h e  two i o n  appendage pumps 
and t h e  g e t t e r  pump. (See Tab le  I )  

i i )  Pumping Speed and C a p a c i t y  

I n i t i a l  t e s t s  o f  t h e  pumping speed were a t ten lp ted  u s i n g  a v a r i a b l e  
1 eak v a l v e  ( G r a n v i l  l e - P h i l  1 i p s ,  Model 203)  a t t a c h e d  t o  a  c o n t a i n e r  o f  
5-9 p u r i t y  Hydrogen. Even t h i s  h i g h  p u r i t y  g a s  had enough A r  and N  
i m p u r i t i e s  t o  v i t i a t e  a  l o n g  t e r r r ~  t e s t .  The  i o n  pumps c o u l d  n o t  
m a i n t a i n  l o w  A r  and N l e v e l s  a t  t h e  a c c e l e r a t e d  f l o w  r a t e  d e s i r e d  f o r  
t h e  t e s t .  F o l l o w i n g  t h i s  d i s c o v e r y ,  a  Pd v a l u e  was i n s e r t e d  i n  t h e  
H p  gas s t ream i n  o r d e r  t o  f u r t h e r  c l e a n s e  t h e  gas. 



A f t e r  i n s e r t i o n  o f  t h e  Pd v a l u e  i n  t h e  H f l o w ,  t h e  e n t e r i n g  
gas was f r e e  f rom any d e t e c t a b l e  i m p u r i t i e s  excZpt a smal l  amount o f  
He. The pumping speed was determined by f i l l i n g  an e x t e r n a l  con ta i n -  
e r  o f  known volume Vext (8.3 1  i t e r s )  w i t h  800 T o r r  He and m o n i t o r i n g  

t h e  p ressure  d rop  w i t h  a  Q u a r t z  Manometer as t h e  gas f l owed  i n t o  t h e  
maser, dPeXt/dt. The p ressure  i n s i d e  t h e  maser Pi ntwas measured w i t h  

t h e  PPA ( t o t a l  p ressure )  and t h e  f l o w  r a t e  was c a l c u l a t e d  f rom t h e  
f ormul a  

v e x t  dPext S ( R/sec) = - - 
'i n t  d t  . 

The measured average pumping speed was 20 l i t e r s l s e c  du r i ng  t h e  1 s t  
30 days o f  t h e  t e s t .  S ince t h e  repo r t ed  pumping speed o f  t h e  G e t t e r  
pump i s  > I 0 0  R /sec, we assume t h a t  20 R/sec rep resen t s  a  c o n d u ~ t i ~ o n  
l i m i t e d  speed dependent on t h e  geometry o f  t h e  b a f f l e s  and suppor t  
mec an isms o f  t h e  g e t t e r  pumps. The f l o w  r a t e  f o r  t h i s  t e s t  was - 6 10 t o r r  R / sec  which i s  approx imate ly  5 t imes  l a r g e r  than  d u r i n g  
maser opera t ion .  The t o t a l  c a p a c i t y  o f  t h e  H2 pumped as o f  t h e  w r i t i n g  
o f  t h i s  a r t i c l e  i s  400 t o r r  l i t e r s  - 115 t h e  expected u s e f u l  capac i t y .  
These numbers a r e  1  i s t e d  i n  Table  I .  

iii Residual  Gas Contaminat ion - i o n  pump o p e r a t i o n  

A p r i m a r y  c o n c e r n  i n  t h e s e  t e s t s  was t h e  r e s i d u a l  gas l e v e l s  
( f  H ) i n  t h e  system which m igh t  contaminate t h e  g e t t e r  pumps, 1  i m i t i n g  
t h e i g  use fu l  1 i f e t i m e  and capac i t y .  Assoc ia ted w i t h  t h i s  same concern 
was t h e  o p e r a t i o n  o f  t h e  smal l  i o n  pumps which were i nco rpo ra ted  i n t o  
t h e  system t o  a l l e v i a t e  these  r e s i d u e  gas problems. 

F o r  a  c l e a n  sys tem,  c a l c u l a t i o n s  s u g g e s t e d  t h a t  t w o  s m a l l  V a r i a n  
appendage pumps woul d  s u f f , i c e  t o  m a i n t a i n  s t a b l e  maser  o p e r a t i o n  
p rov i ded  t h e  i o n  pumps were no t  degraded w i t h  t i m e  due t o  o p e r a t i o n  i n  
a h i gh  p a r t i a l  p ressure  o f  H To i nc rease  t h e  l i f e t i m e  o f  t h e  i o n  
pumps o p e r a t i n g  i n  a  hydroge% atmosphere, t h e  o p e r a t i n g  vo l t age  was 
reduced. The pumping e f f i c i e n c i e s  f o r  1 i g h t e r  elements (such as H ) 
i s  reduced t o  a much g r e a t e r  e x t e n t  than  t h e  heav ie r  e l  ements (such $ 5  
N, 0, A r ,  and hydrocarbons) as t h e  ope ra t i ng  vo l t age  o f  t h e  pumps i s  
lowered. To determine t h e  optimum ope ra t i ng  vo l tage ,  we measured t h e  
r e s i d u a l  gas l e v e l s  i n  t h e  system as a  f u n c t i o n  o f  i o n  pump v o l t a g e  f o r  
two c o n d i t i o n s :  1 )  H f l ow w i t h  no Pd va lue  (F ig .  5 a )  and 2 )  H2 f l o w  
w i t h  Pd va lue  (F ig .  58). 

I n  F ig .  5a one notes s u b s t a n t i a l  l e v e l s  o f  A r  and N which were i n  t h e  
H gas i t s e l f .  Wi th  t h e  i o n  pump o f f ,  t h e  A r  and N ?eve ls  q u i c k l y  r o s e  
a i d  t h e  t o t a l  p ressure  o f  t h e  system inc reased  con t i nuous l y ,  i.e. t h e  
g e t t e r  pumps c o u l d  no t  pump these  gases s u f f i c i e n t l y  w e l l  t o  m a i n t a i n  a 



F i g .  5. 

M A S S  N U M B E R  

Res idua l  g a s  1 evels i n  t i  Maser. (See discussion Ref .  3 ) .  
2 

( 5 a )  H p  f l o w  w i t h  no  Pd value 

( 5 b )  H p  f l o w  w i t h  Pd v a l u e  

( 5 c )  Gas spectrum a f t e r  40 days of o p e r a t i o n  a t  a f l o w  r a t e  

of t o r r  a /set. 



cons tan t  t o t a l  system pressure  a t  t h e  f l o w  r a t e  used. Wi th  an opera t -  
i n g  v o l t a g e  o f  1 K v o l t ,  t h e  system would m a i n t a i n  a  s t a b l e  p ressure  
(a1 b e i t  a t  a  l ow  f l ow  r a t e ) ,  due t o  t h e  i o n  pumps ass i s t ance  w i t h  
pumping. A r  p a r t i a l  p ressu re  remained re1 a t i v e l y  h i g h  s i n c e  t h e  
g e t t e r s  do n o t  pump Ar .  I t appears t h a t  low v o l t a g e  l e v e l s  1<V<2 
K v o l t s  can e f f e c t i v e l y  pump most con ta im inan t s  i n  t h e  maser. H2 does 
n o t  appear t o  b e  s i g n i f i c a n t l y  pumped a t  t hese  v o l t a g e  l e v e l s .  

The same t e s t  was a g a i n  p e r f o r m e d  a f t e r  i n s e r t i o n  o f  t h e  Pd 
va lve.  F i g u r e  5b stiows t h e  gas l e v e l s  vs i o n  v o l t a g e  f o r  t h i s  t e s t .  
As can be seen, t h e  system i s  much c leaner ,  i .e. t h e  Pd va lue  removed 
t h e  contaminants  i n  t h e  H gas. A t  1 K v o l t ,  CH4, C O Y  H20 and some Ar 2 
was de tec ted  i n  t h e  l o m 7  t o r r  range.3 A t  1.5 K v o l t ,  a l l  gas contami-  
n a t i o n  l e v e l s  had f a l l e n  i n t o  t h e  range except water. Thus i t  
appears, t h a t  one can m a i n t a i n  a  c l e a n  system o p e r a t i n g  t h e  Va r i an  
appendage pumps a t  vo l t ages  as low as 1.5 Kvo l t s .  We chose t o  opera te  
t h e  pumps a t  1.75 K v o l t  f o r  t h e  l i f e t i m e  t e s t s  which a r e  i n  progress.  
A PPA t r a c e  showing t h e  d e t e c t a b l e  gas l e v e l s  o f  t h e  system a f t e r  
o p e r a t i o n  f o r  40 days i s  shown i n  F ig .  5c. Note t h e  H 0 peak i s  50% 
l owe r  a f t e r  40 days t han  i t  was when t h e  da ta  i n  F ig .  was ob ta i ned  
a f t e r  5 days o f  ope ra t i on ,  i.e. t h e  system i s  c l e a n i n g  up w i t h  t ime. 

I I. SUMMARY/CONCLUS IONS 

We have now demonstrated t h a t  t h e  ma jo r  des ign  f e a t u r e s  o f  t h e  l i g h t -  
we igh t  Vacuum Pumping System a r e  a t t a i n a b l e .  Ma jo r  p rob lems/uncer ta in -  
t i e s  rema in ing  a r e  assoc ia ted  w i t h  1) manufac tu re rs  re1  i a b i l  i t y  f o r  
d e l i v e r i n g  q u a l i t y  g e t t e r  pumps w i t h  i n t e r n a l  h e a t e r  and 2) l ong  
l i f e t i m e  t e s t s  f o r  b o t h  t h e  g e t t e r  pumps and t h e  i o n  pumps. 
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A c t i v a t i o n  power 
A c t i v a t i o n  t e m p e r a t u r e  
A c t i v a t i o n  t i m e  

TABLE I 

Pump System C h a r a c t e r i s t i c s  

U l  t i rnate Vacuum 

475 w a t t s  
900°C 

30 m i n u t e s  

4 x 1 0 - ~  g e t t e r  + i o n  
9x l o - '  g e t t e r  

Pump i ng s peed 20 /sec  

System p r e s s u r e  5. 5x10m6 t o r r  
( a t  f l  ow r a t e  of t o r r  k / s e c )  

T o t a l  pumped c a p a c i t y  a t  
t i m e  o f  a r t i c l e  (40  days)  400 t o r r  1  i t e r s  

I o n  Pump Power < 1 w a t t  p e r  pump 

REFERENCES 

1. D.U. G u b s e r ,  S.A.  W o l f ,  a n d  J.E. Cox ,  Rev. S c i .  I n s t r u .  - 50,  
751 (1979).  

2. S.A. W o l f ,  D.U. G u b s e r ,  a n d  L.D. J o n e s ,  P r o c e e d i n g s  o f  t h e  
1 2 t h  Annual PTTI meet ing .  

3. The p a r t i a l  p r e s s u r e s  measured and r e p o r t e d  a r e  o n l y  nominal .  
The U l t e k  PPA does no t  a c c u r a t e l y  d e t e r m i n e  p a r t i a l  p r e s s u r e s  
o f  r e s i d u a l  g a s s e s ,  b u t  r a t h e r  g i v e s  a s i g n a l  a p p r o x i m a t e l y  
p r o p o r t i o n a l  t o  t h e i r  r e l a t i v e  abundance  i n  t h e  sys tem.  The 
t o t a l  p r e s s u r e  r e a d i n g s ,  however, a r e  q u i t e  a c c u r a t e  s i n c e  i n  
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