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SUMMARY 

T h i s  p r o j e c t  began i n  suppor t  of p r o c e s s  development work on 
c a b l e s  which u s e  e l e c t r o m a g n e t i c  r a d i a t i o n  (EMR) hardware.  These 
c a b l e s  r e q u i r e  an a i r  t i g h t  conduc t ive  p a t h  between t h e  s h i e l d ,  
t h e  a d a p t o r  r i n g ,  and t h e  connec tor  s h e l l .  

S o l d e r  j o i n t  p r o c e s s i n g  between t h e  adap to r  r i n g  and connec tor  
i n v o l v e s  i n s t a l l i n g  a  s o l d e r  preform i n  t h e  groove between r i n g  
and connec to r  and i n s e r t i n g  t h e  connec tor  i n  an i n d u c t i o n  h e a t e d  
work c o i l  t o  mel t  t h e  s o l d e r .  A t y p i c a l  h e a t  c y c l e  l a s t s  approxi-  
mate ly  5 seconds and g e n e r a t e s  a  peak t empera tu re  of about 500°F 
(260°C).  The s o l d e r  m e l t s  and f lows  i n t o  t h e  t h readed  a r e a s ,  
making v i s u a l  v e r i f i c a t i o n  of t h e  s o l d e r  j o i n t  d i f f i c u l t .  

T h i s  i n v e s t i g a t i o n  measured t h e  t empera tu re  d i f f e r e n c e  a c r o s s  t h e  
RTV seal i n  t h e  connec tor  and determined t h e  e x t e n t  of s e a l  
damage from h e a t .  T h i s  i n v e s t i g a t i o n  a l s o  determined t h e  e f f e c t s  
of s u b j e c t i n g  t h e  connec tor  t o  a  600°F ( 3 1 6 O ~ )  peak t empera tu re .  

Seven work c o i l s  were e v a l u a t e d  and a c o i l  w a s  produced which 
w i l l  make a c o n s i s t e n t l y  a i r  t i g h t  s o l d e r  j o i n t  wh i l e  minimizing 
h e a t  t r a n s f e r  t o  t h e  connec tor  seal .  A p r o c e s s  and i n d u c t i o n  
h e a t i n g  c o i l  were developed t o  s o l d e r  EMR hardware t o  t h e  a d a p t o r  
r i n g  wh i l e  minimizing h e a t  t r a n s f e r  t o  p r e v i o u s l y  s o l d e r e d  
t e r m i n a t  i o n s .  



DISCUSSION 

SCOPE AND PURPOSE 

The i n d u c t i o n  s o l d e r i n g  p r o c e s s  w a s  developed t o  s u p p o r t  e l e c t r o -  
magnet ic  r a d i a t i o n  (EMR) hardware c a b l e  p roduc t ion .  A t  t h e  s t a r t  
o f  t h i s  p r o j e c t ,  p roduc t  s p e c i f i c a t i o n s  r e q u i r e d  t h a t  t h e  
adaptor - r ing- to-connec tor  s o l d e r  j o i n t  be  made w i t h  a  TI  o f  420°F 
(216OC) and a T2 of  470°F (243OC). T I  is  t h e  i n i t i a l  t empera tu re ,  
approximate ly  70°F (21°C) t o  150°F (71°C) h i g h e r  t h a n  t h e  m e l t i n g  
p o i n t  of  t h e  s o l d e r ,  and s h o u l d  b e  reached  i n  less than  5 seconds .  
T2 is t h e  maximum a l lowab le  t empera tu re  (Round  W i r e  M u l t i c o n d u c t o r  
C a b l e  D e s i g n  G u i d e ,  Sandia  L a b o r a t o r i e s ,  p  3 . 3 ) .  

An i n c r e a s e  i n  t h e  T2 w a s  r e q u e s t e d ,  b u t  concern e x i s t e d  about 
t h e  d e g r a d a t i o n  of t h e  RTV s e a l  between t h e  connec tor  s h e l l  and 
i n s e r t  above 4 8 0 ' ~  (249°C).  Temperature g r a d i e n t  r equ i r emen t s  
l a t e r  were r e l a x e d  t o  make a f u n c t i o n a l  s o l d e r  j o i n t  a c c e p t a b l e  
a f t e r  t es ts  showed t h e  connec tor  i n s e r t  seal might no t  r e a c h  a  
damaging t empera tu re  du r ing  t h e  s o l d e r i n g  c y c l e .  The produc t  
s p e c i f i c a t i o n  now a l l o w s  a  peak t empera tu re  of  600°F (316OC) 
because  t h e  s o l d e r i n g  m a t e r i a l s  can be  used e f f e c t i v e l y  below 
t h i s  t empera tu re .  

ACTIVITY 

S o l d e r  J o i n t  C r i t e r i a  

S o l d e r  j o i n t  accep tance  o r i g i n a l l y  w a s  based on b i s u a l  i n s p e c t i o n  
and s e v e r a l  c y c l e s  th rough  t h e  i n d u c t i o n  s o l d e r  machine were 
r e q u i r e d  t o  y i e l d  a  v i s u a l l y  a c c e p t a b l e  s o l d e r  j o i n t .  These 
e x t r a  c y c l e s  r e s u l t  i n  a s o l d e r  bui ld-up on t h e  i n s i d e  a d a p t o r  r i n g  
l i p  which i n t e r f e r e s  w i t h  EMR hardware assembly.  

When t empera tu re  g r a d i e n t  requi rements  were r e l a x e d  t h e  s t a n d a r d  
w a s  r e v i s e d  t o  a l l ow a f u n c t i o n a l  s o l d e r  j o i n t  t o  be a c c e p t a b l e .  
An a i r  t i g h t ,  con t inuous  360 degree  s o l d e r  j o i n t  between t h e  
a d a p t o r  r i n g  and connec tor  t h a t  is f u n c t i o n a l l y  t e s t e d  f o r  a i r  
l e a k s  and h a s  a  l eakage  r a t e  of  less than  20 c u b i c  c e n t i m e t e r s  
p e r  minute  is  a c c e p t a b l e .  F i g u r e  1 shows c r o s s  s e c t i o n s  of 
a c c e p t a b l e  and unaccep tab le  j o i n t s .  In  t h e  a c c e p t a b l e  j o i n t ,  
s o l d e r  f i l l  between t h e  t h r e a d s  is  good, no cont inuous  a i r  gap 
is  p r e s e n t ,  and no s o l d e r  is  on t h e  adap to r  r i n g  l i p .  

I n  t h e  unaccep tab le  j o i n t  e x c e s s  s o l d e r  has  flowed o n t o  t h e  
a d a p t o r  r i n g  l i p .  T h i s  e x c e s s  s o l d e r  p r e s e n t s  a problem i n  t h e  
i n s t a l l a t i o n  of EMR hardware ( F i g u r e  2 )  because t h e  hardware w i l l  
no t  f i t  s q u a r e  on t h e  a d a p t o r  r i n g .  A l l  s o l d e r  j o i n t s  a r e  
t e s t e d  f o r  a i r  l e a k s  on a  p roduc t ion  l e a k  t e s t  f i x t u r e .  
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EXCESS - SOLDER 

ADAPTOR ADAPTOR 
R I N G  /- R I N G  

Figure 1. ncceptable (Left) and Unacceptable Solder Joints 

ADAPTOR 
R l N Q  

CONNECTOR 

Figure 2. Assembly EMR Shell 



I Induct ion  Solder  Process  

The fo l lowing s t e p s  are performed i n  a t y p i c a l  induc t ion  s o l d e r  
p rocess .  

a The work c o i l  is a t t a c h e d  t o  t h e  machine. 

a Water l i n e s  t o  cool  t h e  c o i l  a r e  hooked up and a c t i v a t e d  
(F igure  3 ) .  

~ a.  Flux is app l i ed  t o  connector  and adaptor  r i n g  t h r e a d s .  

~ a The adaptor  r i n g  is screwed on t h e  connector.  

a The connector  is set on a jack and r a i s e d  i n t o  p o s i t i o n  i n  
t h e  work c o i l  (F igure  4 ) .  

~ a A dag s p o t  ( l i q u i d  g r a p h i t e )  is pa in ted  on t h e  i n s i d e  of t h e  
connector .  

I 
Solder  is  r o l l e d  i n t o  a r ibbon on a wring p r e s s .  

I a So lde r  is placed  between t h e  adaptor  r i n g  and t h e  connector .  

I Machine s e t t i n g s  a r e  made on c o n t r o l  boxes (Figure  5 ) .  

1 . "  
a The temperature r ecorde r  is s t a r t e d .  

l 

a A f o o t  swi tch  i s  depressed t o  i n i t i a t e  t h e  s o l d e r i n g  cyc le .  
l 

a The work c o i l  s t a r t s  t o  hea t  up (Figure  6); 

a The temperature cont inues  t o  rise u n t i l  TI  is reached. 
l 

a Current  s t o p s  a t  T I ,  5 seconds maximum from s t a r t  of cyc le .  

a The temperature cont inues  t o  rise u n t i l  water  coo l ing  
t a k e s  e f f e c t .  (T2 is t h e  maximum tempera ture . )  

Water i s  used t o  cool  c o i l .  

Once t h e  work c o i l  c o o l s ,  t h e  so lde red  connector is removed, 
a second connector is  chosen, and t h e  c y c l e  is  repeated .  

Leak Tes t  Equipment 

Leak tests are used t o  check both s o l d e r  j o i n t  i n t e g r i t y  and RTV 
i n s e r t  s e a l  damage. Determining smal l  l e a k  r a t e s  r e q u i r e s  a 
s o p h i s t i c a t e d  p i e c e  of equipment. The product ion l e a k  test 
f i x t u r e  (F igure  7 )  can numerical ly  r e g i s t e r  leakage when a i r  is 



Figure  3 .  Water Lines Attached t o  C o i l  

F igure  4. Connector on Jack  and Raised I n t o  P o s i t i o n  
i n  Work Coi l  



Figure  5. Control  'Box 

genera ted  through t h e  connector .  This  p a r t i c u l a r  t o o l i n g  is 
designed t o  r e g i s t e r  l e a k s  w i t h i n  t h e  product s p e c i f i c a t i o n  range 
of  20 cub ic  cen t ime te r s  p e r  minute. 

A l l  of t h e  samples made dur ing  t h i s  s tudy  were l e a k  t e s t e d  on a 
Veeco !ass Spectrometer which measures l e a k s  i n  t h e  range of 10-5 
t o  10' c u b i c  cen t ime te r s  p e r  second. F igure  8 i n d i c a t e s  t h e  
range of both  t h e  Veeco and t h e  product ion f i x t u r e .  The Veeco is  
used because t h e  test is extreme and s o l d e r  j o i n t s  wi th  leakage 
i n  t h i s  range a r e  d e f i n i t e l y  good. 

Temperature Measurement 

The temperature g r a d i e n t  a c r o s s  t h e  RTV connector  i n s e r t  seal is 
of concern,  s o  a monitor ing and recording  test procedure was 
devised .  Two i n f r a r e d  r a d i a t i o n  hea t  s e n s o r s  were used t o  c o n t r o l  
and monitor t h e  temperature above and below t h e  i n s e r t  s e a l  dur ing  
t h e  s o l d e r  process .  One i n f r a r e d  sensor  was used t o  c o n t r o l  



ACT 1 VATE AUTOHATI C OVERSHOOT 
SHUTOFF BEFORE WATER 

TAKES OVER 

TIME 

Figure  6. Time Versus Temperature P r o f i l e  

t h e  output  (TC) of t h e  induc t ion  s o l d e r  h e a t e r  and t h e  second w a s  
focused through an enlarged  bayonet h o l e  on t h e  o u t s i d e  of t h e  
connector  barrel (TM) (F igure  9 ) .  Two circles of l i q u i d  g r a p h i t e  
are p a i n t e d  on t h e  connector  f o r  t h e  focus ing  p o i n t s .  

Th i s  s e t u p  pe rmi t t ed  s imultaneous record ing  of temperature on 
both  s i d e s  of t h e  connector  i n s e r t  t o  determine t h e  temperature 
g r a d i e n t  a c r o s s  t h e  RTV seal. F ive  connectors  were monitored 
i n  each of  seven work c o i l s .  Enough d a t a  (Table 1) w a s  c o l l e c t e d  
t o  genera te  a r e l i a b l e  temperature p r o f i l e  f o r  each c o i l .  

C o i l  Analysis  

Seven d i f f e r e n t  work c o i l s  were designed t o  s o l d e r  adaptor  r i n g s  
t o  S i z e  10 and 11 connectors  (F igures  10  through 16) .  P r e s o l d e r  
l e a k  tests us ing  t h e  Veeco Mass Spectrometer def ined  base  
informat ion  on t h e  RTV seal cond i t ion  i n  a l l  connectors .  Twenty- 
f i v e  connectors  were s o l d e r e d  on each work c o i l .  A s  stated 
e a r l i e r ,  5 of t h e s e  25 def ined  t h e  temperature rise a c r o s s  



Bigure 7 .  Produet ion Leak Test 
Fixture 

t h e  connector  i n s e r t  seal dur tng  s o l d e r i n g  (Table 2 ) .  I n  a l l  
cases, Sn60/Pb40 s o l d e r  and mi ld ly  a c t i v a t e d  f l u x  were used 
e x c l u s i v e l y .  Highly a c t i v a t e d  f l u x  is n o t  used because of 
p o t e n t i a l  long term c o r r o s i v e  problems and because t h e  EMR 
hardware makes it imposs ib le  t o  remove. 

S o l i d  s o l d e r  (Sn60/Pb40) maximized t h e  amount of  s o l d e r  which 
could  be  p laced  i n  t h e  adaptor  r i n g  groove. For a s t a n d a r d  
adaptor  r i n g  t h e  s o l d e r  must b e  r o l l e d  i n t o  a r ibbon 0.015 inches  
(0.038 mm) t h i c k  on a f i x t u r e  (F igure  17), p e r m i t t i n g  it t o  be 
i n s t a l l e d  i n  t h e  adap to r  r ing-connector  groove. After connectors  
were s o l d e r e d  on t h e  work c o i l s ,  each group w a s  again l e a k  t e s t e d  
on t h e  Veeco Mass Spectrometer.  Data on some connectors  are 
i n c o n s i s t a n t  bu t  i f  t h e  leakage r a t e  a f t e r  s o l d e r i n g  is 
less than  f u l l  scale, ( loo5 cub ic  cen t ime te r s  p e r  second) 
t h e  seal and s o l d e r  j o i n t  are considered good. Those i n d i c a t i n g  
f u l l  scale w e r e - f u r t h e r  t e s t e d  on t h e  product ion l e a k  test  
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Figure  8. Comparison of Leak Tes t  Devices 
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Figure  9. Temperature Monitoring and Recording Setup 



Table 1. Temperature Test Across 
Connector Seals 

Coil 
Shell T T, Average 
Size [$;I (OC) 

COPPER COOLIN0 COIL  

ADAPTOR 
RlNQ I I 

I 

I 

SECTION A-A 

Figure 10. Inside Collar Coil 

(3.18 mm) 



118 IN. (3.18 
COPPER 

A COPPER COOL I NO co I L (WATER) 

I 

SECTlON A-A 
CONHECTOR 

Figure  11. Conventional F l a t  C o i l  

f i x t u r e  where l e a k s  o f  less than  20 cub ic  cen t ime te r s  p e r  minute 
are accep tab le .  Severa l  c o i l s  produced an accep tab le  s o l d e r  
j o i n t ;  however, only  one c o i l  e x h i b i t e d  t h e  c h a r a c t e r i s t i c s  
cons idered  most advantageous. Co i l  4 w a s  t h e  most e f f i c i e n t ,  
w i t h  a complete s o l d e r  f i l l e t ,  no damage t o  t h e  RTV connector  
s e a l ,  'and a low tempera ture  g r a d i e n t  between t h e  i n s i d e  and 
o u t s i d e  of t h e  connector.  

Induct ion  Solder ing  of EMR Hardware 

EMR hardware design and assembly l ends  itself t o  induct ion  
s o l d e r i n g .  The EMR hardware is placed  i n s i d e  t h e  connector 
adaptor  r i n g  and a  p i e c e  of  round s o l d e r  is formed i n t o  a 
c i r c l e  and p laced  on t h e  adaptor  r i n g  o u t s i d e  t h e  EMR hardware. 
Next t h e  connector ,  s o l d e r ,  and hardware set-up is placed  i n t o  
a hold ing  device  i n s i d e  an induct ion  s o l d e r  c o i l  similar t o  
C o i l  4 (F igure  18). 

Ac t iva t ing  t h e  machine causes t h e  s o l d e r  t o  m e l t  and flow between 
t h e  hardware and adaptor  r i n g .  This  p rocess  produced an e x c e l l e n t ,  
cont inuous 360 degree f i l l e t  around t h e  hardware once t h e  proper  



COPPER COOLIN0 COl  L 

SECTION A-A 

ii 
CONNECTOR 

Figure 12. Tapered Flat Coil 

( 0 . 0 2 5  a)* 
KA PTON 

ADAPTOR 
R I N G  Qr I .  I I 

CONNECTOR SECTION A-A 

Figure 13. Step-Down Flat Coil 



1 1 8  IN. 
COPPER 

COPPER COOLIMO C O I L  

N A-A 

1 Figure  14.  Outside C o l l a r  C o i l  

machine schedule is developed. Exce l l en t  we t t ing ,  a concave j o i n t ,  
and a b r i g h t  and sh iny  j o i n t  r e s u l t  (F igures  19 and 20) .  F igure  20 
is a c r o s s  s e c t i o n  which shows an a i r  t i g h t  seal between t h e  
connector  and adaptor  r i n g  and an accep tab le  j o i n t  between t h e  Em 
hardware and adaptor  r i n g .  

Concern e x i s t e d  about t h e  amount of hea t  t h a t  t h e  s o l d e r i n g  
r e q u i r e d  and t h e  e f f e c t  of t h e  h e a t  on t h e  wire-to-solder-cup 
j o i n t s  w i t h i n  t h e  hardware. Using two i n f r a r e d  monitors ,  one 
focused on t h e  o u t s i d e  r i n g  and t h e  o t h e r  focused on t h e  connector  
i n s e r t  edge i n s i d e  t h e  EMR hardware, t h e  temperatures  were 
monitored dur'ing s o l d e r i n g .  Recorded temperatures  on t h e  
connector  i n s e r t  d i d  no t  exceed 310°F (154OC) which is s a f e l y  
below t h e  s o l d e r  m e l t  temperature of 361°F ( 1 8 3 O C )  a t  t h e  s o l d e r  
cup (Table 3).  A second temperature test  inc luded s o l d e r i n g  a 
thermocouple . i n t o  a s o l d e r  cup ad jacen t  t o  t h e  EMR hardware. 
Thermocouple readings  were made dur ing  t h e  s o l d e r i n g  process .  
The peak temperature reading  w a s  285OF (140°C), s a f e l y  below t h e  
s o l d e r  m e l t  temperature (Table 4 ) .  A l l  connectors  were l e a k  
t e s t e d  a f t e r  s o l d e r i n g  and t h i s  proved t h a t  t h e  s o l d e r  process  
n e i t h e r  degrades t h e  connector  seal nor  t h e  adaptor  r i n g  j o i n t  



COPPER COOLING C O l L  

I 
ADAPTOR, 
RIM6 
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Figure 15. Top Collar Coil - COPPER COOLING C O l L  

Figure 16. Conical Coil 



Table 2.  EMR So lde r ing  Data 
. .  , ,  . . . . . . , .  

T.emp.e.r.at.ur.e.s. .( OF.). .( O C.). 

Sample Tm Tc T ~ - T ~  

Small Connsctors 

Machine S e t t i n g s :  High, 3.0.; Low, 1 . 4 ;  T i m e ,  1 . 5 ;  
S e t  P o i n t ,  410°F (2lO0C); 
Solder ,  0.015 t o  0.020 

Samples 5 ,  19 ,  and 10 passed v i s u a l  i n s p e c t i o n .  
A l l  f i v e  samples passed t h e  l e a k  test .  

Large Connectors 

Machine S e t t i n g s :  High, 5 . 5 ;  Low, 2 . 0 ;  T i m e ,  1 . 5 ;  
Solder ,  0.032 

A l l  f i v e  samples passed t h e  l e a k  test .  

because a l l  connectors  passed t h e  test .  P r e t i n n i n g  t h e  EMR 
hardware proved h igh ly  advantageous t o  t h e  p rocess  because it 
inc reased  t h e  we t t ing  dur ing  induc t ion  s o l d e r i n g .  U l t r a s o n i c  
t i n n i n g  d i sp iayed  t h e  best p r e t i n n i n g  method because of smooth- 
n e s s  and uni formi ty .  

I t  w a s  a l s o  d iscovered  t h a t  t h e  r e l a t i o n s h i p  between s o l d e r  j o i n t  
area and s u r f a c e  of induc t ion  c o i l  w a s  c r i t i c a l .  S e t t i n g  t h e  EMR 
hardware-adaptor r i n g  t o  t h e  c o r r e c t  he igh t  provided an accep tab le  
and a more a c c u r a t e  temperature p r o f i l e  wi th  minimum hea t  app l i ed  
t o  t h e  j o i n t .  



Figure  17. Solder  Being Rolled I n t o  
a Ribbon 

Because of  t h e  h igh  q u a l i t y  j o i n t  achieved,  a d e f i n i t e  t i m e  s av ings ,  
and no adverse  s i d e  e f f e c t s ,  i nduc t ion  s o l d e r i n g  of EMR hardware 
should  b e  implemented. 

ACCOMPLISHMENTS 

From t h e  beginning of t h i s  s tudy ,  an accep tab le  s o l d e r  j o i n t  
on an EMR s h i e l d e d  connector  was def ined  a s  a f u n c t i o n a l  s o l d e r  
joint--meaning a cont inuous j o i n t  360 degrees around and between 
t h e  connector  and adaptor  r i n g ,  and leakage of less than  20 cub ic  
c e n t i m e t e r s  p e r  minute through t h e  connector.  Of a l l  t h e  hea t ing  
c o i l s  eva lua ted ,  one, t h e  step-down f l a t  c o i l ,  proved s u p e r i o r  
t o  t h e  o t h e r  hea t ing  c o i l s .  Th i s  c o i l  produces accep tab le  s o l d e r  
j o i n t s ,  good, r e p e a t a b l e  l o w  temperature g r a d i e n t s ,  and low 
leakage rates a f t e r  s o l d e r i n g .  EMR-hardware-to-adaptor-ring s o l d e r  
j o i n t s  were s u c c e s s f u l l y  made. Th i s  p rocess  produced e x c e l l e n t  
q u a l i t y  s o l d e r  j o i n t s  wi th  no adverse  s i d e  e f f e c t s  and a d e f i n i t e  
t i m e  savings .  



Figure 18. Hardware Holding Device 

Figure. 19. Excel lent  J o i n t  



Table 3. Infrared Connector Insert Temperature Monitor Data 
. . . . . .  . .  . 

Temperatures (OF) (OC) 
Shell Joint 

Sample Size Tc Tm Quality 

Excellent 

Excellent 

Excel lent 
Excellent 
Excellent 
Excellent 
Good 
Good 
Excellent 

Excellent 

Hardware was pretinned; solder was 0.015 to 0.020; all 
passed post solder leak test. 

Table 4. Solder Cup Temperature Check With 
Thermocouple 

Temp.exat.we.s (OF) (OC) 

Shell EMR Thermocouple 
Sample Size Solder Joint Solder Cup 



Figure 20 Cross Section of Excellent Joint 



A p p e n d i x  A 

'TEMPERATURE DIFFERENCES ACROSS CONNECTOR SEALS 

T e m p e r a t u r e s  (OF) (OC) 

C o i l  C o n n e c t o r  Tm Tc Tm-Tc 



.Temperatures (OF) (OC) 

Coil Connector Tm Tc 



Appendix B 

SOLDER LEAK TESTS 

I ' Tes t  R e s u l t s ,  crn3/s) 
S e r i a l  
Number Pre-Solder Pos t  Solder  

Coi l  1, Connector 10  



Test Results cm3/s) 
Serial 
Number Pre-Solder Post Solder 

Coil 2, Connector 10 



1 - 
Test Resulfs crn3/s) 

I 

Serial 
1 Number Pre-Solder Post Solder 
I 
I Coil 3, Connector 10 



Tes t  R e s u l t s  cm3/s) ' 

S e r i a l  
Number Pre-Solder Pos t  Solder  

Co i l  4 ,  Connector 10  



3 Test  R e s u l t s  ( lo-?  cm 1 s )  . -  
S e r i a l  - 
Number Pre-Solder Post Solder  

Co i l  5,  Connector 10  



T e s t  R e s u l t s  cm3/s) 
S e r i a l  
Number Pre-Solder  P o s t  S o l d e r  

C o i l  6 ,  Connector 10 

3.8 

2.1 

1.5 

4.2 

2.3 

1.9 

Gross  Leak Ring 

0.8 

Gross Leak Ring 

0.9 

2.6  

>loo 

0.99 

3.0 

Gross Leak 

0.99 

1.4 



Test  R e s u l t s  crn3/s) 
S e r i a l  
Number Pre-Solder Post  Solder  

Co i l  7 ,  Connector 1 0  

175 0 .4  ~ r o s s  Leak 



Test Results cm3/s) 
Serial 
Number Pre-Solder Post Solder 

Coil 8, Connector 10 



Test  R e s u l t s  cm3/s) 
S e r i a l  
Number Pre-Solder Post  Solder  

Coi l  9 ,  Connector 10  



Test  R e s u l t s  cm3/s) 
S e r i a l  
Number Pre-Solder Pos t  Solder  

C o i l  1, Connector 11 

1 <1 x 4.7 

2 >loo 7.4 

3 <1 x lo-8 1.4 

4 <1 x Damaged Threads 

5 <1 x 10'~ 8.4 

6 <1 x Gross- Leak 

7 <1 x lo-8 2.8 



T e s t  R e s u l t s  cm3/s) 
S e r i a l  
Number Pre-Solder  Pos t  S o l d e r  

C o i l  2 ,  Connector 11 



Test  Resu l t s  crn3/s) 
S e r i a l  
Number Pre-Solder Pos t  Solder  

Co i l  3 ,  Connector 11 



3 Tes t  ~ e s u l t s  cm 1 s )  , . 
S e r i a l  
Number Pre-Solder Pos t  Solder  

C o i l  4 ,  Connector 11 



Test Results cm3/s) 
Serial 
Number Pre-Solder Post Solder 

Coil 5, Connector 11 



T e s t  R e s u l t s  cm3/s) 
S e r i a l  

j Number Pre-Solder  P o s t  S o l d e r  

C o i l  6 ,  Connector 11 



Tes t  R e s u l t s  crn3/s) 
S e r i a l  
Number Pre-Solder Post  Solder  

C o i l  7 ,  Connector 11 
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