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ABSTRACT 

A g l a s s - c e r a m i c - t o m e t a l s e a l i n g 
t echno logy p a t e n t e d by Sandia N a t i o n a l 
L a b o r a t o r i e s , Albuquerque (SNLA) was deve loped 
by MRC-Mound fo r u s e i n t he manufac tu re of " 
weapon components . S u c c e s s f u l i m p l e m e n t a t i o n 
a t t r a c t e d i n c r e a s i n g l y widespread weapon use 
of t h i s t e c h n o l o g y . " S - g l a s s " m a n u f a c t u r i n g 
t echno logy was t r a n s f e r r e d t o commercial 
vendors to e n s u r e t h a t weapons p r o d u c t i o n 
s c h e d u l e s would be met i n the coming y e a r s . 
Such t r a n s f e r a l s o p rov ided s o u r c e s of t h i s 
f l e d g l i n g t echno logy for the Department of 
Defense (DOD), a e r o s p a c e and o t h e r commercia l 
u s e s . The s t e p s i n v o l v e d i n the t e chno logy 
t r a n s f e r a r e d e s c r i b e d , from the I n i t i a l 
c o o p e r a t i v e deve lopment work of Sandia and 
Mound s c i e n t i s t s and t e c h n o l o g i s t s to the 
f i n a l phase of q u a l i f y i n g commercia l vendors 
f o r component m a n u f a c t u r e . 

INTRODUCTION 

Technology t r a n s f e r h a s become f o r m a l i z e d 
i n r e c e n t y e a r s . A form of t echno logy 
t r a n s f e r has long e x i s t e d w i t h i n t he DoE 
complex of I n t e g r a t e d c o n t r a c t o r s . The 
development of " S " g l a s s t e c h n o l o g y a t Sandia 
N a t i o n a l L a b o r a t o r i e s r e s u l t e d In the 
customary i n t e r a g e n c y t echno logy t r a n s f e r to 
the Mound p r o d u c t i o n f a c i l i t y i n o r d e r to 
accompl i sh a m i s s i o n . T h a t v e r y i m p o r t a n t 
t r a n s f e r i s b r i e f l y a l l u d e d t o i n the 
fo l l owing s e c t i o n . The major t h r u s t of t h i s 
pape r i s to d e s c r i b e the s t e p s t aken to 
t r a n s f e r the manufac tu r i ng t e c h n o l o g y , a s 
developed a t Mound, to p r i v a t e i n d u s t r y . The 
program was s p e c i f i c i n i t s s c o p e , conce ived 
by p e r s o n s i nvo lved w i t h a n e c e s s i t y and 
c a r r i e d o u t for a s e l f - s e r v i n g p u r p o s e . 
C e r t a i n l y the p o l i c i e s of t h a t more f o r m a l i z e d 
technology t r a n s f e r p h i l o s o p h y were 
acknowledged, and t hose i n t h e p r i v a t e s e c t o r 
s tood to g a i n t h e r e f r o m . The r e a d e r may g a i n 
i n s i g h t from t h i s c a s e h i s t o r y . 

* 
houna i s operate"d hy nunaaucu Resean. i i 
C o r p o r a t i o n fo r the U. S. Depar tment of 
Energy under C o n t r a c t No. 
DE-AC04-76-DP00053. 

BACKGROUND 
E l e c t r i c a l feedthroughs a re required to 

carry cur ren t from a power source in to 
apparatus i so la t ed wi thin a con t ro l l ed 
environment. Numerous devices which include 
th i s feature are used in the general 
e l ec t ron ic s i ndus t ry , with spec i f i c 
adaptat ions for use in weapon systems. The 
feedthrough concept provides e l ec t rodes 
encased within an i n su l a t i ng ma te r i a l which 
separates them from one another and from any 
metal housing. The Insu la to r i s a l so a 
s t r u c t u r a l b a r r i e r providing environmental 
i s o l a t i o n . 

Development work done a t Sandia National 
Labora tor ies , Albuquerque resu l t ed in the 
award of U.S. Patent No. 4,414,282 
"Glass-Ceramic Seals to Inconel" . The pa tent 
teaches that the p a r t i c u l a r g l a s s composition 
known as "S" g l a s s , w i l l bond to high n icke l 
aLloys when molten, thus forming a s t rong , 
hermetic (gas t i g h t ) s e a l . Furthermore tha t a 
defined thermal t reatment causes the g l a s s to 
c r y s t a l l i z e in to a p o l y c r y s t a l l i n e ma te r i a l , 
known to technologis ts a s a g la s s -ce ramic . 
The control led c r y s t a l l i z a t i o n produces a 
material with a thermal expansion which 
matches tha t of the meta l , thus forming a 
durable g lass-ceramic- to-meta l s e a l . 
Feedthrough devices so made with proper metal 
a l loys are except iona l ly s t rong . The "S" 
glass-ceramic i s twice as s t rong and three 
times tougher than g l a s s . The ma te r i a l i s 
a lso an exce l l en t i n s u l a t o r , with d i e l e c t r i c 
breakdown s t reng th measured a t 3800 v o l t s per 
mil . "S" g l a s s techno!o o v i s s vert tscul^r 
abbreviat ion which i s understood to descr ibe 
the pa r t i cu l a r jo in ing of c e r t a i n metals to 
the "S" glass (g lass-ceramic i n s u l a t o r ) . 
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Advantages a re r ea l i zed in the 

manufacturing of feedthrough devices when 
using "S" g lass technology. An assembly of 
metal piece par t s i s quickly made on a holding 
f i x t u r e . The i n i t i a l g lass p a r t needs be 
nothing more than a convenient piece of proper 
weight added to the top of the assembly. 
Multiple assemblies contained within an 
atmosphere-controlled furnace are 
automat ical ly processed through a 
microprocessor-control led thermal cyc l e . Upon 
melting a t 1000 C, the g lass flows In to the 
metal housing, f i l l i n g a l l space while 
af fec t ing a chemical bond with the metal 
su r faces . The g l a s s flows through even t iny 
openings, and complex geometries a re achieved, 
while molding the e l ec t rodes firmly i n to 
p lace . Lower temperature heat ing s t e p s cause 
the glass to c r y s t a l l i z e and form the 
glass-ceramic m a t e r i a l ; the metal housing can 
be precipi ta t ion-hardened through ensuing heat 
t rea t ing s t e p s . This whole process i s 
completed in a s ing le furnace cyc le . Sealed 
pa r t s are ready for machine f i n i s h i n g , metal 
cleanup and s e l e c t i v e gold p l a t i n g . The 
manufacturing process i s co s t - e f f ec t i ve in 
tha t i t i s not labor Intensive and y i e ld s as 
high as 95% are r e a l i z e d . Demonstrated 
function r e l i a b i l i t y exceeds .9998 i n d i c a t i n g 
that only two components are expected to f a i l 
in 10,000 un i t s t e s t e d . 

Sandia designers u t i l i z e d the novel 
technology to c r ea t e components of except ional 
s t rength and r e l i a b i l i t y . These were headers 
used to contain explosive events in i g n i t o r s , 
detonators and a c t u a t o r s . Such f inished 
explosive products a re fabr ica ted for the DoE 
Weapons Complex by the Mound Plant , or by 
subcontractors responsible to Mound. 
Feas ib i l i t y demonstrated by Sandia work 
resul ted in a program to ful ly develop the new 
headers i n to v iab le components for weapon use . 

Accordingly, a j o i n t e f f o r t occurred to 
MALI/XZ a f fec t !Bterag*ecy technology t r a n s f s r between 

Hi Sandia and Mound. K two year R&D and t e s t i n g 
period ensued wherein d e t a i l s of design, " S " 
g lass compositional s p e c i f i c s , and process 
parameters were derived and spec i f i ed . A 
grea t deal of s c i e n t i f i c understanding was 
evolved by Sandia. Mound concentrated upon 
product ionizat ion methodologies. A notable 
achievement was the acqu i s i t i on of a qua l i f i ed 
source of the "S" g l a s s . By working with a 
commercial supp l i e r , large"T>auantlties of the 
specified homogenous "S" grass were produced 
in custom-made g l a s s c a s t i n g s . 
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The program re su l t ed in production of two 
"S" g lass headers plus s i g n i f i c a n t development 
of severa l more s l a t e d for product ion , and 
demonstrations t h a t more components of varying 
geometries were equal ly f e a s i b l e . The 
successful t rack record a t t r a c t e d growing 
i n t e r e s t in the novel feedthrough product such 
tha t s teps to assure a con t inua l supply were 
necessary. In p a r a l l e l with Mound's upgrade 
of manufacturing c a p a c i t y , a major program was 
i n i t i a t e d to t rans fe r the manufacturing 
technology to p r iva te indus t ry to enable 
con t rac t manufacturing of headers by those 
supp l i e r s tha t became q u a l i f i e d for t h i s 
procurement. 

PROGRAM DESCRIPTION 

Pr ior to any a c t i o n , the concept of the 
proposed manufacturing technology t r a n s f e r was 
presented to top management in the DoE, Sandia 
and Mound o rgan iza t ions . This confirmed tha t 
no i n t e r e s t s would be v i o l a t e d , indeed tha t 
such t r ans fe r would be i n keeping with 
p o l i c i e s to procure s e r v i c e s from the p r iva te 
s e c t o r . The avowed goal was to c u l t i v a t e 
mult iple competitive sources and obvia te sole 
source procurement. The proposed vendors 
would be qual i f ied to manufacture designated 
components in keeping with q u a l i t y assurance 
and procurement requirements . Components 
designated for manufacture would be those 
proven to be manufacturable v ia Mound's 
development procedures. 

A task force was formed from p e r t i n e n t 
d i s c ip l i ne s of: Procurement, Qual i ty 
Assurance, Product Management, Process 
Engineering and Ceramic Development. This 
group formulated and c a r r i e d out the 
manufacturing t r ans fe r program. 

Prospective vendors from U.S. indust ry 
were sought on a s e l e c t i v e b a s i s . Limited 
resources caused a search for p o t e n t i a l 
vendors from those firms t h a t had experience 
in s imi la r manufacturing and had become known 
to have more than casua l i n t e r e s t in the new 
technology. Three such sources were used, 
I . e . , those firms tha t had obtained l icense to 
the Sandia pa ten t , those recorded a s 
p a r t i c i p a n t s in the more general technology 
t r ans fe r program sponsored a t Sandia, and 
those firms tha t had made convent ional ceramic 
headers for Mound or Mound su b -con t r ac to r s . 
Twenty-eight companies, thus i d e n t i f i e d , were 
no t i f i ed of the program by mai l , and requested 
to r e tu rn short answers to a survey of 
quest ions designed to a s s e s s the s u i t a b i l i t y 
of t h e i r f a c i l i t i e s to engage i n the proposed 
a c t i v i t y . I t was pointed out t h a t a growing 
market existed within the DoE, and t h a t 
knowledge of the new technology could spply to 
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From the responses, few companies were 
Judged to be inappropr ia te for "S" g lass seal 
manufacture and were so n o t i f i e d . Others 
declined fur ther i n t e r e s t . Fourteen companies 
accepted an i n v i t a t i o n to send r ep re sen ta t i ves 
to Mound fox a one-day seminar. A t o t a l of 
th i r ty people a t tended, represent ing companies 
with a l l levels of experience in con t r ac t 
dealings with an agency of the U.S. 
Government. 

The business side of the seminar covered 
those aspects of procurement regu la t ions and 
qual i ty assurance requirements , such t h a t the 
potent ia l vendors would understand the nature 
of audi ts and compliance surveys a t tending 
possible future c o n t r a c t s . Technical 
presentat ions were given on the science and 
technology of "S" g la s s feedthrough s ea l i ng , 
and on the manufacturing process used a t 
Mound. I t was p a r t i c u l a r l y useful to tour the 
per t inent production f a c i l i t i e s . Attendees 
saw firsthand that production personnel 
operating r e a l i s t i c equipment were indeed 
producing r ea l products . I t was important 
that the products could be seen in t h e i r f ina l 
qua l i ty forms in order to apprec ia te 'the 
potent ia l tha t could be rea l i zed in t he i r own 
f a c i l i t i e s . 

The seminar a t tendees were br iefed on the » 
future plans of the program. I t was pointed 
out that the vendors would make a con t r ibu t ion 
by fabr ica t ing some un i t s in order to 
demonstrate the i r own equipment and 
resources. Given two weeks for the a t tendees 
to report and the vendors to cons ider , a 
second l e t t e r was s en t . Additional 
information was included to c l a r i f y quest ions 
tha t had a r i sen a t the seminar. A response 
was requested as to whether the vendors wished 
to continue with the program and receive 
on-s i t e v i s i t s by task force members. Nine 
companies responded p o s i t i v e l y . 

Tae f i r s t teas of Uourad p«irsannel 
represented Procurement, Qual i ty Assurance and 
Ceramic Technology. The purpose of the v i s i t s 
was to survey each vendor 's con t r ac t 
administrat ion system, qua l i t y cont ro l 
capab i l i ty , and to examine the fab r i ca t ion 
equipment/production f a c i l i t y . Inva r i ab ly , 
vendor personnel, not a t the seminar, wanted 
source information. Mini-seminars were 
extemporaneously t a i l o red to meet those 
Inqui r ies . Discussions centered on the 
s u i t a b i l i t y of ava i l ab le equipment. As a 
r e su l t of t h i s v i s i t , one firm concluded tha t 
they could not technica l ly perform and 
declined fur ther p a r t i c i p a t i o n in the program. 

i 
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The remaining e i g h t firms received 
drawings and process manuals d e t a i l i n g Mound's 
procedure to manufacture one se lec ted header 
to meet the product s p e c i f i c a t i o n . The header 
selected was- fa i r ly simple but required f u l l 
processing to form the s ea l plus metal 
condi t ioning, and requi red f in i sh machining of 
metal and g lass along with se l ec t ive gold 
p l a t i n g . The component was in production a t 
Mound, thus there was much experience in i t s 
fabr ica t ion and eva lua t i on . 

The second team v i s i t from Mound 
personnel included process engineers , exper t 
in a l l phases of the manufacturing d e t a i l . 
The purpose was to c l a r i f y drawings and 
processes with vendor personnel . An important 
aspect was to c r i t i q u e the vendor 's 
fabr ica t ion plans and to counsel on the 
c h a r a c t e r i s t i c s of the d i f fe r ing kinds of 
equipment tha t were a v a i l a b l e . Each vendor 
was given a quan t i t y of piece pa r t s drawn from 
Mound's production s tock . I t was important 
tha t known good p iece p a r t s be used l e s t the 
pedigree of those ma te r i a l s cloud the 
evaluation of the vendor ' s processing 
ca pa b i l l ty. 

The vendors then s e t out to f a b r i c a t e the 
prove-in u n i t s . In order to demonstrate 
approved c a p a b i l i t y , Mound required a t o t a l of 
f i f t y uni t s processed from a t l e a s t three 
separate furnace s e a l cyc l e s . The vendors 
made the i r c o n t r i b u t i o n s by producing the sea l 
f ix tu r ing , providing the labor and the shop 
f a c i l i t i e s to f a b r i c a t e the p a r t s . During 
this period, Mound engineers were frequent ly 
consulted by phone and Mound performed f i r s t 
a r t i c l e evaluat ions of submitted specimens. 

Upon r e c e i p t of the completed prove- in 
l o t s of headers , Mound performed a complete 
evaluat ion of the p roduc t s . The choice of the 
prove-in header type , a Mound-manufactured 
item, was important in t h a t evaluat ions were 
f a c i l i t a t e d by the f a c t tha t a l l of the unique 
gages and t e s t f i x t u r i n g ex i s t ed , plus 
experience therewi th . All product was 
evaluated for dimensional and t e s t performance 
a t t r i b u t e s as done for Mound produced u n i t s . 
In add i t i on , c h a r a c t e r i s t i c s dependant upon 
process parameters were evaluated via 
techniques known from component development 
work. Each vendor was apprised of the 
evaluat ion r e s u l t s . Specif ic a t t r i b u t e s 
f a i l i ng to meet the product de f i n i t i on were 
indicated, with probable cause and co r r ec t i ve 
suggestions communicated. 



Three vendor s f a i l e d to p r o d u c e p r o v e - I n 
l o t s . Lack of s u i t a b l e equ ipment c a u s e d them 
to t e r m i n a t e t h e i r e f f o r t s . The f i v e 
r emain ing vendor s s u b m i t t e d f i n i s h e d l o t s ; 
each showed a d i f f e r e n t d e g r e e of workmanship 
i n the v a r i o u s c a t e g o r i e s . The d i s c r e p a n c i e s , 
a s found i n a l l of t he v e n d o r l o t s , were n o t 
fundamental to t he p r o c e s s and co u l d r e a d i l y 
be c o r r e c t e d . For i n s t a n c e , d i m e n s i o n a l 
c o n t r o l and s u r f a c e f i n i s h were s e e n a s minor 
f a u l t s d e r i v e d from mach in ing p r a c t i c e . 
Indeed a l l f i v e v e n d o r s e x h i b i t e d u n i t s t h a t 
were p e r f e c t l y f u n c t i o n a l . As a r e s u l t , a l l 
f i v e were d e s i g n a t e d a s " a p p r o v e d " 
m a n u f a c t u r e r s of t h e " S " g l a s s f e e d t h r o u g h 
p r o d u c t s . 

Ten months e l a p s e d from the t ime of the 
seminar t o the c o m p l e t i o n of t h e p r o v e - i n 
e v a l u a t i o n s . A t t a i n i n g t h e " a p p r o v e d " s t a t u s 
of f i v e v e n d o r s was a major m i l e s t o n e of the 
t echno logy t r a n s f e r p rogram. These 
m a n u f a c t u r e r s had d e m o n s t r a t e d t h e i r a b i l i t i e s 
t o p h y s i c a l l y cope w i t h t h e r e q u i r e d t e c h n i c a l 
phases t o produce the end p r o d u c t . Coping 
means t h a t whi le a l l of them produced t h e 
g l a s s - c e r a m i c s e a l s , some found I t n e c e s s a r y 
to s u b c o n t r a c t t he go ld p l a t i n g a n d / o r some 
machin ing . I t was c o n s i d e r e d p r o b a b l e t h a t 
a l l f i v e v e n d o r s cou ld be s e l f - s u f f i c i e n t i n 
t h a t commercia l s u p p l i e r s of t h e m e t a l p i e c e 
p a r t s and the un ique " S " g l a s s had been 
e s t a b l i s h e d and used to s u p p l y Mound's n e e d s . 
T h e r e f o r e , t h e s e v e n d o r s c o u l d evoke t h e i r own 
make/buy d e c i s i o n s and c a r r y o u t c o n t r a c t 
manufac tu r ing u s i n g t h e i r own q u a l i t y c o n t r o l 
p rocedure* t o f u r n i s h components to meet the 
p roduc t s p e c i f i c a t i o n s . 

IMPLEMENTATION 

The n e x t t a s k i s t o f i r m l y e s t a b l i s h a 
number of approved v e n d o r s t h a t w i l l who l ly 
perform a s " S " g l a s s component m a n u f a c t u r e r s 
to supp ly Mound's p rocu remen t n e e d s of d e f i n e d 
q u a l i t y , q u a n t i t y and s c h e d u l e d d e l i v e r i e s . 
At t h i s w r i t i n g , each of t he f i v e app roved 
vendors i s engaged i n c o n t r a c t s t o f a b r i c a t e 
s p e c i f i c " S " g l a s s - c e r a m i c h e a d e r s . The 
headers a r e the f i r s t of two k i n d s , now be ing 
made a t Mound, t h a t have been chosen f o r 
c o n t r a c t m a n u f a c t u r e . The p r e s e n t c o n t r a c t s 
a r e for s m a l l p i l o t l o t s t h a t w i l l be 
u s e - t e s t e d to e n s u r e d e s i g n p e r f o r m a n c e . The 
vendors a r e r e q u i r e d t o pe r fo rm t h e c o m p l e t e 
j o b , meet drawing r e q u i r e m e n t s and p r o v i d e 
ev idence of compl iance w i t h p r o c e s s 
p a r a m e t e r s . Those v e n d o r s m e e t i n g t h e 
c o n t r a c t r e q u i r e m e n t s and whose p r o d u c t 
s a t i s f i e s t he u s e - t e s t pe r fo rmance w i l l be 
" q u a l i f i e d " to manufac tu re t h a t s p e c i f i c 
component . F u t u r e component t y p e s f o r o u t s i d e 
manufac tu re w i l l p r o b a b l y be a d d r e s s e d i n a 
more e f f i c i e n t f a s h i o n . R e q u e s t s fo r q u o t e s 
s i l l go t o a l l approved v e n d o r s , for a p i l o t 
l o t ^ l u s a p r o d u c t i o n l o t . — T h e - s u c c e s s f u l 
awardee w i l l f i r s t e s t a b l i s h h i s s t a t u s a s 
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being q u a l i f i e d t o make t h a t h e a d e r v i a t h e 
p i l o t l o t , t hen p r o c e e d t o make t h e p r o d u c t i o n 
l o t . By J u d i c i o u s l y a p p l y i n g p r o c u r e m e n t 
l a t i t u d e a s f u t u r e s i t u a t i o n s w a r r a n t , i t i s 
p l anned t h a t a s m a l l c a d r e of d e p e n d a b l e 
v e n d o r s w i l l be e s t a b l i s h e d . 

I t must be p o i n t e d o u t t h a t i t seems most 
d e s i r a b l e to have a s m a l l number of c o n s i s t e n t 
and dependab le v e n d o r s . Mound's t e c h n i c a l 
s t a f f i s l i m i t e d , and s h o u l d n o t be impac ted 
by a l a r g e demand to i n t e r f a c e w i t h o u t s i d e 
s u p p l i e r s . The v e n d o r s shou ld r e a l i z e 
b e n e f i t s i n t h a t Mound's c o n t i n u i n g e x p e r i e n c e 
may be t r a n s f e r r e d t o improve t h e f a b r i c a t i o n 
of Mound p a r t s i n t h e i r s h o p s . I n a d d i t i o n , 
d i v e r s e a n a l y t i c a l r e s o u r c e s a r e a v a i l a b l e a t 
Mound to d i r e c t i n t h e s o l v i n g of p r o d u c t i o n 
p r o c e s s p rob lems . 

SUMMARY AND CONCLUSION 

S u c c e s s f u l t r a n s f e r of a n o v e l t e c h n o l o g y 
was made t o p r i v a t e i n d u s t r y . F o l l o w i n g 
i n t e r a g e n c y t e c h n o l o g y t r a n s f e r from Sandia 
N a t i o n a l L a b o r a t o r i e s t o Mound, e l e c t r i c a l 
f e e d t h r o u g h h e a d e r s were developed f o r 
p r o d u c t i o n . A program t o e s t a b l i s h c o n t r a c t 
vendor s was c o n d u c t e d by a Mound t a s k f o r c e . 
S e l e c t e d p o t e n t i a l v e n d o r s were a p p r i s e d of 
the new t e c h n o l o g y and i t s marke t v i a a 
Mound-s i t e s emina r and by v e n d o r - s i t e 
p e r s o n n e l c o n t a c t s . I n t e r e s t e d v e n d o r s 
demons t r a t ed t h e i r c a p a b i l i t i e s by f a b r i c a t i n g 
u n i t s fo r e v a l u a t i o n by Mound. Five v e n d o r s 
were s u c c e s s f u l l y a p p r o v e d for f u t u r e 
c o n t r a c t i n g i n t h a t t h e y were seen to mee t t he 
r e q u i r e m e n t s fo r c o n t r a c t a d m i n i s t r a t i o n , 
q u a l i t y c o n t r o l and t e c h n i c a l a b i l i t y . 
C u r r e n t f a b r i c a t i o n s by t h e s e v e n d o r s w i l l 
e s t a b l i s h t hose q u a l i f i e d to m a n u f a c t u r e 
d e s i g n a t e d components v i a c o m p e t i t i v e awards 
for p r o d u c t i o n p r o c u r e m e n t . 

A f i n a l f a c t w o r t h n o t i n g I s t h a t t h rough 
our co mmu n i ca t i o n s , a t l e a s t two of t he 
s e l e c t e d vendor s have a l r e a d y been engaged i n 
making d e m o n s t r a t i o n d e v i c e s for r e c e p t i v e 
marke t s i n t he DoD and NASA. 


