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THE DEVELOPMENT OF LARGE RECTANGULAR CERAMIC INSULATORS FOR ION ACCELERATORS FOR THE NEUTRAL-BEAM 
PROGRAM* 

J,A. PATERSON, G.W. KOEHLER and T .J . DUFFY 

Lawrence Berkeley Laboratory, Univers i ty of C a l i f o r n i a , Berkeley, Ca l i fo rn ia 94720 

The need for s t r u c t u r e s t h a t a re r e s i s t a n t to damage for 14 MeV neu t rons , are bakeable , and MiaL 
can be c lose ly packed t o g e t h e r , has r e su l t ed in the i n t ens ive development or r ec t angu la r brazed CL-T-
_.nic i n s u l a t o r s for ion a c c e l e r a t o r s . The development of two candidate m a t e r i a l s , machinable g l a s s 
ceramic and alumina, i s descr ibed along with the ceramic- to-meta l brazing techniques developed for 
each m a t e r i a l . The mic ros t ruc tu r e s of the brazed j o i n t s a re examined and the r e s u l t s of microprobe 
s t u d i e s p resen ted . I t has been found tha t the surfaces produced by d i f f e r e n t machining methods have 
a s i g n i f i c a n t e f f ec t on the s t r eng th of brazed j o i n t s to the machinable g l a s s ceramic. Lapped s u r ­
faces have given bond s t r e n g t h s up to th ree times those produced with other s u r f a c e s . Successful 
f u l l - s i z e brazes have been r e a l i z e d between alumina and t i t an ium and between machinable g l a s s and t i ­
tanium. Vacuum t i g h t j o i n t s between machinable g l a s s and t i t an ium have not been r e l i a b l y achieved and 
more work i s needed before brazing techniques to t h i s promising new m a t e r i a l a re ful ly understood. 

1. INTRODUCTION 

The cur rent genera t ion of tokamak and mirror 
fusion experiments wi l luse n e u t r a l beam i n j e c t i o n 
for plasma hea t i ng . The ion a c c e l e r a t o r s of these 
In j ec t i on systems c o n s i s t of p rec i s ion assemblies 
of a c c e l e r a t i n g e l e c t r o d e s separa ted by rec tangu­
l a r i n s u l a t i n g s e c t i o n s . For experiments such as 
the Tokatiak Fusion Test Reactor (TFTR) and Dou­
b l e t I I I these i n s u l a t i n g s ec t i ons a l so form the 
vacuum w a l l . The genera l d e s i r a b i l i t y of having 
bakeable s t r u c t u r e s , the requirement of hard s e a l s 
for theTFTR.and the necess i ty of the rec tangular 
geometry, has thus r e su l t ed in an In tens ive e f f o r t 
to develop l a rge ceramic to metal brazements. At 
the onset of t h i s e f f o r t there was a severe mate­
r i a l s a v a i l a b i l i t y problem. Alumina ceramics , 
while a v a i l a b l e in la rge c i r c u l a r s e c t i o n s , had 
never been manufactured in r ec t angu la r forms of 
the s i z e required; in add i t ion there was doubt 
as to whether techniques developed for successful 
ceramic to metal s e a l s in c i r c u l a r s ec t ions could 
be appl ied to rec tangula r assemblies where s t r e s s 
concen t ra t ions a t the corners a re h igh. The c lose 
to le rances that are required of these i n s u l a t i n g 
s ec t i ons and the benef i t s of c lose packing of 
a c c e l e r a t o r s , p a r t i c u l a r l y in mirror machines, 
make machinable g l a s s ceramics an a t t r a c t i v e a l ­
t e r n a t e m a t e r i a l . The machinable g l a s s ceramic 
s e l ec t ed for development was Corning Glass Works 
code 9658 Machinable Glass Ceramic [ I J - As MGC 
i s a new m a t e r i a l , no r e l i a b l e high temperature 
brazing techniques had been developed for pro­
ducing vacuum t i g h t s e a l s . In a d d i t i o n , no ma­
t e r i a l had ever been manufactured in the s i z e 
required for the ion a c c e l e r a t o r s . Never the less , 
the p o t e n t i a l bene f i t s of the successful develop­
ment of t h i s ma te r i a l and r e l a t e d brazing t e c h n i -
ques were considered to make the p a r a l l e l develop-
*This work was supported by the Magnetic Fusion 

Energy Division of the U.S. Department of Energy 
under Contract No. W-7405-ENJ-48. 

ment with alumina worthwhile . 

2. MACHINABLE GLASS CERAMIC (MGC) 

Corning Glass Works code 9658 Machinable Gl;«ss 
Ceramic i s a bo ro-alumi no-si U r a t e g l a s s matrix in 
which mica c r y s t a l l i t e s of si2e 5-10 microns .in-
d ispersed [ 1 ] . This s t ructure a Hows the? materia I 
to be machined to close to le rances with standard 
machining techniques . 

2 .1 Test brakes 

F ig . 1 compares Lhe l i n e a r thermal expansion 
of MGC and commercially pur*, t i t an ium. As can he 
seen € com this f igur*, these ma te r i a l s have a very 
close expansion matcli with a c ross-over point nt 
around 500 C. Also shown in F ig . 1 i s the ten­
s i l e s t r e s s bui ld-up In the MGC caused by the 
expansion mismatch during the cooldown f roin tin? 
brazing temperature , point A. An e l a s t i c ana ly s i s 
of the s t r e s s I nd i ca t e s that excessive s t r e s s e s 
would be produced in the ceramic. However, t i t a n i ­
um s t r e s s r e l i e v e s a t 540 C ; thus , In p r i n c i p l e , 
i t should be poss ib le to r e l i eve the locked In 
s t r e s s e s a t point B by a temperature hold diirinj', 
cooldown. Further cooldown from th is point would 
cause the s t r e s s e s to pass through <i maximum at 
po in t C and reduce towards zero a t room tempera­
t u r e . To ver i fy the s t r e s s r e l i e f of t i tanium and 
the r e s u l t i n g low s t r e s s e s induced in the ceramic, 
brazing t e s t s were conducted on l i n e a r samples. 
The braze f i l l e r used was NiCuSil 3 ( l i q u i d is 
795°C sol idu* 780°C), and the MGC was metallzed 
by coa t ing the surface with t i tanium hydride in 
a mixture of parlodion and amyl a c e t a t e . After 
brazing a t 830 C maximum f i l i n g temperature, 
s t r a i n gauge r o s e t t e s were fixer, to the MGC and 
the MGC was detached from the t i t an ium. This 
technique ind ica ted the maximum pr*r.cfnal s t r e s s 
i n the ceramic to be 2 MPa t e n s i l ? , mi.f.h l e s s 
than that predicted by e l a s t i c theor>-
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V i C a n d i f r.»;ni iim t h e r m a l e x p a n s i o n . 
T i i • • I T H . i ! S i I ' I ' S S (In r i np, c o o l d o w n . 

A t y p i '•-(] s. -t-i i n n U i r n u j ; ! ) .i " o i ; i f ) ' i i a n i a m 
b r a z e j o i n t us i :ip t h e a b o v e T :' 1 l e i ' and - ' f t i vc me t a ] 
b f . i / i n j 1 , p r o < e s s i s shown i n K i ^ . 2, 7 : e upper -
d a r k "i.i t i 'n ' .< 1 i s t i n - MuY; a n d t h i * t i t ; i n i u : - ! i s t h e 
":•: t fcf 'K- •' o w e r J o y e r . As r a n hi- M / C : ' i n t h i s 

:ni • • r o ) * r . i p h I he l i r - i / . i ' f " i 1 1 >T has s e p a i a t e d i n t o 
M v e d s s t i ii<- L l a y e r s . T in - compos i t i < i i ' . o f t h e s e 
t a v e r s wui"( d e f e r -in' n e d n ; t n j ? e n e r g y d i s p e r s i v e 
x - r.t / ana 1 vs i s . T h e l a y e r i m n e d i ,t t e I y . id ja ' -en t t n 
t. In- '•!<•(' ; . n r t H ' C i s -.i:\ i n ! v c o p p e r a n d t i t a n i nn 
i n rt •«!>'. h 1 v eu.ua 1 p r n p o r l i n n s . T h i s l a y e r a l s o 

c o n t a i n s so •!,• V-'' s l I i ' -on >. r u n f he ''<,'.' i nd ( ' • . ( ' i ne 
d i f f u s i o n h i ' t w . ' e r i f |i»- h r . j / e M l i e r . ind t i n : r - c c n i t -
h a s L i k t n p l a < - e . T l i e t w o l i > ; h t ' - . . l u r e d l a y e r s 

a r e s i l v e r r I f- h C u n p r i s e d o t f)hZ s i 1 v e r a n d W'.. 
f--»j. j j c r . '!'!.-• e x i s t e n c e of U f s e t h i ck s i t v e r r i c h 
h i v e r s i s b e l i i ' V t - d x<* ,; i v'e l .e - ie f i - i ;i 1 H u r t t 1 i t y 
!<i L i te h r . j / i ' j o i n t . T h e r e n t r a 1 l a y e r c o n t a i n s 
t i l a n i a n a n d c o p p e r i n r o i u ' . h l y en t e r t i c p r o p o r t i o n s 
(2\l [ ' i , -S'/. Cn) . s ' i t l i - n i n n r c o n s t i t u e n t s s i l v e r 
a n d n i :-ke I a f so he i n j ; p r e . s e n t . The I i n;i 1 l a y e r 
j" .rjnied i a t e ] y ad j u c e n t t o t h e t i t a n i am su r f aee j ^ 
m a i n l y a t i t a n i mi; - c . i p p e r l a y e r w i t h s m a l l a m o u n t s 
i d s i l v e r p r e s e n t . A l s o shown i n f - " i£ . 2 i s t h e 
ex i s f e n c e o f a vo i -\ i n (. he b r a a t ' f i ! ] e r . I n o u r 
t e s t s t h e s e v o i -Is f r e f j u e n t 1 y a p p e a r e d a n d w e r e 
a 1 w a y s \ u'.'a t e d i n a s i l v e r r i rA\ 1 a v e r p r o h a b l y 
d m t o s o l i d i f i t-a t i on sh r i n k a g e . He c a u s e o f t h e i r 
s i / e .w\i\ w i d e l y d i s p e r s e d o c c u r r e n c e , i t was n o t 
h c l i e v e d t \i-.it t h e s e v o i d s r e p r e s e n t e d a s e r i o u s 
t h r e a t t o t h e vacuum i n t e g r i t y o f t h e j o i n t s . 

Hav i ng es t a b 1 i s h e d t h e f e a s i b i l i t y o f brazing 
t i t a n i um t o M(-C a s e r i e s o f b r a z i n g t e s t s was 
c o n d u c t e d t o d e t e r m i n e ! be o p t i m a 1 s u r f a c e c l e a n -
iny, •m. ' t l iods a n d t h e s t r e n g t h o f t h e b r a z e d j o i n t s 
o b t a i n e d . A l t e n i a t e m e t a l i z i n g t e c h n i q u e s w e r e 
a l s o i n v e s t i g a t e d , h o w e v e r , a t t e m p t s t o v a p o r d e -
d e p o s i t t i t u n i u m a n d n i c k e l t o t h e MGC p r o v e d 
u n s u c c e s s f u l ; t h e a d h e r e n c e o f t h e me t a l i z e d L a y e r 
b e i n g ex t reme ly p o o r s i m i l a r t o the exper ience of 
Brown and Tob in [ 2 j . Compression shear t e s t s o f 
sample coupons gave braze-bond s t r e n g t h s of the 
o r d e r of 20 MPa. 
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{' 

-e 1 a ' i v ' d v i n s e n s i t i v e t o M I I ' -
• :r<iw!! , howe . ' e r , t h a t >; r i nd i n,-
ii M a i i fe { o rmed l a y e r i n s e n i -
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• i i a i s l u - s v.i r i e d 1 rom mi I 1 ed 
s i , r i a c » . s . S.if-r,? • ':p J es w e r e ['(•-•-

i s i r e ) , ( f i d ' o . o ' e d rt'ifh ' . ' i i a i S i l 1 ,en l t i t a n i u n t i y -
d r i d r ,.n<i t i „ . I , t e s l r d i n - n n p n - i s i on . s h e a r . T in -
s i l f ! a f . s o t I h e S . n p 1 e s W e C e e v . a ' i ! IU -d b y S ' S i n n i -v.; 

l - i e i t r o i i M i c t o s - . . p v I m t h b e ! nr,- a n d a f t e r t he-
t e s t s . .' ,'u- '-f(,f M i r l . i c e s b e f o r e J^ra/. i n ^ a r e s h iwa 

) " J J I M . es .cr i i I i , „ i s i n f i j ' . S . i . O l d •'+ . Yiy. 'i s l l O . S 

t h e s n i l a . s . : . r „ f ] u c , . d by ., c . ^ b i d e c u t t e r ; h e r e 
i t- c a n he s , . , ; ; -},,, [ . ( ] „ . , ; I a s s y p h a s e h a s h e e n 
t o r n . c -av f t"'>r t h e s u r f a c e , l e a v i n g t h e n i e . i c r y s ­
t a l s . v p o s e d . I n c n i i f r a s t t h e }-.'"ound a n d l a p p e d 
s u r f a t e i n I- i ; ; . •'+ has a s n o u t Ii up pea r a n c c . (', r i n 1 i n^ 
a l o n e i . r - i dnc . " . ; a s u r t . i c , s i m i l a r t o Fig. i b u t 
w i t l i a r e a s of p L i s ' t i c M o w v i s i b J e a s r e g i o n . - - o f 
si')<:irvL\ ; : l . - i s ' ; v p h . - s e . C o m p r e s s i on s l u - a r t e s t s o i 
t h e b r a c e d s a m p l e s p.ave d r a m a t i r.\ 1 l y d i f f u t e n t r e ­
s u l t s o v e r t h e r u i o : e o i s u r f a c e f i n i s h e s . *\ s u r f a c e 
s u c h as t h a t . s(n)w: i i n F i j . ; . i [u 'odTiced b o n d s t r e n g t h s 
on t h e <:r<U>r ,tj c't» y.i'n w h i l e a g r o u n d . in . i l a p -
ped s u r f a c e M i l e d a t up t o hi) MPn, | * o r a l l 

t e s t s t h e t a i l u r e o c c u r r e d i n t h e r e r a i r . i c s u b ­
s u r f a c e L e a v i u p . a t h i n c e r a m i c l a y e r on t h e b r a z e . 
A n a l y s i s o f t h i s l a y e r s h o w e d t h a t f o r t h e l o w e r 
s i r e n ^ t h b o n d s t h i s l a y e r c o n s i s t e d im i n l y o f 
d e t a c h e d u'i r.t c r y s t a l s a n d r e g i o n s o f s m e a r e d 

j : l i s s v p l i a s e , w h i l e f o r t h e h i g h s t r e n g t h b o n d s 
i t t e n d e d t o he t h i c k e r rind s i m i l a r t o t h e b u l k 
Mt;c. I t is conr-luded t ha t machin ing o p e r a t i o n s 
which remove the g lassy phase expos ing the l o o s e l y 
bonded mica c r y s t a l s r e s u l t in weak braze j o i n t s . 
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Fig . 3. MGC Surface using carbide c u t t e r 

After rere i pt of the la rge MIX slabs from the 
manufacturer gre.-u d i f f i c u l t y was experienced in 
machining I hem. 11 was discovered that r e s idua l 
s t r e s s e s in the order of 48 MPa were present in 
the ma te r i a l ; these caused cracks to deve lop dur-
ing the machining process . This problem was over­
come i n i t i a l l y by the adoption of spec ia l machin­
ing techniques and f i n a l l y by p u t t i n g the s labs 
through a heat treatment process . The ceramic 
was cleaned p r io r to brazing by clean fi r ing in 
a i r at 705 C. Higher f i r i n g temperatures were 
o r i g i n a l l y specif ied but dimensional changes r e ­
su l t ed which were outs ide tlte accep tab le manufac­
tur ing t o l e r ances . As i t was necessary to perform 
the ful 1-size braze at an outs ide vendor i t was 
a n t i c i p a t e d that s i g n i f i c a n t time de lays could 
occur between various s t ages in the assembly. Due 
to the rapid surface oxidat ion of t i t an ium, & 

pro t ec t i ve coat ing is necessary to prevent oxides 
forming a f t e r f i na l cleaning opera t ions and be­
fore braz ing . Tests ind ica ted that the sulfamate 
nickel process appl ied to a hydrof luor ic acid 
etched surface gave good wet t ing c h a r a c t e r i s t i c s 
with NiCuSil 3 braze a l l o y . Strength t e s t s en 
samples with th i s nickel p l a t ing gave s i m i l a r 
r e s u l t s to these on unplated t i tan ium su r f ace s . 
Thus th i s process was adopted for the f u l 1 - s i z e 
b razes . 

At the time of the f i r s t f u l l - s i z e braze the 
importance of surface f i n i sh was not apprec ia ted 
and the r e s u l t s were d i s appo in t ing . The ceramic 
survived the brazing cycle but i t was discovered 
that l a rge sec t ions of the ceramic were not a t ­
tached to the t i tanium s e c t i o n s . Also, the ceramic 
was coated with t i tanium which had sublimed off 
the surfaces of the f i x t u r e s which presumably had 
been over lie a ted as a r e s u l t of t h e i r loca t ion in 
the furnace. Test samples were prepared by the 
same processes as the f u l l - s i z e braze and they 
were subjected to the same t ime-temperature braze 
cyc le . Care was taken to introduce the same time 
delays as in the f u l 1 - s i z e b raze . This amounted 
to some f ive days between f i na l assembly and the 
ac tua l brazing cyc l e . A t e s t was a l so car r ied 
out on samples minimizing the time delays and 
using a modified brazfng cycle which reduced the 
time at temperature. No s i g n i f i c a n t d i f fe rence in 
the r e s u l t i n g brazes was noted. Sect ions through 
one of these brazes are shown in F i g s . 5 and 6. 
As before the 1ight a reas represent regions of 
high s i l v e r content a l loy and the darker regions 
alloys of titanium and copper. The nickel p l a t i ng 
has completely d isso lved from the t i t a n i u m s u r f a r e 
and is d ispersed throughout the t i tanium copper 
reg ions . By comparison with Fig. 2 i t can be seen 
t h a t , ra t lie r than forming thick l a y e r s , the duct i le 
s i l v e r - r i c h a l l oy has been broken up i n to small 
i s o l a t e d regions surrounded by the ha rd t i t a n -
um-copper-nickel a l l o y . Fig, 6 c l e a r l y shows the 
adverse resu l t of the braze a l loy f i l l e t i n g up 
the MGC surface where the i n i t i a t i o n of a crack 
in the MGC is in evidence. 

The f u l l - s i z e braze was repeated with lapned 
MGC sur faces , chamferred edges, modified f i x t u r -
ing, reduced time at temperatu re cyc le , s t ress 
re l ieved MGC and the mini-num of time delays be ­
tween cleaning and the braze cyc le . The r e s u l t ­
ing btozement is shown in F ig . 7. This braze 
was determined to have 4 vacuum l e a k s . These 
leaks were plugged with an inorganic binder and 
the whole assembly was baked a t 100°C in a i r . 

Subsequent to the vacuum s e a l i n g of the insu­
l a t o r , i t was necessary to remove the ni ckel 
p l a t i n g from the t i tanium su r f ace s . During th i s 
process the assembly was i nadve r t en t ly therma11y 
shocked by immersion in to a 60 C acid bath r e ­
s u l t i n g in the complete detachment of one of the 
braze j o i n t s . Examination of th i s join t suggests 
that i n s u f f i c i e n t braze a l loy was appl ied to the 
surface and that t h i s , coupled wi th the embri t t l e ­
nient of the b raze , r e su l t ed in f a i l u r e when thermal 
s t r e s s e s were induced. 

*Ultr4bond 552. Aremco Products , Oss in ing , N.Y.USA 
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Fig. 5, M(;C-Ti braze micrograph 

Fi<>. h. i;,.rner of MGC-Ti br.iz" 

F ig . 7. Ful 1-si ze MG'C-Ti hrazement 

3. ALUMIWA 

Two industrial sources are currently being de­
veloped for alumina cerdmLc insulators of the size 
and geometry required for the neutral beam accel­
erators.** Due to availability, our tests were 
only conducted on ceramic with a 94% alumina con-

**Western Gold & Platinum, Belmont, CA. USA 
Coors Procelain, Golden, Colo. USA 

tent. This material was specified over higher 
alumina content materials as it is known that 
materials with a higher proportion of glassy phase 
are easier to metalize [4], 

3.1 Test brazes 

Titanium was se lec ted as the conductive mate r i a l 
because of i t s thermal expansion, non-magnetic 
p r o p e r t i e s , r e a c t i v i t y in braz Ing process , and weld-
a b i l i t y . Niobium, while having super ior thermal 
expansion match to carai.ilcs was not se lec ted be­
cause of a v a i l a b i l i t y problems and c o s t . 

As with MCC the braze f i l l e r s e l ec t ed was 
NiCuSil 3 and the a c t i v e metal t i tan ium hydride 
process was adopted for t o t a l i z a t i o n of the r e r a -
mic. To accommodate the expansion mismatch be­
tween the alumina and t i tanium a 1.6 mm thick 
copper sec t ion was sandwiched between them. Re­
s u l t s of brazing t e s t s wi th th i s method were en­
couraging and many successful vacuum t i g h t j o i n t s 
were achieved between alumina and thick t i t an ium. 
A t e s t braze was conducted on an ou t -o f - t o l e r ance 
f u l l - s i z e i n su l a to r sec t ion using the copper sand­
wich techniques . tiuring t h i s braze f r ac tu re s 
occurred in the bulk ceramic whi ch 1 ed Lo the 
abandonment of t h i s method as a f ea s ib l e approach. 

3.2 F u l l - s i z e braze 

As a r e su l t of the t e s t b razes , a more t r a d i ­
t i ona l approach was adopted to achieve the cuia-
wic to metal s e a l . I t was decided to cons t ruc t 
the i n s u l a t o r assembly in s t ages . F i r s t , the 
cerau*fc to metal sea l was produced by bracing 
the ceramic i n s u l a t o r sec t ions to 0.9mm thick 
t i taniurn backed up by an alumina ring brazed to 
the o ther face of the t i tanium. In t h i s way 
ceLami c to meta 1 suhassembly brazements can be 
manufactured. These subassemblies are l a t e r spot 
welded to thi ck t i tanium e l e c t rodes and the vacuum 
sea l is effected by a fusion weld. A typ i ca l 
ceramic"to-meta1 j o i n t d e t a i l is shown in F ig .8 
To date a s i n g l e subassembly lias been succes s ­
ful ly brazed and welded t o a thick t i tanium f lange. 
This in su 1 a t o r sec t i on is .shown in Fig. 9. 

^TITANIUM 

ALUMINA 

Fig. 8. Typical alumina to Ti j o i n t d e t a i l 



F i g . 9 . F u l l ~ s i z e a l u t n i n a - T i b r a c e m e n t 

4 . DISCUSSION' AND CONCLUSIONS 

4 . 1 M a c h i n a b l e g l a s s c e r a m i c 

I t i s be I i e v e d th- i t t h e embri t t l ement of t h e 
b r a . : e .is a r e s u l t of t h e ni c k e l p l a t ing and the 
l a c k of hi-rize f i l l e r a r e t h e m a j o r r e a s o n s f o r 
t h e f i na 1 f a i l u r e of t h e b r a z e d a s s e m b l y . A l ­
t hough i t i s f e l t t h a t s u c c e s s f u l b r a z e s us i ng 
MCC a r e c l o s e t o b e i n g a c h i e v e d , more work n e e d s 
Lo be done b e f o r e t h e p r o c u s s i s f u l ly u n d e r s t o o d . 
C o r n i ng code 96 58 c e r a mi c was o r i g i na I iy d e v e l oped 
a s a m a r h i n a b l e gl a s s and i t s u s e in h i g h t e m p e r a -
Lure b r a z i n g a p p l i c a t i o n s is a new a p p l i c a t i o n . 
I c i s known t h a t f l u o r i ne s t a r t s to e v o l v e from 
t h e MGC s u r f a c e a t b e t w e e n 600 and 70U°C f o r m i n g 
hyd r o g e n f l u o r i d e g a s f 5 j . In a d d i t i o n t o i t s p o s ­
s i b l e e f f e c t on t h e b r a z e UK w i l l e t c h o u t Boron 
from t h e MCC s u r f a c e t o a d e p t h of K) mic ron . , 
w i t h p u s s i b l e d e l e t e r i o u s ef f e c t s on t h e b r a z e 
j o i n t . A l t e r n a t e m e t a l i z i n g t e c h n i q u e s s h o u l d be 
p u r s u e d t o remove the u n c e r t a i n t i e s i n t r o d u c e d 
by t h e s e n s i t i v i t y of t h e t i tari i urn hyd r i d e p r o ­
c e s s , and t o a l l o w r e b r a z l n g of a s s e m b l i e s t o r e ­
p a i r vacuum l e a k s . The e l i m i n a t i o n of t he n i c k e l 
p l a t i n g on t h e t i t a n i u m s u r r a c e s s h o u l d r e s u l t 
in more d u c t i l e b r a z e s and w i l l remove t h e need 
t o a c i d e t c h t h i s m a t e r i a l off s u b s e q u e n t t o b r a ­
z i n g . 

4 . 2 Alumina 

A successful technique for manufacturing large 
ceramic insulators for neutral beam accelerators 
has been developed. The modular approach offers 
reduced risk over the one-step method and al lows 
the replacement of individual sections to effect 
repairs. 
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