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General. Considerations

The short-column consists of a.stack:of 15:.ceramics each 2.5-in: thick, .
with an.outside diameter of about 28 ‘inches.and an.inside:diameter of 24 inches.
They are separated by metal disks. The:.column:has 750 kV. ‘across it and this is
divided .-to. 50 kV across eachnéeramic.; In.operation the inside of the column
is -at vacuum; the.:outside at normal atmosphere, and:the assembly is:hung
(cantilevered) .from one end horizontally. Additional requirements are an.oper--
ating temperature of=about,1OOOF5 a.non-operating temperature ofw7OQF‘énd;a.
storage  temperature of 40°F (min).. No external structure.can be.used-to hold ..

the. column together,.

The ceramic material chosen was a 90-96% alumina with a tensile strength -

of 25;000-27,000: psi..

The first: column. made ‘consisted of aluminum-disks bonded to the.ceramic.
with  an:epoxy: (Emerson-and.Cummings W-19).. It was cured at room temperature.
This resin is very fluid and it'was applied by setting the parts.togethér and.
flowing the:epoxy into:.the joint.which was set at'a gap:of .005-in... This column.
was.used in . a vertical position supported at:the bottom. There have.been:a .
number ofifailures of:the bond that. range from vacuum leaks to- catastrophic type-
failures. These:have been attributed towthe difference -in thermalnexpgnsionwc0e~
efficients of the ceramic insulator and the metal disk, . AIl ofwthe;faglures~
have occurred at the top-joint; The.column.is vertical. and there was a definite:
thermal gradient in the building during the.heating season. This has since-been .

corrected.
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If we look at:a typical joint.
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we- see thatwa shearing. stress will be set up.in the film due: to theusdiffer-.

ential expansion. of the: two rings.
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This is'a great simplification and it assumes.that the stress in the film does: .
not'cause any- strain-on:either the ceramic or metal. Since the Modulus: of

Elasticity -and -the .thickness of both thé:.ceramic:and-metal are much larger

then:in the epoxy, this is probably-a: good.approximation  for a single joint, .
say-at the .end:plate.  For'a thin'metal ring between two-ceramics there will::
be twice as much force from.the two films:on the thinner metal ring. This will"
cause a larger-strain-in the metal. and a-somewhat lower:strainr'in the adhesive.

film,. Hence an adhesive:failure~will‘probably_occur:at an-end plate. .

From.elementary stress analysis (1):we have for..the shear stress,

Sshear. &Y 1) o

in which'G is the shear modulus, and.v is the.strain.
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From the.sketch. above we see that -

Y =1 AT . oy
’ t (amet; acer) : 2)“'

Assuming the material obeys Hooks. law

G '=E

2(1+u) 3)

and combining 1, 2:and.3 we get:

S = E _ xAT. (o o) 4y
S 2wy |t ‘

WhereﬂSé =-ghear stress (psi) _

E = modulus of’elasticity (psi)
L. =-Poissonsratio .
r = radius (inch).
T =-temperature.(CF) .
=.film thickness (inch) . :
o =-coefficient. of ‘thermal expansion.(inch/inch/°F)

The manufacturer's:lterature on.W-19 does not.list any.value.of E oty .
for this product:.  For-most materials. i .is between .1/4 and 1/3. . For epoxies
E is in the range from-10% through 10%, t for this' joint was ..005-in. Using

the .most -favorable of-ithese numbers:( to:give lowest stress); we obtain,

Sg =10%- 14 AT
©o2(1+1/3) 0 5x107°

(13-3.4)107® -

w0
]

10,2 x:10 (AT) psi
Op

and -for 'a 30°F rise in-temperature;

Sg = 102 .(30)..=3060 psi.

Values of pure .shear:are not often:reported for epoxiés, but.if we take: the:
pure.shear-equal to one half of+the.pure tension stress (Hooks Law) it is:a high -

stress for:an epoxy used.as an adhesive,

From:Eq. 4 it is-seen.that ‘the:stress can be reduced:by, changes in the: epoxy
(reduce-E), the joint (increase t),..or by changing the metal-used in tﬁéusepar--
ator (reduce Qmet)- The thermal expansion:coefficients and Modulus ¢f Elasticity -

of -some+materials are shown below for.the- temperature range of interest.
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Material . | Thermal .Expansion Coeffs.. Modulus. . of Elasticity (E)... .
Aluminum' 6061=T6" 13x107%/°F(68%F to 212°F - | 10 x 10%psi
Titaniuvmrcommercially
pure . 4.8 x 1078 /9F (32 to 212°F) | 14.9-'x 10%® psi.

" .7 Al - 4 Mo~ 5.0 x 1078/9F (32-to 2129F). { 16.2 x 10% psi

"6 Al -4V . | 6.1.x 107%/9F(32 to 1206°F)‘ 1645 x 10%.psi-
Stainless-St"1 =316 '8.9°x 1078 /OF " (329F ‘to 2129F); 28 x 10%° psi

o n 304 9.6 x 10-8/%F" (32°F ‘to 212°F) 28x 108 psi.-
Kovar - 3.06 x.107%/%F (86°F. to 392°F)] ~ 30 x 10° psi_
Alumina . 1.9°x 10790F < 72%F " 40 x 10° psi

3.4 x 107%/%F >:72°F

For the second:column. a number of changes were made-in the joint-design.
Due:to a possible:outgassing. ofiepoxy, the epoxy area exposed to the. vacuum.was
reduced with a compressed -indium seal. The material of ‘the separators remained .
aluminum:but.its thickness was increased improving: the.flatness of the material. .
The base and: top plate material were changed to Kovar. It is planned that the.
third-column will have. titanium spacer:rings.. The joint or film:thickness was.
increased-to-a -nominal ,008-.010-in:;.increasing .this much more would tend to -
increase any strain or.creep during normal operation. The.only item left:to:

be:improved . was the. epoxy..

A stress-analysis.of .the.column, based on the-static loads (3) “showed that
the most 'severe stress was the joint:between the base-plate -and:the first.ceramic.

at the .top ofrthe ring. The maximum: combined stresses are:

Tension . ' 120 psi

Shear- 76rpsi.

These are not-high stresses for epoxies. A number of ‘epoxy -formulations..
were:recommended by various sources:for.this application. One.other type of
cement, . vinyl acetate-.used on.the present low gradient  -column.was recommended,
however, the temperature.required touset. it would melt the indium:seal used on ..
this 'column. Of:the epoxies. evaluated in-this note,. 1ittle-informatioﬁ,is;avail—a
able on-the actual .type-of resin, hardness, filler-or flexibilizers in:-the mix--

ture due to the proprietary nature:of:the blends.



Epoxy Tests -

The- following adhesives were evaluated. .

Mixs Ratio:]-

Unéured.'

Adhesive. . (by weight)|: Cured ... Remarks:
Emerson & Cumming} ‘ Low:Viscosity: Used.onmfifst.columnw
Wwl9 100 ' . g B
Catalyst 11+ 30 i (15004 centipoise) .
Ciba AW-106: 100 s High Viscosity | Flex.Bond | “Used by CERN on their
Catalyst :HV095-3V{ 80 Paste : - B column -
Conap #1242 . 100" | Paste Flex.Bond .
Catalyst 053" 100 " H
H
Grodan #1 Vary - ;
Flex. resin- §
Type HV =~ 100+ Thixatropic . .Index E Flex.Bond steS“a polymide hardener -
300 that 'in excess :amounts.
[ acts as:a flexibilizer (&)
#1 Hardener. : i
Type HV - 100"+ iThixatropic:Index -
s 1500d
Vinyl. Seal. - Modified .vinyl K } Flex. filmi{ As used‘onAJOW'gradient.

acetate resin
in toluene:

column

Three types of tests were rum on.the-adhesives::structural stress, thermal.stress

and solvent tests.

a) Structural -Stress

Tension Tests :

For-an initial screening samplés-were made of ‘the various ‘adhesives.joining

the ceramic:to aluminum, titanium or Kovar.

in Table: I. .

the same.adhesive. .

procedure was established theéese variations were reduced.

The results of these tests
Large variations in.the strength and modes- of failure were

This.led to a study~of cleaning procedures.

-are shown .
noted:. fox .

When . a satisfactory:..

The :procedure adapted in-

cludes mechanical -roughening, cleaning.in:.solvent and detergent, etching of the metal .

and a final, thorough .rinse:using ,tap water, -

distilled water-and alcohol.



Tension-Shear Tests:

A1l of the :adhesives. appeared satisfactory from a pure tension point-of:.
view, However,; - the'.actual joint would be subjected to a combined.tension-shear
stress. Accordingly, a fixture was made.that-allowed a small sample jo%gtoto
simulate the worst case of the:complete:column., The: :fixture:is shownniﬁfFig; 1.
By applying a load B. a shear,force-and‘a_tension“force were introduced in the -
joint.. An attempt was made to measure-the strain. This was only partially suc-
cesful., This was:.due to difficulty in mounting the indicators so they only read
epoxy- strainy .The.valuesrofuquulus‘Eqand:G’Shbuld be treated with cautiom. .

Again.the results, in_Table‘II; show that all -of the resins tested were satisfactory.

Creep -Tests-

A limited set of creep-tests were-run on-one resin, the:Grodan -epoxy in-
tension, .In'one test a joint was subjected to-a.cycle of:1000 psi: for 8 hours
followed: by no-:load for -16 hours. The time restriction .was set by the test mach-.
ine requirements. There was-some creep extension under load but the time was too
short to establish. anything definite.. During the rest-period the sample fully
recovered. In the'other test a. joint was subjected to . a 200 'psi tension load.
for:about.2 months. .. There appeared .to: be some icreep initially, about..0003" to-

.OOO5U;but this soon stopped, and for-.over 60 days there was no additional creep.

b. Thermal Stress

All of the adhesives appeared strong enough :to support-the columns. :
structural loads. A .more severe test'would be the thermal stress-as mentioned:
previously. Due to the -difficulty and. expense of making many large.ceramic-metal.-
rings. and joining them with tEe:variouSuepoxies a simulated joint was made -to
first screen-the.adhesives. Looking at equatioqn4 we see that by increasing the ..
radius, r, and.decreasing the differential expansion, Ag, we canﬂmaintéinAall of ...

the other.factors. constant.

Rewriting-Eqs 4.

rv(di—a2)_=‘s§,§ 2 (1+u)}\”t“ = constant-
- N E 7 AT.

t (opma) = C =1 (o=0y) |
ra = Arb- (013'f0!4):1i;'*
7% 5).
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The initial tests were made by cementing: the ends of 44" long:aluminum-
and steel bars.together with the.various adhesives. and thermally'cycling them
in an oven between .room température'and-53ocf‘ The W19 failed after two cycles,
the Conap:after -3 cycles. Two-of the epoxies were satisfactory.. These are -
the:Grodan-Vary. Flex Resin, Type. HV and the .CIBA:AW106.. The CIBA: joint broke-
after 12 cycles. The Grodan was still good after 22 cycles. Based on:these:
tests ‘a ceramic ring was epox1ed to.an aluminum.plate with the Grodan resin.
and a.gap ‘(t).of 005", This was successfully cycled: from 20 C the temperature. ..
it was made .at, to 35 °C a number: of .times, see Fig. .2, However, when it was.
cycled: below lS?C“theujointwfailed. Failure occurred near a shim used to estab-.
lish the gap. No.shims are used -on-the actual column. A failure'was deter--
miﬁed:by leak: checking:the.joint. Fhis does not meet the 409F requiremeﬁt;
However, with no 'shims-and.an increased gap-we. should be. able to take temperatures-
somewhat -lower than-15°C. Finglly:thezjoint9was~heated‘tO“ZOOQF-where,mechanical
separation occurred. .. This resin:apparently gets softer as it warms up and.this
accounts for the difference.in flexibility. The.Grodan:type resin was chosen-

for-use in the second column.

Figure 3 is a plot-of:the degassing rate of the Grodan:resin under vacuum.: .-
The values are good for a room:temperature.cured -epoxy but.not good .when com-
pared:.to Teflon or Viton. Samples of the cured resin were soaked in alcohol,
acetone.and.the aluminum:etchent,overnight with no-visible deterioration. When: .
placed in'a commercial stripper sthe:material dissolved. However, soaking a sample-
joint in stripper for even:a few days.only cleaned the edges up and started to.. -

slowly work its way-into the joint-with no obvious joint failure..

Based on thé results of ‘these.tests a. short 3-section .column was.built:and

tested by R..Amari. This column performed satisfactorily:(3).

Vinyl-Acetate. Joint .

The:low gradient column used is:the present injector:to AGS and: other columns
in various. Van:de Graaff accelerators.at BNL:are made with.a vihyl acetate -cement.
ThiS'cement»is applied to:the ceramic.and metal spaces, allowed;to'dry; assembled
in . fixtures and then'pressurefénd:heat are:applied to make the;joint;A%The,pres—
sure-and temperature.are used to-establish the gap or film thickness .with-excess
adhesive forming a bead. . As a comparison a single sample. joint using the vinyl-
acetate:adhesive joining aluminum.blocks. to a.ceramic was made.. The pressure
was. 200 psi and the temperature was -350°F. The joint thickness was a total .of
.006". for ;two. joints, The tension load shown in Table 1.(item.19) was.3320:psi.. .

This-is a-higher .value-then found:on:any epoxy sample.
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The . size of:the columns.made by the.technique. at BNL-are about-9"'@,D.
The separatorzmaterialuused'isfstainless steel, .In addition a column. of
15,5" diameter was built using a vinyl acetate adhesive between a ceramic and .-
stainless steel separator (5). It . might be possible, based on.these previous.
results, to use a vinyl acetate adhesive with a lower thermal expansion: sep-.
arator in.our larger joint.. One material that has good high voltage proper--
ties; no.corrosion-problem in our.environmental -conditions, and.a low thermal

expansion.coefficient is- commercially pure titanium.:
Rewriting Eq. .57

.. =Y jo -
rtlt' ss %ss Olcer.
-Qtit‘-acer¢f 4

Lf we. assume.the worstvcase where the column is rapidly heated. so:that the sep-

arators. change temperature but:the:rceramics. do. not.

r . T
titi=. ss dss-

Q

tit.

and .substituting values

T, _ 15.5;f~8;9’. - s
tig=- —Ej—-Lmz:Ezj :14,38 inches

Since the present column has an.outside diameter of:-about 28 inches this adhesive:
techniiquesat. least . appears feasible, .It offers advantages imn..that:«it can.take:
the:radiation+and vacuum' (without the indium:seal) and the ceramics can be:sal--
vaged-simply. However,.an-investment in.retesting, ovens, presses and fixtures: ..

1]

would have. to be made, and-the; epoxied ceramic can also be salvaged:
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