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ABSTRACT

Roduction in weight of component parts of space vehicles is desir-
able in order that a larger proportion of the "payload" might be devoied to
scientific and life-sustaining equipment to extend the mission capabilities
of space vehicles, Thus, & four phase development program vas initiated to
determine the best materials and fabrication techniques for fabricatioa of
& light weight ablation shield. The proposed design is the result of studies
conducted in an effort to reduce the veight of advanced space vehicles., It
vas the purpose uf this phase of the development program to evaluate various
adhesives and adhesive curing cycles for adhesive bonding of beryllium.

Surfaces of beryllium finger panels were processed for adhesive
bomaing by the optimum surface preparation method established by a previous
test of this development program, Various film adhesives and bonding methods
for each adhesive wers then used in tording the beryllium finger panels to-
gether, After bond line curing the bonded finger panels were machined into
individual lap shear tension test specimens, Test specimens were subjected
to a series of tests for adhesive shear strength at room and elevated temper-
atures,

Although the lap ahear strength of HT-424 f£1lm adhesive manufactur-
ed by the Bloomingdsle Rubber Company was lower than other adhesives tested
at room temperature and 500F its greater st ;ength at 650F end 800F makes it
the most desireable.adhesive f-~r use in ¥ ,nding applications involving
beryllium and high tewmperature evv.~vor c<nts.
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1. OBJECT

The object of this phase of the space vehicle ablation shield d=velop-
ment program vas to evaluate three types of adhesive for use in adhesive bend-
ing of beryllium, Two different curing methods for each adhesive vere also
to be evaluated., The pest adhesive and adhesive curing method, as deter-
mined by test results, will then be used in succeeding phases of the ablation
ehield development program.

2. CASE HISTORY

Additiconal scientific and life gustaining equipment for extended
mission capabilities of advanced space vchicle designs has resulted in an
incrzase in weight of the space vehiclie. A meana of compensatine for a portlon
of this additional weight is a proposed lightweight re-entry shield consisting
of an optimum ablctive material suicably bonded to a beryllium back-up struct-
ure, A four phase development/evaluation program to establish desimn and fab-
rication criteria for such a shield was initiated. The initial phase of the
development/evaluation program (IR 052-051.03.,01) established an optimum
surface preparation method for adhesive bonding of beryllium, It was the
purpose of this phase of the development/evaluation program to determine the
vost adhesive and adhesive curing cycle for adhesive bonding of beryllium.

Testing was conducied by the Systems Laboratory during the period
5 February 1962 through 3 Yarch 1962,

3. SPECIMEN PREPARATION

Sixty beryllium finger panels vere wuachined per dimensions as shown

| in Plgure 1, page &, from QMY-200-A press sintered block beryllium, All

} machining was perforned by the Brush Berylliun Company, prior to shipment of

i the finger panels tc McDonnell, Machined beryllium panels, rather than roll-
ed beryliium sneet stock paneis vere used in order to clesely simulate cond-

\ itions vhich would be encountered in actual fabrication, MFinger panel. vere

| divided into six groups, each group containing ten panels.

|

t

|

|

1

The beryllium finger pancls were proccssed for adhesive bonding,
using the optimum surface preparation method established by TR 052-051.03.01,
See Bonding Method "G", Step 1 in Table 1, page 12, for a brief outline of
this surface preparation process. Upon coapletion of the aurface preparation

| processes the finger panels were placed between clean, lint-free cheesecloth
end wrapped in wax-free kraft peper. DBonding operations were performed with-
in tventy-four hours after completion of the surface preparation processes.

wa
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k, SPECIMEN BONDING

The three adhesives and the two curing cycles for each adhezive

vhich vere eveluated Ly this test program are outlined in Teble 1, pegeyp .
Each individual adhesive and its respective curing cycle was assigned a code

letter (“G" through "M" (omitting “I") as shown in Table 1 for purposes of
epecimen identification after bonding operations.

The aihesives which were evaluated and their respective manufacturer's
are:

(s) ET-b2h PLlm Adhesive,.05 thick, 0.13-0.1k lbs/£t2
Xlocomingdsle Rubber Company, Aberdeen, Msaryland

(b} AP-107 film adhesive,,015 thick and EC-1639 primer 20%
sonds, Minnesota Mining and Menufacturing Compeny,
, 6411 Randolph, Los Angeles, California.

{c) Aerobond 430, .015 thick, Adhesive Engineering Company,
1411 Industrial Road, San Carlos, California,

! AT-42k adhesive was stored at O°F or less and the remaining two
l types of adhesives were stored at 35°-4O'P, At the time of usage, the
three types of adhesives were not more than thirty days old.

Ao amount of adhesive sufficlent for bonding a s2ct of finger panels
ard corresponding to the type required by the bonding method being evaluated
vas removed from the refrigerated roll approximately tvo hours prior to im~
stallation in the bond line to allow the adhesive to return to ambient tempsr-
ature,

Bonding fixtures of the type as shown in Plgures 2, 3, 4, and 5 on
pages 7, ard 8, were used in tonding the beryllium finger panels together,
Prior to the bonding operations a set of springs for each bonding fixture
vas calibreted so that at a given spring compression deflection a pressure
of 30 psi would be applied to the bond line area.

One finger panel was mounted in each of five bonding fixtures and
secured in place as shown in Flgure 2, page T, A strip of the £ilm adhesive
heing evaluated was placed over the finger panel .3 shown in Pigure 3, page 7.
The remainirg five penels vere mounted in the bonding fixtures and secured
in place as shown in Figure U, page 6, a strip of rubber was pl:ced ovar
, ‘the bond line area to provide for a constant even pressure over the boad lize,
i The clamping block, springs and flanged nuts were then installed as shown
i
i

in Mgure 5, page 8. A thermocouple for monitoring bond line temperature
vas iostalled between the upper beryllium panels and the rubber stcip., The
springs vere then compressed until a previously calibrated aprir,, de:lecticn
viich produced o 30 psi bond line pressure was atiair«i.
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4, SPECIMEN BOXDING (coni'd.)

The f£ilm adbcsive being evaluated was cured per one of the respective
curing methods, as outlined in Tablc 1, page 12, After completion of the bond
1ine cure cycle the bonding fixtures vere removed from the oven and allowed
to cool to 150F before releasing the spring pressure, Bond line teaperature
of the five fixtures was monitored by the therrocouple setup as shown in Fig-
ure 6, page 9 .

After cooling, each individual firger of the bonded pancls was
marked with the code letter assigned to the bonding method vhich was being
evaluated, A nuwber (1 through 20) was then assigned to each individual
finger of the bonded panels, After identification of the individunl fingers
vas completed, the bonded finger panels wére sent tO the beryllium machining
facility and wachined into individual lap shear teasion
taat spacimens a5 sbowa in rigure 7, page 9 .

5. TEST SETUP

Setups for testing the bond line strength in lap shear at room and
elevated temperatures vere mounted in the 5,000 pound Baldwin tensile tect |
machine, Standard gripc, as shown in Figure 8, page MO, were the only items
required for room temperature testing. Yor high temperature testing the link.
age as showvn in Figure 8 was used to vrevent the grips from being in the heat-

ed area, Radiant hzai lamps mounted as shown in Figure 8 were positioned
vertically so that the heat concentration would be centered on the test area.
Pover source for and control of the radiant heat lamps was providad by a i
Research Incorporated, Model 623} Ignitron. A Leeds and Northrup indicating I
pyrometer for monitoring the outer surface temperature of the test apeciuen |
was included in the test setup. Test specimen cuter surface temperature,
ratheyr than actual bond line temperature was monitored to allov for a simple.
and faster tcaperature monitoring setup, A comparative test between the vond H
line temperature and the outer surface temperature was vonducted and indicat- J
ed no signivirant temperature difference. ;
}

5. TEST PROCEDURES

Lap shear tension testing vas conducted at room temperature and at
elevated temperatures of 500F, 650F, and 800F. A total of five specimens
ware tested st each of the four required test temperatures.

Loading rate for all test temperatures was 600-70C lbs/min, Heat-

ing rate for the elevated temperature tests vas 100F/uia. ¥olloved by a ten
ninute soak st the specified temperature.
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Bond line thicknesses of all specimens were measured prior to testing
snd are recorded in Tsbles 2 through 7, pages 13through 18, respectively.
Bond line areas for the various specimens are also recorded in the previously
mentioned tables.

7. TEST RESULTS

Bond line lap shear tension test results for the various groups
of test specimens are presented in Tables 2 through T on pages 13, through
18, respectively., Failing loads in pounds, failing stress in psi, failing
stress levels in psi and the pature of failure are included in these tables,
A graph comparing the strength versus temperature carves of the siy bondins
nethods evaluated by this test program is shown in Migure 9, pagedl.

8. CONCLUSIORS

The dpst  film adhesive and adhesive curing method, to be used
in bonding applications involving beryllium and high temperatures (650F -
800F), is HT-42k £1lm adhesive and bonding method “0Y, respectively. This
selection is based on the comparative lap shear strengths obtained at the
test levels previously mentioned. Although the strength of HT-h2h at room
temperature ard S500F is lover than other adhesives tested its greater strength
at 650PF and 800F temperatures was the pretominmnt feature which vas connide - -
ed in the final analysis., Bonding method “G“ rather than "H” was selected
on the basis of its simpler curing procedure.

LIST OF EQUIPMERT AND INSTRUMERTS

Equipment and instruments used in this test are listed below. Applic-
able calibration records are available ror inspection,

Item Manufacturer and Mcdel Rumber 8erial nr laboratory Hurhevr

Oren Grieve~Hendry Co. Inc. MAC 40255-51
Model HXS50C

Indicating Leeds and Northrup A0 3709
Pyrometer
5,000 LB Baldwin-Tate-Emery sy 800879
Tensile Test ¥odel P.T.E. 27
Machine
Ignitron R:search Inc, MAC 33506-1

Mcdel 6231
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TEST REQUEST

TITLE.__M0lation Shield Development Testing: Adhesive

»

Evaluation and Klevated Temperature Properties

LABORA . RESPONBIILE TEST g wobtL
- > " Az 135N

‘TEST PARTS ON 18M L]t ON TPL NO—— “APUER
PRODUCTION PARTS POM TEST NOT Reauiaed []

WORK REQUESTED

OBJECTIVE  (aive punross or TEST, work Ano oA Rev & ~
WOLUDING SEXVICE MISTORY AND uc:m.n:mvm ADDs  AcTuALY

[ RS
TM)—
1.0. PURFOSEs The purpose of tnis phase of the
ablation shield development program is to
'W\_ evaluate seversl high temperature adhesives and
determine ¢
properties.'Rew«"Ct Change et
Refer NAC Rpt 8400 - Mark II Spacecrart
2,0  MATERIALS: st Program & Schedule, Sect. 5.3.
a 2l Film, ,015" thick, 0,13-0,1L 1lbs./ft.°
Bloomingdale Rubber Co,, Aberdeen, Md,
(b) AF-107 Film, ,015" thick, Minnecota Mining and
Manufacturing .Cos, 6111 Randolph, los Angeles 22,
Calf,
(c) EC-1639 PRIMER, 20% solids, Mimnnesota Mining snd
Manufacturing Co., 6L11 Randolph, los Angelew 22, Calf,
(d) AEROBOND 430- , ,015" thick, Adhesive Engineer=-
ing Co., 141l Industrial Road, San Carlos, Calf,

WOTES: (a) All of the ahove adhesives shall not be move
than 30 days old at time of use,
(b) The Adhesives shall be stored in their origi=-
nal shipping container under the following condi-
tionss 1, HT<h2h :+ 0OF; (2) AF-107 and EC-1639
3540°F; (3) ARROBOND 430 : 0°F

3.0 FINGER PANELS FOR SHEAR TESTS: The finger panels
shall be Brush Beryllium Co, QMV-200A press sintered
block Beryllium machined (WS5-<63) to the dimensions
shown in Fig, 1 of P.S. 21330, Rolled sheet stock

shall not be used,(liev, "D" Changes heating rate, !
curing method and adhesive, ilo change in gstima@:,‘;’_“t

I,0 ~ SURFAGE PREPARATION OF DERVLLIUMs W0 GHd = i et

,y(-u.l/I/(/dr oiin

(a) The Berylliuu surface shall be prepared N

accordance with the optimum procedure develoged under
T.Re 052-051,03,01, Method E was selected,

(b) At completion of the cleaning procedure, test
panels shall be wrapped in wax-free brown Kraft papew,

REFERENCES OR ENCLOSURES ~ s Zeincs cu:;-a-,'
#*See page 2
Fev, B. Yo C

in Estimate

TEKX I1-16-¢)

LR - ‘
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(c) A1) bonding shall be performed within 2k hours after completion of the
cleaning operation, .

TEST CONDITIONS:

6.0

(a) For esch adhesive, lap shear finger panels shall be prepared in a quan-
tity sufficient to provide a minimum of 5 specimens for each test condition.

{b) Test conditions ares (1) Room temperature, (2) S500°F after 10

minutes soak at 5(0°F, (3) 650°F after 10 minute soak at 650°F and (L)

B0OCF after 10 minute soak at 800°F, All the above temperatures are & 10°F,

In all cases, the bond line shall be at- test temperature, as determined by
proper instrumentation, for 10 mimtes before testing startss load shall be
applied at a rate of 1200-1L00 psi per minute. The rate of heating the specimen
shall belO0%F/minite,

BONDING PROCEDURE:

* A

(a) GENERAL: The age and storage rcquirements of Section 2,0 shall ‘be
followed. The amount of adhesive necessary for a set of panels shall be re-
moved . rom the roll and the roll returned to refrigeration. The adhesive to
be used for the set of panels shall be wrupped in cellophane or Mylar and
allowed to return to room temperaturs (approx. 2 hours) before being placed
in the bond joint, A1l cure temperatures are bassd on bond line temperature,
as determined by proper instrumentation, All panels shall be cooled to 150°F,
or less, before pressure is removed, The 30 psi cure pressure shall be on
she bond joint when increase in temperature is started.

(b) CURING OF HT-h2ks

METHOD 13 Cure at 30 pei, raise to 330 ¥ 5OF in 60 mimutss wnd hold
at 230 ¥ SOF forl20 minutes,

METHOD 2: Cure at 30 psi, raise to 330 & 5°F in 60 minutes and hold
at 330 ¥ SOF for 60 minutes, then raise tenperature to 400
¥ 5°F and hold for 60 minutes.

{c) CURING OF AF 107-EC 1639s

METHOD 1: Spray cr brush on EC 1639 (thinner is MEK) to a film thicke
ness of 0,0005, Air dry for 30 minutes followed by foice
dry of 30 minutes at 325° ! 5OF, Place adhesive in bond
Joint. Apply cure pressure of 30 psie Slowly raise teme
pwltmtoSSO"!S"Pltr?se;ﬂ/nnm (90 wimates
elapesd time), Hold at 350 for 60 mimites,

T} METHOD 23 Apply primer as ahove, Slowly raise temperature to 2450 & SOF at
rate of 39f/minute (55 minutes elupsed time); raise to 2900 ¥ gOF
at rate of 1/20F/minute {9Q minutes elapsed time); raise to 3500F

' at rate of 3°F/minute (20 minutes elapsed time) and hold for 40
‘minutes,

fcable to IDEP wales: final reyert is elassified. -Complete

Report Summary Shedt, MAC 100SERS, per Eugimeering Precedure 3-23,
Ruute report and Summgary Sheet per Engineering Procedure 3-23.

=t
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6.0 (Continued)

(d) CURING OF AEROBOND 430

TEST REQUEST

PAGE g

—————— L

1
REPORT A2

METHOD 1: Using cure pressure of 30 psi raise temperature to 330°F + 5°F
in 20 minutes and hold at 330° + 5°F for 60 minutes.

METHOD 2:

Using cure pressure of 30 psi, raise temperature to 330° + SOF

at rate of 5°F/minute (50 minutes elapsed time) and hold at
330° + 5°F for 60 minutes.

7.0 REPORT:

(a) The report shall include the following information:

(1) Failing load,

(2) FPailing stress level,
(3) Nature of failure and,

(4) Stress vs. Temp. curves for each adhesive,

8.0 SAFETY: All cutting, machining, grit blasting, etc. of Beryllium shall be
performed under the cognizance and surveillance of Tom Linck, Safety Dept.

Advance notice must be given in order to have adhesives available.

-
ADHESIVE

TIME REQUIRED
TO_DELIVER = DAYS

 Hp-t2k

AF-107

g b

EC 1039
AEROBOND 430

[




