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Reduction in weight of component parts of space vehicle: is desir-
able in order that a larger proportion of the "payload" might be devoted to
scientific end life-sustaining equipment to extend the mission capabilities
of space vehicles. Thus, a four phase development program was initiated to
determine the beat materials and fabricatiom techniques for fabrication of

li-ght weight ablatiou uhield. Me proposed design is the result of studies
conducted in an effort to reduce the veight of advanced space vehicles. It
was the purpose vf 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
bonaing by the optimum surface preparation method established by a previous
test of this development program. Variou film adhesives and bonding methods
for each adhesive were then used in bonding 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 shear strength of tT-424 film adhicivw manufactur-
ed by the Bloomingdale Rubber Company was lover than other adhesives tested
at room temperature and 5001 its greater st .,ength at 650F and 800F makes it
the most desireable.adhesive f-? "se ii vjnding applications involving
beryllium and high temperature e)-,'>or Ants.

PREPARED BY_/g APPROVED BY.. 1 (Q2' tr-
Tis-t En'391terSenior Engineer at i4 n

Methods, C13exical G

APPROVED BY__ 4 A___ APPROVED B
Chief, Strctursboratory -t-ry Project Mgeer

DIS TRIBUrION: T. F. Brookl, W. H. O.Gay, N. S. , hberg, C. I-dlelgh,
Eng. Ubrary
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1. OBJECT

The object of this phase of the space vehicle ablation shield develop-
ment program was to evaluate three types of adhesive for use in adhesive bond-
ing of berylliA. Two different curing methods for each adhesive were alio
to be evaluated. The best adhesive and adhesive curing method, as deter-
mined by test results, will then be used in succeeding phases of the ablation
shield development program.

2. CASE HISTORY

Additional scieatific and life sustaining equipment for extended
mission capabilities of advanced space vehicle designs has resulted in an
increase in weight of the space vehicle. A meano of copeas eting for a port'on
of this additional weight is a proposed lightweight re-entry shield consisting
of an optimum ablLtive nmaterial sulcably bonded to a beryllium back-up struct-
ure. A four phase development/evaluation program to establish design and fab-
rication criteria for such a shield was initiated. The initial phase of the
development/evaluation program (T 052-051.03.01) established an optimum
surface preparation method for adhesive bonitg of beryllium. It was the
purpose of this phase of the developent/evaluation program to determine the
boot adhesive and adhesive curing cycle for adhesive bonding of beryllium.

Testing was conducwed by the Systems laboratory during the period
5 February 1962 through 3 March 1962.

3. SPECIMEN PREPARATIOi

Sixty beryllium finger panels were zachined per dimensions as shown
in Figure 1, page 6, from ($V-200-A press sintered block beryllium. All
machining was performed by the Brush Beryllium Company, prior to shipment of

the finger panels toJ McDonnell. Machined beryllium panels, rather than roll-
ed beryllium sneet stock panels were used in order to closely simulate cond-
itions which would be encountered in actual fabrication. Finger panelL were
divided into six groups, each group containing ten panels.

The beryllium finger pancls were procceed for adhesive bonding,
using the optimn surface preparation method established by TR 052-051.03.01.
See Bonding Method "G, Step 1 in Table i, page 12, for a brief outline of

this surface preparation process. Upon completion of the surface preparation
processes the finger panels were placed between clean, lint-free cheesecloth
end wrapped in wax-free kraft paper. Bonding operations were performed with-
in twenty-four hours after completion of the surface preparation processes.



1MCDONNELL
5 June 1962 ST. LOuW. MISSOURI

PAGE ,_
RAE ISEC IADORAM REPORT REPORT _ A472

REVISEO

7 FINAL REINMT
i. SPECIMEN BONDMIN

The three adhesives and the two curing cycles for each adhetive
which were evaluated by this test program are outlined in Table 1, pege)12..
Each individual adhesive and its respective curing cycle was assigned, a code
letter (U"G through "N" (omitting "") as shown in Table 1 for purposes of

pecimen identification after bonding operations.

The adhesives which were evaluated and their respective manufacturerts
are:

(a) UT-424 Film Adhesive,.015 thick, 0.1-0.l4 lbs/ft 2

2loimdale Rubber Company, Aberdeen, )aryland

(b) AF-107 film adhesive,.015 thick and EC-1639 primer 20%
solids, Minnesota ining and Manufacturing Company,
64ll Randolph, Ios Angeles, California.

(c) Aerobond 430, .015 thic) Adhesive engineering Company,
1411 Industrial Road, San Carlos, California.

BT-424 adhesive was stored at OF or less and the remaining two
types of adhesives were stored at 35-40F. At the time of usage, the
three types of adhesives were not more than thirty days old.

An amount of adhesive sufficient for bonding a sat of finger panels
and corresponding to the type required by the boniln. method being evaluated
was removed from the refrigerated roll approximtely two hours prior to in-
stallation in the bond line to allow the adhesive to return to ambient temper-
ature.

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

One fingar panel was mounted in each of five bonding fixtures and
secured in place as shown in Figure 2, page 7 . A strip of the film adhesive
being evaluated was placed over the finger panel ,.a shown in Figure 3, page 7
The remaining five panel3 were mounted in the bonding fixtures and secured
in place as shown in Figure 4, page B. A strip of rubber wao p.zocae ,'ar
the bond line area to provide for a constant even pressure over the boad line.
The clamping block, springs and flanged nuts were then installed as shown
in Figure 5, page 8. A thermocouple for ronitoring bond line temperature
was installed between the upper beryllium panels and the rubber strip. 7ze
springs were then compreseed until a previously calibrated sprir.. dei lection
which produced a 30 psi bond line pressure was attiir4.
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The film adhesive being evaluated was cured per one of the respective
curing methods, as outlined in Table 11 page 12. After completion of the bond
line cure cycle the bonding fixtures were removed from the oven and allowed
to cool to 150F before releasing the spring pressure. Bond line temperature
of the five fixtures was monitored by the therrocouple setup as shown in Fig-
ure 6, page 9 .

After cooling, each Individual finger of the bonded panels was
marked with the code letter assigned to the bonding method which was being
evaluated. A number (1 through 20) was thea assigned to each individual
finger of the bonded panels. After identificetion of the individual fingers
was completed, the bonded finger panels were sent to the beryllium machining
facility and machined into lodividual lap shear tesion
tet p-ci-- as sho-wn in Figure 7, page 9

5. TEST SVTP

Setups for testing the bond line strength in lap shear at room and
elevated temperatures were mounted in the 5,000 pound Baldwin tensile tent
machine. Standard gripu, as shown in Figure 8, page 10, were the only items
required for room temperature testing. For high temperature testing the link-
age as shown in Figure 8 was used to prevent the grips from being in the heat-
ed area. Radiant heaL lamps mounted as shown in Figure 8 were positioned
vertically so that the heat concentration would be centered on the test area.
Power source for and control of the radiant heat lamps was provided by a
Research Incorporated, )bdel 623] Ignitron. A Leeds and Northrup indicativg
pyrometer for monitoring the outer surface temperature of the test specimen
vas included in the test setup. Test specimen outer surface temperature,
rather than actual bond line temperature was monitored to alloy for a simple:.

and faster tcmperature mnitoring setup. A comparative test between the bond
line temperature and the outer surface temperature was onducted ard indicat-
ed no signifliant temperature ifference.

5. TMS PROMMDURS

Lap shear tension testing was conducted at room temperature and at
elevated temperatures of 50O0, 650?, an 800Y. A total of five specimens
ware tested at each of the four required test temperatures.

Loading rate for all test temperatures was 600-700 lbs/inn. Heat-

ing rate for the elevated temperature tests was lOOr/ain. FolloWed by a ten

minute soak at the specified temperature.
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6. TEST FfiCEDUM (cont'S)

Bond line thicknesses of all specimens were measured prior to testing

ard are recorded in Tables 2 through 7, pages l~through 18, respectively.
Bond line areas for the various specimens are also recorded in the previousl,-
mentioned tables.

7. TEST RES9ULTS

Bond line lap shear tension test results for the various groups
of test specimens are presented in Tables 2 through 7 on pages 13, through
18, respectively. Failing loads in pounds, failing stress in psi, failing
stress levels in psi and the nature of failure are included in these tables.
A graph comparing the strength versus temperature ervact of the e!i bonding
methods evaluated by this test program is shown in Figure 9, page 11.

8. CONCLUsIO0s

The tbst film adhesive and adhesive curing method, to be used
in bonding applications involving beryllium and high temperatures (650? -
800f), is HT-424 film adhesive and bonding method "W., respectively. This
selection is based on the comparative lap shear strengths obtained at the
test levels previously mentioned. Although the strength of UT-424 at room
temperature ard 5007 is lover than other adhesives tested its greater strength
at 650? and 800? temperatures was the pradoI1int feature which was comnitc
ed in the final analysis. Bonding method "0" rather than "H" was selected
on the basis of its simpler curing procedure.

LIST OF EQUIFR(ET AND INSTRMMMTS

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

Item Manufacturer and Model Number Serial or Laboratory. Nurbe

Oren Grieve-Hendry Co. Inc. MAC 40255-51
Model HX500

Indicating Leeds and Northrup MAC 3709"
pyrometer

5,000 LB Baldvin-Tate-Emery UM 8079
Tensile Test Moel P.T.E. 27
Machine

Ignitron R¢search Inc. MAC 335ub-l
Mcdel 6231
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TITLE Ablation Shield Development Testing: Adhesive REPORT__

Evaluation and Elevated Temperature Properties

1AIOAATOW OR OW. ANSPONSIIU9 PC TINT 0-w

PAMT ONT 16M LIaON TP. NO...I

PICTT= PAMT P0 TES NOT NEIIRRIDE

WORK REQUESTED
OBJECTIVE sitt w o w TuT, ouE mo DATA IQUIRA

MWmm MKWWX MWm AW WUMDW IWCSMATWQ ADD S CUL

1.0. PURIVSEt The purpose of tnis phase of the
.ablation shield developmtent program in to

evaluate several high temperature adhesives and
determine t rhr-ieeeat w atur shear
prnpertis.[RWi "C! Change in II No* t~~

I Refer MAC Rpt 84W0 - )Mrk II Spac1craf't
2.0 MATERIALS:l master Tet prpgram & Schedule, Sect. 5.3.

Bloomingdale Rubber Coo, Aberdeen, Md.
(b) AF"-107 Film, 9015" thick, Minnec-ota Mining and
Manfacturing..Co., 6411l Randolph, Los Angeles 22,
Calf.
(c) Ec-1639 PRIMER, 20% solids, Minnesota Mining and
Manufacturing Co., 611l Randolph, Los Angelev 22, Calf.
(d) AEROBOND 4.30. , .015" thick, Adhesive Engineer-
inr Co., .11 Industrial Road, San Carlos, Calf.

NDTES: (a) Anl of the above adhesives shall not be mor.e
than 30 days old at time of use.
(b) The Adhesives shall be stored in their origi-
nal shipping container under the following condi-
tions: 1. Rr-lj2I : OoFj (2) A£7-07 and EC-1639 i
35.4OOF, (3) AEIUIBOND 4~30OO

3.0 FINGER PAJNEIS FOR SHUR TESTS: The finger panels
shall be Brush Beryllium Co. QMV-200A press sintered
block Beryllium manhined (W1S-63) to the dimensions
shown in Fig. 1 of P.S. 21330. Rolled sheot stock

-shall not be used*iltev.,,"DII Changei heating rateI
curing methodana-d adhesive. ao change in estimate.1164"U
1:66" S_ URFkE PREPARATION OF BEIffUM: A ~"'

(a) The Beryllili.t suface shall be prepared .

accordance with the optimum procedure develored under
T.R. 052451l.03.01. Method E was s^1ected.
panel Alomletiwrappedhincwaxnfre rowndre Katpe .
(b)el a l opeio ofahe clnn g re r Kat e

REFERENCES OR ENCLOSURES- 4 e4 crr
*See page 2
RT, B. so Chawe ilEsiae O

L, *~.
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. (continued)

(c) All bonding shall be performed within 24 hours after completion of the
cleaning operation.

5.0 TEST CONDITIONS,

(a) For each 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 aet (1) Room temperature, (2) 500°F after 10
minutes soak at 5CO0 F, (3) 650°F after 10 minute soak at 650°F and (4)
800°F 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 minutes before testing starts. Load shall be
applied at a rate of 1200-1400 psi per minute. The rate of heating the specimen
shall belOO°F/min:te.

6.0 BONDING PROCEDUREt

(a) GENERAL: The age and storage riquirements 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 wrapped in cellophane or Mylar and
allowed to return to room temperature (approx. 2 houra) before being placed
in the bond joint. All cure temperatures are based on bond line temperature,
as determined by proper Instrumentation. All panels shall be cooled to 150F,
or less, before pressure is removed. The 30 psi cure pressure shall be on
,he bond joint when increase in temperature is started.
(b) CURING OF HT-424:

METHOD I: Cure at 30 psi, raise to 330 5°F in 60 minutaa and hold
at 330 ! 50F forl20 minutes.

METHOD 2t Cure at 30 psi, raise to 330 - 50 F in 60 minutes and hold
at 330 1 5oF for 60 minutes, then raise teriperature to 400
: 50F and hold for 60 minutes.

(c) CURING OF AF 107-EC 1639s

MEIHOD : Spray cr brush on EC 1639 (thinner is MEK) to a film thick-
ness of 0.0005. Air dry for 30 minutes followed by foice
dry of 30 minutes at 3250 I 50F. Place adhesive in bond
joint. Apl cure pressure of 30 psi*. Slavy rate te
pertuAr to 350 Zo 57 at r 3F/ulmztee (go amte
eapmd tim). seld at 350m& 60 mites.

METHOD 2: Apply primer as above. Slowly raise temperature to 2450 ± 5oF at
rate of 3or/ninute (5 minutes clapsed time); rai.4e to 2900 t 50F

a&t rite of 1/20F/minute (90 minutes elapsed time); raise to 35O°F
at rate of 30F/minute (20 minutes elapsed time) and hold for 60
-minutes.

Report Summary Sheet, MW 10W, per Minering Prceure 3-23.
Route report and Summary Sheet per Engineering Procedure 3-23.



PAGE _ _ _

Page 3 of 3 REPORT A412
TEST REQUEST

6.0 (Continued)

(d) CURING OF AEROBOND 430

METHOD 1: Using cure pressure of 30 psi raise temperature to 330°F + 50F
in 20 minutes and hold at 3300 + 50F for 60 minutes.

METHOD 2: Using cure pressure of 30 psi, raise temperature to 3300 + 50F
at rate of 50F/minute (50 minutes elapsed time) and hold 3t
3300 + 50F for 60 minutes.

7.0 REPORT:

(a) The report shall include the following information:

(1) Failing load,
(2) Failing stress level,
(3) Nature of failure and,
(';) 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.

TIME REQUIRED
ADHESIVE TO DELIVER .

0AF 7


