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Report No. 8926-129

Material - Adhesives - Structural - EC-1459, Ec-lu69, AF-102
(Minnesota Mining and Manufacturing Co.)

i Effect of Variations in Bonding Pressures and
! Temperatures on Joint Strengths

Abstract:

The effects of variations in pressures and temperatures for curing adhesive
bonded joints made between 2024-T86 aluminum alloy overlaps, and 202k-T66
aluminum alloy face plates and 3003-H19 aluminum alloy honeycomb cores with
EC-1459, EC-1469 and AF-102 (Minnesota Mining and Manufacturing Co.) ad-
hesives were determined. The curing cycles used were (1) 150 psi pressure
at 350°F for 2 hours, 2; 100 psi pressure at 250°F for 30 minutes followed
by 350°F for 2 hours, (3) 100 psi pressure at 350°F for 2 hours, and (4)
85 psi pressure at 350°F for 2 hours, The first two of the four cure cycles
gave satisfactory -67°F tensile sheat strengths. The 216°F tensile shear
strength obtained by the last three cure cycles were slightly low. The
metal to metal peel strength produced by all four cycles was satisfactory.
The honeycomb sandwich flexural strengthe at -67°F were satisfactory
throughout. The room temperature peel strengths of the honeycomb sandwich
varied considerably and only the second cure cycle produced satisfactory
strengths.

Reference: lawley, R, W. Jr., MiyaJi, M. C., Sutherland, W. M.,
"Effect of Various Cure Cycles on Metal to Metal and
Metal to Core Bonds Using Adhesive System Detalled in
Specification 8-01318," General Dynamics/Convair,
Report MP 57-461, San Diego, California, 9 July 1957
(Reference attached).

PORM 18120 (REV.12/61)
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REPORT NO. 57-461
EFFECT OF VARIQUS CURE CYCLES ON
METAL TO METAL AND METAL TO CURE BONDS
USING ADHESIVE SYSTEM DETAILED IN
SPECIFICATION 3-01318

INTRODUCTION:

Some F-106 parts are being subcont.acted. Cure cycles being employed by

the Subcontractor differ from the requirements of F-106 bonded parts as
outlined in Specification 8-01318. It is the desire of the Subcontractor

to employ their established cure cycles in the production of the Delta

Dart bonded parts. Because of this difference, a test program was lnitiated
to determine whether alternate cure cycles might be employed. The strength
values of bonded test specimens will be used as the criteria in determining
the adequacy of the alternate cure cycles.

OBJECT:

To ot*ain resultant strength data of adhesives (detailed in Specification
8-01318) processed by four different alternate cure cycles.

CONCLUSIONS:

1. The first two of the four cure cycles investigated give satisfactory
-67°F tensile shear values. These were in excess of the 2025 psi re-
quirements of Convair Specification 0-03007 referenced in Specification

8-01318.

2. The +216°F tensile shear values of all the cure cycles investigated,
except the first one, (results shown in Table I) appear to be slightly
low. Even though there are no specific requirements called out in
Convair Specification 0-03007 for 216°F testing, an estimate of ;robable
strength at this temperature can be made by interpolating the room
temperature and +300°F requirements. The required strength at 216°F is
estimated to be 2450 psi.

3. The room temperature metal to metal peel strength values also exceed the
10 1bs./in. width requirement of Specification 0-03007, when the ad-
hesive is cured with alternate cure cycles.

4. The sandwich honeycomb flexural strength values obtained at -67°F and
+216° were in excess of the 50,000 psi minimum skin stress requirement
of Specification 8-01318 for both of the cure cycles investigated.

5. Room temperature peel strengths of the sandwich honeycomb specimens
varied considerably+ and only the second cure cycle investigated (see
Table VI) gave values acceptable to the 175 inch 1b./3" width require-
ment of Convair Specification 8-01318.

PORM 19120 (REV IZ/6I)
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DESCRIPTION OF SPECIMENS:

1. Metal to Metal Bondg:
The tensile shear specimens were 1" wide by 1/2" overlap made in accordance
with Air Force Specification MIL~-A-8431. The material used for the tensile
: shear specimens was ,063" x 4" x 7" 2024-T3 clad aluminum alloy. FPeel
i specimens consisted of two ,020" x 1" x 9" clad 2024-T86 aluminum alloy
} strips. Cleaning and bonding, except for the cure cycles employed, followed
the process outlined in Specification 0-03C27. :
2. Matal to Core Bondas:
Sandwich honeycomb specimens, 3" x 16" were cut from 18" x 18" panels bonded
in accordance with Specification 0-03006 except for the following:
‘ a. Perforated core (vented to the atmosphers) was used.
f b. Cors cleaned by "box spraying" with aliphatic naptha only.
? c. Cure cycles modified as noted in Procedure.
3. The materials used in making the sandwich honeycomb panels were as follows:
a. Skins: ,020" x 18" x 18", 2024-T86 clad aluminum alloy.
b. Core: .375 thick x 18" x 18", 3003 H19 aluminum alloy, perforated foil
.002" thick, 1/8" hex. cell with a density of 8.1 lbs./cu.ft.
¢, Adhesives (all products of Minnesota Mining and Manufacturing Cos )
EC 1459 Primer, EC 1469 liquid Adhesive, AF 102 Supportsd Film Adhesive.
IEST FROCEDURE:

1.

The various cure cycles investigated were as follows:

Metal to Metal Bonds

a. Pressure: 150 psi

Heat Cycle: Heat from room temperature to 350° F in 25 minutes and
cure at 350° F for 2 hours.

This was accomplished by inserting the samples to be bonded in a
thermostatically controlled K & M Laboratory press at room temperature,
applying the required pressure, and permitting the press tc heat
"naturally® to 350° F, They were then cured for the required time

at temperature.

FORM 1818.A
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1.

2.

TEST PROCEDURE: (Cont'd)

Metal to Metal Bopds (Cont'd)

b.

Ce

d.

Pressure: 100 psi

Heat Cycle: Heat from room tewperature to 250° F in 2.6 minutes

maximur and hold for 30 minutes at temperature., Heat to 350° F at
a rate of 10° F./min. maximur and cure for 2 hours at temperature.
The method employed for this cure cycle ccnsisted of the following:

(1) The K & M press was first heated to 200° F.

(2) The specimens were inserted in the hot press, the press was
immediately turned up to 250° F., and the required pressure was
applied. To insurs accuracy in reaching 250° F in a maximum of
2,6 minutes; a dummv sample was first run with a thermocouple
imbedded in the glue line. The actual time required to reach
250° F from room tewperature was thus established as 2.5 minutes.
The specimens were then run at 250° F for the 30 minutes requiresd.

(3) The press was then turned up to 350° F and the natural heating
rate of the press raised the specimen temperature to 350° F at
a rate of 10° F./minute.

(4) The samples were then cured for 2 hours at 350° F,
Pressure: 100 psi

Heat Cycle: Room temperaturs to 350° F at a rate of 4° F./minute
maximun, and cure at 350° F for 2 hours,

By connecting a thermocouple lead from the center platen of the K & K
press to a Leeds & Northrup Speedomax temperature recorder controller
it was possible to control the rats of heating from room temperature
to 350° F at less than 4° F./nimute (3.4° F./minute actual). As in the
previous cure cycles, a dry run was made first to prove ocut the heat
rate employed.

Pressure: 85 psi
Heat Cycle: Room temperature to 350° F at a maximum rate of 4° F./minute

maximum and cure at 350° F for 2 hours. The method employad for this
cure cycle was identical to that used in the previcus one.

Sandwich Honeycomb Bonding Cycles:

Only two curs cycles were investigated for sandwich honeycomb., Three 18" x
18" panels were made up so that one could be used as a temperature survey
unit. This panel had a thermocouple imbedded in its center so that actual
temperature rise in the test parts cculd be established. Gandwieh honeycomb
bonding was accomplished in the hilack srothers, therrostatically controlled,

FORM 1018-A
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1E5T PROCEDURE: (Cont'd)

2. Sapdwich Hopeygomb Bopding Cycles: (Cont'd)

hydraulic press, located in the Adhesive Laboratory. The two cure cycles
investigated were:

b,

Pressure: 100 psi

Heat Cycle: Heat from room temperature to 250° F in 2,6 minutes
maximum and hold for 30 minutes. Increase temperature to 350° F at
a maximum rate of 10° F./min. and cure for 2 hours at temperature.

Since this cure cycle is identical to one of those used with the mstal
to metal tast samples, it was hoped that the identical procedure could
be used. Unfortunately, because of the greater mass of the 18" x 18"
sandwich honeycomb specimen, it was not possible to do this. Hcwsver,
only a slight modification was necessary. Instead of inserting the
specimen into the press after it was heated to 200° F it was necessary
to have the platens at 250° F. The sandwich panel then came up to
250° F in 2 minutes and 10 seconds. It was then cured at 250° F for
30 minutes., Because of the slower natural heating rate of the Black
Brothers press, the temperature rise from 250° to 350° F was 6 1/2°
F./minute, which was slightly slower than the 10° F,/minute rise used
for the metal to metal specimens. The sandwich was then cured for

the 2 hours required at 350° F,

Pressure: 100 psi

Heat Oycle: Room temperature to 350° F at a maximum rate of 4° F./min.
and cure at temperature for 4 hours. The same system was used with
this panel as was used with the corresponding metal to metal cure
oycle. The Speedomax temperature recorder-controller was ccnnected to
a thermocoupls imbedded in the sandwich and the temperature rise was
controlled by it,.

3. Tagtipg:

Metal to Met 3 3

After bonding, the metal to metal specimens were cut intc 1" wide
tensils shear specimens and the edges were filed smooth., Testing was
accomplished in a circulating air chamber cocled to -67° F for the
low temperature evaluations, and the chamber heated toc +21¢° F for
the elevated temperature determinations. This chamber was mounted

in a Baldwin Southwark Universal Testing Machine and tensile shear
strengths were determined with this wachine., The peel specimens

were tested at room temperature on a rotating drum type machine at
approximately 10"/minute in accordance with Ccnvair Report No. ZM393D.

FORM 1818:A
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TEST URE: (Cont'd)

3. Tegting: (Cont'd)
b. Sandwich Honeyoomb Specipens:

The 18" x 18" sandwich honeycomb panels were cut into 3" x 16" specimens
with the core ribbon direction running lengthwise to the 16" direction.
Flexural tests were conducted on these specimens using the 2 point
loading system acoording to the method outlined in Convair Report

No. Z2M4393D at =67° F and 216° F. The undamaged portions of the flemiral
samples were cut into 2" wide peel specimens and tested on the retating
drum type peel machine at room temperature.

RESULIS:
The results of these tests are shown in Tables I through VI and Figures I and II.
RISCUSSION OF RESULIS:

The first cure cycle employed for the metal to metal bonds is essentially the
same as is in Specification 0-03007, except for the pressure used. The results
were satisfactory and are relatively easy to obtain.

The second oycle investigated however, posed some problems, both with the metal
to metal and the sandwich honeycomb specimens, First it was necessary to place
the specimen in the hot presses to obtain a fast enough heating rate from room
temperature to 250° F, The pressure had to be applied simultaneously and this
proved to be a difficult overation. "Gassing" of the adhesive and subsequent
"bubbling" probably occumed cecause of the fast heating rate, and the lower
metal to metal tensile shear results are probably a result of this. It cannot
be explained why the sandwich honsycomb flexural values are so high for this
cure cycle, but the low peel results are a result of "bubbling" of the adhesive
caused by the rapid heating rate.

The third cure cycle investigated gave a good combination of sandwish honeycomb
flexural and peel results, and perhaps the low tensile shear values could be
improved by further testing. The metal to metal peel results were also
acceptable as is.

The metal to metal values obtained in the fourth cure cycle were essentially

the same as those resulting from the third cure cycle. It does not appear that
the 15 psi decreass in curing pressure had much effect on the results.

NOTE:

The test data presented in this report are recorded in the Engineering Test
Lab Notebook No. 989.
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TABLE T
MeraL To MeETAL Bovos Wit A F-3/ ADHESIVE
TENSILE SHEAR RESULTS
TEST Cure CycLE 7 TENSILE | Ave.T'S. TYPE
TEMP F. INVES T/IGATED ngag P3| RS FAILURE |
-67° |HEAT FRam RoOoOM 3000 BEerween
—67: TEMR To 350°~ 3482 | 3303 |priMER
-67 IN2& MINUTES. 3340 QADHES-
. | CURE FOR 2 HourS IVE
+2/6 , AT F50°F wirH 2720 CoHESIVE
+2/6° /850 PS1 PRESSURE, | 2880 | 2793 "
+216 (Temem rise 11°F/MiN) 2780 "
PeEeL ResuL7s
TEST Cure Crcie Peec Smeverd A6 Peec | TYPE
TEMP ° | TwvesTIGATED INwTHA STRENGTH| FAILURE
+75° SAME AS ABovE /.6 Conesive
+75° 9.7 10.2 L
+75° 9.7 L
+75° 9.7 "
MATERIALS |
) Aowesves : £.C. /158 PRirER k AF-3/ TAPE
2. ADHERENDS :
A TENSILE SHEAR SPECIMENS: O63"X49 X7 2024 T3
CLAD AL.ALLOY; MILLED EOGE FHUNELS CUT INTO
1"X7%" SPECIMENS WiTH K" OVERLAP
B. PEEL SPECIMENS: . 020°X/"x9" 2024 TEBE CLAD
AL. ALLOY STRIPS.
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TABLE IL
MeraL To METAL Bovos WiTH AF-31 ADHE Sive
TENSILE SHEAR RESULT S
TEST CurE Creee TENSILE| AVGTS. | TYPe
TEMRA| INVESTIGATED NEARASL| PS!. | fAICURE
- 67: Roorr TEMP TO 250%| 2610 PRIME .
“67° | namax.oF 2.6mm. | 2200 | 2367 |Pemeiso
~67 " | 30Min. @ 250 2290 PRIME
, | 250°% 350°F @ Arax.
+216 , |PATE OF 10°F/mn. | 2370 CoreESIVE
t2/6" |Cure For 2 HRS.@350°| 2400 | 2330 "
t216° |\ ano 100 psi 2220 | "
PEeL REsuc7s
TEST Cuee Crcle Pae.Smever| AV6. Pees. | TYPE
T&EMP °F INVESTICATED LB/ INWeTH|STRENGTH | FAILURE
+75° | SAME AS ABOVE 9.6 |Comesive
+75° //.6 /] -
+75° 1.6 "
+75° /.6 "
MAar£ErrALS:
Il AonEsivES: £.C. (958 FR/IMER 8 AF -3/ THFPE
2. ADHERENDS :
A . TENSILE SHEAR SPECIMENS: .063° X4 X7°2024T3
CLAO AL ALLOY, M/ILLEO FOGE FAANELS CUT /NTO
1°% 78" SPeECIMENS wiTn K" over Lap.
B. FEEL SPECIMENS:.020°X1" x9° 2024 786 CcAo
AL, ALLOY STRIPS

PORM 1018-A
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TABLE I

METAL To METAL Bovos Witk AF-31 ApHE SIVE

TENSILE SHEAR RESULTS

TEST CWwE Crcee TENSILE | Ave TS | TYPE
TEmp A IN YESTIGATED HEAR FSL|  PS8I- | FAILURE |
~67° | HEaT FROM ROOM | 1850 BeTWEEN
67 o |TEMPERATURE TO 1980 | 1903 |Primerk
-67 350°F. ArAmax.RATE | /1880 ADHESIVE
. |OF A°Fmin. CorE
+2 /6‘ For 2 HRS.AT TEMPF. | 2240 CoHESIVE
*216° \wirn /00 ps.. Peess-| 2200 | 2287 "
12167 |yre. 2420 "
PEEL RESULT S
TEST CuRE CyoLEe Pee STaivsm AVG. PEEL | T YPE
TEMP fo | INVESTIGATED L8/ wiom|STRENGTH | FAILURE
+74° SAME AS ABovE /7.9 CoHESIVE
+75° 7.4 /6.9 "
+75° 154 "
+75° 154 z
MATERIALS:

| AoHESIVES: £ C. 1458 PRIMER & AF- 3/ TAPE

2. AoHERENDS

A TENSILE SHEAR SPECIMENS: .063 X4 X7 2024 T3
CLAD AL. ALLOY, M/LLED EDGE FANELS CUT INTO

/"X 74" SPECIMENS wiTH %" overLAP.

B FEEL SPECIMENS:.020"%1" xS" 2024 T8E CLAD

Al ALLoy STRIPS.

FORM 1818-A
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TABLE IV

METAL To METAL Bovos WiTr AF-3 | ADHE SIVE

TENSILE SHEAR RESULT S

TEST Cuee Crcie L:g-stzf AVETS | TveE
TEMPF TINVESTIGATED HEAR /St | PS./ [/l URE
~67° | Roomw 72mP To 350°F| 1760 PRIMER
~67 : AT AMAX RATE OF /850 /807 |8AoHeS-
~67" |\ goEMIN. CorE FOR | (7 /0 IVE .

. |2 HRS. AT TEMP
1216 |\ \wiTH 85 £St.PRESS-| 2480 Comese
12/6] \uwre. 2320 | 2373 2
v2/6 2320 "

PEEL RESULTS

JEST Cure Cyolc£E FPeee Smeenverd Ave FEEC | TYPE
TEMPF | TNVESTIGATED das/nnion|STRENGTH | FAILURE
+75° | SAmE AS ABOVE 17.4 Conesve
+75° 7.4 /8.0 ”
t725° /9.3 i
+75° 17.4 "
MarererAals:

L AoHESIvES: £.C. /959 PRIMER &AF-3/ TAPE
2. ADHERENDS :
A TENSILE SHEAR SPECIMENS: 063 X9 'X7*2024 T3
CLAD AL ALLOY , M1t ED EOGE FANELS CUT INTO
1"X 7%" SPECIMENS Wirp 5" ovERLAP,
8. FEEL SPECIMENS: 020"%X1"x9" 2024 786 CLAD
AL.ALLoy STR/AS,
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PREPARED BY  Lawley/Miya;: 4 otmeion o7 etataaL eruinies comsnimion REPORT NO.  57-461
CHECKED BY W. M, utherland MODRL F-.106
REVISED BY : DATE 72957
TABLE X
SANDWICH HONEYCOMB FLEXURAL & Perey
T EST RESULTS

FLEXURAL RESULTS

Test, | Cure Croie | "A" | Core Domeeessive] 7vre
TEME F | INVEST IGATED DVSTANCE (SHEAR IS ISTRESS PSI FAILURE

~67° | Roomt rEMP T0 250K 2./4"| 657 | 72900 |CoreSHeae
-67° |INAMAX.OF 2.6Mm. | " 774 |82,500 |& Aores-
~-67° |3omMmn@250%F w | 726 |78000 |IVE.

, |250~350F@AMAx,
+2/6° |RATE OF 7O SIN, 2‘52" 6§36 | 81,000 |CorE
+2/6° |Cure For 2uRs.@350K | soe | 3 Boo [SHEAR
AN D 100 Ps.1. FRESSURE . ’

FEEL RESULTS

TEST Cure CycLe e Sraemer| Ave fEEL| Ty RPE
IEMLF.| LNVESTIGATED  |muwsssword STRENGTH | FA/LURE

+75° | SAME AS ABoveE 52./ Bérwe.é/v

+75° 46.3 £ 18ERCLAS

+75° 46.3 | 47.5 |Rewrorce-

+75° 46.3 MENT &

+75° 46.3 ADHESIVE

MATERIALS :
. ADHESIVES *

a. FPrimer: EC. /959
4 Lrguto ApHESIVE L £.C. /969
C. Frem ADHESIVE: AF /02
2 ADHERENDS:
a SkKINS: .020"202497 86 CrapAL. Arcoy
4 Core: .375° 3003 H /9 AL ALLoy . 002 Foui, %6 HEX CELL.

FORM 1818:A
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PAGE 1/
Lawl i i A SIVISION OF SENENAL DYNANIES CORPORATION % 7=46
e v Lol it oL e - 740
REVISED BY , DATE  7-9-57
TAasL e XL
SANDWCH HONEYCOMB FLEXURAL & FEEL
TEST RESULTS
FLEXURAL RESULTS
TEST, Cure Cycie ‘A" | Core [omrressive| Type
Teme F | INVESTIGATED mez SWEARSSI\ SR ESS FS/. | FAILURE
~67° | HEAT FrOM ROOM 2./14°| 680 | 72,200 |Permanen
! -67° |TEMAP ro 350F AT A u 6/5 |65.300 [ser v
E ~67° |MAx.RATE OF 4°F.y | " | 494 | 52,800 |sawowicH
. |MIN. CURE FOR 2 HRs,
+2/6 , |ATTEMP WiTH 100 252" 528 |66,500 ,%ggsggm
+216° |pPs).PRESSURE. " 528 |66,500 Hsnm Buck
LING.
e
g FEEL RESULTS
TEST Coure Cycee PeeSTremery| AVG. PEEL| T Y PE
| TEMP L | TNYESTIGAT EQ w188 /3 Wrory] STRENGTH | LURE
+75° | SAMEAS ABOVE 98.4 Berween
+75° 104 F18ERGLAS
+75° 104 /105 RE N FDRCE]
+75° e, MENT &
+75° /1 Io) ADHEZIVE,
MATERIALS :
!. ADHESIVES :
o PRimer: £C 14959
4 Li1quo ADHESIvE: EC./969
C FremM ADHESIVE: AF /02
2 ADHERENDS :
a. SKINS: ,020"2024T 86 Cean AL Aicsoy
b CorE:.375"3003H/9 AL fiiior 002 F0ILS HEX CELL.

ki i, oA 7 5 €

PFORM 1018.A




