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FOREWORD

This report was prepared by the Metals Branch and was initiated
under Project No, 7360, Materials Analysis and Evaluation Technigues,
Task No, 73605, Design Data for Metels, formerly RDO No, 61i-13, and
was administered under the direction of the Materials Lgboratory, Direc-
torate of Research, Wright 4ir Development Center, with Mr, R, E, Wittmen
acting es project enginesr.

Since the completion of this report a new aluminum alloy desig-
nation system has been established by the Aluminum Association. Conse-
quently, 24S-T3 mentioned in this report is now 2024.T3.

The original data for this work are recorded in *"United States
4lr Force Engineering Project Record Book No, 2810+,
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ABSTRACT

The effsct of various rates of loading on the shear strengths of several
metal to metal adhesives is presented. The loading rate ranged up to values as
high as 108 pel per minute. |

The shear strength for the more rigid adhesive types, vinyl-phenolic and
epoxide, remeined fairly constent at the increased rates of .loa.ding.

The sl;ear strength of the less rigid types of adhesives, nitrile rubber-
phenolic and nylon-neoprene rubber-phenolic, increased apprecisbly with increases
in loading rate and at the highest rate (0.002 second to failure) the strengths
were more than doubled, the maximm increasse being about 230 percent.

Strengthwise, the more rigid adhesives had higher values when stressed
statically (600-700 pei per minute) than did the less rigid types. As a group,
these values averaged 4110 psi and 2960 psi respectively. |

PUBLICATICON REVIEW

This report has been reviewed and is approved.
FOR THE COMMANIER:

M. R. WHITMOEE
Technical Director
Magterials Laboratory
Directorate of Research
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A, INTRODUCTION

The purpose of this investigation was to determine the effects of rate
of loading at room temperature on the shear strength of adhesive bonded lap
Jointe. ngta.tic teste were conducted in accordance with USAF Specification No.
14164 (now superseded by MIL—A-S}}I). The various nominal rates of loading were:
static (epproximately 4 - 6 minutes) and 1.0 second, 0.2 second, 0.02 second,
and 0,002 seconds to fracture.

B. MATERIALS

Eight adhesives representing four general chemical types were used in
the program. The four types were: epoxide, vinyl-phenolic, nitrile-rubber
phenolic and phenolic-nylon-neoprene rubber. Commercial identifications and
descriptions of the individnal adhesives are as follows:

a. Plycozite 117-C, U.S. Plywood Corp.
vinyl-phenolic; liquid, 1 vpart.

b. Plastilock 604, B.F, Goodrich Co.
nitrile rubber-phenolic; unsupported film.

c. Plastilock 601, B.F, Goodrich Co.
Nitrile rubber-phenclic; unsupported film.

d. Epon VI, Shell Chemical Co.
epoxide; liquid, 2 part.

e. Scotchweld AF1R, Minnesota Mining and Mfg. Co,
nitrile-~rubber-phenolic; unsupported film,

f. PA101, Bloomingdale Rubber Co.
nitrile-rubber-phenolic; liquid, 2 part.

- g. Metlbond MN3C, Narmco Inc.
phenolic-nylon-neoprene rutber primer; nylon fabric tape
impregnated with phenolic nylon-neoprene rubber,

h. FM-47 Bloomingdale Rubber Co,
vinyl-phenolic liquid, 1 pert.

C. TEST SPECIMENS

Lap joint shear specimens were as shown in Figure 1. The bonded area
was a one-half inch lap joint a half inch wide. Specimens were machined from
0.064 inch 24S-T3 clad aluminum alloy sheet. Five specimens were made from
each 6 inch panel bonded, two of which were tested under static conditions and
the remaining three at one specific increased rate of loading. A total of four
panels of each adhesive were used.
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D, PROCEIUEE

Tests were conducted in several different machines. A Tinius Olsen
2,000 1b. capacity Universal Testing Machine was used to determine the strength
under static conditions. For tests of 1.0 second duration, a Baldwin-Southwark
60,000 1b. Universal Testing Machine was employed and by using the head motor
in conjunction with the hydraulic lcading system of this machine, tests to
ultimate shear strengths were possible in 0.2 second. A General Motors fatigzue
mechine adapted for rapid loading allowed tests in 0.02 second. TFor tests in
the vicinity of 0.002 second, a Tinius Olsen combination impact testing machine
with a special jig for tensile loading, and rubber shock absorbers was used.

Stress under static conditions was recorded directly from the indicator
~dial of the testing machine. For all other rates of loading the dynamometer
shown in Figure 2 was placed in series with the specimen to indicate the stress
by means of strain-measurement. The dynamometer consisted of 75S-TG sheet
Aluminum Alloy machined to the form of a tensile specimen which was riveted at
each end to aluminum alloy connecting blocks. The cross section was such that
the meximim strain when the necessary load was applied did not exceed the elastic
1imit of the 755-T6 alloy.

The electrical recording system consisted primarily of a conventional
Wheatstone bridge. Zach arm of the bridge contained two A-17-2 Baldwin-South-
wark electrical resistance strain-gages. The gagzes of amm 1 were glued side
by side to one face of the dynamometer, in the center of the gage section, and
_the gages of arm 3 were glued similarly to the opposite face. The remaining
gages in arms 2 and 4 were glued to a piece of 1/16 inch sheet aluminum alloy
for stability. In addition to the gages, each bridge contained a balsancing
resistance, a calibrating resistance and a switch to introduce the calibrating
resistance. The bridge was powered by a 45 volt battery and the unbalance of
the bridge was passed to a2 Dumont Type J0U-H cathode ray oscilloscope.

The signal from the load indicating bridge was impressed on the verti-
cal deflection plates of the oscilloscope. As & means of determining the test
duration, a necessary sweep was set into the oscilloscope at a known frequency,
using a Hewett Packard Audio Oscillator. The frequencies used were 10, 10,

100 and 500 cps for the 1.0, 0.2, 0.02 and 0.002 second rates, respectively.

The traces provided by the oscilloscope were photogravhed using a Dumont

Recording Camera attachment. Figure 3 shows a vhotograph of the film record

- of the test in which each horizontal sweep is 0.1 second. As indicated in the
figure, "C" is the point at which failure occurred. '

The calibration of the bridge was accomplished in the following manner,
The dynamometer was placed in the Tinius Olsen Machine by means of yolks and
pins, With the bridge balanced and the equipment ready for operation the
calibrating resistance was switched into the arm of the bridge, providing an
unbalance and causing the sweep to trace a horizontal path across the face of
the tube. This deflection was photographed. With the calibrating resistance
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out of the circuit, a series of fixed loads were applied to the dynsmometer and
the displacement of the sweep, due to strain, photogrsphed for each losd.

From the positive orint, the ratios of the displacements to the corresponding
loads were calculated and averaged to give a velue in 1bs. for the calibrating
resistance,

_ The sequence of operations for a test is as follows: the specimen
and dynamometer are connected in series and by means of yolks, the assembly is
inserted into one of the“testing machines.

The frequency of the oscilloscope is set using the oscillator. A
photograph of the tube is taken showing the deflection caused by the calibrating
resigtance being put into the circuit. With the calibrating resistance out of
the circuit, the camera shutter is opened and the load is avplied to the
specimen. After failure, the shutter is closed. After developing, the film,

a measurement of the maximim deflection of the trace during the loading cycle
and of the calibration deflection is made. By means of & ratio, the load in
1bs. at which failure occurred is calculated.

E. RESULTS AND DISCUSSIQN

The results of tests for the individual psnels with percentage increase
or decrease in strength with loading time are given in Table I. The stress
ghown for each vanel is an average of two specimens for static loading conditions
and of three specimens for rapid loading conditions. Under static conditions
(600-700 pei/min) the strongest adhesive was plycozite, having an aversge
shear strength of 42U0 psi.

Plycozite and FMU7, both of which are vinyl-phenclic adhesives, showed
the least change in shear strength at the increased rates of loading. The
shear strength of the one epoxide tested (¥pon VI) remained fairly constant at
all rates with the exception of the 0,002 second rate which gave values
approximately 25 percent higher than the static load. '

The sbove adhesives are relatively rigid, hard types.

Strengthwise, these tynes had higher values when stressed slowly than
did the less rigid type adhesives. The vinyl-phenolic adhesives averaged over
4200 psi under normal static loading, and the epoxide adhesive ebove 3900 psi.

Within the nitrile rubber-phenolic group, four adhesives were evaluated.
As the rate of loading was increased, the shear strengths also increased. At
a speed of 0.002 second, the strengths hsd more than doubled, without exception.
The percentege increase was greatest for Scotchweld AF15 adhesive, being 232
vercent above or more than triple the static value. This adhesive also had the
greatest percentage increase for each of the other speeds tested. The remainder
of this group, Plastilock 601, Piastilock 604, and PA 101 showed an increase in
shear strength averaging from 130 to 170 percent. The normel losding static shear
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strength of this group averaged approximetely 22 percent lower than for the vinyl-
phenolic and™ epoxide adhesives, but approximately 91 percent higher than these
rigid adhesives at a speed of 0,002 second to the vltimate. _

Data were obtained on one phenolic nylon necprene rubber base adhesive,
this being MNIC on nylon fabric tape. The normal static shear strength values
aversged spproximately 2400 psi, and at faster shearing speeds the strength
increased a maximmm of 113 percent.

The averaged shear strength of PA 101, nitrile-rubber phenolic adhesive,
at 0.002 second, of 8820 psl exceeded all others although the other nitrile-
rdbber-phenolic adhesives gave valuwes close to 8000 psi. The more rigid
adhesives had values averaging 000 psi and below at this speed.

Pigures 4 and 5§ respectively, show the effects of loading mate on the
rigid and relatively less rigid adhesive groupe., In these figures the fracture
stress is plotted against the logarithm of the loading rate in psi per minute.
Taking into account the normal scatter which is encountered in these tests the
plot for the more rigid adhesives, Figure U4, gives = horizontal straight line
through a stress of about 4200 psi. This shows that rigid adhesives are basically
waffected by increased rates of loading.

The less rigid adhesives plotted in Figure 5 giye & reasonably straight
line of increasing stress between the static and 1.6 x 1‘2)g pei/min loading rate

(0.02 second to ultimate), MEZC, while showing the same trend as the other less
rigid adhesives, developed significantly lower properties throughout the loading
rate range. The shear strengths at the maximm rate investigated were such that

the curve assumes a greater slope at the higher loading rates. This may be attribut-
ed to insufficient tests but it is believed that the data obtained were conclusive
enough to show the general characteristlcs of these adhesives, This overall curve

is significant because it is in keeping with the expected behavior of more

elastic materials,

All joints were carefully examined after failure end it was found that,
except for 7, shear in all cases was from 90 to 100 percent cohesive (failure
vithin the adhesive rather than peel from the metal), For MU7, failure was 100
percent adhesive (pesl). This was true for all rates of loading.
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FIGURE 3

OscitLoscore Fium REcoro
oF
Tensite Tests on FM47 ApHEsIVE

A-B=Calibrating Deflection= 1640 |bs.
Spec.l A-C-Tensile Loed=[1301bs.= 45200psi
SpecdA-Hr——1 “ =11001bs.=4400psi

Recurring Sweep setat 10cps-Panel-AN-2
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