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Material - Adhesives - Structural

Effect of bond Voids on Fatigue Strength

Abstract:

Axial tension-tension fatigue tests were made with adhesive bonded
aluminum alloy honeycomb panels comprized of 2024 aluminum alloy face
plates, Specification MIL-C-7438B honeycomb core and Minnesota Mining
and Manufacturing Co., sC 1469 adhesive. Voids of various sizes were
introduced into the test specimens to permit study of their effect on
fatigue strengths. Bond endurance was found to depend on bond perimeter
as well as areaj longer perimeters with a given area produce longer life
within limits. Voids were not found to expand or propagate under re-
peated loads.

Reference: Conaway# C., Lindeneau, G. D., Wise, W. E., "Bonding
Voids Fatigue Test," General Dynamics/Convair Report
SL 57-510, San Diego, California, 8 April 1958
(Reference attached).
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This series of tests was condicted to determine the fatigue resistance of:

1. Bonds that contained voids.

2. Bonds that had been repaired by injecting adhesive into the
unbonded area.

SPECIMES:

The specimens were fabricated in accordance with Drawing 8-01672 (Reference
Figures A - iD). Specimens No. . through 16 were revisions (Reference Figure
1C) of the original type and were given the designation -40, except for No. 3 and
4 which were modified -19 assemblies.

Specimens No. 17 through 26 were -31 to -35 assemblies (Reference Figure iB).
Specimens No. 27 through 29 were -21 assemblies (Referenze Figure 1D).

Specimens No. 30 - 63 were -1 through-19 assemblies (Reference Figure IC).

Information regarding their fabrication beyond that given in Figures UA - 1D
is available in the files of the Materials and Processes Laboratories.

The specimens were mounted in SonntAg Fatigue Testing Machines and cycled to
failure except in a few instances where the number of cycles exceeded two million.
Some of these specimens were-Aisected to see the nature of the void I the repair.
Other specimens were carried on to failure at several million cycles.

Specimens of each of the three types of loading were tested as follows:

(1) Tension Nos. 1 through 16 were tested in a l-UA Sonntag Fatigue Testing
Machine (Reference Figure 2).

(2) Bending 17-26 (Reference Figure 3) and diagonal 27-29 (Reference Figure
4) in a 10-U Sonntag Fatigue Testing Machine.

(3) Specimens No. 30-63, tension type (Reference Figure 2) were tested in a
20-U Sonntag Fatigue Testing Machine.
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The diagonally loaded speduMen3 were "stub-metered" to surve7 the voided
areas. They were cycled and "stub-metered" at converient Intervals to obEerve
any change or growth of the voids.

Void detection by this method was only approximate as foaming and partial
adhesion confused the pattern.

The bond allowable used in the beginning was 2,000 psi. This was increased
to 4,000 psi for the later spocimens. The fatigue load applied was 4/9 of the
above values.

All the specimens were loaded 100%,, mmaxi to 0 + 2% minimum except the

diagonal specimens (Reference Figure 4) whichi were fully reversed + 100% mwdmm
to -100% minimum.

The rate of cycling was 1,800 -ycles per minute.

The results are listed in the accompanying tables:

Summary of Table I

The cycles ae failure fbr 1.0 in 2 area of adhesive metal bond loaded
in shear to 4/9 of 8,000 pounds (3,555) was 5S,"00 I 5WO average
(Reference Specimens No. 1-4).

The cycles at failure of bonds with 1.0 in 2 net area but with voids
which increased the perimeters of the bonds varied from 166,000 cycles
to 2,694,000 cycles (Reference Specimens No. 4 - 8 and 12 - 14)o

Surmary of Table II

The bending and dionally loaded specimens produced no void
propagation 

or growth.

Swumary of Table III

These tests are listed to indicate tat none of the bord and void

-ombinations or i•jecti~or repairs significantly influenced the fatigue
life of this group.s
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Sumary of Table III (Continued)

The bond to metal ratio used in the early stages of these tests
net area of bond in shear 9.60 in 2 /net area of metal in tension .375 in2

"25.6/1 was too great as the metal failed. When the ratio was reduced
to 19.5/1 the failures appeared in both metal and bond. A safe limit
and with stress concentrations minimized to assure bond failures would
be somewhat less than the latter figure.

CONCLUSIONS:

While the results of these tests are not conclusive they are informative in
the following regards:

1. Bond endurance depends on bond primeter as well as area; longer perimeters
with a given area produce lonper life within certain limits.

2. Study voids did not expand or propagate under repeated load.

3. Repairable contamination voids are extremely difficult to produce as the
contaminating substance is hard to extract when repair is to be made.

4. "Stub-meter" survey of voids is only an approximation of type and size.

5. Many possible refinements of adhesive metal bonding became evident during
this testing: favorable orientation of bond edges, control of elasticity
of adhesives, uniformity of pressures during curing and reduction of stress
concentrations that induce either bond or metal tatigue, `

6. Injection repair of voids is effective where the injected adhesive spreads
throughout the voided area.

7. The ratio of bond area in shear to metal zross-sectionAl area in tension
should not exceed 18 to 1 for fa.,igue tc:sts.

NOTE:

The test data from which this report vas prepn ed a.'e recorded in Structures
Test Latoratory Data Bcok No. 4056, pares 10 ard 11.
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Figure 2 TENSION TESTS
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Figure 4 DIAGONAL TESTS
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