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ABSTRACT ~

Stiuctural degradation of metals due to cyclic loads can be accurately determined if
field-incurred damage is correlated with laboratory-induced damage using S/N fatigue gages. Resistance
changes can be detected by sensing devices having a resolution between 0.01 and 0.001 ohm. Tests
show an average change of S/N gage resistance between 0.096 and 0.116 ohm for field-tested items,
where strains were too low to induce detrinental fatigue. Resistance changes between 0.90 ohm at
25,000 cycles to failure and 1.7 ohms at 87,000 cycles to failure were recorded in parallel testing by
laboratory-induced cyclic loading. For practical puiposes, overtesting and undertesting during cyclic
loading of a specimen can be eliminated by use of S/N fatigue gages.

Because fatigue damage is a nonlinear function, resistance changes resulting from a low strain
level cannot be extrapolated for higher strain levels. Stringent control over test operation and data
acquisition must be exercised to avoid spurious parameters.

Accurate determination of equivalent cumulative damage suggests expanded applications of S/N
fatigue gage techniques. Equivalence standards could be developed for random vibration and sinusoidal
vibration testing. Correlation of field-incurred damage to cargo with damage induced in the laboratory
based on vibration parameters of military specifications should also be developed. Finally, realistic life
expectancy and rates for replacement could be determined for items subject to repeated strain
loadings, such as helicopter rotors or aircraft arresting hooks.

NAVAL WEAPONS CENTER
CHINA LAKE, CALIFORNIA * OCTOBER 1969

23558

DISTRIBUTION STATEMENT

THIS DOCUMENT IS SUBJECT TO SPECIAL EXPORT CONTROLS AND EACH TRANSMITTAL TO FOREIGN
GOVERNMENTS OR FOREIGN NATIONALS MAY BE MADE ONLY WITH PRIOR APPROVAL OF THE NAVAL

WEAPONS CENTER.

o<1

Ul _ - i e





















NWC TP 4711

investigation has been done by methods using ultrasonic. eddy-current, or magnetic devices. These
devices are often useful for specific purposes, but they are complicated and require sophisticated
electronic circuitry. Their use under field conditions would be difficult.

Limited success in fatigue damage measurement has been made through the use of wire-grid or
metal-film postyield strain gages. However, these gages, often having shorter fatigue life than the
specimens to which they were attached. could not always be adapted to acquire data for the
complete test to failure. In 1964 a true S/N fatigue gage was developed by Mr. Darrel R. Harting of
Boeing Aircraft Co. (Ref. 1).

The S/N Fatigue Gage

The S/N fatigue gage, unlike a conventional strain gage, does not require continuous monitoring.
The gage may be monitored periodically during a test, and resistance changes of the gage can be
detected by sensing devices which have a resolution between 0.01 and 0.001 ohm. Figure 4 shows
three S/N fatigue gages with different grid. solder-tab, and lead-wire arrangements. Because fatigue
damage exhibits a nonlinear function, fatigue gage resistance changes resulting from one particular

| 1 CENTIMETER

FIG. 4. Typical S/N Fatigue Gages.
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WARHEAD y LAMP RING

(a) Standard {iringe order 5). {b) Retrofiticd (fringe order 4).

FIG. 6. Photoelastic Models of Standard and Retrofitted Motor Tubes Under Stra

clamp ring grooves are located at the root of this cantilever beam. Theoretical structural analysis of
the Chaparral missile (Ref. 3) and data from structural load tests conducted at NWC' revealed that if
a serious structural problem existed on the missile, the problem would be at the warhead/motor
clamp ring grooves, where stress concentrations could possibly exist at the radius on the bottom of
the grooves

The enlargement of the radius at the bottom of the clamp ring grooves (Fig. Sb)was suggested
to eliminate the possibility of excessive stress concentration in the motor tube, as exhibited by

photoelastic models of standard and retrofitted motor tube configurations (Fig. 6).

When a birefringent material is subjected to strain and examined using interferometric
photography, strain acts as a disturbance to one of the two split beams of light. This changes the
index of refraction of points within one light beam and causes a shift in the fringes formed on the
photographic plate for those regions of full exposure. This fringe shift is proportional to the
magnitude of the change: that is, it is proportional to the strain level. The interferometric method

permits direct measurement of the difference in local index of refraction

The standard motor tube configuration has a fringe order of 5 at the radius on the bottom of
the groove, whereas the retrofitted tube has a fringe order of 4. with comparatively equivalent strains
existing across the bottoms of each groove. This represents a 20% reduction of stress concentration

by retrofit design

"Naval Weapons Center. Chaparral Motor Tube/Warhead Interface Structural Testing Report. by T. B. Cost.
China Lake, Calif., NWC, 2 July 1968, (informal memorandum report.)
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STATIC LOAD TESTING

Static load tests were conducted on standard and retrofitted motor tubes to determine, by
empirical methods, existing strains on the bottoms of clamp ring grooves. Strain gages were mounted
on the bottoms of standard and retrofitted motor tube sections. Motor tubes were clamped (one at a
time) to an aluminum billet that had been machined to the same dimensions as a warhead. This
simulated warhead was then placed in a restraining frame attached to a Baldwin universal testing
machine (Fig. 7). At 15 1/2 inches from the warhead/motor interface, static loads were applied in

crement of 60 pounds to produce a
maximum shear load of 860 pounds and a moment of 13.330 inch-pounds. This laboratory load
application corresponded to the loading generated by a 10-g transverse acceleration. Strain values for

100-pound increments up to 800 pounds. with a final in

the standard and retrofitted tubes during these tests were essentially the same. Static loading to
failure above 860 pounds produced cracks at the radius on the bottom of the clamp ring grooves in
both standard and retrofitted motor tubes.

Vibration tests were conducted on a dummy missile with a standard motor tube to determine
missile resonant frequencies. These tests were also used to determine the time to failure for the
missile when it was subjected to resonant-dwell tests with a 1-g input applied transversely to the
longitudinal axis through motor tube hangers. Fatigue gages were mounted in the bottoms of both
the warhead and motor tube clamp ring grooves. Several sweeps from S to 2,000 cycles were made
with a sinusoidal input at %1 g.

Pertinent information gained from vibration tests included these facts:

1. The missile portion which extends (in cantilever-beam fashion) ahead of the front motor
hanger has a naturally resonant frequency of 30 cps.

TESTING MOTOR
MACHINE TUBE RESTRAINING .

CROSSHEAD FRAME

-
-
-
-

FIG. 7. Static Load Testing Arrangement.
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The missiles were loaded on an XM-370 self-propelled launcher, with four missiles on launcher
rails and eight missiles in storage compartments. Missiles were changed from storage rack to launcher
rails at periodic intervals during the test to equalize input vibration loadings on each missile. The
self-propelled launcher completed 5,000 miles of road transportation and 1.600 miles of cross-country
transportation during tests at Aberdeen Proving Ground.

These tests were designed to subject the Chaparral missiles and the self-propelled launcher to
worst-case shock and vibration parameters. Upon completion of these strenuous tests, all components
were minutely inspected. Dye penetrant and X-ray examinations of the motor tube and warhead
clamp ring grooves disclosed no cracks in any of the 12 specimens.

LABORATORY TESTING

Laboratory fatigue tests (to failure) were conducted on five standard motor tube sections and
inert warheads and on three modified motor tube sections and inert warheads. A strain gage and an
FNA-06 fatigue gage were mounted at the bottom of the clamp ring groove on the warhead of each
of these test specimens for data acquisition (Fig. 9). The gages were located on the specimens to
respond to maximum induced strain. The warhead/motor specimens were mounted in a restraining
bracket and attached by a drive rod and collar to an electrodynamic vibration exciter (Fig. 10). Data
acquisition and test monitoring equipment (Fig. 11) consisted of a force gage. signal amplifier,
oscilloscope, counter for counting cycles of load application, and resistance-indicating device.

A sinusoidally varying load of +1.000 pounds peak force was applied to each specimen at 30
cps in a manner that would introduce a moment of 15,000 inch-pounds at the warhead/motor clamp
ring grooves. The sinusoidal moment loading, corresponding to loading induced by an 11.6¢ pulse,
developed strain levels of #1.500 pin./in. on the bottom of the motor tube clamp ring grooves and
strain levels of £100 to +200 uin./in. in the bottom of the warhead clamp ring grooves.

FIG. 9. FNA-06 Fatigue Gage (Left Arrow) and Strain Gage (Right Arrow)
Mounted on Chaparral Clamp Ring Groove of Motor Tube for Laboratory Test,

1
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FIG.

11. Data Acquisition and Test Monitoring Equipment.
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Structura' degradation of metals due to cyclic loads can be accurately determined if field-incurred damage is
correlated with laboratory-induced damage using S/N fatigue gages. Resistance changes can be detected by sensing
devices having a resolution between 0.01 and 0.001 ohm. Tests show an average change of S/N gage resistance
between 0.096 and 0.116 ohm for field-tested items, where strains were too low to induce detrimental fatigue.
Resistance changes between 0.90 ohm at 25,000 cycles to failure and 1.7 ohms at 87,000 cycles to failure were
recorded in parallel testing by laboratory-induced cyclic loading. For practical purposes, overtesting and undertesting
during cyclic loading of a specimen can be eliminated by use of S/N fatigue gages.

Because fatigue damage is a nonlinear function, resistance changes resulting from a low strain level cannot be
extrapolated for higher strain levels. Stringent control over test operation and data acquisition must be exercised to
avoid spurious parameters.

Accurate determination of equivalent cumulative damage suggests expanded applications of S/N fatigue gage
techniques. Equivalence standards could be developed for random vibration and sinusoidal vibration testing.
Correlation of field-incurred damage to cargo with damage induced in the laboratory based on vibration parameters
of military specifications should also be developed. Finally, realistic life expectancy and rates for replacement could
be determined for items subject to repeated strain loadings, such as helicopter rotors or aircraft arresting hooks.
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