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INTRODUCT ION

This test report presents the results of the

structural and environmental tests perforned under

the Navy Contract No. N00019-70-C-0102, NATO Sea
Sparrow Folding Wing Program.

The test program, as outlined in the Reference (1)
and Reference (2) documents consist of the following

structural static tests: a critical loading survey,
a static load test, torsion bar endurance and relaxa-
tion tests and an influence coefficient study: of the

following structural dynamic testis a random vibration
test and a wing ground vibration surveyl and of the

4' following environmental testes a shipboard storage
environment test, a temperature-humidity test, a salt
spray test, a sand and dust test, ignition impulse
tests and shipboard vibration and shock tests.

This report does not contain the results of the
wing ground vibration survey and the shipboard vibra-

tion and shock tests. The results of the wing ground
vibration survey have been included in the Flutter

Analysis Report (BR-6352), and the shipboard vibration
and shock tests, as stated in the Reference (2) document,

aarn to be conducted and reported in conjunction with the
! NSSMS GMLS Launcher Qualification Program as outlined in the

FReference (8) and (9) documents.

I'
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INTRODUCTION (contirniedj

The tests reported herein were conducted be-
tween September 1970 and January 1972, in the

Structural and Environmental Test Facilities of the
Raytheon Mechanical Systems Laboratory at Bedford,
Mass. and at the Raytheon Environmental Test Facility
at Andover, Mass.

(
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OBJECT

The object of the tests was to verify the folding
wing design when exposed to the structural and en-

vironmental test conditions specified in the Refer-

.. .. ence (1) and (2) documents. A sketch of the test

article is shown in Figure I on page 4.

SUMMARY

The R'eferences (a) arid (b) Folding wing Assenbly
and Torsion Bar, the three modified Folding Wing

Assemblies each of which contained a torsion bar of
a different diameter, and the References (c) and (d)
modified Folding Wing Assembly and Torsion Bar success-
fully withstood the structural and environmental tests

which were conducted under this program.

iL
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CRITICAL LOADING SURVEY

OBJECT

The object of this survey was to determine which
condition of lock pin engagement produced the most
severe stress levels on the inner panel of the folding
wing.

CONCLUSION

It can be concluded from the results of this
survey that the most severe streds field on the inner
panel of the folding wing was experienced with the aft
locking pin engaged and the forward locking pin dis-
engaged.

DESCRIPTION OF TEST ARTICLE

The Folding Wing Assembly used for this survey
conformed to the Reference (a) drawing. The inner
wing section of the assembly is a casting fabricated
from AMS 4229 aluminum-alloy (KO-l) tempered to a T7
condition. The outer wing section of the assembly is

a casting fabricated from A356 aluminum-alloy tempered
to a T6 condition.

INS TRUMENTAT ION

A photoelastic coating was formed and then bonded
to one side of the inner wing section of the test
article. That coating made it possible to observe

and to obtain photographs of the surface stress dis-
tribution in the c.oated area when viewed through a
polariscope. Surface stress levels, at specific

Form No. V-1028
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INSTRUMENTATION (continued)

locations, were accurately measured by determining the

exact number of fringe lines. A fringe line, which was
dependent upon the sensitivity of the photoelastic coating

used, represented a pre-calibrated stress level of approxi-

mately 12,5W0 psi.
LOADING AND RECORDING APPARATUS

The load was applied to the test article, through
suitable loading linkages, by a hydraulic cylinder ac-

tivated by a hydraulic hand pump. The load developed

was measured and recorded with a Baldwin-Lima-Hamilton
electric load cell and load recorder combination.

K LOADS

A single load was applied to the outer wing section
of the test article at the location shown in Figure 2

on page 1.1.5. That load was obtained from the Reference

(3) document.

* -The test article was loaded only until the developing
stress pattern- as viewed through the polariscope, could

be evaluatel. The same load level was applied for all
surveys,

Form No. V-1028
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TEST ARRANGEMENT

The test arrangement shown in Figure 2 on page 1.1.5,

shows the method used in supporting the test article.
The test article was secured to a test fixture which

contained an actual AIM-7E missile wing shaft assembly.

S..That test fixture was mounted to a rigid test bulkhead.

The test article was mounted with the chord planes
of the wing in the vertical position. That test arrange-
ment simplified the test instrumentation setup for
viewing and photographing the coated area of the wing.

The test load was applied through a counter-balanced

whiffle-tree arrangement wiLh a point contact load
at the location shown in Figure 2 on page 1.1.5. A
photograph of the test arrangement is shown on page

S~ 1.1.6.

TEST PROCEDURE

Three surveys were conducted, each with a diff-

erent lock pin engagement.

In Survey No. I, the forward locking pin was dis-
engaged and the aft locking pin was engaged. A single

load was applied to the outer wing panel, and slowly

increased until the stress in the inner panel was of
sufficient magnitude to produce patterns in the photo-

elastic coating that could be confidently evaluated.

In Survey No. 2, the forward locking pin was engaged

and t•e aft looking pin was disengaged. A single load
was applied in the same manner and of the same magnitude

44 am in Survey No. 1.

Form No. V-1028
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TEST PROCEDURE (continued)

In Survey No. 3, both locking pins were engaged,
and a single load was applied in the same manner and
of the same magnitude as in Survey No. 1.

TEST RESULTS

Survey No. 1 (Aft pin engaged, forward pin disengaged)
The streks pattern had sufficiently developed when a

load of 450 lbs. had been applied. A photograph of the
stress pattern at that load level is shown on page 1.1.7
and the measured stress level at the aft corneradjacent

to the aft pin of the inner wing panel was 49,750 psi.

S survey No. 2 (Forward pin engaged, aft pin disengaged)
A photograph of the stress pattern at an applied

load level of 450 lbs. is shown on page 1.1.8, and the

measured stress level at the forward corner adjacent
to the forward pin of the inner wing panel was 42,500 psi.

Survey o. 3 (Both pins engaged)

A photograph of the stress pattern at an applied
load level of 450 lbs. is shown on page 1.1.9. The
measured stress level at the forward corner of the inner
wing panel was 24,250 psi. The measured stress level

Sat the aft corner of the inner wing panel was 26,000 psi.

9-
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STATIC LOAD TEST NO, 1

OBJECT

The object of this test was to determine the

failing strength of the folding wing with only the
aft locking pin engaged, the most critical condli-
tion as determined from the critical loading survey.

CONCLUSION

it can be concluded from the results of this
test that the folding wing tested, with only the

aft locking pin engaged, failed at 1290% of the

TK temperature corrected design limit load.
DESCRIPTION OF' TEST ARTICLE

The Folding Wing Assembly used for this test

confoxcmed to Lhe Reference (a) drawing. The inner

wing section of the assembly is a casting fabricated

from Az4S 4229 aluminum-alloy (KO-l) tempered to a
T7 condition. The outer wing section of the assembly
is a casting fabricated from A356 aluminum-alloy tempered

to a T6 condition.

INSTRPMENTATION

Deflections of the test article were measured at

the locations shown in the sketch of the test arrange-

ment in Figure 3 on page 1.2.6# and in the sketch in
F'igure 4 on page 1.20.7

Research inc.orporated linear displacement trans-

ducers were used to monitor deflections* A B&F Digital

Data Acquisition System was used in conjunction with the

7 linear displacement transducers to record the deflection

data.

0e. Form No. V-i028
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LOADING AND RECORDING APPARATUS

The loads were applied to the test article

by the use of a whiffle-tree arrangement, which
appropriately distributed to the wing the total load
that was applied at one common point by a hydraulic
cylinder activated by a hydraulic hand pump. The

load developed was measured and recorded with a Baldwin-

Lima-Hamilton electric load cell and load recorder com-

bination,

LOADS AND TEMPERATURE

The loads were applied to the test article at

the locations shown in the sketch of the test arrange-
ment in Figure 3 on page 1.2.6, and in the sketch in

Figure 5 on page 1.2.8. The design limit loads at

those locations are shown on page 1.2.8, also. Those

load values and locations, whidh simulate the airload
distribution, both chord-wise and span-wise, on the

folding wing, were obtained from the Reference (3)
document,

The static load test was conducted at room
temperature. The in-flight temperature at the max-

imum thickness area of the outer panel of the folding

wing is 159 0 F, as shown in the Reference (4) document.
That location where the aft looking pin engages the

outer panel, analytically is the mostecritical area. To 4

reflect the degradation on the material properties of
the outer panel, the applied loads were increased by 6%

as shown in the Reference (5) document.
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6a• TEST ARRANGEMENT

W-V The test arrangement shown in Figure 3 on page

1.2.6, shows the method used in supporting the test
article. The test article was secured to a test fixture

E1," which contained an actual AIM-7E missile wing shaft
assembly. That test fixture was mounted to a rigid test
bulkhead.

The test article was mounted with the chord

"planesof the wing in the horizontal position. That
test arrangement simplified the setup for the instru-
mentation and the loading linkages.

The test loads consisted of eleven concentrated
loads which were connected to a coimon load point

by means of a whiffle-tree arrangement as shown in
the photographs of the test arrangement on pages 1.2.9,
and 1.2.10.

To apply the loads to the folding wing, steel
wire cables with swaged ball-end fittings on one end

K were used. Those wire cables were passed through
holes which were drilled in the folding wing at the
load points. A spherical ball end-mill was used to

countersink one side of the holes. Those holes were
small and had a negligible effect on the strength of

the. folding wing. The load on the outer panel of the
folding wing was much greater than the other indivi-
dual loads, and to prevent any local failure at that 4
point, a 2-inch diameter steel pad with a rubber washer
was used to distribute that load.

m
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TEST PROCEDURE

The loads were applied to the test article in
accordance with the loading schedule shown on the

data sheets on pages 1.2.13 and 1.2.14, and deflec-
tions were recorded at each increment of load. At
"selected load levels, the load was reduced to a
base reference load, and deflections were recorded
in order to insure that no anomalies occurred during
test.

TEST RESULTS

The folding wing, with only the aft locking pin
engaged, failed at 129% of the temperature corrected

( design limit load, as the outer panel ruptured in the
area of the aft locking pin engagement. The values
at failure for the shear and bending moment at the root
of the folding wing were 3020 lbs. and 22,640 in r lbs.,
respectively. Photographs of the failure are shown on
pages 1.2.11 and 1.2.12.

A table of the raw deflection data is shown on page
1.2.13, and a table of the corrected deflection data
is shown on page 1.2.14. That corrected deflection data
reflects the actual deflection of the folding wing
using the deflection location point 14 as a zero refer-
ence point, thereby eliminating fixture movements Also,
10% design limit load (temperature corrected) is used
as zero deflection because the dead weight of the test
fixture loading linkages prevent obtaining an accurate
zero load reading,

No
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TEST RESULTS (continued)

Curves of % Limit Load vs. Deflection are shown

on pages 1.2.15, 1.2.16, 1.2.17 and 1.2.18. Curves
for deflection location points 11, 12 and 13 were not
plotted because of the extremely small wing movement

at those locations.

Span-wise deflection curves for selected per-

centages of limit load are shown on page 1.2.19.

Those curves give a clearer indication of how the

folding wing reacts under load with only the aft

locking pin engaged. As is evident from the curves,

there is a rotation, about the hinge center line,
of the outer wing panel in respect with the inner

C wing panel.
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STATIC LOAD TEST NO. 2

OBJECT
The object of this test was to determine the

failing strength of an additional folding wing with

only the aft locking pin engaged, the most critical
condition as determined from the critical loading
survey, and to obtain photographs showing the general

overall pattern of how the stresses developed through-
out the inner wing panel.
CONCLUSION

It can be concluded from the results of this
test that the folding wing tested, with only the

aft locking pin engaged, failed at 122% of the tempera-
ture corrected design limit load.

DESCRIPTION OF TEST ARTICLE .
The Folding Wing Assembly used for this test con-

formed to the Reference (a) drawing, and is the same
folding wing used for the critical loading survey.

I[NS TRUZ4•NTAT ION

The folding wing had a photoelastic coating on
the inner wing panel bonded during the previous

critical loading survey* That coating was observed
and photographed at specific load levels to obtain
the general overall stress pattern of the inner wing
panel.

,LADING WND REMORDIMG APPARATUS

The loads were applied to the test article by
the use of a whiffle-tree arrangement, which appro-
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LOADING AND RECORDING APPARATUS (continued)

priately distributed to the wing the total load that

was applied at one common point by a hydraulic cylinder
activated by a hydraulic hand pump. The load developed

was measured and recorded with a Baldwin-Lima-Hamilton
electric load cell and load recorder combination.

LOADS AND TEMPERATURE

The loads were applied to the test article at

the locations shown in Figure 6 on page 1.3.5. The

design limit loads at those locations are shown on

page 1.3.5. also. Those load values and locations,

which simulate the airload distribution, both chord-

wise and span-wise, of the folding wing, were ob-

tained from the Reference (3) document.

The static load test was conducted at room
temperature. The in-flight temperature at the
umaximum thickness area of the outer panel of the

folding wing is 159 0 F, as shown in the Reference (4)

document.. That location, where the aft locking pin

engages the outer panel, analytically is the most

critical area. To reflect the degradation on the

material properties of the outer panel, the applied

loads were increased by 6% as shown in the Reference

(5) document.

The test arrangement shown in Figure 6 on page
1.3.5, shows the method used in supporting the test

article. The test article was secured to a test

10"tfixture which contained an actual AIM-7E missile wing

shaft assembly, That test fixture was mounted to a

rigid test bulkhead.
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TEST ARRANGEMaNT (continued)

rfho test article was mounted with the chord

planes of the wing in the vertical position. That
test arrangement simplified the tont instrumentation
setup for viewing and photographing the coated area
of the wing.

The test loads consisted of eleven concentrated
loads which were connected to a common load point by
means of a counter-balanced whiffle-tree arrangement

as shown in the photograph of the test arrangement
on page 1..*6.

To apply the loads to the folding wing, steel
wire cables with swaged ball-end fittings on one end

were used. Those wire cables were passed through
holes which were drilled in the folding wing at the
load points. A spherical ball end-mill was used to
countersink one side of the hole&. Those holes were 4
small and had a negligible effect on the strength of

the folding wing. The load on the outer panel of the
folding wing was much greater than the other in-

dividual loads, and to prevent any local failure at that
point, a 2-inch diameter steel pad with a rubber
washer was used to distribute that load.

The loads were applied to the folding wing in

10% increments of the temperature corrected design
limit load. At selected levels, photographs of

the developing stress pattern were taken.
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TEST RESULTS

The folding wing# with only the aft locking pin
engaged, failed at 122% of the temperature corrected

design limit load as the outer panel ruptured in the
area of the aft locking pin engagement. The values at

failure for the shear and bending moment at the root
of the folding wing were 2840 lbs. and 21,290 inrlbs.,
respectively. Photographs of the failure are shown
on pages 1.307 and 1.3.8.

Photographs of the developing stress pattern

were taken at 30%. 50%, 70% and 100% of the tempera-
t ure corrected design limit load. Those photographs

are shown on pages 1.3.9, 1.3.10, 1.3.11 and 1.3.12,

respectively. Unfor1unately, the photoelastic material
developed a crack at the highly stressed aft corner
after 50% design limit load had been attained. However,
the photographs c¢ show the general overall picture

of how the stresses developed throughout the inner

panel.

4
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TORSION BAR ENDURANCE AND RELAXATION_ TESTS

: OBJECT

nie object of these tests was to determine the
number of cycles the folding wing torsion bar could

4i sustain prior to failure when subjected to selected
torsional shear stress levels, and to determine if
any relaxation trends occur after repeated cycling.

CONCLUSION

It can be concluded from the results of this
test that there are no significant relaxation trends
in the torsion bar, for the tqrsional shear stress
levels attained during test.

DESCRIPTION OF TEST ARTICLES

The torsion bars, which are integral parts of
the folding wing assemblies, conformed to the Ref-
erence (b) drawing. The torsion bars are fabricated

from 1890 nickel maraging alloy steel, grade 350, and

are heat treated to RC 57-61. A sketch of the torsion
bar is shown in Figure 7 on page 1.4.5.

. zINSTRUMENTATION

Micro-measurements foil-type strain gAges were

bonded to each torsion bar. Those strain gages were
wired to a Bristol punch-type strip chart strain

recorder, which was operated continuously during the

test. The sole purpose of the strain gages wasto

record when failure occurred, where a condition of zero

strain indicated failure. The number of cycles to cause

Form No. V-1028
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INSTRUMENTATION (continued)

failure of each torsion bar was then determined,

knowing the paper speed of the 9trip chart strain
recorder and the frequency of the applied loads.

i • LOAtDINQ AND RECRRD!NQ APPARA.TUS

The loads were applied to four torsion bars
simultaneously by means of a rack and pinion gear
arrangement, which are an integral part of the test
fixture. A hydraulic power supply was used to
activate a hydraulic actuator which in turn drove
the rack gear. The hydraulic actuator was driven by
servo valves which were controlled by means of an
electronic console. A Hewlett-Packard low frequency
generator was used to obtain the desired frequency

and amplituide.

Th,3 toruion bars were subjected to selected max-
imum torsional shear struss levels of approximately
120,000 psi, 140,000 psi, 160,000 psi and 180,000 psi.

TEST ARRANGEMENT

A test fixture was designed and fabricated so
that four torsion bars could be tested simultaneously.
A photograph of the test arrangement is shown on page
1.4.6.
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TTT AER EMEN..T (continued)

The loads were applied to one end of the four

turuion bars simultaneously by means of the rack
and pinion gear arrangement. The other onds of bhe

torsion bars were locked in place at specific pre-

wet angles, which are the differences between the
maximum outer wing panel rotation of 135 degrees and

the calculated angles required to attain the selected
* maximum torsional shear stress levels. The pre-,.et

angle3 induced a selected negative utress so that
when the test was conducted, the torsion bars were
cycled between the selected negative stress levels

and the selected maximum positive stress levels.

The angles required to attain the selected
maximum positive torsional shear stress levels were

calculated using the formults shcwn in the enclosure
on page 1.4.7. Also shown are the calculated torques

required to attain the maximum positive stress levels

and the pre-set angles',

Prior to testing, the torques required to twist
the torsion bars to the specific angles required to

attain the selected stress levels were measured
and recorded for each'.torsion bar. The torsion

bars were then looked in position at their.

N
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2Es PcDURE(ontinued)

opecific pre-set anagles. The torsion bare were cycled

at the maximum outer wing panel rotation of 135 degrees

at a frequency of 0.1 cycles per second. At each

half-hour interval, until failure occurred1 the

endurance test warn stopped and the torque. required

* to twist the torsion bars to the specific angles re-
quired to attain the selected stress levels were

measured and recorded for each torsion bar.

TEST _M S Saac

Y'our torsion bars were tesi.ed and a table of the

test results is shidwn on page 1.4.7. Also# a S-N curve
of the m~aximum torvional shear stress vs. the number of

cycles to failure is shown on page 194989

it should be noted that the torques required to
twist the torsion bars to the specific angles required
to attain the selected stress levels* which were measured
and recordad prior to the test and at each half-hour

intercval# remained c~onstant throughout the entire test*
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INFLUENCE COEFFICIENT STUDY

OBJECT

The object of this study was to obtain Load vs,

Deflection measurements at various locations on the
folding wing so that an influence coefficient matrix

could be generated.

DESCRIPTION OF TEST ARTICLE

The Folding Wing Assembly used for this study
" conformed to the Reference (a) drawing. The inner

wing section of the assembly in a casting fabricated

from AMS 4229 aluminum-alloy (KO-1) tempered to a T7
condition. The outer wing section of the assembly is
a casting fabricated from A356 aluminum-alloy tempered
to a T6 condition.

Doflections of the test article were measured
at the .1ocations, shown in the sketch in Figure 8
on page 1.5.4. Ames dial indicators were used to
measure deflections.

'A single lOO-pound dead weight Load was suspended
" fromr each of the Load locations shown in the sketch

in Figure 8 on page lD.4.

rorm No, V- I0a
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The test article was secured to a test fixture

which contained an actual AIM-7E missile wing shaft
assembly. That test fixture was mounted to a rigid

test bulkhead.

L The test article was mounted with the chord
planes of the wing in the horizontal position. That

test arrangement simplified the setup for the irstru-
mentation and the loading linkages.

The influence coefficients of the folding wing
were determined for a 35,-point grid network an shown

iii the sketch in Figure 8 on page 1.5.4. Deflections
at all the grid coordinates were measured and recorded
for all comblnations of a single load applied at one
location at a time.

To apply the load to the folding wing, steel

wire cables (1/16 inch diameter).with swaged bull-.
end fittings on one end were umed. Those wire

cables were passed through small holes which were

drilled in the folding wing at the load and deflec-
tion points. A spherical ball end-mill was used

o counhersink one side of the holes. Those holes
swere mall (No. 36 drill) and had a negligible

effect on the folding wing stiffness,

Deflections were measured by means o0 Ames

dial indicators which were secured to a rigid frame-
work. Small stranded steel wires G.015 inch diameter)
were attached to those deflection indicators. The

IYornm No'. V-1028
r :, .... ..... . .. .. ""'



, • Younis RAYTHEON COMPANY PAGEN°.

TEST ?RMANGEOENT (continued)

other ends of the steel wires were attached to short
piuces of aluminum-alloy tubing. Those pieces of

tubing straddled the ball-end fittings of the loading

cables, and were bonded directly to the top surface
of the folding wing.

Photographs of the Lest arrangement are shown
on pages 1.5.5 and 1.5.6.

T•a,: PROCEflURE

The following test procedure was performed at

_ each of the 35 loading points to eliminate possible

errors from test fixture movements A 100-pound dead
weight load was hung from a loading point and then
removed. After recording zero-load deflection
readings, the load was again applied and deflection
measurements at all points were recorded. The
load wan then removed and the zero-load deflection

readings recorded again prior to the next load
application.

A matrix showing the net deflections occurring
"at all loading points, due to the application of

the 100-pound dead weight load, is shown on page

165.7*

Form No, V. 01028
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_T ,2INSTRUMENTATION (continued)

The two read-out accelerometer outputs were plotted
"to show the pownr spectral density response spectrums.
A tape recorder and an X-Y-Y' recorder were used to

plot the data.

The following test equipment was used during

the test.

I Ling Model A275-Vibrator
1 I Ling Model 40/60 - Amplifier

1 MB Model T589 - 3K Hz Random Equalizer/Analyzer
3 MB Model N-400 - Zero Drive Signal Conditioning

Amplifiers
I Endevco Model 2271 - Accelerometer (control)
2 Endevco Model 220C - Accelerometers (readout)
3 Rallantine Model 300 - Voltmeters
1 Precision instruments Model PS-207A- Tape Recorder
1 Honeywell Model 540 - X-Y-Y' Recorder

=7•S ARRANGEMENT

The folding wing was mounted to an operational
AIMO-E Hydraulic Control Section Shell in order to

include proper wing hydraulic restraints and any
wing-body coupling eftects. The Hydraulic Control
Section was hard mounted at two locations to a test
Cixture, which was secured to the vibrator.

PhotogrAphs of the test arrangements for the
random vibration tests along each of the three prin-
cipal axes of the folding wing are shown on pages
2.0.6, 2.0,7 and 2.0.8. To ensure stability of the

YForm No, V- 1028
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TEST ARRANGEMENT (continued)

of the test support shell during test, an additional
uninstrumented folding wing was mounted to the
Hydraulic Control Section Shell direo•t.y opposite
to the instrumented folding wing for the transverse
and longitudinal random vibration tests.

Random vibration tests were conducted along
each of the three principal axes of the folding wing
to the levels specified in the Reference (6) document.

TRST PROCEDURE.
T4e folding wing, along each of its three

principal axes, was subjected to an equalized white

(9 noise wide band random vibration spectrum of 0.04 g ,/Hz
over the frequency bandwidth of 100 Hz to 1000 Hz with
a 6 db/octave roll off between 10 Hz to 100 Hz and
between 1000 Ha to 2000 Hz, The random vibration

Lj was applied for a time duration of 5 minutes along
each of its three principal axes. The outputs
from the control accelerometer and the two read-out
accelerometers were tape recorded.

TENTRamT

The tape recordings from each random vibration
tests were played back through the Random Equalizer/
Analyzer and X-Y plots were made of the power spectral
density spectrum (g 2 /Hz) input and response accelera-
tions by means of the X-Y-Y' recorder.

IForm No. V-10Z6
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TEST RESULTS (continued)
Those plots of the random vibration test in the

vertical direction are shown on pages 2.0.9, 2.0.10
and 2.0.11. Those plots of the random vibration
test in the lateral direction are shown on pages 2.0.12,
2.0.13, and 2.0.14. Those plots of the random vibra-I 46
tion test in the longitudinal direction are shown on
page 2.0.15, and 2.0.16 and 2.0.17.

The data for all random vibration tests were
plotted on the semi-logarithmic graph paper recommended
for use with the X-Y-Y' recorder. The Y-axis,
which is logarithmic represents the power spectral
density spectrum (g 2 /Hz) and the X-axis represents

( the frequency.

TO better understand the frequency scale factor
it should be noted that the 3000 Hz Random Equalizer/

Analyzer contains eighty (80) filters which represent full
scale from 0 Hz W3000 Hz on the X-axis. Those filters
are not identical and vary in band width from 12.5 Hz
(filters I to 16), 25 Hz (filters 17 to 32) and 50 Hz
(filters 33 to 80). Each filter represents 0.1 inch on the

.i X-axi. and to determine the frequency at a specific
location on the X-axis, that distance should be
physically measured and then the summation of the
frequencies of the specific filters within that
distance will determine the frequency at that location.

A plot of the input at the folding wing root has
been superimposed on each of the response plots so an
to obtain a clearer picture of the dynamic character-
istics at the hinge and tip area of the folding wing.

jForm No. V- 102
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TEST1 RESULT1S (continued)

Visual. inspections of the folding wing were made
after each of the randomi vibration tests. In each case

no visual damage was evident.
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SHIPBOARD STORAGE HNVIRONMENT TEST

AJECT

The object of this test was to evaluate the
effects of exposure on the folding wing assembly
after it had been subjected to a shipboard storage

environment for a 6-month period. The primary
interest was in the interaction of high stress and
environment on the torsion bar.

CONCLUSICN

It can be concluded from the results of this
test that the 6-month shipboard storage environment

( had no visible effects on che components or the
deployment capability of the folding win4.

DESCRIPTION OF TEST ARTICLES

Four Folding Wing Assemblies were used for this

test. Those folding wings conformed to the Refer-
ence (a) drawing. The inner wing section of an
assembly is a casting fabricated from AMS 4229
aluminum-alloy (KO-l) tempered to a T7 condition.
The outer wing section of an assembly is a casting
fabricated from A356 aluminum-alloy tempered to a T6

condition.

The torsion bar, which is an integral part of

a folding wing assembly, conformed to the Reference
(b) drawing. The torsion bar wan fabricated from
1890 nickel maraging alloy steel, grade 350, and was
heat treated to RC 57-61.

Form No. V. 1028
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INSTRUMFNTATION

No instrumentation was required for the ship-
board storage environment test.

TEST IRANG`BMENT

A complete dummy AIM-7E missile, equipped
with the four folding wing assemblies, was stored in
a modified MK 128 Mod 0 launch cell. That launch
cell was modified so that the four folding wings
were restrained in the folded position. The mounting
geometry was similar to that for the NSSMS GMLS

Launcher.
The shipboard environment for the test was pro-

vided by the USS Norton Sound (AVM-1). The installa-

tion of the dummy missile in the modified launch cell
was performed at the Naval Missile Systems Engineering

Station at Port Hueneme, California. The test was
conducted for a period of 6 months during the normal

operations of the AVM-l, commencing on the date of
installation of the dummy missile in the modified Mx
128 Mcd 0 launch cell.

TEST PROCEDURE

At the completion of the 6-tmonth shipboard storage
period, the Hydraulic Control Section Shell, with the

four Folding Wings restrained in the folded position,
was disassembled from the dummy missile, crated and

shipped to Raytheon Company, Bedford, Massachusetts.

Form No. V-1028
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TEIPOEPB (Continued)

at Each folding wing was deployed on the test sled

atvelocity levels simulating the actual launch condi-
tions. The wing deployment times were monitored elOe-

tron.ically. A complete description of the sled tests
is giv~n in Section 3.5 of this report.

At the, completion of the sled tests, the folding
wings were disassembled, and each component inspected

for adverse environmental effects.

TESOT RESULTS

The four folding wings deployed and locked succ-

tessfully on the test sled. A complete table of the
sled test results is presented in Section 3.5 of this
report*

Also& a visual inspection of each component of
the four folding wings showed no adverse environmental
effects.

Irorm No. V- 1028
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The object of tbis test was to determine if
the folding wing assembly could be deployed and

locked successfully after being subjected to the
temperature-humidity environment specified for a

period of 96 hours.

CONCLUS ION

i~t can be concluded from the results of this
test that the folding wing assembly can be succ-
essfully deployed and locked after sustaining the

(• temperature-humidity environment specified for a
period of 96 hours.

DElCRIETION OF TEST ARTICLE

The Folding Wing Assembly used for this test

conformed to tbe Reference (a) drawing. The inner
wing section of the assembly is a casnting fabricated
from AMS 4229 aluminum-alloy (KO-1) tempered to a

T7 condition. The outer wing section of the assembly
is a casting fabricated from A356 aluminum-alloy

tempered to a T6 condition,
,,•INSTRUMENTAT ION

No instrumentation was required for the temp-

erature-humidity test.

TJ;ST EOUIPMET

A model 64 STR-100200 (Tenney Engineering, Inc.)
High and Low Temperature and Humidity Chamber was
used for this test. Accessories to control the

Form No. V-1028
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TEST EOUIPMENT (continued)

temperature and humidity are part of the chamber,
also, The temperature range of the chamber is
-75 0 F to +350oF. The humaidity range of the chamber

is 20% to 95%.

TEST ENVZRONMZNT

The folding wing assembly was subjected to a
temperature-humidity test for a period of 96 hours
in accordance with the Reference (6) document
with the following modifications The low temp-

0erature of the temperature cycle was -65 F. The

folding wing assembly was cycled between the
p .temperature extremes of +160 0 F to -65 0°F. The

relative humidity control was set for 95% at the
high temperature level and was not controlled for
the low temperature level.

TEST AMAMQENENT

The folding wing assembly was secured to a
test fixture which contained an actual AIM-7E missile
wing shaft assembly. A linkage arm was attached

to the test fixture in such a manner that it could

be positioned to restrain the folding wing in the
folded position. A piece of:jnylon cord was attached
to the linkage arm so that the folding wing could
readily be deployed without removing the test setup . *

from the chamber. A photograph of the test arrangement
is shown on page 3.2.4.

Fo•m No. V-10ZM
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TE.ST PROCEDU._

The folding wing ,assembly test setup was posi-

tioned in the test chamber so that the wing deploy-

ment could be tested without having to reposition
the test setup.

L The chamber temperature was increased gradu-lly

from ambient to 160°F, and the relative humidity

control was set for 95%. This condition was main-

tained for a period of 16 hours. Then, the chamber
temperature was lowered gradually to -65°r, and the

relative humidity was not controlled. This condi-
tion was maintained for a period of 16 hours, also.

Three complete cycles of the above two test condi-

( i tions were conducted in order to complete this phase

of the test.

At the completion of the three cycles the chamber

was returned gradually to 1600F, and the folding wing
was tested within the chamber for satisfactory wing

deployment and panel locking. Then, the chamber was

returned gradually to ambient temperature, the folding

wing was reset in the folded position and deployed

again. The folding wing was reset in the folded posi-

tion again and the chamber temperature was lowered
gradually to 30°r. The folding wing wau deployed for
the third time to complete this test.

The folding wing assembly deployed and locked
suc'cessfully each tine it wam checked during the

test, and at tle completion of the test.
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SALT SPRAY TEST

_OB3JECz.

The object of this test was to determine if the
folding wing assembly could be deployed and locked

successfully after being subjected to the salt spray
environment @pecified for a Period of 48 hours.

CONCLUS ION

It can be concluded from the results of this
test that the folding wing assembly can be successfully

deployed and looked after sustaining the salt spray
environment specified for a period of 48 hours.

DXSCRIPTION OF LAST ARTICLE

The Folding Wing Aaembly used for this test

conformed to the Reference (a) drawing, and is the
"same folding wing that had sustained the temperature-

humility environment.

INS8 TRUMES;TAT ION

No instrumentation was required for the salt
spray test.

TE•S T EOUXPNENT

A Model 8S-3-8 (Associated Testing Laboratory,
Inc.) Salt Fog Chamber was used for this test.

Accessories to control temperature and percentage of

salt solution are part Qf the ch€aber, also.

Form No. V- 1028
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TEST ENVIRONMENT

The folding wing assembly was subjected to a
salt spray environment for a period of 48 hours,.
with the test chamber teiperaturO set at 95oF and
the salt solution set at 5%, as specified in the
Reference (7) document.

TEST ARRANGEMENT

Due to the physical limitations of the Salt
Fog Chamber, the folding wing could not be secured
within a mock-up launcher cell section as specified
in the R-eference (2) document. Therefore, the
folding wing assembly was secured to a test fixture

( which contained an actual AIM-73 missile wing shaft

assembly. A linkage arm was attached to the test
fixture in such a manner that it could be positioned
to restrain the folding wing in the folded position.
A piece of nylon cord was attached to the linkage arm
so that the folding wing could readily be deployed
without removing the test setup from the chamber.

That test arrangement was more severe than that
specified in the R.eference (a) document, since the
folding wing Was directly exposed to the salt spray
stream. A photograph of the test arrangement is
shown on page 3.3.4.

TUT PAOCEMURE

The folding wing assembly test setup was posi-
tioned in the test chamber sfn that the wing deploy-

ment could be tested without having to remove the
test setup from the choaier.

I Form No. V-1028
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TEST PROCEDUR0 ((,Cntinued)

The chamber controls were set to maintain an
internal chamber temperature of 95°F and a 5% salt
solution. Those test conditions were maintained for
a petiod of 48 hours.

At the completion of the test, the folding wing

was tested for satisfactory wing deployment and panel
locking.

TEST RESULTS

The folding wing assembly deployed and looked

successfully at the completion of the test.

I
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SAND AND DUST TEST

OBJECT

The object of this test was to determine If

the folding wing assembly could bE deployed and locked

successfully after being subjected to the sand and

dust. environr.:ent specified for a period of 4 hours.

CONCLUSION

It can be concluded from tho results of this

test tbmt the folding wing assembly can be success-

fully deployed and locked after sustaining the sand

and dust environment specified for a period of 4 hours.

DESCRPTION Or--TEST ARTICLE.

Cie Folding Wing Assembly used for this test

conformed to the Reference (a) drawing, and is
the same folding wing that had sustained the tempera-

ture-humidity and the salt spray environments.

INS TBUZ4EN TATION

No instrumentation was required for the sand and

dus'Z test.

JEST EQUIPMENT

A Model 375 (Nucledyne Company). Sand and Dust
Chamber was used for this test. Accessories to

control the dust (fine sand) concentration, velocity,

temperature and humidity of the dust laden air are
part of the chamber, also.

Form No, V-1OZ8
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TEST ENVIRONMEN.T

The folding wing assembly was subjected to the
sand and dust environment for a period of 4 hours in

accordance with the Reference (6) document.
The test was conducted with the chamber controls

set to maintain a chamber temperature of 73 0 F and
a relative humidity of less than 22%.

MSTARANE4NT

The folding wing assembly was secured to a test

fixture which contained an actual AIM-7E missile wing
shaft assembly. That configuration was contained

within a mock-up of a section of the launcher cell.
The test fixture was mounted on a platform which had
the capability of sliding in and out of the mock-up

launcher cell section, which was open at both ends.
The folding wing was restrained in the folded position
in the launcher cell section by means of a simulated
launcher rail section.

TEST PROCEDURE

The complete test setup configuration was posi-
tioned in the test chamber so that the open ends of

mock-up launcher cell section were not directly ex-

posed to the dust stream.

The chamber controls were set to maintain an
internal chamber temperature of 73°F and a rela-
tive humidity of less than 22%. The air velocity

was adjusted to 500 + 200 feet per minute. The dust

Form No. V. IWO,: N , ..... . .. . --.. - -, .'..n..-... . -... ,.... .. . . . . ...
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TEST PROCEDURE (continued)

feeder was adjusted to control the dust concentration

at 0.3 + 0.2 grams per cubic foot. Those test

conditions were maintained for a period of 4 hours.

At the completion of the test# the folding wing
was Lested for sati~sfactory wing deployment and

panel locking by sliding the test fixture out of
the cell until the wing was no Icinger restrained by

the simrulated launcher rail section.

TES T RES-MTS

K ~Th. folding wing assemb~ly deployed arnd locked
successfully at the completion of the teat.

Formn No. V- 1028
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IGNITION IMPULSE TESTS

OBJECT

The objects of these tests were to determine if
the folding wing assemblies, after exposure to several

environmental conditions, could be deployed and locked
successfully when accelerated down the test track during
ignition impulse tests, and to determine if there was

any degradation in folding wing deployment.

CONCLUS ION

It can be concluded from the results of these tests

that the folding wing assemblies can deploy and lock

successfully and are not appreciably degraded, after
being exposed to the environmental conditions contained

in this report.

DESCRIPTION OF TEST ABTICLES

Six Folding Wing Assemblies were used for this test.
Thosu folding wings conformed to the Reference (a)

drawing. Four of the folding wings were previously
subjected to the Shipboard Storage Environment, and

one of the folding wings was previously subjected to
the Temperature-Humidity, Salt Spray, and Sand and Dust

Environmental Tests. The sixth folding wing was not ex-

posed to any environmental test conditions.

INS8 TRUZ4ENTAT ION

The pre-load required for the acceleration device
to simulate the missile launch velocity, was measured

and recorded with a Baldwin-Lifa-Hamilton electric load

cell and load recorder combination.

Form No. V-1028
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INSTRUMNTATION (continued)

Photo-solectric cells, positioned at selected

F stations along the track, were used to measure
K the time required for the folding w4.ng-.to fully

deploy. An *l40tronic digital counter warn uc'od

to measure the deployment time.

TUST EQUIPMEN

An acceltration test track, to simulate micsile

launch velocity, was used for this test., -The test

track is 30 feet long &nd co-vitains a carriage that

can slide along the track.

Tble folding wing was conventionally attached
to an AIZ4-7E actuator shaft which was contained
withini a segment machined from a missile hub
block. That hub block was mounted to the carriage
which could slide along the 30-foot track,.

The folding wing test setup was accelerated
along the track by means of a 3/4-inch diameter

bungee cord pre- loaded to produce a velocity pro-
file similar to the actual missiLle lauAch velocity.
The transient thrust at ignition of the AIZ4-7E
rocket motor which causes a high intensity, Low

duration intpulse to the missile, was simulated by

.1 meains of two compression springs which were com-
pressed when the test setup was initially posi-

tioned prior to teot. Upon release of the test
setup, the compression springs subjected the folding

Si wing to a longitudinal aft to forward shock of no

loes than a 30 g peak for a minimum duration of
2 milliseconds.

r'orm No. Ve 1018
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STEST AREA1 GEMW T (continued)

As the test setup traveled along the track,
it uncoiled a,21-foot nylon tope, which when it
became taut, decelerated the sled.

An aluminum tube, guido rai~l dimensionlity
simulating the location of the missile launch
cell ral, •Was mounted adjacent to hhe track

against which the folded outer-wing panel was!
restrained. The guide rail could be mounted on

"either side of the track, depending on whether
the folding, wing being tested deployed to the

l seft or, to t he right • The folding wing whenr .released would initiate deployment as the trail-
ing edge of the outer wing panel cleared the end of the
aluminum tube guide rail.

A photograph. of .the test arrangement is
shown on page 3S.5..6. 'The photogoraph, however,
does not- show the final positioning of the photo-
electric cells u.ad to obtain the wing deploy-
ment time. In actuality, one photo-electric cell
was positioned at the end of the guide rail, so

that the folding wing would break the beam, and
"f'activate the electronic digital counter, ac it
started to deploy. Another photo-electric cell
was positioned down the track so that the tip of
the folding wing, when locked in position, would 4
break the beam ard do-activate the digital counter.

Form No. V-1028
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.ES,. ZROCEDURE

'he folding wing test setup, with the wing
restrained in the folded position by the guide

rail was pinned to the track at the initial start-
"""ig position. Tho bunges cord was stretched until

the desired pro-load of 450 pounds was attained.

The pin securing the sled to the track was then
released allowing the folding wing test setup

to accelerate along the track. The maximum time
of travel required for the wing to tully deploy
was measured and recorded.

(7 A total of six folding wing. were accelerated
down the test track. Four of the wings were pro-

viously subjected to the Shipboard Storage Envir-
onment and had been kept restrained in the folded

position. One of the wings Was previously subjected
to the Temperature-Humidity, Salt Spray, and Sand and

Dust Environmental Tests. The sixth folding wing

had not been exposed to any environmental test
conditions and was tested so as to obtain a com-

parison of the time required to deploy the wings.

The rasults of the test are as followst

pol-diLng Wing lix, T•JO -to Deploy

165,21 milliseconds
Shipboard miJlissconds

o3 64.48 milliseconds

4 65438 milliseconds

T"Ho, 88, S D - 5 63.10 milliseconds
New - 6 62.50 milliseconds
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TEST RESULTS (continued)

The tests were conducted as the folding wings became
available, therefore, the spread in deployment times can
be partially attributed to the tolerances in reposi-
tioning the photo'-electric cells. Also, an additional

reason for the spread in deployment times can be
attributed to the tolerances when applying the 450-
pound pre-load.

At the completion of the tests, folding wings
I to 5 were disassembled, and each component was
visually inspected. No adverse environmental effects
were evident.
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INTRODUC TI0N

The Reference (a) folding wing assembly, which
contains the Reference (b) torsion bar, successfully
withstood the structural and environmental testing
program reported herein. However, the results of the
wing deployment wind tunnel tests was intended to pro-
vide the basis for the final selection of the torsion
bar dimensions.

To satisfy the 70 knot wind tunnel test condi-
tion, it was found that a larger diameter torsion
bar was needed. A larger diameter torsion bar will
"experience a higher torsional shear stress when the

( folding wing is restrained in the folded position
in the launch call. Since long term storage iander
stress in a shipboard environment is a normal opera-
tional requirement of the folding wing, additional

environmental tests were performed.

Those environmental tests which are pertinent

to the torsion bar and ar. required for the folding
wing qualification are the six-month shipboard storage

environment test# the salt spray environment test,

the temperature-humidity environment test and the
torsion bar endurance test.

The following environmental tests were performed
on three folding wing assemblies, each of which contained
a torsion bar of a difftrent diameter.

Form No. V- 1038
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.INTRODUCTION (continued)

Direct salt spray environmental tests were con-
ducted on three unprotected folding wings sintilar to
the malt spray test in Section 3.3 of this report,
and then followed by temperatuare-humidity environmental
tests using the same folding wings. The folding wings
were kept restrained in the folded position at all times.
The tests were conducted without cleaning the folding
wings of any foreign matter that had accumulated. At

the completion of the tests, the folding wings were stored
for one month in an uncontrolled ambient environment.
The folding wings were not cleaned and were kept reot•ained

S( in the folded position throughout the one-month storage
period. Th-t sequence of testing was selected to cause
the highest probability of salt solution contamination
of the torsion bars. At the oompletion of the one-

month storage period, the folding wings were tested for
wing deployment and looking on the acaeleration test

track.

in addition, the endurance capability of the final tor-

sion bar configuration'was determined'by conducting a tor-

sion bar endurance test.

it should be noted that the folding wing assembly,
containing the final torsion bar configuration, will be
subjected to a shipboard storage environment for a 6-
month period in the near future during the NATO Missile
System Operational Test and Evaluation Program.

Fornm No. V- 10.8
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ENVIROI4ENTAL TESTS

OBJECT

The object of these tests was to determine if
the three modified folding wing assemblies, with the

* three candidate torsion bars, after being exposed to

direct malt-spray and temperature-humidi',,y onvironmentw
could be deployed and locked succesnfv1ly when accelert.~tod

down the test track during ignition impulse tests.

CONCLYAXO
It can be conoluded~from the results of these

testm that the three modified folding wing asuerr3blien,

( with the three candidate torsion bars# will deploy and
l.ook succeusfully after being exposed to direct mAlt

spray and temperature-humidity envirornments.

M1-AREXIX21O 02[ 116T ARTIC1LIL

The three folding Wing Assemblies used for these

tests are similar to the Meferancie (a) Folding Win~g
F Assembly except that each assembly contained a differ-

ant size torsion bar. The aeference (b) torsion bar has
a 0.180 inch diameter, Whereas the three candidate torsion
bars have 0.190 inch# 0.200 inch and 0,210 inch diameters.
Also# the individual wing components (hinge tube and end

fittings) that interface with the Peaference (b) torsion
bar were modified to insure coMIPatibil~ty. I

Foram No. V- 1028 --
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INSTRUMENTATION

04L NO instrumentation wao required for the direct
"malt spray and temperature-humidity tests.

For the ignition impulse tests, the pre-load,
required for the acceleration device was measured
and recorded with a Baldwin-Lima-Hamilton electric
load cell and load recorder combination.

TEST EQUIPMENT

The test equipment used for the direct salt
spray, the temperature-humidity and the ignition

V •impulse tests are the same as for the previous tests

and are identified in Sections 3.3, 3.2 and 3.5.

T89IT ABRAgZMXNT
The test arrangements are the same as for

the previous tests and are explained in detail in
A 'Sections 3.3, 3.2 and 3.5.

The exceptions to the similarities of the
test arrangements was that no nylon cords were attached
to the linkage arms restraining the wings in the folded

v •position, and no photo-electric cells were used for the
a ignition impulse toots,

The direct salt spray environmental tests were con-

ducted first. The test procedure was the same as the
previous malt spray environmental t'est except that

the folding wings were kept restrained in the folded
position and not tested for satisfactory winV deployment.

Form No. V-T0oz
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TEST PRO -URE (continued)

At: the completion of the salt spray environmental

tests, the temperature-humidity environmental tests

were conducted. The test procedure was the same as

tho previous temperature-humidity environmental test

except that again, the folding wings were kept re-

strained in the folded position and not tested for

satisfactory wing deployment.

At the completion of the temperature-humidity
"environmental tests, the folding wings, still restrained

in the folded position and still contaminated by foreign
matter from both environmental tests, were stored for

one month in an uncontrolled room ambient environment.

"At the completion of the one-month storage period,
the folding wings, still restrained in the folded

position and still contatirkated ,, were set up. and

accelerated down the test track. The test procedure
was the same as the previous ignition impulse tests

except: that no photo-electric cells were used to ob-

tain the deployment time.

Photographs of one of the folding wings after the
completion of the one-month storage period and prior to

deployment are shown on pages A.2.4, A,2.5 and A.2.6.

The three modified folding wings, with the three
candidate torsion bars, which were still contamihated

from the previous environmental tests, deployed and

looked successfully when accelerated down the test track.

Form No. V-1OZ8
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TEST RESULTS (continued)

At the completion of the final test, the folding
IN.! wings were disassembled and each component was visually

inspected. A photograph of one of the disassembled

Al f foldingwings showing all the disassembled components
is shown on page A.2.7. There was evidence of contami-

nation on some of the components and on the inner and
outer wing panels tIhat had been directly exposed to
the test environments, however, the three candidate

torsion bars and hinge tubes showed no visual indica-
tions of adverse environmental effects.
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K ~ TORSION BAR ENDURANCE TEST

OBJECT

The object of this. test was to determine the

"number of cycles the modified folding wing, with
the final (04.30 diameter) torsion bar, could sus-

" tain prior to failure of the torsion bar, when
subjected to a fluctuating torsional shear stress
which the torsion bar would experience when the
folding wing is restrained within the launch cell.

CONCLUS ION

it can be concluded from the results of this

test that the final torsion bar can sustain in ex-

cess of 600,000, cycles without failure, when sub-
..-•. jected to the fluctuating torsional shear stress

that the folding wing would experience when restrained

within the launch cell.

SDES CR�PTION O TEST AXTICUE

The Folding Wing Assembly used for this test
conformed to the Meference (a) drawing. The torsion
bar, which is an integral part of the folding wing
assembly, conformed to the Reference (d) drawing and
is shown in Figure 9 on page A.3.3.

The only differences between the inferences (a)

and (d) test articles and the previous Saferences

(a) and (b) test articles are that the Reference (d)
torsion bar has a larger diameter (0.230 inch vs.

0.180 inch). aind the individual wing comuponents that
Sinterface with the -Isference (b) torsion bar were modi-

fied to be cozyatible with the :Rference (d) torsion bar.
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INS 1TRULMENMTATIN

No instrumentation warn required for the torsion

bar endurance test.

TAST MQUUIP4NT

An adjustable speed motor driven mechanical
vibrator was used for this test.

LOD

Due to shipboard motion, the missile will rotate
within the tolerance extremes of the missile to launch
rail, interface, resulting in a fluctuating torsional
shear stress in the torsion bar.

A 10 degree rotation of the outer wing panel
was selected as the test condition. That represents
a conservative lateral translation of the missile

within the launch cell. The fluctuating torsional
shoikt stL-ass component was superimposed on the nomitnal
steady state torsional shear stress in the torsion bar

by cycling the folding wing between 125 degrees and'4 135 degrees# where 135 degrees is the maximum outer
wing panel rotation..

The modified folding wing assembly was secured to
a test fixture Which contained an actual AIMP-7E missile
wing shaft assembly. That test fixture was secured to
a rigid test fixture in such a manner that the outer
wing panel would be in a horisontal position when ro-
tated 130 degrees* A photograph of the test arrangement
is shown on page. A,3*4* and as can be noted the outer
wing panel was restrained by a clamp and turnbuckle
arrangement which was attached to the mechanical vibrator.

IFovi No, V- 10,1
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SThe mechanical vibrator was adjusted so that the

outer wing panel would be cycled ±t 5 degrees from the

horizontal position of 130 degrees.

Th. folding wing was cycled at a frequency of

2.6 cycles per second, the slowest capability of the
mechanical vibrator, an compared to the shipboard
vibration environment of 6 to 9 cycles per minute.

At each half-hour interval, the endurance test

was stopped and the folding wing checked for failure

of the torsion bar.

T36T RESULTO

After 617,760 cycles had been completed, with

the final torsion bar still functioning satisfactorily,
the test was stopped.
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