- AD720877

AIR FORCE
PACKAGING EVALUATION
AGENCY

HEADQUARTERS
AIR FORCE LOGISTICS COMMAN

NATIONAL TECHNICAL
INFORMATION SERVICE
Spningheld, Va 22151

REPORT ON MODIFICATION OF AIM-4D
FALCON MISSILE CONTAINER TO ACCOMMODATE
GUIDANCE AND CONTROL SECTION OF
AIM-7E/E2 SPARROW MISSILE

AT TR ———
ESTHIBUTION STATEME,




DSPEA REPORT NO. 2
AFPEA PROJECT NUMBER
70-28-C-6- (5)

RUDOLPH F. QUINTER
Mechanical Engineer

AIR FORCE PACKAGING EVALUATION AGENCY

December 1970

DDC

U (P P
res 11 1971
h‘s_t.ugu Ui

REPORT ON MODIFICATION OF AIM-4D
FALCON MISSILE CONTAINER TO ACCOMMODIIE
GUIDANCE AND OONTROL SECTION OF
AIM-TE/E2 SPARROW MISSILE

__-:ﬂ‘_.lsﬁ.’g:fﬁf T E AT A-l'

r



NOTICE

wWhen Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Govermment procurement operation, the United States
Government thereby incurs no responsibility nor any dbligation
whatsoever; and the fact that the Goverrment may have formulated,
furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any
way be related thereto.
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ABSTRACT

A shortage of usable AIM-7 missile containers existed and the refurbishment
operaticns were not capable of providing the quantity required. Also the new
procurement containers would not be available for several months. Therefore,
the possibility of an interim and/or back-up container was investigated.

An ATM-4D Falcon container (FSN 8140-546-3527) was modified to accommodate the
guidance and control sections of the AIM-7E/E2 Sparrow missile. The modifica-
tion included removal of part of the internal structure of the container and
replacement of the rubberized hair cushioning material with 2.0 pound density
pelyethylene cushioning material.

The modified container with an instrumented mock-up of the missile and its
camponents was subjected to and passed two series of rough handling tests in
accordance with Federal Test Methods Standard No. 101B, Methods 5005 and
5008, for level A protection.

The modification work was to be accomplished by the personnel of Hill AFB,
Utah. Prior to approval of the modification work, a fit and function test
was performed on the first modified container. This test was satisfactorily
completed.

Therefore, from the results obtained from the rough handling tests and the
fit and function test, it was concluded that the container would provide ade-
quate shock protection for the missile and satisfy an urgent need for an
interim and/or back-up container for the guidance and control sections of the
AIM-7E/E2 Sparrow missile.
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INTRODUCI'ION :

This project was initiated to investigate the possibility of modifying an exist-
ing container to acconmodate the guidance and control (G&C) sections of the
AIM-7E/E2 Sparrow missile as requested by ASD/ASOM.

A shortage of useable Sparrow missile containers existed due to a delay in the
procurement of new containers from Metric Systems Incorporated, Fort Walton
Beach, Florida. The new containers were critically needed for shipment and
storage of the Sparrow missile components manufactured by Raytheon Company,
Lexington, Massachusetts, which were ready for shipment. The refurbishment
rate of the old reuseable Sparrow missile containers was not rapid enocugh

to provide the quantity required. Therefore, if a modified container could
be developed, the procurement quantity of new containers could be held to a
minimum and Raytheon Company could be provided with containers prior to the
estimated delayed production date of new containers.

A shipping and storage container for the AIM-7E/E2 Sparrow missile must
provide Method I1Id protection, maximum fragility level of 25 G for the missile,
and sufficient space to accomodate the missile components.

A large quantity of surplus AIM-4D Faloon miscile containers was available
for use. Therefore, two of these containers were cbtained by AFPEA for
possible redesign, modification, testing, and evaluation.

DESCRIPTION OF AIM-4D FALOON MISSILE CONTAINER (Figures 1, 2, and 3):

The AIM-4D missile container (FSN 8140-546-3527) is a two piece, aluminum
construction with inside dimensions of approximately 88 x 19-1/4 x 18 inches.
The suspension system is composed of 3-inch thick rubberized hair cushioning
material supported by an aluminum internal structure in both the upper and
lower sections. In addition, a hard rubber shear mounting arrangement is
utilized to prevent longitudinal shifting of the missile toward the aft end
of the container. Located in the forward end of the container, both upper
and lower halves, are hard rubber pads bonded to polyurethane cushioning
material, designed to cushion the missile from shock in the forward longitu-
dinal direction. Also, located in the upper half of the container is a wire
desiccant basket capable of holding approximately 17 packs of 8 units each
of desiccant. In the lower half of the container is located a fuse container
bracket and strap. Both sections of the container have a container shell
stiffener located approximately 25 inches from the forward end of the
container. Located in the forward end of the container are the humidity
‘ndicator, the outlet valve, and the breather valve. The container provides
Method IId protection and is sealed by a continuous 0-ring type rubber
gasket located between the upper and lower halves of the container. Closure
of the container is attained by fourteen eccentric-cam latches located six
on each side and one on each end of the container.




AIM-4D FALCON MISSILE CONTAINER
FIGURE 1
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MODIFICATION OF CONTAINER:

The overall dimensions of the container provide sufficient space for the G&C
sections of the AIM-7E/E2 Sparrow missile and its components. The components,
shipped in the container with the G&C sections of the missile, are the antenna
and the four forward and the four aft fins (the forward fins are often referred
to as the wings).

The combined Sparrow missile G&C sections are 8 inches in diameter and 80.26
inches in length. The AIM-4D Falcon missile is 6.4 inches in diameter and
approximately the same length as the G&C sections of the Sparrow missile;
therefore, the larger diameter Sparrow missile could not be inserted directly
into the container with the present thickness of cushioning material and
attain closure of the container. The space available between the upper and
lower internal structure of the closed container is approximately 12.4 inches.
The Sparrow missile being 8 inches in diameter would allow for only 2.2 inci
thick cushioning material on both top and bottom. No known cushioning
material could provide the shock protection required (maximum 25 G) at the
allowable thickness. Therefore, the following design changes were specified:
(1) removal of the internal structure from the lower section of the container
to provide for the required cushion thickness, (2) removal from both sections
of the container of the rubberized hair cushioning material and the hard
rubber shear mounts, and (3) removal of the fuse container bracket from the
lower half of the container.

DESCRIPTION OF MODIFIED CONTADNER (Figures 4 and 5):

The modification of the container did not affect the closure latches or seal;
therefore, the modified container will still provide Method IId protection
for the missile and its components.

The modified lower half of the container is composed of the shell, the shell
stiffener and the polyurethane hard rubber pad from the original container.

To position the lower main cushions and provide additional strength to the
container, which was greatly weakened by the removal of the lower inte:nal
structure, special cushion cradles were designed (see figure 6). Due to
present AFPEA shop limitations, the test model cradles did not have the formed
edges and welded seams as the figure depicts, and were bolted, rather than
welded, to the container walls by 1/4-20 cap screws.

The cushioning material specified is unicellular polyethylene having a density
of 2.0 pounds per cubic foot and shaped as shown in figures 4, 5, and 7. The
cushics for the test cuntainer were composed of bonded sections of the sgoci-
fied naterial.

Located between the end restraint cushions and the main cushion cradle: ar. the
wing and fin hold-down provisions (see figure 4). Each wing strap con:trc.ns
two wings and the fin strap holds all four fins in position. (See Append . A
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for dimensions of wings and fins.)

In the upper half of the container along the internal structure are located
mounting provisions for the antenna. The antenna is approxinately 1/2 x 1 x
69 inches.,

Two upper main cushions, partially conforming to the configuration of and bonded
to the upper internal structure, are positioned so as to correspond to the
locations of the lower main cushions and, thereby, forming two mated pair of
cushions when the container is closed (see figures 4, 5, and 7).

(See Appendix C for photographs of the modified container on which the fit and
function test was conducted at Hill AFB, Utah.)

DESCRIPTION OF MISSILE "MOCK-UP" AND QOMPONENTS:

The missile prototype was fabricated in the AFPEA shop and was a composite of
aluminum pipe, lead, and wood. The prototype approximated the general proper-
ties of the G&C sections of the AIM-7E/E2 missile (for specifics, see Appendix
A). The radome of the missile is very sensitive; therefore, an aluminum thrust
sleeve is clamped over this section of the missile prior to placement into the
container (see figure 8). This thrust sleeve was also used on the test missile
"N'Dd('up".

The wings, fins, and antenna present in the container during the second series
of rough handling tests were the actual items. It should be noted that the
missile components were not present in the container during the first series
of tests.

The missile "mock-up" was instrumented with 3 strain gage accelerometers (50 G
capacity) mounted in a triaxial configuratioa located approximately at the
center of gravity (see figures 8 and 9).

TEST PROCEDURES:

Two series of rough handling tests were performed on the modified AIM-4D con-
tainer. A repart on the first series of tests is included in this report in
Appendix B. The second series of test results is described in the Test Results
section of this report. Both series of tests were conducted in accordance with
Method 5005, Cormerwise Drop Test, and Method 5008, Edgewise Drop Test, of
Federal Test Method Standard No. 101B for Level A protection. The drop height
specified in Federal Test Method Standard No. 1)1B corresponds to the drop
height requirement specified in MIL-P-116E for this particular container
weight range. The loaded container used in tne second series of tests weighed
approximately 350 pounds; therefore, a 24-inch drop height was required.



H__. V2= = maeaney
A W OBARERNVE ASsumy haan

LA S T
h.../._.;.... bl S
weeT Y, A

(& vma )
BnE, ﬂl.ﬁié
.-.h_-_..m.ﬂ_i.r_n_._.u-....ﬂrlu._uu_._.ﬂ

oy, l._.:_ ....u-H...n

m..._r...r.__.rnl,__....:v ”.a....ﬂ .!J.u....lr.._..w = e ___.—.uf_
A WO LS waAmNa, amenh

WIDT, QR WG D
. S
SO GBS\ MY N\ = PSS\

FiGure 8

MISSILE & THRUST SLEEVE



\K +~— Wooden Mounting

/‘ Blocks
|

ACCELERCMETER MOUNTING CONFIGURATION
Ficure 9



A pressure retention check was conducted on an unmodified AIM-4D container with
an old and with a new closure gasket (8140-877-5476). In both tests, the con-
tainer was subjected to a 1.5 PSI internal air pressure as per the original
container Production Specification No 802031.

INSTRUMENTATION AND TEST EQUIPMENT :

For a description of the instrumentation, accelerameter mounting provisions,
and test equipment used for the rough hanuling tests, see pages B-3 and B-4
of Appendix B and figure 9.

A simple water manometer was used to conduct the pressure retention tests.

TEST RESULTS:

Slight permanent damage was received by the container during the second series
of tests; however, it was not extensive enough to rerder the container unuseable.
The lower corners of the container were deflected inward fram impact with the
striking surface. Although the container was deformed, the amount of damage

was considered negligible.

Upon each irpant of the container with the striking surface, several closure
latches were released, but received no apparent damage. On each test, one
side latch and the end latch on the impact end of the container were released.

The straps which held the wings and fins in position were loosened slightly,
allowing the missile components to shift out of their proper position.

The results from the second series of instrumented drops were slightly higher
than those obtained from the first series. The higher readings can be attri-
buted to two possible causes--the additional weight provided by the missile
components and/or the partial breakdown of the cushioning material resulting
from repeated impact. The missile oomponents (wings, fins, and antenna)
weigh an approximate combined total of 50 pounds.

As was previously experienced in the first series of tests, some disagreement
existed between the results obtained from the oscilloscope and those from the
oscillograph, for the vertical axis. Also in this series of drops, as was
done in the previous series, the oscilloscope reading considered the most
accurate was used to calculate the resultant acceleration sustained by the
instrumented missile "mock-up". The following table shows the data obtained.



TABLE 1

- Method/ Drop [Vertical | axis Lat.Ax1s | Long.Axls
ientation |Number [Os "soope” [Os'gr. Os'graph | 0s'graph | Resultant
gewise/ 1 17.84 16.66 .96 2.94 18.1
d End 2 17.62 16.66 .96 1.96 17.7
Avg. 17.9
ise/ 3 18.12 15.19 .96 1.96 18.2
t End 4 18.35 16.17 .96 1.96 18.5
Avg. 18.35
rmerwise/ 5 13.36 11.27 5.73 .98 14.6
End
rwise/ 6 12.52 10.29 3.82 .98 13,2
t End

All readings are in G's. The duration of the primary shock pulse was approxi-
mately 65 milliseconds.

The container with the old closure gasket, when subjected to the 1.5 PSI
internal air pressure, did not retain the pressure. The application of a
Soapy solution indicated that the closure gasket was not sealing properly.
Various reasons ocould be attributed to the failure of the gasket to seal,
namely: damage to the seal area, cracks in the gasket, conpression set of
the gasket, cr damage to the closure latches,

The 1.5 PSI internal air pressure test conducted on the container after the
old gasket had been replaced with a new one resulted in a retention of
pressure for 1 hour without loss. Thus, indicating that a pProper seal had
been affected.

CONCLUSIONS:

it was concluded that forklift handling provisions would not be incorporated
into the modification design.

Since the final inspection of the tested container revealed no appreciable
amount of permanent damage and the results obtained from the instrumented
drop tests were less than the 25 G fragility level for the missile, it was
concluded that the modified AIM-4D container will provide adcuate shock pro-
tection for the G&C sections of the AIM-7E/E2 Sparrow missile.




To resolve the problem of the wing and fin straps becaming loose and allowing
moven  of these components, it was concluded that internal, external toothed
lock washers shall be placed between the straps and the wing nuts at all six
fastening locations on the final assembly.

Since the modified test container passed the rough handling tests, the unmodi-
fied container passed the pressure retention, and the container modified at
Hill AFB, UT passed the fit and function test, it was concluded that the modi-
fied AIM-4D container would be suitable for shipment and storage of the guidance
and control sections of the AIM-7E/E2 Sparrow missile.

REQOMMENDATIONS :

It is recommended that all container camponents found to be missing or defective
be replaced with new parts prior to shipment to the missile manufacturer's
plant. It is also recommended that a 1.5 PSI pressure retention check be con-
ducted on 100% of the containers modified to insure that all coponents seal

properly.

Since this is a modified container design and not of the optimum configuration,
it is recommended that this container design not be used for procurement of
new containers.



APPENDIX A

DESCRIPTION OF AIM-7E/E2 MISSILE
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ABSTRACT

Acontaimrconfiguratlmprqaosedtobeuseduashippimardstorage
container for the AIM-7E/E2 missile was subjected to a standard "“rough-
handling” test cycle. The container configuration consisted of a
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I. PURPOSE OF TEST: The test is intended to determine whether or not a
modi fied AT Falcon missile ocontainer with a polyethylene cushioning
suspension constitutes a satisfactory shipping and storage container for
the AIM-7E/E2 Sparrow Missile, and to determine the peak accelerations
sustained by the missile when the assembled container is tested acoording
to Method 5005 and Method 5008 of Federal Test Method Standard No.

101B, Level A protection.

II. DESCRIPTION OF TEST CONTAINER:

a. Container: The container tested was the standard aluminum AIM-4
missile container (FSN 8140-546-3527) which was modified by removing the
sheet metal cushioning pad supports in the lower half of the container and
substituting sheet metal cushioning pad supports compatible with the
polyethylene foam cushioning pads. Polyethylene cushioning pads were
substituted for the existing AIM-4 missile cushioning pads.

b. Cushioning Suspension: The shape, dimensions, and location of the
side cushion pads are 11lustrated in Sketch #1. The pads were fabricated
fram polyethylene foam having a density of two pounds/cubic foot. End
pads (not shown in Sketch #1) were composites oconsisting of polyethylene
pads, 2.0 pound per cubic foot density, and neoprene foam rubber pads which
were components of the original AIM-4 missile container. The aft pad
consisted of 1/2 inch thick polyethylene foam with a 10 inches in
diameter load distributor of 1/4 inch thick plywood and two, 1 1/2
inch thick, 8 inches long, 3 1/2 inches wide, upper and lower, neoprene
foam pads, which bore upon the container end. The nose pad consisted of
3 1/2 inches thick polyethylene foam with a 12 inches in diameter load
distributor of 1/4 inch plywood and was supported by solid neoprene
rubber blocking which bore upon the container end.

c. Missile Mock-Up Prototype: The missile “mock-up" was fabricated
in-houseardwasdesigmdtoappmodnatethegmsspxcpertiesofﬂme
AIM-7E/E2, Sparrow Missile. Weight;, length, diameter, and locatien
of the center of gravity were apprcximately those of the missila. The
"mock-up” consisted of a composite of wood, lead, and aluminum pipe.
Specifics of the prototype are: weight, 158.8 pounds; length, 80
1/4 inches; diameter, 8 inches; location of center of gravity, 47.2
inches fram the nose of the prototype.

A protective steel sleeve which is.a component part of the AIM-7
missile container was clanped about the nose of the missile prototype.

I11. INSTRUMENTATION AND TEST BQUIPMENT: Components of the acceleration
measuring system used are as follows: accelerameters, Statham Instnments,
Inc., strain gauge, model A5-50-350; instrument amplifier, Kintel,

Model 112A; Offner Dynograph osciilographic recorder, Offner Industries,
type 504A; and Hughes Mamoscope oscilloscope, Hughes Aircraft Company,
Model 105A.




Three model A5-50-350 strain gauge accelerameters were mounted in an
orthogonal triaxial configuration. The mount was located in a plane
passing thrcugh the prototype center of gravity and prrpendicular

to the longitudinal axis of the missile. Attachment of the mount
was to the inner surface of the wall of the 8 inch aiameter aluminum
pipe. One accelerameter was aligned with its sensitivity axis
oriented vertically. Two accelerareters were aligned with their
sensitivity axises oriented horizontally; one axis parallel to the
longitudinal axis of the prototype and one perpendicular to it.

Calibration of the instrumentation was effected by shunting one leg
of each strain gauge accelerometer bridge with a precision 20,000
ohm resistor to produce a voltage output directly related to the
calibration cefficient of the accelerometer. Accelerometers were
calibrated mechanically at a Standardization Laboratory.

IV. TEST PROCEIURE: One asserbled mdified AIM-4 missile container
was tested 1n accordance with Method 5005, Cornerwise Drop Test and

sustained no permanent mechanical damage. Two of the released latches

were located on the container side, and one was located on either end

of the container. The upper half of the nose pad shifted toward the

nose end of the missile approximately two inches, and the upper half

of the aft end pad shifted toward the nose end of the missile approximately
one inch. No other damage was abserved.

2



oscillograph bandwvidth to reproduce the data pulse, same disagreement
exists between the results abtained on the oscilloscope and oacillograph
for the vertical axis. For the vertical axis, the data recorded on the
oscilloscope was used in calculating the vector resultant of the triaxial
components of the acceleration, as it was considered to be the more
accurate of the two. The acceleration sustained by the missile prototype
is shown in the following table:

MTHOD/  DROF  VERIICAL AXIS VERTICAL AX1S LATERAL AXIS  LONGITUDINAL RESULTANT
ORIENTATION NUMBER (OSCILLOSCOPE) (OSCILIOGRAPH) (QSCILLOGRAPH) AXIS (OSCILLOGRAPH) OF COM-

PONENTS

Bgewise, 1 12.2G 11.4G 1.3G6 1.4G 12.4G
Nose End

2 12.2G 11.5G6 .7G 1.26 12.3G

Average 12.4G

Bigewise, 3 15.26 12.4G 1.1G6 2.0G 15.4G
Aft Bd

4 16.7G 13.8G 1.4G6 2.2G6 16.9G

Average 16.2G

Corerwise, 5 9.6G 8.1G 3.7G 2.1G 10.5G
Aft End

6 11.2G6 7.0G 3.7G 2.0G 12.0G6

Average 11.2G

Cormerwise, 7 12.5G 10.4G 4.6G 2.4G 13.6G
Nose End

8 12.7G 10.6G 4.5G 0G 13.56

Average 13.6G

The duration of the principal acceleration pulse was approximately 60
milliseconds.

VI. RECOMMENDATIONS AND CONCLUSIONS: Based on the observations that the
modified ATM-4 missile container sustained no permanent damage and that the
missile prototype sustained less than 25 G peak acceleration, it is
concluded that the modified ATM-4 missile container configuration is
suitable for use as a shipping and storage container for the AIM-TE/E2
missile.

The cushioning pads should be secured to the container to prevent shifting
of the pads.
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