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ABSTRACT

In support of the Aerospace Guidance and Metrology Center (AGMC) Ohio,
the Air Force Packaging Evaluation Agency redesigned the T-38, 19005
gyroscope displacement pack (TPO-00-077-3218) reducing its cubage by
48% and tare weight by 51%. In addition, fabrication material was
reduced by 62% and the new pack design provided for ease of packing
and unpacking the gyroscope while maintaining the 15G item fragility
protection level. A formal report including drawings, parts breakdown
and test data was coordinated with the lead service activity, Oklahoma
City Air Logistics Center, (OC-ALC/DSTP). It was recommended that the
redesigned pack be considered as a replacement to the current pack in
the packing of gyroscope models 2A and 2B.
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INTRODUCTION

In support of AGMC, Preservation and Packaging Branch, 2803 ABG/DMTP,
Newark AFS, Ohio, this agency conducted an evaluation of the T-38, 19005,
(2A) and (2B) displacement gyroscope pack to determine if the current design
could be improved by reducing its volume, weight and numerous parts, while
maintaining the required 15G protection level. Also, consideration was
given to remedy a deficiency regarding a packing and unpacking problem
encountered with the gyroscope in the current pack cited in a Product
Quality Audit Report released by AG?4C Quality Assurance,

APPROACH

The following design objectives were used in developing the redesigned pack:

1. The pack will provide the preservation and packaging levels specified
in TPO-00-077-3218, as well as provide the 15G item fragility protection
level under normal shipping, handling and storage environments.

2. The pack will be configured for ease of packing and unpacking the
gyro by its handle.

3. The pack cube and tare weight will be kept to a minimum.

4. The pack design will be kept simple, using only essential parts,
standard packaging materials and a construction method which involves no
complex cutting or difficulty in parts assembly.

5. Overall, the pack should enhance packaging economy while providing

maximum protection.

DESCRIPTION OF PACKS

The current pack consists of a reuseable doublewall fiberboard container
(I.D. 27" x 27" x 28"), two inner fiberboard containers (one the item box),
cushioned by six polyurethane foam pads. Numerous other parts, i.e., fiber-
board pads, sleeves, spacers and dunnage are employed to accommodate the
gyroscope. Packaging and preservation requirements are specified as level
A and C, in accordance with MIL-P-116. Details of the current pack are
shown in TPO-00-077-3218, Appendix A, and in Figure 4.

The redesigned pack consists of a reuseable doublewall fiberboard container
(I.D. 22 5/8" x 20 5/8" x 22 5/8"), one inner item box and six polyurethane
foam pads. Polyethylene pads are used to brace the gyroscope within the item
box. Packaging and preservation levels are equivalent to the current pack.
Details of. this pack are shown in Figures 1 and 2.

TEST LOAD

A laminated plywood test load measuring 12 1/2" x 6 1/4" x 6 1/4" and weighing
31 1/4 lbs was used to simulate the T-38 displacement gyroscope; three triaxially
mounted accelerometers were located at the center of gravity for measuring the
peak acceleration. A non-operating T-38 displacement gyroscope was used in
designing the pack configuration for ease of removing the gyro by its handle.
The T-38 gyro and test load are shown in Figure 3.

F'1



r J L Z W T: - -. X~ -- F: . -F....

INSTRUMENTATION AND EQUIPMENT

The following tnstrumentation and equipment were employed in this study:

1. Oscilloscope, 4 channel storage, Tektronix model 564-B.

2. Accelerometer, tri-axial, Endevco, Model 2228C S/N CM55.

3. Amplifier (3 each), Endevco, Model 2614C.

4. Power Supply, Endevco, Model 2622C.

5. Gaynes, Drop Tester, Model 125.

6. L.A.B. Drop Tester, Model 50-100.

7. L.A.B. Vibration Tester, Model 5000-96B.

' TEST PROCEDURES/RESULTS

Free Fall Drop Test:

The redesigned pack was subjected to a 25 inch free fall drop test (Level A)
in accordance with Federal Test Method Standard (FTMS) 101C, Method 5007.1,
Procedure B, and in addition four diagonally opposite corner drops and four
diagonally opposite edge drops. A tri-axial accelerometer was mounted at
the center of gravity of the test load to record impact shock (Gs). Following
each series of flat, edge and corner drops, the outer container was opened
to determine whether the inner container and attached polyurethane cushioning
pads remained in place or had rotated. The results of the drop test are
presented in Table I.

Vibration Test:

The redesigned pack was subjected to a two hour vibration repetitive shock
test in accordance with Method 5019.1 of FTMS lOIC. The primary purpose of
this test was to evaluate the ability of the inner container to remain in
place and to determine the durability of the cushioning pads in resisting
deterioration to their dynamic cushioning properties after repeated shock/
vibration.

RESULTS

Compared to the current pack, the redesigned pack is 48% smaller in cube,
51% lighter in tare weight, has six fewer parts (notably one inner container
rather than two) and saves 62% square footage of construction material.

The drop test results for the redesigned pack were below the 15G fragility
rating of the gyroscope; the highest shock value recorded was 14.8Gs during
the flat drop on the container side face #2. After completion of the flat
drop series, inspection within the pack revealed that the inner load sloped
one inch from the top surface of the outer container. However, further
flat drops while leaving the inner pack in this position didn't exceed
15Gs. Figure 8 depicts acceleration time curves of a typical flat, edge
and corner drop. Following completion of the shock and vibration tests,

2
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inspection within the pack revealed all parts were properly aligned.
Additional flat drops performed on the faces of the pack were satisfactorily
monitored below 15Gs, without any evidence of deterioration in the cushioning
pads' performance. Also, no apparent load shift or rotation occurred within
the inner container.

DISCUSSION

Evaluation of the current pack resulted in the following findings:

1. The size and weight of the pack was far in excess of that required
for the 15G fragility level of the gyro,

2. A second inner container, in place of blocking material to brace the
gyro, was considered unnecessary.

3. Numerous parts such as sleeves, cutout plates, dunnage, spacers, and
two inner containers rather than one significantly increase material usage,
weight and cube which directly increases fabrication and shipping cost.

4. No access provided to the gyro handle or hand space to grip the gyro
by its casing for ease of unpacking.

Prior to finalizing the configuration of the redesigned pack, other pack
designs including corner pads as well as complete encapsulation were considered
using the agency's computer program for packaging cushioning design. Promising
candidate designs identified with this program, which included various types
and grades of cushioning materials, were subjected to drop testing. However,
those packs tested either failed to meet the design objectives or didn't
performed as well as the redesigned pack. The problem encountered with the
complete encapsulation pack designs during drop tests were unusually high
peak Gs (above 24) which were much higher than those based on the computer
program analysis. This difference was found to be caused by cushion pad
size effects, e.g., the unpredictiveness of a pad's dynamic cushioning per-
formance when its surface extends beyond the impact surface of the load.
Possible alleviation of this problem would have involved extensive stress
relief cutting of the cushioning and/or an increase in the thickness of
the pads. The problem encountered with the use of corner pad designs was
excessive rotation and wedging of the inner container during the drop test.
As a result, peak shocks between 20 to 30 G's occurred prior to completing
the required number of drops.

To minimize pilferage and to insure proper packaging of the gyro, permanently
glued and hinged parts were incorporated into the design of the new pack.
Also, standard packaging materials involving no complex cutting or difficulty
in fabrication were used to make up the new pack assembly.

CONCLUSION

The redesigned pack will provide a 15G protection level as well as preservation
and packaging protection equivalent to that specified in TPO-00-077-3218.

RECOMENDATION

Recommend that the redesigned pack be adopted as a replacement to the current
pack for packaging of gyro models 2A and 2B.

3



T-38 Gyro Item #13 or 14
Displacement Case J Polyethylene Wrap
WT 31 1/2 lbs (L-P-378) or Bag
Size 6 I/4"x 6 1/4" x 12 1/4" (MIL-B-i17)

j I Item #15
4 7Gyro Bracing Forms,

23/4" Glued Within And On
The Flap Of Carton.4 2" TH, Type 1, 2 lb

-~ Density, Polyethylene~Foam, (PPP-C-1752)

1218 6 [ z~ See Detail-l For
12 1/8" 5/8-41.. Dimensions.

10-- /8"

DETAIL-I 6 1/2"

Item #4, Polyurethane Item #6 Modified
Cushioning Pads, (6 EA), RSC F/B Carton,
12" x 12" x 5", Type I, I.D. 12 3/8" x 10 3/8" x 12 1/8",
Class 2, Grade B, Full Overlap Flaps
IAW MIL-P-26514E, (Top End Only) S.W.
Glued To Carton V3C.
Surfaces

Item #1, RSC
F/B Container,
I.D. 22 5/8" x 20 5/8" x
22 5/8"1, D.W. V11C

! .

NOTES:

1. + 1/16" Tolerance.

Gross Cube: 6.54 cu, ft. 2. M (74) Foam &
Gross Wt: 48 lbs Fabric Adhesive
Protection Level: 15 Gs( Level A)ts Equal. Or

.J4 ~FIGURE 1

SKETCH-I: Proposed Redesigned T-38 Gyro Displacement
Pack (Ref. TPO-00-077-3218, OC-ALC/DSP).
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FIGURE -2
Redesigned Pack,
Outer Container and
Inner Cushioned Pack

~ FIGURE -3
T,~ T-38 Cyro and
Simulated Test
Load

5



FIG~URE -4
Current Pack Components

FIGURE -5
-~ Redesigned Pack Components
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FIGURE - 6
SPacking Configuration

of Gyro in Current
Pack (Gyro Handle is
not Accessible for Ease
of Unpacking)

FIGURE - 7
Packing Configuration of
Gyro in Redesigned Pack
(Gyro Handle is Accessible
for Ease of Unpacking)
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AMPLITUDE: 5Gs/Div
TIME BASE: 20 MSEC/DIV

x
NOTE: See Table II For Complete

y Dr~op Test Data.

X Y Z RESULTANT

1.3 0.5 12.0 12.l1Gs

z

FLAT DROP, SIDE #1

x

z X V Z RESULTANT

0 5.7 b.5 8.6Gs

EDGE DROP, 1-4

Z X _ Z RESULTANT

4.7 6.0 6.0 9.7Gs

4 R DROP 1-2-5
FIGURE 8: ACCELERATION TIME CURVES 8



ITEM CURRENT PACK REDESIGNED PACK

1. Outer F/B I.D. 22 5/8" x 20 5/8"
Container I.D. 27" x 27" x 28" x 22 5/8"

2. Lower F/B
Sleeve 1/8" x 27" x 82 3/4" Not Required

3. Upper F/B
Sleeve 1/8" x 26 3/4" x 109 3/4" Not Required

4, Polyurethane
Pads 7" x 12" x 12" (6 ea) 5" x 12" x 12" (6 ea)

5. Adhesive As Required 3M Fabric and
Foam Spray (74)

6. F/B Carton I.D. 13" x 13" x 14" I.D. 12 3/8" x 10 3/8"
x 12 1/8"

7. F/B Inserts 9/16" x 13" x 13" (2 ea) Not Required

8. F/B Liner 9/16" x 13" x 50 3/4" Not Required

9. Tape As Required As Required

10. F/B Carton ID. 7" x 7" x 13 1/2" Not Required

* 11. Bottom

Cushion 2" x 7" x 7" Not Required

12. Filler As Required Not Required

13, Wrap
(L-P-378) As Required As Required

14. Bag
" (M-B-117) 27" x 30" (For Box) 16" x 13 (For Gyro)

15. Bracing
Forms N/A 12 1/8" x 10 3/8" x 2"

(2 ea)

NOTES:

Pack
(Gross Wt) 65 lbs 48 lbs

Pack
3. (Parts) 19 ea 13 ea

TABLE I: Parts Breakdown of Current & Redesigned Packs
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IMATPEAK ACCELERATION (Gs)

'iIMPACT DURATION

SURFACE X Y Z (R) MSEC

3 (-Bottom) 1.2 0 12.5 12.6 76

1 (Top) 1.3 0.5 12.0 12.1 78

V. 2 (Frontl 1.0 14.8 0.4 14.8 66

4 (Back) 2,5 13.0 1.0 13.3 72

5 CL. Side) 10.0 0.5 2.0 10.2 70

6 CR. Side) 10.0 1.3 1.0 10.1 76

(Edges)

1-4 0 5.7 6.5 8.6 94

2-3 0.5 6,0 7.0 9.2 92

1-5 6.0 0.5 6.0 8.5 95

3-6 5.8 0 6.8 8.9 90

0* (.Corners)

1-4-5 4.7 4.0 5.0 7.9 88

2-3-6 5.0 6.0 5.0 9.3 92

1-2-5 4.7 6.0 6.0 9.7 92

3-4-6 4.0 6.0 5.0 8.8 92

2 (Front) 1  0.5 12.0 4.7 12.9 92

4 (Back)1  3.2 10.0 1.2 10.6 80

NOTES:

1. Additional drops were made on surfaces 2 and 4 to check for possible peak
acceleration resultants that might exceed !5Gs.

2. The drop test was performed in accordance with Method 5007-1, procedures
B, C, & D, 25" drops of FTMS 1OIC.

TABLE II: Drop Test Data of Redesigned TPO T-38 Gyro Pack

10
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