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FOREW(RD t
: A study is currently being conducted as Task 08, "System for .

Rapid Preparation of Airdrop Loads" under DA Project No, 1F162203D195,
The purpose of this study is to evaluate the basic functions and
equipment for preparation of airdrop loads from an overall point of
view with particular emphasis on simplification, and time and cost
reduction. The initial general analysis identified a number of

i problem areas requiring detailed studies. One of these studies resulted
in the modular honeycomb concept for energy dissipating which is
described in this report.
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ABSTRACT

Current studies aimed at simplification of the preparation of
loads for delivery by airdror have resulted in a concept for a simrlified
method of preraring the honeycomb cushioning system. This concept
employs a small number of standard size honeycomb modules which can be used
as "building blocks'" to construct the many different sized stacks employed
in current rigging procedures. Analysis and limited testing indicate that
it would be feasible to use five standard size modules of honeycomb
to rig practically all airdror loads.
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MODULAR HONEYCOMB CONCEPT FOR PREPARATION OF LOADS

; FOR DELIVERY BY AIRDROP E

INTRODUCT LON

i All aspects of the present system for preparation and retrieval
of supplies and equipment delivered by airdrop is being studied currently E
: in an effort to simplify and optimize this phase of an airborne operation. E
: Several specific problem areas have been identified on which derivative
studies have been conducted. The study reported here is directed toward
simplifying “he preparation of honeycomb cushioning for platform loads.

The present system for airdropping heavy equipment (vehicles and : E
weapons) uses paper honeycomb to dissipate energy at ground impact. The
v honeycomb is placed between the airdrop platform an¢ the item being
- de.ivered. This cushioning system 1is composed of 3 number of stacks of
. various sizes positioned at various locations beneath the item being
dropped. The stacks are constructed by gluing layers of 3-inch-thick
honeveomb cut to the required size. The stack dimersions are tailored to
the individual item being dropped, and are built from pieces of honeycomb
cut from large sheets (3' x §'),

AT VrR)

A woduiar concept was cdeveloped which employs a small! number of precut
tiocks of standard sizes, which are assembled in a fashion similar to
laying bricks, to construct stacks having overall dimensions equal to or
very close to the current stack dimensions (Fig 1). This eliminates : 3
cutting of honeycomb, simplifies the procedures for constructing the
cushioning svstem, and offers alditional potential logistic advantages,

SELECTIN OF MODUJAT SIZES

An initial analysis was conducted on the most common airdrop platform
' ; loads. Seven items were selected which constitute 80% or more of all

- vehicle drops. It was found that 25 d.fferent sizes of honeycomb were
L used to rig these seven items. Studies were then conducted to determine
the optimum number and size of mcdules from which the 25 sizes could be
const-ucted. Various combinations of size and number of modules were
evaluated considering individual stack dimensions and area, total area
of rigged load, total volume of honeycomb, and perimeter to area
relationship. Sizes for the honeycomb modules were also selected to
insure staggering of seams in successive layers, and for ease of handling.
Results of this study indicated that it would be feasible to employ
5 modules (6" x 12", 12" x 12", 12" x 15", 12" x 24", 12" x 36"). The
difference in area between the modular stacks and the standard stacks
wvas 5% or less for 80% of the stacks. Since the manufacturing tolerances
on paper honeycomb permi: a variation of crushing stress of approximately
+ 14%, the difference in area between modular stacks and standard stacks
should be acceptable.
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Table 1 shows the items considered with a breakdown of the number
of different sizes cf honeycomb used to rig each vehicle and the total
number of pieces of honeycomb. The last two cclumns show the number of
different modular sizes and total number of pleces when using the
proposed new system,

As shown on Table I, the total number of different sizes of
honeycomb can be reduced from 25 to 5 while the total number of pieces
employed wauld be approximately double. Assembly of modular stacks
from precut sizes will be simpler and faster than cutting every piece
for each stack and then assembling them even ithough the total number of
modules is approximately twice the total number of standard pieces.
Alternatively, precutting 25 sizes compared to five sizes would not be
as efficient and would not be flexible since the sizes required for any
particular vehicle/load are not necessarily the same as those fur
another itew. The five modular sizes are used to construct stacks for
all loads.

TARLE 1

Comparisgon of Honaycomb Requiremente of Present Standard and Proposed Modular Stacke

Standard Proposed Modular
Item No. of DIff, Total Numder of No. of Diff. Totsl Number of
Sisan Placer Stizes Pieces

1/& Ton Truck 4 39 4 57
1/4 Ton Tratler 1 18 2 36
3/4& Toa Truck 10 50 s 108
3/4 Ton Tratlex ] 43 & 1%
H274& (Mech Mulae) 10 30 3 $2
10Smam BovicCser 2 14 2 62
2 1/2 Ten Truck 13 77 5 150

Totals 25 272 ) s46

3
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DETAIL STACK CONSTRIICT ION

The 25 required stark sizes as specified in current Army Technical
Manuals for seven ‘outna airdrop {teus are sliovm in Table 1I, The
resultant stack sizc constructed from the tive proposed basic modules
is also shown with a detuiled breakdewn of the modules used, The
difference {in area (percent) between the two is ulso shown, Some of
the currant cnshioning ecystems employ pieces of honeycomb to connect
tw « satacks, These pieces are common to the two stacks and epan the
gap (distance) between the individual atecks in a bridge-like manner,

The constructior of thcse bridges requires a modification to the
basic construction shown {n Table lI, This {e necessary becauge of the
unsupported length of the bridges. lowever, a1) cof the bridges required

for the coumon airdrop items can be constructed from the same five modules,

Pigure 2 1llustrates the construcvion of thesc bridges, 7he unsupported
area i{s deplcted to show that che modules can accommodate the various
spans and muintain structural integrity,
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13
: Some of the larger size stacks can be constructed in more than
: z one manner from the 5 proposed modules. This is illustrated in Figure 3.
g. : The construction of stacks in all of the tables in the report are based
HA on using the largest sizes. This is considered as the preferred method
; é since it results in a minimum number of total pieces. The location of
; the individual modules is varied in successive layers to stagger the
i geams as in laying bricks. This provides a more stable construction
g | than laying like modules on top of another,
L
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AREA AND VOLUME CONSIDERATIONS

The total surface area of thr: honeycomb used is of equal, or greater
importance, than the area of the individual stacks of honeycomb. The
individual stack dimensions distribute the total load in varying
magnitudes to different points of the structure of the item being drorped.
The total area determines the ovevall deceleration of the item and the
tota: load and energy to be dissipated by the honeycomb stacks. Table IIl
shows the total surface area for the seven considered items using
standard stacks and modular stacks., The difference in all cases except
one (1/4 ton truck) is less than 5%. The 1/4 ton truck presently uses
a number of pieces of small honeycomb (6" x ") in the uppermost 3
layers of one stack. This piece accounts for the large difference in
the total area. However, since the dissipation of energy is not controlled
entirely by the uppermost layer:, the difference in energy dissipation
of the modular stacks will not necessarily be equal tc the difference
in area, If re-design of the entire cushioning systew (based upon the
modular sizes) cannot be accomplished, the 6" x 8" size could be cut
from a modular piece for this one load.

Table III also shows the total volume of honeycowb used in both tne
conventional stacks and the modular stacks, The total volume is also an
indicator of the energy dissipating characteristics of the cushioning
system, as well as a basic factor concerning cost of raw material,

TABLE 111

Totsl Ares snd Volume of Mnadular Honeycomb Bracks Compecsd t9 Standard Stacke

Tocal furface Ares Totsl Yolume gf Nensycomd
(Las) (4n"}
Itanm ftandard Proposed Parcunt ftandard | Proposad Pargent
o Differance ‘Dlluunu
1/4 Ten Truck ase 1182 10.4° 72,996 27,440 1,47
Illl Ton Trallsr 1008 1008 0.0 27,21 27,216 0.0
3/4 Ton Truck 2264 2282 n.4 18,478 76,224 0.3)
3/& Ton Tratler 1£AR 1312 t.6 44,100 4é,742 1,44
M274 (Mach Mula) 1100 11482 4.7 28,412 dr,21e 4,55
10Sem Howiteer 12986 1796 0.0 35,878 3,576 [, ]
2 1/2 Ton Truck $3%2 $328 0.4 114,480 113,994 .40

*“By cutting ons sfse (6" x A”) {netead of using stendard wodular afre of 6" x 12", thie diffarence
would be only 8.12.
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Construction of large area stacks from smaller unit sizes will result
in a large perimeter. The edge effects of built-up staggered stack: hawve .
not been evaluated. However, an analysis was conducted to determine
the ratio of the perimeter to area for the seven items, The maximum
difference per stack between standard and modular stacks was found to be
(1,167 (Table A-6, Appendix), Although adequate Jati are not available
to determine whether a critical difference exists between the perimeter/
area ratios, the limited testing conducted to date indicates that the
magnitude of the differences between conventional and proposed stacks
will not be detriwental.

POTENTIAL OF CONCEPT FOR UNIVERSAL APPLICATION

The most common vehicular type airdrop load: were selected for the
initial analysis to determine if the modular concept was feasible. Also,
it was felt that if this concept were applied only to these common items,
it would still providz a significant improvement in preparation of airdrop
loads since the selected items represent more than 80 perrent of all
vehicle-type alrdrops. The favorable results of this analysis prompted
a second analysis to determine if the modular conercjt had potential for
more universal application,

This second analysi{s conasfdered 31 different {tems selec’ed ar
random, These items are ligted in Table A-4 in the Appendix. This study
was limited to the individual stack construction only, and did net include
total area, total veolume or perimeter/area ratio determinations.

The 31 items selected requive 66 different alzes of honeycomb for
construction of the atacks, These 86 alzes can be closely approximated
by only five modular sizes with &) percent of the modular stacks within
10 percent of the current stack areas. The detalled construction of the
86 various aize atacks connidered {n the mecond annlysis {5 shown {n
Table A=5, Appendix,

Thils second study resulted {n tour of the wodules {dentical to
those {n the initial analysis. The f£i{£th module was changed from
12" x 15" to 6" x 15" to accommodate a gruater variety of atack uizcs,
A more detailled study of the exact requirements for each cushioning
syastem with specinl attentlon to poesible minor changes in {ndividua)
atack dimensions togethtier with additional testing will Le required for
final determination of optimum number and aize of modules, Additionally,
ft {a felt that it would be more degirabls to first select four or five
basic sizes based on this study, and then design cushioning aystams
utilizing the basic predatermined mndular sfzes,

RESULTS 0¥ LABORATORY TEST

Preliminary testing was conducted uwing & dynamic impact test
fucility, Only two aizes of stacks were used, 12" x 12" and 16" x 1K', '
The capacity of the test equipment limited the max{mum sfze of the
test atack, A total of 10 teats were performed with the convent fonn)
conerructfon and 15 tente utilizing modular conntryction, The may{mum '

o o o o o o . i ____ I
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difference in crushing stress was five percent. Table IV shows the

: results of the tests and the perimeter/area ratio for the test stacks.
F The maximum difference in this ratio (between modular and conventional
i type stacks) for the test specimens was greater tnan the maximum
difference in any of the proposed modular stacks for the seven commnn
airdrop items investigated.

e O P b

H TARLE 17

H Dynsric Ccushing Test of Sacple Modular Honeycozb Stacks

? Medule Percent Changpe Perimeter 10
Srack Sive Slreln) {n Streea * Area Ratio Uitference
: 12512 1Ty 12 0.3
£ 12 x 12 6 x12 0.7 0.500 0.167
: 16 x te 15y 18 0.235
: 1 ox 1y 9 ¥ la/mx 1n O 5.0 0.347/0.111 C.111/0.07%
i i x e 6 thrm oy 1n S 0.3 0,uSk/0,36) 0.222/0.125
® Average of 5 temn
- A Alternate layrra In otack
All atacke 127 thirk
CONCLUSTONS
5 Kegults of studies to date indicate that {t is entirely feasible
. ] to rig afrdrop loads using a small number of precut modular sizes of
: honeyconb to construct the stacks vequired for energy dissipation at
: ground fmpaect, VFive modular mizes appear to offer the beat potential
: for minimum number of total pleces, acceptable handling, and structural '
: inteprity of stacks, :
; Reedesign of honeycomb cushioning systems bascd upon the modular
. coneept would optimfze this type construectfon and posaibly reduce the
: number of modular sizes requived,
; In addition, the smaller size modules offer better potential for
i development of practical field expansfon of honeycomb than the present
o Yapge phectin,
i :
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RECOMMENDAT IONS

a, Conduct further testing of concept using actual rigged loads.
Tests should first be st i~ drop tests and then actual airdrops.

b, Evaluate human factors aspects employing Army riggers and
standard airdrop loads with modular honeycomb.

c. Conduct cost analysis considering impact on production,
storage and preparation of loads for airdrop.

d. Investigate feasibility of re-design of present honeycomb
configuration to optimize the use of modular construction,

e, Investigate the feasibility of using 6 inch thieck modules in
lieu of the present 3 inch thickness honeycomb to further reduce the
total number of pieces required for rigging.
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25.
26,
27,
25,
29.
30,
3,

TABLE A-4 LIST OF LGADS

1/4 Ton Utilivy Truck

M37 Cargo

MIO1 3/4 Ton Cargo Trailer

M&10 1/4 Ton Cargo Trailer

105mm Howitzer

M34-M35 2 1/2 Ton Truck

Full Tracked Tractors

M56 Self Projelled Full Track 90mm Gun
M22 Road Grader

AC4 Road Rollers

7+35 Ton Road Rollers

Road Seraper

I 1/2 Ton 2 Wheeled Trailers

M274 1/2 Ton &4 x 4

3/4 Ton 4 x b Emcrgency Repalr Shop Truck
Caterpillar 93 Bucket loader

7 1on Airborne Crane

Water Purification - Traller Mourted
J15mm Rocket System

2 1/2 Ton Pole Tyre Utility Trailer
M220 Road Grader

Tracked Personne’l/Carge Carrier
Trailer Mounted Alr Comrressor

7 1/2 Cubic Yard Scrayer

Industrial Wheel Tractor

M26, M29

ENTAC MISSTLE SYSTEM

M&5, AM Scoop Type Loader

M114 Armored

Trailer Mounted Generator Set

A/S 32/4-12
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Table A-6, FPerimeter to Area Ratio Comparison

Kat 1o
Stack Standard wodalar |
Item Number Stack S1ack Difference
1/4 Ton Truck 1 0,211 .333 G.122
2 1.583 0,583 0.000
3 0.333 0,333 i (0,000
| |
1/6 Ton Trailer 1 0,214 0,262 i 0, 0w ;
i i
2 0,204 LY ' 04N E
|
3/64 Yon Truek 1), &5 oahn \ (0,0 I
0.204 CLiin 0076
] 1,264 0,307 0,043 i
3 (+, 333 0,257 0, 1n i
4 0,217 0,269 0L, ;
3/6 Ton Yrafler 1 U,24¢ 0,772 O, 00
7 0,333 6,33} ot
3 0,229 (0, 34hm 0,119
4 U,229 0, Ypm 0,19
M2 704 Mech 14w ) 0,166 L7200 (O, Omn
2 0, 1hb 0, 7% 0, Okl
3 0,31} O, H00 0,167
d 0,%)) v, N A 007
3u



Table A-6 Cont'd)

I Ratio
. Stack Standard Modu! ar
Item Number Stack Stack Differcnce
105mm Howitzer 1 0,167 G.315 C.14s
2 0.167 0.315 C.14%
2 1/2 Ton Truck 1 0.250 0,250 0.000
2 .333 3.333 { o
3 0.159 3,265 ' ( 76
4 0,189 0.263 : 0,076 !
:r 5 0,233 3.300 | 0,007
€ 0,233 0,309 0,067
! 7 0,222 1,222 G.000
) | o} 1,278 1. 359 0.111
I 9 1.278 | 0.3%9 0.11i
i 10 - 13 0,250 ! U250 | ©.000
| i
¢
'
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