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FOREWORD

Several general guidance documents are in effect covering technical
information and operational airdrop requirements for military equipment.
Until recently, such information to design engineers for use during the
development cycle of an end item has been quite limited.

In the past, airdrop requirements for cm item usually were given con-
sideration after the design of the item had been cmnpleted and test pro-
totypes fabricated. This was particularly true of standard commercial
items that were procured for military uae with little or no modification.
Then, by utilizing the available provisions and structural members of the
item, supplemented by field ❑edifications which added special hardware
.xnnponents and local reinforcements, the item was adapted ~o airdrop
environment. Occasionally, the basic design of the item was such that
suitable field modifications could not be accomplished and the item wss
determined incapable of being sirdropped.

With the incrensed emphasis on mobility of militsry personnel and
equipment, the requirement for sirdrop capability of materiel must be
given greater consideration snd positive steps undertaken during the

9

design phases to insure this capability.

To meet the need for a reference publication ~ove’ringdetailed
technical airdrop design criteria, the U. S. Army Natick Laboratories have
prepared this standsrd for Department of Defense use during the development
of ❑ilitsry equipment having an airdrop requirement.

iii
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1. SCOPE

1.1 This standard defines the loading environments which items of
military materiel experience when airdropped as platform loads, specifies
essential design considerations, and establishes a method to obtain a pre-
liminary determination of the capability of items of military materiel to
vithstand ground impact forces resulting from airdrop.

2. RSPERENCED DoCUMENTS

2.1 The followfng documents,
invitation for bids or request for
to the extent specified herein.

SPECIFICATIONS

NILITARY

of the issue in effecc on the date of
proposal, form a part of.this standard

MIL-N-9884 - Noneycomb Material, Cushioning, Paper

STANDARDS

MILITARY

MIL-STD-814 - Requirements for Tiedovn, Suspension and Extraction
Provisions on Military Materiel for ‘Airdrop @

REGULATIONS

ARMY

AR 705 35 - Research and Development of Materiel - Criteria
for Air Portability and Airdrop of Materiel

(Copies of specification, standard and “regulation required by suppliers
in connection with specific procurement actions should be obtained from
the procuring activity or as directed by the contracting Officer.)

3. DEFINITIONS ....,,

3.1 The following definitions shall apply to the terms stated:

Airdrop. A movement by aircraft, wherein personnel, supplies
and equipment are unloaded In flight.

Airdrop Weight. The weight of
internal loads such as fuel, ammunition,

the item, including external
field gear or rations.

or

1
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Developing ncency. The agency of the Dcpnrtment of Defense which
is responsible for research and development of the item of mflitary materiel.

Drive on. drive off capability. Capability to drive a vehicle on
or off the energy diSBiDatF’rStdU without wing an e.xter-l Pmer sOurce.

Energv dissipater. AS used in this standard, a crushoble material
used to dissipate kinetic energy during impact.

Extinction prov?. h integral fitting on the item used for
attaching the extraction syetem.

Load Spreader. A device for increasing the bearing urea of a
concentrated load. As applied in this stondord, it may be used between
either n wheel, frame, or other umber and the energy dissipater to assure
crushing of the desired dissipater oreo.

Retardation system. A system used to retard and stabilize the
descent of an airdropped item.

Suspension provision. h integral fitting on the item for attoching
the retarontion system.

Tiedown provision. An integral fitting or part of an item for re-
straining the item to an oirdrop plittfonnor to ~hc aircraft floor using
tledown assemblies.

Tow On. tow off ‘czxmbility. Capability to tow a vehicle on and
off the energy dissipater stacks using an external power source.

ft. CENfXtALREf/UIREIISNTS

.!4.1 Cenerd. Combnt and support materiel which is airdropped to ctnn-
bat forces by parachute nndlor nasault landings shall be capable of frxnedinte
effective cmploymnt. AIIairdropped item, from the time it is loaded in the
aircraft until it is recovered on the ground, will have been subjected to a
force loading environment due to the following considerations:

(a) Restraint in the aircraft for flight safety.
(b) Deployment of the extraction systcn.
(c)” Deployment of the retardation tiystem.
(d) Deceleration nt ground impoct.

The item shall be designed to withstand the forces due “to the four condi-
tions stated herein. .

2
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5. DETAIL SEOUISEMSNTS

5.1 Tiedm.n provisions. Tiedown provisions which are used to re-
strain the materiel and prevent displacement in flight shall conform to
MIL-STD-814.

5.2 Extraction provisions. Extraction provisions which are used
for attachment of the extraction system shall conform to MIL-STD-814.

5.3 Suspension provisions. Suspension provisions which are used for
attachment of the retardation system shall conform to t!IL-STD-814.

5.4 Energy dissipater system. Each item which will be airdropped
shall be designed to accouarmdatethe current energy dissipater system in
order to provide maximum protection against damage on ground impact. The
item shall withstand a deceleration force ratio of G+l or 19.5, plus or
minus 10 percent, times its airdrop weight when decelerated from a velocity
of 28.5 feet per second to zero feet per second on ground impact, and shall
comply with the performance requirements of the applicable end item speci-
fication when airdropped with the current energy dissipater system.

5.4.1 Energy dissipater. The energy dissipater shall be paper honey-
comb, class 3 of MIL-E-98SM, expanded, double faced, 3-inch thick panel.
This material crushes ac an essentially constant dynamic crushing stress
of 6300, plus or ❑in”us900, pounds per square foot to 70 percent stiain. 9
Crushing stress rises rapidly beyond the 70 percent strain.

5.4.2 Application of enerEy dissipater. A minimum number of stacks
of the energy dissipater, based upon the total area of the dissipater material
required, tke bottom configuration of the item, and the local and over-all
structural strength of the item shall be applied. The deceleration force
of G+l or 19.5 times the item airdrop weight will be met by using 3.1 square
feet of paper honeycomb crushing area for each 1,000 pounds of item air-
drop weight and a total thickness of 12 inches of paper honeycomb composed
of 4 layers of 3 inch thick panels. The stacks shall be arranged to permit
the item to be placed on the stacks with a minimum of mechanical handling
equipment. Wherever possible, it is required that the dissipater configura-
tion for wheeledor trackeditems permit drive on, drive off, tow on, or
tow off capability.

●
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5.4.3 Preparitucener~ dissipater stacks. The layera of paper hrmey-
comb shall be glued to earh other md to the skid or platform. Uhere the
underalde of the”item in contact with the enargy diasipatar stack does not
present a flat contact surface, a wood load spreader shall be used. The
load spreader shall be of efficient thickness and size to insure fu21
crushing of the energy diesipoter stack over ita entire areo. The load
spreader shall be glued to the top of the stork.

5.6.4 Distribution of enerav diasipnter area. Consideration shall
be given to the distribution of the dissipater area on the under surface
nf ;he item as well as the total area of the energy dissipater materia2
used. The bearing area of the dissipater material neceaaary to produce 18.5
C net deceleration with built up items such as vehicles, ia less than the
under surface of the Item. The item, in these inatancea, shall withstond
the dynamic cenpressive stresses at impact and the stresses duc to the
relative mciom of the parts of the itrm.

6. TSSTS

6.1 Simulated airriropimpact test. The simulated airdrop impact
test detoiled heroin will establish the capability of the item co meet
the deceleration force and performance requirements of 5.~.

6.1.1 Initial cesta. Initial tests shall be made ulth deceleration

P

force leveIs less than the ml level specified in 5.4 while retnining a
total thickness of the honeycomb stack of 12 inches. The equations in the
Oppendix shall be wed in dete~inins the i~act “velOcitieeand the rOt~ .
areas of che energy diesipacer scucks for che force levels selected. The
developer shall select che lower deceleration force levels for the initial
cescs to preclude extensive damqe resulting co che test item.

tj.1.~ F.inlt & The requiremanc of .28.5feet per second ground
Impact velocityaspe~;i;d in 5.4 will be attained when che item is free
droppe.ifrem a height of 12.7 feet. l%is height shall be measured from
the lovesc point on che bottom of the skid or platform upon which this
item is positioned and the impcc surface. The item shall be ri8ged for
test using a skid or atandnrd platform vith predetermined number and aizea
of energy dissipater atacka, and load spreadera, if required. Figure 1
illustrates a typicnl vehicle rigged for test.. The teat shall be conducted
usins a concrete impace surface. The dissipater configuration shall be
designed to minimize rebound by placing the energy dissipater material
under rigid frame members of the itr.m. The platfona or skid shall etrike
the impact surface at an angle of not greater than 2.5 degrees in any
direction fnr airdrop results to be valid. l%e platfocm or skid must be

aPPrOx~tely parallel to the i~act surface prior to drop. The item,
nfrer impact, shall meet the perfortmencerequirements of the applicable
xnd item specification.

4
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6.1.3 Instrumentation. The developing agency shall determine the”
instrumentation to be used with the sfmulated airdrop impact test. This
instrumentation may include, but is not restricted to, high frame rate
motion pictures, strain gage engineer~ng data, and permanent deformation
data. The fcame rate for high frame rate mmtirm pictures may vary frcnn
2,000 to 4,000 frames per setond.

7. No’2SS

7.1 Engineering assistance. The U. S. Army Natick.Laboratories,
Natikk, wss. , till provide engineering assistance on the use of this standard.

7.2 Simulated airdrop impact test. The developing agency will specify
vhether the impact test will be performed at contractor or govetument
facility.

7.3 APproval of airdrop provisions. The developing agency shall

approve the location and number of the airdrop provisions specified in
5.1, 5.2 and 5.3.

7.4 Item design antienergy dissipater configuration. The final energy
dissipater configuration for items which are to be airdropped is established,
presently. during the service test phase of the item devel~nt tycle.
Deeign changes, at this point, are expensive and time consuming. Considera-
tion should be given on the use of energy dissipaters early in the develop-
ment cycle. l’hiswill insure that the fina2 end item desigd will meet the.
:equired iu@act forces.

Cuatodians: Preparing activity:

- - CL
Air Force - 11

Nevlew activities:

Army - AV
Nr Force - 11, 82

User activities:

- -AT*SL
Navy - AS

Amy-GL

Project No. 1670-0223

.,

.;
..
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10. SNsEcY

APPeNoIx

DISSIPATER wNP2cIJEAT208 DESIGN f’@IATZ@JS.

10.1 Purpose. l’hisappendix lists the equations to ca.lcubte the

vahtcc required co design energy dissipater configurotims and to obtain
data for ground impact tccts.

10.2 fqwtim to determine tota2 enersy dimsipacer area -Cessav

to sustain a specified decelerating force level.

A- ~
Sn

A- energy dissipater area (sq. ft.)

W- test itcm weight (lbs.)

Sn- average dynamic crushing stress of dissipater
materials (lbs./sq.ft.)

C- number of g’s deceleration

The decelerating force level is the product of the ic~ weight &’) ad the
number of g’s deceleration plus 1 (&l).

10.3 Equation to dete~ne @act velO~tY ‘or ‘Pecif‘c ‘ecelerati~ “
force level.

V-

V-

8-

G=

E-

t-

1“==.
i~act velocity (ft/r.ec)

ncceleracion due tO 6ra~tY

number of g’e deceleratim

(32.2 ft./sec.2)

material thic-ss efficiency (O.7)

thickness of energy dissipater stark (ft.)

6
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10.4 Equation to determine free
specific velocity cm ground impact.

h.vz

z

MIL-STO-6691j
9 August 1968 “e

drop height necessary to develop ‘

h = free drop height (ft)

V - desired fmpact velocity (ft/see)

g = acceleration due to gravity (32.2 ft/sec2)

10.5 Final G deceleration value. The final design ‘value for C value
shall be 18.5. This value is based upon the desired maximum dissipater
stack height of 12 inches and the results of an investigateion of standard
military vehicles undergoin~ tests specified herein. It was observed
that military vehicles which met the requirements.of the tests specified
herein were successfully airdropped.

10.6 Sample calculations.

10.6.1 Case I. Assume that the desired deceleration force level
during an initial simulated airdrop test shall not exceed 10 g“s. The
calculations to determine the area of the energy dissipater, the impact
velocity, and the drop height to attain results with the specified de-
celeration force level shall be as specified herein. .

10.6.1.1 Calculation of area of energy dissipater required.

A = W((&l)
.—

Sa

Given:

W = 30,000 lbs

Sa = 63OO lbs/sq.ft.

G = 10 g’s

A - 30,000 (l&l)

6300

A = 52.4 sq. ft.

7
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lttetotal area of
55 square feet.

energy dissipater to be dtitributed ,ynde; the item i.e

10.6.1.2 Ca3cu2ntion of @act veloc2ty neceasarg co preclude ex-
r.cedingtbe 70 percent strain of 1 foot high dissipater stack.

V-ret

Given :

a-

c-

E-

t-

v-

v-

Vo

32.2 ftleec.z

10 g’e

.7

1 ft.

/2 (32.2 (10) (.7) (1)

m
21.45 ft.lsec.

me impact velocity necessnrg to preclude exceeding the 70 percent strain
on the 1 foot high dissipater ntack is 21.45 feet per setmd.

10.6.1.3 Calculation of drop height.

Given :

V - 21.45 ft. tsec.

g - 32.2 ft. /sec.2

h - 422.65)2
2 (32.2)

b - 7.15 ft.

The drop height for the item m the cud or Pl~tfO~.s~ ~ 7.13 ‘=t-. .

8
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10.6.1.4 All?dlysis.’The item which weighs 30;000 pounds, if positioned
on a skid or platfom with energy dissipater in stacks of 1 foot“In height
and total surface area of 55 square feet, and dropped frcnua height of 7.15
feet will experience a deceleration force of 10 g’a. The Impact velocity
at ground impact will be 21.45 feet per second.

.

10.6.2 Case II. Calculation of final energy dissipater configuration
shall be as specified herein.

10.6.2.1 Calculation of area of energy dissipater required with
standard deceleration force level.

A- W(G~l) .
Sa

Given:

W - 30,000 lbs.

G - 18.5 g’s

Sa - 6,300 lbs./sq. ft.

A - (30,000) (18.5 ~ 1)

6300 ,
9

A = 92.9 sq. ft.

The total area of the energy dissipater to be distributed under the item
is 92.9 square feet.

With

10.6.2.2 Calculation
Standard deceleration

V.yw

Given:

of height of energy dissipater stacks required
force level.

V - 28.5 ft.lsec.

g = 32.2 ft.lsec.2

G - 18.5 g’e

E-.7

9
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._. —

28.5 - V2 (32.2) (18.5) (.7)t ‘

t - .98 ft.

The height of the energy dissipater sta~ sbnll be 1 foot.

10.6.2.3 Calculation of drw beigbt.

b-$

Civcn :

V - 28.5 ft. /eec.

g - 32.2 ft. /eec.2

h - J21f.5)2
(2) 32.2

b - 12.6 ft.

The drop height shall be 12.6 feet.

10.6.2.4 hdySiS. h itcm which ua=isbe30,000 PO~ t if P~iti~

on a skid or platform with energy dissipaters in.starks of 1 foot in height
and total atirface area of 97.5 squcre feet, and dropped from a height of “
12.6 feet V121 experience o deceleratim force of 18.5 g’s. The impact
velocity at ground impact will be 28.5 feet per second.

10.6.2.5 SLGUMry. The energ7 disc$ipaterconfiguration based UPOO

cbe cclrulationc for Cace II will suetain the itcm for the enti~m
experienced in airdcop.

10
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