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PREFACE

Each of us has experienced the disappointment, frustration, or hostility of opening a package only to dis-
cover the contents is unserviceable because of faulty packaging. We have the luxury of time to exchange the
damaged item for a serviceable one. The soldier in the field is not afforded this luxury—the item he unpacks
must be serviceable if the unit’s mission is to be accomplished. Accordingly, this handbook is a guide for the
design of adequate—not *‘gold-plated”—containers for missiles and rockets. The data are based on years of ex-
perience dating back to the CORPORAL rocket by the designers of missiles and rockets. In fact, this hand-
book is a revision, for publication in the Engineering Design Handbook series, of an in-house guide prepared
by the US Army Missile Command. Engineers are encouraged to make maximum use of this container engi-
neering guide to ensure adequate packaging for missiles and rockets.

The US Army DARCOM policy is to release these Engineering Design Handbooks in accordance with
DOD Directive 7230.7, 18 September 1973. Procedures for acquiring Handbooks follow:

a. All Department of Army (DA) activities that have a need for Handbooks should submit their request
on an official requisition form (DA Form 17, 17 January 1970) directly to:

Commander

Letterkenny Army Depot
ATTN: SDSLE-SAAD
Chambersburg, PA 17201.

“Need to know” justification must accompany requests for classified Handbooks. DA activities will not requisi-
tion Handbooks for further free distribution.

b. DOD, Navy, Air Force, Marine Corps, nonmilitary Government agencies, contractors, private in-
dustry, individuals, and others-——who are registered with the Defense Technical Information Center (DTIC)
and have a National Technical Information Service (NTIS) deposit account—may obtain Handbooks from:

Defense Technical Information Center
Cameron Station
Alexandria, VA 22314.

c. Requestors, not part of DA nor registered with the DTIC, may purchase unclassified Handbooks from:

National Technical Information Service
Department of Commerce
Springfield, Va 22161.

Comments and suggestions on this Handbook are welcome and should be directed to:

US Army Materiel Development and Readiness Command
5001 Eisenhower Avenue
Alexandria, VA 22333.

DA Form 2028, Recommended Changes to Publications, which is available through normal publication supply
channels, may be used for comments/suggestions.

Xv
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CHAPTER 1
PRINCIPLES OF MILITARY CONTAINER DESIGN

The degree of protection provided by a container is dependent upon its components and their performance when functioning col-
lectively. The challenge to the designer lies in the selection of the type and amount of matenials, which when assembled according
to scientific principles, will perform both effectively and efficiently within the pertinent operating environment. The contents of
this chapter are oriented toward the provision of essential definitions, instructions, and reference data useful in establishing the
basic design requirements for the working mechanical components of a container.

1-0 LIST OF SYMBOLS

A = area under curve of shock pulse, ft?
a = maximum allowable acceleration object
can safely withstand, ft/s?
d = minimum deflection, in.
= distance of travel, in.
d, = available displacement at hard bottom-
ing for tangentially elastic cushioning, in.
d» = minimum displacement for tangentially
elastic cushioning, in.
f = forced frequency, Hz
f» = approximate natural frequency, Hz

F = force of impact, Ib
g = acceleration due to gravity, ft/s?
G = acceleration, g-units

Gm = fragility factor, g-units

G-factor of container as designed, g-units

drop height, in.

= spring constant, Ib/in.

= mass of container, lbes?/ft (slug)

= f/fa, dimensionless

= rate of travel, length/time

= time interval required to dissipate force, s

= shock-rise time, ms

= time,s

deceleration time, ms

maximum shock-rise time, ms

V = velocity of container at moment of
impact, ft/s

W = weight, b

1-1 FRAGILITY

The level of protection required of a container is
dictated by the characteristics of the object to be pro-
tected and the environment in which the container
must operate. Of prime import to container design is
the characteristic of fragility. This relates to the abil-
ity of an object to withstand the effects of externally
applied forces. The term fragility pertains to the sen-
sitivity of the object to damage and alludes to its de-
gree of inherent elasticity.

- D I x>

1-2 THE G,-FACTOR

The basis for the measurement of fragility is the
Gn-factor; a dimensionless ratio of the maximum
acceleration that an object can safely withstand to
the acceleration due to gravity:

Gm = a/g, g-units (1-1)

where
maximum allowable acceleration
an object can safely withstand, ft/s

g = acceleration due to gravity, 32 ft/s%
At present, there are no suitable analytical tech-
niques for determining G,,. Since G,, is a nebulous
number, it appears that duplication of the impact en-
vironment is probably the best way to determine a
value for G,..

Prior to conducting costly, time-consuming, de-
structive tests, it may be more practical to apply the
“educated guess” technique. Table 1-1 may be used
as a guide to assist in establishing a fragility level
where the Gn-factor of the item is not known. An
item with a low Gn-factor is considered fragile; one
with a high G,-factor is considered rugged. The G,,-
factor often is provided by the manufacturer of the
item to be protected. When this value is not known,
the table may serve as an approximate guide; how-
ever, it should never be considered a substitute for
test information.

Essentially, the G,-factor is a measure of item
elasticity, i.e., its inherent capacity to retain or re-
cover its shape upon or after the application of a dis-
torting force. If the distorting force is in excess of the
Gmp-factor of the item, the elastic limit of the item
may be exceeded and result in permanent distortion
and possible failure. The function of the container is
to attenuate—to a level equal to or less than the criti-
cal G-factor of the item to be protected—the forces
transmitted to its contents. The magnitude of these
forces and their duration constitute the hazard, and
it is these forces with which the designer is most con-
cerned.

N
I

2

1-1
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TABLE 1-1
APPROXIMATE FRAGILITY OF TYPICAL
PACKAGED ARTICLES

Extremely Fragile

Missile guidance systems, precision

INSITUMENtS .. .cvvvvvrnnnnnnnns 15<G,, <25
Very Delicate

Mechanically shock-mounted instru-

ments and electronic equipment .... 25<G,, <40
Delicate

Aircraft accessories and other elec-

trically operated equipment ......... 40<G,, <60

Moderately Delicate
Television receivers and components 60< G,, <85

Moderately Rugged

Applances,etc. .................. 85< G, <115
Rugged
Machinery, weldments, etc. ............. G2 115

1-3 IMPACT SHOCK

The most critical of externally applied forces im-
posed upon the container is that of shock. Shock oc-
curs when the container is subjected to a suddenly
applied force. The most severe shock is generally that
which occurs when the container is dropped upon a
rigid surface. This may be expected when the con-
tainer is dropped freely, for example, from a truck
onto a loading platform.

The principal methods of investigating shock
phenomena in use today are (1) analytical calcula-
tions, and (2) physical testing. Analytical calcula-
tions are used primarily as a starting point. Beyond
this point, most problems involve calculations so
complex that it is impractical to pursue this ap-
proach—after extended calculations, the results are
at best only approximate. The majority of impact-
shock problems can be solved most economically by
physical testing; however, in order to obtain a suit-
able test specimen or prototype, the design procedure
must begin with analytical calculations.

Impact shock results when a container is dropped
through a vertical distance onto a relatively nonresil-
ient surface. In practice it is impossible to predict im-
pact conditions because the container will not im-
pinge on a surface in exactly the same manner each
time it is dropped; consequently, any assessment of
shock experienced by the container is at best approx-
imate.

To simulate and subject the test specimen to the
most critical condition of impact, the testing of mili-

1-2

tary containers normally is performed with the test
specimen impinging upon a concrete slab having sig-
nificant shock-mitigating characteristics. This quali-
fication criterion establishes a design parameter af-
fecting the analytical calculations.

The maximum impact force imposed upon the
free-falling container is dependent upon the deflec-
tion experienced by either or both impacting bodies.
Since the impacting surface has been established as
having insignificant shock-mitigating characteristics,
it can be assumed that any deflection will be experi-
enced only by the container. The impact force
(shock) imposed upon the container will depend
upon the amount of deflection necessary to bring the
container to rest; the smaller the deflection, the
larger will be the impact force.

To determine the magnitude of an impact force,
the kinetic energy of the container at the instant im-
mediately preceding impact must be calculated. This
kinetic energy (inch-pound units) is equal to.the po-
tential energy of the container before it is dropped,
which in turn is equal to the weight of the container
(pounds) multiplied by the vertical distance (inches)
through which it is dropped. To bring the container
to rest after impact, the container must absorb all of
the kinetic energy KE developed by the fall. (Note:
Within the scope of this handbook, it is assumed that
the concrete impact surface functions as a rigid, non-
resilient barrier and as such absorbs no energy.) The
function of the container is to absorb this energy by
distortion and/or recoverable deflection. Crushing of
the container body or flexing of a resilient suspension
system provides physical displacement of a mass
through a distance in a specific time. The physical
relationship which defines this contention is ex-
pressed as:

Ft=mV,1b-s (1-2)
where
F = force of impact, Ib
¢t = time interval required to dissipate
the force F, s
m = mass of the container, 1b-s?/ft
(slug)
V' = velocity of the container at moment
of impact, ft/s.

The product mV, the momentum of the container,
is independent of the nature of the impact surface. It
is apparent from Eq. 1-2 that the product Ft must be
the same whether the impact surface is hard or soft;
and the smaller the ¢, the greater will be F.

(Note: When calculating the shock imposed upon
a packaged item—using either an elastomeric, me-




DARCOM-P 706-298

chanical, or bulk cushioning system—the weight of
the container does not enter into any of the calcula-
tions provided two assumptions are made:
a. Container impinges on a nonresilient surface.
b. Container is considered to be a rigid body.

Only the weight of the item and the spring constant
of the suspension system influence the shock trans-
mitted to the item. For this reason, a suspension sys-
tem can be designed to provide protection to an item
before a container body or shell is designed.)

Accordingly, when an object is stopped in a very
short time, such as when it strikes a hard surface, the
force developed is very large. Consequently, any ref-
erence to the magnitude of impact in G’s (G = F/W)
must necessarily include a time factor; otherwise,
this ratio G or indication of applied force cannot be
correlated to any impact damage criterion (Gp-
factor). Shock therefore can be described as the dis-
turbance produced by a suddenly applied force in the
form of a complex pulse that can be described com-
pletely only by a Fourier analysis. In container de-
sign, it will suffice to describe shock by its amplitude
in G’s and its duration in milliseconds.

1-4 SHOCK PULSE

The result of an impact is a shock pulse comprised
of a combination of superimposed responses in the
form of a complex wave. Since it is difficult to de-
scribe the shock wave in detail, the pulse is charac-
terized by its peak amplitude in G-units (accelera-
tion) and its time duration in milliseconds.

Impact on a hard surface produces shock pulses of
a large amplitude but brief duration; impact on soft
surfaces produces low-amplitude shock pulses of long
duration (see Fig. 1-1). The area A4, under the curve
of a shock pulse is the energy of impact which is im-
posed upon the container. If the amplitude of the
shock pulse in G’s produces a shock in excess of the
critical fragility factor Gm, the impact results in fail-
ure. If the total energy is distributed over a greater
time base, the container will be subjected to a shock
falling within its ability to absorb. This is illustrated
by Fig. 1-2.

1-5 PULSE DURATION

The time base of the shock pulse wave is the pulse
duration. Fig. 1-3 graphically depicts the reaction of
a container to impact. The impact force, generated
by the free fall, builds up from a value of zero at the
instant of impact to a maximum value upon final ar-
rest. The time consumed by deceleration of the con-
tainer is the shock-rise time and represents the dura-
tion of deflection experienced as the result of impact.

Impact on Hard Surface

Impact on Soft Surface.

Acceleration g

Time ——

Figure 1-1. Impact Shock Pulse

The balance of the pulse duration is referred to as
the shock-decay time and reflects upon the resiliency
of the container (or suspension system) and its abil-
ity to recover.

The shock-rise time is dependent upon the yielding
mass and is a function of its compressibility and elas-
ticity. Other factors affecting shock-rise time include
the resiliency of the impact surface and the extent of
contact area which may be a flat or curved surface,
an edge, or a point. Data relating to shock-rise time
have been determined for a variety of conditions by
careful instrumentation and are included in Table
1-2 to assist in the analytical design process. The im-
portance of the shock-rise time and the ability of the
designer to manipulate its value cannot be over em-
phasized since this constitutes the means by which
shock loads are mitigated and is the basis of contain-
er technology. Subsequent chapters will present data
and describe techniques to permit the selection of a
material and/or design which will provide the
shock-rise time necessary to mitigate the imposed
shock G to within the fragility level G,, of the con-
tainer and its contents.

1-6 G’s DEVELOPED BY FREE-FALL
IMPACT

Shock damage is caused by acceleration torces de-
veloped during impact. These forces can be mea-
sured by accelerometers and associated instrumenta-

1-3
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Gm =30, A, = A, ie., (KE), = (KE),

04— ———— —— —

Time

(B) Failure Does Not Occur

Figure 1-2. Shock Pulse and the Critical Fragility Level

304— —— —_
201 A]
(L)
10 -
0
Time
(A) Failure Occurs
Shock-Rise Time
Decay Time
/ i /
Peak
Q \ Acceleration
Pulse Duration Time
Figure 1-3. Shock Rise and Decay

TABLE 1-2
TYPICAL VALUES FOR SHOCK-RISE TIME

Flat Face Point
Contact, Contact,
Condition ms ms
Rigid Steel against Con-
crete 1 2
Rigid Steel against
Wood or Mastic 2-3 5-6
Steel or Aluminum
against Compact
Earth 2-4 6-8
Steel or Aluminium
against Sand 5-6 15
Product Case against
Mud 15 20
Product Case against
1-in. Felt 20 30

1-4

tion; however, this is a costly procedure and is de-
pendent upon the availability of a test specimen. For
the analytical computations pertinent to the design of
a prototype, useful values for maximum acceleration
can be computed from the shock-rise time and drop
height by Eq. 1-3.

G = 772\//1_ g-units (1-3)

where
G
t
h

acceleration, g-units
shock-rise time, ms
drop height, in.

1

Table 1-3 tabulates the magnitude of developed G’s
for various free-fall drop conditions and permits the
designer to estimate the shock imposed upon the con-
tainer and/or its contents.

1-7 MINIMUM SHOCK-RISE TIME

To develop a practical working tool, Eq. 1-3 can be
modified to reflect the shock-rise time necessary to
result in a specific force falling within the G, pa-
rameter:

tm = —72—\//;, ms (1-4)
Gnm
where
tm = maximum shock-rise time, ms

G, = fragility level of the container con-
tents, g-units
h = drop height, in.

The data in Table 1-3 may then be used to establish
the minimum shock-rise time necessary to assure ef-
fective performance. In practice, this is accomplished
by varying the resiliency of the cushioning or suspen-
sion system to provide increasingly longer pulse du-
ration.
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TABLE 1-3
G-MAXIMUM ACCELERATION EXPERIENCED BY A FREE-FALLING OBJECT
Shock-Rise Time, ms
Drop Height
h, in. 1 2 3 4 5 6 8 10 11 12 14 15 16 18 20 22 24 26 28 30
6 176 88 55 44 35 29 22 18 16 15 13 12 11 10 9 8 7 7 6 6
12 252 126 84 62 50 42 31 25 23 21 18 17 16 14 12 11 10 10 9 8
18 305 152 101 76 61 51 38 30 28 25 22 20 19 17 15 14 13 12 11 10
20 322 161 107 80 64 53 40 32 29 26 23 21 20 17 16 14 13 12 11 10
24 352 176 117 88 70 58 44 35 32 29 25 23 22 19 17 16 14 13 12 11
30 394 197 131 98 78 65 49 39 35 32 28 26 24 21 19 17 16 15 14 13
36 ‘432 216 144 108 86 72 54 43 39 36 30 28 27 24 21 19 18 16 15 14
40 455 227 151 113 91 75 56 45 41 38 32 30 28 25 22 20 19 17 16 15
42 466 233 155 116 93 77 58 46 42 39 33 31 29 25 23 2t 19 18 16 15
48 498 249 166 124 99 83 62 49 45 41 35 33 31 27 25 22 20 19 17 16
60 557 278 185 139 111 93 69 55 50 46 39 37 34 31 27 25 23 21 19 18

1-8 DEFLECTION OR
DISPLACEMENT

The underlying principle behind all protective
packaging is that every object in a free-fall possesses
kinetic energy which it must dissipate by decelerat-
ing through a given distance and time interval. The
function of the parachute and the prizefighter’s tech-
nique of ‘“‘rolling with the punch” are examples of
this principle.

The rate of deceleration is determined by the max-
imum number of g’s G, the item can withstand. An
attempt to stop an object within too short a distance
runs the risk of exceeding the maximum G, result-
ing in damage to the object.

The rate of deceleration of the impacting object
becomes a function of the resistance of the object to
crushing or, as is found in practice, the density of the
protective cushion or elasticity K of the suspension
system. The response of the cushion or suspension is
dictated by its density or spring constant which in
turn is determined by the supported weight at any
particular moment during deceleration. To further
complicate the analytical calculations, it has been
found that the response of various materials used as
cushions or springs varies with the applied load; this
relationship may be linear, nonlinear, or a combina-
tion of both. Within the scope of this handbook, the
data that follow are adequate; derivations and more
detailed presentations are available in the literature.

Consequently, it will suffice to state that the densi-
ty or elasticity of the suspension material and its

ability to provide the deflection required determine
the amount of shock experienced by the object sub-
jected to impact. These constitute the tools available
to the designer; by varying the material and its con-
figuration, adequate deflection or displacement can
be provided to control the rate of deceleration to
within the safe limits of fragility.

1-9 LINEAR SUSPENSION SYSTEMS

In the isolation of shock, large deflections are en-
countered which result in a nonlinear response of the
suspension system. It is often, particularly in the en-
vironment peculiar to Army materiel, impossible to
predict the maximum shock which will be encoun-
tered; consequently, large deflections must be antici-
pated. If the suspension does not provide for suffi-
cient deflection and gradual increase in stiffness, bot-
toming may occur with consequent transmission of
excessive forces. This consideration makes the use of
a linear isolator undesirable. It is often preferable to
employ a nonlinear isolator having anomalous force-
deflection characteristics. Such an isolator may be
considered linear for small deflections; additional
factors must be considered, however, if the applied
shock causes deflections well into the nonlinear
range. The analysis of nonlinear isolators involves
complex equations which may, for the sake of expe-
diency, be circumvented. To satisfy the intent of this
handbook, it will suffice merely to be aware of the
nonlinearity of conventional cushioning media and

1-5
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Force ————r

Displacement —————-

Figure 1-4. Force-Displacement Curve For

Linear Suspension Systems

the resulting deflections which dictate the spatial re-
quirements of the container body.

For a linear system, where the displacement is pro-
portional to the applied load, as illustrated by Fig.
1-4, the equation

(1-5)

indicates the relationship among drop height #,
fragility factor G,,, and minimum deflection 4. De-
flection 4 is numerically equal to the distance required
to decelerate the contained object dropped from a

height 4 such that the G’s experienced by the con-
tainer will be mitigated to a level not exceeding the
established fragility level G» of the protected con-
tents. Note that G,, and d are inversely proportional;
as the fragility factor G, is lowered, larger deflections
must be provided. Table 1-4 tabulates the required 4
for a given 4 and G,.

In surmmation, the distance through which an im-
pacting object moves, prior to coming to rest, is dic-
tated by the phenomenon of energy dissipation. This
is reflected in the relationship between the peak ac-
celeration G experienced by the impacting container
and the length of time (shock pulse) during which
the acceleration lasts. The pulse is a function of dis-
tance and--to maintain a specific level of maximum
acceleration G, experienced by the contained object—
the minimum distance the contained object must
travel (deflection) in being brought to rest is fixed
and is theoretically independent of the suspension
system or cushion provided. This deflection d de-
termines the minimum sway space which must be
provided within the container and, as such, dictates
the spatial dimensions of the container cavity. A
linear suspension is rarely encountered in practice;
however, because of its simplicity, it is usually used
to determine minimum spatial requirements. A steel
spring is an example of a linear-type suspension
where the spring rate (k in pounds per inch) is con-
stant throughout the range of its use. This simplified
analysis—which ignores damping and friction—is
entirely adequate for many purposes, particularly
those involving small deflections.

TABLE 1-4
LINEAR SYSTEM—DEFLECTION SELECTOR CHART d = 24/(Gm - 2)
Drop Height 4, in.
Gn 6 12 18 20 24 30 36 40 42 48 60
10| 1.5 3.0 45 5 6 7.5 9 10 10.5 120 15
151 0.92 1.85 279 300 37 4.6 5.5 6.2 6.5 7.4 9.2
20| 0.67 133 20 222 27 33 4.0 4.4 4.7 5.4 6.6
301 0.43 0.8 128 143 1.7 21 3.6 29 3.0 3.4 4.2
40 ) 0.32 063 095 105 1.3 1.6 1.9 21 2.2 2.6 3.2
50 | 0.25 050 075 083 1.0 1.3 1.5 1.7 1.8 2.0 2.6
60| 0.21 042 062 069 084 10 1.2 1.3 1.5 1.68 20
751 0.17 034 049 055 068 082 0098 1.1 1.2 1.36 1.64
100 | 0.12 024 037 041 048 061 0.74 082 08 09 1.22
1251009 019 029 033 038 049 058 066 068 076 098

1-6
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1-10 NONLINEAR SUSPENSION SYSTEMS

Many of the nonlinear (anomalous) cushions (see
Fig. 1-5) have force-displacement curves resembling
the trigonometric tangent function which cannot be
expressed by simple mathematical equations. The
figure shows how the stiffness of the suspension (i.e.,
the shape of the curve) increases as the displacement
approaches the maximum available (d;) at hard bot-
toming. The minimum amount of displacement re-
quired for nonlinear (tangentially elastic) cushioning
may be expressed mathematically:

3.9 .
dm = G_m’ m. (1-6)
where
d,, = minimum displacement, in.
h = drop height, in.
G, = fragility factor, g-units.

It is interesting to compare the displacements for lin-
ear and nonlinear suspensions and note that the spa-
tial requirements are greater for nonlinear suspen-
sions. Table 1-5 tabulates 4, given 4 and G,,.

1-11 RATE OF TRAVEL

To attain a required level of protection (Gp-
factor), it has been shown that the item to be pro-
tected must decelerate through a specific distance 4
to dissipate the energy of impact generated as the re-
sult of a free fall from a particular height. Travel
through any distance entails time, and the ratio of

this distance and time establishes the rate of travel R
of the object during deceleration:

R = % L/T (1-7)

or

d=Rt

where
d = distance, length units (L)
¢t = time, time units (T).
It has been shown previously (Eq. 1-3) that the de-
sired deceleration at impact as determined by the
fragility level of the object to be protected is inversely

Force —»

I
I
!
l

d
Displacement —

b

Figure 1-5. Force-Displacement Curve For

Nonlinear Suspension Systems

TABLE 1-5
NONLINEAR SYSTEMS—DEFLECTION SELECTOR CHART d,, = 3.94/Gn,
Drop Height 4, in.

Gn 6 12 18 20 24 30 36 40 42 48 60
10| 234 468 7.02 780 936 11.7 1404 1560 16.38 18.72 23.40
151 156 3.12 4.68 520 6.24 780 936 104 1092 12.48 15.60
201117 234 351 390 4.68 585 7.02 780 819 936 11.70
301078 156 234 260 3.12 390 468 520 546 624 780
401058 117 1.75 195 234 293 351 390 410 468 585
501 047 094 140 156 1.87 234 281 312 328 374 4.68
601039 078 117 130 1.56 195 234 260 273 312 390
751031 062 094 1.04 125 1.56 187 208 218 250 3.12

100} 023 047 070 0.78 0.94 117 140 156 164 187 234

125§ 0.19 037 056 062 075 094 112 125 131 1.50 1.87

1-7
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proportional to the pulse duration ¢ of Eq. 1-7 (time
to decelerate). Thus Eq. 1-3 may be rewritten as

Gn = Z—zx/h_, g-units

tm = deceleration time, ms.
Relating Eqgs. 1-7 and '1-8 and substituting for ¢, its
equivalent d/R, we have

ou ~a(2V)

where the distance unit for R and 4 must be the
same.

Considering the value 724/k/d a constant, we con-
clude that R, the rate of travel during deceleration, is
directly proportional to the G,, factor. To reduce the
value of G,,, we must reduce the numerical value of
R—i.e., prolong the time of deceleration which in ef-
fect is the pulse duration. The state of the art makes
available to packaging technology various means by
which the designer can provide for the required dis-
placement d and simultaneously control the rate of
travel R during deceleration through this distance 4.
The value of the controlled rate of travel R during
deceleration as determined by the required pulse
duration ¢ establishes the magnitude of the shock G,
experienced by the object to be protected. The var-
ious means available to the design engineer include
elastomeric, mechanical, and bulk cushioning sus-
pension systems which, because of their contribution
and performance, are discussed in depth in subse-
quent chapters of this handbook.

(1-8)

where

(1-9)

1-12 IMPOSED VIBRATION

A condition peculiar to materiel in transit is that of
vibration generated by the carrier vehicle. The car-
rier, functioning as a fluctuating force, imparts to the
container a forced vibration; the container (assumed
to be restrained) is forced to vibrate at the same fre-
quency as that of the carrier. Should these vibrations
coincide with the natural frequency of the suspended
contents, the associated forces may become great
enough to cause fracture or damage to the contained
item. Carrier vehicles in transit are subjected to con-
ditions resulting in vibrations peculiar to the environ-
ment in which they operate. Many studies have been
conducted to determine the most common forcing
frequencies that will be encountered by different car-
riers and, although exceptions are found, the follow-
ing summary is generally applicable:

a. Railroad: 2 to 7 Hz
b. Truck: 20 to 200 Hz

c. Aircraft: 20 Hz and 60 Hz

d. Ships: 11 to 100 Hz.
The mode of transportation and the applicable fre-
quencies tabulated provide the required data relating
to imposed vibrations.

1-13 NATURAL FREQUENCY

Determination of the natural frequency of a con-
tainer system is of the greatest importance to permit
comparison with the forced vibration introduced by
the carrier. This comparison of frequency is essential
if a damaging resonant condition is to be avoided.
The natural frequency of a suspended system is that
frequency at which the system will vibrate if dis-
placed and allowed to vibrate freely. Any system
comprised of a body suspended on cushioning has a
natural frequency at which it will vibrate with
greater amplitude than at a frequency just above or
below it. To determine a rough approximation of the
vertical natural frequency of a container system, ap-
ply Eq. 1-10.

fo = 2Cm_y, (1-10)
vk
where
Gm = G-factor of the container as de-
signed, g-units
k = drop height, in.
/= = approximate natural frequency, Hz.

1-14 RESONANCE

Bodies subjected to periodic impulses imparted by
outside agents are said to execute forced vibrations.
When conditions are adjusted so that the frequency
of forced vibrations is the same as the natural fre-
quency of the body upon which they are impressed,
the free vibrations reinforce the received ones; an ef-
fect which is known as resonance. When the im-
pressed vibration has a frequency different from that
of the free vibration of the body, the received im-
pulses will not affect the free vibrations appreciably.
There are instances where resonance may build up
free vibrations of such amplitude as to produce dan-
gerous results. The amplitude of vibration depends
upon the magnitude of the forced vibration and the
ratio of its frequency to the natural frequency of the
object or system being vibrated. When this frequency
ratio r (defined by Eq. 1-11) becomes equal to unity,
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the amplitude of the vibration may build up to a
dangerous value.

r = -—, dimensionless (1-11)
In
where
S = forced frequency, Hz
J/» = natural frequency, Hz.

When r = 1, there is said to be resonance between
the frequency of the disturbing force and the natural
frequency of the system. In all practical problems, the
maximum amplitude obtainable would be limited by
failure of the system or limitations of space. Theoreti-
cally, for the effective isolation of vibratory forces, the
ratio between the disturbing frequency f and the nat-
ural frequency f, of the system must always be
greater than /2; and, as this ratio assumes values
greater than /2, the system becomes progressively
more efficient. Conversely, as the ratio f/f, becomes
less than /2, magnification of the vibratory forces
will occur, and this condition must be avoided. As
the ratio of f/f, approaches the value of unity, the
magnitudes of the vibratory forces are increased until
at unity, where resonance occurs, they become infi-
nite. Mathematically this relationship is expressed by
Eq. 1-12 which is known as the transmissibility equa-
tion

Transmissibility = -5, dimensionless (1-12)

(e

disturbing frequency, Hz
natura] frequency of mounted as-
sembly, Hz.

where

/
S

The purpose of most vibration investigations is to
avoid the occurrence of resonance.

The preceding data have been presented as orien-
tation in order to acquaint the reader with the princi-
ples of container design. These and other aspects of
this technology are discussed in depth in subsequent
chapters.

To minimize the design effort, the service require-
ments with respect to shock and vibration have been
established for those conveyances most common to
the transport of Army materiel. When permissible, it
is desirable to investigate all aspects of an environ-
ment and the hazards it presents; however, should
time be of the essence, it is suggested that the follow-
ing critical conditions be investigated first:

a. Rail Shipments. Failures are caused most often
by high impact shocks; a single transient shock wave
is imparted to the equipment, and failure is instan-
taneous. Vibration becomes a secondary considera-
tion.

b. Truck Shipments. Same as rail.

c. Marine Vessel Shipments. Same as rail.

d. Aircraft Shipments. Fatigue failures of equip-
ment, caused by components being vibrated at or
near their resonant frequency, are common. Steady-
state vibrations at frequencies in the range of from 10
to 500 Hz are prevalent. The magnitude of the shocks
to which the equipment is subjected is much less
than in other applications, and the shock require-
ments become a secondary factor.
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CHAPTER 2
INVENTORY OF ARMY MISSILES AND ROCKETS, AND THEIR CONTAINERS

Data are presented on Army missiles and rockets, and thetr contatners.

The effectiveness of any container design effort is
dependent upon the availability of adequate and ac-
curate data relating to the item to be protected.
These data shall include:

a. Detailed geometric outline dimensions

b. Weight

c. Location of center of gravity

d. Maximum allowable vibration and shock loads

e. Support points with corresponding allowable
loads

f. Load factors (computed from structural analy-
sis)

g- Susceptibility to environmental hazards in-
cluding pressure vibrations

h. Pertinent electronic or magnetic characteris-
tics

i. Frequency and degree of periodic inspection
and maintenance requirements

j- Test and checkout facilities

k. Military characteristics and logistical support
plans of the system

1. Characteristics of any applicable aircraft, ma-
rine vessel, or land-based vehicle peculiar to the lo-
gistic support plan

m. Projected storage life

n. Degree of permissible disassembly which will
not require special skills or tools
o. Other pertinent significant data.

The missile developer shall be required to provide
these data to the container designer and shall be
further required to advise of all changes subsequent
to initial release.

Table 2-1 presents, in ready reference form, data
relating to Army missiles and rockets encompassed
within the scope of this handbook.

Table 2-2 orients the designer in the current state
of the art and serves as an historical record of pre-
vious design effort of Army missile and rocket con-
tainers.

A cursory review is sufficient to impress one with
the need for a standardized design approach, if not a
standard modular design capable of convenient spa-
tial modification. Obviously, the result of such an
ambitious program will be a compromise; however,
the design effort should strive for the ideal container
providing:

Adequate performance
. Multifunctional utility
Simplicity

Durability

Minimum cost.

o0 oP

2-1
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DIMENSIONS LOCATION DIMENSIONS, LOCATION WABLE
MISSILE 0.A. IN. OF MISSILE MISSILE IN. OF “'é?mmg HARD HANDLING LOGISTIC
R WEIGHT, CENTER DRAWING MFG, SECTION & CONTAINER WEIGHT, CENTER OF | TEMPERATURE | PRESSURE HUMIDITY FRAGILITY B ENDING ARDS RGeS FINS REQUIREMENTS
ROCKET PROFILE LENGTH DIA. SPAN LB OF GRAVITY, IN.| NUMBERS (PRIME) DRWG. NO. USED LENGTH DIA. SPAN LB GRAVITY, IN. LIMITS LIMITS LIMITS LEVELS M o TSTRAGHT WORLDWIDE
SHILLELAGH APPROX | APPROX NOT ©) 19-1/4 FROM € FORD COMPLETE MODULAR APPROX | APPROX NOT (C) (€ 100G's LONG'T\‘,’ED,{';A" ‘O'O&OA','(""‘B © CARRIED COLLAPSIBLE
40 6 AVAIL AFT END AERONUTRONIC MISSILE TYPE ALUM. 40 6 AVAIL. 19-1/4 FROM 1 NONE 40 G's TRANS E . FINS
ol CONTAINER AFT END
LAUNCHER: WORLDWIDE
REDEYE MISSILE: MISSILE: MISSILE: MISSILE: 21.8 MISSILE: GENERAL 1 COMPLETE M585 MISSILE: MISSILE: MISSILE: MISSILE: 21.6 FROM +165°F TO 15.4 PSI TO 95% RH @ VIB: 2-29 Hz, |G PEAK 1302 c|‘N1;&L_’B L SNS 423'}‘ 2 NONE 'NONE PALLETIZED
LAUNCHER 44 2.76 (C) 21.6 FROM FWD 10211273 DYNAMICS MISSILE IN 10226996 a4 275 (C) 21.6 FWD CAP -65°F 10.8 PSI +85°F-20 H 29-50 Hz. @M 128 e MISSILE: AIR DROPS
(CONTAINS LAUNCHER: | LAUNCHER: | LAUNCHER: | LAUNCHER: CAP IN LAUNCHER: LAUNCHER OR M571 LAUNCHER: |LAUNCHER: | LAUNCHER: | LAUNCHER: 100% RH @ 50-500 Hz 4 G's PEAK FROMF FRONT ©
MISSILE) * N/A N/A N/A N/A 10211287 (MISSILE 10216052 N/A N/A N/A N/A +80°F-4 H ANY AXIS 1 H
M41A2 SYSTEM: 10211273)
10211285
M41A3 COMPLETE
MISSILE: MISSILE IN
10662274 LAUNCHER
IN LAUNCHER: (MISSILE
10211287 10662274)
oot
5 LAUNCHER: WORLDOWIDE
DRAGON MISSILE: | MISSILE: | MISSILE: 13.45 15.89 MISSILE: McDONNELL COMPLETE WOODEN & MISSILE: | MISSILE: | MISSILE: 13.45 21,23 FROM 65° TO+156°F | 14.770247 NONE 45 G's IN UNKNOWN N/A mﬁ%ﬁ;}%ﬁ e
29.39 5.00 12.70 FROMFWD END | 10276891 DOUGLAS MISSILE IN FIBERBOARD 29.39 5.00 1270 25.23 WITH FWD END OF PSIA ALL DIRECTIONS
LAUNCHER BOXES LAUNCHER LAUNCH TUBE 0-40,000 FT MISSILE:
ROUND ROUND ROUND 2523 21.23 3
45.41 11.60 N/A FROM FWD END (ROUND)
OF TUBE 10695150
LAUNCHER | LAUNCHER | LAUNCHER |  11.12 22.29 LAUNCHER
(INERT) (INERT) 10275893
INCLUDING ROUN
D)
WEBBING NONE WORLDWIDE
TOW LAUNCHER 50-7/16 8-1/2 N/A 42 GEOMETRIC | DEVELOPMENT P : 50-7/16 N N/A 42 GEOMETRIC —65°F TO SEA LEVEL NONE CAN WITHSTAND NOT RIGIO
EXTENDER CENTER STgGE HUGHES %?é“s.téﬁ W'REngUND 8172 CENTER +165°F TO 10,000 FT 100 G's 10 ms. DETERMINED ROUND TUBE (S'_‘T:ag
(CONTAINS —— (25-7/32 LAUNCHER 25-7/32 FROM 1/2 SINE WAVE, ALL CARRIED)
MISSILE) FROM END) EXTENDER END DIRECTIONS
2.75-IN. ROCKET NAVY
INTEGRAL NOT
H161 HE/PD ; 5 5 X - g5° NOT NOT NOT NOT NOT N/A
52.8 276 N/A 213 N/A 922807 N/A 9230114 62-7/8 8-3/4 9-1/2 280 . Rng 6750 F AV%L VL. AVAIL AVAIL. AVAIL. lm;} (?; AVAIL.
NOSE +166°F o A NTEGRAL noT —
- - —65° NOT NOT NOT NOT
N/A 9235841 60-1/8 20 23-3/4 105.0 ggg,a <6T50 F AvglL Nor ot VAL AVAIL ':':o"; &F AVAIL
NOse +195% NOT N/A INTEGRAL NOT
HA59 FLECHETTE . ) X - X -65° T NOT NoT NOT
I 54.6 2.75 N/A 20.2 N/A 9242070 N/A 9230114 62-7/8 8-3/4 9-1/2 28.0 . Rng sTso F Al;glL Al AVAIL AVAIL. AVAIL %«S; é): AVAIL.
NOSE +185°F oT NOT N/A INTEGRAL NOT
- B 105. 26.75 —65°F NOT NOT NOT N
N/A 9235841 60-1/8 20 23-3/4 05.0 Baom o AVAIL AVAIL AVAIL. AVAIL. AVAIL. lmoa; SRF AVAIL.
‘ NOSE +185°F NOT N/A INTEGRAL NOT
471 HE/R K N " ~65° NOT NOT NOT
H E/RS 54.0 275 N/A 214 N/A 9220807 N/A 9230114 62-7/8 8-3/4 9-1/2 28.0 . Hng GTSO F A@%TL AVgIL. AVAY. AVAIL. AVAIL. ﬁg} é); AVAIL.
nose 108 NoT WA INTEGRAL NOT
= " 65° NOT NOT NOT
N/A 9235841 60-1/8 20 23-3/4 105.0 ggga 6756 F A@gITL Avgu.. o AVRIL AVAIL %\g; c?nF AVAIL.
NOSE +165°F
RAL NOT
- - - -65° NOT NOT NOT NOT N/A INTEG
H489 HE/PROX 54.7 275 N/A 204 N/A 9220807 N/A 9230114 62-7/8 8-3/4 9-1/2 280 . Rng GT% F Ar\ingL AVgIL Aven AVAIL. AVAIL ;;?8; g': AVAIL.
NOSE +165°F ot A INTEGRAL NOT
- 3 265° N NOT NOT NOT
N/A 9235841 60-1/8 20 23-3/4 105.0 ggga q‘_so F AVgITL ot AL AVAIL AVAIL .mg; &F AVAIL.
NOSE +168°F NOT N/A INTEGRAL NOT
H490 HE/PD | K X R T65° N NOT NOT NoT
52.8 275 N/A 202 N/A 9220807 N/A 9230114 62-7/8 8-3/4 9-1/2 28.0 . Rng 61_50 F AvngL ot Rl AVAIL AVAIL ".\?S¥ g; AVAIL.
NOSE +165°F NOT N/A INTEGRAL NOT
N X ~65° NOT NOT NOT NOT
N/A 9235841 60-1/8 20 23-3/4 105.0 ggg'a 6T50 F AvglL ot VAL AVAIL AVAIL m\g; 8; AVAIL.
NOSE +165°F
RAL NOT
HS1 . E N - ~65° NOT NOT NOT NOT N/A INTEG
519 WP 52.8 2.75 N/A 20.2 N/A 9252830 N/A 9230114 62-7/8 8-3/4 9-1/2 280 . Rng eT.rb F A'\dlngL ot vl AVAIL AVAIL ,:ag; &F AVAIL.
NOSE +165°F NOT N/A INTEGRAL NOT
N X —65° NOT NOT NOT NOT
N/A 9235841 60-1/8 20 23-3/4 105.0 ggga sTso F Avgu, ot vl AVAIL AVAIL :;:g; gnF AVAIL.
NOSE +165°F . o7 A INTEGRAL NOT
H826 K . " ~65° NOT NOT NOT
HEDF 56.5 275 N/A 202 N/A 9271017 N/A 9230114 62-7/8 8-3/4 9-1/2 28.0 . nng §|_50 F AQJ&TL Aot Ryl AVAIL. AVAIL .mg; é’; AVAIL.
NOSE +166°F o7 A NTEGRAL NOT
R X ~85° T NOT NOT NOT
N/A 9235841 60-1/8 20 23-3/4 105.0 3:33‘ eT% F Ar\d/glL ot N AVAIL AVAIL ;;:g; g': AVAIL.
NOSE +165°F
{C) = CLASSIFIED INFORMATION ’ (2.75-IN. ROCKET cont’d on next page}

N/A = NOT APPLICABLE

2-3
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TABLE 2-1 (cont’'d)

NS LOCATION DIMENSIONS, LOCATION
D"{',E"s'o OF MISSILE MISSILE N o;n OF EMPERATUR HUMIDITY FRAGILITY A;'é?\lgfn% € HARD HANDLING LOGISTIC
i WEIGHT. CENTER DRAWING MFG. S ONS coNste " [ Evem T o SPAN BT | Ghavitv.on. | TMIERATURE Prais LIMITS LEVELS MOMENT POINTS DEVICES FINS REQUIREMENTS
OR ’ N.| NUMBERS (PRIME) DRWG. NO. . L IN. |
1A, SPAN LB | OF GRAVITY, t
ROCKET PROFILE LENGTH D
2.75-IN. ROCKET
{con'd)
X 83/4 9172 280 27 Z65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
528 275 N/A 202 N/A 9276649 N/A 9230114 62.7/8 FROM 10 AVAIL AVAIL. AVAIL AVAIL. AVAIL PART OF AVAIL
HB28 PRACTICE NOSE +165°F MOTOR
178 20 23.3/4 1050 26.75 Z65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
N/A 9235841 60-1 FROM TO AVAIL AVAIL, AVAIL. AVAIL AVAIL. PART OF AVAIL
NOSE +165°F MOTOR
77 8374 9172 320 3 ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
64.7 275 N/A 282 N/A 9220806 N/A 9230116 74-1/8 FROM TO AVAIL AVAIL. AVAIL AVAIL AVAIL PART OF AVAIL.
H488 HE/PROX NOSE +165°F MOTOR
20 23.3/4 1150 306 ~66°F NOT NOT NOT NOT, NOT N/A INTEGRAL NOT
NA 9235840 7 FROM TO AVAIL. AVAIL. AVAIL AVAIL AVAIL PART OF AVAIL
NOSE +165°F #10TOR
XY 1.7/8 | 99732 270 9.5 ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
N/A 9224843 46-3/8 FROM 10 AVAIL AVAIL. AVAIL AVAIL AVAIL PART OF AVAIL
NOSE +166°F MOTOR
. 374 9172 320 31 —65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
628 2.76 N/A 280 N/A 9220806 N/A 9230116 74-178 83 FROM T0 AVAIL AVAIL. AVAIL AVAIL. AVAIL. PART OF AVAIL.
HB34 HE/PD NOSE +165°F MOTOR
7 20 23-3/4 1150 305 “65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
N7A 9235840 0 FROM T0 AVAIL AVAIL AVAIL. AVAIL AVAIL PART OF AVAIL
NOSE +165°F . MOTOR
3/ 1-7/8 | 99/32 270 195 ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
N7A 9224843 48-3/8 FROM T0 AVAIL AVAIL. AVAIL AVAIL AVAIL PART OF AVAIL.
NOSE +166°F MOTOR
74778 83/4 9172 320 31 ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
116 SMOKE 629 275 N/A 19.6 N/A 90-1-332 N/A 9230116 FROM T0 AVAIL AVAIL. AVAIL AVAIL AVAIL PART OF AVAIL,
H NOSE +165°F MOTOR
46.3/16 | 11.7/8 | 9.9/32 = — ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
487 HEAT - 275 N/A - N/A 1350663 N7A 9209570 T AVAIL AVAIL. AVAIL AVAIL. AVAIL PART OF AVAIL
+166°F MOTOR
46.3/16 | 11-7/8 | 9.9/32 — - “65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
1490 HE/PD 52.8 275 N/A 202 N/A 9220807 N7A 9209570 TO AVAIL. AVAIL AVAIL AVAIL AVAIL PART OF AVALL,
+166°F MOTOR
7 46.3/16 | 11.7/8 | 9.9/32 - = ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
HE10 WP 52.8 278 N/A 20.2 N/A 9252830 N/A 9208570 T0 AVAIL AVALL. AVAIL AVAIL AVAIL PART OF AVAIL.
+166°F MOTOR
463716 | 117/8 | 99732 = = -65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
TEETED py 775 N/A p N/A - N/A 9209570 T0 AVAIL AVAIL. AVAIL AVAIL AVAIL PART OF AVAIL
MARKER +165°F MOTOR
46.3/16 | 11.7/8 | 99732 = = Z65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
1789 YELLOW " 276 N/A — N/A - N/A 9209570 T0 AVAIL AVAIL AVAIL AVAIL. AVAIL PART OF AVAIL
MARKER +165°F MOTOR
7 26-3/16 | 11.7/8 | 9.9/32 = = ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
11180 FLARE 679 2.75 N/A 217 N/A 11508637 N/A 9209570 T AVAIL. AVAIL. AVAIL AVAIL. AVAIL PART OF AVAIL
+166°F MOTOR
703/4 | 17472 | 1772 55.0 30.75 ~65°F NOT NOT NOT NOT NOT N/A INTEGRAL NOT
ALLTVPES N - 2.75 N/A - N/A — N/A 9335649 FROM TO AVAIL, AVAIL. AVAIL AVAIL. AVAIL. PART OF AVAIL.
BARREL PACK NOSE +165°F MOTOR
ALUM. WITH 275 6.63 34 26FROM | -50°F TO +160°F TRANS: MIL.STO-810, 150 G's HALF N/A N/A NONE 4 FOLDING WORLDWIDE
STINGER WITH N/A N/A 34 24 FROM 11486951 GENERAL 11567549 LAUNCHER: 60 NOSE 0-40,000 FT METHOD 507, SINE PULSE,
HER LAUNCHER: 80 MISSILE: 54 OPERATION: PROCEDURE V 10-ms DURATION
“églmms MISSILE: 54 0-10,000 FT ALONG MAJOR AXIS
MISSILE}
2 WIRE-BOUND WITH N/A N/A 26 24 FROM 50°F TO +160°F TRANS: MIL.STD810, 150 G's HALF N/A N/A NONE 4FOLDING WORLDWIDE
WITH 275 6.63 28 20 FROM 11486951 e 11567549 BOX LAUNCHER: 60 NOSE 0-40,000 FT METHOD 507, SINE PULSE.
LAUNCHER: 60 MISSILE: 54 OPERATION: PROCEDURE V 10-ms DURATION
MISSILE: 54 0-10,000 FT ALONG MAJOR AXIS
o4 7 125 96 32 FROM 13007350 PRIME COMPLETE 13009276 758 17.25 191 68 38 -SorE PROTECTED S% AT T0°F 100G's 261 Nom N/A NONE SrLNGS - NONE
HELLFIRE WINGS NOSE ROCKWELL MISSILE +160°F PRESSURES 100% AT -50°F 4FINS
(LASER) 37,000 FT TO +160°F SPAN 10 IN
ABOVE SEA
LEVEL
COMPLETE 11074804 1145 5 WINGS 190 © STORAGE: © © ) ©) N/A NONE 4WINGS: ©
CHAPARRAL 115 5 VANGS: © @ X 32A "SYSTEMS. MISSILE 23 -65°F 10 +165°F 2-1569701
25x 25 4 COMMAND ROLLER- OPERATION: 2-1569711
H FINS: 2604974 ONS: 25 -65°F TO +165°F 40Ns:
FINS: 1
XM1M 728 NS
{eont'd on next page)
(C) = CLASSIFIED INFORMATION

N/A = NOT APPLICABLE
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TABLE 2-1 (cont’d)

DIMENSIONS LOCATION DIMENSIONS, LOCATION
MISSILE O.A. IN. OF MISSILE MISSILE IN. OF ALLOWABLE
OR WEIGHT, CENTER DRAWING MFG. SECTION & CONTAINER WEIGHT, CENTER OF | TEMPERATURE | PRESSURE HUMIDITY FRAGILITY BENDING HARD HANDLING LOGISTIC
ROCKEY PROFILE LENGTH DIA. SPAN LB OF GRAVITY. IN.| NUMBERS (PRIME) DRWG. NO. USED LENGTH DIA. SPAN LB GRAVITY, IN. UMITS LIMITS umMITs LEVELS MOMENT POINTS DEVICES FINS REQUIREMENTS
MULTIPLE 155 894 218 682.6 83.6 13024134 VOUGHT WARHEAD: LAUNCH N/A N/A N/A N/A N/A STORAGE & OPERATION: AR 70-38, 19.5 G's FORE & AFT 83.260 IN.oLB NOT LAUNCHER- 4 FOLDING, NOT
LAUNCH FROM FRONT 13029540 POD/ TRANS: TO 10,000 FT CATEGORIES 1-6 | 18.7 G's VERTICAL (YIELD) AVAIL. LOADER CURVED FINS AVAIL,
ROCKET OF ROCKET MOTOR: CONTAINER ~30°F TO +160°F | ABOVE SEA & LONG 143,090 IN.oLB
SYSTEM 13026895 OPERATION: EL (AT LP/C CG) (ULTIMATE)
{MLRS) ﬁ -25°Fto +140°F | AFTER TRANS
TO 40,000 FT
ABOVE SEA
LEVEL.
DURING FLIGHT:
TO 50,000 FT
ABOVE SEA
LEVEL )
HAWK 198 14 474 1275 1225 J-907175 5 RAYTHEON ASSEMBLED TACTICAL 198 14 474 1275 1229 © (c) (€ (©) 5] 5] NOT 4 FINS WORLDWIDE
{BASIC) FROM W/H & BODY CONTAINER FROM NOSE AVAIL. SHIPPED
XM1M-23A NOSE SECTIONS M611 DETACHED
J-907175 5 8035841 IN XM 430
XM 3E1
BODY SECTION XM 417 E2 (c) 14 N/A (C) (€) (C) () (C) (© () (€ NOT NONE WORLDWIDE
XM 22 J-9073975 AVAIL
9069896
WARHEADS: 8837892 © 14 N/A (©) © ) © (€ (€ © © NOT NONE WORLDWIDE
XMSE3-H.E. AND AVAIL.
XMYE2-EXR. 8830879
XM10E2-INERT
BODY SECTION XM 430 © 14 474 (©) (© (C) () © © © © NOT 4 FINS WORLDWIDE
AFT 9073970 AVAIL
9069897
HAWK 198 14 474 1395 1204 M1M-23B RAYTHEON ASSEMBLED M611 198 14 474 1395 APPROX STORAGE: © (€ N/A N/A GIMBAL HOISTING 4 FINS WORLDWIDE
(\MPROVED) FROM 10292261 W/H & BODY 8035841 1204 -40°F TO +150°F RING CENTER BEAM SHIPPED
M1M-238 NOSE SECTIONS FROM OPERATION: WING RING DETACHED
M1M-238 NOSE -26°F TO +105°F IN XM 430
10292261
BODY SECTION 9073975 122.67 14 N/A [FZ] 60 STORAGE: (©) © N/A N/A © N/A N/A WORLDWIDE
FORE XM 417 E2 ~40°F TO +150°F
XM 5 SERIES OPERATION:
XM 6 SERIES -25°F TO +105°F
WARHEADS: 8850104 ) 14 N/A 160 80.8 STORAGE: (c (c) N/A N/A © N/A N/A WORLDWIDE
XM 155 SERIES XM 467 -40°F TO +150°F
OPERATION:
—40°F TO 140°F
ROCKET WOODEN 109 14 N/A 870.6 134.7 STORAGE: ©) (C) N/A N/A © N/A N/A WORLDWIDE
MOTOR BOX —40°F TO 150°F
XM 112 INTERIM OPERATION:
10242870 ~25°F TO +126°F
LANCE 242 22 60 2850 STA. 158 10245800 VOUGHT M5 MISSILE M599 146 22 N/A 2360 STA.177 STORAGE: NONE NONE NOT AVAIL. NOT AVAIL. STA112 M22 SLING M29 WORLDWIDE
(NUCLEAR) (168 MAIN ASSEM- (77 FROM -65°F TO +155°F & (4EA)
FROM FWD BLAGE FWD END) STA. 224
END) 10295810
q M234 M511 97 22 N/A 469 STAB85 STORAGE: NONE NONE NOT AVAIL NOT AVAIL STAB16 M22 SLING N/A WORLDWIDE
WARHEAD {65.56 FROM | —65°F TO +155°F
8880001 FWD END) STA.98.5
M29 M597 62 N/A N/A 19 EA. N/A STORAGE: NONE NONE NOT AVAIL. NOT AVAIL. N/A N/A — WORLDWIDE
FINS -65°F TO +155°F
10245491
([ ]
LANCE 242 22 52 3450 STA.145 10245800 VOUGHT M5 MISSILE M599 146 22 N/A 2360 STA.177 STORAGE: NONE NONE NOT AVAIL NOT AVAIL. STA.112 M22 SLING M30 WORLDWIDE
{NON- (142 MAIN ASSEM- (77 FROM -65°F TO +155°F & (4EA)
NUCLEAR) FROM FWD BLAGE FWD END} STA. 224
END) 10245810
. M251 M544 97 22 N/A 995 STA.68 STORAGE: NONE NONE NOT AVAIL. NOT AVAIL. STA715 M22 SLING N/A WORLDWIDE
WARHEAD (65 FROM -65° TO +155°F &
9284000 FWD END}) STA.98.6
M30 M596 49 N/A N/A 16 EA. N/A STORAGE: NONE NONE NOT AVAIL. NOT AVAIL. N/A N/A . WORLDWIDE
FINS -65°F TO +166°F
10245493
HONEST M31: WARHEAD LUMBER 115 30 N/A 1631 () © (C) © (€ (© © (€ NONE WORLDWIDE
JOHN 327 30 104 5913 STA 190 8032200 EMERSON (VARIETY OF SHEATHED
XM 50 ELECTRIC WARHEAD CONTAINER
2985 30 56.75 4307 STA 161 10048008 DOUGLAS USED-DATA
CLASSIFIED)
(HEAVY W/H)
(LISGLA'I'}I\%H) ROCKET MOTOR 8026321 212 277 104 4275 STA. 224 M31A: OPERATES NO LIMITS NOT NOT STA.134TO HANDLING 4 STRAIGHT- WORLDWIDE
M31 SERIES 0°F TO +100°F | FROM BELOW AVAIL. AVAIL. STA. 290 BEAM XM 4 FINS
ROCKETS M31A1C, M31A2: | SEA LEVEL
INCLUDE MOTORS O°FTO+120°F .| TO 31,50