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CHAPTER |

PRINCIPLES OF MILITARY CONTAINER DESIGN

T T

The degree of protection provided by a container is dependent upon its
components and their performance when functioning collectively., The chal-
lenge to the designer lies in the selection of the type and amount of mate-
rials, which when asscmbled 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,
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A. FRAGILITY. The level of protection required of a container is dic-
tated by the characteristics of the object to be protected and the environ-
ment in which the container must operate, Of prime import to container de-
sign is the characteristic of fragility. This relates to the ability of an
object to withstand the effects of externally applied forces. The term fra-
gility pertains to the sensitivity of the object to demage and alludes to
its degree of inherent elasticity.

B. The Gm FACTOR. The basis for the mcasurement of fragility is the
Gm factor; a dimensionless ratio of the maximum acceleration that an object
can safely withstand to the acceleration of gravity:

ar* fl/serz (maximum allowable acceleration an
object can safely withstand.)

2 . .
g = 32 ft/sec” (acceleration due to gravity)

At present, there are no suitable analytical techniques for determining Gm.
Since Gm is a nebulous number, it appears that duplication of the impact
environment is probably the best way to determine a value for Ga.

Prior to conducting costly, time consuming destructive tests, it may
be more practical to apply the "educated guess” technique. Table |
may be used as a guide to assist in extablishing a fragility level where
the Gm factor of the item isx not known. An item with a low Gm factor is
considered fragile; one with a high Ga faetor ix considered rugged. The
Gm factor is often provided by the manufacturer of the item to be protected,
When this value is not known, the table muy serve as an approximate guide;
however, it should never be considered a subititute fer test information.

Essentially, the Gm factor is a measure of an item's elastieity, i.e,
its inherent capacity to retain or recover its shape upon or after the ap-
plication of a distorting foree. 1f the distorting foree 1% in excesn of
the item's Gm factor, the elastie limit of the item may be exceeded resule-
ing in permanent distortion and poxsible favinre, The function of the con-
tainer is to attenuate the forces transmitted to 11y contents to a level

1-1




equal to or less than the critical Gm factor of the item to be protected,
The magnitude of these forces and their duration constitute the hazard and
it is these forces with which the designer is most concerned.

TABLE |
APPROX IMATE FRAGILITY OF TYPICAL PACKAGED ARTICLES

Extremely Fraéile

Missile guidance systems, precision instruments..18-25 (m

Very Delicate

Mechanically shock mounted instruments and electronic
ew‘mtoo.-costoooo'ooooooooooooo.o.o.;-uoo.-oo%“'o h

Delicate

Afrcraft accessories and other electrically operated
CQUIPMENL. coeveioteesosoctsesrsrcssrsassscises +0+40-60 Cm

Noderately Delicate

Television receivers and components.... cocccaees 60-85% Gn
Noderately Rugged

Appliances, etc. .icccierrenne s sesessssscsesnses 83113 Gm
Rugged
Machinery, weldments, €tC. .coviiscecatsscacanss 115 Gm and up

C. IMPACT SHOCK. The most critical of externally applied forces im-
posed upon the container is that of shock. 3Shock occurs when the container
is subjected to a suddenly applied force. The most secvere shock is gener-
ally that which occurs when the container is dropped upon a rigid surface.
This may be expected when the container is dropped freely from a truck onto
a loading platform.

The principal methods of investigating shock phcnomena in use today
are 1) analytical calculations and 2) physical testing. Analyticsl caleu-
lations are used primarily as a starting point. Beyond this point, most
problems invoive calculations so complex that it is impractical to pursue
this approach as after hours of ealculation, 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 teat speci-
men or prototype, the design procedure must begin with analytical caleulas

tions,

Impact shock results vhen a container is dropped through a vertieal
distance onto & relatively non-resilient surface. In practice it 1
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émpossible to predict impact conditions as the container will not impinge
in exactly the same manner euch time it is dropped; consequently, anv assess-
ment of shock experienced by the container is at best approximate,

To simulate and subject the test specimen to the most critical condi-
tion of impact, the testing of military containers is normalily performed
with the test specimen impinging upon a concrete slab having insignificant
shock mitigating qualities. This qualification criteria establishes a de-
sign parameter affecting the analytical calculations,

The maximum impact force, imposed upon the free falling container is
dependent upon the deflection experienced by either or both impacting bodies.
As the impacting surface has been established as having insignificant shock
mitigating characteristics, it can be assumed that any deflection will be
experienced 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 immediately preceding impact must be calculated.
This kinetic encrgy (inch-pound units) is equal to the potential 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 developed by the fall
(Note: within the scope of this document, it is assumed that the concrete
impact surface functions as a rigid, non-resilient barrier and as such ab-
sorbs no energy). The function of the container is to absorb this energy
by either distortion and/or recoverable deflection. Crushing of the con-
tainer 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 expressed as:

F ix the force of impact.
t is the time interval required to dissipate
. the force F,
Fu = mV m is the mass of the container.
V is the velocity of the container at moment
of impaet,

The product of mV, the momentum of the container, is independent of
the nature of the impact surface. [t becomes apparent that the product of
FU must be the same whether the impact surface i3 hard or soft, and the
smaller the t, the greater will be F.

Note: When calculating the shock impoxed upon a packaged item (using
cither an elastomeric, mechanieal or bulk cushioning system), the weight
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of the container does not enter intec any of the calculations - provided two
assumptions are made:

1. Container impinges on a non-resilient surface.

2. Container is considered to be a rigid body,

Only the weight of the item and the spring censtant »f the suspension sys-
tem influence the shock transmitted to the item. (For this reason, a sus-
pension system can be designed to provide protection to an item before a
container body or shell is designed).

Therefore, 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 reference 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 (Gm factor). Shock
can therefore be described as the disturbance produced by a suddenly applied
force in the form of a complex pulse that can be completely described only
by a Fourier analysis. In container design, it will suffice to describe
shock by its amplitude in G's and its duration in milliseconds.

D. SHOCK PULSt. 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 describe the shock wave in detail, the pulse is
characterized by its peak amplitude in G-units (acceleration) and its time
duration in milliseconds.

Impact on hord surfoce

g —a

FIGURE ). IMPACT SNOCK PULSE
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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. The area under the curve of a shock pulse is the
energy of impact which is imposed 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 fasiiure, If the total energy is distrib-
uted over a greater time base, the contsiner will be subjected to a shock
falling within its ability to absorb.

1f Ge » 30, A; = Ay i.e. KE) = KEg

,.{ _________
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FIGURE 2. SHOCK PULSE AND THE CRITICAL FRAGILITY LEVEL

E. PULSE DURATION. The time base of the shock pulse wave is the
pulse duration. Figure 3 graphically depicts the reaction of a con-
tainer 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
arrest. The time consumed by deceleration of the container is the shock-
rise time and represents the duration of deflection experienced as the re-
sult of impact. The balance of the pulse duration ix referred to as the
shock-decay time and reflects upon the resiliency of the container (or sus-
pension system) and its ability to recover,
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FIGURE 3. SMOCK RISE AND DECAY
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The shock-rise time is dependent upon the yielding mass and is a func-
tion of its compressibility and elasticity. 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 has been determined for a variety of con-
ditions by careful instrumentation and are included in Table 2 to assist
in the analytical design process., The importance of the shock-rise time
and the ability of the designer to manipulate its value cannot be over em-
phasized as this constitutes the means by which shock loads are mitigated
and is the basis of container 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 im-
posed shock (G) to within the fragility level (Gm) of the container and its
contents.

TABLE 2
TYPICAL VALUES FOR SHOCK-RISE TIME
Flat Face Point
Contact Contact
Condition (milliseconds) | (milliseconds)
Rigid Steel against Concrete 1 2
Rigid Steel against Wood or Mastic 2-3 5-6
Steel or Aluminum against Compact 2-4 6-8
Earth
Steel or Aluminum against Sand . 5-6 15
Product Case against Mud 15 20
Product Case against 1-inch Felt 20 30

F. G's DEVELOPED BY FREE-FALL IMPACT. Shock damage is caused by ac-
celeration forces developed during impact. These forces can be measured
by accelerometers and associated instrumentation; however, this is a costly
procedure and is dependint 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 the formula:

G = acceleration
G =Z§.Vh = shock-rise time, msc
h = drop height, inches,

Table 3 tabulates the magnitude of developed G's for various free-fall
drop conditions and permits the designer to estimate the shock imposed wpon
the container and/or its contents,
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G. MINIMUM SHOCK-RISE TIME. To develop a practical working tool, the
formula presented in the previous paragraph can be modified to reflect the
shock-rise time necessary to result in a specific force falling within the
Gm parameter:

tm is the maximum shock-rise
time in msc,

72
tm = ?;:Vh I Gm is the fragirity level of the

container contents.

h is the drop height in inches.,

The data in Table 3 may then be used to establish the minimum shock-

rise time necessary to assure effective performance, In practice, this is
accomplished by varying the resiliency of the cushioning or suspension sys-
tem to provide increasingly longer pulse duration.

M. 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 decelerating 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 this deczleration is determined by the maximum gravity
force (Gm) the item can withstand. An attempt to stop an object within
too short a distance ruus the risk of exceeding the maximum force Gm, re-
sulting in damage to the object.

The rate of deceleration of the impacting object becomes a function
of the object’s resistance to cresning or as is found in practice, the den-
sity 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 and the relationship
may be linear, non-linear, or a combination of both. Within the scope of
this guide, the following data is adequate; derivations and more detailed
presentations are available in the literature.

Consequently, it will suffice to state that the density or elastieity
of the suspension material and its ability te provide the defiection re-
quired determines the amount of shock experienced by the ebject subjected
to impact, These eonxtitute the tools available to the designer; by vary-
ing the material and its configuration adequate deflection or dixplacement
can be provided to control the rate of deceleration to within the xafe lim-
sex of fragilivy,

1-8




- wwgﬁ-ww.ﬁg-wmm

P T ,«‘.\:,4.

I. LINEAR SUSPENSION SYSTEMS.

FORCE et~

DISPLACEMENT g

FIGURE 4. FORCE - DISPLACEMENT CURVE FOR
LINEAR SUSPENSION SYSTEMS

In the isolation of shock, large deflections are encountered which re-
sult in nonlinear response of the suspension system. It is often, particu-
larly in the environment peculiar to Army wmateriel, impossible to predict
the maximum shock which will be encountered; conscquently, large deflections
must be anticipated. If the suspension does not provide for sufficient de-
flection and gradual increase in stiffness, bottoming may occur with conse-
quent transmission of excessive forces, Thix consideration makes the use
of a linear isolator undesirable. [t is often preferable to employ a none
linear 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 cauxes deflections well
into the nonlinear range. The analvsis of nonlinear isolators involves
complex formulae which may, for the sake of expediency, be circunvented,

To satisfy the intent of this document it will suffice to merely be aware
of the nonlinearity of conventional cushioning media and the resulting de-
flections which dictate the spatial reqeirements of the container body.

For a linear system, where the displacement is proportional to the
applied load, the formula

2h

d » ——

Gm - 2

indicates the relationship between drop height (h); fragility factor (Gm)
and minimum deflection (d). Deflection d is numerically equal to the dis-
tance required to decelerate the contained object dropped from a height h
such that the G foree experienced by the container will be mitigated to
level not exceeding the established fragility level Gm of the protested
contents. Note that Gam and "d® are inversely proportional; ax the fragil-
ity factor Gn is lowered, larger deflections muxt be provided,
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TABLE 4

LINEAR SYSTEM - DEFLECTION SELECTOR CHART d = 65?2

Drop height h
G 6" 12" 18" 20" 24" 30" J6" 40" 42" 48" 60"

10 | 1.5" | 3.0" 4.5" 5° 6" | 7.5" 9" 0" 10. 5" (12.0" | 15"

15 | 0.82 | 1.85 2.79 3.00 | 3.7 | 4.6 55 6.2 6.5 7.4 9.2

2 | 0.67 1. 33 2.0 2.2 2.7 {3.3 4.0 4.4 4.7 5.4 6.6
J | 0.43 | 0.86 1.28 1.43 | 1.7 | 2.1 3.6 2.9 3.0 3.4 4.2
40 | 0.32 | 0.63 0.95 1.05 1.3 | 1.6 1.9 2.1 2.2 2.6 3.2
5% | 0.2%5 | 0.5 0.75% 0.83 | 1.0 | 1.3 1.5 1.7 1.8 2.0 2.6
60 { 0.21 | 0.42 0.62 0.69 { 0.84 1.0 1.2 1.3 1.5 1.68 | 2.0

7 | 0.17 | 0.34 0.49 0.5% | 0.68 | 0.82 0.88 | 1.1 1.2 1.36 | 1.64
100 | 0.12 | 0.24 0.37 0.41 | 0.48 | 0.61 0.74 } 0.82} 0.86 | 0.96 | 1.22

125 | 0.096] 0.19 0.29 0.33 { 0.38 | 0.49 0.58| 0.66 0.68 | 0.76 | 0.98

In summation, the distance through which an impacting object moves,
prior to coming to rest, is dictated by the phenomenon of energy dissipa-
tion. This is reflected in the relationship between the peak acceleration
(G) experienced by the impacting container and the length of time (shock
pulse) during which the acceleration lasts. The pulse is a function of
distance and to maintin a specific level of maximum accelera-
tion (Gm) experienced by the contained rbject, 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 cushicn pro-
vided., This deflection (d) determines the minimum sway space wvhich must be
provided within the contatner and as such, dictates the spatial dimensions
of the container cavity. A linear suspension is rarely encountered in prac-
tice; however, because of its simplicity it is usually used to determine
minimum spatial requirements. A steel spring is an example of a linecar-
type suspension where the spring rate (k in 1bs. per inch) is constant
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.
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J. NONLINEAR SUSPENSION SYSTEMS.
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FIGURE 6. FORCE - DISPLACEMENT CURVE FOR
NONLINEAR SUSPENSION SYSTEMS

Many of the nonlinear (anomalous) cushions have force-displacement
curves resembling the trigonometric tangent function which cannot be ex-
pressed by simple mathematical equations. The figure shows how the stiff-
ness of the suspension (i.e. the shape of the curve) increases as the dis-
placement approaches the maximum available (db) at hard bottoming, The
minimum amount of displacement required for nonlinear (tangentially elastic)
cushioning may be mathematically expressed:

dm = displacement in inches
dm =.3_‘9_h_ h = drop height in inches
Gm Gm = force of impact dimensionless

ratio

It is interesting to compare the displacements for linear and nonlinear
suspensions and note that the spatial requirements are greater for nonlinear
suspensions.

TABLE 5

lgh
NONLINEAR SYSTEMS - DEFLECTION SELECTOR CHART dm = iém—

Drop Height h

Cen e 12 18" 20 24" J0* J6 " 42" 4" 60"

10 | 2,847 L08Y| 7,02% 7,807 8.06% 11.7" | 14,047 15.60% 16.38% 1N, 72% 20.40%
1% | 186 ) 4.12 | 4.08 5.30 | 6.2 7.80 | 8,06 | 10,4 10,92 | 12,48 | 10.60
O |17 2o 4.9 .00 | 468 B.N8 | 7.021 T.80 | H.18 | 9.0 | 11.70
0 | 0.78 1.6 | 2,34 | 2,60 | 3,120 300 | 468 ) A20 | B, 6.4 | TR0
0 1008 1.17 1,78 1.0 | 2.4 2.84| .M 3.0 | 4.10 | 4,48 | .80
8% | 0.47 | 0w 1.40 1. 1.87 | 2.4 ] 2.8} .42 Aow ) D.74 ) LGN
HO J O.38 | O.78 .17 1. 1.9 LA | 2.} 260 2.7 2,12 3,40
™ 031 062 0.5 1L.04 1.3% 1 1.06 187 ] 2,08} 2,18 2,090 | 212
1o | 0.2 N7 | 0,70 O.TH | O848 117 1.40 1.5 1.64 1.87 1 2 )

1 Joa | o.a? | 0.8 ) 062 | 0,78 ] 0.8 1.1 .85 1.1 1.5 1.87

111




K. RATEOF TRAVEL. To attain a required level of protection, (Gm-
factor) it has been shown that the item to be protected must decelerate
through a specific distance (d) to dissipate the energy of impact generated
as the result 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 of the object during deceleration.

distance

time

R

‘d
R =-% or d = Rt t
l rate

It has been previously shown that the desired force of impact as de-
termined by the fragility level of the object to be protected is inversely
proportional to the pulse duration "t" of the above formuila (time to

decelerate),
)
Gm =-l; V|l

tm
Relating the two formulae; substituting for tm its equivalent d/R.

72
Gm = — \Jh
tm

72 d
Gm = —— \h L o=
d/R R

G = R[Y—f- Vh—]

[$

Considering the vnl\m[Lj-Vh ]a constant, we conclude that R, the rate of

travel during deceleration is directly proportional to the Gm factor. To
reduce the value of Gm we must reduce the numerical value of R; i.e. pro-
long the time of deceleration which in effect 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 displacement (d) and
simultaneously control the rate of travel during deceleration (R) through
this distance (d). The value of the controlied rate of travel during de-
celeration (R) as determined by the required pulse duration (t) establishes
the magnitude of the shoek (Gm) experienced by the object to be protected.
The various means available tea the design engineer include elastomeric,
mechanical, and bulk cushioning suspension systems which, because of their
contribution and performance are dixcussed in depth in subsequent chapters

of this guide,




L. IMPOSED VIBRATION. A condition peculiar to materiel in transit is
that of vibration generated by the carrier vehicle, The carrier, function-
ing as a fluctuating force imparts to the container a forced vibration and
the container (assumed to be restrained) is forced to vibrate at the same
frequency 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 conditions resulting in vibra-
tions peculiar to the environment in which they operate. Many studies have
been conducted to determine the most common forcing frequencies that will
be encountered by different carriers and, although exceptions are found,
the following summary is generally applicable.

1. Railroad - 2 to 7 cps

2. Truck - 20 to 200 cps

3. Aircraft - 20 cps and 60 cps
4. Ships - 11 to 100 cps

The mode of transportation and the applicable frequencies tabulated provide
the required data relating to imposed vibrations.

M. NATURAL FREQUENCY. Determination of the natural frequency of a
container system is of the greatest importance to permit comparison with
the forced vibration introduced by the carrier. This comparison of fre-
quency is evsential if a damaging resonant condition is to be avoided. The
natural frequency «f a suspended system, is that frequency at which it will
vibrate if displaced and allowed to vibrate freely., Any system comprised
of a body susperded on cushioning has a natural frequency at which it will
vibrate with greater amplitude than at a frequency just above or below 1t
To determine a rough approximation of the vertical natural frequency of a
container system:

Gm = G-factor of the container as designed

fn = o h * drop height in inches

¥h fn = approximate natural frequency in

cycles per second

N. RESONANCE. Bodies subjected Lo periodic impulses imparted by out-
side agents are said to execute forced vibrations. When conditions are so
adjusted that the frequency of forced vibrations is the same as the natural
frequency of the bedy upon which they are impressed, the f{ree vibrations
reinforce the received ones: an effect which is known as resonance. When
the impressed vibration has a different frequency from that of the free vie.
bration of the body, the received impulses will not affect the free vibra-

‘tions appreciably. There are instances where resonance may build up free

vibrations of such amplitude as to produce dangerous resulis. The ampli-
tude of vibration, depends upon the magnitude of the foreed vibration and
the ratio of its frequency to the natural frequency of the object or system

1-13
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being vibrated. When this ratio becomes equal to unity, the amplitude of
the vibration may build up to a dangerous value.

r = frequency ratio
f .
re T f » forced frequency in cps

fn = natural frequency in cps

When r = 1, there is said to be resonance between the frequemcy of the shak-
ing force and the natural frequency of the system. In all practical prob-
lems, the maximum amplitude obtainable would be limited by failure of the
system or limitations of space. Theoretically, for the effective isolstion
of vibratory forces, the ratio between disturbing frequency (f) _and the nat-
ural frequency of the system (fn) must always be greater than V9; and, as
this ratio assumes values greater than v, the system becomes progressively
more efficient, Conversely, as the ratio {/fn becomes less than v, magni-
fication of the vibratory forces will occur, and this condition must be
avoided. As the ratio of f/fn approaches the value of unity (1), the vi-
bratory forces are multiplied, until at unity (1), resonance occurs and the
forces become infinite. Mathematically this relationship is expressed by
the following formula which is known as the transmissibility formula:

1
Transmissibility = (f)z .

Tn

Where: f = disturbing frequency

fn = natural frequency of mounted assembly

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

The preceding data has been presented as orientation; Lo acquaint
the reader with the principles of container design. These and other aspects
of this technology are discussed in depth in subsequent chapters.

To minimize the design effort, the service requirements with respect
to shock and vibration have been established for those conveyances most
common to the transport of Army material. When permissible, it is desir-
able to investigate all aspects of an environment and the hazards it pre-
sents; however, should time be of the easence, it is suggested that the
eritical condition cited in the following be investigated firse:

a. Rail Shipments - failures are most often caused by high im-
pact shocks; a single transieat shock wave is imparted to the equipment and
failure is instantancous. Vibration becomes a secondary consideration.

b. Truck Shipments - same as rail.

c. Narine Vessel Shipments - ssme as rail.

1-14




d. Aircraft Shipments - fatigue failures of equipment, 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 cps
are prevalent, The magnitude of the shocks to which the equipment is sub-

jected is much less than in other applications, and the shock requirements
become a secondary factor.
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CHAPTER 1

INVENTORY OF ARMY MISSILES & ROCKETS
AND THEIR CONTAINERS

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

a,
b.
c.
d.
C,

f.

Detailed geometric outline dimensions,

Weight.

Location of center of gravity.

Maximum allowable vibration and shock loads,
Support points with corresponding allowable loads.
load factors (computed from structural analysis),

Susceptibility to environmental hazards including pressure
vibrations,

Pertinent clectronic or magnetic characteristics,

Frequency and degree of periodic inspection and maintenznce
requirements,

Test and checkout facilities,

Military characteristics and logistical support plans of the
system,

The characteristies of any applicable aircratt, marine vessel,
or landbased vehicle peculiar to the (ogistic support plan.

Projected storage life,

Degree of permissible disasxembly which will not require
special shills or toolx,

Other pertinent significant datva,

The misnsile developer shall be required to provide these dava to the
container designer and shall be further required to advise of all changes
subsequent to iattial release,

The following is presented ax an inventory to make available, in ready
reference form, data relating te Army Mivsiles and Hochets encompaxsed
within the scope of this document.

(3
.
-




TABLE 6
U. S. ARMY MISSILES AND ROCKE!

ML Mesnt L MENIOND
ISgILE PRrROPILE Fa ol i -
L 44 wv [ NeRO & ] owxe v sy vo ,
$3-10 4 381¢ca 3 . :an-n djce |oog] 33 [ammras | cowr |
aoneao
o sy [Toomen s ", we -
$s- * elea [1nr et [raom [ | wote weaa.olca Liarl ccr | onoamef ™™ by
baad AT [—webawyoy wd
i WARWAAS §
, 34 ontoat | WOR® . P "ﬁ:
ENTAC ‘ wiew|e e v svoen [T | @ | @ | (O [ wem [ e L v
- Teatvegn WS Vol -
e ‘ -5t sone St oe |4t vo rar] wa
——— | — I B o N e e T [ s
v LY .{1 “ 42 M ™as m“m...: o ”i gi M ‘z “"‘
Pame savenoes R
oRveR | _ . rrren - . p—
. KX et [l oout o e Rhastad et oy
—_ * ad 28] o oo |2 :.- Pes-wsead ...:.:' hoeeves | 46 1278 B | 2o |00 e |
safosfualanl” Ploresss: . wa fua fua] s
SWILLELAGH | S S . p— r 1
@ jwiman]| o o oo TYOL AL, - 9} Tnem
aaad Moo -t . -
- Lo ) Py uﬂn:q o [ g [wee) &) . ewe ®©
W "
-] AMwe “EAl | gmiey 3
e & aos[re3lun ]| 2 | 518 vand seavve
jume V12 [res|o ] vee My wor fusane Jrmscvice ter |stas prd i
 — | T e
420 [ Luay b ORASS
proy oo [asun] 26 [snrmed K|
“ies LYY wask 'ﬁn:s"
:;‘ ® 1wy '::m
e €0 |18 ua | w42 |S0F Fand 1000
hhgaed ot | e
WARREAD [T IS Y 2641¢ _“,m.‘.
m 80 |25 | wa 34" rhmn] «n0e
-
ReLut? | jmagy -
wgrot wenp
B
wee
hseadh 30823080
(34 1 ™ 1P i

2-2




TABLE 6
S. ARMY MISSILES AND ROCKETS

S1ONS 2
WSS sy 0% Ty wEiany oo pacssunt | wusmoTy| FRAGILITY wanouwa| Ping \.oowv\c.l
ol TS -avELS L
) JEECTION ] useo o —t wwrs | u Deviees ™
& 1 greel ‘o NO wrt NowR 4 STRugwY
0RO o\ rnva0 04 corraien niice 33 LmTs | Liairs | NOT AvAILATWL ArPLcARY swibsgp |WoRiowint
AN BP0 | oppuniic, W) ATTACHSD
TOOLTWAR) “0Y To 900V
5t “"—*‘“::': seA Luve | NOWE, :s g
w000, ST, ] PR new
© Bownto T YA TP éc.\ 0 4aoco #YLIRONIED | [ oY AvALAGLE woucraz] NONT  gwisswn |Womiowiot
CONTRWERS P ATTACHED)
ouli(swoenn  |oot v '8 o ey To S00Y
) ToefTwen) v iy 1$ Micwigireg "
WARHEAD L | grexi 27 sthLeveL | Nowe, Howe ing OM
o PRoLone 00V
800Y  fcprmamen ©le a1 wrtw YO 43000F T gTannat | UNKNOWN WoRLOWn DR
Lyl (T 1) a SALAE ATHOS
TeatTvER AUNCHE is PROWIRTEY
)\ wethine
—rt bores A Ve CAN. WiTHETAND SYRAP e
e T[S oz oy hoer) 42 R B e s L] P R e
Lavmcnts e ont wave, AL cARmITS)
G rEnOga ARECN NG
Comenarg wecit:|man Wl 1S4 Pa1Yo [I%RNG | VIEL 2 TVensianay wong  [Hwmewsa:
T e (275 26 Y T B NONE  |vomLOWAS
sncs|] anentn Mo-1o0ee | T} € WCO%RW @ | To-weeen A 0vna [YYIYCTI LSV, 0 Y
&ma) " N e ook - augy MUY AR LeR © LYY PN
MOTULAR 100 1'c LONG (TLDINAY HAND & STRAGT
Comm.s e Appan
. . CARRILD WORLOWIOE
wasne [0 Sen|e0 | G © NONE | (c)  eos Tamnsvesse ARRER oo™
ORAWNG W)
MOT AVAMLABLE
waR®EAD [mawoiwe S
FOIRE ) T WETR
804 | \7.S tf 2 NONE NOME © \:‘” une -
ANAIAY . ]
80 |2 2¢2 @) ©) (4] e Noug | wemdws
T
VIV Y
80 |28 2¢2 &) © © Y wone wanewiae
26¢.n
M3 lgo |ies e &) @® © s Mong | wemLowe
E -6
" ning Awe|é YTRNenT
mass ; (948 S21 w/o wone Iy 4043 AL Diete mv:\uo iy
M8 loosli2s THRUST AVRILABLE VHT USTR{IWPNS | voniaenes
'&‘:n" WEYTRALIZ Wil vIEe (M Tntevy
I-u"‘l a 546 Tor. m
FIED INFORMATION




TAB
U. S. ARMY MISSILES

o O
ML Witns
| ROCKET — .
9 ASVEMALL0 | conrarmen
HAWNK twan 190 414 | 1203 Wt Soov | smezo |'90
s n ‘:"“;‘ - Posrinve

R
-t~ é -.ug.m ©

W™ awis) S

n;m addd 244 o

WARMLAD |AMeT

g|inie wY | we we
LK:‘OSSC 1% :: “‘r d "”‘, isapasrae | 80
St o
(wsecera) 4] .
. § vowtf m.i.‘lﬂlﬂ‘t
- MY
Reeut v
- Pord)
1
't111
waangas | Mes
a3 ¢ (]
L ]
[T 1% 3 *a0trees
SHEXT 20F § KPLRS 1O CLASSIAIED INPORMATION

2-3



TABLE 6

ARMY MISSILES AND ROCKETS (cont)

Wssns DamEns rany 2 PREIVAS | HeaETY]  PRAGRATY WARD | anguue] g |LOSITE
pfcTion ol veso o [90n] somes .=:‘wv s | uwrs | wwevs | Lavens s | covem
ASsTen s "eneas s rwg
whe t Sowe | ‘snens 1198 | 14 [ara] v2rs 2:: © ) @« ® ) © |t a"nu' whowes
ssevns  Posryete " N“m“
> ') 88
smartiL wot
toeutene | TIPS & 1w [na ]l @ @ o © ®© (] I [ ] et wout  [wenewnee
4% L osrvens wey
'“'5&"“.:"' ©]|e]laai w © . () ® ® ® € wnsng| *mC  |wenawes
. vy
e fareare| @ |10 pra| @ @ (0 @ © (] (o @ |t
WARNLAD [Amers 193 ragw [-90vve | wene wr wev e wor wy
“'.’ 003000 |00 | 20} [ua | 540 “3 iy LAY AvenAme ) st | avmanne | avasos | aenne Sunee
"
GUIDANLE 1% YRew] ~Gov YO v L4 wev wev v nont
§ Sontn m.?.nllt taf {00 | 1808 ‘,3. CwS] =140 [avanABLL] nename ® aonning | avansant | memanag wem.omes
At
Roeue s LT 1L FPPSETR ner e 4 whaes §
e wid{ ¢ |53 | 83T ewpguo went L‘”“*m sy |0 b Lwrm
é‘.ﬂ ‘r Y, b AvAname | waass | e amt Siug
v
wanugas | w484 wr wr usy wer e we wr
::‘-::J .:.:om & fo “*'I“N““ pantne © tenine © sanens | avmana | imoqig | NOms  [Rawm
[T VTS

CLASSIFUMED INPORMATION




TABLE 6
U. S. ARMY MISSILES AND ROCKET!

4

oehegats |asuThngd us |30 | ™
wee
]

-
[ 3
9 10
r..:j‘- mpoemes loggeses |212] 227f10e
LX) [retvond |
pn , IS,
]

- 03] % F“'l

sapo)
waRwtag [ASAR
sopn | mr [TV 8 Umanent mn&u... 2”":‘

iy [ ey
Seatunr ] Rocugy | oven veog
muna | ron we- e |37 |22 NA

Nuwsvagt
toven

SoTaRy | WAt et v
v | 80 [ v0000 | 237 wv jossanee- smag  [Poendes '”L: .
“‘a““ ‘ Ll R W na:hn L uran TA-R- 00 )
ro4a%mus)

Aagug ¥ Lded ]

wavon oo T3 [en
am ) [L°YN )

CoOnTaAR AvegY

(J e res| W us
Gvitantt
ey | M4Ve

SHEET JOF S (c)- REFERS TO CLASSITIED INFORMATION




TABLE 6

S. ARMY MISSILES AND ROCKETS (cont)

OBAER S «OnG
WG Missng > wmewr |Lecanion museutt | wumeiry [snagnivy ot | wamo | nanonee
METVn | useo o | e too ‘:“ ] G wa's | vy \EVELD :;:‘:'. POnTy Senets
[
o er [ s solwrlicnn | 0 | 0 |0 | @ @ | w]lao | a«
bosstane o8 - awe s
npa: oveaavey
wh ot foserns [21z] 21rfree | sz | Ph 2ve | erveciens] rme whae | Wt T metastt|ne e | R ame
wowe) waat whad 288wty ”n 800 \angan
wima, 010 mied *® P I00]
e :n- v voertov] ouugas soumnins | cramonr
Quonev -— 103 30 {3578] 3030 | wra nes Prensmty] o0 | MLty Moot i vanagg |34 o e *wt | wea.
rr e cme
ATV | [ wantap AR .
v ) we |22 ';;" © G] w @ & ) & «) ® wont | weaswes
-ansapt
wied L ™
[y g ['TY L 328 Gag = ot = v N o Png
':lm:t 37 |22 A Vi | Fouwans 4 © o © manaht | mmant | nvacne | sap | WOMSwN
toven 37 MY ue naty el
weany [Whantse . e aar
o] el RUTCR Ll (LY TR (P IEPROR Lk ™ o |=| e | @ o | @ |oe | @
Ld a8 ) o0 REAR Lug et
{04 A% vnne) SRR ma
Aague v M:‘.t same oy [, veu et & Ping
woten ~  jeod e 04" vuo oo pouy A
preifey swas  J Ted e ovaut 11 ']} ¢ () At 000 E su-uuﬁ WARAS oty [ 4)
o0 wontLt LonTiulod
CONTRE, smag?
. et wor wey wev
(4 e res] 3 fua] riss 3Ty A [ ) © prodyy (] aedmagat | svdn Mmanita| e =)
MNG.C smase pe vwn Cun
® TO CLASSIZIED INFORMATON




TABLE 6
U. S ARMY MISSILES AND ROCKET

TN ONS
M\’ .L: t M e wgwe ] LICATON
PROFILE SACTVON sosman) | crFeR 00
ROCKHET SRATY
waarn | st Lo sesh / «) © €
wov T A b, SO KO
PERSWING {s08]| a0 | = | 30000, 0, suiel nennand retine
e - 1
GurDanet LEX 11 T¥) “wor o
G Conummon |'OeE3RS 8 1y | o | ) [aemame [ maname
AMaeTS -
Z‘ STAGE [ R ot et [ [-ag
AMATE ‘“"“7'1 Q1@ | vt L
" STact [ R-Lo36e not hodd
aai$ oersr2edl ) | ) | & [auinsene [Anuase
PRSP S i . waugap |20 9790\ loggriz®at] . | 1y g, hadd
Oomm ses ”iH 7Y nboes —— ™ wﬁ tugar ::‘ [T XY
uvq
ﬁ sen ront 8] 0,097 |og 30 | - | MY neY
'~ o, B
merre Man e e q
ary “0.:'. "t o3¢ 303 | o tsm "y
J'Ono“ 03803 " b Ealotl
09 Ne] 52 | 22y wor |08 Pt jBsOY-uL]l wage [E3 | ‘T 430 "4
WRE-AdAn Mvaran] wirrenn hsua sevi738 e WAt
(waseo our) haeay
L 3
(LTI 1) wer :
weree ws Py [ ] 1208 |amamne
*Sez307s
.“u 2011980 WA WA |- 1} 3 (]
Povecece
"":;"“ Teapras [t =] &®)
7048
L 1T )
-t 1Metad | & " - [} 1} ©)
reeen

SnECT 4 o 3

(CrRefgRs ™0 CLASSIFIED INFORMATION




. ARM

TABLE 6

Y MISSILES AND ROCKETS (cont)

ORMMons | ey ) Mm wonevy [saagaire Jiomant | wano
'l‘l‘:n‘;-‘ 280 “.......; ::'3“.- . - Wnows | g, vy
v on o privete I L T g
WARKCAD  [R-L0868M)
wt  [anTwe § T b [ D 6 © (3] & €)
AT
P . [a-verseaz [ ot v -t wng [WORAOWOS
OANCE | ontstas o . gt | € ) o ® MARMLE] A
l‘c‘:-:'::s © | @ | © [reavame [aannene ®) *‘f
soms
sTace | R ronom ot v . et wv PORD e
zn:uu 10088127 o Nl () © () © [ ] R L R )
1 (‘) @ WABLL | AvA AN g
Liodk 3.4 R-L0960 et L4 Lus -y 4 mg -t
Y m.um# Q| ® | © |swasens [anwsne] © © © & [ ) st | Msnams | smovep PO
wor uer
“Ae o add e -—
hogd Yol ravey” |7 YT | = | 3se | e | wess wew veng Amuar avanatrg] svaname| saane | WS
e ey
wen wet wer
PORE VIV o\ 0908 - 13 4 NEY “en nwov ueY
.m " o8 | 30 avawng| soonie| Meaand mamane & L) seavangl eanonejaennamg | WNE [ avaanns
11
oY ey wagp X 39 et 9 wer wt e s hve v
SACTIOn 36 33 | un ——y T & aveant | mmcang | wonons | ymoogy | mananz
keos oyl JRr i | ST v apet L Nr & X
s’ Qe
avwe v
3000a [P0iug: 0OV -uL] wage [T ] ' 430 [V LY ney -t [ad * ee et
winene P 64080 | gonivsy b [NTEV TN -numi swawams | (¢) ® e AR | wansms umom Lt U
“eerag
L~ ¥ Y 'Y Y e
Sac e "> net -toe ve [¥34 e e [y m—vge
e Y Bt [wn] 1200 [acinn] cree | oancand ® €)  lonasnn | seansion |2 gangan of L X
s ad coaanss |TRTRM
. L
- - g
e {erome jaual=] n ) « o ) vone | O |enen
il
WARnNLAD - el & wond
“y epran|t3|® | =] 'V &) [ ) - rewh (VW V]
—_ e
vt RUTUITY I BRI Y T © S ™) ) - - we  |amagne

YO CLASSIFIED INFORMATION



TABLE 6
U. S. ARMY MISSILES AND ROCKETS

o e AL [corman| Db’ | weianr hacanew
4 Sechion | oq0 mooemen) | 2 ST
ONg. N O | 900, OF ORavrry
NIKE - s s =) browe .«
»famliacro | 292 wesvenn V%) boogaer [t62f] 1§[90 | 1329 | aimaen
HERCULES 20 pagn haeree "
Wenses® | mady
=~ [T osneos |S3E B |ma | 1220 &
~ e
vah| W [ 9278 | nsmianne
Y]
[~y ey
wao [Peedetes 118 | wa. | W n:.':..“ [Ty
w2 13373
whutse
Seres  ewrme |Taofmeln | & LN
NIKE-ZEVS o 3 m w | ® Mm
aaxrms § oooanct
ﬂ weves  [Povagen [0} [02¢ :::«L ) ®
*somns )
L=
Al Ty W R O A
b 9% 0000 and
“:-:'“ Peresst [378] %7 | o &)
" 9%e9-¢ [(Rerrang
[ 1
s:“ {*orcerrr 2o, a3 [0? @ ©
o =
SPRINT ’
MAW "
Suett Sor S (CY-ACFERS TO CLASIIFED  INFOmMton

2-6



TABLE 6
ARMY MISSILES AND ROCKETS (cont)

4 | e L | el oxonen rovesnave Pamavet | numorry [#aage e o wane [wemme weone ]
vers | wwre | Lars | unrs |99 ] somme | soness | 70
wor et -y wr wov ol wv e - "
V329 Aemuatit [ Aot | ManAAt | avtnatng | onates | eneting | enatis ] temans Mg
becedd L -
+230 e 4] & ] & o & it | avenams
snase Qg A0 T, o0 vamennd
uee e uev wv . ot .y rms, o] 7
SIS | acmintng O veensd neansont | avansa M mnant | wacang [ XY T e
- -
0P YO + 3079
e e [T e wr | wer v N el -y
Avhiagug | Sl moamt | svanatns | Avanang | Avananng | Avm wanatng | Avaamg
| — o] ) I I 2 s
Saton  [ogyvme | Yeo | 2o |™ &) woue  [SROBSLg o 00 0 g
e ® } oot sy ool vananns (Ao el g Hons r-)
-d“ foan wany meno W o v amg,f " Y0t
LS 3 ) *agm - 40Py ) w g oA
Pty "eagn “‘ “t - ® ® 0 o\ 00V —ent -y wee [ ~“"—
oy - Mtf Mot | weang nuu.u. mega-af "ot ®
X -
wm‘-JOw-vn jots e | a. © © Shag By ot [ v wer  fevs :. -
Sresese oy ateve o weang | waagy | Seionag E-uu mnsns) W
PR senes
svass sawg WM -y [ ) [ o
weven Poreset {3207 © tane Ay . o . wr
FMC toesvarg " © S0 ot s | ey | gy [0l o, maans] ®
Povestte
[T 1Y g g 48 o oy
wat ugng"9708Pv? (2081 a9, ln? p Sheeg &% Sam2 0y L] (] - P4
E,?, - | e @ svee | P | e | tacanan | eana] ™ ISR [ | @
s wine: g’
- SV

0 Cpaetl o




e

e

The following tabulation of Army Rocket and Missile Containers as pre-
sented, will function to orient the designer in the current state-of-the-art
and serve as an historical record of previous design effort.

A cursory review is sufficient to impress one with the need for a stand-
ardized design aspproach, if not a standard modular design capable of conven-
ient spatial modification. Obviously, the result of such an ambitious pro-
gram will be a compromise; however; the design cffort should strive for the
ideal contasiner providing:

a. Adequate performance

b. Multi-functional utilitcy
c. Simplicity

d. Durability

e, Minimum cost
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CHAPTER 111

SOURCES OF DAMAGE AND HAZARDS PECULIAR TO
ARMY MISSILE AND ROCKET CONTAINERS

Current Armv policy, based on the need for worldwide deployment, dic-
tates that all materiel, including containers, have characteristics capable
of withstanding the rigors of a logistic pattern geared to "worldwide dis-
tribution.” Consequently, the container and its contents, in combination,
must provide for all environments and modes of transportation in addition
to the hazards peculiar to the handling of materiel in transit,

The environment in which a container must operate, subjects it to haz-
ards which may produce damage to both the container and its contents, To
protect the integrity of the missile, current missile designs include
built-in protection; however, the container must supplement these character-
1stics to provide for all of the hazards which may be encountered from the
point of initial supplv to the launch site. The "shoot and scoot” tactics
currently employed by the field army require a high degree of reliability;
consequently, the protective level of the container cannot be compromised,

The hazards to which a container is exposed are many, subjecting it to
conditions which may result in physical damage caused by the rigors of the
logistic pattern and detcrioration as the result of prolonged climati: ex-
posure.

The logistic pattern starts at the initial point of supply, usually
the manufacturing plant. Regardless of the proven adequacy of the engineered
prototvpe, the performance of the manufactured product may prove deficient
as the result of an ineffective quality assurance program. Poor housekeep-
ing, tnferior materials, sub-standard workmanship and lack of effective
quality eontroir will result in a deficient container compounding the damag-
ing cffects of the hazards which the container will encounter, Unfortunateiy,
these are bevond the control of the desigier and consequently it must be
assumed that the finished procured product, as represented by the prototype,
will meet the contractual requirements and that the container will prove
adequate within the established limits of the proposed application.

SOURCES OF LOGISTIC HAZARDS

A. Manvc! ond mecharized heandling o1 the louded container, at the manuface
turiag plant subject 1t and 1ts contents to physical abuse. The most severe
condition 1~ that of 1mpact shock, Damaging shock forces within this cates
gory are normally the result of:

o Arseadental dropping

2. Conveyvor svstem unloading
3. Abrupt stops and starts of mechanical devices

3-1




The anticipated height of drop, producing the most severe impact shock, is
based on the potential hazards that may be encountered within this phase
of the logisuic pattern. By placing the container in its proper weight
classification, an estimate of the severity of trecatment it will receive
can be made,

TABLE 8
TYPICAL DROP HEIGHTS
Weight Range Drop Height
Gross Weight in
in Lbs. Type of Handling Inches
0 - 1 man throwing 42
21 - 5% 1 man throwing K
51 - 280 2 men carrviog 0
251 - ) Light Equipment Handling 2 )
ant - 1000 Light Equipment Handling 18
1001 - up Heavy Equipment Handling 12

8. In.-Plent and Werehouse Storage operations expose the container to addi-
tional hazards, Of particular concern i3 the practice of stacking as dic-
tated by efficient warehouse utilization. This subjects the container to
static loads peculiar to this limited phase of the overall delivery cycle,
Consrquently, the structure of the coatainer must often be made capable of
with-tanding high static loading.

To conserve space and reduce costs in both shipping and storage, mis-
sile containers are usually stacked two or more tiers high, depending npen
the size and weight. Usually, containers in excess of 2300 pounds gross
weight, are limited to stacks of two high; those lesxs than 2500 pounds may
be stacked three high (Frgure 60 Contatners with pross sereht in eseess
of 5000 pounds are usually too Laree to stack.

Small rockets and missiles may be housed within containers having a
configuration and gross weight compatible to high stacking. Containers
within this category may be considered to be subject to stacking 13 feet
high as governed by the lift of the conventional fork lift truck,

C. During wemsit to its ultimate dextination, the container 15 subjected
te rough handling, shock, and vibration. The delivery of Army vontainers
13 accomplished by an axsertment of transport vehicles and more often com-
binations of these conveyanees (raiiroad, truck, aiteraft, marine vessel),

ie
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FIGURE 6.

STACKING OF CONTAINERS IN STORAGE WAREHOUSE
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1. Railroad Shipments

Railroad shipments (Figures 7 and 8) subject the container to high
impact shocks as the result of humping during switching operations. It is
generally believed that railroad switehing operations in elassilication
yards cause the most severe damage to lLading imposed during rail ship-
ment. Consequently, the analysis of rail shipments shall be concerned
primarily with the imposed shock as the resalt of * humping. "

Shock data recorded during flat car rail impact tests have been plotted
and are depicted in Figure 9. These data may be applied to shock investigae-
tions relating to conventional lading of nonexplosive materiel. The test
data indicates that the imposed shock is greatest in the longitudinal plane
and is most prevalent at speeds of from 8 - 10 mph. The most severe condi-
tions occur during flat car shipment; a conveyance most applicable to mili-
tary transit requirements. Based on the recorded data and the prevalent
transit parameters the following design criteria can be applied and will
encompass the majority of impact conditions experirnced within the military
rail environment, .

a. Rail {lat car - nonexplosive lading

b, limpact speed - 10 mph

c. "G" Force imposed on lading in longitudinal plane - 16 g's
d. Pulse duration - 30 msc

In addition to shock, there are critical train speeds at which the rail-
Joint impulses become resonant with the natural frequencies of the car on
its vertical suspension. These disturbances are the result of track and
wheel drregularities and occur chiefly at rail joints, frogx, and Crossings.
From many texts conducted by both military and civilian agencies, forcing i
frequencies developed by a freight car movieg at speeds ranging from 20 to
91 miles per hour are 2 to 7 cycles per second. The "G" forces imposed
upon the lading by the steady-state vibration of the cail car are of appre- !
ciably less magnitude (0.5 g) than those generated by impact. The design of :
the container suspension system shall be based on the shock impact require-
ments and will encompass those relativeiy smaller forces preduced by the
prevalent vibrations., The suspension system must, however, be designed to
provide a natural frequency in excess of [@ cps to avoid the critical range
of 2 -7 cps peeuliar to rail transpert., (See Chapter | - Hesonance), i
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FIGURE 7. SHIPMENT OF CONTAINERS ON FLAT CAR

FIGURE 8. SHIPMENT OF CONTA(NERS 1IN GONDOLA
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2. Truck Shipments

The forces imposed by truck shipment (Figure 10) are so varied that 1t
becomes difficult to isolate the area most prevalent for design consideration.
The destructive forces prevalent in truck shipments are the result of:

a. Impact Shock
b. Fatigue
c. Vibrations

a. Impact shock imposed upon vehicular lading is often the result
of a sudden change in motion. Sudden braking of the vehicle and irregular-
ities of the road surface (potholes, etc.) impart to the lading a single
transient shock wave and any resulting failure is instantaneous. Damage
producing shock input is usually applied to the vertical axis of the lading
and is most often the result of a bump in the road.

The Munson Road Test, adopted by the Army to evaluate the performance
of over-the-road vehicles, introduces all of the mechanical disturbances
prevalent in the transit environment of worldwide distribution. The ac-
celerations measured at the cargo bed of a typical vehicle have been tabu-
lated and are included in Figure 11. These reactions of the truck bed are
typical of the forces imposed upon lading transported by truck.

As previously stated, these forces vary and their values fluctuate;
however, it may be assumed that only those applied vertically are signifi-
cant and the magnitude of the average shock is equal to 3 g’s.

Due to the nature of the test bed, the applied force can be considered
repetitive and as having a spectrum comparable to that of a half-sine wave.
The amplitude of the sinusoidol shock wave generated by the vehicle bed can
be considered equal to the vertical displacement of the truck bed.  The dis-
placement amplitude of the spring suspended cargo deck can be conveniently
measured and may be as great as 4 inches.

These data can be applied to graphically illustrate the nature of the
induced shock; however, the frequency, being a function of vehicular speed
and the irregularities of the road bed, becomes difficult to isolate.

To facilitate laboratory simulation of the effects of the over-the-road
environment, Figure 12 equates the developed data (imposed G's and amplitude)
into equivalent free fall drop heights,




FIGURE 10. SHIPMENT OF CONTAINERS ON TRUCK TRAILER

3-8 !




1831 AVOY¥ NOSNAW “It 34&h914

“umoys SaoueQIMSIP Kuanbeii-mol pue YAy Wog
¥OnQ KJ)IJIW @ X § U0)-242 PIRPURIS §O PIQ 035D I8 PRSI SUOIRISEY
$d2 £ 0} [ UOKURISNS MIYIA KIusnbeyy fesmen

€ oor @
w. m@

¢

€ AMLINNO X
SS0HD

It “OMNL

g

®
®

dwng
QIHIOOVLS

QHVOEHHSVYMN
Aviava

»o0148g
NYIDT 38

AQHVOHHSYM
9

Sdd .0 Sdd 2.9 84 9 BSNNOD A83L
TVNIGNLISNOT BSMIAASNVML TVOILNBA
SNOLLVUTIZODY NANIXVYW




30

25

N
o

o

EQUIVALENT DROP MEIGHT, h, (inches)
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FIGURE 12. THE EQUIVALENT DROP NEIGHTS CORRESPONDING TO THE ACCELERATION

FORCES USUALLY FOUND IN TRANSIT. A BODY MOVING ONLY A SHORT
DISTANCE CAN LAND WITH AN IMPACT EQUAL TO A FREE-FALL MANY
TIMES GREATER.
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A typical condition prevalent in the environment of worldwide dis-
tribution subjects the lading to repetitive shock inputs of 3 g's with a
vertical cargo deck displacement of 3 inches. Although the actual rove-
ment of the unlashed cargo is 3 inches the accumulative force of impart
imposed upon the lading by the truck bed is several degrees greater tnan
the force imposed by a single free-fall height from an equal distance upon
a static impact surface,

Figure 12 shows that the magnitude of the imposed force under the con-
ditions described is comparable to that generated if the lading were sub-
ject to a free-fall drop of 18 inches. Impacting upon the metal deck of a
transport vehicle, the lading would be subject to a force of 101 g's assum-
ing a shock rise time of 3 milliseconds (see Chapter I, Tables 2 and 3).

The laboratory simulation actually imposes a shock input substantially
greater than that experienced by the lading; however, the cumulative effects
of the repetitive disturbances of transit produce progressive abuse which
in time results in failure comparable to that produced by the free-fall test.

b. Fatigue failure is prevalent in the environment of vehicular
transit and occurs when unlashed lading is thrown into the air each time
its upward acceleration exceeds the acceleration of gravity. The lading
then falls freely upon the vehicle and its downward velocity is suddenly
arrested. The height to which the lading is thrown is usually relatively
small and the force of impact of insignificant magnitude; however, the many
repetitions that occur in a long trip introduce accumulative impact and re-
sult in fatigue failure of the lading and/or its components.

As previously discussed, the designer can provide for this phenomena
by equating the factors producing fatigue to a comparable drop test io con-
veniently produce the same effect upon the lading as that it would experi-
ence in the transit environment.

c. Vibrations are introduced when the vehicle hits frequent suc-
cessive road irregularities producing oscillatory disturbances. Uniformly
spaced irregularities producing repetitive disturbances are significant as
the frequency of their application may introduce resonance. Disturbing
frequencies prevalent in a truck transit environment are found within the
2 to 7 cps range. As the natural frequeney of Army vehicles may occasion-
ally be as great as 20 cps, a minimum natural frequency of the suspension
system of 25 c¢ps is recommended to aveid the occurrence of i resonant con-
dition.




3. Aircraft Movement and Aerial Delivery

This category of transport media encompasses:

a, Air transport (cargo aircraft)
b. Air delivery (varachute drops)
c, External air transport (peciliar to helicopters)

The hazard relating to shock is greatest during landing, This may be
the result of excessive downward velocity of the paradropped cargo, impact
of the aircraft at moment of contact with the ground, or of arresting gear
used to bring the aircraft to a stop. Normally, the magnitude of shock
experienced by the aircraft is relatively small as the landing gear and
arresting devices function as shock isolators. Paradrop slings incorporate
a shock mitigating cushion to protect the delivered cargo. Consequently,
the maximum acceleration experienced by the cargo is often appreciably less
than that imposed upon the carrier. It has been established that shock
requirements under these conditions are a secondary factor,

AR 705-35 establishes the following cargo restraint factors which can
be considered as equal to or in excess of the acceleration which would be
imposed upon the cargo during normal flight or in the event of an emergency:

Forward - 8 G's
Sideward - 1.5 G's
Vertical (up) - 2.0 G's
Afr - 1.5 G’s

Impacts experienced by cargo subject to air delivery are controlled
by introducing auxiliary shock absorbing devices. Parachutes and crushable
pallets in combination, function to mitigate the impact imposed upon the
cargo to a magnitude within the fragility level of the container. Calcu-
lations to determine the amount of auxiliary cushion required are based
on assumed parachute drop velocities of 30 fps or 50 fps. These velocities
are approximately equal to free-fall velocities from heights of 14 feet and
40 feet respectively,

Tue predominant vibration in aircraft results from the propulsion
system. The numerical values of these frequencies cover a wide range, as
they are dependent on the air velocity, the surface characteristics of the
sircraft, and the natural frequencies of various structural components,




Other hazards to which air cargo is subjected include:

a. Temperature shock
b. Pressure differential as the result of altitude or sudden
altitude change

High speed, fast climbing aircraft subject their cargo to rapid and
severe variations in both temperature and pressure, Most cargo aircraft
have pressurized compartments, however, there is the possibility that the
cargo may be subjected to the hazards described and provision must be made
to withstand the effects of these changes when required,

4. Marine Vessel Shipments

Marinc vessel shipment subjects cargo to hazards simijar to and com-
parable in intensity to those of other modes of transportation in addition
to those peculiar to this particular transport medium. The cargo ship is
a floating warehouse, as such, it encompasses those hazards peculiar to
in-plant handling and also those normally associated with warehouse storage.
Efficient storage of cargo makes high stacking an economic necessity. In
addition, mechanical handling devices subject the cargo to severe physical
abuse, pendulum, and extreme free-fall impocts are prevalent in cargo han-
dling. Of particular concern are severe impact shocks - operating in an
hostile environment, marine vessels are subject to ballistic shock result-
ing from noncontact underwater explosions.

An exact specification of ballistic shock does not appear possible.
The general nature and maximum severity have been established by the shock
motions of the high impact shock testing machines currently used to simu-
late the pertinent environment., The shock introduced by performance of the
tests specified in MII-5-901A represents the maximum probable within the
marine environment. This test simulates the severity of shock encountered
in naval service as represented by a velocity change of 100 in see.  This

3

change i3 equivalent to a free-fall drop of 13.6 inches h (2(368)).

Assuming a shock rise time of 3 mxe, the imposed foree of impact be-
comex approximately B4 g's (sece Chapter 1), Based on the above, one may
consider a shock input resulting from ballistic shock as having a magnitude
of 100 g's.
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The.intersnity of shock imposed upon shipborne cargo is however, de-
pendent upon its location and proximity to the initial point of shock im-
pingement. The magnitude of the imposed shock is attenuated as the shock
wave travels through the ship’s structure.

The predominant steady-state vibration of the structural members of
a naval vessel is caused by the propeller action and difters from one type
of vessel to another. The maximum vibration frequency generally encountered
is approximately 20 cps. Suspension systems having a natural frequency of
25 - 30 cps represents the currently accepted standard for naval applications,

In addition to the physical hazards prevalent in marine vessel trans-
port, the cargo is also subjected to the deteriorating cffects o{ an envi-
ronment peculiar to the sea, Pier, deck, and hold storage subje.rs the
cargo to the damaging effects of:

a. Sunshiae
b. Rain

c. Humidiry
d.  Fungus

e, Salt fog
f. Immersion

D. Field Depot Storage sites expose materiel to severe conditions which
result in deterioration of the container causing degradation of its pro-
tective characteristies,

Worldwide deployment encompasses all of the geographic regions and the
peculiar aspects of their environments,

Field depots are often remote, and as such, are lacking itn maternsl
handling devices, (Consequently, materiel is subject to severe shock re-
sulting from roughk and improvis=d handling.

Fach environment introduces hazards peculiar to itself :n addition to
those hazards common to all environments., The hazards peeuliar to geographie
tones which materiel will encounter when exposed to the logistic pattern of
sorldwide disteibution are many and varied,

The trepies present a hot humid atmosphere subjecting materiel to what
is commonly referred to a» "jungle-rot." Excexsive rainfall, high huridity,
heat and fungus in addition to the prevalence of vermin, insects, and rep-
tiles all present problems relating to materiel protection and to the xafety
of personnel,  The physical integrity of the container, often overlooked,
cannot be compromised, Deadly anukes and germ ridden rodents are known te
nest within the confines of a contatner, Broken containers introduce thys
additional harard net normally asseciated with materierl protection.

The Arctie regrons subject materiel te a verv cold atmosphere,  Sub-
tero temprratures of <859F are common; temperatures of -837F have been
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recorded in underground ammunition storage "igloos." The physical charac-

teristics of the container components, ir particular the protective seals,

and elastomeric mounts are radically altered under these conditions and the
protective integrity of the container is jeopardized.

Consideration of moisture iaden air accumuiating within the container
1s a hazard peculiar to all environments. Various devices and schemes have
been deveicped to overcome the deteriorating effects of condensation on
missiles and their components.

Peculiar tc all regious are hazards caused by intentional abuse, often
comprising sabotage. The container must provide protection t¢ resist arson,
detonation by small arms, penetration of the missile shell by BB shot, etc.
Often the need to conceal the 1tem is of prime import; security requirements
often dictate the need for concealing the deployment of weapon systems.




CHAPTER 1V

CONTAINER QUALIFICATION TESTS

The objective of any test program is to qualify the test specimen by
demonstrating its ability to satisfy the user’s requirements, The test
specimen must be a true representation of the end item and shall perform
to satisfy the operational, technical and safety requirements in all of the
environments of intended use. Qualification testing is usually performed
on a prototype container having encased within its confines, a dynamically-
simulated dummy or an inert missile or missile component.

Exposure of the test specimen to the hazards ana environments of the
actual logistic cycle is a costly, time consuming process, To expedite the
availability of new materiel, a test specimen of the developed prototype is
subjected to laboratory tests which simulate the progressive abuse and long
time environmental exposure imposed vpon the container by the logistic sup-
ply pattern. The level of abuse is » severe representation of some insig-
nificant fraction of the logistic cycle.

Container performance evaluation encompasses a series of environmental
tests which may be categorized under two general headings: mechanical and
climatic. Those designated as mechanical subject the test specimen to phys-
ical abuse simulating the hazards associated with the anticipated methods
of transit and handling. Those falling within the climatic category subject
the specimen to the deteriorating effects of the projected environment pe-
culiar to the geographic and spatial location in which it will operate. The
conditions to which the specimen is exposed are normally set at a severe
level to accelerate the effects of repetitive and progressive abuse and the
effects resulting from prolonged exposure.

Test procedures and test apparatus have been developed to conveniently
simulate the operating environment within the laboratory. An assortment of
gymnasticators and climatic chambers are currently available; theze, in addi-
tion to electronic recording devices constitute the tools required to con-
duct a scientific evaluation through controlled testing., The advance of
container test technology becomes evident when the current state-of-the-art
is compared with the early "Ready-Test" method consisting of kicking the
specimen down a flight of stairs.

Evaluation processes and acceptance criteria are based on comparison
with established standards. The best standard would be the ideal container,
one capable of providing complete protection, weighing nothing, lasting
forever, and costing nothing. Obviously, the challenge is the development
of the optimum container; one demonstrating both technical and economic

feasibility,

Numerous attempts have been made to develop a test procedure appli-
cable to all containers. The plethora of data available is often tailored

4-1
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to the specific contents of the container or to the environments peculiar
to only limited application. Obviously, any effort tn standardize proce-
dure must start with a common factor peculiar to all applications. A survey
and evaluation of data favors establishing as this basis the all inclusive
logistic pattern of the * worldwide distribution® policy.

Standard tests have been developed to simulate the effects of the en-
vironmental hazards experienced by containers during *
These tests encompass all situations and conditions prevalent in the Army's
current logistic supply concept,

MIL-Std-310(USAF) "Environmental Test Methods for Aerospuce and Ground
Equipment” is typical of the many procedures available which delineate a
comprehensive test program. Those tests pertinent to missile and rocket
container evaluation are listed below:

1. Rough Handling
2, Vibration

3. High Temperature
4, Low Temperature

5. Low Pressure

6. Rain
7. Sand and Dust
8. Salt Fog

9. Humiditcy
10, Sunshine
11. Fungus

A test specimen, subjected to these tests in the sequence presented, can

be considered as having been oxpesed to progressive abuse peculiar to the
environment of * worldwide distribution.” The recommended zequence provides
for those factors relating to scheduling, time, cost and the contingencies
affecting most teat programs. The raccamenled order may be modified to
suit the prevailing situation, however, it is recommended that the rough
handling test always precede the vibration test to introduce any loss of
restraint experienced as the 1ssult of shoek. (see Chapter VII).

Regardless of the outiome of the test, it is mandatory that the pro-
cedure followed and the data generated be fully documented, certified, and
witnessed. Theac data shall be precessed to provide input as & contribu-
tion to the state-of-the-art.

The formulation of » pasrticular test plan need not provide for sub-
jecting the test specisen to sll of the elevey tasrs specificd. Th. use
of materials snd/or desigas certified as having mat the requitesents of
DOD Specifications may be considered as acceptable and need not be lubt
jected to roteat. The physical response and performsace of such moterials,

4.2
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functioning as an assembly must however be evaluated. Obviously, a con-
tainer assembly comprised of materials certified to be fungus resistant and
inert to salt fog deterioration or penetration need not be subjected to all
eleven tests, However, a container comprised of material certified as ade-
quate for high temperature applications must be subjected to shock testing
at elevated temperature as the degradation of physical response may not be
covered by the applicable specification.

Consequently, it behooves the designer to select only those tests ap-
plicable to the project~d cnvironment and to subject the test specimen to
only those test conditions to which it has not prrviously been exposed,
Obviously, the use of materials and technique covered by DOD Specification
will minimize the test procedure; however, this practice should not in any
way affect advances in the state-of-the-art nor discourage the use of the
best material for the proposed application.

The tests described in the following pages do not constitute a standard
or specification but merely summarize the terms, conditions, and requirements
found in numerous uncoordinated qualifying test procedures.
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ROUGH HANDLING TESTS
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Rough handling tests are conducted to verify the structural integrity
of the container in addition to establishing the degree of shock mitigation
provided by the suspension system,

5 g D S ¢

The rough handling tests to which the container is exposed have been
developed to simulate the anticipated environment in which the container
will operate. The magnitudes of shock established are based on the theory
of probability which predicts the frequency and type of handling to be en-
countered,

The magnitude of shock as the result of rough handling is predicated
on the weight of the container and the method “y which it will be handled.
By placing the container in its proper weight classification, an estimate
of the severity of treatment it will receive can be made.

The tests, developed to simulate the required conditions are listed
below and described and discussed in subsequent pages of this section. No
one test specimen need be subjected to all of the tests specified as some
of the tests produce the same effects and are pertinent only to test speci-
mens of a specific size, Example: A small container which can be conven-
iently subjected to a free-fall flat-end drop need not be subjected to the
pendulum impact test which pertains to large, unwieldly contsiners. In both
instances, the impact imposed upon the specimen will be comparable in mag-
nitude. A test selection chart has becn included within this chapter to
assist in the development of a test plan; however, the guidance provided is
contingent upun the characteristics of the container and the proposed appli-
cation snd environment.

ROUGH HANDLING TESTS
1. Corner Free-Fall Drop 7. Cornervise Rotational Drop
. Flat-Face Free-Fall Drop 8. Inclined Impact (Conbur)
3. 45 Degree Free-Fall Drop 9. Tip-Over
4. Edge Free-Fall Drop 10. Roll-Over
S. Pendulum Impact 11. PRolling-lmpact
6. Edgewide Rotational Drop 12. Serviceability

Those containers likely to be affected by temperature extremes shall
be conditioned prior to shock testing at those temperatures peculiar to their
projected environment. The temperature extremes peculiar to the established
“ worldwide distribution' environment are:

Ambient: 72° ¢ SOF
Hot: ¢160° ¢ S°F
Cold: -65° ¢ SOF
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The procedure for conditioning of test specimens is included in the
sections of this chapter relating to High and Low Temperature Tests.

Containers whose function is to protect fragile, sophisticated mate-
riel must include as part of shock testing, methods and means by which the
magnitude and characteristize of the imposed shock and that experienced by
the contents may be measured.

Damage to materiel and to their containers cen often be determined by
visual examination and an evaluation of serviceability determined; however,
to conduct a scientific evaluation to assure reliability of performance,
instrumentation of the test specimen is required.

Instrumentation and data recording is not within the scope of this
design guide; however, it shall suffice to state that an assortment of trans-
ducers (accelerometers, thermocouples, vibration pickups, and shock recorders)
are available which may be fastened to and/or included within the test spe-
cimen to pick-up and in conjunction with auxiliary spparstus record the mag-
nitude and characteristics of the imposed shock.

TABLE 10
WEIGHT CLASSIFICATION CHARY

The following tabulated drop heights are pertinent to those tests
relating to free fall snd are spplicable where specified:

Container Gross Wt. in Lbe. Drop Height in Inches®

0-2

2 - %

81 - 2%
281 - 800
801 - 1000
1001 - wp

SE28 gL

:lgllf fhe 0.5, Aray Developuent and Proof Services of Aberdeen
Proving Grounds states that a drop Aeight o ® de sud-
stituted for the adove when the container will de sudject
to truch transportation., PAis i3 particularly applicabdle
to sophisticated missiles and/or nissile components re-
gordless . ° their waight. (see NIL-SPD-325 and NIL-37D-358)
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CORNER FREE-FALL DROP TEST

The free-fall corner drop teat is applicable to containers weighing
less than 200 pounds and having no dimension greater than 60 inches. The
impact generated by the frec-fall drop subjects the structure of the con-
tainer to a damaging force comparable to that it would experience during
"worldwide distribution.” The effects of this abuse is more deleterious
to the container than to its contents., Consequently, this test reflects
only upon the structural tntegrity of the container shell and does not es-
tablish the degree of protection provided to the container contents. The
structural components of the container shell absorb a major portion of the
force resulting from the concentrated impact of a corner drop. Very little
of this force is transmitted to the contents or to any intermediate shock
mitigating media. The force of impact is dissipated by distortion, frac-
turz, or crushing of the container shell.

PROCEDURE

N

FIGURE 13. CORNER FREE-FALL DROP TEST

The container shall be dropped cornerwise from a height as determined
by its weight and size classification. [Impact shall be on a steel, concrete
or stone surface of sufficient maxs to absorb the shock without deflection
in such a manner that the corner of the container absorbs the full foree of
the fall, Thias test shall be repeated until ecach of the eight corners of
the container haw reevived a fall. (The height of drop speciflicd refers to
the distance from the impacting surface te the nearest corner of the con.
tainer when suspended prior to the fall,) The fall shall be a free fall,
in that ne ropes or other suspending media are attached to the container
during the fall,

1f the container i» of the drum type, the top and bottom of the drue
shall be marked sxo that the cyrele of the top and bottom is quartered, and
the above test shall be applied ta carh of the quartered aections.

(ontainers shoxe funttion s te protect fragile, sophisticated materiel
must include, an part of the test, acthods and means by which the magnitude

§.°




and the characteristics of the imposed shock and that experienced by the
conients may be measured.

CRITERIA FOR REJECTION

Any demage to materials and components or evidence of displacement
which affects the utility of the container and/or its method of preserva-
tion shall constitute cause for rejection., Damage to or operationsl mal-
function of the contained contents shall constitute a failure.

Undesirable response characteristics including accelerations in excezs

¢f the established limits (Gm) indicating inadequate isolation of the con-
tainer contents from shock environment shall be cause for rejection.

1-8
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FLAT-FACE FREE-FALL DROP TEST

The flat-face free-fall drop test is used to establish the maximum
protection provided by the contsiner assembly, This test 1s used primarily
to establish the protective level of the container and/or the suspension
system, Corner drops have a more delcterious effect on the container than
do flat-face drops, while flat drops will cause greater damage to the sus-
pended contents. With proper instrumentation the transmissibility (effi-
ciency) of the container assembly can be determined and used to verify the
analytical design calculations. The performance of this test is not man-
datory and the scceptance criteria need not provide for this simulation of
projected rough handling. The effccts of this test and the data generated
will, however, provide conclusive information to effectivrlv ryaluate the
test specimen,

PROCEDURE

]

0

e
FIGURE I4. FLAT-FACE FREE-FALL DROP TEST

Containers whose funetion is to proteet lragile, sophisticated mates
ricl must include, as part of the test, methods and means by which the
magnitude and eharacteristics of the impased shock and that experienced by
the contents may be measured,

The container shall be dropped from a vertical distanee as determined
by its weight elassification. The test specimer shall be alloved to fall
freely onto a concrete or similarly hard surface such that ithe container
strikes flat on its skids or surfaee invelved. This test shall be limited
te only twe drops; one flat drep on bottom plus one flat drep on ane ead.

CRITERIA FOR REJECTION

Dasage te or eperationsl malfunetion of the contained contentx shall
constitute a fatlure. The recarded data geaerated relating to transmissi-
bility of the ashoek of impact shall not subjeet the contents to @ force in
excess of 1ta establinhed fragijity level.

Undesirable respanse eharacteristics including secelerations 1 excess
of the established limits (Gm) indicating inadequate iselstion of the cone
tainer contents from shock emvironmeat zhall be cause for rejection.




N6° FREE-FALL DROP TEST

The 45° free-fall drop test subjects the test specimen to abuse common
to materiel in transit. The forces imposed upon the container are indica-
tive of those experienced by rough hendling; in particular, tail-gate un-
loading.

This test is applicable to all containers under 200 lbs. regardless of
length, which because of their configuration cen be manhandled.

The test procedure imposes an impact force on the leading edge of the
test specimea followed by a rotational drop subjecting the aft end to o
secondary impact, often of greater magnitude.

PROCEDURE

FIGURE 15. WSO FREE-FALL DROP YEST

Containers whose function 13 to protect fragile, sophisticated mate-
rie]l must include, as part of the test, methods snd mesns by which the mag-
nitude and charecteristics of the imposed shock and that experienced by the
contents may be measured.

The test specimen shall be elevered to o height equivaleat to that
specified in the weight clessification table for free-fall drops. That
sido of the contsiner having the greatest surface ares shall be positioned
parallel to the impacting surface. That side with the longest dimension
shall be elevated ot one end to form o 45° engle between the impacting ser-
faco ond the loagest side of the container. The test specimen shall be
dropped from this pesition onto the rigid noayielding impacting surface,
subjecting the container to first o primary shock st one end and o subse-
quent secsadary shoch ot its opposite end. This test shall be conducted
twice, suhiecting coch end to both & primary and secondary shock.

Conponents or svidence of displacesent which affects the utilicy of
the contsiner snd/or its method of preservation ahall censtitute covse for
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rejection. Damage to or operational malfunction of the contained contents
shall constitute a failure,

Undesirable response characteristics including accelerations in excess
of the established limits (Gm) indicating inadequate iso!:tion of the con-
tainer contents from shock environment shall be cause for rejection.

4-11

B ﬁ:ﬁ%ﬁlm A Eﬁ g




EDGE-DROP FREE-FALL TEST

The edge-drop free-fall test is applicable to situations whcre it is
preferable to gradually increase the level of shock applied to the container.
The effects of this test are less severe than either the corner or flat-face
impact. The performance of this test is not mandatory and its inclusion in
any test program is at the discretion of the responsible agency and shall
be conducted c¢nly in conjunction with subsequent corner drop tests.

PROCEDURE

FIGURE 16. EDGE-DROP FREE FALL TEST

Containers whose function 1is to protect fragile, sophisticated mate-
riel must include, as part of the test, methods and means by which the mag-
nitude and characteristics of the impesed shock and that experienced by the
contents may be measured.

The test specimen shall be raised the vertical distance as detcrmined
by its weight classification such that the container is suspended with the
center of gravity vertically above the striking edge. The container shall
be allowed to fall freely to a concrete or similarly hard surface, striking
edge first. The test shall be applied to two diagonally opposite edges.

CRITERIA FOR REJECTION

Any damage to the container or to its contents shall be cause for re-
jection. However, satisfactory performance does not qualify the test spe-
cimen which must be further subjected to the corner free-fall drop test.

Undesirable response characteristics including accelerations in excess
of the established limits (Gm) indicating inadequate isolation of the con-
tainer contents from shock environment shall be cause for rejection.




PENDULUM IMPACT TEST

The pendulum impact test is applicable to all containers whose length
exceeds 60 inches and to those containers whose weight exceeds 200 lbs.
Containers too large or too heavy to subject to free-fall testing snd where
no Conbur (Incline Impact Testing Device) is available may be tested by &
pendulum device suspended from overhead. This test produces shock compar-
able to that experienced during transit and simulates the effect of rail-

road "humping."

PROCEDURE

STTTTTT T 77777777
FIGURE 17. PENDULUM IMPACT TEST

Containers whose function is to protect fragile, sophisticated mate-
riel must include, as part of the test, methods and means by which the mag-
nitude and characteristics of the impnsed shock aad that experienced by the

contents may be measured.

The test specimen shall be suspended by 4 or more ropes or cabies 16
feet or more long. The suspended container shall be pulled back so that
the center of gravity will have been raised the distance at least equivalent
to that specified as drop height in the weight classification tabtle. The
container shall be released allowing the end surface or skid, whichever ex-
tends further, to strike on an unyielding barrier of concrete or similarly
hard material that is perpendicular to the container at impact. One impact

shall be applied to each end.

CRITERIA FOR REJECTION

Damage to either the container or its contents which affects the func-
tional performance of either, shall be cause for rejection.

Undesirable response characteristics including accelerations in excess

of the established limits (Gm) indicating inadequate isolation of the con-
tainer contents from shock enviroyment shall be cause for rejection.
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CORNERWISE ROTATIONAL DROP TEST

The cornerwise rotationa! drop test is applicable to all containers
whose length exceeds 60 inches and to those containers whose weight exceeds
200 lbs. This modified drop test subjects the container to abuse typical
of that produced by mechanized handling. The effects upon the container
are of sufficient magnitude to demonstrate the structural integrity of the
outer shell.

PROCEDURE

FIGURE 8. CORNERWISE ROTATIONAL DROP TEST

Containers whose function is to protect fragile, sophisticated mate-
riel must include, as part of the test, methods and means by which the mag-
nitude and characteristics of the imposed shock and that expericnced by the
contents may be measured.

The container shall be supported at one corner of its base on a sill
or block 5 inches in height. The other corner of the same end shall be
supported by a 12 inch sill or block. The lowest point of the opposite end
shall be raised to the vertical height as specified in the weight classifi-
cation table and allowed to fall freely onto a concrete or similarly hard
surface. If the size of the container and the location of its center of
gravity prevent dropping from the prescribed height, the greatest attainable
height shall be the height of drop. One drop shall be applicd to each of
the four corners,

CRITERIA FOR REJECTION

Any damage to materials and components or evidence of displacement
which affeets the utility of the container and/or its method of preserva-
tion shall constitute cause for rejection. Damage te or operational mal-
function of the contained contents shall constitute a failure,

Undesirable response charscteristica including accelerations in excexs

of the established limits (Gm) indicating inadequate isolution of the con-
tainer contents from shock environwent shall be cause for rejection,
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EDGEWISE ROTATIONAL DROP TEST

The edgewise rotational drop test is applicable to all containers 5
whose length exceeds 60 inches and to those containers whose weight ex- E
ceeds 200 lbs. This modified drop test 1s applied to large containers ?
which would not be handled manually in any phase of transportation. The !
effects produced, simulate the abuse of mechanized handling and provide a
means to evaluate the mitigating characteristics of the container assembly.

PROCEDURE

FIGURE 19. EDGEWISE ROTATIONAL DROP TEST

Containers whose function is to protect fragile, sophisticated mate-
riel must include, as part of the test, methods and means by which the mag-
nitude snd characteristics of the imposed shock and that experienced by the
contents may be measured.

The container shall be supported at one end of the base on a sill or
block 5 inches in height and at right angles to skids. The opposite end
shall be raised to the vertical height specified in the weight classifica-
tion table and allowed to fall freely onto a concrete or similarly hard
surface. 1If the container size and center of gravity lo-ation prevent
dropping from the prescribed height, the greatest attainable height shall
be the height of drop. Two drops shail be applied to each end.

CRITERIA FOR REJECTION

Damage to cither the container or its contents which affects the func-
tional performance of either or both shall be cause for rejection.

Undesirable response characteristics including aceelerations in excess
of the established limits (Gm) indicating inadequate isolation of the con-
tainer contents {rom shock environment shall be cause for rejection,




INCLINED IMPACT OR CONBUR TEST

The inclined impact or Conbur test may be applied to containers whose
length exceeds 60 inches or whose weight is in excess of 200 lbs. This test
is used to determine the ability of the container and its suspension system
to protect the contents when subjected to impact stresses., The apparatus
provides for the container to be placed on a dolly that rolls down a 10 de-
gree incline against a rigid barrier to simulate the longitudinal shocks
encountered in transit, The force of impact is controlled by the length
of run (up to 25 feet).

PROCEDURE

FIGURE 20. INCLINED IMPACT OR CONBUR TFST

Containers whose function is to protect fragile, sophisticated mate-
riel must include, as part of the test, methods and means by which the mag-
nitude and characteristics of the imposed shock and that experienced by the
contents may be measured,

The test shall be in accordance with the American Society for Testing
Materials Incline Impact Test for Shipping Containers, Procedure B, ASTM
Designation D880. The travel distance on the incline impact testing device
shall be as indicated for the weight specified:

TABLE 1!
GRADUATED IMPACT TEST - DOLLY RUN

Gross Weight of Container Incline - Impact Dolly Run
(Pounds) (Feet)
Through 250 7.0
Over 2% thru 300 5.5
Over %0 thru 1000 4.0
Over 1000 2.5

The ability to perform this test is predicated on the availability of
the required apparatus. The Pendulum Impact Test may be used to produce the
same effects should the required equipment be unavailable.

CRITERIA FOR REJECTION

Damage to either the container or its contents which affects the func-
tional performance of either shall be cause for rejection.

Undesirablc response characteristics including acceleratiors in excess
of the established limits (Gm) indicating inadequate isclation of the con-
tainer contents from shock environment shall be cause for rejection,
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OPTIONAL ROUGH HANDLING TESTS

The following tests are included to acquaint the reader with other
less sophisticated tests often used to evaluate the integrity and perform-
ance of containers designed to provide a low level of shock mitigating
protection.

These tests can be applicable to Rocket and Missile Containers only
in preparation for subsequent qualifying evaluation. On occasion, it may
be preferable to gradually increase the magnitude of abuse to determine the
feasibility of the test item to satisfy the performance requirements.
Critical, expensive and/cr erratic test specimens may not permit immediate
application of the full magnitude of the required force and a gradual, cau-
tious approach may be required. Containers whose function is to protect
fragile, sophisticated materiel must include, as part of the test, methods
and means by which the magnitude and characteristics of the imposed shock
and that experienced by the contents may be measured,

TIP-OVER TEST
/\

PROCEDURE
FIGURE 21. TIP-OVER TEST

The container, erect on its base, shall be slowly tipped (in the di-
rection specified) until it falls freely and solely by its own weight to
a concrete or similarly hard floor.

ROLLOVER TEST
Ly

WA
)

FIGURE 22. ROLLOVER TEST

The container, erect on its base, shall be tipped sideways until it
falls freely and solely of its own weight to a concrete or similarly hard
surface. This shall be repeated with falls from the side to top, from top
to the other side, and from the other side to the base, thus completing one
revolution,




ROLLING IMPACT TEST (cylindrical containers)

FIGURE 23. ROLLING IMPACT TEST
The container shall be allowed to roll down an incline on its rolling
flanges and shall strike a vertical rigid flat surface at 10 feet per second.

CRITERIA FOR REJECTION

Any damage to the container or to its contents shall be cause for re-
jection. However, satisfactory performance does not qualify the test spe-
cimen which must be further subjected to the required qualifying procedure,

Undesirable response characteristics including acceclerations in excess
of the established limits (Gm) indicating inadequate isolation of the con-
tainer contents from shock environment shall be cause for rejection.




SERVICEABILITY TESTS

The tests delineated below simulate the conditions which are prevalent
in a logistic environment. The integrity of the container structure and its
components are evaluated by subjecting the test specimen to the abuse de-
scribed, These tests are applicable to containers whose configuration in-
cludes characteristics falling within the scope of the particular test and
permits for assessment of handling compatibility.

CONCENTRATED LOAD TEST (Stacking)

Completed packs or pallet loads shall be loaded in a manner to simulate’
a height of stack of at least fifteen (15) feet, allowed to stand overnight,
removed, and examined for damage. Containers constructed of materials likely
to be affected by humidity shall be tested at a minimum of ninety (90) per-
cent relative humidity at ninety (90) plus 5 degrees F. and allowed to stand
twenty- four (24) hours before the stacking test operation. Broken seals or
barriers, damage to items, or deformation of container which prevents removal
of the item shall be cause for rejection. Seals shall be checked for leaking
before and after tests,

FORK-LIFTING TEST

Loaded containers and completed packs which have skids and fork pockets,
and palletized unit loads shall be lifted clear of the ground and transported
a distance of at least fifty (50) feet, and lowered. When palletized unit
loads are tested the test shall be conducted four (4) times i.e. forks en-
tering the pallet form each of the four sides of the unit load. Any tendency
for forks to puncture container, or for container or unit load to be unstable
while on forks, or for difficulty in inserting or removing forks shall be
cause for rejection. This test shall be conducted after the container or
unit load has been subjected to all applicable rough handling, vibration and
stacking tests,

HOISTING TEST

Containers having hoisting attachments shall be tested as follows:
The container shall be loaded with five (5) times its normal load and hoisted
free from the floor, held for at least two (2) minutes, and lowered. Any
breaking or permanent deformation shall be cause for vrejection. Containers
having handles shall be hoisted in like manner except that load shall b2
two (2) times the normal weight.

PUSHING AND TOWING TEST

loaded shipping containers weighing wore than 150 1bs. and all skidded
containers shall be subjected to a sliding test, The loaded container or
completed pack shall be tested by pulling acrosa at least 5 feet of rough
concrete. The test shall consist of pulling the container a distance of
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5 feet or more axially, and 5 feet or more normally to the axis of the skids
or to the major axis of nonskidded containers. Failure of this test shall

be considered to have occurred if: The skids or the bottom of the container
receive damage other than minor scuffing and scoring; any strepping or closing-
components of the container are broken or loosened; the contents have been
damaged; or there is any irreparable damage to the container if it is a re-
usable type.

VIBRATION TEST

The reliability requirements for missile and rocket containers are much
more stringent than those established for commercial packaging. Inadequate
protection or malfunction of the container assembly can result in mission
failure, Conditions causing failures resulting from vibrutorz fatigue are
prevalent within the environment of "worldwide distribution.” The severity
of vibrations peculiar to this logistic pattern have been increasing with
the advent of new modes and methods of transportation.

Empirical data is available (see Chapter I1l) to estimate the probable
environment and the forces imposed upon the container by this environment,
These deta and the predictions resulting from their application become the
basis for design criteris and qualifying test procedure.

These predictions have been expanded to provide a qualifying test pro-
cedure spplicable to containers subject to the environment of "worldwide
distribution.”

The purpose of this effort is to establish reliability-by-test; however,
satisfactory performance does not necessarily imply optimum design as reli-
ability through over design is not easily identified. The tests merely sub-
ject the test specimen to forces which are comparable to those which in its
projected environment will produce fatigue failures. This exercise provides
the designer with an experimental tool to evaluate design predictions and te
discover unexpected phenomena sufficiently early to take corrective action.

The test procedure presented is concerned only with the eveluation of
container performance particularly, its suspension system. This test does
not comprise a valid basis for evaluation of the ability of the contained
contents to withstand the effects of the imposed vibrations. The final re-
sults of testing will provide evidence to evaluate the structural integrity
of the container and its components and an assessment of its performance to
limit the transmissibility of the imposed vibration.

The test is a simulation of the vibrations encountered in shipment and
not a duplication of the snticipated operating eavironseat. To provide a
realistic simulation, time scales have been reduced aad the severity of im.
posed forces increased to introduce the concept of cumulative fatigue. It
has been established that all vibrations imposed upon test specimens, sub-
ject to » military eaviroament, shall be of the sinusoidal type. In addi-
tion, thase frequencies pertineat to normal logistic transport are limited
to the $-500 eps ronge. Acceptance of these postulates minimizes th? test
procedure and provides a practical simulation of actual service conditions.
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The test procedure is comprised of three distinct phases:

a. Resonancy Survey. This survey subjects the test specimen to the
complete range of frequencies peculiar to the environment of "worldwide
distribution,” (5-500 cps). The magnitude of vibratory input specified is
that most prevalent in the various frequency environments; (ship, rail,
truck and air transport), This survey identifies those critical frequencies
at which the response of the test specimen and the frequency of the excita-
tion input produce or approach a resonant state (see Chapter I). It is
these frequencies st which fatigue failure is most prevalent.

b. Suspension Proof Test. The second phasc of the test subjects the
container to those critical frequencies producing resonsnce and the maximum
amplitudes associated with this phenomena. The suspension system, when
exercised under these conditions may be considered as having been subjected
to the cumulative effects of the forces it will experience in its projected
environment. The ratio of test time to service Jife hes been statistically
derived according to D&PS Report No. 1190, "The Development of an Engineering
Test Standard Covering the Transportation Environment of Material,” and
provides a test duration established at 15 minutes in each plane. By gym-
nasticating the test specimen at rcsonant frequency with the inputs speci-
fied for a duration of 15 minutes, it can be assumed that the effects due
to resonance, comparable to the life span of the container, have been simu-
lated.

Since test severity is directly related to reaponse amplitude, it is
only necessary to vibrate where response amplitude is the greatest, i.e.
at the lowest resonant frequency.

c. Interpretation of Test Data. The final phase of the vibration
test relates to the reduction of recorded data to allow for the evaluation
of performance and assessment of reliability.

PROCEDURE

The test specimen shall be instrumented with vibration measuring pick-
ups to detect and define critica. resonancies and associated vibration mode
shapes. Instrumentation shall consist of at least three accelerometers
strategically located to detect the response of the container contents in
each of its three orthogonal axes; longitudinal, lateral and vertical.

The tesat specimen shall be fastened securely to the vibration machine
exciter head: (Use of slip table permissible only if head mounting 15 im-
possible). Attachment shall be by means of a rigid fixture capable of
transmitting the specified vibrations,

a. Resonancy Survey (scanning). A survey to determine eritical res-
onant frequeney will be accomplished with the overpack alternately positioned
in ita: 1) longitudinal axis; 2) vertical axis. Excitation shall be applied
in each axisx througheut the frequepcy range of 5-500-5 eyeles per second.
Sweep duration and vibratery inputs shall be specified in the folloving table.
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TABLE 12
SCANKING

(35 minutes - Sweep 5-52-5 cps at 1.3G |nput with two 17.5
minute cycles, limited by 1" in DA,

35 minutes - Sweep 5-52-5 cps at 1.6G input with two 17.5
minute cycles, limited by 1" in DA,

6 minutes - Sweep 5-52-5 cps at 2.5G input with one 6 minute
cycle, limited by 1* in DA,

45 minutes - Sweep 52-500-52 cps at 2.5G input with three
S minute cycles, limited by 1" in DA,

If one or more resonancies are determined, a cushioning proof test
shall be conducted in the applicable axis and at the lowest resonant fre-
quency,

If a specific resonant condition is not found in the resonant survey,
the overpack shall be positioned longitudinally and vibrated under the con-
ditions of 268 cv-'r . p=r minute (5 cps) for a period of 30 minutes (at
70° ¢+ 59F), Rep-at this test with overpack positioned vertically.

b. Cushioning Proof Test. Vibrate at the ecatablished resopant fre-
quency, with the test specimen positioned in its longitudinal planc: repeat
with specimen in the vertical plane,

7.0 minutes at 1.3G input

6.5 minutes at 166G input
1.5 minutes at 2.5G input

c¢. Interpretation of Tost Data. Aay of the following conditions
shall be cause for rejection:

l. Transmissibility of excitation forces in excess of factor
of 3 during proof test,

2. FEvidence of damage whieh would affect the utility of the
coatayner,

3. The recorded force imposed upon the protected item exceeds
its Um o iimit,

The abave criteria extablishes crepresentative laboratory vibration
rime for distance (mileage) traveled by the missile contatncr 1n both wilse
tary tranxport -edta and commson carriers, The approach wsed was to deters
mine the resonable "worldeide diatribution” travel distance and apply the
vibratioa time as related to that Jdistance,
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DERIVATION OF DATA®

TABLE 13

Vibration Time at Time
Distance Mode Input Time Time Resonance | Scanning
8500 mites | Ship, Atrcraft 1. 36 10 min 1000 mi 85 min 14 rin 71 min
4000 miles | Track and Truck 1. 06 20 min 1000 mi 80 min 13 min 67 min
(milttary convoy)
1000 miles | Tratler 2. 56 1% min 1000 mi 16 min 2.5 min 12. 5 min
(2-wheeled)
100 miles | Helicopter 2. 5G Actual 80 min 0 min 80 min
(75 mph) L

Sre AMCPM-SH-H Ltr dtd 27 Feb 1064, subject: Revised Transportation Vibration

Criteria and Missile Allowable Criteria,




HIGH TEMPERATURE TEST

High temperature iesting is conducted to determine the resistance of
the container and its components to elevated temperatures that may be en-
countered in the environment of "worldwide distribution.”

High temperature conditions may cause rubber, plastic and plywood to
discolor, crack, bulge, check or craze. Closure and sealing strips may
partially meit and adhere to mating parts. Cushiorns mav collapse and dis-
tortion of structural components may result. Of particular interest is the
degradation of physical response of the cushion system. The resiliency of
metallic springs and that of natural and synthetic elastomers fluctuates
with temperature change. Consequently, the test prccedure delineated may
be performed to determine the effects of high temperature exposure of the
test specimen; however, in container evaluation, this phase is normally
performed in conjunction with rough handling tests. One phase of the rough
handling test requires that the test specimen be conditioned at high tem-
perature prior to subjecting i1t to rough handling. As such, the condition-
ing phase preceding rough handling test is equivalent to the exposure
required for nigh tcmperature testing and as such need not he conducted
separately unless so specified. The effects of high temperature exposure
can be evaluated after the rough handling tests have been conducted and
the specimen has cooled to rcom temperature.

PROCEDURE

The test specimen shall be placed within a climatic chamber and con-
ditioned to 71°C (160° *+ 3°F) for a period of 24 hours or until it has been
determined that the container has stabilized at the specified temperature.
Conditioning of the specimen shall not be accelerated bv raising nominal
temperature of the chamber temperature input beyond the extreme limit of
the range specified. The test specimen shall then be removed from the con-
ditioning chrmber, (subjected to rough hkandling test) and upon return to
roon temperature, examined foc damage.

CRITERIA FOR REJECTION

Damaze to the container resulting fruem this exposure or to any of its
components which could in any manner prevent the test item from meeting
nperational requ:irements shail provide reason to consider the test item as
raving failed to withstand the conditions of the test.
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LOW TEMPERATURE TEST

The low temperature test is conducted to determine the effects of low
temperature on the container and its components during storage and service
use, Differential contraction of metal parts and loss of resiliency of
packings and gaskets are two of the difficulties associated with low tem-
peratures. In addition, the physical characteristics of elastomeric mounts
are radically altered under these conditions and the protective integrity
of the container is jeopardized.

The Arctic regions subject materiel to a very cold atmosphere, Sub-zero
temperatures of -65°F are common; temperatures of -85°F have been recorded
in underground ammunition storage "igloos." For "worldwide distribution,”
-65°F has been established as standard.

The test procedure specified may be applied to determine the effects
of low temperature exposure upon the test specimen; however, in container
evaluation, this is normally performed in conjunction with rough handling
testing. One phase of the rough handling test requires that the test spe-
cimen bLe conditioned at low temperature prior to subjecting it to rough
handling. As such, the conditioning phase preceding rough handling test
is equivalent to the exposure required for low temperature testing and as
such, need not be conducted separately unless so specilied. The effects
of low temperature exposure can be evaluated after the rough handling tests
have been conducted and the test specimen has stabilized at ambient temper-
ature.

PROCEDURE

The test specimen shall be placed within a climatic chamber and condi-
tinned to -54°C (-65° + 5°F) for a period of 24 hours or until it has been
determined that the container has stabilized at the specified temperature.
Conditioning of the specimen shall not be acceierated by lowering the nomi-
nal chamber temperature input beyond the extreme limit of the range speci-
fied. The test specimen shall then be removed from the conditioning chamber,
(subjected to rough handling test) and upon return to room temperature,
examined for damage.

CRITERIA FOR REJECTION

_Damage to the container resulting from this cxposure or to any of 1ts
functional components which could in any manner prevent the test item from
meeting operational requirements shall constitute cause for rejection,
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LOW PRESSURE TEST

The low pressure test is conducted to determine the ability of the
container and its components to withstand the reduced pressure encountered
during shipment by air,

PIRPPER—

b

Damaging effects of low pressure include leakage through sealed enclo-
sures, rupture of pressurized containers, degassing and collapse of closed
cell plastic cushion compounds, overexpansion and rupture of air-bag sus-
pensions, etc,

The structural integrity of free<breathing containers ix normally une
affected by reduced preszure; however, the effects upon the functional com-
ponents and their performance must be established,

Exposing controlled-breathing containerx to low pressure tests exer-
cises the control valves to permit verification of oprrating pressures,
Proper functioning of the breather valves relieves the structure of abnormal
stresses and protects the contents from the deleterious effects of reduced
pressure,

Pressurized secaled rontainers are tested to evaluvate the effectiveness
of the protective seals and gaskets in addition to demonstrating the ability
of the container to withstand the pressure differential imposed upon its
structute,

PROCEDURE

The test specimen shall be examined under standard ambient conditions
and a record made of all data necessary to determine compliance with re-
quired performance,

Pressurized containers and those equipped with contenlled breathing
devices shall contain a gage or recording deviee to permit monitoring of
internal | ssure.  Pressurized containers shall be charged to the required
level. Controlled breathing containers shall be sealed under ambient con-
ditions and the level of internal pressure recorded,

The test specimen shall be placed in the test chamber and positioned
in o manner that will simulate air transit conditions, The internal chamber
temperature shall be uncontrolled during the test, The chamber internal
pressure shall be reduced to 5,51 inches of mereyry (40,000 feer above sea
levei) and maintained foer a period of not leas than | hour, The internal
pressure of sealed containers (pressurized snd controlled breathing) shall
be monitored and their values recorded at five minuts intervala,  The chamber
shall then be returned to ream pressure and the oat item inspected,




CRITERIA FOR REJECTION

Deterioration of any component which could in any manner prevent the
equipment from meeting functional, maintenance and service requirements
during service life shall provide reason to reject equipment for having
failed to comply with the conditions of the test,

Pressurized sealed containers shall experience no pressure drop during
the 1 hour exposure period and when returned to room pressure shall indicate
initial charge gage reading.

Containers equipped with controlled breathing shall maintain their
initial pressure level to within a tolerance of t 3 psi.

Al]l containers equipped with bulk cushion suspensions shall show no
sign of physical degradation as evidenced by loss of content restraint,

Deterioration, condensation, or change in performance tolerance limits
of any internal or external component which could in any manner prevent the
container from meeting operational requirements shall provide reason to con-
sider the test specimen as having failed to withstand the effects of a high
altitude unprotected transit environment.
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RAIN TEST

The rain test i1s conducted to demonstrate the ability of the container
to shield its contents when exposed to rain under service conditions,

Sealed containers which have satisfied the low pressure test may be
considered to be resistant to rain penetration and will adequately protect
their contents, Open and free-breathing containers must be subjected to
test and their ability to protect their coutents in a rain environment
demonstrated,

PROCEDURE

The container shall be placed in a rain chamber, equal to that speci-
fied in MIL-C-8811 and positioned as it would be under transit and field
storage conditions. The rain chamber temperature shall be uncontrolied,
except as regulated by water intrcduced as rain, throughout the test period.
The test item shall be exposed to a simulated rainfall of 4 + 1 inches per
hour as measured at the surface of the test item by a U, S, Weather Bureau-
Type Gauge. The rainfall shall be produced by means of a water spray noz-
zle of such design that the water is emitted in the form of droplets having
a minimum diameter of 1,5 millimeters,

The temperature of the water shall be uncontrolled provided the water
supply temperature is between 11° and 35°C (51.8° and 95°F). The direction
of rainfall shall be capable of variation from vertical up to 45° from the
vertical by introduction of blowing wind of 35 knots, The rainfall shall
be dispersed uniformly over the test area within the limits specified above.
Each of the major sides of the test item shall be exposed to the simulated
rainfall for a period of 30 minutes, for a total test duration of not less
than 3 hours. At the conclusion of the test period the test item shall be
removed from the test chamber and subjected to inspection.

CRITERIA FOR REJECTION

lLaca of drainage ports and the inability of the container to purge
itself of any rain penetration as evidenced by accumulation of water pockets,
swelling or other deterioration shall be cause for rejection.
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SAND AND DUST TEST

The sand and dust test is conducted to determine¢ the resistance of
containers to blowing fine sand and dust particles. Because of its abra-
sive character, sand and dust may affect items having moving parts. Hinges
and latches may bind and protective finishes may deteriorate when subjected
to the sand blast efferts of this environment. Dust particles may form
nuclei for condensation of moisture, thus introducing a source for corrosion.

Air valves may malfunction due to clogging of intake ports and protective
filters,

5

Quite often, one may circumvent the need to conduct this costly test
entailing special test equipment by using only certified components and
finishes. Many paints and protective finishes are certified as being sand
resistant. The use of sealed bearings negates the need for testing. Com-
mercially available valves which have been certified as functionally re-
sistant to sand and dust can be used. In addition, the pressure test if
successful, provides sufficient evidence to qualify the container to resist
the penetration of sand and dust. The following procedure is included to
permit testing of either containers or their components in situations where
the item or items have not been previously tested and certified.

PROCEDURE

The sand and dust characteristics used in this test are described in
MIL-Std-810 (USAF) Method 510. This compound is commercially known as
"140-mesh silica flour."

The test item shall be placed in a test chamber equal to that speci-
fied in MIL-C-9436. The sand and dust density shall be raised to and main-
tained at 0.1 to 0.25 gram per cubic foot as measured at three different
locations within the test area utilizing approved collection devices, The
relative humidity shall not exceed 30 percent at any time during the test.
The internal temperature of the test chamber shall be maintained at 25°C
(77°F) for a period of not less than 2 hours with the air velocity through
the test chamber at 100 to 500 feet per minute. Following this 2-hour per-
iod the temperature shall be raised to and maintained at 71°C (160°F),
These conditions shall be maintained for not less than 2 hours. At the end
of this exposure perjod, the test item shall be removed from the test chamber
and allowed to cool to room temperature. Accumulated dust shall be removed
from the test item by brushing, wiping, or shaking, care being taken to
avoid introduction of additional dust into the test item. Under no circum-
stances shall dust be removed by either air blast or vacuum cleaning.

CRITERIA FOR REJECTION

The container or component items subject to test shall be functionally
operated and inspected, Pitting, flaking or any damage to the protective
finish affecting its protective qualities shall constitute a failure. Mal-
function of functional components and/or penetration of sand and dust to
within the confines of sealed containers shall be cause for rejection,
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SALT FOG TEST

The salt fog test is conducted to determine the resistance of con-
tainers to the effects of a salt environment, Damage to be expected from
exposure to salt fog is primarily corrosion of metals, although in some
instances salt deposits may result in clogging or binding of moving parts.

The effects of salt fog exposure can be predicted and will permit the
designer to circumvent this phase of the test program. The usefulness of
conducting th: salt fog test on the complete container is unrealistic; com-
ponent parts and material samples can be tested separately.

Many materials and finishes are qualified as resistant to salt fog
deterioration and the electrolytic corrosion between dissimilar metals can
be predicted. As such, the salt fog test is not often included and may be
safely eliminated from the test plan by applying good design technique.

When this test is deemed necessary due to the introduction of new mate-
rials and/or technique, the procedure included in MIL-Std-810 (USAF) Method
509 may be applied.

HUMIDITY TEST

The humidity test is conducted to determine the resistance of equip-
ment to the effects of exposure to warm, highly humid atmosphere such as
is encountered in tropical areas. This is an accelerated environmental
test, accomplished by the continuous exposure of the equipment to high rel-
ative humidity at an elevated temperature, These conditions impose a vapor
pressure on the equipment under test which constitutes the force behind the
moisture migration and penetration. Corrosion is one of the principle ef-
fects of humidity,

Hygroscopic materials are sensitive to moisture and deteriorate rapidly
under humid conditions. Absorption of moisture by many materials results
in swelling, which destroys their functional utility and causes loss of phys-
ical strength and changes in other important mechanical properties,

Sealed containers having satisfactorily passed the low pressure test
can be considered to be resistant to moisturc penetration and consequently
need not be tested unless the exterior finish is not impervious to this
environment and qualification is considered necessary,

Containers equipped with controlled breathing mechanisms and dexic-
cants must be subjected to the humidity test to establish the effectiveness
of these protective devices and to verify the amount of desiccant required,
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Free breathing containers offer no resistance to humidity penetration.
If the outer shell and suspension materials are certified as moisture re-
sistant, the test need not be conducted. It may be assumed that items housed
in free-breathing containers are inherently protected or are inert to the
effects of high humidity,

PROCEDURE

The test chamber and accessories shall be constructed and arranged in
such a manner as to avoid condensate dropping on the equipment under test,
The chamber shall be vented to the itmosphere to prevent the build-up of
vapor pressure. Relative humidity shall be determined from the dry bulb-wet
bulb thermometer comparison method. The wet bulb thermometer shall be in-
stalled at the internal mouth of the air inlet duct. The air velocity flow-
ing across the wet bulb shall be not less than 900 fcet per minute. Provi-
sions shall be made for controlling the flow of air throughout the internal
test chamber area where the velocity of air shall not exceed 150 feet per
minute, Distilled or deionized water having a pll value between 6.5 and 7.5
at 25°C (77°F) shall be used to obtain the specified humidity.

The test item shall be placed into the test chamber in a munner simu-
lating its storage position. Prior to starting the test the chamber tem-
perature shall be between 20° and 38°C (68° and 100°F) with uncontrolled
humidity, The temperature and relative humidity shall then be gradually
raised to 71°C (160°F) and 95 percent respectively over a period of 2 hours.
These conditions shall be maintained for a period of not less than 6 hours.
With the relative humidity maintained at 95 percent, the chamber temperature
shall then be gradually reduced to 20° to 38°C (68° to 100°F) over a period
of not less than 16 hours. This constitutes 1 cycle, The number of con-
tinuous cycles shall be 10 for a total test time of not less than 240 hours.
At the conclusion of the test, the test item shall be remeved from the chame
ber and returned to room ambient conditions,

CRITERIA FOR REJECTION

Evidence of moisture penetration resulting in the accumulation of cone
densate within the interior of sealed containers shall be cause for rejecs
tion., Swelling or saturation of container components shall constitute a
failure.

Any deterioration of the contaiaer or of any of its compenents shall
reflect upon its ability to withstand the effeets of a humid environment.
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SUNSHINE TEST

The sunshine test is conducted to determine the effect of radiant
energy on the container and its components, Exposure to sunshine will
cause heating of equipment and photo degradation such as fading of fabric
colors in addition to checking of paints, natural rubber, and plastics,

The sunshine test is applicable to any item of equipment which may
be exposed to solar radiation during service or while in storage. Examples
of container componcnts which must be protected from or be inherently re-
sistant to the deleterious effects of sunshine are:

a. Exterior finishes

b. Exposed seals und gaskets

c. Wooden skids

d. Plastics

e. Rubber bumpers and externally mounted clastomers
f. Web straps and tie-down devices

g. Decals and markings

Those components housed within the container and not normally exposed
to sunlight need not be resistant to solar radiation. In additinn, many
of the materials and finishes common to contatner construction are usually
resistant to solar radiation and qualify for use by compliance with approved
specifications. Consequently, the sunshine test is not often included in
test programs unless the design introduces new and untested materials and/or
finishes.

PROCEDURE

The test specimen shall be placed within the test chamber and exposed
to radiant energy at the rate of 100 te 130 watts per square foot,

Pifty to erghty-four watts per square foot shall be 1n wavelengths
shove T 800 angstrom units and ) to 8 watts per square foot shall be an
wavelengths below 3,800 angstrom unitx, The test chamber temperaturve
ahall be maintarned at 353°C (1I3F) for a period of net less than 48 heura.
The tesxt ttem shall then be returned to room temperature and 1aspected,

CRITERIA FOR REJECTION

Ihterioration of any vomponent shich could 1n any manner contribute
to or prevent the cquipmeat from meeting functional. maintenance, and serve
ice requirements shall be causc for rejection,



FUNGUS TEST

The fungus test is conducted to determine the resistance of containers
Fungi secrete enzymes which can destroy most organic substances

to fungi.
They can also destroy many minerals.

and many of their derivatives.

The majority of today’s packaging materials are either inert to attack
by enzymes or can be conveniently trcated to resist fungi growth., Conse-

quently, containers are rarely subject to fungus test.

In thosc instances where uew materials or finishes are utilized and
require qualification, the test procedure delincated in MIL-Std-810 (USAF)

is applicable,
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CHAPTER V

MECHANICAL SUSPENSION SYSTEMS i

GENERAL 5

Mechanical suspenszion systems for rocket and missiles are grouped for
convenience into three general categories:

I. Helical Springs
I1. Torsion Bars

III. Other types of Mechanical Suspensions .

The first category, helical springs, will receive a more detailed
analysis than the others because of its wider use and the greater amount
of readily available material defining its application and performance.
The procedure to be followed in designing a spring suspension system will
be given; formulae, damping and mathematical examples will be included,

Torston har suspension systems are not recommended for rocket and
misstie component containers. The designer should give serious considera-
tion to the inherent problems of this type of suspension system before en-
tering into its formal design and construction. Section li gives a dis-
cussion of the problems associated with torsion bar suspension systems,

The complexity of torsion bar calculations preclude their inclusion in this
limited study, A description of the torsion bar system used in the Army
Corporal M35] Missile Container is included for general orientation.

The third category includes such suspension systems as cable tsolators,
Jarret-type <prings and single use energy disxipators. This section re-
flects the time alloted to it; its bLrevity should not be interpreted as a
vondemnation of these suapension systems, Indeed time and further develop-
ment may prove one of these syxtems superior to elastome~ic mounts or heli-
cal springs; twe topies covercd in detail by this study,

. HELICAL SPRINGS

Ouly helieal, round wire compresston or extension springs are consid-
ered 1n this section, Formulax feund in Machinery’s Handboek show that
fiber strexs for a given sheck load will be greater in a spring made from
a squarve bar than in one made from a reund bar; the xide of the xquare bar
being equal te the diameter of the round bar, Sqyuare wire springs should
net be ured tn containers ax round wire springs are wore cconomical in
applivations tnvalving shock loading,

Contoul vompresnion springs are used as 3 means for decreaxing the
aolid height by telesvaping action; as this requirement will in all




probability never arise in container design, conicel springs have been ex-
cluded from this study.

Elliptical or leaf springs are not included because these types of
uniaxial springs do not lend themselves to the triaxial deflections neces-
sary in rocket and missile containers.

GENERAL DESIGN PROCEDURE

The design of a Helical Spring Suspension System for Bncket and Missile
Containers may include

FIGURE 24. HELICAL SPRING
A. Loeds and Required Deflections

The first and obvious step ir to determine the weight, location
of center of gravity, possible attachment points, and shipping attitude of
the component or item to be contained.

From the fragility factor, Gm, of the item, the minimum deflection
and minimum time through which this deflection occurs can be determined
(see Chapter I).

It is interesting to note that when triaxial protection is provided
to an item by its suspension system, assuming the items’ fragility factor
equal in all directions, varying levels of protection and therefore vary-
ing deflections will be required in the three axes as the severity of the
tests. which simulate the hazards to be encountered, will often vary in the
three axes. For example: a container may be required to withstand a 30"
end drop and a rollover test (see Chapter IV). This will result in a much
larger shock input in the vertical dirsction than in the lateral direction.
The suspension system must therefore provide a greater level of protection
in the vertical direction.

Knowing the fragility factor and the tests requircd to simulate the
hazards the container will encounter, the designer can determine the deflec-
tion and pulse time required of the suspension system in each of the three
pertinent axes. See Chapter I for deflections and Chapters III and IV for
Hazards and Tests.
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B. Body Types ond Spring Locations

The body type concept of the container must be established (see
Chapter VIII). Spring suspension systems can be designed for eithef top
or end opening containers. The location of the springs cannot be d1vorc?d
from and are interrelated to the configuration of the container, The springs
should be located about the center of gravity of the packaged item such that
each spring carries sa equal load. If this arrangement is not possib}e then
the spring rate should be adjusted to compensate for the unegual loading.
Illustrated below are several containers with spring suspension systems,

FIGURE 25. END VIEW OF NIKE-HERCULES CONTAINER SHOWING SPRING SUSPENSION
SYSTEM AND ROLLOUT MECHANISM. DAMPING IS PROVIDED BY TUBULAR-
TYPE SHOCK ABSORBERS MOUNTED INSIDE THE COIL SPRINGS

FIGURE 26. THREE DIMENSIONAL PROTECTION
PROVIDED TO MISSILE COMPONENT BY HELI-
CAL SPRINGS WITH STAINLESS STEEL SPRING
CUSHIONS INSIDE THE SPRINGS USED FOR
DAMPING. SPRING RATE IS IDENTICAL IN
ALL PLANES ASSURING EQUAL PERFORMANCE
REGARDLESS OF THE ATTITUDE AT THE TIME
OF IMPACT.
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The spring(s) necessary to satisfy the application requirements can
be designed once the body type and its configuration, the number and loca-
tion of the spring(s), and the deflection they must provide have been
established.

C. Calcvlation of the Spring Rate

One of the first steps in designing a spring is the .calculation
of the spring rate, K. The spring rate, sometimes called stiffness, is the
force required to produce unit deflection. The units of K are pounds per
inch, It car be found from the following formula:

For slowly applied loads:

P E! d Ib
K 2a=s= 4 —— (l)
S g D3N in

For suddenly applied loads:

2P E, 44 1b
K»—std 2 (2)

S 4 D3N in

Where:

=
"

. 1b
Spring rate; T

Load on spring; 1b

Spring deflection; in,

Wire diameter; in.

Mean coil diameter = outside dia. of spring - wiie dia.; in.
Number of active coils in the spring

Torsional modulus of elusticity or modulus of rigidity; %fi

o ZTawnm™

709 % A NN

E

The spring rate can be found knowing the load P, and deflection S, or
the spring dimensions such as d, D, N and E,. However, as the spring rate
is used to determine the spring dimensions, the procedure following will be
to first find K utilizing P and S, then to determine the spring dimensions.
The deflection S, that the spring must provide is dictated by the fragility
factor, G,, and the container qualification tests required. The deflection,
load P, and the resulting spring rate can be found as shown in the following
illustrative problem:

Given: Item weight, W = 1,000 lb,
Item fragility factor, Gy = 20
Test required, 30inch flat drop

Object: To find the spring rate K, required for adequate protection.
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FIGURE 27. EXAMPLE OF SPRING SUSPENSION SYSTEM - USING U
PARALLEL SPRINGS

If the container is dropped 30" it attains a velocity, V, at impact
of:

V,2=V,212ah (3)

velocity at impact, ft/sec
initial velocity, ft/sec
drop height, ft.
a = 32,0 ft/secz, scceleration due to gravity

Substituting into Equation 3, and using the + sign because the accel-
eration is increasing, gives:

ft (30) fe
V2a.0+2(32 A diid
t ( 0) sec§ 12

ft.2
V,2 » 160 —
t leC2

fe
v" s 12-55 ——
sec

fe
Both the container and the item will have a velocity of 12,65 == at

impact, sec

With the fragility factor Gy * 20 and the 30" drop height enter
Table 4, Chapter I, of Deflection for Linear Systems. The table for linear
systems is used because an undamped spring is eseentially linear, i.e. the

spring rate is constant throughout the range of its use. The required
deflection will be found to be 3.3 inches. Therefore, the item which is

55




moving at 12.65 ft/sec at impact must be brought to rest in a distance of
3.3 inches in order to prevent damage tn the item.

Equation 3 can be used to calculate the retarding acceleration that
be provided by the springs.

Now:

h 3-3
J
= in ® t

V. = Final velocity = 0 ft/sec because the item will come to rest.

VO = Initial velocity, i.e. the velocity of the item as the container
strikes the ground, = 12,65 ft/sec.

2

a’ = Unknown retarding acceleration in ft/sec?,

NOTE: Assume that the container and the ground are rigid.

Substituting:

2 . 2 :
Vt Vo + 2a

0= (12652 . LY :2“) a’

The minus sign is used because the acceleration is decreasirg,

(12.65)% (12)
(2)  (3.3)

:

a = 290,9 ft/sec2

The mean force, F, at impact follows Newton's Law:

F o= ma ==,

Mass of the i1tem, lb ft secs

Weight of item, Ib

Aceeleration of gravity = 32 fu/see?
Acceleration of item, ft/see?

Mean force at impact, lb
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Substituting:

1000 1b (290.9) ft/sec?
32,0 ft/sec?

F =
F = 9091 1b
This force will be used in finding the spring rate and also the stresses
developed in the spring.

The time, t, through which the deceleration takes place is:

Vt s at (5)

. v 12.65 ft/sec

L. 2
a

291 ft/sec?
t = 0.0435 sec, or 43,5 milliseconds

Having found the deflection, S, and the force, F, the total spring rate,
K., can be found with Equation 2.

F
Ke = &

. (2)(9091) 1b.
3.3 in,

K,

K, = 5510 1b/in

When springs are placed in parallel the tots] spring rate is the sum

of the individual spring rates.

K. K!

FIGURE 28. SPRINGS IN PARALLEL

Kt.Kl’Kz‘c-o (6)
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If K, = 5510 1b/in and four identical springs each carrying an equal
weight are used then:

K, = 4K (7)

K 5510 ;
K ==k = —— {b/i ?
n n Ib/in :
K = 1378 1b/in
Each of the four springs must then have a spring rate of 1378 Ib/in.

An alternate and less complex method for arriving at the spring rote
in the above problem can be found in "Dynamics of Package Cushioning,” by
Mindlin. This solution is given below.

200

Where: The terms are the same as those defined above:

. (2)_(30) in (1000) 1b.
t (3.3)2 inl

K, = 5510 1b/in
Division by 4 gives the same spring rate, K, of 1378 1b’in,

Equation 8 can be used for cushioning with a linear load-displacement
relation and suddenly applied load. When the load is slowly applied, the
following equation applies:

x
=

K » (9)

[t

S

D. Celculation of Totel Deflection

When caleulating the defleetion of springs used in containers, it
should be noted that the xprings undergo 3 static loading due to the weight
of the item upon which is superimposed a dynamic load resuiting from shoek

and/or vibration.

The total deflection of the springs must be found in order to caleulate
the physical dimenszions of the springs. The total deflection, S, will be
the deflection due to impact plus that resulting frem the statie load:

Sl » 8§ impact * S statie tio)
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Using the foregoing problem as an example:

P

St-Si+S.-3.3+-'-‘-
250
S = 3, 4 ca——
t 3 1378

Where P here equals the load carried by
1000
T

each spring, i.e.

S, = 3.3+0.18

st d 3048 ino
E. Vibretion end Demping

In the preceding sections the spring rate and spring deflections
have been found. These values will have a direct bearing on the vibrational
response of the suspension system and the forces transmitted to the item.

A container in transit will undergo forced vibrations. The vibrational
response of the suspension systes must be determined in order to exclude the
possibility of (1) excessive and damaging oscillations at resonance, and
(2) the failure of the springs due to fatigue.

A spring contains virtually no internsl damping, therefore, in order
to reduce excessive displacements at resonance to s tolerable level, aeveral
damping methods are employed. There exists three types of damping:

1. Dry or coulomb friction - between rigid bodies.
2. Fluid friction - a rigid body moving in a fluid.

3. Internal friction - between the molecules of seemingly
inelastic bodies.

In the first two types of demping, the frictional force developed is
directly proportional to the speed of the moving body. The coulomb type

of shock absorber, illustrated inFigures 30 and 31, follows the formula F = uN.
Where F * frictional force; N * normal force; u = coefficient of friction.

FIGURE 29. FORCES ON A BODY IN MOTION

4
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WIRE ROPE

OUTER COIL SPRING Rriesess
\)
INNER COIL SPRING

")

S
7
4
2 :
4

A

FIGURE 30. METAL SHOCK MOUNT UTILIZING FRICTION DAMPING

, SUPPORTED UNIT
<
. —

CLASTOMERIC OR RUBBER DANMPING RING

/

g~ SUPPORTING UN:T

FIGURE 3i. FRICTION DAMPER ASSEMBLY

A shock absorber opersting on the fluid friction principle is the
sutomotive tubular-type shock sbsorber. This absorber is available in o
wide variety of sizes, capacities and end configurations. The fluids mor-
mally used in this type of shock absorber, tend to stiffen at -65°F, there-
fore, if such operating temperatures are aaticipated, a silicone o0il or
comparsble fluid should be specified to preveat tho loss of performence.
The smount of damping ¢, for s givea shock abaorber can be obtained from
its manufacturer.
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Stainless steel wire mesh has also been used successfully to dampen
unwanted vibrations. The claimed advantages of this type of damping when
used in conjunction with meta) springs, is that it provides an all metal
mount virtually impervious to temperature, oil, water, ice, otone, fungus,
etc. Figures 32 and 33 illustrate this type of mount.

FIGURE 32. TYPICAL RESILIENT WIRE FIGURE 33. MOUNTING SYSTEM UTILIZING
MESH CUSHION SPRINGS WITH WIRE MESH

DAMPING

The spring rate and deflection fourd in sections C and D will be used
in sn 1llustrative example to show the calculations which must be performed

in order to determine the vibratory response of a suspension system.

F. Vibeatien and Demping Celcviotions

Using the example given in section C with the addition of four

tubular-type shock absorbers the following shall be found: the netwrel

frequency f. and w_; the dizturbing or impreased force, P,; the enplitude

at resonance, X ;

Given: ltem weight, W = 1 000 1b.; static deflection, S, * 0,18 in.;
acceleration due to gravity, g * 386 in/sec2; four shock sbsorbers with o
demping coefficient, ¢ * 7 1b/in sec.; impressed smplitude, a, * 0.032 in.
(This value can be determined for sny given condition from Chapters 111

and [V, Hasards and Tests.)

_ CONTAINER
SHOCK ABSCRBER| r-
(&)
cn7Tiv/in/sec

* de *0.032°

TESTING TAHLE
FIGURE 3%. SHOCK ABSORPTION SYSTEM FOR COIL SPRINGS

5-11

the transamissibility, TR; and the % of criticel desping.
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Ihe lldlludl I'fqu("c, of t'.‘ s’ stem 'n 18
f ?  man < (’l"a secC ll
2 .\‘ / ( )

Where w, is the natural frequency in radians’sec

*n J\— (12)
T at

For springs

P2 2n
f = 7.37 cycles/sec

The natural frequency of a suspension system is calculated to deter-
mine if it coincides with the natural frequency of the transportation medium
to which it is subjected. (hapters 11l and IV will provide guidance on the
magnitude of the imposed vibrational frequencies for the pertin-nt modes
of transportation. Generally the natural frequency of container suspension
systems should be above 7 cycles per second. The natural frequency of 7,37
cps calculated in the example is somewhat low; this value can be raised by
decreasing the static deflection of the springs. This will increase the
stiffaess of the springs, therefore, care must be taken when raising the
natural frequency in order not to compromise the protection provided by the
system,

Excensive vibrations van be reduced by increasing the damping, It
should be noted that damping will not affect the magnitude of the natural
frequency because for spring suspension iystess the natural frequency s
dependent solely on the static deflection. As a result the natural fre-
quency is ecalewlated without taking inte account the ef{rets of damping.

The disturbing force, P,
is derived by Hartog aa:

3 3
Py "I[(Kl(a,)]° d [Ui‘na,)(n]' (1H

for spring susprnsion systems at resonanee

3«12
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Where:

W
K = Spring constant of complete system = §‘:
s
1000 1b Ib
? ——————— ¢ 5556 =
0.18 in 1n

a_ = Impressed amplitude = 0,032 in,

in.sec = 28 lb/in/sec

w = Natural frequency, w. , = 46.3 rad sec.

Substituting:

2 2
P ?‘/[mssm.ozz) ]' * [(28)(.032)(46.3) ]

Solving for the disturbing force:

P« 182,06 1h.

(]

The amplitude, X, of the item at resonance can now be found:

\ 182.06 1b
e (28) Ibin sec (163) rad seso

\0 = 0.1 in.

C, » The total damping of the system = (4)(c) = (4)(7) 1b/

(14)

The tran-mussibeloty, TR, is the rutio of the distutbing force to the

impressed force,

t. 14

0.032
TH - $.37

The erttical daunping Cc Y

(13)

(le)




. _(2)(5556) 1b
€ 46.2 rad’/sec in

Ce = 240.0 1b/in/sec

Percent of critical damping is:

% C, =% (100)

C
28(100)
%C, = ——
c 240
%C, = 1.7

This value is somewhat low; it can be raised by increasing the damping
or changing the spring rate. In container applications, a damping of 15 to
20% of critical damping at resonance is desired in order to prevent excessive
osrillations. Figure 35 illustrates various degrees of damping; the damped
vibration curve Leing the desired condition. The shaded cvrve in Figure 36
shows the results of the proper percentage of critical damping.

OVER DAMPED
CRITICALLY DAMPED
DAMPED VIBRATION

FIGURE 35. DEGREES OF DAMPING

In the preceding sectinns the performance requirements cf the spring
suspension system have been calculated. First the spring rate was calcu-
lated utilizing the impact or shock loading involved; then the effects of
vibration were considered. There remains the determination of the spring(s)
dimensions, This will require the choice of a material and the calculation
of the stresses developed in the spring(s).

5-14
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Li e Low emount of demping resvits
R\in tensmissibility velves
% =0 from 10 te 15 ot resenence

c of resonence

/% = I15% } High demping tenge :

Demgping should be low

B

for values of frequency
setio greater then \/2-

C 2%
<
’ €

22y,
744
11y, e,
&7

§=o s
[

Forcing frequency
Frequency ratio =

Undamped Natural frequency

FIGURE 36. MOUNTING SYSTEMS POSSESSING 15-20% OF CRITICAL DANPING AT RESONANCE
ARE DESIRABLE. THIS VALUE SHOULD NOT BE AFFECTED BY ANY OPERATING
ENVIRONMENTAL CHANGES SUCH AS PRESSURE, TEMPERATURE OR HUMISITY.

TO REDUCE THE TRANSMISSIBILITY TO A MINIXUK, THE DANPING RATIO
SHOULD DECREASE IN VALUE FOR A FREQUENCY RATIO GREATER THAN v'Z.

G. Spring Design
1. General

For a complete treatment of spring design refer to authorita-
tive texts such as Wahl, "Mechanical Springs," and MIL-Std-29. The scope
of this publication permits only an outline of the many factors involved
in the design of helical springs.

2. Fatigue

A container in transit will be subjected to vibrations which
will continually deflect i1ts suspension system. When springs are subject
to fatigue, the allowable stress used in their design, should be based on
the endurance limit. This is the highest stress, or range of stress that
can be repeated indefinitely without failure of the spring. Ten million
cycles of deflection is generally accepted as an infinite life. The sever-
ity of service is listed below,

5-15




O

‘ Light Service - Includes springs subjected only to static
loads, having small deflections with low stress ranges, UJubject to less
than 1,000 and seldom more than 10,000 deflection cycles in a lifetime.

Average Service - Subject to average use without shock loading.
One hundred thousand to one million deflection cycles in a lifetime.

Severe Service - Subject to rapid deflections over long periods
of time. One million to ten million deflection cycles in a lifetime. When
designing springs for severe service, the endurance limit should be used 1n
the calculation of stress,

Safe working stresses will of course differ for each material; these
values should be obtained from the manufacturer of the material or from a

reliable text.

Fatigue simultaneous with even slight corrosion, is very effective 1in
causing failure under comparatively small stresses. For example, spring
steels subjected to stresses while in contact with fresh water fail at a
stress range only 1/4 to 1/9 the normal endurance limit. The reason for
such premature failure is that in a spring the torsional fiber stress is a

maximum at the surface of the wire. Any surface defect accelerates the start

of a crack which then continues through the wire causing complete failure.

Fatigue failures can be reduced by improving spring surface and by
preventing corrosion of this surface. Shot-peening, which consists of pro-
pelling steel shot at high velocity against the spring surface, will 1mprove
this surface. This Lends to increase the cndurance strength by, a.) cold

working the surface where the stress 1is highest and, b.) prestressing the
As fatigue failures are due to tension

sur face laver under compression.
stresses occur

stresses, Superimposing compressive stresses where tension
enable the spring to carry a greater load.

Steel springs can be protected from corrosion by plating; however, the
endurance limit will be reduced. Painting has been found unsuccessful for
container springs. It is recommended that a thermally fused epoxy plastic
coating be applied to steel springs to prevent corrosion. This process has
been used with success on Nike Hercules containers. (See Rock Island Arsenal
Purchase Description RIAPD-636 Coating Protective, Thermally Fused Epoxy

Plastic.)
3. Temperature

Most common spring materials will perform satisfactorily at
-65°F under static loads; however, often problems arise with the ability
of a material to absorb impact loads at -65°F., Many materials become
brittle at low temperatures with carbon steels showing a dramatic loss of
impact strength at even moderately low temperatures (0°F). Nickel alloys
will show little loss of impact strength at -65°F,
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For compression and extension springs subjected to shear loads and
stresses, the stress calculations will be based on the torsional properties
of the material. The torsional modulus of elasticity, E., a factor in de-
termining the relation between the load and deflection of a spring, will
vary with temperature, As E, increases, so does the spring stiffness. This
variation is shown below for several spring materijals,

TABLE 14

VARIATION OF TORSIONAL MODULUS OF
ELASTICITY (E¢) WITH TEMPERATURE

Temperature
-100°F 0°F +200°F
Material (psi) (psi) (psi)
Hard Drawn Steel 11, 550, 000 11, 200, 000 11, 240, 000 ‘
Si - Mn Steel 11, 150, 000 11, 200, 000 10, 600, 000
Chrome Vanadium Steel 11, 400, 000 11, 250,000 10, 600, 000
Stainless Steel (18/8) 10, 100, 000 10, 300, 000 9, 750, 000
'Monel' 9, 100, 000 9, 100, 000 9, 050, 000

After the selection of a material has been made and using the infor-
mation calculated in previous sections, the physical dimensions of the spring
can be determined.

4. Spring Dimensions

The procedure followed in finding the spring dimensions is one
of trial and error. An example utilizing the deflections and loads found
in previous sections will 1llustrate this procedure. Choosing a material,
a convenient outside diameter and estimating the wire diameter, we will
find the free length of the spring required.

Given: Total deflection, St = 3.48 in.
Total load (includes impact and static load on one spring)

P = 2523 1b.

Select: Material - Chrome Vanadium Steel with E. = 11.5 x 106 psi
Outside coil diameter = 4 in,
Wire diameter, d = 0.625 1in,
~Mean coil diameter, D = 4-0,625 = 3.375 in.

To Find: Number of active coils, n; pitch, p; and free length, L.
Use Equations:
) S, Eyq¢
g P D3

(17)
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Solving for

Solving for

Where:

P

Solving for

p=B+f+d (18)

L =np + 2d (19)
S, E 44

n o=t “td
8P D4

_(3.38) in (11.5 x 10%)1b. (0.625)%in*

(8)(2523) 1b in2 (3.375)3in3

Number of active coils, n =7,87

p=B+fd

pitch or lead ot free or unloaded spring

the clearance space between each coil, in inches,
when spring is supporting some load P. Calculate
B by using 25% of the deflection per active coil.

deflection, in inches, per active coil for a
given load P.

wire diameter in inches

(0.25)(3.48)in N 3.48

- 0,625 1in.
7.87 7.817

1.17 in.

The given formula is for springs with squared and ground ends.
For springs with other type ends, consult a reliable text on
spring design.

L=np+ 2d (20)
L = (7.87)(1.17) in + (2)(0.625) 1in
L = 10.46 in,

These ¢ lculations provide a tentative spring design, if it does not
fit the avaiiable space a new design can be found by choosing different
values of wire diameter, outside diameter, material, etc. When a suitable
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size spring is found, the stresses developed from impact and fatigue load-
ing must be checked.

The methods used for finding loading due to impact and fatigue, have
been delineated in the preceding sections. Fcrmulas which can be used for
finding the stresses developed in springs follow in the next section.

5. Calculation of Stresses

The following equations can be used to find the stresses in-

% duced by impact and fatigue loading.
8PDK SGdK
TC = 3w = 2 W (21)
d D<n
4C-1 0.615
K, = + 22)
w 4C- 4 C (
.B
C = 3 (23)
Where:
P = load on spring
D = Mean coil diameter = Outside diameter - Wire diameter
d = Wire diameter
Kw = Wahl factor - Correction factor for curvature
n = Number of active coils in spring
C = Spring index
F TC = Corrected shear stress

the corrected shear stress range T  can be calculated:

design calculations consider lower stresses than would be used at ambient
temperatures, Studies have indicated that a 25% to 30% reduction in pub-
lished values for allowable stress, when designing steel springs, would be
a reasonable figure to use under these conditions.

Where allowable stress values are given for statically loaded springs
at ambient temperatures, the following allowances can be made.

a. Compression springs that are preset and shot-peened increase

values 10 to 15%
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With fatigue loading and a cyclic load variation between P .. and P

(Ppax = Pmin)D
T. = K,8 13 (24)
r When designing for -65°F and severe impact and fatigue loading, spring
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b. For excension springs reduce values 10 to 20%.

c. For suddenly applied loads, reduce values by 50%,

The springs should also be checked for stresses developed at solid
compression, eccentric loading, buckling, lateral loading, spring index,

effects of vibrations and resonance.

The above calculations are a simplification of the actual forces a

container will undergo. The base mounted system illustrated represents the
least complex application. However, troublesome coupled response can result
because the center of gravity it above elastic center of the mounting system.

Further calculations are necessary to fully describe the motions of this

system,

The advantages and disadvantages of spring suspension systems for
rocket and missile containers are listed in the following table.

TABLE 15
ADVANTAGES AND DISADVANTAGES OF SPRING SUSPENSION SYSTEMS

ADVANTAGES

DISADVANTAGES

Reltable.
Not adversely affected by:

Temperature Chemicels
011 Aging
Water

Isolates low frequencies better than
rubber.

Does not drift,

Capable of providing idenciical protec-
tion in all directions.

Requires damping.

Possible large amplitudes when passing
thru resonance.

Frequency of suspension system diffi-
cult to determine at right angles to
springs.

Linear spring deflection rate.

Spring suspension systems should be considered for:

1. Items having considerable weight, 250 pounds and up.

2, Items having low fragility factor, i.e. 10 -20 g’'s, regardless

of weight.

3, Items requiring chemically inert suspension systems.

4, Items requiring a high degree of triaxial protection.
ommended that tension spring packages be used in such cases.

for photo, Mindlin, "Dynamics of Package Cushioning" for description of

required calculations.

It is rec-
See Figure 26
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I, TORSION BARS

Torsion bar springs have found a wide number of uses in recent years;
however, they are not recommended for missile container suspension systems
for numerous reasons. A torsion bar is essentially a uniaxial spring;
therefore, in order for it to provide the triaxial protection required in
container designs the packsged item must be suspended from the torsion bar
lever arms by cables or some other similar system (see Figure 37).

T4 ATERAL INMVT.
LY frany ¥ ESTRICTED .
FIGURE 37. TORSION BAR- FIGURE 38. TYPICAL TORSI1UN BAR-
CABLE CABLE ARRANGEMENT

To properly restrain the item four (4) or more torsion bars are gener-
ally required (see Figure 38).

The arrangement illustrated in Figure 38-A does not easily lend itself
to a top opening container, which is the preferred type of opening, except-
ing very small or very large containers (see Chapter VIII), If an end open-
ing container is chosen, the item cannot be removed quickly,

Although a torsion bar is an efficient energy storing device it is an
expensive one, It is also a potentially dangerous one should the bar break
during presetting; proper safeguards must be provided for personnel.

No calculations for a torsion bar suspension system are given because
of their complexity and limited application. See "Design and Manufacture
of Torsion Bar Springs" by the S.A.E. for guidance in the design of torsion
bars,

In spite of disadvantages a torsion bar suspensicn system has been used
with success on the Corporal M351 Missile Body Container., The extreme size
of the missile and the state-of-the-art of suspension systems at its time of
design, made this system a logical choice. Figures 39 through 44 illustrate
the M351 container and its suspension system.
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There are eight cables attached to the missile which lead from eight
torsica bars in cylinders located on the exterior of the container, Each
torsion bar is twisted initially 40 to 60 degrees to provide a preload in
excess of 30,000 inch pounds. Although this system works well, it is dif-
ficult to connect the cables to the missile inside the container, especially
at the closed end where it is necessary to work through access holes.

SHIPPING CONTAINER
AFT SECTION

SHIPPING
CONTAINER

ASSEMBLED TRACK
SECTIONS

FORWARD
TRUSS

AFT JACK

MISSILE AFT BODY SECTION REMOVED

FIGURE 39. CORPORAL CONTAINER TRACK SECTIONS
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FIGURE 40.

CORPORAL MISSILE SHIPPING CONTAINER - PARTIALLY EXPLODED VIEW
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3-AMjusting screw 6-Tersion bar dearing 1-Wire Repe achle

Torsion bar lover T-Hissile &Nigaile i
3=-Vire rope O-Torsion dar 3-Container :,4;:.:::: bolt
S-Sheckles -Vire repe 1-Mapter
b&au&nr(nl::::rgto-&nup assenbly

ils

FIGURE 41. FORWARD SUSPENSION SYSTEM AND FIGURE 42. AFT SUSPENSION SYSTEM
CARRIAGE ASSEMBLY

FIGURE 43. APPLYING PRELOAD TENSION TO TORSION BARS
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I11. OTHER TYPES OF MECHANICAL SUSPENSION SYSTEMS

A. Coable Isolators

A relatively new type of suspension system is one employing stranded
steel cable interlaced between two metal retainer strips. One end of the
assembly is attached to the item and the other to the supporting structure.
An assembled pair of these isolators will provide triaxial shock and vibra-
tion protection to the item.

Suspension systems commonly include four cable isolator assemblies which
can be attached to the item at the corners, sides, top or bottom in order
to provide equal isolation in all directions. Figure 45 illustrates some
typical cable isolator systems.

Cable isolators can provide shock and vibration protection in all direc-
tions with an equal spring rate which can be easily varied. The spring rate

is nonlinear. The natural frequency which is normally in the 15 to 20 cps
range can also be easily shifted.

B. Single Use Energy Dissipators

Single-shot, sheet-type energy dissipators hiving mechanical properties

similar to those of paper honeycomt find their use in the control of acceler-

ations during an air drop impact. This type of suspension system is not
recommended where repeated shock loads must be attenuated.

A complete dissertation on this subject will be found in "Design of
Cushioning Systems for Air Drop," by Maurice P. Gionfriddo, published by
Quartermaster Research and Engineering Command, U. S. Army, Natick, Mass,
October 1961. Because of the thoroughness of Mr. Gionfriddo’'s study this
subject will not be further discussed here.

C. °*5"-Type Jaorret Mountings

Jarret-type mountings consist basically of a steel tube in the shape of
the letter "S" with locating pads top and bottom. The tube is filled with
compressed elastomer. It operates without any solid friction using the in-
terna! flow of the elastomer as a damping medium. They should normally be
used only in compression, as tensile forces might cause fracture of the
metallic envelope containing the elastomer. Because of its design the
Jarret "S"-type spring is essentially a unidirectional mounting. They are
generally used as antivibration rountings. Figure 46 illustrates Jarret

"S"-.type springs.

5-26

e SR P




=

'
CABLE ——]
OIAMETER

-{E{)— =

SPACING

1

CABLE LEG

[
- "‘":.-__Jr “
Zsuc«mc; ~

ISOLATOR
ANGLE
ISOLATOR

MOUNTING WOLE

e 1

’
COMPRESSION PRESTRESS ——L‘

TENSION PRESTRESS

FIGURE 45. CABLE ISOLATOR ASSEMBLIES IN TWO TYPICAL MOUNTING ATTITUDES

FIGURE Uué.

VERTICAL
20 to 18,000 1b.

i Deflections are | to 2 inches
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JARRET "§" ~ TYPE MOUNTING
THIS TYPE OF MOUNTING IS AVAILABLE COMMERCIALLY IN THE FOLLOWING LOAD RANGES:

TRANSVERSE
15 to 14,000 1b.
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15 to 10,000 1b.
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CHAPTER VI
ELASTOMERIC SUSPENSIONS

INTRODUCTION

Elastomeric, shear type sandwich mounts were first developed during
World War II to protect aircraft engines. As more fragile and sophisticated
weaponry was introduced, the need for protecting these mechanisms became
critical. The favorable performance of elastomeric mounts led to their wide
acceptance and use in the field of protective packaging and container sus-
pension engineering.

The elastomeric mount offered several advantages. The shear configura-
tion provided sufficient travel to mitigate high shock inputs; it provided
equal protection in two planes; its configuration was simple and compact
and the cost to install was low., Shear mounts have a proven record of re-
liability; they resist handling abuse and adapt to equipment complexity.

During the past two decades, the impetus in container development has
made available a wide assortment of shear mounts, each of which has been
specifically tailored to the peculiar requirements of its application.

FIGURE 47. SHEAR MOUNTINGS - SANDWICH CONSTRUCTION
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Unfortunately, the design technique applied in the development of shear
mounts has not been documented nor has the data generated by this effort
been consolidated. Consequently, the state-of-the-art is such that each
and every application must be analyzed and a mount tailored to satisfy its
particular demands. Tt is probable that an existing design may be identi-
fied as capable of satisfying the requirements of a proposed application;
however, the performance and physical characteristics of these existing
mounts has never been consolidated and the data is not available to provide
the container designer with these basic tools to permit general application.

Existing designs encompass a spring rate range of from 10 to 5000 pounds
per inch and dynamic shear deflection capabilities up to 22 inches. Figure 48
illustrates the deflection capability of elastomeric sandwich mounts.

i

.
1
zat

-3
L
2
|
L]
1.
]
|
!
|
1
|

FIGURE 48. ELASTOMERIC MOUNT SHOWN ON LEFT. AT RIGHT, A TEST
DEMONSTRATES LARGE DEFLECTION CAPABILITY AND HIGH
STRENGTH BOND OF ELASTOMERIC MOUNTINGS

The characteristic of sandwich shear mounts to provide linear displace-
ment and the ability to provide large deflections permit wide design lati-
tude. Shear mounts function to minimize the acceleration of the mounted
mass while absorbing and dissipating large amounts of energy introduced by
the operating environment. The favorable characteristic of the elastomeric
shear mount is graphically depicted in the load deflection curve of Figure 49.
This curve is typical of elastomeric mounts in general; however, for a
specific mount, the particular performance curve must be developed by test,
or provided by the manufacturer.
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The area below the load deflection curve is representative of the capa-
city for energy absorption. The area under the compression curve k) is
equal to the area under the shear curve Eq. [t can be seen that the load
and therefore the force needed to develop equal energy absorption is much
higher for the compression mounting than for the shear mounting, For this
reason the shear mount with a nearly linear load deflection curve, is more
efficient than the compression mount whose performance follows a more ex
potential path.

In addition to the favorable performance cited, many elastomerie mounts
asually provide inherent vibration damping characteristies and mav, under
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certain conditions, obviate the need for additional auxiliary damping de-
vices, There are also an assortment of elastomers available which will
satisfy the temperature range requirements of the ‘ worldwide distribution”
environment,

A review of military containers demonstrates the technical feasibility
of shear mount suspension systems, FEconomic feasibility is generally limited
to reusable containers or those subject to selective salvage (see Chapter

VIII).

GENERAL

The preferred approach in the process of container design is to develop
the suspension system first. When the sway space, as determined bv the
required spatial displacement has been calculated; the proper mounts have
been selected and their location established; then, the container can be
designed.

Unfortunately, the present state-of-the-art does not provide sufficient
data to permit the designer to make a mount selection. Consequently,
elastomeric shear mounts cannot be considered as standard off-the-shelf
hardware; they must be tailored to the application by the mount supplier..
As inconvenient as this may be, the designer must resort to this procedure;
he must consult and collaborate with the mount supplier in the selection of
a suitable shear mount suspension. As applica’ion data are not available,
this design guide can only provide a suggested approach to the problem; one
which will result in expeditious resolution of the mount selection. The
designer must hewever, retain control of all aspects of design and/or appli-
cation and not permit the supplier to introduce characteristics or restric-
tions favoring one product or source of supply. As the result of this
necessary marriage-of-convenience between the container designer and the
mount supplier the initiating agency should request and expect from the
mount supplier assurance and certification of performance,.

Mount Design

As previously mentioned, the design and/or selection of a particular
shear mount must be the result of collaboration with the mount supplier.
The container designer must orient the mount supplier in the details of the
proposed application and provide sufficient data to permit for a comprehen-
sive analysis and subsequent mount recommendation,

The many factors affecting mount performance cannot be mathematically
expressed in any simple or series of simple formulae, The design and appli-
cation of elastomeric shear mounts has yet to attain the status of a pure tech-
nology and the teechnique involved cannet be conveniently vcuveyed., tntil
this deficieney has been satisfied by the development of a practieal analyti-
cal design procedure the zelection and/or design of a specifie shear meunt
must remain within the demain of speeialints, usually found in the empleoy
of meunt wuppliers,
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Problem Definition .

Consequently the container designer must establish the performance
criteria and convey these data to the mount supplier early in the program
to expedite the container development. The information required by the
mount supplier is tabulated below and should be as complete and accurate
as possible:

a. Identification and description of the item to be protected. (The
name and description of the item are important since they provide a refer-
ence designation for the particular application and give the suspension
system designer an idea of what he is working on.)

b, Weight of the item.
c. Weight of the cradle or fixture used to support the item,

d. A sketch of the item showing overall envelope dimensions; permis-
sible points of attachment or support; and the center of gravity. (The
purpose of b, ¢, and d is to establish the total suspended weight or the
weight the mountings will support, It has been found desirable to list the
weight of the cradle separately to bring attention to it, since cradle weight
is frequently ignored. A sketch of the unit, the attachment points, and the
location of the center of gravity are all necessary to establish the reac-
tion load on each of the mountings; however, when cradles are used, it is
not necessary to restrict the location of the mountings to the attachment
points. Also, if there is a reason why the mountings should be located in
one particular place, this should be noted, since it will influence the se-
lection of the mountings.)

e. The fragility factor of the item and the temperature, direction
and location at which it shall be measured and/or tested. (Fragility factor
information is frequently passed over without enough consideration. Since
some of the container applications require protection down to -65°F and
others require protection to room temperature conditions only, it is impor-
tant to know the temperature at which the G load will be measured, Some
units also have different fragility levels or different axes for directions
of impact. When subjecting the unit to an edgewise rotational drop iLust,
it is important te know where on the unit the G's will be measured,)

f. The shock imposed upon the item; the type ef drop and drop height
or the magnitude of G input; snd the pulse time and its shape. (If the
shoek input is expressed in terms of G's, it 38 cexxential that the time
duration of the pulse and the pulse shape be inecluded, xinee G's input by
itself does not define the ameunt of energy going inte the eontainer.)

g. The testing procedure, the number of dropsx, and the temperature
at whieh teating will be condueted, (The abeve requests o definition of
the testing precedure, since on occanion the number nf Jdrops and the teme
peratures at which the dreps are conducted will actually represcat a fa-
tigue text that will control the selection of the mountings,)
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h. The vibration inputs imposed upon the test item., (Some military
specifications include vibration test and resonant dwell requirements that
exceed the normal mounting requirements of the shock protection--in other
words, the mountings are selected primarily to meet the vibration test re-
quirements, since the vibration tests are more severe than the shock pro-
tection requirements., The allowable vibration output or the vibration
tolerance of the unit is frequently different than the fragility factor,
since the fragility factor applies to a shock input whereas the vibration
tolerance will refer to the ability of the unit to withstend a steady state
vibration. This information is not generally available and can be quite
complicated, since the vibration tolerance would have to be defined in G's
as well as in frequency in most instances,)

i. The allowable vibratior limits to be experienced by the suspended
item.

Jj. The normal shipping attitude of the item.

k. The moment of incrtia of the protected item. (Moment of inertia
data is important if the shock requirements include an edgewise rotational
drop or end impact testing. If this form of testing is included, moment
of inertia data is essential and must bhe approximated before an analysis
can be made.)

l. The moment of inertia of the cradle support. (This can have the
same affect as the weight of the cradle, as far as distorting the actual
suspended weight. Mounting space limitations are important if the designer
wishes to limit the thickness or width into which the mounting must be in-
stalled. This applies especially in cas~s where an existing container is
being used for new applications. The container dimenxions, as requested
in question p, would apply in those instances where an existing container
is being used,)

m. Applicable restrictions peculiar te the 1tem or the application,
n. A deseription of the transit environment,

o, A deseription of the chimatic environment affecting mount pere
formance,

p. Dexeription of the centainer and 1ts Jdimenxions,
4. Special tevting requitements,

r. Other pervinent data,

66




e

Preliminary Design

Having defined the problem and submitted the required data to tie
mount supplier, the container designer may proceed to apply several rules
of thumb to provide an indication as to the size of the container and the
affect the suspension system will have on the container design. All
"ball-park” figures generated by these rules-cf-thumb shall be modified
upon receipt of specific data and recommendations from the mount supplier,

The foilowing data sets forth very useful information concerning the
relationship between drop height, natural frequency, acceleration, and dz-
flection. The designer can determine, simply on the basis of drop height
and fragility factor, what natural frequency the system will have and
approximately how much deflection will result from the drop tests. By
adding an inch or two to the deflection figure, the designer can approxi-
mate the sway space between the unit and the inside of the container and,
thus, the size of the container,

DESIGN GUIDE

This useful guide has been developed by lord: to

. show the relationship of drop height (h), deflection

- é -~ (d), fragility factor Gn) and natural frequency of a
_7 suspensicn system ({n).

'Y Designers and packaging engineers will find this

guide valuable in two ways.

1. Gain a rapid understanding of the factors in-

. ; A g m—— volved in a suspension system.

- T e - For example, note that G and d are inversely pro-
: | 5 550 B B pottional; as the fragility factor is lowered, larger
okt -k allet 20ik2 05 - O - deflections must be provided. And d determines the

T4 2R b 530 P RS K v sway space that must be provided within the container.

B < € Fus - 0 N - The guide also shows whether the proposed system

Al “~-‘,_ W L MW compatible shock and vibration requirements.

SO o IN INCHES® Certain Gp limits will place the fn in the critical 2 to

s 3 BT L JENE ‘ 7 c.ps. range. In this instance, either a stifier sus-
j{ : 2RI - pension must be adopted (which raises the Gy, limits),
y M . R S a lower drop height must be accepted or damping
: g must be introduced to control motion under the
. resonant conditions.
s S " 2. Get a quick approximation of h, d,Gmand In.
» : The guide permits you to:
—~ : . a) find fnand d “vhen h aid Gmate known. This is
1 the usual case since mast », ecifications cull out
s T e the drop height and Gn limits.

b N o . b)) find Gy for various suspension stiffnesses (ex-

- . . pressed as /n) after nssuming A. Stif{ness affects
! PR P X d and ultimate choice of mounting.

¢) find h when you know G, by assuming /n.

d) ftind h for various fn when you know d. This is
the case when it is necessaty to use an vxisting
containe?. The availuble sway space determines
the maximum permissible d. Note that h will
be limited by the G, which the equipment can
withstand.

Oln  Meg, Jo.-ivie, fo,

FIGURE 50. RELATIONSNIP OF DROP HEIGHT, DEFLECTION, FRAGILITY FACTOR AND
RATURAL FREQUENCY OF A SUSPENSION SYSTEM
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Various factors affect the design of a shipping container mounting
system: shock requirements, natural frequency, size, stability and others.
To arrive at a practical system, these must be balanced. If shock require-
ments will permit, the natural frequency should be higher than 7 cps.

Sample Problem: Selection of mountings

An object 36" long x 24" wide x 15" high, weighing 125 pounds
must be protected against a 30" flat drop. Its center of
gravity is at its geometric center. There are a number of
convenient attaching points along its lower sides on the long
axis. Its fragility factor is 25 G.

Using this information, the first step is to determine the
spring rate (K) and deflection (d) of a suitable mounting
system.

The following formula is used:

2h

S G-2
Deflection of the mounting system would be:

2x30 .
dz ——— = 2.6 inches
25 -2

(For ball-park figure of sway space required, add 2".)

NOTE: The calculations shown here are simplified for pur-
poses of clarity. In order to design and select a mounting
system that is satisfactory for all conditions, end 1mpacts,
side drops, end drops, rollover tests and natural frequen-
cies in all modes must also be considered (see Chapter I).

Mcount Location

Having established an approximate value for the required sway space
the designer may then approximate the dimensions of the container. The
internal dimensions of the container must provide for the unrestricted
movement of the suspended item, The sway space or amcunt of clearance
shall be provided both below and above the suspended mass and at both ends
to provide for both deflection and rebound experienced when subjected to
shcck loading.

The following rules are applicable and are provided as guidance 1in
the development of the concept and subsequent design of the container.
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The mounts should be placed as far apart as practical for stability.
The center-to-center spacing of the mountings in the lateral direction
should be about three times or more the distance the center of gravity is
about the mounting plane. This dimensional relationship will generally
avoid serious coupling problems that result in instability. In the longi-
tudinal direction, the spacing of the mounting should be about five times
or greater the distance of the center of gravity above the mounting plane.
In all cases, the mountings should be spread as far apart as possible, as
mentioned previously, There are installations in which the above rules
cannot be applied; however, special attention must be given to the appli-
cations to be sure the coupled natural frequencies will not cause a vibra-
tion problem.

&

L i
C n

FIGURE 51. LATERAL VIEW OF TYPICAL SUSPENSION SYSTEM

In the plan view, the mounts should be symmetrical with respect to

the center of gravity, or, if this is not pcssible, the mountings should

be selected and located so they will have the same static deflection, It
is conceivable that the mountings would also have to be selected 1in di f-
ferent sizes to produce the same stress on each mounting. Generally speak-
ing, however, it is possible to locate the mountings symmetrically about
the center of gravity to avoid using two different types of mountings in
the same container.
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FIGURE 52. PLAN VIEW OF TYPICAL SUSPENSION SYSTEM

When multiples of mountings are used, they should be clustered at the
extremities of the unit in preference to spacing them along the structure,
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This technique will avoid an excessively low natural frequency in the pitch
mode,

Be sure to avoid interferences that will contact the mountings when
they deflect and either abrade them or possibly tear them.

Allow several inches of sway space on all sides as well as the top and
bottom of the mounted unit, The amount of such space depends on the size
and shape of the equipment and on the rough handling anticipated,

Mount Orientation

Conventional shear mount applications position the assembly with its
shear plan~ vertical, at right angles to and parallel with the longitudinal
axis of the suspended item to be protected. In this position, shear mounts
provide excellent protection in both the vertical and longitudinal directions,

EQUIPMENT 1
BRACKET SHEAR

v

’\—\’\ﬁ-
FIGURE S3. CONVENTIONAL SHEAR MOUNT ORIENTATION

CONTAINER |
BRACKET

Side drops subject the conventional suspension scheme to compressive
forces negating the excellent shear performance of sandwich mounts, Due
to their phyvsical configiration aad inability to provide any appreciable
compressive deflection, the shear mount can be considered to provide little
or no shock mitigation when subjeeted to compressive loading, However, the
logistic environment normally subjects the container to vertical and longi-
tudinal impacts; lateral impact loading 1s most infrequent,  The uxual con-
figuration of the container and its normal shipping attitude preclude the
necessity for maximum lateral protection as the container will either roll
or tip-over transmitting to the suspended mass only a fractien of the im-
posed shock of impact, Suspension syitem design technique v<ually positions
the shesr mounts helow the center of gravity of the susuended load intro-
ducing @ couple which functions to further mitigate the effects of the im-

posed shock.
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L In considering the location of the elastomeric mountings, it should

v be ncted that a typical missile container system may have two pairs of
shock and vibration isolators spaced symmetrically about the spring mass
center of gravity in side elevation. With a symmetrical spacing of iso-
lators, the spring rate for each can be the same., The longitudinal spac-
ing of isolators is based on pitching frequencies and on deflection of the
isolators. The further apart the ispolators are longitudinally, the greater
the pitching frequencies and the larger the deflection of the isolators for
a given acceleration.

e BBl

e i R R

Since isolators have a definite de.lection range, such range often
dictates the longitudinal spacing of the isolators.

The spring rate for each pair of isolators in a system need not be
the same provided their static deflections are the same. In a system where
the missile attachment points are such that the missile can be made to work
structurally, as a link in the suspension system, a simpler system results
with the elimination of longitudinal rails and the :1se of two pairs of
isolators which have different spring rates,

Suspension Schemes

The position of sandwich mounts and their location with respect to
the center of gravity of the suspended mass can either enhance or degrade
the performance of the suspension system, Common suspension schemes are
depicted in the following illustrations; the advantages of each arrange-
ment are described in the pertinent caption,

Where mountings connot be
shock protection in the vertical located at the plens of the cen-
and forw-and sit directions, tor of grovity. they can be or
where maxityum shoeh is en- ronged o project the system

‘ pecied, and 8 'r:80r amount elastic conler 10 colncide with

: in the third (latersi) direction. the center of gravity. This pro-

where ittle shock is enpected. vides good vertical and laters!

! Shest sandwich mountings sre protection, plus mesimum fore-

i ocoted in same plane 88 equip- and-ait protection.

é ment canler of gravity.

E FIGURE 5. VERTICAL SYSTEM FIGURE 55. FOCALIZED SYSTEM
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FIGURE S6.
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(RARELY USED)

FIGURE S57.
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CHAPTER VI

BULK CUSHIONING

INTRODUCT I ON

The object of this chapter is to provide an orderly, concise cushion-
ing design procedure for the solution of bulk cushioning problems. The
material included was drawn in large part from "Design Criteria for Plastic
Package-Cushioning Naterials,” Picatinny Arsenal and "Package Cushioning
Design Handbook," Air Force Packaging l.aboratory, Brookley Air Force Base,
Alabama. The content of these reports has been adapted and expanded where
necessary to meet the needs of Army Rocket and Missile Containers,

Discussed are the more common cushioning materials such as rubberized
hair, urethane foam, foamed polystyrene, foamed polyethylene and fibrous

glass,

Recent investigations have produced sufficient data to enable the
packaging designer to estimate cushioning requirements in most problems
with reasonable accuracy. However, some aspects of cushioning design are
still too intangible for practical solution by analytical methods. There-
fore, efficient cushioning design requires a blend of both scientific de-
sign principles and data, together with a liberal amount of sound judgment,

To facilitate cushioning design on both a scientific and practical
basis, this documen¢ presents a discussion of the available analytical
data and practical considerations that must be understood and used by the

package designer in so.ving cushioning problems,
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GENERAL

Progress in materials research has made available to the packaging !
engineer an assortment of bulk cushion materials having favorable protec- :
tive properties, These have virtually replaced the classic excelsior,
shredded paper and sawdust,

Due to the nature of these new materials and the many factors affect.
ing their performance, it is practically impossible to correlate their
characteristics into one mathematical expression capable of general appli-
cation. Conscquently, the application becomes quasi-scientific and the
analytical designs must be subsequently subjected to laboratory test to
verify the calculated performance.

Bulk cushion functions to allow the item being protected to continue
its motion after the contniner has halted; gradually decelerating the mo-
tion of the contained item. The depth of the cushion pad and the compres-
sive characteristics of the cushioning material determine the amount of
shock to which the item will be subjected. The material’s resistance to
compression determines the rate of deceleration of the item within the con-
tainer and the thickness of the pad is determined by the distance through
which the item must decelerate before coming to rest (see Chapter I). The
ability to satisfy these physical requirements as governed by the weight,
weight distribution and fragility of the item to be protected, influence
the selection of the cushion material,

Quite often there will be several materials having the required char-
acteristics (density, clasticity and loading values)' and the choice will
then be influenced by cost factors, availability of material and the phys-
ical limitations imposed upon the container.

Compresaibility is the mest important value in bulk cushion selection
as it represents a measure of its deflection under load, As this charae-
teristic differs with different materials and even among different densi-
ties and thicknesses of the same type of material, each one must be tested
under similat loading. Plotting the loading data results in a stresusstrain
or a load-defleetion curve with the loading expressed in pounds per square
inel (psi) snd the deflection in inches or a percentage of the measured
thiekness., As these data can be developed with comparative case, they are
normally all the data available to the designer and are presented by the
cushion manufacturer in graph form te promste the application ol hix product.
These data, based on statie leading, provide a comparizen of the relative
efficieney of the various materials used as bulk cushion; however, as shoek
leading in service ia of & variable dynamic nature, the use af only static .
compressivedisplacement (atresnestrain) curves i net recommcnded for
misnile container design,

The general efassificatior of bulk cushion ix based on the manner in
which it performs and rexpends under loading as reflected by the shape of
ita forcesdisplacesent eurve. The manner in which cushion saterials reipond
to loading i» depr-r b in Figure 6] and cateporizes these materials 1nto tapes,
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FIGURE 6/. FORCE-DISPLACEMENT CURVES FOR
VARIOUS TYPES OF CUSHIONS

A review of the plotted data indicates that as the displacement in-
creases, the force necessary to produce each additional increment of dis-
placement also increases. Of significance, is the rate and manner in which
this force increases.

As the materiul compresses, it becomes more dense and its resistance
to compression increases; consequently, the force necessary to result in
further compression (deflection) must necessarily increase. This charac-
teristic is peculiar to all conventional cushioning materials and their
performance varies snly in the manner and rate in which they respond,

The type performing most favorably is that designated as anomalous
which provides a range of cushion performance comparable to that of the
ideal. The tangential type is applicable only within a certain range be-
yond which, the cushion attains a density approaching that of nonresiliency
and its cushioning effects become nil. This condition is referred to as
*bottoming” and the full force of impact is tranamitted to the container
contents., The linear type is limited in application by the displacement
required to attenuate shock and the spatial limitations placed ypon the
container.

The most common eushion materials and these of any sigaificance are
listed below and clansified according to the manner in vhich they perform.

Tangential Type: a. Fipreus gloass.
b. Natural latex foam.
e. Expanded resilieat polyatyrene.
d. Aubberized hair (flat-vine loading).

Anoaglous Type: s, Urethane foaam.

b. Pelyethlene foanm.
c. Rubberized hair (edye loading).
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It has been found that a more accurate prediction of cushion perform-
ance cen be made by applving the relationship between peak acceleration G
experienced by an impacting mass and the static stress produced by this
same mass upon a sample of the cushion material, The compilation of these
data is a long, tedious and costly process which must be conducted for all
materiala; and within this family of materials, all compounds, densities,
grades and thicknesseas,

The magnitude of endeavor necessary to compile these data is further
compa.nded by the need to drop the impacting mass from various heights
peculiar to th: proposed environment of ‘worldwide distribution.” Unfor-
tunstely, such datu is often not available and must be developed by the
user; however, the usc of this design technique is recommended and the
development of data expansion is encouraged as a contribution to the state-
of-the~art,

Drop test data introduces the dynamic aspects of impact and better
simulates the cushion response when operating in a realistic transit envi-
ronment. Consequently, this guide advocates and will present design pro-
cedures based on methods applying "peak acceleration versus static stress®
curves,

In many instances, a military container will be subjected to repeti-
tive abuse and the ability of the cushion to recover is of prime import.
Many of the common cushioning materials are resilient and will recover
upon removal of the applied load. This characteristic if required by the
proposed application must be included within the material sel=ction criteria,

Nonresilient cushions, when subject to a dynamic impact, experience a
displacement resulting in poroanent set, with no recovery., linless this set
is external the effect of impact results in loss of restraint and the item
to be protected 13 free to vibrate within the confines of the container,
This loss of restraint introduces a condition drtrimental to the protective
function of the container, When expoased to a vibratery environment, the
unrestrained item may not necessarily vibrate tn phase with its container
and will produce a hammering action tending te pulverize 1ts protective
cushion. Unless deflection can be localized and restricted to those sure
facen not affecting physical reatraint of the protected jtem, it is recom-
mended that a revilieat cushion be used,

The restlieney of the material and 1tx ability te recover results in
rebound and sntreduces harmenic vibrations whieh 1 f resxonant with the nate
ural frequency of the cushion avstem, will rexult in damage to the contenta
of the cvontainer,

At prescat, sueh additional research i1s aceded te develop quantitative
data relating te the vibrational aupects of bulk cushioning and uatil thes
deficicacy 1% satisfied, emprrical testing of the developed pratotype i
necesnsary,
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CUSHIONING MATERIALS

Many of the marerials classified as cushioning agents are not suited

to missile container application and will be mentioned only brie.ly together
with some of their liabilities, More extensive treatment is afforded those
considered compatible with the proposcd application.
Excelsior, shredded paper, sawdust and other similar substances are
not considered to be suitable for the protection of missiles and rockets
due to their high moisture absorption rate, their tendency to disintegrate
and decay, and their vulnerability to permanent set. Mention is made only :
for the historical significance of these materials as they have been used 4
in military packaging applications,
Materials in current use and which are considered capable of providing :
the protection required include:
a, HRubberized hair.
b, FExpanded polystyrene.
c. Polyethlene foam,
d. Urethane foam.
c. Fibrous elaxs,
A. Rubberized Meir
Rubberized hair is classified as a bound fiber cushioning material
and is comprised of latex treated animal fibers, vulcanized to provide a
bonded assembly commercially available in vither sheet form or as a cone
toured mold,
MI1.-C-7769 establishex the requirements of bound fiber cushioning
matertals and qualifiex their use for applications intended "to protect
against vibrational and impact shocks where 4 resilient and water-rvesistant
cushion is required. The flat sheets are intended for general cushioning
applications and are cut to wize as needed. Molded forms are intended for
specific articles and are molded to fit the contours of the article,”
MIL-C-26861A ¢las-ifies bound fiber cushion into five tyvpes and estabe
Pishes the optimum unit load to which the material mav be subjected,  "The
following amit lead (weight of article divided by the loadebraring area in
vontact with the cushion) designations are for guide purposes only and may
vary, dependiag upon the fragility of the packaged artiele, the magnitude
of shock, and the amount of f{iber used,”
Type | « Naft - for loads up te 0,10 pxi.
Type 11 - Medium Sofv -« far loads up te 0,30 pxi.
Type T <« Medium Firm - for loads up 1o 0,70 psi.
Type IV - Firm « for leads up te |, 30 psi.
Tape ¥V« Very Heavy o for loads up te 1.3 psi,
4
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It should be noted that latex treated animal fibers acquire a pro-
nounced sulphuric property during the vulcanization process which may af-
fect the integrity of silver soldered joints. Other liabilities introduced
by the latex which limit the application of rubberized hair include:

1. Tend to adopt a definite set of extended duration under shock load.

2. Sulphur in the latex combines with silver solder to form an oxide
inducing failure in missile components.

3. Reliability below 32°F not yet established.
4. Experience swelling after exposure to petroleum base substances.

5. Develop a hard, brittle texture when exposed to prolonged direct
sunlight.

6. Become unreliable in the presence of certain oxidizers.
7. Possess unsatisfactory {lame resistance.
8. Suffer loss in resiliency with age.

9. Damping ability questionable within temperature range required for
*worldwide distribution."®

Figure 62 depicts the static stress-strain curves for various
types of rubberized hair. These curves function to convey to the designer
the physical characteristics of the standard types available. It becomes
evident that for a 1 psi load factor, the cushion will experience a reduc-
tion in thickness of 32% for Type V; a 40% for Type IV; a 58% for Type III;
a 71% for Type II and an 84% for Type I. This in essence is a measure of
the materials elasticity and provides an indication of relative density.
The application of these data to container design is limited to establish-
ing the deflection experienced by the cushion when subjected to a static
load. The amount of static deflection experienced by a cushion is one
factor which must be considered in the selection of an adequate cushion
thickness to provide sufficient preload to result in 2 snug unit pack.

The dynamic performance of both forms of rubberized hair are depicted
in Figures 63 and 64. These data are used in the design process and account
for the dynamic response experienced in practice. It should be noted that
the data is based on a 30" flat-drop; however, pending further expansion
of data, current design technique may assume the 30" height as typical of
the "worldwide distribution™ environment.
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Though not readily apparent, the curled hairs of conventional sheet
stock rubberized hair pads are oriented to occur in planes that are parallel
to those of the top and bottom of the sheet (symbolized by planes A, B, C,
D and A', B', C', D' of Figure 65). Consequently, the load-bearing charac-
teristics of & unit volume of this material vary with the direction of
applied load.

Resistance to force F), Figure 65, would differ markedly from that met
by Fy und F3, which symbolizes edgewise loading. Little difference would
be observed in the resistive force of the cushion to forces Fy and Fj,

FIGURE 65. CONSTRUCTION OF "HAIR-ON-EDGE" PAD

A - CONVENTIONAL PAD CUT INTO EQUAL SECTIONS
8 - “NAIR-ON-EDGE" PAD MADE OF DONDED SECTION

1-9
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In general, the dynamic compression characteristics of sheet stock
rubberized hair may be improved substantially by loading the pad in an ;
edgewise direction as indicated by the data for 2 inch rubberized hair in |
Figure 66. ihe data shown represents tests conducted with an impsct velo- i
city equivalent to a 30 inch drop. Pads can be constructed with strips i
equal to the desired thickness of the hair-on-edge pad, see Figure 65.
The strips are joined together with a latex binder. i

Posk Acceleratien, G (g)

° 00‘ °~” 0'” o.l.
RNatic Stress, W/A (psi)

FIGURE 66. EFFECTS OF LOADING ORIENTATION UPON THE
DYNAMIC COMPRESSION CHARACTERISTICS OF
RUBBERIZED HAIR (2 INCH, 2.0 LB/FT3,
MIL-C-7769)

The increased efficiency of hair-on-edge pads tends to offset their
higher cost. They should be considered for certain applications, especially
vhen a range of static stress of about 0.10 to 0.25 psi is involved.

In sddition to latex, additional chemicals are normally included which
provide resistance to mold, rot and fungus. Because of its porosity, rub-
berized hair provides for maximum air circulstion and minimum moisture re-
tention., Certain commercial grades of molded rubberized hair have func-
tioned st -80°F and at +180°F with a maximum loss of 20% cushion efficiency.
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B. Expanded Polystyrene

Expanded polystyrene is clascified under the general heading of
foamed plastic and is basically an expanded resinous material with a cel-
lular sponge-like structure., The material consists of a dispersion of nor-
mally liquid hydrocarbors in a polymer matrix, Expansion of the polystyrene
into its sponge-like form is accomplished by the introduction and dispersal
of gas in the liquid resin and subsequent curing of the expanded mass.

Polystyrene is basically a rigid plastic foam whose characteristic and
performance requirements are specified in MIL-P-19644A. There are available
polystyrene compounds which are both flexible and resilient. The fabrica-
tion of this erade of polystyrene subjects the rigid foam to a crushing pro-
cess which imparts to the material a degree of resiliency often desirabie
in protective cushioning applications. The perf-rmance requirements for
resilient polvstyrene are documented in Federal Specification PPP-C-850b.

Expanded polystyrene foam may be purchased in the form of boards or
logs in various types, classes, and grades or as pure polvstyrenc beads
containing an expanding agent. The application of heat will cause the be.ds
to expand to more than 40 times their original volume tu form a strong fused
close-cel]l structure. Bourds and logs can be fabricated with commor wo.:d-
working equipment contributing to the versatility of their application.

For complex contours and large voiume production, expandable poiystvren

beads can be charged directly into a mold, expanded and fused in the moid
cavity to provide the required contoured cushion pad. Both the expandcc

and expandable types have essentially the same physical properties. Their
cellular structure is closed-cell and they have a high capacity for energy
absorption, low thermal conductivity, low water absorption. Thev are reja-
tively tough, are resistant to attack by fungi and do not support bacter:al
growth and are dimensionally stabie within the temperature range of a "world-
wide distribution" environment,

Based on the recommended design techniquce, the following dvnamic re-
sponse data are presented to assist in the selection of a suitable cushion.
There are numerous commercial compounds available satisfying the specifica-
tions regulating the application of polystvrene to military packaging. Data
describing the static and dynamic response of these compounds is presented
as develuped by the supplier; its validity has not been established. Conse-
quently, empirical testing of any prototype suspension is required to qualifs
the contriner for the intended use in the pertinent military environmeni,

The following curves have been prepared to depict the response of var-
ious grades and types of expanded polystyrene to static loads. Those pre-
pared by Koppers relate stress (dead load in psi) to compression in inches.
Those developed bv Dow are the stress-strain type and present the deflection
experienced as a percentage of the thickness of the cushion, These dats
will permit the designer to provide for static deflection in his selection

of cushion thickness,

Pending the availability of additional data, the response of ecach type
shown mav be considered as typica! and the same for any compound having the
same density rcegurdless of the source of manufacturer,
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FIGURE 67. STATIC STRESS VERSUS COMPRESSION CURVES FOR EXPANDABLE (MOLDED)
POLYSTYRENE FOAM AT AMBIENT TEMPERATURE

FOAM: SEMI-RIGID EXPANRDABLE (MOLDED
POLYSTYRENE DOW CHEMICAL
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FIGURE 68. STATIC STRESS VERSUS STRAIN CURVES FOR EXPANDABLE (MOLDED)
POLYSTYRENE FOAM AT “lg‘l’ TEMPERATURE
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FIGURE 69, STATIC STRESS VERSUS COMPRESSION CURVE FOR EXPANDABLE (MOLDED)

POLYSTRENE FOAM AT ROOM TEMPERATIRE (2 Tb/cu ft density)
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- FOMM: SEMI-RIGID EXPANDABLE (MOLDED) POLY-
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FIGURE 70, STATIC STRESS VERSUS STRAIN CURVE FOR EXPANDABLE (MOLDED
POLYSTYRENE FOMM AT ROOM TBMPERATURE (2 1b/cu ft density
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FIGRE 71, STATIC STRESS VERSUS COMPRESSION CURVE FOR EXPANDABLE (
POLYSTYREME FOAM AT ROOM TEMPERATURE (3 1b/cu ft density)
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FIGURE 72. STATIC STRESS VERSUS COMPRESSION CURVE FOR EXPANDARLE (MOLDED)
POLYSTYRENE FOMM AT ROOM TEMPERATURE (S 1b/cy ft density)
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C. Polyethiene Foam

Expanded polyethlene is a foamed closed-cell, flexible plastic
possessing physical response characteristics suitable for protective cush-
ioning applications, The outstanding advantages of foamed polyethlene
include:

Excellent energy absorption,
Excellent chemical stability,
Flexibility over a wide temperature range.
Excellent strength and toughness.
Low water absorption.

Low moisture vapor transmission,
Lightweight

Good insulation value,

No odor.

No toxicological effects,

Easily fabricated.

——
—0 DO NN e LN —
-

The nominal density of foamed polyethlene is 2.0 lb/cu.ft; however,
production tolerances range from 1.8 to 2.6 lb/cu.ft. It is available in
various sizes and shapes or may be shaped in contoured molds. Polyethlene
has the ability to withstand temperatures of from -60°F to +160°F; however,
being a thermoplastic compound it is subject to dimensional distortion and
degradation of performance when exposed to changes in temperature,

The effects of static loading is depicted in Figure 81 and relates the
strain resulting from the applied stress to the temperature extremes of the
projected environment. The drastic change in performance due to the effects
of thermal change distinguish polyethlene and require the introduction of
the temperature factor.

14
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FIGURE 81. COMPRESSIVE STRESS STRAIN OF ETHAFOAM
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The dynamic response of polyethlene func.ioning as a cushion is shown
in Figures 82, 83 and 84, again introducing the operating temperature to
compensate for the appreciable change in performance experienced by thermal
exposure, The data is limited to the 30 inch free-fall height previously
established as typical of the "worldwide distribution” environment.
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D. Urethane Foam

Urethane foams ave basically chemically expanded reaction products
of a polyol and a polyisocyanate. Among the available types of urethane
foam are the preferred polyethers, offering better cushioning properties and
generally lower costs,

Urethane is an extremely versatile substance permitting wide density
variation, Flexible polyurethane foam, expanded by the manufacturer, is
commercially available in slabs and molded forms at densities of 1.5 b/
cu. ft, to 20 lb/cu.ft, In addition, both open- and closed-cell foams are
available to meet the specific demands of the proposed application.

MIL-P-26514A (ASG) classifies and delineates the performance require-
ments of polyurethane foam. Only that designated as Class 2-Elastic is
pertinent to the scope of this document,

A characteristic peculiar to polyurethane is its ability to be conven-
iently foamed-ir-place to encapsulate items having a complex configuration.

The data shown in Figures 85 and 86 show that flexible polyether ure-
thane foam cushion in the 3 -5 1b/ft3 density range is suitable in the
static stress range of from 0.05 to 0.60 psi. The dynamic curves of Fig-
ure 86 are limited to only a 30 inch drop and are typical of the limited
data pertaining to bulk cushion.

8.0 T T T T T T T T
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8.0 N
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E. Fibrous Glass

Fibrous glass cushioning material is made from fine glass fibers
bonded with a variety of resins and formed into the desircd shape by the
application of heat and pressure. [t is available commercially in blanket
form or as custom molded pads,

The uniformity and cushion performance of fibrous glass cushioning
material is regulated by MIL-C-17435. Some of the advantages of fibrous
glass cushioning are:

I.  Broad working range; -120°F to +250°F. .
2, Variety of densities; fraction of IL/ft”? o 12% 1b/f17,
3. No permanent set.
4. Resists: a. Growth of fungus

b. BRot

c. Fire

d. Most acids and alkalies.

Among the disadvantages of fibrous glass are:

1. Highly abrasive in some grades.
2. MNigh water adsorption,

These disadvantages often necessitate coating the cushion with & vapor
barrier. Suituble materials for such a barrier would be: neoprene and hard
drying resins.  The thickness of coating must be controlled closelyv in order
not to degrade the cushioning characteristics,

Little data has been generated on fibrous glass which ix useful te
the package designer. The primary use of thix material s insulation
and sound adsorption rather than shock mitigation, Figure BT illustrates
the strexs-strain characteristics of fibrous glass; dynamic data 15 given

in Figure B8,
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SELECTION OF THE OPTIMUM CUSHIONING MATERIAL

GENERAL

The selection of an optimum cushioning material for a specific appli-
cation considers an assortment of interrelated factors, This section dis-
cusses those additional factors which must be considered after the ability
to satisfy the shock and vibration criteria has been established.
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TEMPERATURE AND HUMIDITY

The performance of most cushioning materials is adversely affected by
exposure to high humidity and/or temperature extremes. Cushioning systems,
whose design has been based on ge2neral dynamic response data will ultimately
fail when exposed to environmental extremes. The designer must be cognizant
of this degradation of performance and compensate for the possibility of
exposure to conditions other than ambient,

Generally, low temperature exposure is considered to be the most severe
of the extreme climatic conditions. At low temperatures, cushioning materi-
als experience a loss of resiliency, become brittle, and subsequently fail,

Cushioning materials having the capacity to adsorb, absorb or retain
moisture and/or water will, when exposed to such conditions experience de-
gradation of physical response. Degradation of performance is further com-
pounded should the relatively wet cushion be subsequently _xposed to a sub-
freezing temperature. Materials not resistant to moisture penetration must
be contained within sealed barriers or coated to provide the required re-
sistance,

The dimensional stability of thermoplastic compounds will be affected
by exposure ro high temperatures and through loss of restraint, degrade the
protective characteristics of the cushion system,

The state-of-the-art does not as yet, provide comprehensive dvnemic
data for all materials at al}l temperature levels. Data is, however, avail.
able for those whose performance is drastically affected by temperature
fluctuation and these specific data must be considered, when applicable,
to assure adequate protective performance,

A recent study pertaining to the utility of ambient dynamic data has
developed the "probable minimum sale temperature” for various cushioning
materials. Based on this study, it is safe to say that the dynamic per-
formance will not ehange appreciably until these limits are reached at
vhich time peak acceleration values show a dramatic increase. Beyond these
limits of "minimum-safe-temperature,” the ambient data cannot be used and
specific dats must be developed or available data modified or extrapolated.




TABLE 16
PROBABLE MINIMUM SAFE TEMPERATURE FOR CUSHIONING MATERIALS
MATERIAL ®*PROBABLE MIXIMUM SAFE TEMPERATURE®"
Urethane polyether foam -22°F
Expanded resilient polystyrene Below -60°F
Latex bonded fibrous glass Below -60°F
Rubberized hair (46 pef) -40°F

COMPRESSION SET

Cushioning materials vary in their inherent ability to recover origi-
nai thickness upon reomoval of an applied load. This deviation from perfect
recovery (100% of original thickness) is referred to as "set" and when
caused by compressive loads is expressed as "Compression Set." Loads pe-
culiar to the environment of “worldwide distribution” subject cushioning
to compressive forces resulting in "set." This dimensional deformation 1is
the result of:

a. Long-term static storage,
b. Dynamic shock forces resulting from rough handling.
c. Forces generated by the transit media vibrational inputs.

Figure 89 illustrates a deformed cushion subjected to the impact force of
shock and vibration tests.

FIGURE 89. LOSS OF CUSHION THICKNESS FROM
SHOCK AND VIBRATION TESTING

Compression set is undesirable in cushioning material for two princi-
pal reasons: (1) Looseness (and the related increased likelihood of damage),
and (2) with some cushioning materials it indicates that the compressive
stress-strain behavior of the material has changed and the possibility of
damage caused by "bottoring" has also increased.
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Some effects of looseness in a package are depicted by Figure 90 where
(a)'represents a cushioned item being displaced normally from its original
position during a drop against a flat rigid surface; (b) illustrates the
same item in a different position due to jostling and looseness and thus
receiving an impact on a point; and (c) represents a loosely packaged item
moving in a direction opposite from that of the exterior container and cush-
ioning. The instance of (c) could occur during vibration of the package as
it rests on the bed of a truck or rail car; the vibration causes larger peak
forces and accelerations to be developed and these, in turn, increase the
likelihood of damage to the item.

3
-~
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(a) (b)
FIGURE 90. EFFECTS OF LOOSENESS IN A PACKAGE. (a) NORMAL DISPLACENENT DURING INPACT.

(b) NONUNIFORM LOADING DURING IMPACT BY ITEM MISORIENTED BECAUSE OF
LOOSENESS. (c) OUT-OF-PHASE MOTION OF ITEM AND CONTAINER DURING VIBRATION

Compensation for compression set is usually accomplished by:
(1) Designing according to data that have involved a realistic amount of
preworking prior to testing and repetition of impacts, or (2) applying an
excess of cushioning material in precompressed condition (usually accom-
plished indirectly when such compensation is made for creep).

Creep - Virtually all cushioning materials, when subjected to a con-
stant load for a period of time, tend to lose thickness; this phenomenon
is called creep. The creep rate for all common package cushioning mate-
rials is greatest at initial loading and declines exponentially with elapsed
time thereafter. After a load is removed, a cushion will regain most of
its original thickness, but some permanent set will have been produced.
Therefore, to prevent looseness in packages, it is desirable to apply extra
thickness of cushioning material (in a precompressed state) in the package.
However, because of the difficulty of closing a container after insertion
of precompressed cushions, their use to offset creep is practicable only
if relatively light precompression forces are required.

The amount of extra cushioning thickness required to offset creep can
be estimated arbitrarily T, = T+1/3(T) or, preferably, be calculated using
available creep-time data, Creep-time curves are generally unavailable for
the commonly wsed ranges of static stress; however, should they be or when
they do become available, they should be used in preference to the arbitrary
value of 1/3.
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Regardless of the method used, it is customary to add extra thickness
to either the top or bottom cushion - but not both.

Buckling

" 9 i
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FIGURE 9!. COLUMNAR BUCKLING OF CUSHION

Long, slender cushions whose height is proportionately greater than

its least lateral dimension will function as a column and have a tendency
to buckle when axial forces are applied. Columnar buckling precedes any

compression which may occur and negutes the protective characteristics of
the cushion. This condition, depicted in Figure 91, is most undesirable

and may result in damage to the protected contents.

The stability of a cushion pad is dependent upon the ratio of its phys-
ical characteristics; this relationship has been established.

a. A cushion will not buckle if:
e
T

A is the cross sectional area

> 1.33 { . )
T is the thickness

b. The minimum bearing area required to prevent buckling:

A min = (1.33T)2

Pneumatic Effects

Recent studies conducted by Picatinny Arsenal have shown that there
is & considerable difference in the dynamic properties of cushioning between
the "unconfined" and "confined," or as - packaged, states. Confined and
and unconfined dynamic drop tests were conducted on like specimens of cush-
ioning material of known density, size and under comparable environmental
conditions. From these data static load-versus-peak acceleration curves
were plotted, see Figure 92. It can be seen from this figure that beyond
the optimum loading range, the peak accelerations transmitted by the

7-32




A Ry

unconfined cushion continue to rise sharply, Peak accelerations for the
confined cushion show a secondary decrease beyond the optimum Joading range,
before starting a secondary increase beyond bottoming-out.
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FIGURE 92. TYPICAL PEAK ACCELERATION-VERSUS-STATIC LOAD CURVES FOR CONFINED
AND UNCONF INED TESTING OF RUBBERIZED CURLED HAIR

The substantial decrease in peak acceleration for the confinea cushion
at some point beyond the optimum loading range is the result of pneumatic
effects which augment the cushioning ability by delaying the bottoming-out
action. If the static load for the confined cushion is increased beyond
3 psi, it is expected that the peak acceleration will begin to rise rapidly.

The use of dynamic unconfined data in the design of cushioning systems
will provide a conservative solution; however, when a sealed outer container
is used the actual peak accelerations will differ substantially from the
predicted values.

Fungus Resistance
Many applications require the use of cushioning materjals inert to
the effects of fungi; however, while fungus resistant materials are avail-

able, they should not be used indiscriminately. Practically any cushioning
material can be made fungus resistant. The treatment usually involves
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impregnation of the material with a salt which may introduce undetectable
corrosive elements,

Hydrogen lon Concentration (pH)

The hydrogen ion concentration of the aqueous extract of cushioning
materials has been considered traditionally to be somewhat of an indication
of the inherent acidity and, therefore, the corrosiveness of the materials,
Although its value for this is questionable, no better practical test of
corrosiveness of cushioning materials has so far been devecloped, Therefore,
this test is frequently specified for quality control purposes in cushion-
ing specifications. A pH rating of 7.0 is considered to be "neutral”
(neither acidic nor basic). However, the fact that a pH test indicates
the aqueous extract of a material is 7.0 does not necessarily indicate that
the material, when placed next to a ferrous metal in the presence of mois-
ture or a humid atmosphere, will not cause corrosion.

Abrasive Qualities

Two aspects of abrasion relative to cushioning materials concern the
container designer: (1) The inherent abrasiveness of the component material
of cushion materials themselves, and (2) the capability of cushioning mate-
rials to prevent abrasion of the item by rough surfaces or projections of
other objects (staples, surfaces or crate members, impinging corners of
exterior containers of nearby packages, ete,.),

Currently, no generally accepted test for the abrasion prevention
capability of cushioning matcrials exists. One formidable obstacle deter-
ring the development of such a test method is that little is known about
the nature of the abrasion hazards of service on which such a test must
be based.

Amounts of material required to prevent abrasion must be selected
according to past shipping records, sound judgment, and common carrier
regulations,

Teonsile Strength end Flexibility

Minimum tensile strength and flexibility are customarily prescribed
in cushioning material specifications in order to insure that the materials
will net fail during normal handling and application,

Dvsting end Frogmentetion

Despite large differences in their composition, all cushioning mate-
cials, if subjected to rough handling, will release some fragments, Al-
though further study is needed some investigators kave reported that many
cushioning materials when vibrated under maximum statie load will disine
tegrate, the degradation of cushioning qualities is obvious. It v strongly
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recommended that when the container is tested it be vibrated with its cush-
toning system under static stress loading.

Even if failure of the cushioning is not catastrophic the liberation
of a large number of fragments inside a package is objectionable because
these particles tend to work into remote interstices causing possible dam-
age and/or requiring considerable labor in cleaning before the item is
usable, Outside a package, the liberation of such particles may constitute
a nuisance, both as Jitter and airborne particles.

APPLICATION TECHNIQUES
GENERAL

The effective and efficient utilization of bulk cushioning iz dependent
upon the configuration of the supporting pad and the strategic distribution
of the material. The geometry of the protected item and the spatial limi-
tations imposed by the container, limit and restrict the latitude of design;
however, regardless of these limitations, the performance of the cushion is
largely dependent upon the ingenuity and proficiency of the designer.

Based on the recommended design procedure presented, it may be assumed
that the proposed application has been analyzed and that the optimum cush-
ioning material has been selected. Having established the following, the
designer can then proceed to develop his suspension system:

a. The best material for the specific application.

b. The dynamic characteristics of the material (Gm versus W/A).

¢. The minimum cushion deflection (tm) required,to mitigate the im-
posed shock (G) to within the fragility level (Gm) of the item.

d. The identification of accessible bearing points capable of
supporting the suspended item,

The designer must next develop a suspension system which will:

a. Support and physically restrain the suspended item.

b. Position and locate the cushion to engage those item bearing
points capable of withstanding the developed static strexs (psi).

¢. Not result in a statie stress outside the optimum working stress
range of the cushion material.

d. Not jeepardize or compromise the teehnical and cconomic aspeets
of the application,

It becomes evident that the developed stress imposed upon the cushion
determines its protective qualitics, As xtress (S = WA) is a function of
the area of contact; and ax the applied load is generally constant, the de-
signer must seleet those bearing pointx which will provide adequate eontact
area and then use only as muych of this area ax 1x required to stay within
the optimum working stress range of the dvnamic response curve (lLm versus
% 'A) encompassing the pertinent G factor of the protected 1tem,
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.This section provides guidance to assist in the development of a sus-
pension system to satisfy the criteria of both technical and economic feas-
ibility. Examples and illustrations are included to:

a. Suggest methods and proven concepts.
b. Stimulate the designer to develop other satisfactory techniques.

A. Encepsulation

Geometric Configuretions
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FIGURE 93. ENCAPSULATION

Sheet stock or blankets are used to engage the oversl] periphersl
sres of the protected item. The minimum thickness of the cushion is suffi-
cient to mitigate to within the required protective level. The stress im-
posed upon the cushion by the protected item deternines the density of the
materisl used. The amount of cushion used is normally governed by the size
of the container cavity and the need for physical restraint. Unless the
container body can be teilored to the minimum cushion requirements, this
method results in the excessive use of material.

Irroguierly Shaped ltems

The cushioning of irregularly shaped items often presents special
problems, particularly when fregile projections are involved. A primary
requisite is that adequate thickness of cushioning must be provided to pre-
vent bottoming of projections. Therefore, the thickness of material to be
provided must be measured from the outer contsiner to the outermost projec-
tion - mot to the item proper. Unfortunstely, the effect of projections in
reducing the effective thickness of cushions is often overlooked, especisally
in the production of molded cushions. This practice is illustrated in
Figure 9¢ where the required thickneas of material to protect all sides of
the hypothetical item shown is represented by T,.

Molded pads can be memufactured to fit and protect slmost any item,
regardless of shape or size. A typical exemple of o pack employing solded
pads is shown in Figure 95. Such pads are uswally custom designed and pro-
duced by the cushioning menufacturer.
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FIGURE 9¥. CUSHIONING OF AN ITEM FIGURE 95. USE OF MOLDED PADS
WITH PROJECTIONS

In addition to being well suited to packaging of irregularly shaped
items, molded pads are reusable and require less labor for application.
However, since they are produced by custom lots, individusl pads cost con-
sidersbly more than equal quantities of sheet stock material.

8. Comer Peds

FIGURE 96. CUSNIONING WITH CORNER PADS

Properly designed corner pads can effectively protect items having
square corners and which provide more than sufficient surface area to sat-
iafy the cushion stress requirements. The versstility of this suspension
scheme and its minimum use of material enhance its econvnic feasibility.
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C. Yoke Supports

FIGURE 97. YOKE SUPPORTS

Yoke type cushion supports may be applied to protect irregular
shaped objects where contact with the item is limited to specific bearing
points. The number of yoke assemblies used is a function of the available
bearing points and the load distribution of the cushioned item.

D. Beering Aree

The effective bearing ares of items having rasic geometric config-
urations can be conveniently determined by simple calculations. The ares
of that side or end subjected to the impact of a free fall flat drop must
function to distribute this impact over as much cushion surface area as may
be required to assure effective performance.

The calculation of the effective bearing area of basic geometric con-
figurations subject to cornervise free fall drops is rather complex. In
cornerwvise-drop tests ol complete packages, specifications usually require
that, when dropped, the corner to be impacted must be asligned along a ver-
ticsl line through the center of gravity for the package (Figure 98). Upon
impact the item, due to its inertis, tends to continue moving vertically
downward without rotation, and the supporting cushioning (except that lo-
cated in close proximity to the impacted corner) is loaded to some degres
in shear. If on item was completely encepsulated in material, the effective
bearing area. , of the item for thia situation is the projected bearing
ares in the lorizontal plane of the three sides adjscent to the impacted
corner of th: item. For example, the effective bearing urea of the hypo-
thetical hox>geneous item depicted in cornerwise-impact attitude in Figure 98
would be the summation of the shaded sress shown in the top view. This ares
can be measured by light projection methods or it can be computed for the
different conditions described below.
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FIGURE 98. NHYPOTHETICAL HOMOGENEOUS ITEM IN
CORMERWISE IMPACT ATTITUDE

Obviously, Ap is s function of L, w and d of the item. For any item
that is a rectangular prism, the relationship between Ap and L, v and d is:

3(L)(w)(d)

AT =VL2*I§*d§

If the item is a cube, the equation reduces to:
M= 73 L2

The effective bearing sres of irregularly shaped items subject to
flat and cornerwise impacts can be found by light projection methods,
This can be accomplished by holding the item on the floor in the proper
impact attitude directly below an illuminated light bulb. The effactive
bearing ares is the ares within the shadow cest by the item. The buld
being located s sufficient distance awsy so as to minimize the error
caused by parallax.

The described light projection method for determining effective bear-
ing ares of items is suitable when the cushioning material is to be spplied
by complete encapsulstion, but it is easuitable for spplicetion by coraer
or side pads.

The effeciive bearing eree (A'r) of corner peds functioniag to pre-
tect items subject to cornervise impacts, is also s fumction of L, v and 4
of the item. A’y is given as:
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$2 (d +w+L)
M1 VaZee2eL2

Where S is the length of the side of one of the corner pads.

1!- (Assuming four pada weed)

FIGURE 99. EFFECTIVE BEARING AREA OF
CORNER PADS

Becsuse of the complexity of the phenomena involved, it is not feasi-
ble to calculate Ay when side cushioning pads are used. In such instances,
the most practical recourse for the designer is simply to bypass the analy-
tical check for corncrwise drop protection. However, it is essential to
check the effectivenpess of the design for both flat end cornerwise drop
protection by conducting ectual tests of the complete pachege.

The effective bearing area of semicircular yoke support cushions is
equal to the product of the dismeter sad width of the yo'e.

i e cun g
P Ar = (d)(w)
v

FIGURE 100, EFFECTIVE BEARING AREA OF SEMI-
CIRCULAR YOXE SUPPORTS

&. Boeering Aree Adjvsiment

The use of o cushioning material in its optimum load-bearing range
often requires the wse of s pad size grester or less than the full bearing
sres of the losd producing protected iten. In general, this is necessery
to sinimize pesk impact forces by alloving light items to coapreas the cush-
ioning meteria! appreciably sad preveating heavy items from bottosing during
inspact. Common techniques for obtaining cushioning beariag sress either
larger or smaller then the sdjacent sides of the items are discussed below.
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Increasing Bearing Area - The principal device employed to increase
the load-bearing area of an item against a cushion is a l-ad spreader or
platen (Figure 101) usually made of fiberboard or plywood. The designer
should select platens that are stiff enough to distribute the load without
flexing appreciably.

CUSHIONING CUSHIONING

‘ >rums

CUSHIONED ITEM

CUSHIONED ITEM

FIGURE 101. LJaD BEARING PLATENS USED TO  FIGURE 102. RIBBED CUSHION USED TO REDUCE
INCREASE THE BEARING AREA OF THE BEARING AREA OF AN ITEM
AK ITEM AGAINST CUSHIONS AGAINST C''SHIONS

Reducing Bearing Area - Reduction of bearing area of an item against
its cushion can be achieved by making the outside bearing of the cushioning
less than the inside bearing area of the cushioning, This is easily accom-
plished in foamed cushioning materials by molding ribs into the cushion
(see Figure 102). This method of cushioning i1s recommended, as an item sub-
jected to shock loading remains firmly encapsulated tending to offset the
detrimental effects of compression set and the resulting loss of restraint
of the packaged item. Although the item and cushion as a unit may be loose
within the outer container, the cushion will provide greater protection to
the item than if the item were loose in the cushion.

Bearing areas can slso be reduced by the use of corner or side pads,
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CUSHION DESIGR WITH ACCELERATION VERSUS STATIC STRESS CURVES

SHOCK ABSORPTION

Peak acceleration versus static stress (Gh versus W/A) curves have
generally been proved to be the most practical basis for indicating the
shock absorption capability of cushioning materials. The acceleration-
static stress curve is essentially a plot of the variatic: of maximum
acceleration (or deceleration) as a function of the statir weight per unit
area of the load. A single acceleration-static stress curve represents
the dynamic compressive response of a single cushion of a particular thick-
ness, density, type, etc. Several accciecation-static stress curves for
different thicknesses of a flexible polyester urethane foam are shown in

Figure 106.

The shapes of G, versus W/A curves indicate the versatility and effi-
ciency of the materiais. The closer the curve approaches G, = 0 the better
protection a material will provide. Materials characterized by curves
occurring through a broad W/A range are more versatile than those that ex-
tend through a more limited range. Using G, versus W'A curves the designer
has the advantage of reading the static loading required for any G directly
from the plot.

Having available acceleration-static stress curves, the designer can
select the approximate amount of cushionirg waterial required to protect
the item. In using graphic data in the selection of tke most satisfactory
type of cushion, it is necessary to bave knowledge of the weight, bearing
area, and fragility of the item to be packaged. The more accurately these
values are known, the more accurate will Le the cushioning design. Then,
the point which corresponds to the static stress (W/A) and the fragility
(G) is locate’ o~ the graphs for the various materials being considered.
The material at will protect the item are those whkich are represented
by curves that pass through or below this point. Thus, the curves will
indicate which types, thiclnesses, and densities of material will protect
the item and which will not.

SAMPLE PROBLEM: G VERSUS W/A

A hypothetical problem will iilustrate how G versus W/A curves are
used. The problem is to determine the most suitable material to package
an item weighing 60 pounds and having a bearing area of 300 square inches.
The fragility of the item is stated as 50G and it must be givsn protection
for a 30-inch flat drop.

In solving this problem, the static stress of the item is caiculated
as:

LT R
—_— T e——— =), si
A 300 P
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Then, a check of Figure 106 for the point corresponding to a fragility
factor (maximum deceleration vslue) of 50G snd a static stress of 0.20 psi
reveals that a flexible urethane foam, 1-3/4 inches thick and having a den-
sity of 2 pounds per cubic foot, will protect the item adequately for the

free fall flat side drop specified.

FLAT SIDE DROP - SAMPLE PROBLEM

A 37 pound, 18 inch square 27 inch long item with a fragility of 60G
must be protected from 30 inch flat drops on its sides. If urethane foam
of 2 1b/ft3 demsity is to be used as a cushion, see Figure 106, determine
what thickness and size of cushion must be used for protection by:

1) Side Pads, 2) Corner Pads.
The W/A of any side is:

v Wb s
—F ———— 0. si
A (271) (18) in2 P

In Figure 106 point "A" represents the coordinates (.076 psi and 60G.
The curves indicate that a minimum thickness of 1-1/2 inches is required

for adequate protection.

Side pads 1-1/2 inches thick and 18 by 27 inches can be used, see
Figure 103; che designer should realize that these might not be the smallest

size that will furnish adequate protection.

PPN RGN
R \’t, AN \‘w>]

3% t’,i

FIGURE 103. CUSHIONING WITH SIDE PADS
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In checking the possibility of using smaller side pads, the fragility
rating and weight of the item are fixed, but the bearing area of the item
against the pad can be changed. Examining the curve for urethane foam it
can be seen that adequate protection can be obtained in the W/A range from
about 0.06 to 0.13 psi.

The greatest saving of material will result from using the highest
value of W/A, since this would involve the least bearing area, and there-
fore size of cushion. In this case the highest value of W/A that will pro-
vide adequate protection with minimum area is 0.13 psi; point "B" on
Figure 106. The required ar-a, 'A' can be computed by:

—:{-: 0.13 ps:
W
Ao 13
A: 3!
0.13
A= 285 in2

The length of the side pad required with a width of 18" and an area
of 285 in2 is:

A= wl

I:AZZSS
w 18

1 = 15.8 1n

Rather than use one side pad 18 by 15.8 inches a better solution would
be to use threr pads each 13 the length 1. A set of three I8 by 5-1'1 inches,
1-1°2 inch thick pads will give adequate protection: as of course will any
combination of pads providing 285 in2 of bearing area (sec Figure 104).

The use of corner pads provides four small pads for protection against
flat drops perpendicular to each side. The required size of ecach corner

pad would be: o _A
STy
4

5= 8L in

Each pad would be 8-7/16 by 8-7-16 by 1-1'2 inches (see Figure 105a4).

For added protection against bottoming during cornerwise impacts, it
is usually prudent to fill the void spaces along the edges (see Figure 105b).
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The above calculations have provided a solution for the protection
required from flat drops of the item on its sides; the protection required
i for flat drops of the item on its ends should be calculated in a similar
. manner. Such calculations will show that the side pads, shown in phantom
i‘ in Figures 103 and 104 will provide adequate protection as will the corner
¢ pads shown in Figure 105. The most economical and convenient of these three
methods should be chosen as the final design. This will depend on the de-
sign of the outer container, the number of items to be packaged, and the
sizes of cushioning available commercially.

When calculating the thickness of the cushioning required, it is a
good rule-of-thumb to allow an additional 1/3 of the calculated thickness
in order to prevent the possibility of the packaged item bottoming.

gy e

CORNER DROP - SAMPLE PROBLEM

Determine the amount of flexible polyester urethane foam, 2 lb/ft3
density, that would be required to protect a 30 pound, 6 by 6 by 48 inch
item from 30 inch flat and corner drops. The item will be completely en-
capsulated in foam and will be placed in an aluminum modular-type case.
The fragility factor of the item is given by the manufacturer as G = 70,

The bearing area of each side is:
A= (6)(48) = 288 in?

. W 30 .9
A 288 ~ 0,10 1b/in

The curves in Figure 106 show that for coordinates of G = 70 and
W/A = 0.10 1b/in2, point C, an approximate cushion thickness of 1-3/8 in-
ches will provide adequate protection for a 30 inch flat drop.

The projected becaring area for a corner drop 1is calculated using the
following equation:
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3 (W)
AT T 2142142
. (3)(48) (6) (6)
T ‘7(48)2+(6)2+(6)2
N o 3184
T \/ 2376
: Ap = 106 in2
30 . 9
} Ap = 106 0.28 1b/in




. Again fromFigure 106 with the coordinates of G = 70 and W/Ay = 0,28
1b/in® the curves indicate that a thickness of 1-1/2 inches of foam would
be required for adequate protection for a 30 inch corner drop.

Estimations involving adjacent cushions of different thickness., - -
Design against flat drops (especially with rectangular items) often yields
different thicknesses of cushioning material against the various sides,
This disparity of thickness presents a slight problem in checking the ade-
quacy of the same design for cornerwise-drop protection. However, in such
instances, it is suggested that the designer should (1) calculate the ef-
fective bearing area for cornerwise impact; (2) determine from the curves
the minimum required thickness, and (3) adjust the cushioning thickness of
any of the sides, if necessary, to comply with the minimum required thick-
ness,

STATIC COMPRESSIVE FORCE-DISPLACEMENT CURVES

The information on displacement of cushioning material by an item at
rest is required by the packaging designer to estimate the maximum W/A for
which a particular cushioning material should be used. Although the maxi-
mum amount of initial static compression of the cushion cannot be prescribed
by rule, it is reasonable to restrict this to within 15 percent (a strain
of 0.15) of the initial cushioning thickness. In some instances, the shape
of the stress-strain curve provides a rather sharp indication of the maxi-
mum usable W/A value for the material. For example, with any of the ure-
thane foam cushions represented by the compressive stress-strain curves
shown inFigure 107, it is obvious that any W/A value that would load a ma-
terial in the "plateau” region would be undesirable. Such a condition would
cause the cushion to bottom immediately - without the probable additional
settling due to creep. Therefore, with such materials, it is prudent to
design so that the W/A does not exceed about 80 percent of the stress cor-
responding to the "knee" of the curve (at the abrupt change in elasticity
at the low stress end of the plateau).

The amount of displacement of the cushion by the item at rest is also
useful to the designer in the calculation of the inside dimensions for the
exterior container, To prevent looseness, the container dimensions are
calculated to be the minimum that will accommodate the cushioning and item
while at rest. (NOTE: Exclude creep considerations when calculating the
exterior container dimensions.) Accordingly, the displaced thickness of
the cushioning that supports the item while at rest is discounted in the
calculations. As a practical consideration, when the calculated container
height occurs between multiples of 1/4 inch, the next lower multiple of
1/4 inch should be used. The following example problem is given to illus-
trate further the use of static cushioning displacement data.
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FIGURE 107. COMPRESSIVE STRESS~-STRAIN RELATIONSHIP FOR DIFFERENT
DENSITIES AND TYPES OF URETHANE FOAM

SAMPLE PROBLEM

A 36" by 5" by 5" item weighing 50 pounds is to be cushioned in 2-1/2
inches of fibrous glass by complete encapsulation, Determine what size of
outer container is required to accommodate the item and cushioning.

_ 50

Go)s) OB es

Bearing stress of the item

The static compressive stress-strain curve in Figure 108 indicates that for
this material at a static bearing stress of 0,28 psi, the material will de-
flect about 0.48 inches per inch of cushion thickness. Since the cushion
is 2-1/2 inches thick, the total deflection is:

Total deflection = (2.5)(0.48) = 1.2 inches

Therefore, the container inside dimensions would be:

_ ‘ ) compressed
Contglner _ full thickness . item . thickness of
height of top pad height bottom pad
h=2,5+5+ (2.5 -12)

h = 8.8 inches

The width and length are calculated without an allowance for static com-
pression. The inside dimensions of the outer container would be 8.8 by

10 by 41 inches.
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CUSHION DESIGN WITH "CUSHION FACTOR" CONCEPT

The "cushion factor" is a dimensionless ratio relating the maximum
stress on the cushion to the energy absorbed by the cushion at this applied
lOad'

f
"Cushion factor," C =_M_

€m

This ratio has been converted to provide a more practical relationship
using known factors to calculate the cushion thickness T, required for a
particular application

(C)(h) or C = (G, (T) .

G h

m

T =

These data, with C plotted as the ordinate and f, as the abscissa, produce
what is known as a cushion factor-stress curve.

Two typical cushion factor-stress curves are shown in Figure 109. The
materials represented by these curves are, as indicated, rubberized curled
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hair and flexible urethane foam. It is to be noted that each curve goes
through a minimum with increasing stress., This minimum, or point of lowest
cushion factor, is the point of oprimum cushioning properties for the re-
spective material since it represents the least thickness of material and
consequent]y the maximum efficiency. Also indicated by Figure 109, the ma-
terials having broad curves - such as that shown for the flexible urethane
foam - can be used to cushion items having a wider range of static loads
than cushioning materials represented by relatively narrow curves.

The designer, having a requirement to protect an item of known weight
and fragility factor (Gg), is then able to calculate the dynamic stress
from fm = W Gm/A and to read the corresponding cushion factor from the
graph. Finally, the required thickness, T, of cushioning material can be
computed,

SAMPLE PROBLEM: C VERSUS fg,

A sample problem illustrates how cushion factor-stress (C versus f)
curves and the design equations are used to determine the most efficient
cushioning for a specific set of conditions. The problem is to determine
the minimum thickness of cushioning material to be used to package an item
weighing 100 pounds, having a fragility factor of 60 G's and a bearing area
of 300 square inches, Assuming that the maximum drop height to which the
package will be subjected is 30 inches, the following calculations should
be made:

The maximum stress, f_, can be computed by:

¢ - WG, (100) (60) 20 pounds per
m- A 300 ~ square inch

Then the minimum required thickness of cushioning material can be cal-
culated. However, the value for C is obtained from the cushion factor-
stress curve for the material to be used. Since the required thickness, T,
of the cushioning material is proportioned to cushion factor, C, the pack-
aging engineer selects the material having the lowest cushion factor cor-
responding to the maximum stress, f.. Referring to Figure 109, it can be
seen that in this instance urethane foam would be the more efficient of the
two materials., Its cushion factor, corresponding to a dynamic stress of
20 psi, would be 4.8, Therefore, the required thickness, T, of urethane
foam (polyester type, 2-pound per cubic foot density) is:

. 3
T :E‘.: M = 2.4 inches
Gm 60
7-51
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LIMITATIONS OF "CUSHION FACTOR" METHOD

The potential of information of this type at one time appeared very
large, since it permitted a single curve for a given density of material
to be used in design work for several cushion thicknesses or drop heights.
Then, having prepared a series of such curves for several different cush-
ioning materials in varying densities, the designer was able to select
the most efficient material by choosing the one whose cushion factor is
at a minimum for a given dynamic stress.

However, recent studies carried out under Government auspices and in
industrial laboratories - and using testing procedures complying with ASTM
Test D1596-59T - have indicated that cushion factor-stress curves are feas-

ible for use principally with nonpneumatic materials. So-called "pneumatic"

materials are those whose cushioning ability is abetted by the pneumatic
effects contributed by their cell structure. In such materials (2,g., some
forms of flexible urethane foam), air is entrapped within the cushioning
material and cannot escape in the time that the stress is applied. This

is one reason why the static and dynamic test results for these materials
are greatly different.

Moreover, it has been shown that pneumatic effects are dependent upon
the dimensions of the test specimens. When some pneumatic materials are
tested, it is found that the path of the cushion factor-dynamic stress
curve changes as the thickness of the cushion being evaluated is varied,
It is obvious, then, that cdata which varies with thickness cannot be used
to determine the thickness of the cushioning required. Therefore, when a
cushion factor-dynamic stress curve is for any reason found to be imprac-
tical, acceleration-static stress curves should be used.

COST AND TESTS

cosT

If the designer makes an initial estimate of the amounts of different
kinds of cushioning that will protect the item, his next step would be to
compute the cost related to the use of the different materials and appli-
cation methods. The minimum amount of material is not necessarily the one
with the lowest overall cost. Often 4 inches of material A will cost less
than 2 inches of material B, However, the thicker material will increase
the container size; therefore increasing both the cost of the outer con-
tainer and the cost of shipping.

Foam-type cushioning materials are usually sold by the pound as a
result the density of a cushicning material affects its cost of usage.
Generalizations about the correlation between cushioning performance and
density of material should be avoided; many materials, especially plastic
foams, exhibit little direct correlation between performance and demsity,
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The method of fabrication directly affects the cost of cushioning;
materials that can be purchased in slabs and simply cut to the desired size
will be more economical than materials which must be molded to shape. This
1s especially true in low volume items where die and molding costs cannot
be amortized over a large number of items. Often there is a reluctance to
embark on a program involving molded cushioning because of the relatively
high cost of purchasing a low number of cushions for testing and qualifica-
tion with little assurance that they will provide the desired protection.

Included in the cost of a cushioning material should be the cost of
protective coatings or treatments required to prevent degradation of the
cushion under the environmental conditions encountered in its logistic
pattern.

TESTS

The calculations described in the text will give a good first estimate
of the cushioning requirements; however, vibration tests of the complete
package must be conducted before the package design is finally accepted.

In order to obtain the true performance of the package all testing
must be progressive. Shock tests should be performed first then vibration
tests should be conducted on the same cushioning and package. It is fur-
ther recommended that vibration testing on cushioning materials be conducted
with the cushion under a static compressive load. This recommendation is
made in order to preclude the possibility that the cushion will disintegrate
under combined vibration and static stress loading. When testing containers
for shock it should be noted that flat drops of containers against their
sides will generally transmit higher shock values to the item than any other
type of drop. Therefore, cushioning design is primarily concerned with pro-
viding ample flat drop protection. However, corner drops of containers are
often required by acceptance tests in specifications; as a result the de-
signer must be certain that his design, based on flat drop protection, will
also previde sufficient corner drop protection.

In addition to shock and vibration tests, specifications will require
that the container be subjected to other tests such as shock at low temper-
atures, moisture absorption, resistance to fungus, etc., (see Chapter IV
for a description of tests).
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CUSHIONING MATERIALS
THE RAMIFICATIONS OF MIL-C-26861A

GENERAL

ST R

i

Prior to the development of Military Specification MIL-C-26861A, all
existing cushioning specifications contained qualitative requirements.
The performance characteristics of cushioning materials, especially their
shock absorption capability, were loosely and indirectly controlled. There-
fore, considerable variation in performance between successive lots of ma-
terials was allowed. Since analytical cushioning design is based upon
inference from data for previously tested material, variation in material
performance produces a reduction in analytical design accuracy. MIL-C-26861A
was developed primarily to enable the designer to procure cushioning mate-
rials with known performance characteristics.

W

MIL-C-26861A does not provide a complete solution to the cushioning
performance stabilization and procurement problem. Its chief disadvantage
is that procurement by this specification involves many classes and grades
of materials and tends to be burdensome. Nevertheless, so far all research
efforts devoted to development of a simpler classification method for cush-
ioning performance (by the use of cushion factors and cushion factor-stress
curves) without large inaccuracies have been unsuccessful. Therefore, des-
pite its complexity, procurement by MIL-C-26861A is the most rational means
available for the designer to obtain cushioning materials with known per-
formance characteristics.

Because it contains performance-type tests and requirements and be-
i cause it is desirable to reduce the number of specifications involved in
procurement, MIL-C-26861A was written to include a variety of resilient
cushioning materials (urethane foam, fibrous glass, expanded polystyrene,
rubberized hair, etc.) MIL-C-26861A eventually may supersede such speci-
fications as MIL-C-7769 (rubberized hair), PPP-850 (expanded polystyrene),
and MIL-C-26514 (foamed polyurethane).

PRINCIPAL FEATURES OF MIL-C-26861A

The most important feature of MIL-C-26861A is the classification of
cushioning materials in grades and classes according to their dynamic com-
pression characteristics. However, the specification also contains provi-
sions for evaluation and control of other characteristics, such as creep,
static compressive force-displacement, compression set, density, tensile
strength, pliability (flexibility), breakdown (fragmentation), hydrogen
jon concentration (pH), and hydrolytic stability (stability during hygro-
thermal exposure).
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CLASSIFICATION OF MATERIALS ACCORDING TO DYNAMIC COMPRESSION TEST DATA

To comply with the specification, the supplier must submit to the
qualifying activity peak acceleration-static stress (G, -W/A) curves for
each kind, density, and thickness of cushioning material for a constant
drop height. The qualifying activity then classifies the materials on a
qualified prodacts list according to how the curves intersect a grid com-
posed of range limits for G, and W/A. To be classified within a particular
grade and class, the curve representing any particular material must occur
completely below the boundary for the grade and through the entire W/A
range represented by the class.

For example, the curve shown below represents a material that would
qualify under class 1 as grades C and D; class 2 as grades A, B, C, and D;
class 3 as grades B, C, and D; and class 4 as grade D.

120

100 - -

GRADES

PEAK ACCELERATION, G. 9
3 3
1
|
t——A—*+»—.3-4+o——-c-—-‘r—-_-l)--.
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FIGURE 110. MIL-C-26861A CLASSIFICATION GRID SUPERIMPOSED
UPON Gy-W/A CURVE FOR URETHANE FOAM
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REQUIRED DYNAMIC COMPRESSION TESTING PROCEDURE

MIL-C-26861A requires the use of a dynamic compression testing
cedure, This test procedure is based upon ASTM method D 1596-59T.

pro-
At

least three specimens of each kind and thickness of material must be tested

with a constant equivalent drop height,

RAMIFICATIONS IN CUSHIONING DESIGN

As previously stated, a manufacturer wishing to have his cushioning
material qualified under MIL-C-26861A must submit dynamic compression test
data to the qualifying activity. This requirement will result in the der-
ivation of cushioning performance data that have been previously unavail-
able. For qualification purposes, the performance tests of materials need
be conducted only once by the manufacturer, providing that he certifies
that the production process for subsequent lots is not altered. Since
qualification of new (or altered) materials under MIL-C-26861A will entail
some time delay ond cost (duc to testing), it is expected that these factors
will tend to standardize cushioning materials and their dynamic compression

characteristics.

Packaging designers are however, interested in cushioning data for
drop heights other than the 24 inches, as required by MIL-C-26861A for
qualification purposes. A requirement for such data was not included in
the specification as to do so would raise the costs of qualification pro-
hibitively. Dynamic compression test data are becoming more readily avail-

on their own initiative,

MATERIAL PROCUREMENT UNDER MIL-C-26861A

list.

different MIL-(-26861A classes and grades for cushioning materials,
stock only the few commonly required combinations.
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able as progressive manufactuiers discover their value and conduct tests

The packaging designer, having determined that he wishes to use a par-
ticular kind and thickness of cushioning material, must then determine its
classification under MIL-C-26861A for procurement purposes. This should
be accomplished by checking the official MIL-C-26861A qualified products

It is expected that users, once they have become familiar with the

will
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CHAPTER VI
THE CONTAINER BODY i
TYPE - CONFIGURATION - MATERIALS - DESIGN :

GENERAL

The container body and its structural members provide an envelope to
protect the suspended mass., The structural members function to support the
suspension system and provide resistance to buckling and distortion. The
body performs to shield the suspended mass and is often required to provide
environmental protection by incorporating seals, valves and other auxiliary
devices., In addition, the body or shell may, when pressurized, be required
to perform as a pressure vessel capable of resisting the pressure differen-
tial of its environment. The container assembly must provide for compati-
bility with handling and storage operations. The complexity, configuration, .
size and weight of the container must not hinder nor impede its utility and
its cost must satisfy the criteria of economic feasibility,

The primary function of the container assembly is to provide protection
to its contents. The container must compensate for the inability of the
missile to resist the effects of its logistic environment. Too often, the
protective level of the container provides superfluous protection. Many
missiles have, inherent within their design, characteristics which are cap-
able of resisting the effects of the hazards encountered. Obviously, if the
container also functions to protect against these same hazards the container
is over-designed and the protection provided becomes superfluous. The con-
tainer concept must consider the ability of its contents and compensate for
only those deficiencies pertinent to the applicable environment.

The nature of the contents to be protected, dictates the size of the
container. The factors affecting size are:

a. The physical dimensions of the suspended mass.

b. The sway space, or deflection required to protect to within the
fragility level of the suspended mass.

c. The suspension system and its hardware necessary to support and
restrain the suspended mass.

Quite often, the capacity limitations of transit media and the human
engineering factors prevalent in the logistic environment restrict the size
of the container. It may be necessary to dismantie the missile assembly and
house its components separately., Typical items currently housed within con-
tainers falling within the scope of this document include:

a. Completely assembled missiles and rockets.

b. Major subsssemblies of missiles and rockets.

8-1




¢, Loaded solid propellant motors.

d. Unloaded, or inert propellant motors.
e. Live warheads,

f. Inert warheads.

g. Appendages (fins, wings, etc.)

h. Ancillary Equipment,

The practice of shipping sections of large missile systems as separate
items is common and quite prevalent within the Army. The many containers
constituting a system may be considered a family and as such should have
common characteristics. To minimize logistic support and to reduce opera-
tional complexity, those components common to containers within the sume
system should be identical provided their use does not degrade or compromise

performance,

TYPES

There are, within the Army Missile System, two general types of
containers:

a, Top or Chest Opening.
b. End Opening.

The distinguishing characteristic of the top opening container, nor-
mally used for large missile or missile components, is the full-length
cover often hinged or capable of vertical lift-off.

The end-opening type, as the name implies, includes removable ends to
permit longitudinal withdrawal of the contained missile.

FIGURE 111, TOP OPENING CONTAINER
8-2
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HINGED COVERS

Many designs include hinged covers with spring, torsion bar, or coun-
terweight assists; however, it has been found that these accesso:ies merely
add to the complexity of the design and complicete the legistic support re-
quirements. The size and weight of the cover is proportinnal to the size
and weight of the contained contents. As such, it may be assumed that if
handling equipment i> required for content removal, the availability of
such equipment precludes the need for ninges, springs, etc., to arsist ip

manual lift of a hinged cover. Therefore hinged covers are nct recommended 5
for containers, ,§
L

However, where the contents are within the weight limits established 'g

et

for manual handling it may be advantageous to hinge the cover; in such
instances the cover is small and lightweight and will require no complex,
erratic assist mechanism.

S

FIGURE I8, NINGED COVER WITH SPRING ASSIST
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SMALL CONTAINERS « BODY TYPES

Containers whose gross weight does not exceed 150 lbs. and which are
capable of being handled manually, may be classified as "small.” Generally,
the shock suspension svstem for lightweight contents is either simple or of
the bulk cushion type and the body structure is divorced from the need to
provide localized support. As the container can be handled manually, those
accessories necessary to accommodate mechanical handling devices, need not
be included.

The small container may be required to provide either or both physical
and/or eavironmental protection. For contents whose requirements include
environmental protection, an end-opening type having a shorter seal may be
preferable to the top-opening type. Those containers providing only physical
protection may use any of the numercus schemes currently used in military
packaging.

Small containers may be considered as sophisticated packages and sub-
ject to the technigues applicable to Military Packaging adequately documented
in existing DOD publications. TM 38-230, *Preservation, Packaging and Packing
of Military Supplies and Equipment” is typical of the many documents pro-
viding guidance in packaging technique.

FIGURE 115. SMALL, WOOD, WIRFBOUND OVERPACK CONTAINER WITH FOAM
PLASTIC YOKE TYPE SUSPENSION. HERMETICALLY SEALED
CONTENTS REQUIRE ONLY PHYSICAL PROTECTION.
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FIGURE 116. SMALL., END-OPENING, SEALED CONTAINER ,
WiTH +IBER GLASS CUSHION SUSPENSION

FIGURE 117. SMALL, SEALED, HINGED TOP CONTAINER - |
WITH CURLED HAIR CUSHION SUSPENSION ]
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CONTAINER BODY SIZE

The container size is primarily determined by the envelope of the mis-

sile or missile component, missile fragility level, and missile weight and
weight distribution.

The principal factor affecting the size of the shipping container is
the envelope of the suspended mass, As a general rule, ignoring clearances
required for shock and vibration isolation purposes, a container of modest
size, that is less than 5 feet in any dimension, may be expected to be at
least 2 inches greater in outside dimensions than the envelope dimension
of the contents. For larger size containers, where significant structural
strength must be built into the container, the minimum increase in over-all
exterior dimensions is on the order of one foot.

It should be noted that the dimensions discussed are concerned with
the maximum dimensions of the contents. In the case of completely assembled
missiles, the over-all wing span and not the body diameter must be consid-
ered as the basic limiting dimension for the proposed container. The cush-
ioning clearances required are determined by the most delicate components
of the complete assembly; therefore, the clearances required for the com-
plete missile are considerably more than would be required for a majority
of the individual components.

Early consideration of disassembly for shipment is of paramount im-
portance., For example, assume a missile 7.3 feet long and equipped
with cruciform airfoils with a 4-foot span, no portiois of which may be
disassembled after checkout. Allowing for a 6 inch deflection for the sus-
pension system to protect delicate components, a shipping container like
that illustrated in Figure 118 will result.

FIGRE 118, SIZE OF CONTAINER FOR A COM-  FIGURE 119, SAE MISSILE S 1M FIGUKE 118
~DETELY AR WISSILE__ -

CONPLETE ASSY. BOX ® 336.90 eu.ft.
Gox lo.} = 965.10 eu.ft.
Box No.2 »  7.47 ew.ft.
h “‘, - >
TOTML, for £/0 Bhipmeat = .M. = 208 of conplote assy. bou
CUlE SAVED 400,30 cu.ft. = 788 of completeo assy. dou
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If the missile can be disassembled into three major groupings, it is
possible to obtain a 75 percent reduction in cube size. In examining
Figure 119, it will be noted that the 6 inch clearances for the delicate
guidance section have been maintained but the more rugged warhead and the
very rugged airfoils can be packaged in containers of considerably smaller
size and complexity, While the savings shown in the foregoing example may
be somewhat high, 50 percent cube reduction often is easily achievable.

The necessity for intelligent planning of the missile design- to permit par-
tial disassembly for shipment (particularly removal of protruding airfoils
and antennas) is obvious.,

In planning for disassembly, however, the following points also must
be considered, as well as orderly arrangement in the container:

a. Field reassembly conditions, such as tools, fixtures and skills
available,
b. A boxing arrangement which permits reassembly in logical sequence.

¢, Boxing arrangements compatible with deterioration prevention
requirements,

d. Segregation of explosive and dangerous components.

The second most important factor determining overall size of the
shipping container is the fragility level of the missile or missile com-
ponent under conditions of storage, shipment, handling or test.

The third factor which affects the size of a shipping container is
the missile weight and weight distribution. The content weight directly
affects the container in the following ways:

s. It lirits the styles of containers which may be selected.

b. Within a selected style, it has a major controlling influence on
the sizes of container members and the types of joints.

c. Through its major effect on gross weight, it influences transpor-
tation cost,

d. 1t controls the type and capacity of shock and vibration isolation
system selected,

e. It establishes handling requirements. r.anual or mechanical and the
size and location of handling fittings on the container.

f. Assuming that cubage is within tronsportation limitations, it de-
termines the number of itema which may be iransported by say given trans-
portation unit; that is, single airplane, railroad car, or truck, and the
number whieh can be put in any given storage space,
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The weight distribution of the missile or missile component affects
the container in the following manner:

a, Through the interrelation of weight distribut.un <ad missile size,
it affects the overall size of the container, thus liiiting the choice of
container style,

b. It determines the size of container members. For example, for any
given style of conventional container, the member sizes vary with whether
the contents are an easy, average or difficult load, An easy load is an
item which has low or moderate density conforming to the shape of the con-
tainer, thus lending support to the container. An average load is an item
which has low or moderate density and which when packed directly into a
shipping container provides nonshifting support at several points in the
container. A difficult load is an item characterized by irregular shape
wvhich dors not lend support to the container or characterized by great
density, great bulk or extreme fragility.

c. Weight distribution is of paramount importance in the design of
the shock and vibration isolation system.

8-10




CONTAINER CONFIGURATION

The lateral cross section of the missile container may be in the form
of any of the common geometric configurations or a composite of these basic
forms, Many are basically round; others are square; and elliptical cross
sections are quite common; however, in almost all containers, regardless
of the basic configuration, the outer envelope periphery will invariably
be square or rectangular. The square or rectangular form is most compatible
with economical cubing patterns and provides stacking stability,

The nature and size of the suspended mass and its shock mitigating
suspension affect the overall configuration. In addition, the material
and the optimum fabricating methods peculiar to the material also contri-
bute to the final shape of the container. In isolated cases, it may be
necessary to apply pressure vessel design technique to withstand the effects
of pressurization. There are numerous factors which must be considered in
establishing an optimum container configuration; these include:

a. Size and nature of the proposed contents,

b. Sway space requircments.

c. Suspension system support requirements,

d. Pressurization requirements if applicable,

e. Need for providing environmental protection.

f. Field maintenance requirements.

g. Disposition of container - reusable or disposable.

h. Material and its characteristics,

i. Fabricating techniques peculiar to the material used,

j. Projected quantity requirements affecting manufacturing process.
k. lLogistic requirements for stacking, hoisting and handling.
1. Human Engincering factrors,

m. Cost limitations based on function as dictated by Value
Engineering technique,

A typical eontainer lateral cress section would be a composite of cone
ventional geometric configurations. The elongated clliptical body would
be supported by a series of rectungular trusses vodified to include round
corners for effeetive rollover performance, The number of trusies would
vary with length and provide eharacterigtics to result in optimum cubing
and staeking patterns.

8-11
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FIGURE 120. REINFORCED, WOOD, FREE BREATHING

FIGURE 121.

RECTANGULAR CONTA!INER

£ /I |

STEEL, EMD-OPENING, CONTROLLED BREATHING
RECTANGULAR CONTAINER EQUIPPED WITH STACK-

ING PADS, SKIDS, AND MODIFIED CORNERS
8-12
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FIGURE 122. STEEL, CHEST TYPE, ROUND CONTAINER WITH STACKING PADS
AND SKIDS FORMING RECTANGULAR PERIPHERY

FIGURE 123. PRESSED STEEL, RIBBED MODIFIED ELLIPTICAL COMTAINER WITH
STACKING PADS AND SKIDS TO PROVIDE RECTANGULAR PERIPHERY

8.13
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FIGURE 124. RECTANGULAR CONFIGURATION PROVIDED BY STACKING
PADS AND SKIDS.

FIGURE 125, ..  ~TAINER WITH RECTANGULAR CROSS SECTION
10+ ALITATE CUBING AND STACKING

8-14
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MODULAR DESIGN

In an attempt to reduce costs by standardization, modular design con-
cepts have been developed which provide versatility and result in expedi-
tious container procurement, The concept is based upon the use of common
standard compenents; in particular, cast corners and extruded edges having
the capability of accepting side panels whose size may be varied to satisfy
the container spatial requirements. MIL-C-22443 (Wep) deli.cates the re-
quirements of this concept and establishes the scope of application.

Figure 127 depicts a modular container and its method of fabrication.

The economic feasibility of the modular concept is based on its versa-
tility and the need to stock only a minimum assortment of basic parts., The
availability of these building-blocks can satisfy the demands of both limited
and high volume procurement requirements,

The technical feasibility is limited, within the scope of this docu-
ment, to the small cont iner ficld ss the variable side pancls are not cap-
sble of supporting localized stress concentrations without auxiliary bracing.
In addition, the need to caulk, bond, or weld the various compunents into
an assembly capable of resisting climatic exposure limits its application
and sny degree of ciimatic protection provided becomes margirs!i. Conse-
quently, the modular Jesign is recommended for small container applications
whose contents can survive in a free or controlled atmosphere.

FIGURE 127. MODULAR DESIGR CONTAIRER
8-1le
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A modi fication of the modular concept makes available a knock-down
feature which provides economy in the retvrn shipment of empty reusable
contsiners. Due to their nature, these containers are not suitable where
prolonged climatic exposure will prove detrimental and consequently the
use of the knock-down concept should be limited and restricted to materiel
inert to climatic exposure or to shipments exposed to only a controlled

environment.

FIGURE 128. KNOCK-DOWN CONTAINER

8-117

st o

s G s R




EXPENDABLE CONTAINERS

The modern, mobile field army operating in a hostile environment
should not be required to perform salvage and reclamation functions which
will impede its "shoot-and-scoot® capability. Unfortunately, today’'s mis-
siles and many of the rockets currently available to the Army are highly i
sensitive and require a level of protection which makes necessary the
sophistication found in the majority of protective containers. The cost
to provide this level of protection makes mandatory the reuse of these
items; many of which are in essence climatic chambers.

i The demands of the tactical environment and those relating to economic
i feasibility are diametrically opposed and present a paradox which the con-

tainer designer must recognize and resolve to the satisfaction of both the

field commander and the Jogistician. Obviously, the designer must be pre-

pared to make "trade-offs™ without sacrificing the physical and protective

integrity required of the container.

The integrity of the missile and/or rocket cannot be compromised; 1ts
reliability is paramount. This tenet is basic to ihe field of container
technology and is not subject to negotiation or "trade-off.” However, the
l designer is provided sufficient latitude in the selectinn of materials,

configuration, etc., to provide an optimum container whose cost will be
consonant with its function.

The container designer must be cognizant of the Military Characteristics
pertinent to the overall weapon system and establish as his goal, the de-
velopment of an expendable container. The connotation associlated with
"expendable" is low cost and the result of the development effort must be
an inexpensive container. The cost analysis of any container should con-
sider, in addition to initial procurement cost, the following factors whose

: sum represents actual cost:

a. Final assembiy costs.

b. Maintenance costs.

c. The cost to compensate for container limitations necessary to
qualify for "worldwide distribution.”

d. BReturn shipping costs.

1 e. BReconditioning costs.

f. Secondary use at point of destination whose value can be credited
to the overall cost.

A review of these contributing factors will then permit classifying
the container as either reusable or expendable.

In many instances, overdesign contributes most to the need to classify
a container as reusable. Too often the cost to supply superfluous protec-
tion prohibits disposal of the container,
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Unfortunately, it is impossible to establish rules for classification.
In summary, the designer must practice good design and be prudent in the
selection of materials and components. The principles of Value Engineering
must be applied and the result of the development effort evaluated to de-
termine the economic feasibility of disposal versus reclamation.

CONTAINER BODY MATERIALS

The five materials most commonly used in container body construction

are:
a. Steel
b. Aluminum
c. Wood

d. Plastic
e. Fiberboard

In addition to the above, sandwich material comprised of aluminum,
wood, or plastic or any of these in combination are being used in container
construction. Use of this fabricated material results in high cost; how-
ever; where weight to strength ratio is critical, the use of this sophisti-
cated material may be justified.

Selection of the material to be used is dependent upon many factors,
in particular, those peculiar to the operating environment and those char-
acteristics of the material affecting structural load bearing capacity.

In addition, the ability to resist penetration and the durability of the
material must be considered.

As a rule, the container designer should consider the following when
selecting a material:

a. Ability to provide the level of physical protection required.
b, Ability to resist penetration both physical and environmental,

c. Compatibility of material with its contents to avoid deterioration
by galvanic action, chemical exposure, etc.

d. Density as affecting overall weight.

e. Ability to support suspension system,

f.  Structural capacity to resist buckling,

g. Availability during time of hostility,

h. Ease of field maintenance and repair,

i, Fabricating characteristics and the economic aspects of manufacture,

J+ Cost relating to both small production lots and those of mass
production,

k. Utility of end item; reusable or expendable,
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TABLE 17

CONTAINER BODY MATERIALS - SELECTION GUIDE

MATERIAL ADVANTAGES DISADVANTAGES
STREL a. Adaptedle to large voluse, low cost a. Use of steel results in
See production. high weight.
b, Excellent restistance to moisture - b, Subject to corrosion unless
r -8
ed 8pec QQ-8-098 vapor transsission. treated or finished.
L -8
Fed Bpec QQ-8-741 c. Excellent adaptability to pressurti~
MIL-8-13301 tazion of contsiner.
d. BExcellent fire resistance,
e, MNigh strength,
f. Rase of repatr,
§. Long life when properiy fintshed.
h. HNighly resistant to physical
penetration.
1, BExcellent structural rigidity.
ALUMINUN a. Light weight a. EKastly dasaged.
See b. MNoncorrosive b. Nigh aaintenance costs,
Fed Spec QQ-A-380/11d ¢. Adaptadle to modular construction ¢, Cannot bde conventently
Fed Spec QQ-A-374 and mass production. repatired in fleld,
d. Welds and sealed joints
MIL-C-33443 tend to crack and leak,
wooD a. Inexpenstive. a, Deteriorates untess treateu.
See %, Lightweight. b, Low strength.
TH 38-230 for compre- ¢. Perforas to adsord shock. ¢. BRastly dansged.
hensive review. d. Supply abundant. d. Nigh soisture vapor trans-
MIL-C-104 missibiliey.
Fed Spec NN-P-518 o, Subject to physical dister-
Fod Spec PPP.B-8OB tien - shrinking & warping.
f. Nighly cosbustibdle.
g. Subject te sttack by rodents,
insects, ote.
FIBERBOARD a, Inexpensive, a. Use listted to small, rela.
See b. Unifors strength characteristics. tively lightuweight ttess,
b, WBastly dssaged by penetration
TM 38-330 for compre- ¢. Can be treated to restst water and steuctursl distertien.
hensive review, ponetration,
e. BKxporionces loss of rigldity
Fed 8Spec PPP-D-036 d. Can be prefadricated. when sipesed te waier or
Ped Spec PPP-B.840 e. Can de collapsed and :hipped flat, prelenged aoteture,
f. Easy to assesbdld, d4. NRighly tnflasasble.
g. Lightwetght. e, Norsally cannot beo roused and
does not porait periedie
h. Provide shock protection, taspection of contonts.
PLASTIC s. PBxcellenty matsture-vaper darrvier. a. Use currently liatted to
See b. Can be molded to ninislize asseadly saall contalners.
operations, b, Reltadility of dending
¥IL-¥-23644 techntque guosttenabdle.
MIL-C-4q1808% e, Availadle in vartous coempounds and
densities to provide shock pietecttonje. Saall let preduciton -
uneeuneaieal.
d. Inexpenstive wvhen sass produced, 4. Btress concontratian at
corners ceaprenises strue.
o. lasrt to cltuatie esxponure, tural tntegrity.
o, Budjeet e diztartiion at
Righ tesporature.
HONBYCOMB BANDWICH a. Lightveight, a. ERusponsive.
See b, BRueollont strength charaetepisties, b, Cempler asseadl) procsdurs.
NIL-8TD-4034 e. Rxeollent insulating charsctortsties. fo. Currontly net sultable for
etien.
MIL-C-21378A sans preduction
4. Nood fer caulling and roain
¥IL-C-80734 bends coaprenines perflersance
o. WBay becone unavatlabie for

eontalner use (n tiae of
sesrgoney.
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SELECTIVE SALVAGE

The fragility of many missiles is often of a level requiring complex,
costly shock mitigating devices. In some instances, this is the only pro-
tective requirement and the use of an inexpensive wood or fiberboard cone
tainer body is permissable, The container body as such, can be considered
expendable due to its relatively low cost; however, the cost of the con-
tainer assembly, including the suspension system prohibits its disposal
and often dictates that it be reused.  In such instances, the technique of
selective salvage can be introduced which permits those expensive components
to be stripped from the contatner and returned as reusable components.
This practice reduces return shipping costs and arfects only those items
worthy of salvage,

The designer can apply the selective salvage technique and the use of
flexible barriers to wooden and fiberboard container design to result in
an assembly providing both phvxical and climatic protection which can quale.
ify as being expendable; subject to disposal after "ope-shot” use,

FLEXIBLE BARRIERS

The conventional missile container in addition to supporting and phys-
1cally protecting 1ty contents, is often required to function as a barrier
to rexist the transmission of Liguid water and water vapor., The designer
can, by selecting the proper materials, satisfy both requirements,

Steel, aluminum and plastic provide excellent resistance to the trans.
misstion of Tiquid water and water vapor and when used in conjunction with
effective seals, provides o container having both the required rigidity
and elhimatic resistance necessary to satisfyv the protective and handling
vegui cement s, However, the use of these materials and the fabrication
methods peculiar to their application results in relatively high cost,
Consequently, the developed container through cconomic necessity, i1s classe.
Viied as reasable and subject to the reclamation processes discussed in
prc'\'iun,\ sevtions of this i"ldl'l"!'.

In many instances, particularly an small containers, the designer can
divorce from the contarner body the need to resist moisture peactration and
ansigh to the body anly those requirements necessary to provide structural
support, physical protection and o practical handling configuration.  This
separation of function provides the designer with more Tatitude in the
sebeetion of matervals and permits the use of the leas expensive wood and

Lyberboard,

Clhimatte protection, including the rexiatance to water viapor transe-
misston, can be provided by the uae of auxiliary flexable barrier materials,
The statesnfethesart makes avarlable an assortwcat of materials which funee
tion to tesist the penetration of sater vapor, MIL-B 1D eatablishes the
requitements for these barrier matervals and provides gurdonee an thear
application.  The use of flevible batriers, when technical by feanible, will
witen tesult an o less coathy contarner whion may be clasaed ax expendable,
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EQUIPMENT LOGS
GENERAL

The equipment log is the historical record for a specific type of equip-
ment. It is a control device for mandatory recording of events during the
life cycle of equipment, including receipt, operation, condition, maintenance
accomplished, modification, and transfer. This record begins at time of
delivery of the equipment by the manufacturer and is permanently identified
with the item of equipment until it is finally *“washed out” of the Army
inventory.

The equipment log is a compilation of maintenance information on De-
partment of the Army forms and must be controlled and safeguarded against
loss or damage. The log is permanently identified with the applicable equip-
ment by nomenclature and registration or serial number.

The most important use of the equipment log is tc provide commanders
with up-to-date information concerning the readiness of the item of equip-
ment to which the log applies. The condition of equipment as recorded in an
equipment log also permits selection of equipment requiring the greatest
maintenance effort. Logical pricrities for turn-in or ‘‘washout” may thus
be determined when partial replacement issues of similar new items become
available.

The equipment log may be used as a control document for operational
dispatch of equipment. When used for this purpose, the equipment log will
be under the control of the operator or crew at all times.

The equipment log, currently in use, is a hard-covered binder, having
dimensions of 10 x 8 x 2 1/2 inches with a transparent plastic wrap. It has
replaced the soft-covered weapons records book DA Form 9-13, Part I - “Major
Items Complete Record’’ which has dimensions of 6 1/2 x 4 x 3/8 inches and
may be folded or rolled to fit a cylindrical records receptacle either out-
side of or extending into the body of the missile container. The relative
size of the new and old equipment logs is shown in Figure 129.

The records binder contains DA Forms of the type and size prescribed in
™ 38-750 - ‘‘Army Equipment Record Procedure’ for each specific piece of
equipment. The plastic slot located on the front of the binder is provided
for identification of the piece of equipment to which the log applies.

RECORDS RECEPTACLES

The records receptacles shown in Figures 130, 131 and 132 are examples
of receptacles which are of adequate size to contain the old books but cannot
accommodate the new binder. Figure 133 shows the records receptacle of the
Sergeant Rocket Motor Container XM419. This receptacle is of adeyuate size
to contain the new binder.
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FIGURE 129. PRESENT AND PAST EOU|PMENT LOGS

FIGURE 130,

INADEQUATE RECORDS RECEPTACLE
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FIGURE 131.

FIGURE 132.

COMMERCIALLY AVAILABLE CYLINDRICAL
RECORDS RECEPTACLES

CYLINDRICAL RECORDS RECEPTACLE

8-24




The records receptacle must be waterproof and must protect the contents
from damage by all environments. The sealing material used must permit re-
peated opening and closure without impairment of the sealing quality. Figure
134 illustrates the use of polyurethane plastic foam stripping glued to the
container cover to provide a waterproof seal.

Records receptacles large enough to accommodate the new binder may
either be top opening or end opening as shown in Figures 134 and 135 respec-
tively. The end opening type has the advantage that it can be incorporated
in the roll-over provision and therefore is easily accessible from the front
of the container. This is especially desirable when the ccntainers are
stacked. The end opening receptacle also requires less sealing material than
the top opening type. The top opening receptacle has the advantage of hinges
which affix the cover to the container body. The end opening type requires a
connecting wire for this purpose.

SECURITY SEALS

In order to discourage and detect tampering with the equipment log,
the receptacle is provided with a security seal which has to be broken in
order to open the covers as shown in Figure 136. Holes in the latches are
for the purpose of attaching the lead seal in the manner shown in Figure 137.
The lead disk is then pressed closed and imprinted with the applicable
agency identification. Such security seals may only be used once and must
be replaced when the lead seal or wire has been broken.

Security seals are also used to seal a container by securing the seal
through both the cover and body. By this means, it cannot be opened without
breaking the seal.

DATA PLATES

Data plates must display only information that is necessary for the
safe shipment, storage and use of the container. The information should
include the container nomenclature, Federal stock number, container serial
number, part or drawing number, and the manufacturer's name. Figure 138 is
an example of a typical missile container data plate. These plates must be
(1) consistent in size and shape, (2) logically oriented with respect to
each other, (3) clearly visible, (4) placed where they will not be damaged,
and (5) horizontally labeled to read from left to right.

The material used for data plates must be compatible electro-chemically
with the unit to which it is to be attached. The materials preferred for
data plates are given below in the order of preference:

Copper-base alloys

. Aluminum, magnesium or zinc-base alloys
Anodized aluminum plate

Unalloyed or low-alloy ferrous metals

a0 ow
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FIGURE 133. CLOSED LOG 800K RECEPTACLE

FIGURE 134. OPEN LOG BOOK RECEPTACLE
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FIGURE 135, END OPENING RECORDS RECEPTACLE

FIGURE 136. LEAD SECURITY SEALS
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FIGURE 137. TYPICAL APPLICATION OF SECURITY SEAL
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CONTAINER SHIPPING, REUSABLE

METAL

MODEL NO. XM374E2

SPECIFICATION MPD-3084

SERIAL NO. —
PART NO..8901400

CONTRACTOR'S

ORDER NO

CONTRACTOR

stock no. I

U.S. PROPERTY

FIGURE 138. CONTAINER DATA PLATE




Copper-base alloys shall conform to specification QQ-B-637. Anodized
aluminum plates are plates which have been made the anode of an electrolytic
cell. This oxidation of aluminum produces a surface coating which displays
a relatively high resistance to corrosion and abrasion and provides high
electrical insulation to the unierlying metal. Anodized aluminum plates
shall be made of aluminum conforming to specification QQ-A-250/lc, 1/4 H
temper.

Lettering on data plates shall be gothic or futura capitals and the
numbers shall be arabic. Borders, blocks and other characters shall be
raised by etching the background to a minimal depth of 0.003 of an inch.
The plates themselves shall be 1/32 of an inch thick. The forming of desig-
nations such as serial numbers which vary from plate to plate is usually
done by stamping.

The size of the characters for the container nomenclature or name
should be at least 5’32 of an inch but no more than 1/4 of an inch in height.
All other lettering and characters should be between 1/8 and 5/32 of an inch
high with a 1/8 of an inch spacing between lines. Border widths shall be 3/32
of an inch.

Container data plates shall be drilled or punched at all four corners

with holes not less than 1/8 of an inch or more than 3/16 of an inch in
diameter. These plates shall be fastened to the container with rivets.

The anodizing of aluminum plates shall be in accordance with MIL-STD-171,
Finish No. 7.2.1. The background of data plates shall be finished in accord-
ance with Finish Nos. 20.4, 20.8, 21.3, 21.5 or 21.11 of MIL-STD-171, Color
No. 37038 (black) of FED-STD-595. Finish Nos. 20.4 and 20.8 are lusterless
paint finishes, and Finish Nes. 21.3, 21.5 and 21.11 are semi-gloss paint
finishes. The unpainted portions shall be painted with ciear lacquer.
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CHAPTER IX
HANDLING DEVICES

GENERAL

The container, in addition to being required to resist the hazards
and deteriorating effects of its environment, must also provide compati-
bility with the handling operations necessary to move the container to its
destination. The functional mobility of the container is usually dependent
upon the auxiliary handling equipments operating within the logistic cycle;
however, the container must include devices to result in compatibility with
these handling equipments. It is the container and these devices which are
of particular concern to the designer as it is in this area which he can
make a significant contribution to the expeditious and safe delivery of
materiel.

Except for special applications, the container designer has little
or no control of the equipment which will be used for handling; however,
he must be cognizant of and consider these handling equipments when de-
signing the container.

Those elements of the logistic cycle whose effective performance is
dependent upon the container and its handling devices are delineated below
and shall be discussed in subsequent sections of this chapter.

1. Manual Handling

2. Mechanical Handling
3. Unitization

4. Skids

5.

Stacking Provisions
I. Manval Handling

The ability of a container to be manually handled is dependent upon
its weight and/or size., In addition, the principles of Human Factors
Engineering dictate and establish limits which the designer cannot exceed.
These design parameters are contained in Table 18 to establish the maximum
weight which any one individual will be required to lift,

TABLE 18
MANUAL HANDLING DATA

Distance Lifted from Ground Weight
5 feet 36 pounds
4 feet 55 pounds
3 feet 77 pounds
2 feet 139 pounds
1 foot 142 pounds
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The chief distinguishing characteristic of containers capable of
manual handling are handles whose number will be in direct proportion to
the ratio of gross weight to the established man-carry limits, The state-
of-the-art makes available to the designer an unlimited selection of types
and styles of handles. Those considered applicable to military container
application, must embody certain characteristics which are considered
essential; the data contained in Table 19 provides guidance in the design
and selection of acceptable lifting handles,

TABLE 19
DESIGN AND SELECTION OF LIFTING HANDLES

Weight to be Lifted Handle Finger Handle
per Handle Diameter Clearance width
Under 28 pounds § to 4 tnch 2 inches 4% inches
Over 25 pounds 1 to § inen 2 inches 4% inches
Lifted by Gloved Hand --- 2% tnches 8 inches

In addition to the above, the preferred handle should encompass the
following:

a. Spring loading to retract the handle to within the container
profile when not in use,

b. A rubber bale to provide both comfort and an effective friction
grip.

c. A positive stop to restrict the handle motion to 90 degrees to
avoid injury to operating personnel.

d. Corrosion Resistance,

e. Unaffected by subfreezing temperatures and ice formation.

A handle embodying the preferred characteristicas is depicted in
Figure 139 andmay be procured in any of the conventional materiala from
numerous military and commercial supply sources.

The handle illustrated should be spot welded to the contusiner shell
provided the materials are the same and the shell can or is adequately
braced to withstand the stresscs imposed by the load. Bolts may be used
where welding is not feasible; however, a backing plate should be previded
to assure adequate stress distribution. Handles should be symmetrically
located sbove the container center of balance and shall be conveniently
positioned to provide esse of operstion.

Certain container configurations will permit the use of inexpensive
round rod handles permanently positioned and fastened to the body shell;
however, such handles should nut protrude beyond the container profile
nor degrade the stacking and/or unitizing characteristics.

9.2
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FIGURE 139. HANDLE EMBODYING PREFERRED CHARACTERISTICS

Molded plastic or fibrous glass containers may incorporate within the
outer shell, recesses, hand grabs or handles to facilitate handling. See
Figure 144,

Wooden containers and overpacks may utilize simple, inexpensive rope
handles to conform to par. 3.3 of MIL-B-2427B(0Ord).

The restrictions imposed by the demands of economic feasibility do
not permit the use of body recesses to house handles; the designer should
avoid this costly prectice regardless of its esthetic desirability,

Hendles may perform s secondary function as tie-down receptacles pro-
vided the forces imposed are within their load carrying capability.

H. Mechenicel Nondling

Within the environment of “worldwide distribution® may be found o

wide assortment of materials handling equipments ronging from the simple
block and tackle to elaborate automated conveyor systems. Falling within
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these extremes are the more common fork-lift truck, overhead crane and
hand truck. The effectiveness of these equipments is dependent upon the
container and the handling devices it encompasses to facilitate the hand-
ling process, These devices may be divided into four general and occa-
sionally overlapping categories:

a. Hoisting fittings :
b. Tie-down fittings §
c. Towing fittings

d. Fork-lift provisions

A. Hoisting Fittings

Overhead cranes whether they be stationary or mobile utilize hooks,
slings and/or yokes to engage and support the suspended container,
Obviously, the container must incorporate or be provided with devices to
accept and be compatible with these handling methods.

Handling devices, either integral or attached to the container which
will provide the required compatibility may take the form of eyes, rings
or lugs. They may be located anywhere on the container; however, it is
preferable that they be positioned above the center of gravity of the sup-
ported item to assure load stability during the lifting operation. Hoist
fittings attached to large, top-opening, sealed containers should be lo-
catea on the bottom half of the container to avoid subjecting the cover
latches to the full weight of the suspended mass and degrading the effec-
tiveness of the barrier seal, Hoisting fittings may serve a dual purpose
by functioning as stacking pads and/or tie-downs.

Some applications may warrant special cable slings permanently attached
to the container. This is typical of missiles whose attitude is considered
critical and proper container orientation is mandatory.

Small containers, with or without handles, will not normally require
hoist fittings. Containers whose gross weight exceeds 150 pounds shall
be equipped with lifting rings or eyes whose clear inside diameter shall
be at least 2% inches (preferably 3% inches). These fittings shall not
protrude beyond the container envelope when not in use nor shall they de-
grade the cubing capability of the container configuration. A design fac-
tor of safety of no less than 4 to 1 shall be applied t> hoist fittings.
Should the function of the hoist fitting be limited merely to the removal
of the container cover, they should be clearly marked as to their limita-
tions; however, it is preferable that they be capable of supporting the
tots] mass as they will undoubtedly be exposed to misuse at some time
within the opersting environment. '
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B. Tie-Down Fittings

The requirements for tie-down fittings are fully documented in the
Bureau of Naval Weapons publication WR-11. Paragraph 6.5 of Part I is
quoted in toto to provide the required guidance:

1. Tie-down fittings shall be provided on all containers grossing
1,000 pounds or more. Such fittings may inciude the hoisting fittings.

2. The design load in any direction below the plane of the fitting
must be at least 1.5 times the maximum load of the fitting based on the
yield strength,

3. Whenever possible, place fittings at least 18 inches above the
base line and above the plane of center of gravity of the loaded container.
Space fittings along each side, equidistant from each other and symmetrical
above the center of gravity,

4, The actual number required shall be the theoretical number, except
that at least 3 fittings shall be provided on each side of a container more
than 10 feet long and at least 2 on each side of a container less than 10
feet long. When a container is more than 75 inches wide, furnish at least
one fitting on each end.

5. A clear inside diameter of 2% inches is required.

C. Towing Fittings

Medium to large containers shall be equipped with two tow eyes at each
end,  They shall be positioned as close to the ground as possible and suit-
ablyv supported by a structural member capable of withstanding the draw-bar
pull developed by the towing action. These fittings shall include a ring
or an eve having a minimum diameter of 2 inches and their design shall in-
clude a safety factor of at least 4, Strategically located hoist fittings
may preclude the need for tow fittings and conversely the tow fittings may
negate the need for hoist fittings,

“IGURE 140. TOW FITTING
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D. Fork-Lift Provisions

The .ersatility and wide acceptance of the fork-lift truck since
World War IT has assigned to this handling mechanism a unique position of
general application; it will be found in all transit and storage environ-
ments. Consequently, one may assume that virtually all containers will

at some time be handled by a fork-lift truck. To provide the required
handling compatibility, the container should incorporate provisions to
accept the tines of the fork-lift truck. This requirement is applicable
to all containers whose gross weight exceeds 300 pounds; containers weigh-
ing less than 300 pounds may or may not incorporate handling devices to
facilitate tine positioning, The decision is left to the container de-
signer and is dependent upon the anticipated handling methods of the pro-
posed application., Quite often small containers are unitized (see section
ITI) and positioned on skids or pallets to provide hand)ing compatibility.

" s
BLERL(Y 7

FIGURE I41. FORK LIFTING A CONTAINER

To permit for general application, fork-lift trucks have been stand-
ardized according to their lifting capacity, height of 1ift, degree of
mobility and fork configuration., Of these characteristics, only the tine
size and fork spread affect the dimensions of the container. Table |9
provides fork truck data to assist the container designer in providing
handling compatibility,
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TABLE 20
FORK TRUCK DATA

Nominal Fork Fork Fork
Capacity* Thickness Fork Length Together
Lbs. At Heel*» Width Max. Max, *#%%

2,000 1% 36 12 28
4,000 1% 40 12 32
6, 000 2 40 15 34
10, 000 2% 48 18 52
15,000 2% 48 18 88

*Measured with load center 24" from hcel. On loads more than 4 feet
wide, capacity is reduced by taking the moments from fulcrum, if.e.,
the front axle.

*#*0One-half inch for all at the tip.

®%%0utside to outside.

The characteristics of a typical container designed to be compatible
with fork-lift truck handling methods are:

a. Underclearance or apertures (tine openings) shall be provided at
both ends and on each side. As end handling accounts for one-third of all
material transfer operations, end openings are necessary to permit movement
through narrow doors and aisles.

b. The spread of the fork apertures shall be designed to accommodate
all fork lift trucks that have the capacity to handle the container. In
order to assure maximum load stability, the maximum lateral fork spread
possible shall be used, i.e., for a 5,000 pound container a fork spread of
34 inches outside to outside shall be used.

c. The amount of underclearance or depth of tine aperture shall be
capable of accepting any or all of the convention truck forks including
rough terrain models.

d. The container center of gravity shall, if possible, fall within
the load center limits of the fork length as limited by the truck config-
uration and capacity.

e. Tine openings shall be symmetrically located about the center of
balance of the loaded container.

f. The container body shall be reinforced or protected in those areas
which will make contact with or be exposed to the forks. Figure 142 is an
example of a container that was not protected in the area of the end fork
lift openings. Notice the dents in the bottom of the container.

g. Push or bumper plates should reinforce the periphery of the fork
aperture to resist the pressure exerted by impacting fork ends. Quite often,
containers are pushed and must be provided with bumper plates (sec Figure

143).
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h. When physically feasible, fork openings shail be 12" wide x 3" high.
This size fork 1ift opening will accommodate most sizes of fork lift trucks.
§ i, Fork lift provisions should be fastened to the container in such a
way so as not to impose any load directly on the shell. These provisions
should be attached to reinforcing members which absorb the load or distribute
it more evenly over the surface of the shell.

FIGURE 143. FORK OPENINGS AND BUMPER PLATES

NI, Usnitizetion

Loads are unitized to facilitate handling and to provide stability,
Unitization refers to stacking patterns and/or devices used to interlock
containers into one solid unit capable c¢f convenient and efficient handling,
Smal] containers may be alternately stacked and intervoven or their config-
urstion may provide interlocking capability by nesting(see Figure 144). Quite

often the unitized load is placed on a skid or pallet and is strapped to
these handling devices.

: FIGURE 188, STACKING AND NESTING
5
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large containers may often be equipped with tie bars to connect one
to the other to result in a seclf-supporting rigid structure, These tie
bars must be designed to resist the dynamic effects of the transit environ-
ment (see Figure 145).

FIGURE 18S. TIE BAR FAILURE
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rbere are various techniques applicable to the interlocking process
(see Figure 146). However, regardless of whether the load is unitized or not,
some form of strapping or tie-down is used to restrain the load during
transit. As the location of strapping cannot be controlled or predicted,
the designer must provide a container which will withstand the stress im-
posed by the restraining device(s) along its entire length,

Upper Container

Elongated R M \
Bolt Hole v“‘
Polt A gl o—a \
Skid P~
ir ‘R4 ‘

Tie Bar “|.l} ' 7”' '
Stacking ‘II'!lf f

Pad :

Lower Centainer

FIGURE I1%6. UNITIZING DEVICES

IV, Skids

Any container that must be pushed, dragged, or handled by mechanical
equipment shonld be provided with wooden skids. The skids should be posi-
tioned longitudinally at or near the extreme width of the container to pro-
vide maximum latera) stability and maximum width for fork lift and entry.
Lateral skids should never be used.

Skid height should be such as to ailow about 3 inch clearance from
ground level to the bottum of the container. A minimum of 2 1/2 inches
should be allowed between the top of one container and the bottom of the next
container stacked on it, to permit removal by fork lift.

The bottom edges of both ends of skids should be chamfered as shown in
Figure 147, to reduce the tendency to catch on irregularities of the floor
or ground, and to reduce splitting of skids. The chamfers should not be more
than 3/4 inch high by 1 inch long. Chamfers that are too large hinder effec-
tive end blocking in tranaportation. The blocking contacts the skids so high
that it cannot adequately resist impact loads, and tends to tear loose from
the floor of the carrier. The ends of the skids should also project at least
2" beyond the extreme end of the container.

The inner ends of wooden skids should be backed up by stops, integral
with the structural members of the container, and of sufficient strength and
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EXCESSIVE SKID CHAMFER,
LITTLE BEARING AREA.
IMPACT LOADS APPLEED
HIGH - TEND TO TEAR
BLOCKING LOOSE

END

BLOCKING

NAILED TO
LOOR

wOQ0D
SKID

17777777 77777777777777
FLOOR OF CARRIER

(a) Undesirable

SMALL SKID CHAMFER,
LARGE BEARING AREA.
IMPACT LOADS APPLIED
LOW ON BLOCKING - ALL
BLOCKING MEMBERS
RESIST LOAD

END BLOCKING
NAILED TO
FLOOR

WOOD
SKID

1

77777877, >E77777)’

% -
CHAMFER BOTH ENDS
(b) Preferred

FIGURE 147. SKID CHAMFERS




rigidity to prevent longitudinal shifting of the skids under rail impact
loads (Figure 148). Maximum impact velocity in rail impact tests is eight
miles per hour. When a rail car loaded with containers is rolled into a
string of stationary cars (humped), the containers tend to continue forward,
but the skids are restrained by blocking. If the skids are attached to the
container only by bolts, without the use of stops, relative movement between
the container and skids may occur, causing the wood to split through the
bolt holes.

The skids should also be notched on the bottom with the notch being
the same width as the stacking pad and 1/2 to 1 inch deep. The notched
skids will prevent any longitudinal movement of stacked containers while
the stacking pad design will prevent any transverse movement of stacked
containers (Figure 148).

Additional precautions should be taken to reduce the possibility of
longitudinal splitting, and to prevent the skids from breaking apart if they
do split. The most common method of preventing splitting of wooden skids is
by installing carriage bolts transversely through the skids two or three
inches from each end. Washers should be used under the nuts. These carriage
bolts shall be positioned as shown in Figure 149. When the nut and end of
the bolt protrudes outside of the extremeties of the container, the bolt
hole shall be countersunk on the outside of the skid so as to recess the
nut and end of the bolt within the perimeter of the container. The carriage
bolt shall be positioned so that the head is always on the inside of the
skid.

The incorporation of cushioning, springs, or other shock mitigation
features in skids or between the skids and container structure should be
avoided. Containers having such skids cannot be effectively unitized, or
tied down for shipment unless dunnage is used under the structural members
of the container to raise the skids off the vehicle floor and provide solid
bearing. The skids then are no longer effective in isolating the container
and contents from transportation shocks and vibrations. If the containers
are not blocked, flexible shock mitigation arrangements allow the containers
to bounce as the springs or cushioning alternately compress and recover.
During the compression phase of the cycle, slack develops in the shipping
bands; during recovery, the upward motion of the containers imposes exces-
sive forces on the shipping bands. The condition would be amplified when
the containers are stacked one on another. If rigid, crushable cushioning
is used, and the containers are supported on the skids during shipment, the
cushioning will crush as soon as the design load is exceeded. These materials
provide little or no shock mitigation after they crush because they do not
recover. It may also happen that the material will not crush simultaneously
at all four skids. In that case, the load will become more unstable. Figure
150 shows a cushioned skid that has been damaged by rough handling.

The bearing areas of skids must be adequate to support the weight of
the container without causing excessive stresses in the skids and without
exceeding floor loading limitations. Normally, the most critical floor

9-13




/
I'"Q_ NOTCH

BACK-UP STOP TO PREVENT MOVEMENT OF
SKID UNDER LONGITUDINAL IMPACT LOADS

STACKING PAD

MW

FIGURE Iu8. INTERLOCKING SKID




]

CARRIAGE BOLT

CARRIAGE BOLT

FIGURE 149, LOCATION OF CARRIAGE BOLTS




GiXS QINOIHSND QI9VYWYQE 05! 3¥N914




loading limitations will be those established for aircraft. The designer
should provide enough bearing area to stay within the limitations imposed
by any aircraft in which the missile is expected to be transported.

Wooden skids shall be made of hardwood in accordance with Specification
MM-L-736, ‘‘ Lumber and Timber: Hardwood', number 2 common, unplaned and
air-seasoned.

Under no conditions should green lumber be used for the fabrication of
skids. Green lumber is lumber that has been freshly sawn and has received
no intentional drying, and for oak it may have a moisture content ranging
from 64 to 83 percent. Lumber with a moisture content of this much would
take a considerable period of time to dry to 18 percent moisture content if
it were continuously stored outdoors. The shrinkage and distortion of wood
due to its drying only occurs when the wood is dried to a moisture content
below the fiber-saturation point. The fiber-saturation point for all species
of wood occurs at approximately 30 percent moisture content. Green lumber
may therefore be dried to approximately the fiber-saturation point without
any apparent shrinkage, checking or distortion. Further drying below the
fiber-saturation point may easily cause these defects. Therefore if the skid
13 fabricated when the moisture content is at or above the fiber-saturation
point, subsequent drying of the skid could result in distortion of the skid.

In order to help eliminate this condition, the establishment of moisture
content limits at the time of acceptance, and a further check at the time of
fabrication, should be incorporated. These limits should be set at 18 percent
maximum at the time of acceptance and should be noted as a requirement on the
skid drawing. Eighteen percent should also be specified as the maximum mois-
ture content permitted at the time of fabrication. Figure 151 shows a skid
that was fabricated from wood with an excessive moisture content and was
subsequently dried to a lower moisture content after fabrication.

Wooden skids shall Le preserved by pressure treatment in accordance with
Specification TT-W-571, using pentachlorophenol equivalent to 5 percent
(Specification TT-W-570, in petroleum oils conforming to AWPA Standard P9).

A minimum net retention of 10 pounds per cubic foot or refusal, whichever

is less, should be specified. This method of preservation is used for lumber
products in contact with the ground or water and is suitable for the treat-
ment of products that do not require painting.

Some skids have previously been preserved in accordance with finish
number 25-1 of MIL-ST-171. This treatment is used when painting of the
skids is required. This method of preservation for skids is not recommended,
however, since the skids will be in contact with the ground and water. [t is
also doubtful as to what value painting adds to the skid. The disadvantages
of painting are the increased cost and the bleeding of the prescrvative
through the paint.

Creosote has also been used as a preservative on skids. The main dis-

advantages of this preservative are the objectionable odor, bleeding and
tar deposits. When the container is pushed or pulled during handling, trans-
portation and storage, a tar skid trail is often left behind.
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Water-borne preservatives are another common type of preservative used
for the preservation of wooden skids. The main disadvantage of water-borne
preservatives is that they do not offer adequate protection to the item
since leaching results when it is exposed to water or ground arcas of
moderate or high rainfall. Wood impregnated with it swells upon treatment,
requires re=drying for most purposes, and shrinks upon drying.

Pressure treating with water-horne preservatives could also possibly
contribute to distortion of wooden skids. This type of treatment could
raise the moisture content of the skid to such a degree that uncontrolled
drving could result in checking, warping and distortion,

Wooden skids shall be cut to the final required dimensions before
being subjected to a preservation treatment,

Skids with boxed heart should be climinated. Boxed heart 1. the term
used when the pith (the small softcore found in the structural center of
the log) is located entirely within the four faces of a piece of wood.
This condition 1= known to aggravate many of the defects associated witn
drying. The skid shown in Figure 151 as o good example of o skid that con-
tatns the pith of o tree,

Wooden skids may be laminated (Figure 132) as an alternate constru-tion
method., The laminations shall!l be constructed of group IV woods with each
famination being from 31 to | 3 8 inches thiek, The bonding adhesive shall
be per MMWM- A - 181, When nails are to be used for pressure during cementing,

thev shall be located approximately 172 tnch from the bottom of the skid.

Transverse carriage bolts, assembled according to Figure 149 shall be used

to prevent delamination,

V. Stackinj Provisions

Stacking is the placing of material in a self-supporting pile that
assuyres stability and facilitates removal. The economic axpects of efflicient
space utilization hus imposed upon the container the requirements that at
resist the effects of stacking., Stucked 1n tiers, the container must:

a. Hetain 1ts integrity when subjeet to both the xtatic and dynamye
loads imposed upon i1ts structure.

b. Contribute and provide support to the overall stability of the
stacked configuration.

The physical integrity of o container is the result of ity structural
design and the material used 1n consteuction, In order to retain the intege
rity of a contairer while atacked, 1t should be provided with a load bearing
strueture capable of supporting an extablished weight. The container top
and the stacking pad must not be deformed when one contarner supports
another, and the container should be dexigned xo that 1t can be xtacked in
such a manner ax not to intetfere with the fork 1ift access. For xmall con-
tainers, the body may be required to tesist the loads imposed by staeking.
Hibs or vorrugstions may be pressed of molded 1nto the body of 4 small
contatnetr to provide the required evgrdity.,
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Stacking brackets that are welded onto the container must be structur-
ally strong and must also provide enough area for a strong weld. Two of the
weaker designs are shown in Figure 153 and should be avoided in container
design. These designs, in order to withstand the required loads, must have
gusset plates welded inside their configuration or be made of heavy gage
material. This method defeats the objective of maintaining a minimum weight.
A better method is to design the structural integrity into the bracket
itself. Two acceptable designs are shown in Figure 154.

Large containers may incorporate structural members enveloping and
supporting the relatively less rugged body shell. With the stacking pads
welded to the container shell directly over the structural members, the
necessary rigidity required for stacking is provided (Figure 155). The
structural members functior as a truss and the shell of the container is
theoretically free of any externally imposed forces and merely functions to
envelop its contents. With stacking pads integral to the structural truss,
proper alignment of the load-bcaring truss and unitization of the stack is
facilitated. Such alignment allows the forces, imposed on the container by
stacking, to be transmitted by the structural members, acting as columns,
to successive tiers to relieve the container shell of the need to provide
the required support. Figures 156 and 157 illustrate some of the various
stacking pad designs that have been used on missile containers. The designs
shown in Figure 156 incorporate a lateral stop while those shown in Figure
157 do not provide lateral stops and are, therefore, inadequately designed.
Figure 158 shows damage caused when structural members are not used in con-
tainer shell. Figure 159 shows the damage caused when inadequate structural
members are incorporated 1n the container.

To achieve stability in stacking operations, wide skid spacing with
allowances for the addition of roll rings is desired. Roll rings are intro-
duced to enable a single container to roll or tip without imposing excessive
lateral shock on the item. Roll rings are especially recommended for the
bottom half of the contuiner and, where it is structurally and economically
feasible, are recommended for the top half of the container. This configu-
ration is xhown in Figure 160,

Provisions should be made for interlocking stacked containers to pro-
vide stability and prevent shifting while in transit. Proper skid and stack-
ing pad design will reduce the likelihood of aceidental tipping or shifting
while in storage or transit. The stacking pad should prevent the skid of the
contatner from moving in both the lateral and lengitudinal directions and
provide stability shen subjected to both static and dynamie loads. Two
possible stacking pad-shid configurations are shown i1n Figure lol.

Figure 162 illustrates stacking pad provisions incorporated in desipn
of small centarners,

Stacking patternas and procedures are based upon the grovs weight of

the tontainer and or the limitations of avarlable <pace. [n addition, the
transit envitonment will introduce dynamic loads shich will limit the stack
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(a)

(b)
FIGURE 153. UMDESIRABLE STACKING PAD DESIGNS
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FIGURE IS4. ACCEPTABLE STACKING PAD DESIGNS
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(a)

(b)

FIGURE 157, INADEQUATELY DESIGNED STACKING PADS
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FIGURE 158. DAMAGE DUE TO LACK OF
STRUCTURAL MEMBERS

FIGURE 159. DAMAGE DUE TO INADEQUATELY
DESIGNED STACKING PAD
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to a height less than that permissible in a passive storage environment.
Stacking procedures and technique must consider both situations and design

for that condition which is prevalent and/or most severe. Table 21 provides
guidance to the container designer and is representative of those conditions

which exist intoday’s environment of worldwide distribution.

TABLE 21
STACKING LIMITATIONS

re—

Container Gross Weight Normal Stack Height

5,000 lb. and up Generally not stacked because
of si1ze and weight,

2,500 to 5,000 1b, 2 High

2,500 lb, or less 3 High or to a height of 15 ft,
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CHAPTER X

BREATHING AND DEHUMIDIFICATION :
GENERAL

As a result of evaporation, the atmosphere in which we live always
con.ains some moisture in the form of an invisible vapor. The amount of
water vapor contained in a unit of atmosphere is a function of the tempera-
ture. As the water vapor becomes more dense, the pressure it exerts becomes
greater until the air has absorbed all of the vapor possible at that temper-
ature at which time it is said to be saturated,

The volume of atmosphere confined within a scaled container consists
of a mixture of dry air and water vapor each contributing to the total
pressure an amount equal to that it would exert if allowed to occupy the
entire space alone, (P = Pa ¢ Pw, Dalton’'s Law), It has been found by test
that the saturated vapor pressure of a liquid has materially different
values when measured at different temperatures. A rise in temperature
causes the confined atmosphere to become less dense and is accompanied by
an increase in pressure. A fall in temperature increases the density of
the mixture and if the temperature falls to a sufficiently low value, the
atmosphere becomes saturated and the vapor begins to condense forming cor- i
rosive dew. Also at this temperature level, the pressure exerted by the
confined gas is reduced and may result in a vacuum.

The General Gas Law which merges the relations discovered by Boyle and
Charles, establishes the relation between pressure, voiume and temperature
of a fixed mass of atmosphere:

PV = MRT

For a given mass of confined atmosphere, as in a structurally rigid §
container, the constant MR and the volume V are of fixed values; consequently §
the relationship becomes:

_E_ - MB constant
T v
therefore: T is directly proportional to P.

As temperature T is directly proportional to the pressure P, it becomes
evident that as the temperature rises, the pressure of the confined atmos-
phere increases and as the temperature drops, the pressure decreases, 1

In addition to temperature fluctuation, the effect of pressure varia-
tion is of concern to the container developer. At sea level, the atmos-
pheric pressure is approximately 14.7 psi and decreases with elevation to
a value of approximately 4.4 psi at 30,000 ft. As such, a sealed container ;
must be capable of withstanding this pressure differential in addition to L
the effects of the temperature variance of these altitudes, T

i
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TARLE 22

ALTITUDE/PRESSURE CHART

PERCENT
ALTITUDE PREGSURE CHANGE PER
(re.) (Psia) 100 FT.
)] 14.7 -
1,000 14.2 A%
3, 000 13.7 Y
3, 000 13.2 4%
4, 000 12.7 4%
8, 000 12.2 4%
7, 800 11.1
10, 000 1. 1
13, 800 9.17
18, 000 8.3
17, 800 7.80
20, 000 6.70
28, 000 8.48
30, 000 “n
38, 000 3.47
40, 000 273
48, 000 2.18
280, 000 1.00
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TABLE 23
ALTITUDE/TEMPERATURE CHART

o -80.0 100

1, 000 -48, 8 99.3

3, 000 -33.0 98. 4

3, 000 -10.3 onLs

4,000 -18.0 07.0

8, 000 -16.0 (TR

7, 800 -18.0 7%.8

10, 000 -18.0 3.9
13, 500 -20.8 54.0
18, 000 -3.1 “.9
17, 800 -.8 8.1
20, 000 -48.1 2.8
28, 000 -63.0 6.7
30, 000 -85.3 -13.3
38, 000 -88.0 -30. 1
40, 000 -86.0 -44.8
48, 000 -90.8 -48.0
80, 000 -123.9 ~40.8

*Probadle extreme ainimm and predadle extrame
Ne3inum temperetures.

The combination of these physical phenomena (thermal, humidity and
elevation) and their effects upon the container and its contents are of
prime concern to the designer.

One of the many functions of a containe: is to protect its contents from
the deteriorating effects of moisture without compromising those character-
istics favorable to the logistic aspects of "worldwide distribution.” A
container subject to "worldwide distribution” will, at some time, be ex-
posed to any or all of the conditions resulting in the phenomens previously
described.

Early effort to protect sensitive and sophisticated materiel utilized
a pressurized sealed container purged of moisture laden atmosphere. The
need for a perfect seal and a structurally sound container body imposed a
weight penalty not compatible to an economical logistic pattern. The sealing
effectivensss was marginal and the resultant weight required to withstand
the pressure differential was considered objectionable, particularly when
subject ro air transport.

To provide a lightweight effective container, capable of performing its
protective functions in a "worldwide distribution® environment, a new con-
cept was developed; that of free breathing, Free-breathing containers are
based on the use of tubes open to the atmosphere which allow the container
to "breathe” when subject to pressure differentials., The tubes, open to the
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atmosphere, provide an air passage to equalize the internal and external
pressures of the container, This technique permitas the use of thinner,
lighter weight materials and precludes the need for a perfect seal. The
tubes provide an air passage but, by design, impede the transfer of mois-
ture vapor. An empirical ratio of 1:10 has been established for the tube
diumeter to minimum length. The tubes may be bent to restrict the entrance
of rain or sea wate:; however, any trapped water may freeze during air-lift,
destroying the ability of the container to breathe.

The present state-of-the-art makes available high flow breather valves
to permit application of the controlled breathing technique. These valves
(pressure and vacuum relief) constantly adjust the container pressure to
changes in the atmospheric pressure and prevent excessive pressure differen-
tials during airlifts. Controlled breathing in conjunction with the use of
a dehydrsting agent minimizes the corrosion introduced by excessive humidity.
Controlled breathing permits the use of lightweight materials; minimizes the
complexity of the system and results in less hazardous operation.

Sealed containers exposed to the 24 hour diurnal cycle subject the en-
cased atmosphere within their confines to fluctuations in pressure., As the
temperature of the external environment rises and falls during a 24 hour
period, (diurnal cycle), the internal temperature of the container will also
riase and fall. It has been shown that the pressure varies directly as the
temperature and as the temperature rises, the internal pressure increases,
Also, ss the temperature drops, the internal pressure decreases proportion-
ately., A perfectly sealed container must provide sufficient structural
rigidity to withstand the effects of pressure fluctuation caused by the
diurnal cycle, In addition, the change in temperature of the encased air
may approach the dew point and cause condensation of the suspended water
vapor. This small amount of condensate can be conveniently and effectively
absorbed by lesiccants, & dehumidifica.ion technique to be discussed in
subsequent sections of this chapter. A sealed container is both logisti-
cally and economically unfeasible and the level of protection initially
provided will graduslly diminish as the result of gasket' and seal deteriora-
tion and will in time perform as en imperfectly sealed structure or free-
breathing container. Ccnsequently, the perfectly sealed container is not
recommended and iz discussed only for its historical significance.

Imperfectly sealed containers, both free and controlled breathing, will
when heated, exhaust air from within their confines. Conversely, as the air
cools, the internal pressure will drop creating a vacuum causing air to
enter the confines of the container, In effect, the contsiner breathes and
by so doing, maintains equilibrium between the internal pressure of the cen-
tainer and the atmospheric pressure of its environment. Consequently, free-
breathing containers are not exposed to a pressure differential and the
destructive stresses imposed upon a sealed structure. Controlled breathing
technique minimizes the pressure differential and subjects the structure to
negligible stress forces.

e e,




The advantages provided by controlled and free breathing are unfortuna-
tely offset by the periodic introduction of new moist air which must be
purged of its vapor content. The new air, introduced by the breathing cycle,
can be effectively dehumidified by desiccants.

"Fundamentals of Guided Missile Packaging” includes the following state-
ment: "An indoor temperature rise of 5°F will force approximately 1% of the
contained air out of an imperfectly sealed structure.®™ It may be assumed
that the reverse is true and that with a temperature drop, the same amount
of air as that exhausted will be replaced by moist air entering. In certain
environments (desert) it is not uncommon to experience a 50°F temperature
drop during the diurnal cycle. Based on the above ratio of 1:5, the container
will exhaust and replace 10% of its initial volume during a 24 hour period
and the moist air entering must be dehumidified.

In addition to the amount of air displaced and replaced by the phenomena
of breathing, of prime concern is the rate at which breathing is performed.
In certain situations, (rapid descent of cargo aircraft; abnormal temperature
drops; etc.) those factors affecting the breathing cycle may change radically
and within a matter of minutes. The flow of air through the breather ports
or valves must be adequate to avoid subjecting the container structure to the
destructive forces of a momentary pressure differential.

o g R

TABLE 24
AIR TRANSPORT DATA
Temperature Allowable
Rate of Ascent Car Maintenance Floor Bearing
Cargo at Sea Level Co-rargﬁent Level in Carso Pressure
AMr-Craft Ft/Min Pressurization Compartment °F Lb/Ft
HU-1A 2, 060 NO - 300
H-34 - NO - 200
H-37 - NO - -300
C-46 - - - 185
C-47 - - - 125
C-54 - - - 200
c-118 1,000 YES 68° - 74°F
c-121 1, 100 YES 68° - 74°F
€-123 845 NO* Equipped with 200
Heaters
C-124 3Co NO* Equipped with 200
Heaters
c-130 1,950 YES 88° - 74°F 288
c-133 1, 300 YES 68° - 74°F 300
C-135 2, 500 YES 68° - 74°F
c-141 YES Fquipped with 200
Heaters

*Normal flight altitude 10,000 to 14,000 feet.
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BREATHING AND ITS RAMIFICATIONS

In addition to those characteristics discussed in previous chapters,
the missile container may be further classified as to its ability to provide
climatic protection. The most common types are tabulated below in an order
reflecting the progressive level of protection provided:

Open containers

Vented containers

Free Breathing containers
Controlled Breathing containers
Sealed containers

moOom>

A. Open Containers are merely fixtures which function to support their
contents. They often are equipped to provide physical and mechanical pro-
tection. The container as such, provides no climatic protection nor does
it function to resist exposure of its contents to those elements peculiar
to the climatic environment. Any climatic protection provided must be by
auxiliary devices (barrier bags, etc.) divorced from and independent of the
container per se.

B. Vented Containers are those which provide protection against many of

the climatic elements (rain, snow, etc.) but are functionally open to the
atmosphere and will not resist the penetration of mcisture laden air. The
vents perform to maintain pressure equalization between the interior of the
container and the prevalent atmosphere. In addition, the vent holes usually
located in the bottom of the container serve as drains through which any
accumulated condensate may escape. When used, vents should be located to
permit the unrestricted drainage of condensate and yet, not permit the
penetration of rain, etc. In addition, drain holes should be screened or
baffled to discourage the entry of rodents, snakes, etc.

C. Free Breathing Containers are in essence, vented containers having the
additional capahility of minimizing the amount of moisture vapor entering
the container. This is accomplished by the use of vent tubes whose con-
figuration functions to maintain the humidity level within the container
once equilibrium has been established. Vent tubes provide an air passage
and are open to the atmosphere but by their design function to impede the
transfer of moisture vapor. This feature permits the container to breathe;
to adjust to the variances in atmospheric pressure without exposing the
contents of the container to the moisture prevalent under these conditions,
Diffusivity of water vapor in air is so low that, for practical purposes,
insignificant quantities of water vapor will pass through tubes of length
ten times the diameter, If a tube is used which has a length determined
from two components, i.e., a length sufficient to meet this criterion plus
an additional length sufficient to contain the "slug" of air expelled from
and later returned to the container, infiltration through the breather
will be negligible. Tube length may become very great for large oon-
tainers and thus be impractical. Tests conducted at the Naval Gun Factory
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have established an inside diameter of 1/4" as minimum for vent tubes tc
effectively drain any accumulated condensate.

Functioning as an air vent, the tube or tubes, must be of sufficient
size to permit passage of the displaced air within a reasonable time. The
descent of cargo aircraft (see Table24) may subject the container to a rapid
change of external pressure. It becomes imperative that the internal pres-
sure of the container be equalized and maintained during the external pres-
sure build-up. The ability to perform adequately is dependent upon the vent
tube diameter, The following derivation is presented to acquaint the designer
with the factors affecting the selection of the vent tube diameter,

a, A review of the data contained in Table 22 indicates that the
most severe change in atmospheric pressure occurs in the first few thousand
feet of altitude above sea level. The percent of change however remains
constant at 4% and this value has been selected as the maximum rate for
determining the flow through vent tubes.

b. As container breathing is most pertinent to the air transport
environment it becomes essential to establish the rate at which the maximum
pressure change will occur, The characteristics of Military Cargo Aircraft
are contained in Table 24 and permits the selection of that rate of ascent or
descent peculiar to the particular aircraft to be used during delivery.

. *

c. A relationship has been established between known factors
which when presented in mathematical form will permit the designer to calcu-
late the minimum flow through the vent tube to maintain the desired equili-
brium.

F = flow rate in ft3/min.

AP = Percent of change in pressure per 1000 ft of
elevation

R = Rate of change in altitude in 1000's of ft/min.
F = (AP)(R)(V)

V = Effective volume of the container in cubic feet
(Use volume of empty container if reusable and
subject to air transport in empty condition;
otherwise, use effective volume by subtracting
the displacement of the contents from the total
volume),

Considering the maximum percent of change in pressure to be 4% per 1000
feet and the rate of change in altitude to be 2000 fpm (maximum rate of
ascent for contemporary military cargo aircraft), the formula may be modified
to show the relationship between the required flow rate and the effective
volume of the container:

F = (AP)(R)(V)

F o~ (,04)(2)(V)

F = ,08(V)
*drizona Gear Nanufacturing Company
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d. The ability of a tube to satisfy the required flow rate is
dependent upon its diameter. The flow rate within a tube with a comparati-
vely small differential pressure between its two ends may be expressed
mathematically by the formula:

e
"

Flow rate in ft3/min

pressure differential at the two ends

5 of the tube in psi
F = 58 E%IT = inside tube diameter in inches
Weight of one cubic foot of the air

entering or leaving the container in
pounds

o
[}

= o
"

(See Machinery Handbook)
L. = Length of the tube in feet
The basic formula may be modified to permit direct calculation of the

minimum tube diameter. As the ratio of length to diameter has been estab-
lished as 10 to 1; L may be expressed in terms of d and in the same units:

5
pd 10d
F - 584/ E— .=
WL L="1
pd5 L =€%<i
F = S04/ ——
(W(5/6)d
4
6 pd
F = 58 P
5W
d =

A /.000248 F2W  inches
p

Example: Find the minimum diameter of a vent tube to effectively protect a
container having a volume of 42.4 ft”, The container will be reusable and
will be returned by air transport empty of its contents. The cargo aircraft
will be a C-133 whose rate of ascent is within the established 2000 ft/min,

1. Find the rate of flow necessary to maintain pressure equili-
brium between the confines of the container and the prevalent
atmosphere,

F = 0.08V = (.08)(42.4)
F = 3.39 ft3/min

2. The pressure differential at both ends of the vent tube may be
assumed to be 1 psi (internal pressure of container at sea level und the
pressure at 2000 ft of elevation (see Table 22).

3. The weight of one cubic foot of air is a variable, dependent
upon the prevailing altitude, temperature and relative humidity. MIL-STD-210A
sssists in the selection of u suitable value: W = 0,076 1b/ fr 3,
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4. Substituting these values in the formula:

000248 Fw
p

.000248) (3.39)2(0.
4.4 | G000 8)(?1?9) (0.076) _ o0

5. The winimum tube diameter required has been calculated as
0.121 inches; however, it has been previously determined that to permit
tube condensate drainage, the tube diameter can be no smaller than 1/4".
Consequently a vent tube having an inside diameter of 1/4" should be used
and applying the established 10 to 1 ratio, the length of the tube shall be
no less than 2 1/2 inches, An additional length should be provided suffi-
cient to contain the "slug" of air expelled from and later returned to the
container as discussed above, A large increase in length necessitates the
recalculation of the flow rate to insure that the diameter is adequate,

NOTE: Free breathing containers should be equipped with an effective seal
to assure that the majority of displaced air will pass through the
vent tube and be subjected to the dehumidification discussed in
subsequent sections of this Chapter,

D. Controlled Breathing Containers are a sophisticated version of the free
breathing container and the required rate of flow can be calculated in the
same manner as previously discussed. The breathing of the container is
accomplished by incorporating into the assembly, a precision valve or valves
calibrated to open and/or close when subjected to a pressure differential,
The state-of-the-art makes available an assortment of commercial valves
rated according to their flow capacity and sensitivity to pressure change,
MIL-V-8712 (ASG) classifies and establishes the performance characteristics
of low pressure air relief valves; however, this document does not reflect
the advance of this technology since 1954, Consequently, commercial breather
valves must be qualified by test for each application until suitable speci-
fications have been developed and hardware qualified.

There are valves available which will open or "crack” when subjected
to a positive pressure. There are valves which will "crack® when subjected
to a negative pressure or vacuum, [n addition, there are combination valves
(Figure 163) which “crack” under both conditions.

The valves or valve will when installed, function to regulate the in-
ternal pressure of the container by "cracking® to either exhaust or take-in
air when a variance in pressure is =xperienced by a change in altitude or
due to temperature fluctuation.

A container equipped with controlled breathing valves will, when closed
and sealed at sea level, have an internal pressure of approximutely 14,7 psi.
When subjected to an air lift, and upon attaining an altitude of 4000 ft.,
it will be subjected to an external pressure of 12,7 psi. When exposed to
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these conditions, the container is said to be under a pressure differential
of 2 psi (14.7-12,7). The internal pressure variance causes the positive
pressure breather valve to "crack” exhausting air from within the confines
of the container. Upon discharge of air, the container experiences an in-
ternal pressure drop. The valve remains open until the internal pressure
has stabilized to a level equal to or slightly less than the external pres-
sure of the atmosphere, at which time it closes. Similarly, the negative
pressure breather valve will function under the opposite conditions as
experienced during descent of the aircraft, The atmospheric pressure at
sea level is greater than the adjusted internal pressure of the container
and the valve "cracks" to suck in air and maintain pressure equilibrium.

The sensitivity of the valve can be calibrated and set to respond to
a particular range of pressure differential, The recommended setting has
been found to be 42 1/2 psig and -2 1/2 psis. Exhaust valves should he
set to "crack” when subject to a pressute variance of +2 1/2 psig. Intake
valves should be set to "crack” when subjected to a vacuum of -2 1/2 psig.

As breather valves function to introduce new air into the confines of
the container, a dehumidifier will be required to purge the new air of its
molsture content,

The choice of a combination two-way valve or two one-way valves is »
matter of economics; however, a manual release should be provided under
either condition to bieed off residual pressure or vacuum prior to the
opening of the container,

E. Sealed Containers refers to those purged of air by the introduction of

pressurized dry gas. The effectiveness of pressurization is dependent upon
the quality of the container seal and any protection provided is marginal.

This technique results in & heavy structurslly rigid container not compatible
with the logistic requirements of a mobile Army. The sealed contsiner is
mentioned only for its historical significance and is not recommended for
missile applications.

DEHUMIDIFICATION

Moisture laden air, ercased or introduced to within the confines of a
container must be purged o/ its moisture content, The air must be dehumidi-
fied to protect the contents from the corrosive effects of the condensate
which will ultimately form wher the container is exposed to the eavironment
of its logistic pattern.

Dehumidification is accomplished by the use of a desiccant which, having
an affinity for water, will extract the moisture from the air within ita
sphere of influence. Desiccant, used for military packaging are usually
chemical agents satisfying the nerformance requirements of MIL-D-3464R.

The performance of 8 desiccant ia Lased on the principle of partial
pressure. A volume of moisture laden aitr when confined, exerts a pressure
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comprised of the partial pressure of its dry air content and the partial
pressure of its water vapor content. The affinity of a desiccant for water
is due to the pressure differential of its water vapor content and that of
its atmosphere. Water vapor will diffuse from the relatively higher partial
vapor pressure of the moist air to the lower level of the desiccant until ;
dynamic (psychrometric) equilibrium is attained and no further net transfer
takes place. This phenomenon is known as adsorption, and results in a reduc- ?
tion in the moisture content of the air exposed to the action of the desiccant. ‘

i

There are many compounds which will function as a desiccant; however,
that used most extensively in Military packaging is silica gel. Silica gel
is commercially available from numerous sources and its performance and
application is effectively regulated by the following documents:

MIL-D-3464B Qualification of Desiccants
MIL-P-116D Quantity of Desiccant Needed
MIL-C-3263 Desiccant Containers

Silica gel is a granular, amorphous form of silica, made from sodium
silicate and sulfurir acid, It has an almost infinite number of submicro-
scopic pores whic’ attract water vapnr, condense it, and hold it as a liquid
by the physical phenomena known as surface adsorption and capillary condensa-
tion. It can adsorb approximately 40% of its weight of moisture at 100%
relative humidity. The adsorption process is purely physical, therefore
harmful compounds are not formed when water is adsorbed. The volume of
silica gel remains unchanged as water is adsorbed. Saturated silics gel
neither appears nor feels wet. It will however, dissolve if soaked and
therefore should never be located in the container as to come into direct
contact with any accumulation of condensate. Silica gel is available in a
variety of particle sizes however under static equilibrium conditions the
size and shape of particles is usually unimportant. A few properties of
silica gel are shown in Figures 164 and 165.

The process of adsorption and activation are completely reversible, as

a result silica gel can be reactivated an unlimited number of times rithout
loss in efficiency or adsorption capacity.
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Desiccant dehumidification can be applied by static, automatic, or
dynamic means. In dynamic dehumtdification machinery is employed to remove
excess moisture from an enclosure. Normally, the air to be dehumidified is
drawn from the enclosure and forced through abea of desiccant where it is de-
humidified. The dried air is returned to the enclosure where after collecting
additional moisture it is again recirculated through the machine. Generally,
dyramic dehumidification ix used in the dehumidification of large spaces,
over 4000 cu ft in volume. As missile and rocket containers are well below
this volume, they can be dehumidified using automatic or static dehumidifica-
tion.

Automat ic dehumidification refers to a solar radiation breather in which
air drawn into an enclosure i1s forced to pass through a bed of desiccant,
usually silica gel. Therefore, only dry air can enter during in-breathing.
During cut-breathing, solar radiation is utilized for the reactivation of
the desiccant.

Static dehumidification utilizes a quantity of activated desiccant placed
in the space to be dehumidified. The initial charge must be sufficient not
only to reduce the relative humidity of the air, but also to remove any water
which may be present in or on the item stored.

Containers equipped with either free or controlled breathing devices will
require consi‘zrably more desiccant than those that are hermetically sealed
and in addition, will require periodic inspection to assure effective perform-
ance of the desiccant., Indicators and detectors are available which will
automatically register to show, by visual inspection, that the desiccant has
become saturated and its affinity for moisture has been exhausted.

The procedure established to regulate the use of desiccants to assure
effective application is adequately documented. Standards have been estab-
lished and formulae developed to assist in the selection of the amount of
desiccant required for the various conditions and amount of air to be de-

humidified.

MIL-D-3461'B defines the unit weight of a desiccant and specifies that
it shall not exceed 50 grams. As the unit weight will vary with the capacity
adsorption of the spe-i1fic desiccant agent, general calculations must consider
the maximum weight which may be used. Consequently, the subsequent formulae
will consider a unit of desiccant as 50 grams,

DESICCANT REQUIREMENTS FOR SEALED CONTAINERS

MIL-P-116D presents two formulae which apply only to sealed containers
where the vapor transmission rate of the barrier material used is so low as
to be considered negligible. Under these conditions, the desiccant will be
required only to dehumidify the encased air and will not be subject to any
appreciable amount of additional moisture vapor introduced after sealing.

NOTE: When sealed containers are subjected to periodic imspection, or their
seal is broken at any time, the initial desiccant charge must be re-
placed by either a new or reconstituted desiccant.
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Formula No. I - To find the units of desiccant for use within flexible
sealed moisture barriers other than rigid metal containers:

U= 1,6A + XD

Formula No. II - To find the units of desiccant for use within sealed
metal containers functioning as rigid moisture barriers:

U =KV + XD
Where:

U = number of units of desiccant required
A = surface area of the moisture barrier in square feet

D = pounds of dunnage (cushions, braces, supports, etc.)
other than metallic objects encased within the barrier.

V = Volume of the container in cubic inches or cubic feet

3

K = 0.0007 when volume is expressed as 1in

3

K = 1.2 when volume is expressed as ft

X = 0.5 for synthet:. foam or rubber dunnage
X = 2 for glass fiber .Junnage

X = 6 for bound fiber (hair) dunnage

X = 8 for felt, wood and cellulosic dunnage

DESICCANT REQUIREMENTS FOR FREE OR CONTROLLED BREATHING CONTAINERS

The desiccant used in conjunction with free or controlled breathing
must have sufficient adsorption capacity to dehumidify not only the initial
air encased with the container but also that additional air which will be
introduced by the breathing process. The units of desiccant required to
dehumidify the initial air can be determined by applying formula I or II.

Additional units of desiccant will be required to compensate for the
breathing experienced during long term storage and/or the diurnal cycle.
The additional units of desiccant required to protect under these conditions
may be determined by the use of the following formula (see "Fundamentals of
Guided Missile Packaging" - Klein):

Formula III (NOTE: Applies to silica-gel desiccant)

VT, (T)-Ty) DMR

(1-¢)
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P = Pounds of silica gel required

V = Volume of container in cubic feet

*Ty = Average daily high temperature inside container, °R.
Subtract low from high ambient values, multiply differential
by 1.6 in spring, 2.0 in summer, 1.6 in fall and 1.2 in
winter and add to Ty.

*Climatic extremes for military equipment may be found in MIL-STD-210CA,

T9 = Average daily ambient low temperature, °R
Ty = Arithmetic average daily ambient temperature, °R
D = Storage time in days

M = Pounds of water to saturate one pound of dry air at
temperature Ty

R = Average relative humidity of ambient air being drawn
into container

C = Reactivation constant for silica gel. Determined as
0.312 experimentally

S3 = Cubic feet occupied by one pound of dry air at tempera-
ture Ty,

E = Equilibrium percent water adsorption of silica gel in
contact with air at average relative humidity during
that part of the day when air is drawn into containers,

I+ equation III, the number 2 is an empirical factor of safety neces-
sitat.ed by tae number of assumptions required. For ocutdoor storage under
tropical conditions (T = 80° to 135°F, RH ~ 906%). It _has been estimated
that the quantity of silica gel should be 0,273 1b/ fe3 yr.

For complete protection encumpassing all the environments peculiar to
"worldwide distributinn®, the desiccant charge must iaclude =ufficient
units to provide far the many changes of air which the container may ex-
perience when subjected to ropid variations in atmospheric pressure peculiar
to the air transport media »nvironment, The amount of additional desiccant
required may be determined by estimating the number of flights that the
container will experience during the deliver; phase of its logistic cycle,
As the container gains altitude, the pressure iaside exceeds the external
ambient pressure and the container exhales at intervals set by the sensi-
tivity of the pressure reliefl valve if the container is of the controlled
breathing type. If the container is free breathing, it wil! exhale con-
stantly. When gaining altitude the contai~er >xhales dry desiccated air,
however in descent, the container will inhale moist uir. From MIL-STD-210A
and similar dats the external temperature at any altitude can be found,
With a psychometric chart, the water content in weight per unit volume of
air can be determined. Calculate the quantity of air inhaled by applying
the general gos laws. Knowing the above, the amount of dericc at required




to remove the water content of the inhaled air can be calculated. This
desiccant should be added to that required for initial and storage desicca-
tion.

In summation, one may consider the amount of desiccant used as a func-
tion of the container and its moisture barrier characteristics and as a
function of the environment in which the container will operate. Overall,
worldwide protection must consequently provide for either or all of the
following:

1. Initial desiccation, which is the removal of moisture
present when the container is sealed.

2, Transportation desiccation; che protection needed
during shipping.

3. Stourage desiccation; the protection needed during
container storage,

Illustrative examples of the procedures used in calculating desiccant
requiremexts of cortainers:

Example I: A shipment is enclosed in a rectangular flexible sealed
moisture barrier 24" x 36" x 18" and contains 10 pounds of wood dunnage.

Solution: The amount of desiccant required for this type package
depends on the surface area of the moisture barrier and the weight of
dunnage within the barrier. Using formula I:

U= 1.6A + XD

by
Ny, z

— e —

in® ft2
A= (2 (24)(18) ¢+ 2(36)(18) + 2 (24)(36)] — — 3
144 1in
L. B64 v 129 « 1728 £ 2
144
31888
A-——
144
A s 27 2

X = 8 (for wood)
D= 10 1b

1= (1.6)(27) « (8)(l0)
1 » 43,2 + 80

Answer: U 123 units of desiceant
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Example II: A modular aluminum container is hermetically sealed. It
is 12 inches square and 4 feet long. [t contains 7 pounds of {iber glass
cushioning.

Solution: The amount of desiccant required for this type of container
dcpends on the volume of the container and the weight of the enclosed dunnage,
Using formula 11:

U =KV + XD

K= 1.2

Ve (1)(4) = 4 fe3

X = 2

D=71b

U= (L2)(4) + (2) (T)

U

4.8 + 14

Answer: U = 19 units of desiccant

Example I1l: A steel centainer 3 ft in dia and 6 ft long is to be stored
for six months in a tropical atmosphere with 90% relative humidity, the
temperature varies from 70°F to 85°F, The container is free breathing and
is sealed in the field at the above conditions. FElastomeric mounts are used
for suspending the packaged item., Find the amount of silica gel required to
prevent corrosion,

Solution: Formula [ll can be used to find the amount of desiccant
needed; however, this formula assumes that the container is dry when sealed.
As this is not the case in this example, the amount of desiccant required as
an initial charge to dry the container 18 calculated from formula 11, The
volume of the contained item 15 not subtracted from the volume of the con-
tainer thereby providing an added factor of safery.

K= 1.2

ﬁdzl n(3)2 (6)

1 4
U e KV o XD
Ve 42,4 3
Deo
ol (1,2)(42.4) « X(0)

Inctral Charge U = 51 units of MIL-D-34648 desiccant
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Using formula III:

2V T3 (T) - Ty) DMR (1-C)
T) Ty S3E

Ve 42,4 ft3

70 + 85
Ty = -—-E—--- 77.59F = 77.5 ¢+ 460 = 537.5°R

T, = 85° - 7T0°F = 15° ; 2.0(15°) = 30 ; 530 + 30 = 560°R
Ty = 70°F = 70 + 460 = 530°R
D+ 6 mos. = 180 days

M= 0.019 Found from a psychrometric chart for air. Dry bulb
temperature 77.5°F; wet bulb or saturation temperature 75°F

R = 90%

C = 0.312

S3 = 13.8 Found from a psychrometric chart for air

E = 41% Found by extrapolating Figure 165; using a temperature of
77.59%F for the silica gel and a wet bulb or dew point tempera-
ture of 75°F. This can be checked by using Figure 164; with a
relative humidity of 90%, Figure 164 canbe used because 1t was
derived for a temperature of 77°F which by chance are the con-
ditions of our problem,

Substituting into Formula 11l and solving:

2(42.4)(537.5)(560-530) (180)(0.019)(.9)(1-,.312)
(560) (530) (13.8) (.41)

P=1.71b of silica gel

DESICCANT HOLDERS

Standard commercial types of desiccant holders, usually eylindrical
in vonfiguration, are avatlable, They consist of o perforated holder body,
a cover with a sealing gasket, washer and a nut. Also provided ix an 0"
ring seal to be installed between the holder body and the outer container
wall, This type of holder ix adapted to the contaaner by means of a hole
in the contarner wall (Figure fon) and eliminates the need for opening the
coptainer to gatn access Lo the desicecant,
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CONTAINER WALL

FIGURE 166. COMMERCIAL TYPE DESICCANT HOLDER




The addition of a boss or other modification to the container may be

necessary in order to effect a seal when it is intended to install the des-
iccant holder in a curved surface.

The covers for these holders may be provided with various breather
valves in their centers. This eliminates the need for an extra hole in the
container body.

Custom designed baskets have frequently heen used as desiccant holders.
These vary in size and configuration, depending on capacity required, loca-
tion, and the availability of space within the container. These baskets may
be made of perforated metal (Figure 166), expanded metal (Figures 167 and
168), or of wire (Figure 169).

Whichever type of desiccant holder is used, it should be located at
the same end of the container as the breather valve and the humidity indi-
cator to facilitate replacing of the desiccant and allowing the containers
to be stacked in storage with their ends against a wall thereby making
optimum usage of the space available.

Studies have shown that the location of the desiccant, with respect to
the humidity indicator, has no substantial effect on the relative humidity
reading. Provision should be made for replacement of the desiccant without
opening the container, by providing a secaled opening through which the
desiccant basket can be reached. A typical example of such an access door
is shown in Figure 170.

HUMIDITY INDICATORS

There are three general types of humidity indicators that have been
used on missile containers. They can be classified as follows:

I. MHexagon head humidity indicator plug
2. Round head humidity indicator plug
3. Card type humidity indicator

The hexagon bead humidity indicator plug is an exterpally mounted inda-
vator which consists of a metal housing, a revaining gasket, and a washer
and nut. A hole s dritled 1n the contatner and the nut is welded over the
hole on the inside of the container. The plug 15 then threaded into the nut
with the gasket providing o seal (Figure 1T1). The humidity card may be
changed by using a standard adjustable or open end wrench to remove the
plug from the container. An tnternal hex wrench 1s then used to remove an
intetnal nut from the plug so that the card may be removed. A variety of
humidity cards is available for use in the hexagon head plug (Figure 172).
These 1ndicators can be either ' go-no-go®™ gauges (Figure 172a) or multiple
range tndicatoprs (Figures 172L, o, d)

The availability of such cards and the ared of only standard tools
for removal and replacement makes the hesagon head indicator plug cspecially
adaptable for use on missile contarners,
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EXPANDED METAL DESICCANT BASKETS

FIGURE {68.
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FIGURE 169. WIRE DESICCANT BASKET
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CONTAINER WALL

FIGURE 171, MEXASON HEAD HUMIDITY IHDICATOR PLU
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REPRESERVE

WHEN PINK a

(a) (b)

FIGURE 172. CARDS FOR USE IN PLUG-TYPE HUMIDITY
INDICATORS. MULTIPLE RANGE CARDS
SHOWN IN (b) (c) AND (d)
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The round head indicator plug is similar to the hexagon head plug
except that the head is round and slotted (Figure 173). This type, in
addition to a standard adjustable or open end wrench, requires a special tool
to remove the plug from the container (Figure 174). The tongue of the
special tool fits into the slots and a wrench is then used to turn the tool.
Removal and changing of the humidity card is then accomplished in the same
manner as in the hexagon head type. This type of indicator is generally
used when the humidity indicator is to be placed in a well in the container
wall for physical protection (Figure 161). Nced of a special tool for re-
moval makes this type less desirable for use on containers than the hexagon

type.

A card type humidity indicator has also been used on missile containers
(Figure 175). This type consists of a paper or cardboard card with indicator
spots impregnated on it. The card type indicator is hung inside the container’
and requires a window in order to be read without opening the container. When
used in prossurized containers, this window would require a seal. In some in-
stances, a light source would also be necessary to read the indicator. These
requirements mnake the card type indicator the least desirable for use in
missile containers,

A direct reading humidity indicator plug (Figure 176) is also available
for use on missile containers. It incorporates the use of a sensitive bi-
plastic element which bends in response to changes in relative humidity. As
the RH changes, the end of the element moves across a scale printed on the
face of the indicator giving a direct RH reading. The scale gives a contin-
uous reading over a range of RH's within a temperature range of 32°F o
140°F. The readings are accurate to within 5% and no temperature correction
factor is needed. This scale can be calibrated to cover any range of FH
desired. The response time of the element is short, requiring only minutes
to register a change in HH. Instructions for represervation when a certain
RH level is exceeded can be printed on the face of the indicater surrounding
the dial or on the container itself. This indicator plug 1s a hexagon head
type and is mounted in the same manncr as the color change hexagon head type.
Complete removal and changing of the element requires only a standard adjust-
able or open end hex wrench.

It is recommended that in order to standardize the use of humidity
indicators, the general requirements of MIL-1-26860 be satisfied. This
specification requires a plug type indicator which can be removed and re-
placed using only common hand tools. The hexagon head type best meets this
requirement and the availability of multiple range cards or direct reading
elements makes the hexugon head type adaptable to any Rl requirements. Since
the round head type requires a special tool for removal, it is recommended
that the hexagon head plug be used as the standard humidity indicator.
Choice of card or direct reading type depends on the individual requirements
of the item being packaged.

The humidity indicator and desiccant basket should be located at the
same end of the container in order to facilitate removal and servicing.
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FIGURE I73. SLOTTED ROUND HEAD NUMIDITY
INDICATOR PLUG

FIGURE 178, SPECIAL TOOL FOR INSTALLATION
AND REMOVAL OF SLOTTED ROUNY
HEAD HUMIDITY INDICATOR PLUG
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HUMIDITY INDICATOR

WARNING IF
PINK

CHANGE
DESSICANT
IF PINK

EXAMINE
ITEM IF
PINK

FIGURE 175. CARD TYPE HUMIDITY INDI-
CATOR (MULTIPLE RANGE)

1 e

FIGURE 176. DIRECT READING HUMIDITY INDICATOR PLUG
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Studies have shown that the indicator will not give erroneous results in
this position since the vapor pressure of the air is eventually equalized

throughout the container causing the RH to be constant throughout the con-
Lainer,

Typical humidity indicator plug installations are shown in Figures

177 through 179.
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FIGURE 177. HEXAGON HEAD HUMIDITY

INDICATOR PLUG INSTAL-
LATION

FIGURE 178.

CARD TYPE HUMIDITY INDICATOR {NSTALLATION




FIGURE 179. MULTIPLE RANGE SLOTTED ROUND HEAD HUMIDITY
INDICATOR PLUG INSTALLATION
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CHAPTER XI
FASTENERS AND SEALING

COVER FASTENERS

T

Fasteners on missile containers serve to secure covers, provide suffi-
cient pressure on gaskets to effect a seal, and to secure auxiliary devices
such as access holes, log receptacles and tool boxes. The number and type of
fasteners should be commensurate with requirements of stress, bonding, seal-
ing etc. Cover fasteners preferably should be of quick-acting, over center
type. In the closed position, the fastencrs should project as little as
possible and should be completely within the container profile. On top-
opening containers, the fasteners should be protected from handling damage
by external flanges above and below the fasteners, forming a channel within
which the fasteners are located (Figure 180). To permit the use of quick-
acting fasteners on top opening containers, the secaling flanges on the con-
tainer shell should be turned inward (Figure 180). On end-opening containers
which open from both ends, quick-acting fasteners should be used only on the
end from which the missile is removed. lLess expensive, but equally effective,
fasteners (normally bolts) should be used on the cnd which is used less
frequently.

The fasteners uscd on missile containers can be conveniently classified
as screw type, draw-pull type, or slide action type.

Scraw Type Fasteners

The most suitable screw type fastener is the T-head bolt (Figure 181).
This type permits unfastening without removal of the nut from the bolt, thus
preventing loose parts from being lost. [t also has the advantage of allow-
ing individual tightening without prior adjustment. T-head bolts permit
faster cover removal than regular nuts and bolts but if & largxe number of
T-bolts are used, the total unlatching and,'or reassembly time could become
excessive,

Draw-Pul! Type Fasteners

Many fasteners utilize different actuating principles yet fall under
the general heading of draw-pull. They are quick acting, over center type
fasteners which contain no loose parts when opened. This eliminates the
possibility of losing part of the fastener when the container is open.
Two types of vomnerCiaYly available draw-pull fasteners which have been
used on missile containers are shown in Figure 182, Custom destigned fastens
ers should not be used ax they are more expensive than the standard com-
mercially available fasteners. As can be seen, draw-pull fasteners can
usually be obtained to meet any closure requirements, When used on Lop.
opening containers, the fasteners should be xtrong enough to permit the
contather to be lifted frem above by meanx of the cover., Although this s




SEALING FLANGES
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FIGURE 180. CONTAINER-FASTENER CONFIGURATION

11-2




Prevail ln‘-'fgrqu. Locknut
{//" (Reusable Type)
e

_ 7 { Container Body & Cover
L\ L'j\ 4—1>— ,l.n‘.

Tee=Bolt

Elongated Slot in One
M B

—

! 4

FIGURE 181. T-BOLT
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FIGURE 182. DRAW-PULL FASTENERS
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not the ideal way to lift a container, it is somctimes necessary when a
fork-1ift truck cannot be used, and when adjacent containers allow no space
to reach the bottom of the container to be 1ifted.

Another type of draw-pull fastener is the compression spring fastener
shown 1n Figure 183, These fasteners employ one or more springs to provide
a given fastening tension. They are used to insure a constant closure force
and also when accurate installation spacing 1s tmpractical. This fastener
should not be used on containers stored outdoors due to the possibility of
corrosion and during the winter, ice formations which will make the latch

difficult to operate,
Slide Action Type Fasteners

This type of fastener employs a horizontal bolt-like member usually
attached to or enclosed within a housing (Figure 184).The bolt-like member
can be moved across the edge of the enclosure to engage within a keeper
which 1s usually mounted on the frame or body of the container. This Lype
latch 1s easily and quickly opened and closed and is ideally suited for use
on containers that do not require a seal.

In choosing a cover fastener for usc on a missile container, particular
attention should be given Lo speed and ease of operation and Lo contatiner

sealing requirements. Fasteners must meet the following basic requirements:

a. Operable with arctic mittens unless definitely established
that such conditions will not be cncountered,

b. Rugged cnough Lo absorb impact loads encountered in handling
and 1n the removal of ice {ormations.

c. Capable of repeated use.
d. Operable by unskilled personncel.
e. No loose components after unlatching.

The following characteristics, though not essential, are desirable on
container fasteners:

a. Adjustable fastening tension.
b. Lock in closed position.

c¢. Do not employ springs which are susceptible to failure due to
ice formations or shock imputs.

d. FEasily replaceable by depot personnel.

c¢. HRecessed or protected by projecting channels if fasteners
are susceptible to damage.

f. Commercially available where possible.
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SEALING

Gaskets on missile containers function to provide environmental seals
to prevent the entrance, or exit, of undesirable foreign matter., Gaskets
also serve to seal auxiliary equipment on the container body and often to
provide shielding from electromagnetic interference. When designing a
joint and choosing a gasket the following areas should be considered:

a, The pressure required to effect a seal under the anticipated
environmenta] conditions,

b. The required joint surface finish,

c. The gasket material.

d., Is the gasket compressible or noncompressible?

e. Standard gasket shapes.

f. Ease of field replacement,

g. Compounds available for joining gasket materials to metal.

k. Compounds available to prevent gaskets from adhering to metal.
i. EMI shielding requirements (see Chapter XIII).

j+» Cost.

Table 251ists materials and their properties, suitable for container
gaskets,

Joint Design - Design sealed joints on containers so that the cover
and the body of the container meet in positive contact when the gasket is
compressed a predetermined amount sufficient to effect a seal. When an
incompressible gasket, such asx rubber, is used the joint must Le designed
to allow for the side expansion of the gasket. A variety of joint designs
limited only by the ingenuity of the designer can be employed; Figure 185(a)
illustrates the desired condition.

As shown in Figure 185{a), a beador spacer canbe provided along the clo-
sure flange of the container. Before compression the gasket would extend
above the bead. Fastening the cover would compress the gasket until the
cover closure flange contacted the bead. Additional compression would not
be possible,

A solution to joint design employing the principles outlined above i3
shown in Figure 185(h).
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TABLE 25
GENERAL PROPERTIES OF NATURAL AND SYNTHETIC RUBBERS

Nitrile®
:‘:;::‘:: ser Neoprenet | Butyle | Thiokelf | Silicones ",'°,";"
Low Swell | Hi Swell octyla
Specific Gravirty:
Pure Gum 0.92 0.94 0.98 0.98 1.23 0.92 1.34 0.98 11
Tensile Strength, psi:
Pure Gum 3000 400 600 600 3500 3000 300 200-450 —
Black Reinforcea 4500 3000 3500 3500 3500 3000 1500 —_ 2500
Elongation, percent 700 500 600 600 600 700 400 300 500
Tear Resistance G P-F F F G G P-F P F
Aging Resistance to:
Ozone F P P P E E E E VG ‘
Oxidation P-G P-G P-G P-G G-E G-E G-E E vG
Heat F-G F-G G G VG G P E E
Shelf Life G G G G E G ¥ VG
Compression Set Resistance G G VG VG d P-G P E P.G
Oil Resistance:
Low Aniline Oils P | 4 E G F P E P E
High Aniline Oils P P G E G P E G E
Gaseline Resistance:
Aromatic P P P G P P E P E
Nonaromatic p P F E G P E P E
Acld Resistance:
Dilute (Under 10%) G G G G G E F F F
Concentrated
(Except Nitric and
Sulfuriec Acids F-G F-G G G F E F P F
Alkeli Resistance:
. Dilute (Under 10%) G G G G G G P F P
Concentrated F F F F G G P P P
High Temperature Resistence
(200*F or more) F G G G G G F-G E E
Lew Temperature Resistance
(—671°F) G G F F F G F E P
Impermeability te Gases F F F F G E G G G
Water Resistonce G VG VG vG F G F F P

Note: E = Excellent, VG = Very Good, G = Good, F = Fair, P = Poor

s Swells in contact with turpentine, carbon bisulfide, chloroform, carbon tetrachloride, and vegetable
oils. White glycerine, ethylene glycol, and water produce negligible swell. Functions best at tempera-
tures under 160 deg. F., but can tolerate intermittent exposures to 250 deg. F.

b Resists swelling action of petroleum oils, fuels, and solvents. Usually will not adhere to metal flanges.

¢ Includes types GN and W,

4 Resistance of type GN is fair; of type W, good. .

¢ Excellent resistance to vegetable oils, dilute organic acida, and alkalis. Poor solvent resistance. Poor
compression set properties.

t Includes types PR-1 and ST. Excelient solvent resistance.

# Excellent dielectric properties, high and low temperature resistance, and resistance to tendencies to
adhere at high temperatures, Good resistance to oxidation, weathering, high aniline piint oils.
Poor resistance to low aniline point oils, aromatic and nonaromatic gasolines. Low abrasion resis-
tance. Deteriorates in contact with steam under pressure.
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POSITIVE CONTACT BETWEEN UPPER AND LOWER REINFORCING
MEMBERS AND BETWEEN UPPER CLOSURE FLANGE AND SPACER
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FIGURE 185, CONTAINER JOINT DESIGNS
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In designing a joint the sealing obtained can be related to flange
pressure, and the critical condition in achieving a seal can be expressed
in terms of the initial unit load on the gasket. The least unit gasket
load required to achieve a seal is called the minimum sealing stress. This
is the key factor in designing a gasket, It has been found that with a
rubber gasket and a zero internal pressure a seal can be created with a
50 psi flange pressure. However, even though a seal can be created at a
low loading condition a flange pressure of at least 200 psi is required to
maintain a seal after it is created, regardless of the type of gasket, as-
suming a nonporous or impervious material is used. Creating a seal is not
sufficient; the seal must be maintained under operating conditions which
include vibration, shock and temperature variations. To prevent these
factors from opening a seal, initial flange pressures above those for cre-
ating the seal are required.

Flange surface roughness is of no consequence if minimum sealing
stresses are achieved, With flange pressures of 200 psi or higher a sur-
face roughness as high as 250 win. can be tolerated using rubber composi-
tion gaskets. Generally the thinnest gasket that will seal a joint should
be used. If the minimum sealing stress is achieved a 10 to 20 percent com-
pression in a rubber gasket is adequate for a gas seal. As there is con-
siderable leeway in the choice of gasket thickness, whenever possible a
standard commercial thickness and shape should be specified in the in-
terests of economy.

HYGROSCOPIC MATERIALS

Most gaskets and packings used today are made of hygroscopic materials.
These materials are susceptible to water intrusion and wicking, thereby pro-
viding a cause of corrosion. In order for the gasket to function as intended,
it must be cut in a manner which will allow it to extend beyond the outer
periphery of the flanged area. This will eliminate moisture traps which
generally act as an origin for the formation of oxides which then propagate
along the flange surface into the area that is being sealed.

If leatner is to be used as a packing, the shaft which comes in contact

with the leather should be chrome plated with a flash layer below .0001 inch
or, for wear and corrosion resistance, a layer greater than .003 inch above

the base metal.
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CHAPTER X!
TEMPERATURE CONTROLLED CONTAINERS

GENERAL

More of today’s equipment is becoming temperature-sensitive. This equip-
ment may require precise temperature control or may only require such control
so as not to be subjected to damaging temperatures. ltems such as gyros,
guidance systems, etc., must be kept at precise temperature levels with no
more than one or two degrees deviation from their required temperature. This
precise temperature contrcl is often required from the time the item is mane
ufactured until and during its use. The majority of temperature-sensitive
items, however, will only require such temperature control so as not to be
subjected to damaging temperatures. For example, a rocket motor must not be
allowed to get so hot as to self-ignite, or so cold as to weaken the bond
between the motor and the outer shell.

Some items do not require temperature control as such but are only
sensitive to temperature shock (a fast rate of temperature change.) Temper-
ature shock can be effectivel” controlled by insulation only, but temperature
control 1s a great dea! more complicated.

Methods of controlling temperature can be by either auxiliary power,
batteries, thermophormic materials, or any combination of these.

AUXILIARY POWER

Auxiliary power used for controlling container temperatures may be
obtained either from a plug-in source or from a portable power unit. These
methods, however, lack the desired flexibility and require constant moni-
turing.

Carriers cannot always be relied on to supply power for these conteoiners.
Even when carriers are equipped witi ;oug-in facilities, they are not necese
sarily always of the same voltage, A container designed to operate on one
voltage may find itself in o carrier equipped with a different voltage.

A portable power unit often accompanies a container requiring auxiliary
power and precludes the uie of requiring the carrier to supply power. Porta-
ble power units also allow these containers to be stored at locations where
there 1s no power osvatlable, The disadvantages of a pertable power unit are:
(1) it represents o fire hazard, 2) it requires maintenance and fuel, 3) it
1s usually large and bulky and 4) i1t must usuvally be manned at all tvimes.

In order to achieve the flexibility of 4 portable power unit without
all of 1ts disadvantages, self-contained power sources such as batteries or
self-contained heat sources such as thermophormic materials may be used in
conjunction with auxiliary plug-in power. These self-contained power sourees
and heat sources will allow the container to be self-sufficient for o limited
amount of time when required.
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BATTERIES

Batteries have the advantage of being lighter and smaller than portable
power units, are quict and require no in-transit support. Some of the dis-
advantaggs of batteries are: 1) they use corrosive acids, 2) they are prone
to deterioration from charging and discharging, and 3) they produce an ex-
plosive mixture of hydrogen and oxygen when they are used. Another dis-
advantage of batteries is that their efficiency decreases as the temperature
decreases. Unfortunately, when batteries are used for temperature stabiliza-
tion in containers under cold cnvironment conditions, the time when power is
needed the most, it is the least available.

Two containers utilizing battery power are shown in Figures 186 and 187.
Alyhough.bgtterles are lighter and smaller than portable power units, they
still utilize a large amount of space as shown in these figures.

THERMOPHORMIC MATERIALS

Thermophormic materials store heat by heat of transition or heat of
fusion. These materials were developed to maintain fixed temperatures in
containers during shipment with temperature tolerances as required. They
have the ability to store the largest possible amount of heat in the smallest
volume and weight, at well-defined temperatures, i.e., the melting points of
the material. On a pound for pound, volume for volume, or dollar for dollar
comparison, heat may he stored more cheaply and efficiently in a thermal
battery than in an electric storage battery. Two centainers utilizing thermal
batteries are shown in Figures 188 and 189.

A thermal battery container consists of essentially four elements. These
elements are the structural container, the insulation, the item, and the
thermophormic material. These thermophormic materials are usually permanently
encased in scaled containers to avoid any loss or contamination. An electric
heater is placed in thermal contact with the thermophormic material so that
the material can be fully charged prior to shipment and during storage. Figure
190 shows a schematic drawing of a typical container utilizing a thermal
battery.

To better grasp the theory of thermophormic materials, a theoretical
example may well be in order at this point. For an ideal caxe, assume that
an item that will be damaged if it is exposed L0 a temperatyre below 25°F.
If the shipping container for this item was expected to be exposed to an
ambient temperature of -40°F, then a very good thermophormic material would
be water. By having the water enclosed in its own cannister and being near
the temperature-szensitive item, 1t will give up its stored heat as 1t s
solidifying or ccoling.

I the water (or heat exchanger ax it should be called) 1x heated teo
92°F and then subjected to a cold environmeat belew 32°F, each pound of water
will give up one HTU for each degree Fahreaheit drop in temperature until
32°F is reached. At this temperature the water solidifies giving of f further
heat without any further decrease in temperature. [t is at this plateau that
the term ' heat-of-fusion’ is applied. For water, this amounts te 144 BIU'x
per pound. Theoretically, each pound of water has given up 204 HIU's

12.2
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FIGURE 186. INTERNAL BATTERY POWER SOURCE FOR POLARIS GUIDANCE SYSTEM
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FIGURE 187. EXTERNAL BATTERY POWER SOURCE FOR POLARIS GUIDANCE SYSTEM
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FIGURE 188.

CONTAINER UTILIZING THERMAL BATTERY




FIGURE 189. SHIPPING/STORAGE CONTAINER FOR MK | POLARIS
GUIDANCE SYSTEM. MAINTAINS 137°F + 5°F FOR
100 HOURS AT AN AMBIENT TEMPERATURE OF -20°F
WITHOUT BATTERIES OR OUTSIDE POWER SOURCE.
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(60 BTU's for the temperature drop from 92°F to 32°F plus 144 BTU's heat of
fusion) and the temperature of the water has not gone below 32°F. This is
shown graphically in Figure 191. Water, when solidifying, has a large ex-
pansion rate which may prevent its use since it may burst the closed system.
Formulated thermophormic materials have very low expansion rates when
solidifying.

e s

By calculating our.BTU per hour heat Joss through the insulating
material, the length of time the item will be protected can easily be deter-
mined. One major advantage of using this type of tempcrature control is that
the thermophormic materials may be recharged by melting the material and
elevating the temperature.

When selecting a material for use as a heat exchanger, the following
factors should be considered:

1. What is thc minimum temperature that must be maintained? f
The heat storing material should have a freezing point
above the minimum required temperature.

2. Is the chemical composition of the heat rxchanger material
harmful to the container?

3. Is the material used for the heat exchanger toxic or harmful
to humans?

4, Is the expansion and contraction of this material too great?

5. Will the continuous cycle of melting and freezing of this
material change its chemistry? Is it possible for some
materials to change their composition after repeated cycling
and then not solidify at the required cemperature,

6. Will the heat exchanger give up 1ts heat rapidly enough
to maintain the desired temperature level?

7. Does supercooling take place with this material? This is
a characteristic of pure liquids that are motionless. The
temperature may drop 20°F or more below the freezing point
of the liquid before solidification takes place. Once
solidification starts, the temperature of the liquid will
jump almost immediately back to the freezing temperature.
It is easy to see, therefore, that the temperature may have
dropped below the damaging lcvel before the heat of fusion
is released. Supercooling can sometimes be prevented by '
adding certain impurities t> the liquid or by having some
mechanical means of tapping or disturbing the heat ex-
changer to start crystalization,
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INTERNAL HEATERS

The conventional and probably the most widely used method of control-
ling temperature in a container has been by internal heaters. These heaters
readily convert electric energy directly into heat energy by either electri-
cally heated blankets which surrcund the item or by electric space heaters

(Figure 192).

The electrically heated blanket consists of heating elements sandwiched
between plies of the blanket material, usually just under the surface layer.
These blankets usually consist of two halves, the top half and the bottom
half. The larger covers are divided into various sections which are individ-
ually thermostatically controlled. This provides a more even temperature
distribution over the item.

Electric space heaters incorporate a thermostatically controlled heating
element and are usually of a forced, circulation type, i.e., they incorporate
a fan for the circulation of air. In the larger containers, two or more fans
are usually incorporated to maintain a more even temperature distribution.

The control panel and warning system for temperature controiled con-
Lairers range from extreme simplicity to ones that are so complicated that
training programs arc required to be able to understand them. The degree of
complication required for these control panels depends on the end usage and
what information is required. A continuous temperature monitoring system may
be required or desirable at times or a simpler method that indicates when
the temperature has dropped below the critical level may be adequate. There
should also be some means of indicating when the container is fully charged
and ready for shipment. It must be remembered, however, that the distribution
of most of today’s equipment is worldwide, and that many different people
will be handling the container and the design should, therefore, be kept
as simple and foolproof as possible,
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CHAPTER XI1Hi
ELECTROMAGNETIC INTERFERENCE (EMI)
THE HAZARD AND ITS SOURCE

The scope of the modern battlefield and its array of electronic systems
and nuclecar weapons present a new environmental hazard that was of little
significance prior to World War II. The advent of radio and the subsequent
development of radar provoked concern among the handlers and users of explo-
sives; it was feared that the electromagnetic energy radiated by these and
other electronic apparatus would cause accidental explosions. As most explo-
sive devices arc actuated electrically, the question naturally arose as to
whether electrical currents generated by clectromagnetic energy would set
off the=e explosives. It was shown that, under the proper conditions, this
could happen.

Radio transmitters, radar antennac, high voltage power lines, lightning,
and nuclear explosions are all known to propagate a field of ei -tromagnetic
energy capable of transferring power from one point to another without the
use of wire or other transmission lines. This radiated energy, traveling at
the speed of light (186,000 miles/sec) has an intensity which varies inversely
as the square of the distance from its source. The intensity of thisx electro-
magnetic energy can produce spectacular results--it has been reported that
ordinary light bulbs have exploded and fluorescent bulbs have glowed when
exposed to beams of electromagnetic energy.

Often the damage produced by cxposure to an electromagnetic field is
not evident and cannot be detected by visual inspection. Low voltage missile
or rocket components (transistors, diodes, etc.) may be damaged when the in-
duced voltage resulting from electromagnetic exposure exceeds the load ca-
paciiy of these critical parts. Damage to components will result in a mal-
function and must be considered with equal concern ax that resulting in pre-
mature detonation. The assexsment of dumage to components can only be ascer-
tained by a time-consuming, sophisticated check-out procedure.

Consequently, one must conclude that an electromagnetic hazard is said
to exist in a given area when there ix sufficient energy present to produce
a physical effect such that a dangerous or destructive action is highly
probable.

The hazard of Ml i1s not peculiar and cannot be limited to only the
combat envirenment. The sources of EMl listed below may be found within any
environment of ‘‘worldwide distribution’’ and protection must be afforded
the missile or rocket throughout its complete logistic eycle:

lightning

solar and cosmic radiation
electrie razors

power toolx

L B T8

13-1




fluorescent lights
automotive ignition systems
radio transmitiers

high voltage power lines
highway radar speedometers
air traffic control radar
weather tracking radar
militaory surveillance radar

— e e I wm D

DETONAT 10M

Flectro-explosive devices (FED) such ax the squibs used extensively
in virtually every type of aerospace vehicle are, by definttion, electri-
cally activated devices which, when initiated, result in an explosive system.
The most common EED 1x the wire brigge type, consisting of o fine wire
bridge, a primary charge, and the main charge, Upon application of the input
signal, the bridge wire heats rapidly, leading to the initiation of the
chemical reaction in the primary charge which, in turn, detonates the main
charge. The dangers of premature detonation of clectro-explosive devices
(EFDY' s) caused by the pickeup of stray FM encrgy need not be elaborated,
Although the causes of many accidents are readily traced, cases have been
reported in which the suspected origins of interfering electromagnetic
radiation defy reason. This fact, together with the almost endless array of
complex manners in which energy may be coupled into the BED circuitry, makes
the predication of radvation hazards to ordnance a difficult task.

The squib, which is used to fire explosives electrically, uses a *hot”
wire which can be energized just as effectively by high frequency currents
as by the direct currents for which it i designed. Squibs and fuzes have
been actuated by being placed in o radar beam and by being fed currents from
high frequency generators. A number of incidents of accidental firing of
rockets have been reported in which electromagnetic energy was the suspected
or the verified couse. In general, primary exploxives may be inttiated by
heat, shoek, light and tontzing radiation encrpy.

Most electro-explosive devices are shielded to prevent misfiring due
to irradiation by undesited electromagnetie fields. The dexign engineer as,
however, still confronted with the often tomplex problem of conducted RY
energy and the multitude of paths shich iU may assume in coupling from the
electromagnetic environment 1nto the EFD ecircuitry.

ELECTROMAGNETIC INDUCTION

When an object enters an electromagnetie field, much of the taecident
energy ix absorbed by the object and the remainder s reradisted or scate
tered tn many directions, The contatner and 1ts rontents, funactironing as
recriving aftenna, may colicet and amplify such energy to result in an in-
duced voltage capable of detonating caplosives ot dawaging los veltage
misvile componcnts. Any metallic body may act as an antenna for receiving
electromagnetie cavegy of a speerfie frequency of 1t's size 1x such as to
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make it resonant at that frequency. The phenomenon of electromagnetic in-
duction as discovered by Faraday, and the resultant voltage induced in con-
ductors within the sphere of influence of EMI constitute the additional
hazard against which the container must protect its contents.

A fundamental problem is to devise procedures and criteria by which
the degree of hazsrd may be estimated. This problem is complicated by the
wide range of frequencies involved, and the complex geometrics associated
with the weapon and its transportation, storage, training operations and
ultimate deployment and utilization.

Every type of electro-explosive device (EED) has » nominal fire-energy
level, usually expressed in millijoules or ergs. However, individual EED's
of one type will have fire-energy levels which deviate from the nominal
level by as much as S0%. Statistical data have been accumulated on many
EED’'s by various commercial and military laboratories throughout the country.
Additional, but rather limited, data have been collected on the susceptibility
of these various devices to RF fields. Experimentation has been done both
with the EED alone and the FED installed in normal fashion with firing
circuits attached. The results of this work indicate rather clearly that
EED's are susceptible to low frequency and high frequency RF energy and thus
must be protected from it. Data lacking to date is a spectrum analysis of
each type EED, showing its susceptibility, as installed with firing circuitry,
to radisted frequency, power or field intensity, and modulation of the
radiated energy. Considerable effort is being expended by military and com-
mercial laboratories to get this kind of information; however, progress is
slow because of the complexities involved with the selection or development
of acceptable measurement instrumentation.

HAZARDS FROM COMMUNICATIONS TRANSMITTERS

By far, the greatest threat of RF hazards to ordnance results from the
use of electro-explosive devices (EED) in close proximity to high frequency
communications transmilters and not from microwave radars as it is sometimes
thought. This is not to imply thst microwave radars do not or cannot cause
hazards but instead, it is intended to emphasize that at most locations where
hazards occur, the measured field strengths in the high frequency regions
(2-30 mc) are usually of much greater magnitude than these from microwave
radars. This, of course, is not true if the main radar beam of a very hich
powered radar is pointed directly at an exposed EED.

Many cases have been {ound where the presence of a human body was suf-
ficieat to complete a path to ground through the EED for high frequency RF
energy and cause a premature explosion. The queation is often raised as to
how a small device such as a squib can have enough capture area to collect
sufficient energy to cause ignition. This is readily answered when the large
area of the device to which the FED is usually atvtached is accounted for.
When this is done, it will be found that, on occaxion, astonishingly high
voltages or currents are built up between ground and the body of the EED.

As an example of how sufficicntly large currents may pass through an EED,
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consider the following: an efficient pickup (for its size) in feeding low-
resistance devices is a loop antenna. A loop of 0.1 wavelength on a side
has a radiation resistance of 3 ohms and one of 0.05 wavelengths has less
than 1 ohm. Thus 10 volts/meter at 10 mc (a field strength readily obtain-
able near the antenna) will drive better than 1 amp through a 1.5 square
meter loop. Since loops are nonresonant below 0.1 wavelength on a side,
they act as wide band pickup devices over the entire low frequency range.

NAZARDS FROM MICROWAVE RADARS

While it has been demonstrated that a relatively low powered microwave
radar can set off an EED) which is in the open and unshielded, it is more
difficult to prove from theoretical calculations and measurements that
radars have, in fact, caused premature detonation under field conditions.

In many instances, radars are prohibited from illuminating a missile when
the EED is being installed and this is undoubtedly a wise procedure. Present
radars are unlikely to cause malfunctioning of an EED when the missile is
airborne.

Radars planned for the future especially those of the phased array type
will, if they actually deliver the power proposed, constitute an RF hazard
of considerable magritude since the field strength even at appreciable
distances from the antenna will be very high. In this case, it will be
necessary to make calculations, and measurements at reduced power, in the
Fresnel region of the antenna where complicated phase and spatial relations
exist. This means that simple estimates of the RF hazard threat will not
be possible.

MISCELLANEOUS NAZARDS

In addition to obvious hazards to personnel and ordnance, intense RF
fields can also create other hazardous effects, some of which probably have
not yet been traced to the presence of intense electromagnetic energy in the
area. One of the most serious of the miscellaneous hazards is the explosion
of fuel, such as gasoline or kerosene, during refueling operations around
aircraft or missiles. The aircraft makes an excellent pickup antenna and
intense fields can be generated between the fueling nozzle and the aircraft.
Obviously, any sparking between these points is quite likely to resuit in a
very disastrous explosion.

Another hazard shich is more dangerous because of possible secondary
reactions i3 the setting off of photographic flash bulbs by intense RF fields.
Ixnition of a large quantity at onee could cause a fire but selitary ignition
would probably be more of a nuinance than a danger.

Good design practices are the key to interference suppresasion. Electro-
magnetic capability must be given as much consideration in initial design as
other important considerations.

Some coasideration should be made between what normally is referred to
as electromagnetic radiatien (up to infra-red) and all frequencies above
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this which, while technically electromagnetic radiation, have effects quite
different from the lower frequency energy.

Any frequency which is well enough matched to the (lossy) material to
cause appreciable heating must be considered as a possible hazard.

CHECK ON SIGNIFICANCE OF MEASUREMENTS DB

The establishment of an RFI measurement capability 1s a complex and
costly operation. Unless a small specialized program is being considered,
the establishment of anything short of broadband coverage is not recommended.
Near-field measurements for specification compliance or for certification of
shielded enclosures may require a frequency coverage of about 10 kc to 40 kmc.

Often the designer is influenced by availability of materials in the
design of suppression devices to attenuate or eliminate radio interference.

Since 1t 1s necessary to consider weight, size, and materials in the
functional design of equipment, as well as the problems of EMI, the designer
must choose a compromise which will permit satisfactory system operation.
This implies EMI suppression to a degree rather than complete elimination.

Containers which must operate in an environment of heavy interference
must be well shielded to reduce p:ckup. Consequently, the missile or missile
component to be protected must be evaluated to determine its susceptibility
to FMI. Unless the item has been determined to be inert to EMI or provision
has been made by the missile manufacrturer to resist the phenomena of EMI,
the container must provide for this protection.

Shielding the container will provide an electric shield around its
intended load to prevent damage by ac or dc disturbances. The shield should
limit the magnetic field intensity at the surface of the load to 100 oersteds
when the contatiner with the load installed is subjected to a uniform dc
magnetic field of 500 oersteds, or an ac magnetic field of 500 oersteds from
0 to | megacycle. The container should protect the memory unit from radio
frequency interference in accordance with specification MIL-1-618] for Class
Ib equipment.

When an object is illuminated by an electromagnetic wave, a portion of
the incident energy is absorbed as heat and the remainder is reradiated
(scattered) in many different directions. That portion of reradiated energy
reflected (electromagnetic echo) is of chief interest in radar; heat absorbed
is of concern to container design.

Antenna reflecting surfaces may be made of a solid, short material but
st is often preferable to use a wire screen, metal grating, perforated metal

or expanded wire mesh.

An RF hazard is usually caused by one of two effects: 1) heating from
RF currents caused by the magnetic component of the field, and 2) sparking
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due to the electric component of the field. The H field is the oscillating
magnetic field which generates circulating currents in objects or loops and
may result in heating. The E field is the oscillating electric field which
1s perceived when areas are drawn ‘rom an object engazed or disengaged in

an RF field.
SHIELDING

Since 1t has been shown earlier that FMI may be found almost anywhere
in the world at one time or another, 1tems susceptible to damage {rom EMI
must be shielded. Both the interference source and the susceptible device
may be thought of as antennae, one transmitting and one receiving. A repre-
sentative shielding configuration is shown in Figure 193.

A perfect shield 1s not possible. Some of the factors contributing to
interference influence of external fields are holes for component mounting,
ventilation, etc., and joints in the container. Attenuation of the signal
through the material of the container i1tself, however, may sometimes be less
than through these alternate paths.

The shielding effectiveness of a container or enclosure 1s reduced as
the number and si1ze of openings increase. These openings should, therefore,
be kept to a minimum and their diameters kept as small as feasible. A small
opening is defined as one which is small in dimension compared to the wave-
length of the interference source. A large hole should be covered by a fine
mesh (22 mesh, 15 wil) copper scrcen. Since effective mesh for shielding
purposes rarely contains more than 50 percent area, the size of the venti-
lation hole must be increased accordingly. If the mesh is to be removed
easily, 1t should be attached, with enough screws or bolts to maintain con-
tinuous electrical contact completely around the edge.

When an opening is covered with screening material, the attenuation
obtained depends on ihe following factors: 1) Size of aperture relative
to the container, 2) Mesh or perforation dimensions relative to cabinet
disensions ana 3'  gedance and distribution of exciting fields. A graph
showing the atten...ion of various screening materials 1s given in Figure

194.

Wave guide attenuators may be used to shield large holes. These atten-
uators will pass all frequencies above a certain frequency and actuate all
below that frequency.

When meters and other gages and dials are installed on the outside
surface of the container, they should be sealed 1n a shielded enclosure
with proper filtering of the connecting leads. The meter or dial face can
be sprayed with an electrically conductive finish which also provides
shielding. Other openings such as fuse receptacles, valves, etc., could
y be covered with spring loaded caps or screening material. Where gaskets are .
required, they should be of the conductive type.
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B

Shielding efficiency is measured in decibels and describes the fraction
of impinging energy which penetrates the enclosure and is given as

S =20 log El | (25)
Ey

where
S = shielding efficiency, db.
E; = impinging field intensity, uv/meter

Ey = exiting field intensity, uv/meter

For analytical purposes, shielding efficiency is given as

S=R+A+B (26)
where
R = total reflection loss, db.
A = penetration or absorption loss, db.
B = internal reflection loss, db.

The factor B may be neglected for an electrically thick barrier.
Equation 26 now states that the effectiveness of a conducting shield in re-
ducing the energy of an electromagnetic field is the result of the absorp-
tion loss incurred in passing through the conducting plane, and the reflec-
tion losses occurring at each surface of discontinuity.

The absorption loss or attenuation is given as

. A=3.338 t'\/pr (27)
where
, t = thickness of barrier, inches
f = frequency, cps
G = conductivity relative to copper
(4 = magnetic permeability relative to vacuum

The reflection loss can be calculated from either equation 28, 29, or

30 and will depend upon the original impedance of the wave. For a plane
electromagnetic wave of 377 ohm characteristic impedance, the reflection
loss is given by

R=108.2 + 10 log g‘*]}gﬁ (28)
7

377 ohms is the wave impedance of a space at a great distance from
radiators.
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The reflection loss for high impedance waves or an electric field is
given as

R = 353.6 + 10 log G (29)
3 #r2 '
r = distance from source to barrier, inches

The reflection loss for low impedance or magnetic waves is given as
R =20 lo (0.462/ )QL_&.- + 0.136 r,‘/(j_f. t 0.354] (30)
g [ r T m

A high shielding efficiency for electric fields or high impedance
waves may be obtained by using shields of high conductivity such as copper
and aluminum. Equations 28 and 29 show that the reflection loss is infinite
at zero frequency and decreases with increasing frequency. It can be seen
from equation 30, however, that magnetic (low impedance) fields are more
difficult to shield since the reflection loss may approach zero at certain
combinations of materials and frequencies. It is very difficult to shield

against magnetic fields using nonmagnetic materials.

As an example, assume that a ground-level nuclear detonation produces
a broadband electromagnetic pulse with most of its energy distributed in the
10-15 kc band. Specify the thickness of aluminum required to provide 300 db
1solation at 10 kec.

G for aluminum = .61
p=1
f =104 ¢/s

: 6
108.2 + log 2L X107 - 193,17 db.

R
(1) (10%)

Assuming that B 1s equal to 0, then A must equal 300 - 193.17 or
106.83 db. Equation 27 has been rearranged in terms of thickness t to show

T

Substituting in the values for A, f, G and x the equation now reads

t - 1%%— = .41 inches
3.338V(10%) (.61) (1)

A simpler and quicker method for determining the various unknown
quantities is to use the graphical method. From Figure 195, Zm is indicated
as being about 55 microhms. Using Figure 196 and the value of Zm obtained
from Figure 195, the far-field reflection loss R is equal to about 130 db.
Assuming B is O, A must equal 170 db. Figure 197 shows that A = 170 db,
thZmlr 18 inch-microhms and t is, therefore, equal to .54 inches
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NOTE: Zm is the impedance of the material dependent
upon the conductivity and permeability of the
metal.

There will be slight discrepancies between the analytical and graphical
methods. The main reason for these discrepancies is that the graph for the
reflection loss R is based on a single formula for both high imgadsace and
low impedance waves instead of the individual formulas.

The above equations are for the theoretical value of shielding effi-
ciency but in actuality, such levels are seldom achieved, particularly at
low frequencies,

In general, for plane waves, magnetic materials provide better pene-
tration loss, whereas good conductors provide better reflection loss.

Recently new materials have been developed for shielding against
magnetic fields. These materials have been named Netic and Co-Netic alloys.
Netic is a specially formulated, non-retentive alloy, non-shock sensitive
and made specifically for high field intensity shielding. Co-Netic is a
special, high permeability alloy, non-shock sensitive, developed for
shielding the lower intensities. When either of these materials are zrounded,
they also provide electrostatic shielding.

A Netic alloy sheet may also be used with a Co-Netic sheet. This

laminated combination shields against both high and low field intensities.
The Netic side should always be placed nearest the field source.

JOINT AND GASKET DESIGN FOR ELECTROMAGNETIC INTERFERENCE SHIELDING

When designing containers embodying FMI shielding tho number of open-
ings should be kept to an absolute minimum. The most dusirable joint con-
sists of metal-to-metal contact along a continuous line, with welding
affording the ideal condition. This idealized solution is, of course, not
practical for removable container covers. A continuous metal-to-metal con-
tact maintained along a continuous line by means of screws or bolts require
surface finishes, container body stiffness, and a number of fasteners which
are incompatible with the economic and logistic requirements of today's
missile containers. Failure to provide EMI shielding using metal-to-metal
coniact at all mating surfaces has led to the introduction of conductive
gaskets,

Gaskets for EMI shielding applications fall into two categories, the
multiple-contact type or the continuous-contact type. Conductive gaskets

in use or proposed for use are:

1. Metal screen impregnated with Neoprene (excess Neoprene removed
from wire-mesh surface by use of abrasives).

2. Compressed knitted wire mesh of copper, monel or other metal
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3. Aluminum tubing filled with a Neoprene core (used in slotted
flange and cover-plate designs).

4, Metal foil over Neoprene core.

5. Wire sleeving over Neoprene core (used in slotted flange and
cover-plate designs).

6. Sprayed-metal Neoprene gaskets.

The first three gaskets listed above are the most promising for pro-
viding interference-free service.

Metal-foil covered gaskets, 4, are suitable for use on flat surfaces,
but are found to cause trouble on curved surfaces due to buckling or break-
ing of the foil. Sprayed-metal gaskets, 6, have been found to be inferior
to other gaskets because of the porosity of the coating. The knitted wire
mesh, 2, is far superior to any gasket made of woven mesh. It is combined
with a sealing medium such as Neoprene when hermetic sealing, as well as
shielding, is required.

Conductive gaskets can be made in practically any size or shape to
fit the container with which it is to be used. The resiliency and density
of the gasket material can aiso be varied according to the requirements of
each application. A well designed gasket insures good all around contact
even with appreciable unevenness of the mating surfaces or warping, with
special machining for a close fit unnecessary. Consideration should also be
given to the compatibility of the gasket material with the mating surfaces
from the viewpoint of corrosion.

Gaskets are always used in compression and are held in place by
friction, soldering, glue, or mechanical means. When a glue or epoxy is
used, 1t should be applied at intervals instead of continuously so that
electrical continuity is not impaired.

Another method oftcnused to provide shielding at joints is the use of
spring contact fingers. These can provide good shielding against EMI at much
lower joint pressures. These fingers, however, are fragile and are more often
used in hinged doors where a wiping contact is desired.

Other places where conductive gaskets should be used are under meter
faces and around shafts which penetrate the container.

ELECTRICAL BONDING

Electrical bonding is the process in which the various components or
modules of an assembly are electrically connected by means of a low im-
pedance conductor. The purpose of bonding is to make the structure homog-
enous with respect to the flow of radio frequency currents and, therefore,
reduce the possibility of developing electric potentials between metallic
parts which can produce radio interference. When the dimensions between two
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soints are on the order of magnitude of a wavelength, a potential differ-
ence will exist in the presence of an electric or megnetic field. At lower
frequencies, however, the potential difference between the two joints will

be proportioned to the impedance between those joints. Reducing this im-
pedance will reduce the potential difference. When the potential difference
between different parts of a structure is high, spark discharges in the strong
electric field that is built up are possible. When these two joints are bonded
by a low impedance path, a conduction current will exist with a comparatively
weak electric and a stronger magneiic field. The magiitude of this conduction
current is usually negligible but, in any case, the magnetic field is pref-
erable to the possible generation of spark discharges from between unbonded
members. Poor bonds can produce interference due to varying impedance under
shock or vibration.

A low impedance path is possible only so long as the dimensions of the
bonded members are small as compared to a wavelength of the interference
being considered. At high frequencies, the mcmbers can be considered as
transmission lines whose impedance can be inductive or capacitive of varying
magnitude, depending upon geometricsl shape and frequency.

The best type of bond is a permanent, direct, metal-to-metal contact
accomplished by either welding, brazing, sweating, or swaging. Although
soldered points are adequate for most purposes, they do have an appreciable
contact resistance and therefore cannot be dependent upon to provide the’
most satisfactory type of bonding. Belts and rivets can provide effective
bonding of joints, but care must be taken that relative motion between the
joined members does not reduce the bonding effectiveness by introducing a
varying impedance. Some type of star or lock washers should be used with
bolt or lock thread bonding devices to ensure against loosening of the
bonded joint. Star washers are also effective for cutting through protective
or insu{atinn finishes on metal.

Pre-fitted joints and joints fastened by self-tapping or sheet metal
screws are not always reliable as low-impedance radio frequency paths.Where
relative motion is required between members that should be bonded, as in the
case of shock mounts, a flexible metal strap can be used as a bonding agent.
Solid straps are preferred to braided straps due to the lower self-inductance
of the solid strap. These straps should also be thin, wide, and as short as
possible in order to minimize the seli-inductance. A typical bonding strap
would be 1 or 2 thousandths of an inch thick, one or more inches wide, and |}
to 5 inches long. The dc¢ resistance of such a strap would be negligible but
would have a resistance of about 0.1 ohm at 10 mc and about 15 ohms at
1,000 mc. This impedance is high for the frequencies given and illustrates
the point that there is no adequate substitute for direct metal-to-metal
contact.

CORROSION OF BONDED JOINTS
Corvosion may take place between two metals in a bonded joint in the

presence of moisture through either of two processes. The first process is
called galvanic corrosion, and the degree of corrosion is dependent upon
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the relative positions of the contacting mctals in the electromotive series
with the metals at the top of the series corroding more rapidly than those
at the bottom. The farther apart these metals are in this series, the greater
the resultant corrosion will be, with the more active metal (high in the
series) tending to go into solution.

The second process is called electrolytic corrosion and requires two
metals in contact chrough an electrolyte, the metals not necessarily being
of different electro-chemical activity. The corrosion of the metals in this
process is attributed to the presence of local electrical currents such as
may be flowing when using the structure as a power system ground return.

Since the mating of bare metal to bare metal is essential for a satis-
factory bond a frequent conflict often arises between the bonding and finish
specifications. There are, however, certain conductive coatings such as
alodine, iridite, Dow #1, and certain protective metal platings such as
cadmium, tin, and silver that are conductive and usually do not have to be
removed before bonding.

Another method of combating corrosion is to use metals low in the
activity table. This is not generally practical where weight 1s a consider-
ation; and it is imperative that the more active, lighter metals are used.
In any case, all joined bare metals should be close together in the activity
table 1f excessive corrosion is to be avoided.

Any corrosion that is anticipated should be designed to occur in easily
replaceable items such as washers, straps, etc., rather than in main struc-
tures. Only in rare instances will it be more efficient to have the corrosion
take place in the more abundant member.

Tight and well-coated joints will prevent the entrance of moisture
into the joint and the resulting corrosion that is likely to take place.

MAGNETIC COUPLING

Currents flowing in a grounding device or a ground plane can introduce
a voltage in adjacent conductors which is very difficult to remove. These
voltages are produced by a change in flux linkages within a loop of finite
area. The reduction of magnetically induced voltages can he accomplishetl by
the following methods:

1) Separating the circuits, 2) reducing the area of the pickup loop,
3) using twisted-pair wiring and 4) shielding.

Twisted-pair wiring r=duces magnetic coupling by inducing equal and
opposite self-cancelling voltages in the circuit. At frequencies below
S ke,a twisted pair will provide over 20 db of magnetic coupling reduction.
Copper braid shielding provides very little shielding at frequencies below
S ke but its effectiveness is increased as the frequency is increased above
5 kc. Ferrous shielding is more effective than copper braid at frequencies
below 5 ke but does not equal copper braid at frequencies above 5 kc.
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For the most effective magnetic decoupling throughout the spectrum, twisted-
pair conductors enclosed by copper braid shielding is usually employed. The
effectiveness of twisted-pair wire depends a great deal on the uniformity
and tightness of the twist employed, with the tighter twist being more
effective.

The largest reduction in pickup for twisted-pair wires is realized
when one wire is used as the low side signal return path. Which of the two
wires 1s to be used as the low side can only be determined by trying one
side and measuring the pickup and then trying the other side while measur-
ing the pickup.

Single-ended circuits used in the audio range should not have their
shields used for a ground return. A separate wire should be used to complete
the ground return between pieces of equipment, and a single ground point
tied to the ground plane should be provided for the interconnected equipment.
Three or more pieces of equipment should be grounded to a single point which
is, in turn, grounded to the ground plane. Insulation should be used over all
shields and wires to prevent intermittent grounding to the ground plane or
other shields.

Power that is transferred through magnetic coupling will usually be
decreased as the signal circuit impedance is increased. The susceptibility
to electrostatic coupling, however, will be increased. The optimum value
of impedance will be the lowest value for which the magnetically coupled
power is made small. Since the optimum value is dependent upon the circuit
wiring and it i1s not always possible to calculate or measure the effective
pickup loop internal impedance, an average circuit impedance level of 300
to 600 ohms for low impedance signals is used. This value will usually re-
sult in minimum magnetic and electrostatic coupling.

Another method of reducing magnetic coupling in wires is by shield
grounding. At values above 1 kc, double-end shield grounding was found to
be more efficient than single-end shield grounding and at values below 1 kc,
there was no difference between single-end and double-end shield grcanding.

It is thus concluded that twisted-pair wires with double-end shield
grounding is the preferred wiring for reduction of magnetic and electro-
static coupling.

ELECTROSTATIC COUPLING

No appreciable electric field effects appear on closed loop secondary
lines, but great changes can occur on high impedance lines or under open
circuit conditions. Two parallel conductors, with the voltage of one higher
with respect to the other, will have a capacity between them. This capacity
is a function of 1) the conductor size, 2) the distance between the con-
ductors and 3) the dielectric constant of intervening material.

The voltage appearing on the circuit of high impedance will be a result
of 1) the voltage division between the source impedance of the first circuit,
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2) the capacity existing between the conductors and 3) the impedance of the
second circuit.

The coupling capacity between the two conductors may be divided into
two parts by surrounding one of the conductors with a shield which becomes
low impedance by connecting it to the reference point for both circzuits, in
this case, ground. Now, the voltage from the unshielded circuit is coupled
through the capacity between this conductor and the newly inserted shield
on the other conductor. With the shield impedance to ground nearly zero,
little voltage will be developed across it. Further improvement could be
made by also surrounding the first conductor with a shield, breaking up the
original coupling capacity into three parts.

Ground or low impedance connections at radio frequencies cannot be ob-
tained by use of pigtail or wire connections that are too long in length.
A one inch length is desirable with three inches as the maximum allowed.
A shield over a few feet in length should be grounded at both ends if it is
to be kept at a low ground impedance for high frequencies.

Low frequency conductors, which do not normally carry radio frequency
currents, may conduct interference because of pickup from adjacent hot
cables.

Pulse cables should, therefore, be separated from low level cables and
separately shielded. The cables should also be terminated at both ends in a
good ground connection. Grounding at both ends of randomly selected conduc-
tors in a cable have displayed an electrostatic shielding effectiveness
averaging 12 dbs. Unused conductors in harnesses grounded at both ends will
therefore gain an increase in electrostatic shielding. These closed loop
conductors may, however, carry circulating currents and thus create magnetic
fields within the cable bundle. This method should be used with caution.

SHIELD GROUNDING

Grounding of the shields, when used, may be accomplished as single-
point or multi-point grounding. The use of single or multiple grounding on
shielding will depend greatly on 1) The interference signal frequencies in-
volved, 2) the length of the transmission line and 3) the relative sensitiv-
ity of the circuit to high or low impedance fields. The most difficult
decision to make in determining whether to use single-point or multi-point
grounding exists when ground currents are flowing. These currents can cause
a voltage drop to exist between two points in a ground plane depending on
the magnitude of the current and the impedance of the ground plane. If a
shield i1s grounded at these two points of different potential, a current
can flow through the shield, enabling coupling to take place between the
shield and the center conductor. Large ground currents or large ground path
impedances cancel the shield effectiveness and the shield becomes a detri-
ment. The ground currents must be very large in a good ground plane, however,

before an appreciable potential difference exists between two ground points.
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Shielding a wire and grounding the shield at each end may make the
system susceptible to magnetic fields due to the currents that can be in-
duced in the shield which may couple to the center wire because of its high
inductance or capacitance to the shield. The natural solution to this problem
is to ground the shield at only one point, but such grounding will not offer
satisfactory electrostatic field protection to the wire.

To obtain a current-free ground, the following recommendations are
given: 1) do not use a grounding device as a circuit conductor, but as a
reference point only and 2) supply return current leads for all circuits.

In general, single-point grounding is most effective when only for
short shield lengths. Single-point grounding is ineffective in reducing
magnetic or electrostatic coupling when conductor-length to wave-length

(</\) ratios are greater than 0.15, where the wave-length is that of the
highest frequency to be used on the wire or in the system.

For </\ ratios greater than 0.15, multi-point grounding at intervals
of 0.15\ is recommended, for the shield can act as an antenna which 1is
relatively efficient at </\ when one end is grounded. The coupling or
radiation would be increased at lengths when the shield approaches )/4,
As the circuit length is increased, multi-point grounding will be required
for successively lower frequencies. For example when L = 10 ft., f = 14.8 Mc;
when L = 100 ft., f = 1.4 Mc, etc. Multi-point shield grounding solves most

electrostatic coupling problems, but in audio circuits or where large ground
currents exist, single-point shield grounding may be more effective.

FILTERS -

Filters have the same two basic functions as shielding, i.e., to
isolate a sensitive area from environmental interference fields and to
confine internal interference fields to prevent their interaction with the
environment. Filters have one basic difference from shields in that
filters are used to isolate interference voltages on conductors rather than
fields. Since any shield which confines a field or isolates a sensitive
area from environmental fields must be penetrated by electrical connections,
it is necessary to use a filter on each lead to prevent the field from being
guided outside or inside the shield by the lead.

A filter must be installed in the correct manner to obtain maximum
efficiency. This consists of installing the filter in a metal-to-metal
contact on its ground plane and, in some cases, isolating the leads to
avoid contaminating filtered lines. The shields of shielded wires should
be terminated within an inch of the filtercd lugs to keep a high degree
of shielding effectiveness. Also, the use of paper or plastic capacitors
should be avoided unless they are of special interference-reducing design.
Capacitors of the ceramic type, which have a low inductance, are effective
at RF.
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APPL!ICATION GUIDELINES
DC Power

To minimize the possibility of the supply lines coupling interference
to other circuits and to protect them from receiving interference from
other lines, the best procedure is to use twisted-pair for the supply line
and its return. Shielding offers little advantage on lines of this low
impedance. The routing should be away from ac power and control lines.

AC Power

Alternating current of comparatively high amperage, characteristic of
most ac power lines, makes them potential sources of interference coupling
to adjacent lines. Transposed or twisted lines should be used for all ac
power circuits, The routing of these lines should be away from susceptible
lines. Ac power circuits in which switching transients are expected, may
beneficially use shielding to contain the higher frequency components of the
transient. Such shielding should be over the entire power wiring bundle and
should be grounded at both ends.

Low Level Signals of Low Impedance

Where the distance between input connector and circuit input is small,
i.e., an inch or two, the use of a twisted-pair alone may prove adequate.
For long runs, the use of twisted-pair shielded wire is mandatory; this is
true with unbalanced as well as with balanced output devices. In the balanced
case, there is no grounding except for the shield; in the unbalanced case,
it 1s often necessary to ground one of the conductors as well as the shield.
The shield and conductor should preferably be grounded at the same point.
When going through a conductor, three pins should be made available on the
connector to provide insulated passage of the two signal leads and the
shield. Grounding of the shield may be at one end of the total run for short
runs or both ends or multi-point for long runs, depending on ground current

considerations.,
Low Level Signals of High Impedance

Where signals from high impedance output devices must be transmitted
over any appreciable distance, an impedance transforming device such as a
transformer, cathode follower, or transistor should be used to lower the
transmission circuit impedance to 500 ohms or lower. However, the use of
high impedance signals for transmission of information should, in general,
be scrupulously avoided, whether high or low level. Where the use of such
signals cannot be avoided, the interconnecting lead must be shielded and
the shield grounded at each end. In some cases, the use of a double or triple
shielded cable, grounded at each end, may be required if the cable is in an
intense electrostatic environment.
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High Level Signals

Signals of high level will, in general, not be bothered by suscepti-
bility of circuits. Rather, it may be a source of interference to lower
level signal lines. For this reason, and dependent on other characteristics
of the signal, either a twisted-pair or a shielded lead should be used.
Multiple shielding may be required if the signal is of sufficient level.
Grounding should be at both ends to prevent electrostatic radiation from
the cable.

Reference Voltages '

Care should be taken to minimize the possibility of introducing dc as
well as ac voltages. Grounding, where required, should be only at one point.
Treat the reference voltage as a circuit, always including its return lead
either in the form of a twisted-pair or a shielded or coaxial lead.

The use of twisted-pair and/or shielding for the reference voltage
lead and its return will minimize the pickup from sources of electromagnetic
radiation. In the case of ac reference voltages, this treatment will also
minimize the interference effect that the reference voltage might have on
other circuits. Shielding of the twisted-pair may be helpful, especially
when the circuit impedance is not held to a low value; however, filtering
of the reference voltage inside the using equipment is to be preferred over
the use of shielding. The source impedance of the voltage should be main-
tained as low as possible in order to minimize electrostatic pickup. In any
case, the using element should see only the reference voltages, and not the
reference voltage plus small components of other signal and power voltages
due to common impedances.

Control Voltages

The control of various functions is usually accomplished with the use

of voltages of either ac or dc which are switched on or off in a step manner.

Lines carrying such voltages are potential interference generators; they

should be of a nature that will hold coupling to other circuits at a minimum.

Separation and shielding is thus indicated.

RF Signals

RF signals within a unit should be routed in such a way that cross
coupling between input and output circuits is held to a minimum. Outside the
unit, shielding shculd be used if necessary to prevent excessive radiation
from the wire or excessive pickup on the wire. Grounding of such shields
should be multi-point for RF signals.

SUMMARY OF CABLING FACTORS

Magnetic fields appear as low-impedance interference sources at low
(audic) frequencies. Conventional copper braid is of negligible effect in
containing these fields. Use of twisted wire is the principal means of
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reducing the effects of flux linkage in the pickup circuit. The loop area

of the pickup circuit must be made as small as possible in order to decrease
the number of flux linkages within the magnetic field; this is done by

always including the return with the current wire. Such circuits should not
have the signal return grounded at more than one point. Use of ferrous
shielding (Mu metal, Co-Netic foil, iron pipe, ecc.) can be used to concen-
trate the flux linkages in a low permeabi:iiv rath, thus avoiding flux
linkages with the pickup circuit. Magnetic waves of higher than audio fre-
quencies appear as relatively higher impedance interference sources and
larger shicld reflection losses occur, thus increasing conventional shielding
effectiveness. Electric fields appear as high-impedance interference sources,
and highly conductive copper braid shielding is effective in providing atten-
uation. To be effective, however, the shield needs to be at the potential of
the ground plane, and the use of long shields grounded at only one end makes
it highly improbable that the entire shield will be at ground potential. In
this case, since shield reflection loss depends on mismatch between the in-
trinsic impedance of the shield and the field, there will be little shield
reflection loss and the shield will be of little effect. The remedy is to
ground the shield at each end, and for longer cables, at each 0.15\ distance.

SPECIFICATIONS AND STANDARDS

All equipment and systems subject to electromagnetic interference should
conform to Military Specification MIL-E-55301. This specification covers the
electromagnetic interference reduction design requirements, emission and
susceptibility limits, and test procedures for assuring electromagnetic com-
patibility of all equipment and systems. It inciudes all items that are
capable of generating or being adversely affected by electromagnetic inter-
ference.

MIL-STD-826 (USAF) establishes uniform test methods for testing equip-
ment, systems and subsysiems to determine their electromagnetic interference
and susceptibility characteristics. These test methods are to insure that
interference control design is incorporated into equipment, systems and
subsystems and that applicable limits are not exceeded by performing tests
under simulated situations obtainable in the laboratory similar to those
existing in the actual environment.
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CHAPTER XIV
LOGISTICS
Transportation Limitations

The limitations imposed upon containers by trucis, railroads, ships,
aircraft, and special transporters for overseas areas and the continental
United States will be described in this section. The designer will usually
find that the regulations and dimensional limitations in overseas areas are
more restrictive than the continental United States.

Wherever it appears container dimensions will approach the limitations
specified in this section, or specific problems arise that cannot be re-
solved by reference to this section, tlen a detailed transportability scudy
should be made for the mode of transportation under consideration. Transpor-
tation publications are referenced in this section which will aid the de-
signer in solving transportation problems. Transportation problems should
be coordinated at the local Transportation Office.

Truck

Each state in the United States has placed upon its highway system
limitations affecting the size of loads that can be legally transported
over these highways. Although these limitations can be exceeded, to do so
would cause considerable difficulty and would, in all probability, require
special permits, special routing, police escorts, etc. This would, of
course, add to the in-transit time and consequently the transportation
costs. Since these limitations vary according to states, the designer must
be aware of the highway limitations. A summary of highway size limitations
for individual states is shown in Table 26.

Containers should be designed to permit versatility of transporting
through any state without first having to obtain special permits, routing,
etc. Generally speaking, the maximum width and height for over-the-road
equipment which will meet the general requirements of all states is 8' wide
and 12' 6’ high. Maximum length of vehicles authorized in all states range
from 35' for single units to S0’ for tractor-semitrailer units. The floor
height of trailers will usually vary from 4' 1" to §' depending on the size
of the tires used. For flat bed trailers, this leaves a ussble stacking
height ranging from 7' 6" to 8' 5*. This is assuming & 12' 6'' maximum road
height limitation. Since truck-full trailer units are #nt allowed in certain

states, this type of vehicle :hould only be considered i.: special cases.

Dimensions of standard military vehicles are contained in data sheets which
are available st U. S. Army Trnk-Automotive Center, Warren, Michigan 48050.

Overseas highway limitrtions are foacrally more restrictive than those
found in the United States; -onsequently, the carrier and coatainer shouwld
not exceed 11 feet in heigh:, 8 feet in width, and 16,000 pounds axle load.
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TABLE 26
TRUCK AND TRAILER LIMITS BY STATES
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Since the American Trucking Association has no published rules for
loading, blocking and bracing of commodities for higaway transportation,
missile and rocket equipment should be loaded in accordance with the appli-
cable approved Army loading drawings.

Railroad

To promote maximum efficiency of railroad transportation, railroad
equipment and loaded rail cars should be within the clearance limitations
published by the Association of American Railroads. Since many of these
limitations are dependent on bridges, tunnels, telephone poles, etc., and
are subject to change, special equipment and cars with loaded dimensions
shcald not exceed the published limitations without obtaining clearance
of the Association of American Railroads. Loaded rail cars which exceed
the minimum limitations usually will require special routings at restricted
speeds.

To aid the designer in developing a container for North American and
European railroad transportation, a standard railroad clearance chart is
shown ir Figure 198. It should be noted that the North American rail clear-
ances are applicable to cars having dimensions up to 50’ 6” inside length,
54’ 8 1/2" coupled length, and 41’ 3’ between truck centers. If it is nec-
essary to use longer cars or cars exceeding the other dimensions given above,
then a spe.ial study of clearance limitations should be initiated.

Longer loads may be transported on open top cars not exceeding the
above dimensions by overhanging the load on one car or utilizing idler cars.
Loads transported by this method must conform to the criteria governing
overhanging loads and use of idler cars as given in the Association of
American Railroads Regulations.Containers up to 120’ may be transported over
conventional roivtes using this method i1f all other critical criteria are met.

Loading, blocking and bracing drawings, for each missile system to be
transported by rail, are prepared by the Army Missile Command in accordance
with the rules set down by the Association of American Railroads. These
rules state permissible weight distribution, location of loads, types and
sizes of material to be used for blocking and bracing, etc. For open top
cars, sections | and 6 of the * Rules Governing the Loading of Commodities
on Open Top Cars’’ should be consulted. For closed type cars, pamphlets 27,
4] and 42-B of the “ Rules Covering Loading of Carload Shipment of Commod -
ities in Closed Cars,” should be consulted. Proposals for deviation from
these rules must be submitted to the Defense Traffic Management Service,
Washington 25, D.C., through the appropriate channels, for referral to the

Mechanics Division of the Association of American Railroads.

When designing containers with a specific car size in mind, allowance
must be made for blocking and Lracing material as specified by the Associ-
ation of American Railroads. Flat cars require a 6-inch clearance on each
side and a 28-inch clearance on each end to allow blocking of the container
base. The upper part of the container is restricted to the length of the

14-4




(.,,w««ﬁmnggagqﬁgw
; s

gt

HEIGHT FROM TOP OF RAIL IN FEET

16w
15 AP “\~\ N
2/’ DY
14— /7 T T——— ~ \\ N
,/ P * NN
’ "/ \.-\ \
-] / N\
13 /’/ 4 t‘ \ \\
/ / \ ' N
12— /'// ; 2Ny
| \ Y
ud |V )
1o l/ U.S. -Canada-Mexico \‘"
| ~w == ~=Holland & Western Germany ;
o |! - oo = === Belgium |
: —-:=ew- ee=—e=Berne International-France |
8— | !
' |
|
T4 i |
| |
6~ | :
l
|
s | "
y  European Flat Car Average 4'-1 I
4 1 _\_ __‘r
| i
3] \ American Flat Car Average 3'-11"-/ |
2—-——
17 ‘W - - -,
| -
0 ) | 1
T I T | T | Y ] T
6 5 4 3 2 1 o 1 2 3 4 5

DISTANCE FROM TRACK CENTFR IN FFFT

FIGURE 198. RAIL CLEARANCES

Lo
-y
s
o
<8
i
sy
i
ke
@
k4
4




car used except for those clearances required for the brake wheel (see
Figure 199) and to the height and width limitations specified in the
clearance diagram shown in Figure 198. This allows a 10’ 8’ maximum width
with the height varying from 9’ 10" to 11’ 2", depending on the width of
the container.

Containers with a greater height may be loaded on depressed floor or
well hole cars. The average height of the car floor above the top of the
rail is 2 feet for depressed floor cars and 10 inches for well hole cars.
This is compared to 3 feet 11 inches for the American flat car. Due to the
limited quantity of depressed floor and well hole cars, it is recommended
that containers be designed for use on standard railroad equipment.

When loading gondola cars, no clearance is required between the load
and the sides and ends of the car for blocking except in the vicinity of
the brake wheel where the minimum brake wheel clearances will govern, as
shown in Figure 199. Anti-chafing material should be placed between the
load and the sides and ends of the car to prevent damage to the container.

When loading containers in box cars, the dimensional limitations
placed upon the container will usually be dictated by the door size. Al-
though there are special box cars available with removable sides and ends
for ease of loading, their limited quantity and availability should be a
deterrent factor in container design and use.

Standard rail equipment commonly used for transportation of missile
containers is shown in Table 27.

For further information on the sizes of all available rail equipment
on the North American continent, the Official Railway Equipment Register
should be consulted.

Flat cars or open top cars cre preferred because of their ease of
loading and unloading. Closed cars will be more difficult to load, block
and brace, especially where larger type containers are involved. It must
be noted, however, that open tcp cars offer no protection against the
elements and it may be more advantageous te employ closed cars, especially
if secrecy is desired.

Ship

Any container that can be transported to dock side can be handled and
loaded on board ship. While special handling equipment can be made to load
any given weight a ship can carry, the container uesigner should endeavor
to limit the weight of individual containers and their contents to the boom
capacity of the vessel in order to permit loading and unloading without use
of shore equipment. Since all cargo ships are equipped with at least & §
long ton boom (long ton equals 2240 pornds), it may he assu =d that this
weight limit could be loaded and unloaded anywhere by any type of vessel.
In certain inatances, it is feasible to double this capacity by utilizing
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Brake Yheel Clearance. The brake wheel clesrance must not be less then requirements shown ia
drawing, sbove, snd should be increased as much as consisteat with proper location of loed.

A 6 in. clearance in back, on both sides of, snd ehove brake wheel, except as shown for taaks
snd similar shapes in ome piece,

B 4 in. clearsnce underneath brake wheel,

C 12 in, minimum clesrsnce from end of car to load, exteading from center of breke wheel to
side of car snd 6 ft. above car floor. On fondoh cars this space may be wtilized from floor
of car te 4 in, below bottom of brake wheel, Item °R.*

In the loading and hauling of long commodities requiring more then one cor, handbrakes may be
omitted on all seve one of the cers while they are thus combined for such purpese. (See Supple-
mentary Act No, 133 Approved April 14, 1910, Federal Statute reference 36 Stat. L., 298, of the
curreat edition of the U.S, Selety Applisaces.)

Breake wheel clesrence should be increused as much as consistent with proper locetion of load.

FIGURE 199. BRAKE WHEEL CLEARANCES
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TABLE 27
DIMENSIONS OF COMMONLY USED RAILROAD CARS

Type Weight Side Side
of Inside Inside Inside Capacity Door Door
Car Nationality Length Width Height {ibs) Width | Height

Open N. American | 41* 6" . .o 80, 000 . .-
(fiat) 140, 000
42 6" ]
‘50 o" [ ]
49' o" .
SOI 0" ]
s2' ov .
LY AN »
83 6m ]
N. American 41 6" 9 6" - Up to o .w
{gondola) 140, 000
“o on ’c (Ll
48 6" 90 [
90 sn
9. ‘n
$2 ‘” ’I &
Turkey and 60’ 9* 89 .- 70, 000 . .
Greesce 9 4 8 9 80, 000
(Qiat)
Turkey and 4 I 8 1ov .e 30, 000 -e .o
Greece 26 9 8 lov 30, 000
(gondola)
Japan 19. 420} 2-1/2. 8-1/2 - N.A. .- --
Britaia 17200 ) %-1/2 - 8-1/2° . N. A, .. .o
France 0. 29| %.1/2. 8.0/ .. N.A. .e “e
Clesed | N. American | 40° é» DN 9 load 1S, 000 | LN 1 lo®
height 100, 000 10" and
92~ 18
”I [ [ U ‘»
’o zu
Turhey and 3¢ I 8 10" N A. 30, 000 N A ¢ 10"
Greece i e i~ N A 31, 500 N A
Japaa 17. 2» T-3/2 $-112. 2.0/12 N A N A, N A,
Britaia |} A T-1/2 é-1/2-1.0/2 N A, $ 1
Fraace » /23 6=1/2-1-0/2" N A N A N A

*lnside widithe for sach length listed aras 0:6%, 9'3%, 9+4%, 10'2*, and 10°0".




two 5-ton booms in parallel, but this would limit the area of the ship to
which items could be stowed. For containers containing explosives, the Coast
Guard has placed various weight limitations on all hoisting equipment accord-
ing to the class of explosive. These limitations may be found in paragraph
146.29-41 of CG 108.

Length and width limitations of containers for in-hold storage can be
derived from the hatch sizes given in Table 28. Containers longer than the
dimensions given in Table 28 can sometimes be stored below deck by slightly
tipping the container, assuming that the height of the container does not
exceed the height of the hold or compartment in which it is to be stowed.
The heights of tween deck holds® will range between 6 feet to 12 feet while
the heights of the lower holds will vary between 7 feet to 25 feet.

TABLE 28
HATCH SIZES OF SOME CARGO SHIPS (AR 705-8)
Seallest largest
Mariner Class 20" 3" x 18" 6" 40' x 30’
Victory Class 24’ x 22° 4" 36’ x 22' 4"
Liberty Class 20’ x 20’ 35" x.20°

Containers are not restricted to in-hold stowage, but may utilize
* on deck " stowage in accordance with OG 108. While ‘“‘on deck”™ stowage
will lift the restrictions placed upon containers by hatch and hold sizes,
other size limitations will be placed upon the container depending upon the
type and size of vessel to be used. The ‘‘on deck”™ stowage limitstions in
most cases will be less restrictive than those for below deck stowage. If
this type of stowage is used, the container will be afforded very little
protection against the elements during its voyage. In any case, regardliess
of ' on deck’® stowage or in-hold stowage, the weight limitations placed
upon the container in loading will remain the same.

For easy stowage aboard most vessels, the container dimensions should
not exceed 35 feet in length, 20 feet in width, and 11 feet 4 inches in
height. To permit container loading and unloading by the smallest type of
vessel utilizing only the ship's facilities, a weight limitation of 11,200
pounds for non-explosive items and 7,467 ds for containers coatainia
complete missiles with high explosive warheads and solid or liquid propel-
lant motors, must be adhered to. If two S-ton booms are hooked in parallel
or one 10-ton boom is used, then these weight limitations will be doubled.
For weight limitations of other types of explosives, preparation of holds
and compartments, sad other stewage limitations, * Rules and Regulations
Io: Hilitury Explosives and Hazerdous Munitions - (G 108" should be com-
sulted.

- e -

lower hold)
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If containers exceeding the above limitations are offered for water
shipment, then reference to AR 705-8 is recommended for guidance.

Aircraft

When designing containers for the required degree of air-transport-
ability, careful consideration must be given to the limitations imposed by
the characteristics of the aircraft involved. The most important of these
characteristics are:

a. Maximum allowable aircraft payload.
b. Size, location and configuration of door openings.

c¢. Size and configuration of cargo compartments to include
limiting features that may prevent full utilization of
available space.

d. The strength of the aircraft floor and loading ramp.
e. Number, location and strength of tie-down fittings.

f. The forward and aft sircraft center of gravity limits.

Containers designed for air transportation should be designed to be
transportable in the maximum number of types of available aircraft and
alleviate the possible shortage of a particular uype.

The outside dimensions of containers for air transportation in Air
Force aircraft, the Army H-37 helicopter, and the Army YAC-1 airplane
must be such as to permit loading and unloading with a 6-inch vertical
clearance after loading and a 5-inch lateral clearance on each side during
and after loading. Containers which are to be transported in Army aircraflt,
other than the H-37 helicopter and the YAC-1, meat be capable of being
loaded and unloaded through side cargo doors to provide a l-inch vertical
and lateral clearance at the doors and inside the cargo compartment during
losding and 6 inches vertical and S inches lateral clearance after loading.
Consideration must also be given to clearance requirements for aisle space
and access to control: and auxiliary equipment. For items that will restrict
easy passage through che aircraft, the transportation of{icer should be con-
tacted for guilsnce. Dimensional and ramp loading criteria for Army and Air
Force aircraft aiv shown in Table 29. Container size limits for xome other
aivcraft are contained in Tables 30 through 4.

Yhen considering weight limitations for air-transportability, caution
must be exercised on problems of floor loading. The designer must allow
sufficient bearing area at the surface of contact between the container
and the aircraft floor to remain withia the {loor loadiag limitations. This
limitation will usually vary between 100 to SO0 pounds per square foot,
depending on the type of aircraft used. To help guide the container designer
in selecting maximus payloads for sir-transportability, payload distance
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TABLE 29
DIMENSIONAL CRITERIA FOR SOME ARMY AND AIR FORCE AIRCRAFT

. Corge ¢
Cargo Compantment Hooh
Arrplane Type (Usable Space) Leading Aperture Ramp Deta Capacity
Leagth | Witk | Heght Wik | Meigh | Leagth ol Y- ™)
C.119C Fined b Uihd L i T [ i o 1 16°0% 1 1e® (1))
Wing
C.1200 L L ”e [ 17 o " | 1 ol *»r 15° 15e ()]
C.124 » 170" 1153 N o (3] e~ e 1re 11, 8 (1))
C-130A - LN o 19 90~ 10'0~ 0" ¥ 0 L 1.9 12.98 (L]
C-13M d [ 131 o RN o [ 1A o (L] 12'0» 199> " 9 (11]
V1A - 10 L0 o - yie.u /2~ e 106> 1s® 13e (1}]
YAC-! L4 [l [URS Y2 0 O 1 [ DYV F o (3 o (D] (U] (L] (L))
M.21 Nelicopter 19t~ *i- L 12 o »e LY i (1] (U] [L}] 000
M- 30 o L LT e Lle 21 VY 4 L o (1] ) (1)) 9000
N.3? - »we Ve e v | e e | 1 } o 10, 000
tn
MU A bod 39.413% | 1o @~ »e.8/8 L4 o 1900 *
(3) Mut applicabie. (8} Yapers trem 94 a1 tap to §2°1" 22 bedtem.
() Bamp te0 snghine 13°. {3) Yapere lvom 8:11%" at tap te 11°4* g4 botiem,

(B Resight «n lendhng.
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CONTAINER SIZE LIMITS FOR SUPER CONSTELLATION
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: TABLE 34
: CONTAINER SIZE LIMITS FOR 707

BOEING 707
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graphs for Air Focrce aircraft are illustrated in Figures 200 and 201, along
with Table 35 of Army aircraft payloads.

TARLE 35

PAYLOAD (*) DATA FOR SOME TYPES OF ARMY AIRCRAFT
(Extracted from AR 705-35)

100 Nautical Mile 100 Nautical Mile | 250 Nautical
Airplane Type Range Mission Radius Mission Mile Range
(1bs.) (1bs.) Mission(1bs.)
U-1A Fixed Wing 2580 2450 2250
YAC-1 Fixed Wing 6100 5300 5200
H-21 Helicopter 3000 2450
H-34 Helicopter 3100 2500
H-37 Helicopter 5600 4000
HU-1A Helicopter 800 650

(*) Loads are internal cargo loads

These figures, along with dimensional and ramp loading criteria, are
guides in the development of missile containers. Where additional infor-
mation is required, then the appropriate Air Force technical order or Army
technical manual of the aircraft in question should be consulted.

When external transport by helicopter i proposed, the container sus-
pension provisions must be such as to allow the sling web to be inclined
at an angle 45° from the vertical toward the center of gravity of the sus-
pended container without damaging the container when a force equal to its
own weight is exerted on any or all of the sling webs.

Table 36 gives the restraint criteria for air transportation
for Army and Air Force aircraft. These restraint factors are ultimate

values and the minimum acceptable factcrs for crew and passenger
safety.

14-16




100,000 = C-133A

80,000~

> 60,000

PAYLOAD (LBS.)

40,000 -

20,000~

Y 1000 2000 3000 4000 5000
Distance (Nautical Miles)
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TABLE 36

RESTRAINT CRITERIA
(Extracted from AR 705-35)

Type of Aircraft U~1A & YAC-I Helicopters Airforce Aircraft
(" (2)
Forward 4.5G’s 4.0G's 8.0G's 3.0G's
Aft 1.5G's 2.0G's 1.5G's 1.5 G's
Vertical (up) 3.0G's 2.0G's 2.0G's 2.0G's s
Side 1.5G's 1.5G's 1.5 G's 1.5G's

(1) This figure is used for airplanes or cargo compartments that are
arranged or located such that the crew or passengers present in crew

quarters or the cargo compartment will not be endangered by forward
movement of the cargo.

(2) This figure is used for airplanes or cargo compartments that are
arranged or located such that crew or passengers will not be endangered
by forward movement of the cargo.

Air Drop

Containers intended for air delivery must be desifned to meet the
limitations imposed by the air delivery systems as well as the aircraft
employed.

The standard air delivery system consists of wheeled conveyors installed
on the cargo floor of the aircraft with buffer boards secured o the sides
of the aircraft. In order to facilitate rigging procedures of the container,
to be air dropped, a number of air delivery platforms of various sizes have
been developed. These platforms consist of three sizes of unstressed plat-
forms - 11, 15, and 22 feet in length and one stressed platform 12 feer in
length. Containers utilizing the unstressed platforms must be provided with
a minimum of four suspension fittingas for parachute delivery. Each fitting
should be designed to withstand a parachute opening force of not less than
2.25 G's ultimate applied in any direction above the harizontal plane.
Where hoisting is a requirement for other types of transportation, these
fittings must also be compatible with hoisting equipment. A aingle fitting
should slso be proevided on each end of the container as close to the
vertical and lateral location of the center of gravity as possible, for
attachment of the parachute extraction line. The minimum strength of this
fitting should be sufficient to suppor. an ultimate force of three times
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the filled container weight. Containers using the stressed platform will not
require suspension fittings for parachute delivery as these are an integral
part of the platform.

Deceleration and shock absorbing devices are usually placed between
the platform and the container to aid in the cushioning of the container
when it lands. These devices should be designed for a maximum descent rate :
of 25 feet per second. |

Containers rigged on air delivery platforms must allow a 5-inch lateral
clearance and a 6-inch vertical clearance with the aircraft during loading
and extraction. The container, when in contact with the platform, must be
no wider than the distance between the outer tie-down rings on the platform.
For critical characteristics of standard platforms, see Table 37. To air
drop a 3,500 pound load, it will require approximately 700 pounds of air
delivery equipment; a 7,000 pound load requires 900 pounds of equipment;
and a 16,000 pound load requires 3,000 pounds of equipment.

TABLE 37
CRITICAL CHARACTERISTICS OF STANDARD PLATFORMS
(Extracted from AR 705-35)

Width Load Capacity Tie=downs

Size OveralljUsable | Minimum|Design|Overload | Each side|Each end | Total
12 foot 80" 70" 2,500 |6,000 ] 10,000 5 3 16
stressed

11 foot 80" 70" s * .. 1 4 10
unstressed

15 foot 80" 70" i . s 4 4 16
unstressed

22 foot 100" 90" b *e i 6 4 20
unstressed

¢ Strength rating of tie-down fittings is 5,000 pounds.

** Not applicable because materiel is item suspended. Governing factors
are the overall length and width of the item with a maximum weight of
approximately 16,000 pounds for the 22 foot platform.

Containers to be air dropped and containers utilizing the air delivery
system must be secured to the floor of the aircraft in accordance with the
restraint criteria of Table 38, until just prior to air drop.
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TABLE 38

RESTRAINT CRITERIA FOR AIR DROPPED AND AIR DELIVERED CONTAINERS
(Extracted from AR 705-35)

Forward 4G's

Sideward 1.5G's
Vertical (up) 2.0G's
Aft 1.5G's

If specific air delivery problems should arise, or if parachute drops
are required on developmental containers prior to release for user test,
then the Mobility Equipment Command should be contacted.

Combination of Carriers

To promote maximum efficiency of distribution, a combination of the
different modes of transportation will usually be required. In order for
the container to be computible with each mode selected, the most restrictive
limitations of the combination of modes should be considered in the con-
tainer design. One of the latest methods of solving the problem of efficient
distribution is the use of the Roll-on/Roll-off Sysiem, by which military
supplies are carried in semitrailers from depots to an ocean terminal,
rolled onto a specially designed vessel, transported to another ocean
terminal, rolled off and on to their destination. Since semitrailers of
American industry were too large to easily maneuver in these ships, the
U.S. Army semitrailer is used. The critical dimensions of the U.S. Army
semitrailers used in the Roll-on/Roll-off technique are given in Table 39.

With new developments, Trailer-On-Flat Car (TOFC) has now become a
safe and efficient means of transportation for missile systems. The TOFC
mechanical type rail cars used for this type of transportation are avail-
able nationwide and are readily obtainable. Presently, TOFC equipment can
handle trailer lading weights up to 40,000 pounds and can carry one or
more trailers depending on the length of the flat car and trailers used.
However, the highway limitations and minimum railroad clearances shown in
Table 26 and Figure 198, should still be adhered to in order to permit
efficicat movement.
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TABLE 39

[

EQUIPMENT DIMENSIONS OF THE U.S. ARMY SEMITRAILERS USED IN THE ROLL-ON/
ROLL-OFF TECHNIQUE (EXTRACTED FROM THE U.S. ARMY TRANSPORTATION
TRAILER SERVICE AGENCY)

Van Model Van Model Stake and Platform
Rem 220 KAK SKD 3809 Model M127Al and
(lxhxw) (Ixhxw Clilxhxw)
Outside 2 x 11 x @ 26'5" x 11'6" x 8* 208" x9 x 8
Dimensions
Inside 26" x 6'5" x T'5" 25'10" x 6'8" x 7'6" 2701 x 4" x 7'8"
Dimensions
Over-all e 116" 9' (may be loaded
Height higher)
(Top of rack)
Groes Cubic 2376 cubic feet 2430 cubic feet 2087 cubic feet
$9. 4 MTON 60.8 MTON 51,6 MTON
Capacity 18 12 18
Weight STON
Capacity 3l 32,3 20.7
Cube MTON
6" above top 23.3
Tare Weight 10, 500 pounds 8700 pounds 14, 200 pounds

STON - Short ton; one short ton equale 2000 pounds.

MTON - Measured ton; une measured ton equals 40 cubic feet.
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CHAPTER XV
CORROSION AND DETERIORATION

Corrosion abatement is one of the most important considerations of a
new design. Corrosion is closely related to environment, particularly tem-
perature, humidity, and the presence of chemicals. The destructive effects

of moisture, chemical action, electrochemical action, and low temperstures
and their prevention should be thoroughly investigated.

OETERIORATION OF METAL
Moisture

Moisture, in the form of water or water vapor, accounts for the major-
ity of corroded equipment. This type of corrosion can be classified into
three categories: 1. Catch basins or sump areas, 2. Condensation, and
3. Desiccant pumps.

1. Sump Areas

These are areas that are normally exposed to the weather and
are designed in such a manner as to allow the accumulation of moisture.
This condition is found mainly around the container bases and supports.
These conditions may be relieved by avoiding angles, channels, pockets,
etc., where moisture can accumulate (see Figures 202 and 203). When this
is unavoidable, drain holes should be provided.

In cases where inclosed containers do not lend themselves to
drilled holes, the use of desiccants should be employed.

2. Condensation

Moisture will appear inside of any closed container that
experiences temperature changes in relation to the air surrounding it. As
was previously mentioned, the amount of moisture may be minimized through
the use of desiccants, dehumidification, venting, or drain holes. Drain
holes should be located at the lowest possible point.

3. Desiccant Pumps

A desiccant pump is desiccant material that has become satu-
rated with moisture to a point where it can no longer remove moisture {rom
the air. On a day of low relative humidity, the desiccant material is actu-
ally a source of moisture. Desiccants should therefore be periodically
checked and rejuvenated or replaccd if necessary.
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FIGURE 202. DESIGN FEATURES FOR CORROSION PREVENTION
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Galvanic Corrosion

With the increasing availability of new materials and alloys, it is
most important that designers consider the problems of galvanic (or electro-
chemical) corrosion in selecting materials,

Galvanic corrosion is defined as an clectrochemical action between two
dissimilar metals, in the presence of an electrolyte, which results in the
flow of current. The rate of current flow depends on the potential differ-
ence which, in turn, is dependent on the relative dissimilarity of the
metals. Table 40 lists the electrochemical series along with the relative
electromotive potential of the various metals,

Galvanic action results in the progressive corrosion of the more
positive of the two metals, with the action continuing as long as an
electrolyte is present.

In order to minimize corrosion due to eclectrochemical action, dissimilar
metals should not be used together. When this is impracticable, the following
rules should be followed:

a. Design the anodic member as large as possible.

b. Plate both anodic and cathcdic members with
identical material.

c. Cadmium plate threaded fasteners and other
hardware.

d. Seal threaded inserts with zinc-chromate primer
prior to insertion in castings.

e. Do not use dry-film lubricants which are
not certified to be graphite-free.

f. When possible, avoid the use of lock washers
over plated or anodized surfaces.
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TABLE

40

ELECTROMOTIVE FORCE SERIES

Lithium
Rubidium
Potassium
Calcium
Sodium
Magnesium
Aluminum
Zinc
Chromium
Iron (ferrous)
Cadmium
Cobalt
Nickel
Tin

Lead
Hydrogen - -
Copper
Silver
Platinum
Graphite
Gold

Potential Volts
Anodic (Positive) End
-2.959
-2.925
-2.924
-2.76
-2.714

-1.337
-0.761
-0.557
-0.44
-0.401
-0.23
-0.20
-0.136
-0.122
----------- -0.00
+0.344
+0.797

+0.86

+1.36
Cathodie (Negative) ¥End
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Chemicals

Corrosion of metals by reaction with chemical substances in the envi-
ronment occurs under a variety of circumstances. Most chemical attacks de-
pend on moisture to be effective.

i Wi tsioeuuasi Mo i %‘t’:’mﬁ

Salt is particularly high in corrosive chemicals. Free acids and
alkalies are encountered in airborne contaminants and in large concentra-
tions in soil and natural waters.

Salts that are in the soil and water are the most widely distributed
and troublesome of the corrosive chemicals. The natural salts causing the
most trouble are the chlorides, nitrates, sulfates, phosphates, and carbon-
ates,

When salts are in solution or in a moist environment, they hydrolize,
forming acids and bases. What effect salts will have upon a metal depends
on the chemical and electrochemical relaticaship between them. Iron and
steels are primarily affected by sodium chloride salt spray. Aluminum is
relatively immune to sodium chloride spray, but is readily attacked by the
salts of strong bases and weak acids such as sodium, potassium and amonium
salts of acetic, oxalic, and tartaric acids.

Acids and alkalies are rarely encountered in natural environments with
the exception of the high acid concentration found in airborne contaminants.
The worst of fenders of this category are found in industrial gases in the
form of sulfurous acid and carbonic acid. These acids are formed from sulfur
dioxide and carbon dioxide in the presence of water.

Carbonic acid is classified as a fairly weak acid, resulting in minimal
deterioration. Salfurous acid, on the other hand, is a very strong acid which
may be oxidized under suitable conditions to form the more powerful sulfuric
acid.

Both of these acids are extremely corrosive towards iron, steel, copper
and zinc compounds and, to some extent, aluminum. Hydrogen sulfide is another
sul fur compound frequently found in industrial gases and, in the presence of
moisture, presents a corrosive effect. This effect, however, is limited
primarily to steel.

Temperature

It 3s a well known fact that as the temperature decreases, metals be-
come more brittle. This change in the property of metals makes them more
susceptible to failure in areas of high stress concentration. Some of these
transition temperatures occur at relatively high temperatures, i.e., steels
that are not thoroughly deoxidized will have their transition temperature
at around 32 degrees F.
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Although this phenomenon cannot be prevented, the designer should be
aware of this property of metals and design accordingly. Some methods of
overcoming this may be to add a sufficient safety factor or recommend that
certain metals or certain manufacturing processes not be utilized for cold
temperature use.

Filiform Corrosion

Frliform corrosion is a galvanic corrosion occurring under painted
surfaces. Its form is a radial ‘‘worm-like” corrosion path emanating from
gentral core of corrosion.

It occurs under paint, plating, or gaskets, due to the permiability
of these coatings to moisture. The humidity level determines the degree of
corrosion, and the temperature determines the rate and path of corrosion.
Filiform corrosion will only occur between 78% and 85% relative humidity.

Lacquers and ‘' quick-dry '’ paint are most susceptible to damage. A

heavy, phosphate (Parkerized) coating eliminates filiform corrosion. Epoxy
coatings with excellent adhesion and low water transmission are also good.

Hydrogen Embrittiement

Dlated, higih-carbon materials absorb hydrogen in grain boundaries,
causing embrittlement of the part. The higher the stress in a part, the
more susceptible it is to embrittlement failure.

It is recommended that the part be stress-relieved (25° to 50° below
the draw temperature) prior to plating.

Hydrogen embrittlement occurs in welded assemblies, and in springs
where it is recommended that they be stress-relieved right after coiling
operation. A 450°F oven is recommended.

Finishes

The life of metals can be increased through the use of corrosion-
resistant coatings of metal, paint, and plastic, and by surface treatment
of the metal with semipermanent corrosion preventive materials.

1. Metal Coatings

Steel is usually protected against corrosion by a corrosion-resistant
metal ccating. Cadmium, zinc, nickel, chromium, tin, and lead are the metals
most frequently used for this purpose. All of these metals can be electro-
plated onto steel while zinc, tin, and lead can also be applied by hot-dip.

Aluminum uses two major finishes, namely: a. electrochemical con-

version (MIL-A-8625), and b. chemical conversion (MIL-C-5541), oxide
coatings.
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2. Electrochemical Conversion

The electrochemical conversion finishes can be classified into
three different processes: (1) sulfuric acid anodize, (2) chromic acid
anodize, and (3) aluminum oxide hardcoats.

(1). Sulfuric Acid Anodize,

This is the most economical process in anodizing aluminum.
The coating varies from a clear, transparent filr to one that is opaque or
translucent. All welding and fabrication should be accomplished prior to
anodizing, and caution should be exercised tc insure that all the sulfuric
acid electrolyte is bled from the pores, joints, and recesses. Where trapped
electrolyte could be a problem, chromic acid anodizing is recommended.
Dimensional changes are in the order of .0002 inches. The main advantages
of sulfuric acid anodize are:

a. Provides good corrosion resistance and
paint base qualities.

b. Good abrasion resistance.
c. Excellent heat resistance.
d. Good dielectric strength.

e. Better absorption qualities than other
processes.

f. Lower voltages required than in other
processes,

The disadvantages of this process are:

a. Should not be used where electrolyte may
become entrapped in pores, joints, or
recesses.
b. Welds become conspicuous.
(2). Chromic Acid Anodize:
The coatings produced from this process are opaque and
grey in color. This process should be used on porous castings and aluminum
assemblies with joints or recesses where the electrolyte may become en-
trapped. The advantages of this process are:

a. Good corrosion resistance properties.

b. Excellent heat resistance.
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c. Good dielectric strength. This can be improved by satu-
rating the coating with oil, grease, wax or other appropr:ate materials.

The main disadvantage of chromic acid anodize is:

Cannct be used on aluminum alloys of more than 5% copper
or a total alloy of more than 7.5%.

(3). Aluminum Oxide Hardcoat Processes

This process forms an oxide coating of various shades of
grey or b.ack. Coating thicknesses range from .002 inches to .005 inches
of which approximately one-half of the thickness is build-up, the remainder
being penetration. Corners must maintain a generous radius or an easily
damaged corner will be formed as shown in Figure 204a. The major advantages
of this process are:

a. Excellent wear and abrasive resistance.
b. Excellent insulating properties.

c. Can be used to eliminate dissimilar metal inserts in
aluminum where a hard wearing surface is required.

The disadvantages of aluminum oxide hardcoat processes are:

a. Dimensional build is heavy and must be considered during
design.

b. Coatings are too hard to be machined and must be ground
when close tolerances are required.

c. This process cannot be applied when aluminum alloys
contain more than 5% copper or 7% silicon.

d. The fatigue strength of some alloys is lowered con-
siderably.

e. Coatings will not form around sharp corners.
b. Chemical Conversion

‘The chemical conversion groupof oxide coatings form an oxide filmon
the material which is thinner, softer and more porous than those formed by
anodizing. This process may be used as a paint base under most conditions,
but exhibits low abrasion resistance and little corrosion resistance when
exposed directly to the stmosphere. Chemical conversion coatings have low
bond strength to the base material and, therefore, cannot be used for adhe-
rive bonding with epoxy paints. Chemical conversion coatings sre non-
conductive.
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FIGURE 204. DESIGN FOR PRFEVENTING OAMAGED CORNERS
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2. Paint

Paint prevents corrcsion by protecting a metal surface from moisture.
There are also corrosion-inhibiting primers which can be applied to a
metal surface prior to painting. These primers are primarily intended for
metals used where more severe environmental conditions, such as salt spray
and other chemical-laden fluids are present. These primers usually consist
of a liquid vehicle or binder and a corrosion-inhibiting pigment such as
red lead or zinc yellow. The lighter zinc pigments should be used where
weight is a factor,

3. Plastic Coatings

Protective plastic coatings consist of solutions or dispersions of
film-forming plastics in organic solvents. These coatings are satisfactory
for continuous contact with mild corrosives such as fresh and salt water,
some solvents, and some alkalies. Plastic materials, employed as protective

coatings, are of two basic types. These are thermoplastic and thermosetting
coatings.

The thermoplastic coatings most widely used are polyethylene, styrene
copolymers, vinyl resins and saran. Several of the thermosetting types of

plastics, being used for corrosion-resistant coatings, are polyesters blended
with styrenes, urea-melamine, phenolic, and epoxy.

VCI (Vvapor Corrosion inhibiter)

VCI is a vaporizing type of chemical inhibitor uged for corrosion
control in closed areas. The inhibitor (dicyclohexylamine nitrite) is
available both as a treated paper, MIL-P-3420B, or as two viscosity oils,
SAE 10 and 30 (Spec. MIL-L-46002). SAE 10 oil is for rapid, short-lived
protection, and SAE 30 oil is for slower but longer-lived protection.
Their application in a sealed volume is necessary in order for the vapors
to be effective as a preservative.

VCI is intended primarily for corrosion protection of steel; however,
it is usable with cadmium, magnesium or zinc, if the proper grade is used
for these materials, When the oil is used, it is so prepared that it has no
harmful effects on cadmium, zinc, magnesium, or aluminum.

The compound VCI is unstable at temperatures higher than 150°F, or in
atmospheres of high humidity. For details on the use of VCI, consult ™ 38-
230 ‘' Preservation, Packaging, and Packing of Military Supplies and Equipment.'
DETERIORATION OF WOOD

Wood is susceptible to deterioration from the effects of climate,
physical forces, chemical agents, microorganisms, and insects.
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Microorganisms

The growth of most microorganisms occurs most rapidly during warm,
humid weather. Wood, in contact with the ground, is especially susceptible
to fungi and molds. Most of these organisms cause decay with a resulting
decrease in strength, while others attack plywood glues. Protection against
microorganisms in wood can be obtained by the use of wood preservatives.
Some of the preservatives are poisonous to the attacking organisms and some
act only as repellants. Others form a physical barrier that prevents the
organisms from entering the wood.

Wood preservatives may have either an oil base or a water base. Oil-
based preservatives will nct be washed away or leached out by water, and
they make the wood moisture-repellant. Water-based preservatives are cheaper
than oil-based preservatives, which is their primary advantage.

Items being shipped to areas where optimal conditions for decay are
prevalent should use decay-resistant woods or some type of decay-treated
woods, Table 41 lists the decay resistance of some woods.

Insects

Wood is subject to attack by insects even when it is supported above
the ground and kept dry. Damage to wood in contact with the ground is pri-
marily due to termites and powder-post beetles, while damage to wood
supported above the ground is due primarily to powder-post beetles and dry
wood termites.

The wood preservatives used to protect against microorganisms are also
effective in combating insect infestation. The surface of the wood should be
coated with a thin film to prevent the depositing of eggs in the wood pores.

Physical Agents

Wood is also susceptible to deterioration from such physical agents as
sbrasion, weathering, and Ligh temperatures. Abrasion usually occurs during
shipment and handling, and a hard, abrasion-resistant wood should be used
for this purpose. Reinforcing in the areas where excessive wear occurs
should also be used if possible.

Unfinished wood exposed to alternate periods of rainfall and hot, dry
weather produces cracks, splits and general erosion of wood and, eventually
a severe loss of strength. High temperaturea also cause loss of strength
with the rate of loss increasing with temperature.

Figure 205 shows the effect of weathering on two different types of
plywood. The type on the left is an exterior plywood and shows no effect
from weathering. The plywood on the right is an interior type of plywood
snd, as can be seen, the laminations have started to warp and separate.
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HEARTWOOD DECAY

TABLE 41

RES ISTANCE OF SOME WOODS

COMMON IN THE UNITED STATES
Good Fair Poor
Baldcypress Douglas fir Ashesi?)
Catalpas Honey- Aspens
Cedars locust{2) Basswood
Chestnut Lareh, Beech(?)
Junipere western Birches!2)
Locust, Oak, Cottonwood
black chestnut Fire (true
Mesquite Oak, white Hemlocks
Mulberry, Pine, Maple,
red eastern su'ar‘z’
Osage- white Oak,
orange Pine, northera
Redwood southern redi2)
Walnut, yellow sPruenu)
black Sassafras Willows
Yew, Pacific

(1) The species in each group are listed
alphabetically, it being impractical
to list them in order of relative de-
cay resistance.

(2) These species may rate nearly as
high in decay resistance as some of
those in the next better group.
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Chemicals

Chemicals can readily destroy or weaken wood and wood products.
Some woods are resistant to certain chemicals and should therefore be used
where cont~ct with these chemicals is contemplated.

DETERIORATION OF PAPER .

Paper products usually consist of wood derivatives and, therefore, are
subject to many of the deteriorsting agents affecting wood.

Microorganisms

Microorganisms are also a serious threat to paper, psperboard, and
fiberboard. Mildew, bacteria, and fungi are the chief offenders. Treatment
of these products with fungicides and mold-inhibiting solutions is the
accepted preventive measure.

Moisture

One of the ways moisture can cause deterioration of paper is by dis-
solving or softening the gelatinous binder used to hold the fiber together.
This csuses the paper to lose its structural strength and eventually fall
to shreds. Where moisture is expected to be a problem, wet-etrength papers
should be specified.

Moisture also makes paper inhabitable for the growth of microorganisms
which cause decay.

insects

Some insects use paper as a food, thereby causing structural damage.
Termites consume paper for its prime structural component, cellulose, wheress
silverfish destroy paper by eating the starchy material, such as glue and
sizing. Cockroaches feed on many materials, eating bindings and psper. Ter-
mites snd cockroaches will attack sheel paper, pasteboard, composition board,
fiberboard, labels, paper boxes, insulating paper and tar paper. The time re-
quired for insects to penetrate various paper products is given in Table 42.

. An effective means of controlling insects is to incorporate insecticides
in the material and to spray around storage sreas. Tables 43 and 44 give some
insecticides used for this purpese.

Rodents

Rodents damage paper products in their gnaving for food. Since these
paper particles are not swallowed, toxic agents are useless. The only reslly
effective preventive is Lo set oul poisoned bait. The most effective poisons
are warfa~in and sodium (luorscetate. Other poisons such as thallium sulfate,
red squill, ANTU and sinc phosphide have been used but are not as effective.
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TABLE 82

TIME REQUIRED BY CERTAIN INSECTS TO PENETRATE VARIOUS PAPERS
AND OTHER BAG MATERIALS

Common Dampwood Nevada Dampwood
Material Termites Termites
Toweling 3-1/2 hours 3 hours
Asphalt bagging T days 8 days
Cellophane No. 300 4 days S days
$0-1b kraft paper 1 day 1 day
$0-1b krafk paper plus 30% sodium S days 6 daye

silicate solution

3/0 fiimt candpaper

3/0 flim sandpaper, smesth side wp

Cellophane Ne. 300 ea 0. 0006-ia.
lead feil

Ne. 30 sulfite paper on 0. 00035-ia,
lead foil

0. 00035-in. 1ead feil on No. 30
sulfite paper

more thaa 3% days
14 days

more thaa 35 days
10 days

more thaa 35 days

more than 33 daye
14 daye

more than 33 daye
10 days

more than 35 days

Thichness, 0. 00088 inches.

TABLE W3 TABLE W8
INSECTICIDES REPELLENTS
Compound Etfective Agaiast Compound Effective Againet

Pyrothrem Al Thiscoumaria Termites
Retonsne Al Memachlerecyclohemae "
poT Resches, siiverfia| |poT "
Chlerdane Al 3, S-dinitre-e-cresel "
Methexychlor AR Phonethissine- 3, *
Pestachlorophensl Reaches, termites, S.dinitre-e-cresylate

Grebrate Phencthissine -
Tar derivetives Dryweed termites S.dinit "
Keresone oil Siverfish l‘:iahn Te-e-cryslate "
Bensene hamachiovide | Dryweod termites
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Chemicals

Deteriorution of paper from chemicals is another area that must be con-
sidered when using paper preducts. In industrial atmospheres, the greatest
hazard is from the sulfur dioxide gas present. This gas forms acids that
attack the gel-like portion of the fibers and, to a certain extent, the
cellulose content.

Temperature

High temperature can weaken paper by altering its chemical structure.
Heat also provides an ideal atmosphere for decay caused by microorganisms
and moisture.

Sunlight

Continued exposure to sunlight causes deterioration of the main
structural cowponent of paper, cellulose. The rate und severity of deteri-
oration is dependent upon the kind of cellulose used in the paper, and the
impurities present in the cellulose. y

DETERIORATION OF RUBBER

Rubber is subject to deterioration by a variety of chemical, biological,
and physical agents, working individually or in combinations. The degrading
effects of some of these agents are listed in Table 45.

Microorganisms

Certain rubber compounds are susceptible to microbiological deteriora-
tion. Deterioration is fairly slow and requires s warm, mois’. environment.
Table 46 gives the resistance of several rubbers agsinst attack by micro-
organisms.

Chemicals

The most serious cause of deterioration in rubber is caused by the .
ozone present in the atmosphere. QOzone causes rubber to become brittle and
may produce fissures over its surface. The severity of attack varies greatly
according to the type of rubber. Oxygen has similar cffects but they are
subordinate in importance to those caused by ozone. Neoprene, butyl, Thickol,
silicone, Hypalon, and polyaervlate rubbers are more resistant to ozone than
polymers based on butadiene or isoprene, such as GR-S, nitrile rubber, or
natural rubbers.

Natural rubbers swsll when in contact with liquid hydrocarbons, such
as oil, gasoline, and benzene. Disintegration and aging occur from prolonged
contact. Several synthetic rubbers have been developed which ars oil-resistant;
these products are substituted for natural rubbers when contact with oil or
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TABLE %5

PHYSICAL PROPERTIES OF SYNTHETIC AND NATURAL RUBBERS

Abrasien Etfect of Sunlight
Material Etfect of Hemt Resista (onder tensiom) Effect of Aging
Chemigum, ail-recictant Sriffens Encellent Equal to rebber Stiffens
Chomigam, tive Siffens Geood Nene Better than rubber
GR-1 {Butyl) Stiffens slightly Paceltont Nene Highly resistast
GR-M (Nesprese) Nifiens oligtly Excellont Nene Highly resistam
GR-N (Perbunsa) Riffens Encellent Sign Highly resiston:
GR-P (Thiekel FA) Hardens olightly Fairly goed Nome Nene
GR-P (Thickel $T) Hardeas slighnly Good MNome Mone
GR-S (Bema 8}, bard - - -- Mighly resistam
GR-S (Buma 5), oot Srifiens Encelliemt Deterierates Highly resistast
Hycar OR-15. selt Rilens Ewncellent Stightly better WHighly resistamt
thaa astersl rebber
Hycar OR-25, selt Riffens Emcellont Stightly better Highly resistant
than aatural rebber
Hycar OR-15, hard .- - - Highly resiotant
Hycar OR-10. selt Siffens Ewcellent Deteriorstes Highly resistan.
Koroseal, sel Solene Goed Neme Highly resistant
Korosesl, ha.d Selkere Encellent Noae Highly vesistamt
Pliclite, No. 4 Sefktens .- MNome Nene
Resistofiex Seftems Goed Noae None
Tygoa T Selteme Goed MNone -
Vistanex, mediem .- .. None Batter thaa rubber
Vietanex, high - -- None Batter thaa rubber
Matural rebber, hard .- -- - Highly resistant
Materal rubber, sok Soltens Encellest Deteriorates Moderately resistast
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TABLE 46

RESISTANCE OF NATURAL AND SYNTHETIC RUBBERS

TO MICROORGAN I SMS

Material Resistance
Natural rubber
Pure natural rubber—caoutchouc Attacked
Highly purified natural rubber, 99%+, Attacked
not vulcanized

Natural rubber vulcanizate Attacked

Resistant
Hevea latex Attacked
Guayule latex Attacked
Crude sheet Attacked
Crepe rubhey Attacked
Pale crepe, it compounded Attacked
Pale crepe, compounded Resistant

Attacked
Plantation crepe Attacked
Smoked sheet, not compounded Attacked
Smoked sheet, compounded Resistant

Attacked
Reclaimed rubber Attacked

Gutta-percha
Chlorinated rubber

Synthetic rubbers
Neoprene-polychloroprene,
not compounded
Neoprene, com pounded( 1)

GR-S, butadiene-styrene,
not compounded

GR-S, butadiene-styrene,
compounded( 2}

GR-S, butadiene-styrene, compounded,
acetone extracted

Buna-S, butadiene-styrene, uncured

*Hycar OR, " butadiene-acrylonitrile,
not compounded

"Hycar OR, " butadiene-acrylonitrile,
compounded

Buna N, butadiene-acrylonitrile,
compounded

GR-I (butyl), isobutylene-isoprene,
uncured

GR-] (butyl), isobutylene-isoprene,
compounded

"Thiokol, " organic polysulfide, uncured

"Thiokol, " organic polysulfide,
vulcanized

"*Thiokol, " organic polysulfide, she=ts
for gasoline tank linings

Silicon rubber

Experimental elastomers from:
Butadiene
Isoprene
Isobutylene
Acrylonitrile

Styrene

Some attack but less
than natural rubber
Resistant

Resistant
Attacked
Resistant
Attacked
Resistant
Attacked
Resistant
Attacked
Resistant

Attacked
Attacked

Resistant
Attacked
Attacked

Resistant
Attacked
Resistant
Attacked
Attacked
Resistant

Attacked

Resistant

Attacked
Attacked
Attacked
Attacked
Attacked

(1) Neoprene containing nutrients may be attacked,
but the hydrocarbon itself is not attacked.

(2) This sample produced by improved proceasing

to give fungal resistance.
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chemicals is expected. Neoprene, Thiokol, butadiene-acrylonitrile vulcan-
izates, some polyacrylic ester compounds, and chlorinated rubber are often

used for these purposes.
Temperature

A number of changes take place in rubbers, particularly carbon-based
types, under the influence of low temperatures. All of these changes are
reversible, however, and the material recovers its original properties as
temperatures return to normal. As the temperature is decreased, the rubber
becomes more difficult to bend or stretch. Below a certain subzero temper-
ature, this stiffness increases to a maximum, at which the rubber becomes
brittle and will shatter under suddenly applied loads. Long time exposure
is sometimes accompanied by crystallization and the plasticizer-time effect,
Crystallization results in an increase in stiffness but not necessarily in
brittleness. The plasticizer is thrown out of solution, which may result in
a loss of flexibility above the brittle temperature and also causes the
temperature at which brittlement takes place to rise. Thz various commercial
rubbers differ appreciably as to the temperature ranges in which they pass

through these various stages.

At high temperatures, both natural and synthetic rubbers become gummy,
take on a permanent set, and decrease in tensile strength. The temperatures
at which various types of rubber become unusable are shown in Table 47. The

more general effects of heating are included in Table 45.

Sunlight

Decomposition of rubber by sunlight is due mainly to the blue and
ultraviolet wavelengths. These rays cause the rubber to liberate gases as
the rubber decomposes. The surface of rubber, undergoing solar deterioration,
exhibits resinification of the surface and an irregular pattern of very fine
cracks. The effects of sunlight on various rubbers are included in Table 45,

Preventive measures include coloring the rubber to decrease the effect
of the damaging wavelengths, although storage in darkness is the most effec-
tive measure,

DETERIORATION OF PLASTICS

With the wide variety of plastics available today, it is possible to
choose a plastic that is not affected by the particular environmental con-
ditions through which it travels. The resistance of plastics to corrosion,

heat, light, acids, alkalies, organic solvents, etc., can be found in various

materials handbooks and manufacturers’ brochures. It might be said that, in
general, plastics have a good resistance to corrosion and chemical action,
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TABLE 47

DEGRADATION OF RUBBER BY HIGH TEMPERATURES

4
Type of Highest Usable
Rubber Temperature °F (°C)
Silicone 800 (260)

L Polyacrylic 350 (177)
Buna-N 340 (171)
Neoprene 315 (157)

Butyl 300 (149)
Buna-8 280 (138)
Natural 260 (127)
Thiokol 250 (121)

15-21




2 o

Microorganisms

Only a few plastics are attacked by microorganisms and, in these
plastics, deterioration rarely proceeds further than the surface. Table 48
lists the relative resistance to microorganisms of several plastics.

Chemicals

Chemical deterioration of plastics results in loss of strength, erosion

warpage, cracking, and loss of transparency. Most physical changes are caused
by loss of plasticizer.

Temperature

As the temperature drops, plastics tend to lose their flexibility and
turn brittle. The temperature at which this happens varies with each different
plastic. Polyethylene, one of the more durable plastics, begins to stiffen
slightly at -30°F and becomes brittle at -94°F.

At the higher temperatures, plastics become very flexible and begin to
lose their strength.
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TABLE U8
RESISTANCE OF PLASTICS TO ATTACK BY MICROORGAN!SMS

Material Resistance

Acrylics

Polymethylmethacrylate Good

Polyacrylonitrile ("Orlon") Good

Acrylonitrile-vinyl chloride copolymer Good

{""Dynel")

Cellulose derivatives

Cellulose acetatel}) Good, poor

Cellulose acetate-butyrate Good

Cellulose acetate-propionate Good

Cellulose nitrate Poor

Ethyl cellulose Good
Rayons

Acetate rayon ("Estron") Good

Saponified acetate rayon Slightly more resistant

than cotton

Cuprammonium rayon Poor

Viscose rayon Poor
Phenol-formaldehydes

Phcnol-lormaldchydc(z) Good

Phenol-aniline- formaldehyde Poor

Resorcinol-formaldehyde Good
Melamine-formailehydes

Mclamim-!ormnldchydc( ) Good, poor
Urea-formaldehydes

Urea- lormaldchydc‘ 3 Good
Protein-formaldehydes

Zsin-formaldehyde (" Vicara") Good

Casein-formaldehyde Poor
Polyamides

Nylon(4) Geod
Polyesters

Ethylene glycol terephthalats Good

("Terylene®) (" Fiber V")

Polyethylenes

Polyﬂhylouc‘” Good

Quutimbh“). Good

Polytetrafluoroethylene (*Tellon%) Good

Polymonochlorotrifiuoroethylene Good

Polyisotutylene Good
Styrenes

Polystyrene Good

Pelydichlorastyrene Good

Vinyls and vinylidenes

Polyvinyl chloride Good
Qucuimbh“)

Polyviayl acetate Poor

Polyvinyl chloride-acetate Cood
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TABLE 48
RESISTANCE OF PLASTICS TO ATTACK BY MICROORGANISMS (cont)

Material Resistance
Polyvinylidene chloride GCaod
Polyvinyl butyral Good
Glyptal resins (Alkyd resins) Poor, moderate
Silicone resins Good

p -

1))

(2)

(3

(4)

(5)

(6)

Fully acetylated cotton is resistant, but there are ace-
tylated cottons in which the percentage of acetate is not
high enough to impart complete reistance.

Some cases are on record in which phenol-formalde-
hydes have been listed as poor. This difference in
opinion probably arises {rom testing samples contain-
ing susceptible fillers, since the resin itself is consi.
dered as having rather good fungus resistance,

White and Siu, in tests on cotton fabrics impregnated
with urea-formaldehyde and melamine-formaldehyde

resins, found that a high degree of fungal resistance

was imparted to the cotton by the resins. [t was not

conclusively shown, however, whether (a¢ resistance
was due to the resins as such or to the possible pre-

sence of free formaldehyde.

Some tests have indicated nylon to be attacked in soil
burial, but most evidence shows it to be immune.

Klerm.me and Watkins in 1950 reported that the suicep-
tibility of polyethylene and polyisobutylene resias to
fungus growth decreases as the average molecular
weight increases. Ethylene materials of molecular
weights above 10,000, and a butylene sample of 100,000
mw, were found to be fairly resistant. Polytrifluore-
chloroethylens (“Kel- F') shows a nutritive inertness
comparable to the high-molecular-weight polyethylene.

Based on electrical measurements.
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Corp., Wheaton, Maryland, 1962.

"Seals" Machine Design, Penton Publishing Co, Cleveland, Ohio, 196l
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ADP
approx.

APRV

AR

assy

Brg

brk

BTU
BTU/pound

°C

¢
comp.
cont

CONUS

cps

cu ft
cycles/sec
cyl

DA

GLOSSARY
adapter HE
approximately hr
automatic pressure hyd
relief valve in.
army regulation in/1in.
assembly in/lb
bearing in/sec
bracket ke
British Thermal Unit kmc
British Thermal Unit lat,
per pound 1b.
degree Centigrade 1b/cu ft
center line 1b/fe
compression 1b/in
container 1b/in/sec
continental United

States lbs/sq in
cycles per second long.
cubic feet max.
cycles per second mc
cylindrical MIL
Department of the Army  MIL-STD
U.S. Army Development miles/sec
and Proof Sersvices of millisec
Aberdeen Proving Ground min.
diameter mph
Department of Defense MPRV
degrees Fahrenheit

Federal specification msc.
Federal standard N.A.
from OA

feet per minute ORD

feet per second P.C.F.
feet psi

feet per minute psia
feet per second

forward psig

a dimensionless ratio

of the acceleration on pts
object to the acceler- rad/sec
ation due to gravity rect
guidance and control KF

a dimensionless ratio RH

of the maximum acceler- g A E.
ation an object can

safely withstand to the ggore.
acceleration due to struct.
gravity temp.

high explosive

hour

hydraulic

inch(es)

irch per inch

inch - pounds

inches per second
kilocycles

one thousand megacycles
lateral

pound

pounds per cubic foot
pounds per foot

pounds per inch

pounds per inch

per second

pounds per square inch
longitudinal

max imum

megacycles

military

military standard
miles per second
millisecond

minimum

miles per hour

manual pressure

relief valve
milliseconds

not available

overall

ordnance

pounds per cubic foot
pounds per square inch
pounds per square inch
absolute

pounds per square inch
gage

points

radians per second
rectangular

radio frequency
relative humidity
Society of Automotive
Engineers

storage

structure

temperature

R




SRR,

LR

™

vert

w/

w/h

w/o
water-1b
wt

yr

technical manual
vertical

with

with head
without

water per pound
weight

year(s)

GLOSSARY (cont)
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A

Aircraft limitations, 14-10
Army missile and rocket
contalners, 2-1

Army missiles and rockets, 2-1

Barrier, flexible, 8-21
Breathing, 10-1

c

Cable 1solation, 5-26
Center of gravity, 2-2
Chemical conversion, 15-9
Communications transmitters,
hazards from, 13-3

Co-netic alloy, 13-14
Container,

body, 8-1

body materials, 8-19

configuration, 8-11

end opening, 8-12

expendable, 8-18

modular design, 8-16

open, 10-6

sealed, 10-4, 10-11

si1ze, 8-1, 8-8

type, 8-2

vented, 10-6

Controlled breathing, 10-4, 10-9

Corrosion preventive materials for

metals,
metal coatings, 15-7
paint, 15-11
plastic, 15-11

Criteria, rejection, 4-8, 4-18

4-25, 4-31

Cushioning,

abrasion dusting, 7-34
anomalous type, 7-3
bearing area, 7-38
buckling, 7-32
classification of, 7-56
compressibility, 7-2
compression set, 7-30
corner pads, 7-37

I-1

INDEX

Cushioning (cont)

costs, 7-53

creep, 7-31

efiect of temperature on
humidity, 7-29

encapsulation, 7-36

expanded polystyrene, 7-11

factor, 7-50

fibrous glass, 7-26

hydrogen ion concentration (PH), 7-34

pneumatic effects, 7-32
polyethylene foam, 7-22
resistance to fungus, 7-33
rubberized hair, 7-5, 7-9

shock absorption, calibrations

for, 7-42
specifications for, 7-55
tangential type, 7-3
testing, 7-54
urethane foam, 7-24

D

Data plate, 8-25
Deceleration, 1-12
Deflection, 1-8
Dehumidification, 10-11
Desiccant holder, 10-9

Desiccant requirements,

free or controlled breathing, 10-15

sealed container, 10-14
Deterioration of metal,
acid and alkali, 15-6
filiform corrosion, 15-7
galvanic corrosion, 15-4

hydrogen embrittlement, 15-7

moisture, 15-1

salts, 15-6

temperature, 15-6
Deterioration of paper,
chemicals, 15-17

high temperatures, 15-17
insects, 15-15
microorganisms, 15-15
moisture, 15-15

rodents, 15-15

sunlight, 15-17
Deterioration of plastics
chemicals, 15-22
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Deterioration of plastics (cont)
microorganisms, 15-22
temperature, 15-22

Deterioration of rubber,
chemicals, 15-17
microorganisms, 15-17
sunlight, 15-20
temperature, 15-20

Deterioration of wood,
chemicals, 15-15
insects, 15-12
microorganisms, 15-12
physical agents, 15-15

Devices, handling, 9-1

Dimensions, 2-2

Displacement, 1-8

Dissimilar metals, 15-4

E

Energy dissipation, single use, 5-26
llectrical bonding, corrosion
of, 13-15
Electrochemical conversion,
aluminum oxide hard-coat
process, 15-9
chromic acid anodize, 15-8
sulfuric acid anodize, 15-8
Electromagnetic induction, 13-2
¥lectromagnetic interference,
sources of, 13-1
filters, 13-20
joint and gasket, design for, 13-4
shield grounding, 13-19
shielding against, 13-6
significance of measurements, 13-5
Electrostatic coupling, 13-18

F

Fasteners,

draw-pull type, 11-1, 11-5
screw type, 11-1

slide action type, 11-5

Fork lift provisions, 9-6
Fragility, 1-1, 1-5, 1-9, 1-11,

2-2, 2-5

Free breathing, 10-3, 10-6
Frequency, natural, 1-13

I-2

G

“Gg”, 1-1, 1.5, 1-10, 4-23
Gas law, 10-1

H

Handles, lifting, 9-2
Handling hazards,
manual, 3-1
mechanical, 3-1
Hoisting fittings, 9-4
Humidity indicator, 10-21, 10-28,
10-31
Hygroscopic materials, 11-10

Magnetic coupling, 13-17
Manual handling, 9-1
Mechanical handling, 9-3
Mechanical suspension systems,
deflection, 5-8
dimensions, 5-17
fatigue, 5-15, 5-19
helical springs, 5-1
impact loading, 5-19
loading, 5-2
location, 5-3
spring rate, 5-4
temperature, 5-16
transmissibility, 5-11
vibration and damping, 5-9

Netic alloy, 13-14

R

Railroad limitations, 14-1
Records receptacle, 8-22
Resiliercy, 7-4, 7-29
Resonance, 1-13

Rollover provisions, 9-23

S

“S" tvpe Jarret mountings, 3-26
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Sealing, 11-7, 11-10
Security seals, 8-25
Shear mounts, 6-1
mount orientation, 6-10
preliminary design, 6-7
problem definition, 6-5
suspension schemes, 6-1]
Ship, 14-6
Shock,
impact, 1-2, 1-6
pulse, 1-4
rise time, 1-8
Skids, 9-11
Specifications and standards, 13-23
Stacking, 2-5
Stacking provisions, 9-19, 9-21, 9-30
Static compressive force, 7-48
Storage hazards,
field depo:, 3-14, 3-15
transit, 3-2

T

Temperature control,
auxiliary power, 12-1
batteries, 12-2
heater, internal, 12-10
thermophormic materials, 12-2
Tests, qualifications,
concentrated load, 4-19
corner free-fall drop, 4-7
cornerwise rotational drop, 4-14
cushioning proof, 4-22
edge-drop free-fall, 4-12
edgewlse rotational drop, 4-15
flat-face free-fall drop, 4-9
free-fall drop - 45°, 4-10
fog, salt, 4-29
fork lifting, 4-19
fungus, 4-33
high temperature, 4-24
hoisting, 4-19
humidity, 4-29
inclined impact or conbur, 4-16
low temperature, 4-25
pendulum impact, 4-13
pushing and towing, 4-19
rain, 4-28
resonance survey, 4-2]
rough handling, 4-4, 4-17
sand and dust, 4-29

I-3

Tests, gqualifications (cont)
selection, 4-4
serviceability, 4-19
stacking, 4-19
sunshine, 4-32
suspension-proof, 4-21
vibration, 4-20

Tie-bar, 9-11

Tie-down fittings, 9-5

Torsion bars, 5-21

Towing, 9-5

Towing fittings, 9-5

Transportation hazards,
aircraft, 3-12
marine vessel, 3-13
railroad, 3-4
truck, 3-7, 3-11

U
Unitization, 9-9
v

Vapor corrosion inhibitor, 15-11
Vibration, 1-13

Weight, 2-2, 2-5
Wood preservation, 15-2




It is the intent to review this publication periodically
to ensure accuracy and completeness. Those making
use of this guide are encouraged to report any errors
discovered and any recommendations for changes or
expansion of content to the Commanding Generdl,

ATTN:  AMSMI-IHC, U. S. Army Missile Command,
Redstone Arsenal, Alaboma. DA Form 1598, Record
of Comments on Publications, as referenced in AR 310-6,
may be used.




