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FOREWORD

This handbook was prepared by the Standardization and Specifications
Branch, Technical Data Division, Research, Developnent and Engineering Support
Directorate, U S. Arny Chenical Research, Devel opment and Engineering Center.

This document was conpleted in June 1982 by Battelle Colunmbus Laboratories
for the Physical Protection Division (CRDEC) and is available to all elements
of DOD, other Covernment agencies and other interested parties. Conmments and
suggestions on this publication are wel come and should be addressed to:

Conmander

U S. Arny Chem cal Research, Devel opnment and Engineering Center
ATTN.  SMCCR- SPT- S

Aber deen Proving G ound, M 21010-5423

The purpose of this handbook is to provide information and guidance in the
design of mlitary vehicles and other equipment so as to mininmze contan nation
by nuclear, biological, and chemical (NBC) agents and to increase the effective-
ness of decontam nation processes. The guidelines are intended to focus on the
probl em areas that can be elimnated by designers when contam nation and decon-
tam nation are considered as factors in design of nmilitary equipnment. Those
guidelines do not presune to dictate requirements for the |ayout, configura-
tion, or construction of mlitary hardware, nor do they prohibit presently used
design techniques. Thus problens of contamination and decontam nation are
brought to the attention of designers. Approaches to reduce the size of those
problens are suggested. Therefore, the information provided herein should be
consi dered advisory only.

The findings in this report are not to be construed as an official Depart-
ment of the Arny position unless so designated by other authorizing docunents.

Approved for public release; distribution isunlimted.
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1. SCOPE

Thi s handbook provides guidelines for designing mlitary equipnent so as to
mnimze contam nation by nuclear, biological, and chemical (NBC) agents and to
increase the effectiveness of decontamnation processes. In no way do these
guidelines presune to dictate requirenents for the l|ayout, configuration, or
construction of mlitary hardware or for the selection of materials to be used
therein; nor do they prescribe presently used design techniques. Rather, they
are intended to bring the problens of contamnation and decontanination to the
attention of designers and to suggest approaches that can elimnate these prob-
| ens and can make decontam nation easier.

2. REFERENCED DOCUMENTS (Not applicable)
3. DEFINITIONS

(For the purpose of this handbook, the follow ng definitions shall apply:)

3.1 Absorption The process whereby a contaminant or decontam nant
penetrates a surface and renmains within the contani-
nated material.

3.2 Adsorption The process whereby a contaninant or decontani nant
adheres or becormes chemically attached to a surface.

3.3 Agent A substance that, depending upon the context in which
the termis used, nmay contaminate equi pnent or that
may be used to counter the effect of a contaninating
subst ance. See contaninant or decontaninant.

3.4 Biological A substance or living organism that produces the
Cont ami nant incapacitating or lethal effects by transferring or

causi ng di sease.

3.5 Cheni cal A substance that produces its incapacitating or |ethal
Cont ami nant effects by chenmical action. See the list of chem cal
contanminants in Table A-1.

3. 6 Cont anmi nant A chemcal or biological material, a toxin, or a
nucl ear material whose purpose is to incapacitate or
to kill personnel.

Contami nants are chenical, biological, or nuclear
materials that have been devel oped for the specific
purpose of killing or incapacitating people. Oher
materials or agents developed for other mlitary-

rel ated purposes, such as defoliation, also can have



3.6.1 Chem cal
Agent s

3. 6.2 Biological
Agent s

3.6.3 Nucl ear

Cont am nants
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adverse effects on human and animal |ife; however,
these other agents are not considered as contaninants
within the context of this handbook and, therefore,
are not discussed here. Anti-personnel contam nants
are described in broad terns bel ow

Chemi cal contaminants may be categorized as nerve,
choking, blood, blister, incapacitation, voniting, and
riot-control agents. They affect primarily the |ungs,
the eyes, or the skin; they may cause death or may
only incapacitate for a few nminutes. The severity of
the effect depends upon the concentration of the
agent, the toxicity of the agent, the anpunt trans-
ferred to a person, and the condition of the person
exposed. However, the greater the anount of agent on
or in equipnent, the greater is the probability that
an amount necessary to cause harnful effects will be
transferred to personnel. The harnful effects that
may result are listed in Table A-1 for the different
categories of chem cal agents.

Bi ol ogi cal contam nants may be broadly categorized

as di sease- or illness-causing agents. They are
living organisnms and include bacteria, fungi,

protozoa, rickettsia, and viruses. Transfer can be by
i nhal ation, ingestion, or through a break in the skin.
Their effects can range from mld incapacitation to
death, depending to a large degree upon the physical
condition of the exposed person and the specific type,
strain, and viability of the agent.

The major problem with such agents is that they may
survive for a long period of tine if environnental con-
ditions are favorable. If trapped in areas that are
hard to get to (and which normally would not represent
exposure hazards to personnel), they may be uncoverd
at a later time and contaninate maintenance personnel.
The problemis conmplicated by the fact that the

hazar dous dose varies wi dely, depending upon the
specific biological agent, and by the danger that the
agent or its disease may be transferred from one
infected person to another.

Nucl ear contaminants include any radioactive material
that may result from fallout after an atomc or

nucl ear attack or from induced radioactivity in soil
and vegetation. Direct radiation from a nuclear
blast, although it will contaninate equipnment, is out-
side the scope of these guidelines. Thus, nuclear
agents are substances that nmay be deposited on, or in



3.7 Contam nation

3.8 Decont am nant

3.9 Exposure

3.10 |ncapacitation

3.11 Persistency

3.12 Nucl ear
Cont am nant

3.13 Toxin

3.14 Toxicity
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conpartnments. The degree of hazard associated with
these agents depends largely upon the anmpunts present;
pockets or depressions may trap sufficient naterial to
pose a hazard to unwary personnel.

The presence of a contaninant on equipnent.

A substance whose purpose is to detoxify, physically
renmove, seal, or otherwise make harmless a contam -
nant . See |ist of decontanants in Table A-2.

Anong the npst effective decontam nants, particularly

for chemical agents, are tinme and isolation. However,
both time and isolation require that a contam nated
pi ece of equipnment be renoved from service for an
indefinite period. Furthermore, even when isol ated,
contami nated equi pnent can itself be a source of con-
tamnation if wind or precipitation carries the con-
tamnating material into another area. Therefore,
rather than rely upon natural processes for decontam -
nation, positive techniques and substances nust be
applied to make the contam nated equi pment safe for
use. A nunmber of substances that have been used with
varying degrees of success for decontam nation are

listed in Table A-2. Athough these substances are
effective in neutralizing or renoving contaninants,

some of them have adverse chemical or physical effects
on the materials to which they are applied.

Being in or passing through an area or atnosphere in
whi ch contami nants are present.

Physi ol ogi cal or visual effects of contanmination that
render individuals incapable of performng their
assigned duties.

The effectiveness of a contam nant over tine.

A substance that produces its incapacitating or |ethal
effects by releasing radiation, usually beta or gamm,
that destroys living cells.

A substance, usually a product of animal or vegetable
origin, that produces its incapacitating or |ethal

ef fects by poisoing the human organi sm

The degree of which a contamnant is effective in pro-
ducing its incapacitating or lethal effects.
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4. CGENERAL REQUI REMENTS

4.1 Relationship of Design to Contanination and Decontani nation

Efforts to address the effects of NBC contami nation, including their
decontam nants, upon equipnent was formally initiated by the Army in 1984 with
the publication of AR 70-71, NBC Contamination Survivability of Arny Mteriel.
This regulation established formal policy and procedures for the devel opnent
and acquisition of equipnent to ensure its survivability and sustainability on
the NBC-contam nated battlefield. During June 1987 the Department of Defense
publ i shed DOD Instruction 4245.13, Design and Acquisition of NBC Contami nation
Survivabl e Systems, which provides nanagenment and docunentation requirenents
for the survivability of systems designed and acquired to perform mssion-
essential functions in an NBC contamination environnent. Several handbooks and
reports that provide guidance and technical assistance in addressing these NBC
contami nation survivability requirements are available from U S. Arnmy Chem cal
Research, Devel opment and Engi neering Center.

Contaminants are NBC agents that have been formulated to kill or to inca-
pacitate human beings; that is, they are antipersonnel substances. Contanmi -
nants may be absorbed by certain naterials (such as paints, lubricants, and
fabrics), adsorbed on exposed surfaces, and retained in crevices, seans, con-
cavities, and even on horizontal surfaces. They may al so be absorbed or
adsorbed by dust, nud, or vegetation, which may adhere to equi pnent surfaces.
They can be transferred to personnel by direct contact, through vaporization
and subsequent inhalation, ingestion, or infusion, or (in the case of nuclear
contam nants) through emssion and absorption. Furthermore, sone agents, if
absorbed into a material, may slowy desorb over an extended time and thus
constitute a vapor and contact hazard of |ong duration.

Contanination, within the context of this handbook, means that NBC
agents adhere to or enter a piece of equipment, a vehicle, or some part
thereof. Here, the broadest interpretation is given enter. It includes not
only the penetration of agent into compartment spaces, but also the absorption
of agent into materials and the infiltration of agent into seanms and crevices.

Contamination may result froma direct attack with NBC weapons, or it
may result from exposure to wind-carried agent from another area or from noving
over ground or vegetation that has been contaninated. Regardless of the cause,
the result is the sane: equi pnent vehicles are contamnated and, in turn,
become potential sources of contamination to personnel in the area.

The actual time that equipnent remains contamnated and poses a threat
to personnel depends upon the properties of the agent, the duration of exposure
of the equipnent to the agent, the anount of agent remaining with the equip-
ment, environmental conditions, and physical features of the equipnent (which
relate to the amount of agent remmining with the equipnment). Neither the agent
itself nor the exposure can be controlled by design, but design can reduce the
amount of agent remaining on the equi pnent, and can affect the interaction of
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the environment with the agent. Thus, design to mininmize contanination is,
primarily, a matter of elimnating, restructuring, or shielding itens that may
trap or retain contamnants in areas that can be contacted by personnel or that
can create a vapor hazard to personnel. Secondarily, it is a matter of provid-
ing good air circulation and exposure to sunlight to itens that cannot be

shi el ded from contani nants.

However, these two concepts may result in two extrene views being taken
in designing to minimze contamnation. One view would presume that any agent
absor bed, adsorbed, or otherwise retained on or in exterior itenms wll dissi-
pate or will naturally becorme detoxified before it can affect anyone com ng
into contact with the equipment, and that agent gaining access to interior
areas will be rendered ineffective by the use of personnel protective gear.
This view can result in few, if any, countermeasures being taken in design to
prevent or to mnimze contamnation.

The other view could presume that any degree of exposure of the equip-
ment will be severe, that the agent will be the nost harnful and |ongest |ast-
ing, and that the contaminant will be absorbed, adsorbed, and retained, and
will penetrate into interior spaces, unless every conceivable area of retention
or avenue of entrance is elimnated or shielded. This view can result in over-
design with potentially adverse effects on the prinmary function of the equip-
ment .

The first view is unacceptable under the current doctrine of the US.

Arnmy, and the second is inpractical. The designer must elect some |ess extrene
view that results in the best protection against contamnation comensurate
with the functional requirenents of the equipnent. It is not the intent of

this handbook to suggest tradeoffs between anti-contamination design and func-
tional design, but rather to suggest alternatives that the designer may con-
sider. That the designer may have some appreciation of the inportance of pre-
venting contanination, a general description of contamnants is provided in
Appendi x A

Decontaminants are substances that renove, absorb, or detoxify NBC
agents. They include liquids, slurries, and powders. No one decontam nant is
entirely effective against all NBC agents, and some decontami nants are nore
effective against sonme agents than against others. Therefore, and because it
is inpossible to predict the type or category of agent that wll be encoun-
tered, equipnent and vehicle decontanination design cannot be based upon the
probabl e use of any one decontam nant. Rather, the designer nust be aware of
the natures and properties of the range of decontam nants that may have to be
used, and he should take these into consideration wherever practical - particu-
larly when selecting materials of fabrication. A variety of decontam nants
(such as those listed in Appendix A) must be considered primarily as field
expedients, not because of their effectiveness against certain agents. |f the
standard decontam nants (DS2 and STB) are not available, nost of the decontam
inants listed in Appendix A will not be used.
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Decontami nation, within the context of this handbook, neans the reduc-
tion of hazards from NBC agents that have adhered to or entered a piece of
equi prent, a vehicle, or some part thereof. It may include the conplete detoxi-
fication of agent, the renoval of all agent from the equipnent, or the reduc-
tion of the amunt of active agent to a safe quantity by detoxification or
removal .

Decontami nation may be acconplished by reacting the NBC agent with a
chem cal that neutralizes or destroys it; by diluting or dissipating it; by
absorbing it with disposable materials; by flushing, brushing, or wiping it
from contami nated surfaces; or by heating it to degrade or destroy it. More-
over, decontamination will occur naturally with time, particularly when the con-
tam nants are chemcal agents, as the agents degrade, evaporate, or dissipate
under the influence of sunlight, elevated tenperatures, air currents, and pre
cipitation. However, decontam nation is always a problemin that it requires
time and resources and renoves the equiprment or vehicle from use until the
decontam nation process has elimnated the contam nant or reduced its hazard to
an acceptably low level. Therefore, from the standpoint of decontam nation
efficiency and effectiveness, the best design is the one that mninzes the
need or the effort required for decontam nation.

Such design can be effected by elimnating surface configurations and
crevices that may trap or retain contamnants and by not using materials that
absorb contam nants or that react adversely with decontaninants. \Wen contam -
nants cannot be prevented, good decontamination design wll Provide adequate
access to areas susceptible to contam nation. Unless such access is provided,
decontam nation will be difficult, and in some cases it will be inpossible.
Access to areas where dust, dirt, nud, or grime may accunulate is particularly
i nportant. Bi ol ogi cal agents can survive in such areas for weeks or nonths.

4.2 Potential Effects of Using the Guidelines

If the suggestions in these guidelines are followed, the affected itens
will be easier to decontamnate or will be less susceptible to serious contam -
nation. These are desirable design effects from the point of view of operating
personnel, inasnuch as the hazard from exposure to NBC agents w |l be reduced.

However, followi ng these guidelines may have other, |ess desirable
effects on costs, nmaintainability, and effectiveness. For example, providing
seal ed enclosures on the outside of a vehicle for tool storage will prevent con-
tam nation of the wooden handles on the tools, but may also increase the over-
all cost of the vehicle, nmake the tools less readily accessible, and (depending
upon the location of the enclosure) interfere with normal procedures and make
access to other areas of the vehicle nmore difficult.

The designer, therefore, nust consider all of the potential effects of a
suggestion and then choose the approach that is most feasible in light of the
specific cost and functional constraints inposed upon the design. Mreover, it
nust be pointed out that the suggestions in these guidelines are based upon a
study of contamination problens and not upon the consideration of design practi-
cality.
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4.3 Layout of the Handbook

In addition to this introductory section, the handbook consists of two
sections dealing with design. Each of these sections illustrates (1) features
that, if used, may increase the likelihood of contam nation, contribute to the
severity or duration of contam nation, or make decontamination difficult, and
(2) suggestions for nodifying those features to mninize contamination by NBC
agents and to increase the ease and effectiveness of decontam nation processes.
It should be noted that some of the suggested solutions, such as using a strip-
pabl e sealing conpound, may not be entirely feasible within the current state-
of-the-art.

The first section, General Design Criteria, illustrates general basic
construction techniques that nmay or may not be used in presently fielded mli-
tary equi pment or vehicles. These include features that are undesirable with
respect to the contamination/decontami nation problem as well as features that
are simlar but nore desirable. None have been considered with respect to the
functional mlitary use of the structures in which they may be applied. The
desi gner nust decide whether a nore desirable feature or configuration can be
incorporated into the hardware he is designing.

The second section illustrates items that are used on currently opera-
tional mlitary equipment. For the nost part, these itens represent potential
probl ens because they either are susceptible to contamnation or are difficult
to decontaninate.

These guidelines were devel oped by examining many pieces of mlitary
equi pment, including tanks, mssile launchers, trucks, and helicopters. Over-
view phot ographs of mpst of this equipnent are included in Appendix C of these
gui del i nes. Each specific item such as a seat, that poses a contam nation or
decontam nation problemis illustrated by a photograph in the Design Guidelines
section, and each itemis identified as to its source, such as the MO tank or
the MB86 anbul ance. Although an item may be shown as it is used on a specific
pi ece of equipment, it sometinmes may be found on other equiprment as well.  For
instance, a door handle shown as it is used on one truck may also be found on
other trucks. But that particular handle will be shown only once in these
gui del i nes because the purpose here is to illustrate representative features
that have been incorporated into equipnment rather than to treat exhaustively
any one feature or any one piece of equipment.

5. DETAI LED REQU REMENTS

5.1 CGeneral Design Criteria

In general, any feature that can trap or retain a solid, liquid, or gas-
eous material represnets poor design with respect to contam nation and decontam
ination. Such features not only tend to hold contam nants - and thus represent
potential hazards to personnel - but also are difficult to clean adequately.
Crevices where hatches neet deckplates, exposed springs connected to hatch
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covers, and restricted areas under tie-downs are representative of entrapment
and hard-to-clean features. Anything that can be done to elimnate or to
reduce the number of such features will inprove the overall decontan nation
design of the equipnent.

Present designs frequently incorporate canvas, elastoneric naterials,
and paints that absorb contam nants. If canvas nust be used, the item should
be designed so that the canvas is easily renovable with a mninmum of handling.
| f absorbent elastoners nust be used, they should be shielded to the greatest
extent possible from contam nants; alternatively, they should be incorporated
as easily replaceable items that can be renoved and discarded with a mni mum of
contact by personnel. If surfaces nust be painted, chenical-agent-resistant
coatings should be used (see Appendix B). Such paints can also be used to seal
smal | crevices and capillaries under fasteners. In short, materials that
absorb contam nants should not be used. If they nust be used, they should be
designed as disposable items and made easily renovable. If they cannot be nade
di sposable, they should be shielded to the greatest extent possible.

Non- absorbing seals and sheaths, metal covers, and w der spacing between
adj acent parts nmay be used to inprove the overall decontam nation design, but
they nust be used with care to ensure that the intended effect is realized wth-
out introducing a problem of equal or greater magnitude - either from the stand-
point of contamination or of function. For exanple, elimnating a concave sur-
face may elimnate a contamnant trap, but if the function of the concavity is
to deflect bullets or shrapnel, its elinmination is not feasible. Rather, the
surface must be designed for its functional purpose, and its configuration
should be adjusted to the greatest extent feasible to make it less of a trap
and to nake it easier to clean.

The following pages in this section illustrate general features that
have been observed in the field on nunerous itens of nilitary equipment.
Qpposite each page that shows an undesirable configuration is a page showing a
suggested nodification that will reduce the contamination problem and that will
facilitate decontanination.
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GENERAL DESI GN CRITERI A



Downloaded from http://www.everyspec.com

M L- HDBK- 784

N
NN

CONCAVE  SURFACE

Configuration with deep concavity traps liquids and solids, prevents
runof f during decontanmination. The deeper and narrower the concavity,
the greater is the possibility that contaminating agents wll be trapped

and retained and the nore likely that chemical decontam nation wll
be totally ineffective.

10
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)
CONCAVE _SURFACE
Elimnating the concavity, making it shallower or wider, filling it
with a nonabsorbent material,* or shielding it will prevent entrapment
of contaminant and will increase the effectiveness and efficiency of

the overall decontam nating process.

*See Appendi x B.

11
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LAPPED SURFACE

Lapped surfaces are typical of sheet-netal panels, cabinet walls and
doors, conpartnent covers, and some deck plating. The lapped itens may
be bolted or riveted together, or one nmay nerely be laid atop the other.
Such a configuration results in a crevice between the sheets that can
trap contamnant and that is inpossible to decontam nate w thout renoving
at least the top sheet.

12
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LAPPED SURFACE

If one item nust be |apped over another, the top item should be made
easily renovable to facilitate decontamination. Alternatively, the
crevice between the items should be sealed by welding if the installa-
tion is permanent. Ot herwi se, the crevice should be sealed with non-
absorbent paint or a strippable sealing compound,* as shown; or a
preformed seal should be incorporated in the [ower surface of the upper
sheet, near the edge which forms the crevice

*See Appendi x B. 13
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PERVANENT FASTENER

Permanent fasteners, such as rivets, may |oosen due to vibration,
working of the fastened panels, or faulty installation. Contam nant

can be drawn into the capillary under the fastener head and even al ong

the shank into interior spaces. Decontamination by chemcal neans is
i npossi bl e.

14
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PERVMANENT FASTENER

Wher ever feasible, pernmanent fasteners should be elimnated by using one-
pi ece constructions or by welding. Oherwise, installed fasteners should
be sealed by non-absorbent paint or by strippable, disposable coatings.*
Al'though these latter techniques cone nore under the purview of maintenance
than of design, they should be called out in design specifications and
used initially in the construction and final assenbly of the equipment.

*See Appendi x B.
15
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REMOVABLE FASTENER, PROTRUDI NG

Renovabl e fasteners work |oose during equi pnent operation and are
frequently lost and not replaced in the field. Contaminants can be

drawn under the fastener head and into the bolt hole. Wen the hole is

t hr eaded—- and especially when it is a tapped, blind hole--decontam nation
by chemcal neans is difficult if not inpossible.

16
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REMOVABLE FASTENER, PROTRUDI NG

For sone uses, a seal or flexible nmetal washer can be installed under

the fastener head, as shown, to prevent the entrance of material into the
bolt hole and to help keep the fastener tightly in place. However, this
is not a universally practical solution. Oher alternatives are to make
the fastener easily renovable, and to provide access from both ends of
the bolt hole (elimnate blind holes) to make decontamination more effec-
tive. Mre permanent solutions include incorporating an Oring seal into
the under surfaces of the fastener head; elimnating the need for
renovabl e fasteners; and using quick-release fasteners to mnimze the
potential contact time during renoval.
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REMOVABLE FASTENER, RECESSED

Recesses around fastener heads are inpossible to decontam nate
thoroughly without renoving the item that contains the recess.
Furthernore, a recess ensures that the fastener head is contam nated

and may contribute to contam nant being drawn under the head of the
fastener.
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REMOVABLE FASTENER, RECESSED

Wherever feasible, recesses should be elinmnated and the bottom surfaces
of fasteners made flush with the top surface of the fastened item O

a metal cap, incorporating a seal, can be used to cover the recess. The
recess may be filled with nonabsorbent sealer or filler,* which nust be
snoothed over to elimnate entrapnent areas. Wth this latter approach,
the filler nust also be strippable or otherwise renovable to allow access
to the fastener head.

*See Appendi x B.
19
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REMOVABLE FASTENER, EXPOSED THREAD

Bolts, longer than their function requires, are used frequently,
exposing various lengths of thread to contamnating environments. The
thread grooves trap contami nant, particularly when they contain grease
or dirt, and represent capillaries that can draw contani nant and
decontami nant into nut recesses.
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REMOVABLE FASTENER, EXPOSED THREAD

Bolt lengths should be specified to be as short as possible. To prevent
access of contam nant, nuts should include an internal seal. Alternatively,
the entire nut and the exposed end of the bolt can be covered with non-

absorbent strippable sealant.*
*See Appendi x B.
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CLOSURE, COVER/ CAP

An inset cover may be bolted as shown, screwed in, or sinply pressed

into place, but regardless of how it is secured, the cap will allow

contam nant and decontaminant to gravitate into the interface between
cap and fl ange. If the interface is not conpletely sealed, material

has access to the area under the cover.
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CLOSURE, COVER/ CAP

If the inset configuration nmust be used, the cover-sidewall interface
can be sealed with non-absorbent paint after the cover is installed,

al though this does not inprove the basic design. A better approach is
illustrated above. Overlapping rather than insetting the cover pronotes
runof f and makes the item easier to decontam nate. Furthernore, the
exposed cover-sidewal| crevice is elimnated. The design would be

i mproved by not using through-the-wall fasteners and by incorporating a

seal in the cover.
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AMMUNI T1 ON HOL DERS

(Top) A floor-to-ceiling sealed box protects rack and missiles. Folding
doors nmininmze space requirenents.

(Bottom) Alternatively, a spring-steel strap replaces canvas, attaching
to a base welded to the post.

25



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

(\ M L- HDBK- 784

S

AMMUNI TI ON HOL DERS

(Top) Renovable tubes protect shells from contam nants. The tube base
attaches to slots in the floor base, and the grommet inside the tube

holds the shell in place.

(Bottom) Alternatively, a sealed box protects the shells. The drain
hole in the bottom facilitates decontam nation.
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AMMUNI TI ON HOL DERS

A box with built-in shell tubes allows quick access to and identification

of shells while limting exposure to contaminants. The support latch for
each tube is sealed against contam nants. The box slants down at front
to facilitate drainage.
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AMMUNI TI ON HOL DERS

One large container, sealed to the floor, with several conpartments elimnates

the space between containers and the need for fasteners.
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ANTENNAS

The spring is replaced with a nmetal bellows (top) or covered by a netal

bel | ows (bottom), which seals the critical area and is easier to decon-
t ani nat e.
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Strap easily unclips from eyebolt for disposal, elinmnating need to untie
strap. This design is also applicable to seat belts.
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BOXES

A sliding chassis allows easy renoval of electronics for cleaning, repair,

or replacement. The housing is welded in place, preventing contam nants
from bei ng drawn underneat h.
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BOXES

A wal | panel and/or conduit protects wiring, and a sealed box, welded
to the floor, protects electronic conponents and connections. FEl ectronic
conponents are nounted on a renovabl e chassis.
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BOXES

Vel ding the box to the fender elimnates the trap beneath the box. In
addition, the cover sets in against a seal, preventing the entrance of
cont ami nants.
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BOXES

Straight sides on the box, an overlapping lid, and a seal on the side
flanges prevent contaminant entrance. In addition, welding the box to
the fender elininates an entrapment/hard-to—-decontani nate area.
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BRACKETS

I ncorporating the fender brace into the container, either as a separate
support menber inside the box or as a sidewall of the box, elimnates the
entrapment area and naekes the exterior of the vehicle easier to decontamn nate.
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BRACKETS

49
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housi ng shields the areas from contam nants.



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

Rubber Seal/////// ' )

Around Edees | ﬁ

........... ges i

)
— — RS 4

\ -
>~ | E; e - e
7\‘> [ . l I
A |

/

Twist
Latches 1

Hinges

i, i . . .

=3

}

.

L
=
|

|

L

:ff

BRACKETS

Enclosing the jerrycan and stowage rack with a sealed, hinged cover

prevents contanination.
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Stowage Compartment
Protected Spare Tire
Sealed and Hinged Door
BRACKETS

Enclosing the tire in a sealed conpartnent protects it from such secondary
cont ani nati on.
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BRACKETS

A stowage box protects the tire and pronpotes decontami nant run-off.
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BRACKETS

In the top drawing, a sinple bar can be swung aside. In the lower draw ng,
a nmetal strap and cam shaft are used to tighten the strap to secure the
gun tube. Both designs create fewer entrapment areas than the present

assenbl y.
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BRACKETS

Wel ding a stud bolt in place and cutting the bolt |ong enough that no
threads show when it is tightened prevent contaninant entrapnent.
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CABLES, ELECTRI CAL

Double walls or box sections protect the wiring from contamnants while
allowi ng easy repair access. The hinged cover has a sealed lip and the
Wi re connections are also seal ed.

61



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

[
L

7
o / \|0
| ¢ N

N - \/l

l* o - i « B

CABLES, ELECTRI CAL

Seal ed panels prevent contamnant entry and entrapnent.
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CABLES, ELECTRI CAL

Conduits and sealed connectors linit contam nant entrapment and facilitate
decont am nati on.
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CABLES, ELECTRI CAL

A sealed, renpvable plate protects the wiring and hoses from contam nants.
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CABLES. ELECTRI CAL

A raceway protects the wiring and tubing from contami nants
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CABLES, EIECTRI CAL

A seal ed housing and seal ed connectors protect the reel conponents and
wiring from contamnants. A conduit also protects the wiring.



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

VEORN O\
A

o/ o

\__ N/

A seal ed box,
the pillow block and reel

support structures.
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in which the cable is stored in a figure-8 pattern, elininates
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CABLES, ELECTRI CAL

A box with internal hooks shields the power cord from contam nants.
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CABLES, ELECTRI CAL

Smooth tubing or a cover does not trap contaminants and is easier to clean
than ribbed tubing. In addition, sealed pass-through and a closed, sealed
channel elimnate inaccessible entrapnent spaces
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CABLES, ELECTRI CAL

Casing and netal bellows protect the wiring from contaninants.
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CABLES, ELECTRI CAL

Conduit and enclosure shield the wiring from contaninants.
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CABLES, ELECTRI CAL

Adding seals to the basic design of the spotlight and enclosing the wring
elimnate the possibility of entrapnent and absorption of contami nants
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CABLES, STRUCTURAL

An encl osure prevents contamination of the pulley nechanisns and rope
Spring-loading maintains a seal between the base of the lanyard handle
and the surface of the enclosure.
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CABLES, STRUCTURAL

A box, with a sealed lid, on the front of the vehicle covers the

entire winch cavity and guide, protecting the area from contamnating
mat eri al s.
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CABLES, STRUCTURAL

A covered box on the crane boom protects the wire rope and chain sling
assenbly from contaninants.
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CAPS
A spring clip replaces the retainer chain (a). The cap can be popped
up (b) or removed (c). If a chain is used, it should attach to the

inside of the cap and the inside of the pipe.

91



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

\Clearance for

Decontamination

CAPS

An internal retainer chain is protected from contam nants.
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Neck
Opening

CAPS

An internal retaining chain is protected from contamni nants.
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CAPS

A protective cover shields the cap area from contaninants.
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CAPS

A smooth outer surface allows easier decontamnation. Internal fastening
allows the cap to be replaced without exposing hard-to-decontaninate parts.
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CAPS

Making the cap with gently curved flutes, extending the seal, and welding
the flange elimnate hard-to-decontaninate spaces.
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CAPS

The cap assenbly is protected from contam nants by a sheet metal cover.
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Using interior retainers on the three-in-one cap facilitates decontam nation.

Alternatively, a jerrycan with three separate spouts, each with its own
interior retainer, can be used.
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CHAI NS

Easily renmovable chain can be dipped in decontam nating solution.
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CHAI NS

A box with a sealing cover replaces the open nesh rack, prevents contamnination
of the equipnent, and is easier to decontaninate.
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CHAI NS

A locker protects the chain from contam nants. Hanging storage linits
tangles and all ows easier access.
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CLAMPS

Simpler clanp designs facilitate decontani nation.
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CLAMPS

more pernmanent type of mount is easier to decontaninate.
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CLAMPS

A solid hook prevents contam nant entrapment and facilitates decontanination.
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CONTROL  COVPARTMENTS

Wl | panels protect the wires, connections, electronics, cabling, and

l'i nkages from contan nants.
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CONTROL COVPARTMENTS

A control panel protects the electronics and wiring from contani nants
and facilitates decontam nation.
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CONTROL  COMPARTIVENTS

A sinplified design includes panels and bellows for protection against
contam nants and folding nolded netal seats to reduce contam nant/de-
cont anmi nant absor pti on.
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CONTROL  COVPARTMENTS

el imnates the gap.

125



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784
~
>\\
N
‘ L Rotating Seal ——
I (Dot —

Protective

Nl
P

// \
/ |
\
\
‘LAccelerator
in Linkage
1
L

Concealed /
Wiring Floor

mr-v

CONTROL  COVPARTMENTS

Wal | panels and seals prevent contaminant entrapnent and facilitate
decont am nati on.
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CONTROL  COVPARTMENTS

Removing the lip along the edge of the floor facilitates drainage of liquid
decont am nants.
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CONTROL SURFACES, Al RCRAFT

Installing a rotating seal in the fuselage opening and around the aileron
shaft prevents contamnants from entering the fusel age.
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CONTROL SURFACES, Al RCRAFT

A cover over the openings prevents contamnant entry.
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COVERS

A raised ring around the inner cap bl ocks access by contam nants. A
threaded, sealed cover provides positive protection, has fewer entrapment
areas, and is easier to clean.
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COVERS

A flange on the deck surface surrounds the inner cap and prevents materi al
from being washed against the cap. A seal in the cover is flush with the
deck, preventing contam nant access.
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COVERS

Elimnating the recess around the gas evacuator cover allows decontaninating

solution to flow around the flange, washing contam nant down the rear of
the turret.
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COVERS

An enclosed spring is protected from contani nants.
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COVERS

A sinplified design, with a closing spring on the inside of the cover,
limts contaninant entrapnent.
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COVERS

Replacing the spring-loaded latch with a rotary catch and installing the
openi ng hinges inside sealed |lugs prevent entrapment of contam nants.
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Drain Plug

DECKS

Easily removable floor plates facilitate decontanination. The plates
shoul d be positioned so that their renoval does not require noving major
itens . Drains in the sunp allow draining of decontamnants. To facilitate
decontami nation, the sunp should not be sealed from the main conpartment;

however, the instrument panels and wiring should be sealed from the sunp.
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DECKS

Renmovabl e netal deck plates elininate absorption and entrapnment problens
and are easy to decontaninate.
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DECKS

A boot protects the switch from contam nants (top) and a conduit protects
the wiring (bottom
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DECKS

A large access panel or doors in the bottom of the fuselage allows
frames , floor plates, and control bars to be sprayed with decontam nating
sol ution.
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DOORS

Renmovabl e plugs or panels over the openings prevent contam nant

A renovabl e inner panel
decontam nation (b).

along the bottom of the door facilitates

161
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An external “T" rail in place of the internal channel facilitates decontam na-
tion.
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Sealing the opening for the hinge attachment nut with a renovable doubl e-
lip plug prevents contam nants and decontaminating solutions from entering
the reinforcement channel
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Nonabsorbent material along
full interior length of skirt

oaliminates hard—-ta-decantaminate
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entrapment area

FAI RI NGS

Providing a drain facilitates decontam nation; elimnating the acute
angles linmts contaminant entrapnent.
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FASTENERS

Installing hexagonal -head bolts flush with the rear of the steering wheel
and covering the horn button with a beaded diaphragmwi |l elimnate
contam nant traps.
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FASTENERS

A thin sheet-metal cap over the hinge plate protects the bolts and wre
from a contam nating atmosphere.
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FASTENERS

A threaded flange elimnates the capillary beneath the cover, a seal in
the cover excludes contaminants, and a screw-on cover elinmnates the need
for bolts and bolt hol es.
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FASTENERS

Fl ush-mounted fasteners elimnate the recesses.

Painting over the fasteners

and nounting with nonabsorbent paint (see Appendix B) wll prevent material

from being drawn under the fastener head and wl|
decont ami nat e.
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; ; ; Flush-mounted,
Wlﬂat—ﬁead Screw

FASTENERS

Using a protruding round-head screw or a flat-head screw nounted flush
with the surface facilitates decontam nation.
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FASTENERS

Changi ng from counterbore to flush insertion elimnates a contam nant
trap around the bolt and allows the exterior surface of the bolt head to
be easily decontam nated. Using a hex-head bolt rather than a socket-
head woul d elimnate another trap.
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FASTENERS

Bosses replace countersinks, preventing contamnant entrapnent and
facilitating decontam nation. Self-locking bolts may be used instead of

| ock washers.
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FASTENERS

A sinplified pin and keeper elimnate entrapment areas. Using a non-
cracking covering naterial on the keeper, or using solid wire, will also
limt contam nant entrapment.
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FASTENERS

A spring-clip and strap arrangenent elimnates the eyelets and tw st
| ocks.
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A wel ded-on bracket prevents contam nant entrapment and is easy to
decont am nat e.
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FASTENERS

A bolted one-piece handle elimnates exposed screw threads.
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FIL TTI NGS

A renovabl e cover protects the area from contam nation between |ubrications.
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EIL TTI NGS

An enclosure protects the strain relief from contamnants.  Sharp corners
are elimnated in the connector design, reducing the nunber of entrap-
nent areas.
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FIL TTI NGS

Running the wiring bundle to the connector through smooth-wall conduit
protects the wiring from contam nation and facilitates decontam nation.
The box and door over the connector protect the contacts when the
connector is not in use.
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EIL TTI NGS

A netal bellows welded to the floor seals the pushbutton. The wiring is
protected by the floor and has a quick-connect coupling.
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FIL TTI NGS

panel, shielding the gas bottle

A renovabl e plate connects to the wall
and connections from contani nants.
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FIL TTI NGS

A seal ed, quick-opening instrunent panel protects the bottle from con-
taminants. The door should be transparent or |abeled for high visibility.
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FIL TTI NGS

An enclosure protects the extinguisher from contaminants. The enclosure
should be nounted flush to a wall, with no gaps between the enclosure and
the wall.
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GAGES

A sealed, transparent cover such as safety glass protects the gages
from contaninants and is easy to decontam nate.
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GAGES

Alternative design has no gaps and is easier to decontaninate.
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CGRATI NGS

A fixed handle on the ballistic grate is easier to decontam nate and
elinmnates a source of secondary contanmination. Pins instead of hinges
make the grating easier to renove, allowing it to be submerged in
decontam nant or cleaned from both sides without washing contaminants or

decontam nants into ballistic channels or into the conmpartnents bel ow
the grates.
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CGRATI NGS

Modi fication of louvers on doors elimnates liquid traps and allows
thorough flush-out of contam nants/decontam nants. Liquids will run down

toward | ower corner of door, and rounding in this area will allow |iquids
to run out.
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HANDLES

A one-piece handle with a protruding, sealed fastener has fewer crevices
to trap contam nants.
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Welded

HANDLES

Installing the handgrip by welding, or filling the screw heads and grip-
cab interface with nonabsorbent, nonreactive paint or sealant (see
Appendi x B), will elimnate potential contam nant traps.
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When Installing Handl e,
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Handl e and Linkage
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\Jr iJr‘\
Good Handle
Design
HANDLES

Installing the handle fully onto the shaft elinminates a hard-to-decontamn nate
ar ea.
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HANDLES

A built-in handle prevents contam nant entrapnent and is easy to decon-
t ami nat e.
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HANDLES

A solid handle limts contam nant entrapnent. In addition, increased
cl earance around the handle facilitates decontam nation.
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HANDLES

A rod-type handle limts entrapnment and is easier to decontaninate.
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HANDLES

A round handl e provides greater clearance.

229



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

1
i

TN
i

HATCHES

(Top) The seal is protected by being inset into the hatch cover, and the
slightly raised ring around the hatch provides a positive seal with the

cover, elinmnating the entrapnent groove around the hatch opening. The
area around the opening can be decontam nated without washing material
into the interior of vehicle.

(Bottom) A splash trap protects the hatch-flange interface from contani nants.
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HATCHES

In an alternative design, the spring is protected from contam nants. The
cover can be opened from the inside by popping up and then twisting the
handl e to nove the cover out of the hatch opening.
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Handle

HATCHES

A twist-type latch linits entrapment and is easy to decontami nate.
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H NGES

The hinge is entirely enclosed within the hatch opening, protected from

the contaminating atnosphere. Stiff spring steel substitutes for the
conpl ex stop, elinmnating the need for a rubber tip to absorb shock.
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H NGES

A fairing covers and protects extension springs (top) or a torsion spring
(bottom from contaninants.
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H NGES

In both designs, the hinges are entirely within the vehicle, protected
from the contam nating atnmosphere. The upper configuration requires a
sliding seal to close off the hinge arm and vehicle interior fromthe

out si de environnent.
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H NGES

Simpler designs allow the door to be easily removed for thorough
decontam nation. The top configuration allows contamnants to be flushed
through the hinge post. The niddle configuration prevents contaninants
fromentering the hinge post and limts access of contanminants to the
door flange cavity. The bottom configuration is a conposite of the first
tw , and also provides a capability for securing the hinge.
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H NGES

The hinge is entirely inside the engine conpartnent, covered and protected
by the ballistic grating.
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H NGES

A raised hinge provides better access for decontam nation.
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Assenmbl e H nge, Then Weld Supports to Frame

—— Weld Strap to Rod
/

g

'/' U ™~
\z Weld or Seal \

Seam With Non-Absorbing
Paint

H NGES

A three-part hinge, assenbled in place by welding, elimnates nost en-
trapment crevices and is easier to decontaminate than the bolted-on plate-
strap-pin hinge.
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H NGES

Cutting away a portion of the nolding strip provides greater clearance
around the bracket.
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Single Support
on Each Side

Ring/Pin -/

lidden Pinni—

H NGES

Decontanmination is facilitated by remving the yoke on one side and
replacing it by a single support with a welded-in pin.
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HOSES

A panel protects the body of the hose. The nounting includes a quick-
connect for attaching to the face-mask hose and a cap to cover the open-
ing when the hose is not in use.
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HOSES
(Top) A sealed tube or box protects the hoses from contami nants.

(Bottom) A netal bellows allows relative novement between the parts
while protecting the hose connections.
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HOSES

Sealed Channels

- Covered Tubing

Running the tubing through sealed channels protects the cover material

from contam nants and decontam nants
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HOSES

A protective cover over the nonnmoving parts prevents contam nation and
elimnates the need for decontanination.
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LATCHES

A sinpler latch, with a sealed shaft welded to the door and a |ocking
plate welded to the wall, wll not trap contanminants and is easier to

decont am nat e.
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Right Rear Door
(Interior)

Left Rear ——
Rotary Seal Door .
(Interior)
One-piece
Catch and
Handle

Striker
Plate

LATCHES

A one-piece handle and catch, installed through a rotary seal,

no contaminant traps and is easy to decontaninate
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LATCHES

An enclosure protects the latch nechanism from contaninants and is easy
to decont ami nat e.
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LATCHES

A simpler latch does not sweep as broad an area.

welded to the hull, and the latch shaft
seal and is set

under neat h.

The locking post is

enters the door surface through a
out fromthe surface to allow easier decontan nation
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LATCHES

A flexible boot, clanped to the latch barrel and fastened to the fender
around the ball joint, wll keep contaminants out of hard-to-decontaninate
recesses and openings.
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LATCHES

Casting or forging the handle as a solid part and threading the handle

onto the latch cylinder will elimnate hard-to-decontaninate contani nant
traps.
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Sealed Tube

LATCHES

The spring is protected by a sealed tube and the cable (or chain) is
protected by a metal bellows and the sealed tube.
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LATCHES

Repl acing the pushbutton latch with a rotary latch having a rotary seal
elimnates an entrapnent cavity and prevents secondary contam nation
of the actuating rod.
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LATCHES

Spring steel bolted to the support frane perforns the same functions but
is easier to decontaninate.
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LATCHES

A simple J-hook and eye has no entraprment areas and is easier to de-
contaminate than the conplex hook and plate.
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Latch

LATCHES

The alternative design elinmnates the spring-loaded mechanism and is
easier to decontam nate.
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LATCHES

A sinple handle-latch release is easy to decontaminate and, if installed
with a rotary seal, does not trap contam nants.
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LATCHES

A sinmpler latch will not trap contamnants and is easier to decontaninate.
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LATCHES

A remptely actuated hood release (left) or an external release (right)
have no spring latches requiring lubricants, and are easier to decontam nate.
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LATCHES

Reshaping the latch release will

elimnate a contaminant trap and nake
the latch easier to decontaninate.
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LATCHES

A wider cavity is easier to decontamnate. Also, elimnating the slot
in the lock knob elimnates an entrapment area
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LATCHES

The alternative design elimnates the spring-loaded |atch mechani sm
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Ucl Capped Post to Retain

Cord When Box is Open

LATCHES

Replacing the conplicated latch with a sinple, replaceable, flexible
cord reduces the problem of decontam nation.
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LEVERS

Installing a boot on the gear shift lever will prevent contam nated dust
fromentering the cab through the opening in the deck.
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LEVERS

A boot with fewer and |less acute corrugations is easier to decontam nate.
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Sealed Tightly Against
Rod

LEVERS

Boots designed wi thout sharp angles, clanped tightly to the contro
sticks, and nade of nonabsorbent, nonreactive material wll not trap
contaminants and will be easy to decontaninate
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LEVERS

Housi ngs and rotating seals prevent contaminant entrapnent and facilitate
decont am nati on.

305



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

LEVERS

A nonporous boot around the pushbutton prevents the drawing in of
contam nants, and a sealed box protects the indicator and |inkages from
contamnants .
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Seal

Dashboard

LEVERS

Replacing the slide controls with rotary controls allows the control shaft
to be sealed, protecting the area behind the dashboard from contanination.
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Brake Handle

Brake
Release

Axle Enclosed

Ratchet

LEVERS

Enclosing the nore intricate parts of the wheel |ock nechanism protects

them from cont ami nati on.
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Connector
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LI GHTI NG FI XTURES

| mproved seals prevent the drawing in of contam nants.
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LI GHTI NG FI XTURES

A one-piece cover protects the lights and reduces the nunber of gaps
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LI GHTI NG FI XTURES

Building the light covers into the plate elinminates deep recesses.
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LI GHTI NG FI XTURES

A tight cover and seal around the headlights will prevent the entry of
contam nants .
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LI GHTI NG FI XTURES

Seal ed gaps (left) prevent the entry of contamnants. Alternatively,
wi dened gaps (right) facilitate decontanination.
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LI GHTI NG FI XTURES

Mounting the headlight and horn flush with the wall of the engine

compartment allows access behind the reinforcing beam beside the grill
and makes decontani nation easier.

325



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

/— Seal Ring
/[ — seal

?
/"‘/

f\ Y"

N
|

Z Half-turn Fastener

LI GHTI NG FI XTURES

Installing a seal will prevent contam nants from being trapped wthin
the headlight nounting cavity. In addition, quick-release screws make
repl acenent of the seal easy and allow adjustment of the |anp.
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LI GHTI NG FI XTURES

The lights and horn are nounted and sealed around the edges in a one-
pi ece panel that is sealed into the cavity. The cavity, rear surfaces
of lights and horn, and wiring are protected from contam nation. To repair

or replace an item the panel with itens attached is renoved; the specific
itemis renoved fromthe rear of the panel.

329



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

la—Light Guard

Armored Body

LI GHTI NG FI XTURES

Elimnating the depression prevents the pooling of liquid contam nants
and facilitates decontam nation.
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LI GHTI NG FI XTURES

The lights are mounted in a panel (b), which is sealed in a solid guard
(c). The guard is welded conpletely around to the hull (a). The pane
seal s the area behind the bul bs.
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LI GHTI NG FI XTURES

An inset, sealed headlight has less surface exposed to contamination and

is easier to decontanminate. The arnor behind the light protects the
interior of the vehicle.
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LI NKAGES

A floor panel shields the linkage pivot areas and a netal bellows seals
the | ever opening in the floor.
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LI NKAGES

A sealed box or wall panel protects the linkages and a sinplified shift
guide facilitates decontamn nation.
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LI NKAGES

A sealed wall panel protects the pivot areas from contaninants

rotating rod is easier to seal than a sliding rod
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L1 NKAGES

A panel protects the linkage and punp from contami nants

and a netal
bel | ows seal s the handl e.
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\% Pi& pulls out for pedal removal
\
\

Z

B

LI NKAGES

prevents the drawing in of contamn nants.

(Bottom) A floor panel

al l ows easy renoval

of

shields the linkage pivot areas. A pull-out

bel | ows

pi n

the pedal for decontam nation, and a hinge notch
in the floor is wide enough for effective decontam nation. A petal
prevents the drawing in of contam nants.

345

bel | ows



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

LI NKAGES

A wall panel protects the linkages in this design, which nakes use of
rotating rods.

347



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

(’\
N R Hi— 1 Cabl e out
3
~
R [ M :
mm— i S { i Cable in
e U]
AU
,/-_JJ% ~
LI NKAGES

A panel protects the cables from contam nants, and a netal bellows prevents
the drawing in of contam nants.
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Housing

Rotary
Seal

LI NKAGES

Cantilevered shafts with cranks attached to the end are easier to seal.
Nonpor ous boots can be placed over the thrust rods connected to the
crank.
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Hex-head Bolts, Painted
to Cover Cracks

Top and Bottom Cover
Over Qpening in Howitzer Frame

LI NKAGES

Covering the opening in the caisson frane protects the joints and shafts
from contam nants. A different housing could be used for the sane purpose.
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Cover

——Quter Bulkhead

Jettison
Mechanism

Actuator Cable

LI NKAGES

A cover over the bul khead access protects the jettison nechanism from
cont ani nati on.
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PANELS

Using higher sides on the truck bed (left side) or netal sideboards
(right side) will reduce or elimnate the absorption problem
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Renovabl e Seal ed
Covers

PANELS

Renovabl e, seal ed covers over the access openings protect the wiring
inside the bul kheads from contanminants and decontam nants.
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PANELS

Covering the arnor with a thin netal sheath elinminates the absorption
probl em
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PANELS

A solid cover (perhaps painted fiber glass and epoxy) reduces the absorp-

tion problem Alternatively, different attachnents (such as spring hooks)
woul d facilitate replacement of the canvas cover.
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PANELS

A netal, bellows type shroud perforns the same function as the canvas
shroud, but is nonabsorbent and does not require renoval for decontani na-
tion.
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PANELS

(Top) A corrugated netal shield prevents contami nant entry, and the
outer gun shield prevents damage to the agent shield. The area behind

the gun shield may be flushed with decontani nant.

(Bottom) A metal bellows surrounds the barrel, preventing contani nant
entry. The area behind the gun shield may be flushed with decontani nant.
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PANELS

Mounting the skirt under the fender elinminates the angle and the collecting
surface, and replacing the elastomeric skirt with a flexible netal
elimnates the absorption problem
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PEDALS

Nonabsor bent boots or other conpressible seals prevent the entry of
contanminated dust into the vehicle.
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PEDALS

Convex dinples on the pedal surface are less likely to trap contaninants
and will make the pedal easier to decontaninate.
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ROTORS, HELI COPTER

Encl osing the mechanismin a sealed housing will prevent the entrapnent
and absorption of contaninants.
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__Engine
Housing

ROTORS, HELI COPTER

Encl osing the conponents in rotating and stationary housings will prevent

cont ami nant entrapnent.
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N Metal Seat Support

N Removable Seat Back,
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SEATS

Maki ng the area under the seat nore accessible and making the back and
bottom cushions nore easily removable will facilitate the decontanination
of the driver’s conpartnment
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SEATS

Pull-pin attachment allows easy rempval of seat cushions for replacenent.
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Drain Hole

SEATS

A nol ded metal seat prevents contami nant/decontani nant absorption. The
internal spring is protected by a casing with a sliding post, and the

support may be rermoved from the base to allow decontami nation of the spring
and interior.
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SEATS

A one-piece nolded steel seat elimnates the absorption problem
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Mol ded metal seats,
absorption problem

net al

supports and sideboards elimnate the
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SEATS

Shap-type hooks make seat renoval easier.

391



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

/\

SEATS

The channels and angles used in this design elininate structural openings
and contam nant traps.
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SEATS

(Top) A netal casing protects the spring-loaded support. A stop-nut
moves the casing along the threaded shaft, the seat back folds at the
hinge, and the seat can swing out of the way. Mdlded netal replaces the

canvas.

(Bottom) Two cantilever springs support the seat. A stop-nut noves al ong
the threaded shaft, the seat back folds at the hinge, and the seat can
swing out of the way. Mdlded netal replaces the canvas.
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A sinpler, easier-to-decontaninate support

al l ows height adjustment by a
stop-nut on a threaded shaft. The seat

back folds at the hinge.
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SEATS

A netal casing protects the spring. The base is welded to the floor,
preventing the drawing in of contaninants.
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s \Aight \ \ Hard-to-Decontaminate
- g

Eyepiece ‘-Areas

SI GHTI NG DEVI CES

Enclosing the entire sighting system except for the sealed adjustnent
handl es, and capping the eyepiece will elimnate hard-to-decontaninate

spaces between the conponents and will exclude contam nants from potenti al
traps in the conponents.
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SI GHTI NG DEVI CES

Unitizing the assenbly by installing the separate conponents within a
single housing or rigid cover will greatly reduce the nunber of entrap-
ment spaces and nminimze the entrapnent area.
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SI GHTI NG DEVI CES

The entrapnment areas are nmininmized by enclosing the intra-conponent areas
and by installing rotary seals on the control shafts.
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SI GHTI NG DEVI CES

The hood is nolded without an entrapment cavity. Nonabsorbent

shoul d be used or the hood should be covered when the |auncher
use.

| enses;

mat eri al
is not in
The box built onto the rear sight covers and protects the hood and
it can be folded back to the side to use the sight.
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SI GHTI NG DEVI CES

A cover attaches to the slots on the lens housing when the lens is not
in use, protecting the lens as well as the attachnent chain.
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S| GHTI NG DEVI CES
(Top) A quick-disconnect facilitates decontam nation or disposal of
the rubber headpad.
(Bottom) A netal headrest with steel springs has quick-di sconnects that

allow easy renoval for decontam nation. The netal elininates the absorp-
tion problem
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STEPS

A box built into the guard cavity elimnates the hidden areas, is easy
to decontanminate, and can be used as a step to nount to the upper surface
of the vehicle.
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STEPS

A step with a solid dinple pattern, and welded at the edges, is easier
to decontaninate.
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Cover for Flexibl
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Welded Joints

STEPS

Replacing the wire-rope supports with solid rods or covering the rope
with metal tubing and welding the rods or tubing in place will elimnate
entrapnent crevices.
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SW TCHES

All three knob designs are sealed against capillary entrapment and
elimnate the sweeping knob stem
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SW TCHES

A nonporous boot around the button elimnates the gap, preventing the
drawi ng-in of contam nants.
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\

Nonabsorbent
Boot

SW TCHES

Repl acing the present domelight switch with an item not having an
entrapment cavity (preferred), or enclosing it with a nonabsorbent or a
rigid protective cover, wll prevent contamni nation.
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SW TCHES

The sinplified design of the switch cover as a press closure with a
spring-steel attachment to the panel surface elininates pivot-pin hinges

and their entrapment spaces and makes the cover assenbly easy to
decont am nat e.
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SW TCHES

Covering the head of the control stick with a disposable, transparent
shield will prevent contam nants from being trapped in the switch
cavities. If the flexible cover is large enough, the pilot can insert

his hand to operate the switches; otherwi se, the switches can be operated
t hrough the cover.
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Nonabsorbent Boot

SW TCHES

A nonabsorbent boot prevents the pooling and drawing in of contam nants.
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SW TCHES

An enclosure protects the switches from contanminants. Non-nechani cal
pushbutton switches may also alleviate the entrapnent/decontamni nation
probl em
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SW TCHES

A nonabsorbent, flexible boot on the trigger buttons prevents the draw ng
in of contam nants.
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SW TCHES

nonabsorbent hood protects the button from contami nants.
the button could be fabricated from materials that are

compatible with decontani nants.
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SW TCHES

Securing the switch handles by internal detents or keys results in sinpler,
more easily decontami nated exterior surfaces. The handles can be renoved
by pulling them off of the switch shafts with mininmal contact with

contam nated surfaces.
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TOALS

A formed cover over the tools fits into the sealed brackets on the front
of the vehicle, protecting the tools from the contam nating atnosphere.
The cover could be thin sheet netal or fiber glass painted with non-
absorbent paint (see Appendix B).
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TOALS

Metal clips welded to the roof elimnate the need for canvas tie-downs.
In addition, a fornmed sheet netal cover protects the tools from exposure;
the hinge under the cover is not exposed to contam nants. The cover
latch can be released frominside the vehicle. A formed fiber-glass
cover can be substituted for metal if it is painted with nonabsorbent

paint (see Appendix B). Either type of cover nust have an integral
seal to close the cover-roof interface.
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An enclosure protects the tools and straps while permtting quick access.
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NAVAVANANAN

TRAILER HI TCH

(Top) The hitch is welded to the vehicle,

and an easily renovable pin
facilitates decontamn nation.

(Bottom) Replacing the locking catch with a snap-in pin arrangenent
decreases the contam nation problem
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A trap collects the contamnating particles, and can be replaced via an
access panel.
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VENTS

Extending the heater duct through the wall and fastening the grill directly
to the duct allows easy renpval of the grill for decontamination.
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\ /
\ ///// ~— Open Position
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N 4~ / —Windings
4 (N, \
seal —/ \ \
/1 ;
Y a/a SR
,-d[ﬂ_____!_/ | |~
o= gL
< ANN AN AN NN ANN :

A sol enoi d- oper at ed,
inside the cab to close the air scoop when the danger of contanination

is present.

spring-1oaded door

aaaaaa

Detector

VENTS
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e

f Guard
-Vent

VENTS

Easi er access to the vent facilitates decontan nation.
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Small Motor

VENTS

Motor-controlled |ouver fins prevent contaminants from entering the
vehicl e.
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Vent
Body =
//////’J—— C Sealed
’// 1 Door
-
!
A AN
Open-Close
Handle

VENTS

A single vent with a door is easier to decontam nate.
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\ _ —Windshield
_Protective
/// Cover

Vent to ~ J
Interior \\\\\\*\ \ —
k) 3 A i -

\ Rain Trough

VENTS

A protective cover linits exposure to contaminants, and a trough facilitates
decont am nati on.
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ﬁ
ﬁl\ , /’g———zzzz“’_—— RiiﬁvZfed Panel
\‘ /I

%
§

—

——
—————

—
—

——
———

,,______
—

O Opened
|

]
!
|/__ Position

I —

VENTS

Using a drop-down hinge on the outer vent will

al l ow greater access to
the rear and shiel ded surfaces.
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Flexible
Fairing

VENTS

A flexible fairing around the tube prevents contaninant entry and entrap-
ment. Were possible, the entering air should be routed through a filter
or agent-renpoval system
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VI SI ON BLOCKS

The vision block is sealed against the wall, eliminating poor-access
areas. Support bolts replace the w ng nuts.

469



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

V" /&
m@\\\\w
N

VI SI ON BLOCKS

A heavier mounting for a pop-up vision block is less susceptible to damage
than is the present configuration, the seals are better protected and
stay intact longer. The hinge and spring are elimnated along with their

hi gh susceptibility to contam nation, and the channel around the block is
unnecessary.
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N

VISION BLOCKS

The enclosed guard has renovable front and back plates for access to the
block. The block inserted frominside the vehicle is sealed against the
flange of the front plate on the guard. Adjustnent screws behind the back
panel hold the block firmy against the front plate. Both plates have
seals to prevent the entrance of contaminants and decontani nants.
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Cop Welded —————
Inside Tire
Rim

WHEELS

A single-piece center hub welded to the inside of the rimalleviates the
contami nation problem
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\ \\ Cont inuous

1 1
we ld

\ Wheel Support From One
Side Only
N

WHEELS

Wel ding along the sides of the bar will prevent contaninant entrapnent.
The additional space between the wheel and wheel support facilitates
decont am nati on.
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WHEELS

A single-piece wheel decreases the surface area for contamination. The
shorter axle hub is easier to decontan nate.
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WHEELS

A snooth cap inside the rim of the wheel

cont am nati on. A rotary seal on the axle prevents the entrance of solid
and liquid materials, and a smooth fairing on the axle support covers
the conplex surface configuration and is easy to decontan nate.

protects the surfaces from
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6. NOTES

6.1 Subject term (key word) listing.

Ammuni tions hol ders
Aircraft

Chemi cal agents
Cont am nant s

Decont am nant s
Fittings

Hat ches

Lat ches

Rotors, helicopter
Trailer hitches
\Wheel s

6.2 Abbreviations. The use of abbreviations in this mlitary standard are

in accordance with ML-STD-12 where applicable. Metric system abbreviations
and synmbols are in accordance with ASTM E 380.
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APPENDI X B

COWPATI BI LI TY OF CONTAM NANTS AND
DECONTAM NANTS W TH MATERI ALS

Information is currently available on the compatibility of nmaterials used
in mlitary equipment with the various contam nants and decontam nants.
Investigations in this area have been conducted for the U S. Arny Chenical
Research, Devel opment and Engineering Center, Aberdeen Proving Gound, M
21010-5423, The results of these investigations are conpiled in the NBC
Mat erial s Handbook, Jan 1983 (DTIC #B079397).

Chemical -agent-resistant paints are as foll ows:

Exterior surfaces -- "Coating, Aliphatic Polyurethane, Canouflage,
Chemical Agent Resistant” in conformance with ML-C 46168(ME).

"Coating, Aliphatic Polyurethane, Single Conponent, Chem cal
Agent Resistant” in conformance with M L-C 53039(ME).

Interior surfaces -- "Coating, Epoxy-Polyanide", in confornmance
with ML-C 22750.

At present, a nonabsorbent sealant cannot be reconmended.

489



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

M L- HDBK- 784

| NDEX

Aircraft, Fixed-Wng--See Airplane, L23F
, Rotary--See Helicopter

Air Intake--See Vents

Airplane, L23F. .

Ambul ance, ©M86 .

Amuni tion Hol ders.
Ant ennas. .o
Arnor - - See Panel s

Belts .

Boxes . . . . . . . . ..
Brackets (See al so Amunition Hol ders)
Bri dge- Launchi ng Vehicle, AVLB .

Bus, City .
, School

Cabl es, Electrical
, Structural.
Canvas Cover--See Panel s
Caps (See also Covers) .
Cargo Carrier, M16 . G
Chains (See also Cables, Structural) .
Circuit Breakers--See Switches
Canps . . . . . . . . . . . ...
Conpressor, Reciprocating, Towed . G
Connectors--See Cables, Electrical and Fittings
Cont ai ners-- See Boxes
Contam nants . . . . .
Control Compartments .

Page

178; 206; 304, 454; 489

34; 50; 52; 82; 104; 148, 248; 264, 276; 280; 284,
288; 308; 380, 424; 450; 452; 456; 474, 502

24-31
32-33

... 34-37
30-1; 38-45
46- 59

" 90: 98 1920 200: 232 238 336

374, 420; 492
.. . . . ol4
318; 458; 515
60-83; 359-60
84-9

. 22-3; 90-105
170; 286; 512
106- 11

Coe . . .. .. 102-17
. 228; 250; 502; 503

1; 2; 3; 4; 484 (table)
118-29

Panel s--See Control Conpartments, Gages, Levers and Switches

Sticks--See Levers
Surfaces, Aircraft

Control s--See Control Conpartnents, Gages, Levers, and Switches

Covers (See also Caps) .
, Canvas-- See Panel s

Decks . Co
Decont ami nants . C e e e
Doors (See al so Hatches, H nges, and Panels)

Encl osures, Electrical--See Boxes

517

130- 33
22-3; 134-47
. 148-59

3; 5; 6; 485 (table)
. . . . . . . 160-65
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Fairings (See al so Panels)

Fast eners .

Fittings

Fl oor s- - See Decks

Forklift, 6,000-1b Capacity .
10, 000-1 b Capacity .

Gages (See al so Control Conpartnments)
CGear Shifts--See Levers
Generator, Diesel .
, 7.5kW. .

Gratings (See also Vents)
Gills--See Vents
Gips-- See Handl es
Gun Shiel ds--See Panel s

Shrouds- - See Panel s
Gusset s--See Brackets

Handgri ps-- See Handl es

Handl es . .

Hat ches (See al so Doors and H| nges)
Hel i copter, AH 1 (Cobra) Co

Page

.. ... . . 166-69
14-21; 170-91; 216-19
192- 20,

92; 222; 316; 414, 445; 513
78 80; 513

206-11

48; 72; 102; 144; 188; 501
74; 186; 476; 478; 502
212-15

212-13; 216-29
. . . . 230-35
64 96 166; 376; 490

. OH6 (Cayuse) | 68; 208, 378 464, 466; 492

, OH-58A (Ki owa) ... 490
UH 1H(Huey) . . . . o o . . 62; 130, 168; 491
UH-1M (Huey) . . 124; 158; 160; 162 164: 204; 252; 294: 302 312;

Hi nges (see al so Doors and Hat ches)

H tches--See Trailer Hitches
Hoses . . . . . . . . . . . ..
Howi t zer, Self-Propelled, M09 .

354; 358; 360; 390; 428; 448; 491
144- 47, 212-13; 222-25; 236-53;
426- 27

. 66-7; 254-61
26 262 338 342; 346, 368; 495

. Towed, MLO2 . . . . . . 84 146: 180: 184: 210: 220: 296: 310: 332:

Hubs- - See Wheel s
Joysticks--See Levers

Laddrs--See Straps
Lanyards--See Cables, Structural

352; 400; 402; 404, 494

Lat ches . . 226-27; 234-35; 262-97
Lenses- - See Slghtlng DEVICGS

Levers . e e e e 298- 311
Li ghting letures (See also Cables El ectrical) . . . . . . . . . . . . 312-35
Li ghts-See Cables, Electrical and L|ght|ng Fi xtures

Li nkages . 336-55

Louvers- - See Gratlngs and Vents
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Page
M ssile Launcher, Chaperrel . . . . . . . . . . . . . . 86; 292; 328, 440; 496
, TON. . . . . . . . . . . . . . . . ... ... 406, 422; 494
Mliding . . . . . . . . . . . . . . . . . . . . . .. ... ... 148-9; 250-1

Optical Devices--See Sighting Devices and Vision Blocks
pai nts, Chenical-Agent-Resistant . . . . . . . . . . . . . . . . . . . . . 488
Panels (See also Doors and Fairings) . . . . . . . . . . . . . . . .. 356-71

, Control--See Control Compartnents, Cages, Levers, and Switches

Pedal s (See also Control Conpartnents and Linkages) 150-1; 372-5

Personnel Carrier, Arnored, ML13 . . . . . 24, 36; 46;.118f 136;.174; 236; 240;
244; 274; 370; 398; 412; 442; 472; 480; 498

Racks--See Ammunition Hol ders, Brackets, and Tod s
Recovery Vehicle, M8 . . . . . 32; 38; 60; 70; 108; 110; 112; 114; 152; 182
190; 198; 202; 246; 256; 268; 278; 350; 386
392; 394; 396; 468; 493

, MB78. . . . . . . . . . . . . . . . . . . 88 116; 226; 493
R nms, Wheel --See WWeel s
Road Grader . . . . . . . . . . . . . . . . ... . . ... .. .. .. 128 »514
Rope--See Cables, Structural
Rotors, Helicopter. . . . . . . . . . . . . . . . . . . . . . .. ... 3169

Safety Belts--See Belts
Seat Belts--See Belts

Seats . . . . . . .. oooo....0128; 128; 380-399
Semitrailer, Flatbed . . . . . . . . . . . . . . . . . . . . ... .... 5
. Van, ML29A2C . . . . . . . e e 500
, Wecker, M70AL . . . . . . . . . .o 500
Sighting Devices . . . . . . . . . . . . .« .« o ... . ... . 40011
Steps . 412-19

Storage--See Amunition Hol ders; Cables, Structural; Chains; and Tools
St owage-- See Amunition Hol ders; Cables, Structural; Chains; and Tools
Straps--See Belts

Switches (See also Control Conpartments) - . . - . . . . . . . . ... . 420-39

Tank, MBO . . . . . . 28; 30; 42; 44; 46; 56-58; 120; 134; 138; 172; 176; 212
214; 230; 242; 254; 306; 334; 340; 344; 348; 366; 384;
408; 410; 470; 482; 497
, Mb51 (Sheridan) . . . . . . 126; 140; 224; 234; 330; 416; 430; 434; 497
Tel escopes --See Sighting Devices
Tires--See Weels
Tool boxes- - See Boxes
Tool Racks--See Tool s
ToolS . . . . . ... . 108-09; 440-45
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Trailer, Cargo, MLO5A2 .
, Cargo, M4l6 . . . .
, Water Tank, XML07 .
, Hitches ..
Truck, M35 . . . . . . . . . ..
, Cargo, M6l (Ganmma Coat)
, Dump, M1A2 . . .o
, Shop Vvan, MLQO9 .
, Stake (Loadstar)
, Tractor, 10-Ton, 8x8
, Tractor, MB18 . . . . . .
, Tractor, Wecker, MI19
, Wility, Jeep, M1 .
, Van, MB20 . . . . . . . . . . . .
Tubi ng--See Cables, Electrical and Hoses
Val ves- - See Hoses and Levers
Vents (See al so Gratings)
Vi si on Bl ocks . .

Sheels . . . . . . . . . ...
Wring, Electrical--See Cables, Electrica
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260;
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436
270;
258;
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300;
362;
282;
320;
418;
372;
438;
322

290;
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388;
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444;
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460;
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