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In chemical-warfare operations, the use of individual protec-

EXECUTIVE SUMMARY

tive equipment (IPE) may be required for extended periods (on the order
of 72 hours). During this time, the soldier must be able to eat, drink,
and communicate while wearing his protective mask. The XM40 mask, cur-
rently under development by the Army, provides capabilities for drinking
and speech, but no capability for eating. .

The Chemical Research and Development Center (CRDC) tasked
Battelle to review prior studies of profective systems and jdentify and
evaluate concepts that could be integrated into the mask to jmprove the
communication and drinking capabilities and provide an eating

capability.

‘other Governme ilities (U.S. and foreign), who are working in or
Eizsfigggiﬁigggbgzagbg,a$&%eﬁ%ianagggigggntareadwerecontacted.,

; Following these efforts, concept-generation sessioﬁgwwere held
with Battelle personnel with expertise in the appropriate technical
areas. These sessions yielded 11 communications concepts, 6 drinking
concepts, and®9 eating concepts. These concepts were evaluated and the

e e e ap oAl BT BB B KTV P S BB

following recommendations are made on the basis of the evaluation:

e Communications: Improve the current capability
by optimizing the voicemitter design or by devel-
oping a disposable, self-contained microphone/
amplifier/speaker system,

e Drinking: Improve the current capability by
enlarging the check valve assembly and lengthen-

ing the drinking tube.

e ~Eating: Add a solid food injection system at the
ocation of the mask voicemitter.
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A discussion was held with Mr, Corey-Grove at the Chemical
Research and Development Center (CRDcf—Eb discuss the status of eat/
drink/speech systems. Based on this discussion, several items related

to ongoing work and philosophy of eat/drink/speech systems were
obtained. These related to the need for improvement, integration into

the mask, and current work.

Need. There is an opinion in the user and developer community
that personnel may have to operate in IPE up to 72 hours continuously.
In order to do this, a method is desired of eating as well as improve-
ment of the existing drinking concepts. Increased volume and improved
clarity of speech are also required to overcome battlefield noise.

Integration. For producibility and maintainability reasons, e
it is desirable to build eat/drink/speech, the outlet valve, and other ﬁ#iy"; _
systems which couple to the mouth in the outlet valve/voicemitter ﬁpﬁf}ifﬁ:;ﬁiirf
assembly. This is to preclude the need for additional mask openings. @Z: ﬁ;;éllé‘

| ;N‘z,‘, o

Current Work. There is not much of a problem with the drink j vi‘

S

system. With the current communication sgstem, it is ﬁSE“BEEE?ETZ“E?Q o
communicate effectively over loud noises. Neither is it pdssible to
couple the system to a microphone to increase the volume and improve the
clarity. The auxiliary voicemitter has made coupling with field tele-
phones easier. An eating system being jnvestigated by Natick uses a
tube-type food. The food is pushed through a large nozzle which is
attached to the top of the tube, and snserted through an opening in the
mask into the mouth. It is believed that this opening is similar to
that on the Israeli mask used for similar purposes. The Israeli mask is
shown in figure 1. Currently, the U.S. Army Surgeon General will not
allow use of a drink tube for eating because of the difficulty of

11
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Q}faﬁéfgﬂ The drinking system as presently designed has been reported to
Wivi;' function satisfactorily. The concepts that are described below attempt
ﬁﬁ;%;k to make the drinking process easier or safer. '
ﬁ;w(a
o
SE / D1. Longer inlet tube.

earphones for sound pickup. Filtration might be needed to process out

unwanted noise or to prevent amplification of sounds that are already
Toud enough to be heard or to a level that could damage the ear.

k\\\»\\3\z;,m\\\\Drinking Concepts,

The present inlet tube on the outside of the mask is fairly
short; increasing the Tength of the tube would make connection to the
canteen easier and allow more movement by the soldier when drinking.”
The longer tube would have to be protected when not being used for
drinking to avoid catching it on tree branches or other protrusions.

D2. Increase size of the check valve on inlet tube.

The present check valve is quite small. Handling the small
valve, particularly EeinSerting it in the mask flap which protects the
tip, when wearing bulky protective gloves, is difficult. If the valve
were somewhat larger, attaching the valve to and detaching it from the
canteen would also be easier. The larger valve cannot be parmitted to
adversely affect storage on the mask when not in use.

D3. Permanent attachment of inlet tube to canteen.

A Tong inlet tube would be attached to the canteen which is
mounted on the soldier’'s torso. A valve near the mask is opened when
the soldier drinks. This concept eliminates at least some of the
connect/disconnect actions that must be taken during drinking,

18
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3.6 Drinking Capability of the XM40 Mask. 9f§iiﬁ{§&“}§;?if
/{N‘M >z o } b 3;(},«?*‘
- :,?",r}ﬂ' é/;
The XM40 mask presently provides the soldier with the capa- 2 9pugy4j§,
bility to drink fluids. It has been reported that the present drinking ‘pgwﬁlﬁé\

system design performs adequately in that it allows the soldier to drink
in a safe manner, however, there are certain problems as discussed
below. It may be possible that improvements can be made to the system.
The present drinking system consists of two major parts: 2 canteen, and
a drinking tube. '

The canteen is fitted with a special cap that is connected to
the inlet portion of the drinking tube, The canteen is hard bodied and

cannot be compressed by hand.

The drinking tube consists of two parts: a short inlet tube
that is outside the mask, and a drinking tube that is located inside the
mask. The two tubes are connected by a short metal tube which pene-
trates the mask. A small check valve on the end of the inlet tube is
designed to mate with a snap-connector in the canteen cap. When the
drinking system is not in use, the inlet tube check valve is stored in a
rubber protective pocket in the front of the mask.

when drinking, the soldier removes the inlet tube check valve
from its protective pocket on the mask and inserts it into the female
connector on the canteen. The soldier then blows air into the canteen
and allows the pressurized canteen to force a small quantity of water
through the drinking tube. If a Jarge quantity of water is desired the
blowing and sipping procedure must be repeated a number of times., Dur-
ing the drinking process the canteen must be held inverted, close in
front of the mask., The drinking tube is short, so the canteen must be
held fairly steadily to prevent pulling the mask away from the soldier's
faca. When finished drinking, the inlet tube is removed from the can-
teen and the check valve is reinserted into its protective pocket.

Since the pocket is not visible through the mask lenses, the reinsertion

process is done by feel or with assistance. The next time a drink is

needed, the entire process must be repeated.
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1 3.6.1 Deficiencies of the Present Drinking System, @
i

-

< In summary, the following are the perceived deficiencies with

3

(A ‘.

S - - A%

the present drinking system design. w/xﬂ/,:

2 A v Y <l

1. The requirement to make repeated connections to the P ,LZ Wi
0,

V
f‘ﬁ ’QJL

k) = : i 3% & o i3 [ d
Tomposies ~e  canteen until it is emptied increases the possibility of 5‘9 s
m@m{” contamination entering the dPu{kmg system du ,;ng ea Xh PJ irf

. odress © reconnection. ( (F0osep 2l pe ‘ '

S ;”“’,3;”*“""?‘4”‘%& 2. Handling of the inlet tube check valve is difficult /
= because the valve is small and the protective gloves™"

- substantially reduce feel and dexterity. Such handling
,,,,,,,,,, — increases the potential for contamination. P 4
P J,gg' ,f » Pl
63 U ) [ K &,ﬁ;

C T . )
e P /3, The shart inlet tube makes the connection to the canteen&\i i
ATy x e » A o . L e
rree s é ~and holding the canteen@verted uring drinking, more

i L ) . .
poiase tedious than if the tube were longer. )
F.D—‘-’. = {«{‘r
it g o /A The hard canteen prevents free flow of water to the -\ ¢
- C,’.\f“‘-" 0 - N : ‘ ~
”ﬁ“ﬁﬁuﬁxgﬁ»”" soldier and substantially slows the drinking process. ~~
; :
g 5. Reinsertion of the inlet tube check valve into its pro- 5/ / :
o Predks amz,w tective pocket is difficult because feel, and E\“ZR}%
M@QT”&*@Q& @are severely i_fnpaired by protective gear. Con> f

* SIS
Satldare V'Y . tamination of the inlet tube valve is likely unless the

in‘f)c%\{‘@%ﬂ: T . M
f".t\. Wéwﬁg mask exterior is decontaminated before inserting the tube !

PR gﬂiﬁ“?ﬁyﬁ“ soed
w73 ,6.2 Suggestions for Improvement of the Drinking System

on the XM40 Mask.

The evaluation of the drinking system concepts resulted in a
1isting of concepts in order of acceptability. The concepts listed in
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order of preference are shown in table 3. Based on the data from the
evaluators, Concepts D2, D5, and D1 are of approximately equal score.

Table 3. Concepts for Improving Drinking Capability

MFVQ of the XM40 Mask
[¥¢3

LK,QE» Ranking Concept No. Concept Description

== _
i;iiﬁ§52{?;}g?gfaoﬁ7 D2 Make the inlet tube check valve fonger .
Filawns =2 D5 Squeezable, collapsible canteen ————__ .~ por

=2 23 DL —— Longer drinking tube - o oo
Fﬁ;ﬁ;;ﬁf;=— 4 ——— D6 —————Collapsible bag inside a hard canteen shell — (v posied

R D4 Mirror for aiding insertion of the check valve

Bl < in its protective pocket . hiV o

;??ZEQngiz;jﬁ D3 Permanently attach the drink tube to the canteen— '~ ="

Figures 3 through 5 are conceptual drawings of how some of the
above ideas might be implemented,

The purpose of the larger check valve (Concept D2) shown in
figure 3, is to simplify handling by making the valve easier to manipu-
late when the soldier is wearing protective gloves which impair feel and
dexterity. The grip area of the present valve is approximately
1.1 inches long by 0.44 inch in diameter. The valve is also partially
hidden when in its storage pocket in the mask, Increasing the length
and diameter of the valve is expected to make it easier to grip and

manipulate.
The longer drinking tube (Concept D1) shown in figures 3 and 4§

allows the soldier more freedom of movement than is possible with the
present drink tube design when the soldier is connecting the inlet tube
to the canteen and when he is drinking. The tube length should not be
so great as to impair storage on the mask,

37
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FLEXIBLE CANTEEN® -t e

: <) q'“z'qg M [ o FL/?L C,(m"“(x‘zz» () v S K c
2 i Wu ¥ {:Q-e‘)\' = i /[ »‘?’Xh
¢ ¢ "?woﬁ"i M y oA

LONGER DRINK TUBE() - v ; 1015
se PPN L

XM40 MASK

(" LONGEH DRINK TUBE ALLOWS BETTER VISION
F CONNECTION AND RESTRICTS MOVEMENT

LESS DURING DRINKING

(2 SOLDIER CAN SOUEEZE FLEXIBLE CANTEEN TO
INCREASE DRINKING VOLUME AND SPEED

FIGURE 4. SQUEEZABLE CANTEEN WITH LONGER INLET TUBE
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VENTED
CaP OR
CANTEEN

SEALED

DISASSEMBLE CANTEEN
TO DECONTAMINATE OR
TO ATTACH FILLED
WATER BAGS.

FLEXIBLE
BAG

AN

HARD CANTEEN

FIGURE 5. FLEXIBLE BAG DRINKING CONCEPT
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The squeezable canteen (Concept D5) is shown in figure 4. In
order to use the present drinking system, the soldier first blows air
into the canteen. The air pressure in the canteen forces a small quan-
tity of water through the drinking tube and into the soldier's mouth.
This process can be slow. With a squeezable canteen, the soldier can
speed the drinking rate because hand pressure forces water through the
drinking tube faster. Permeability of the canteen material is an impor-

tant consideration and should be carefully evaluated. 7 )
Figure 5 illustrates Concept D6, the collapsible bag inside
hard canteen outer protective shell. The objective of this concept is
to reduce the probability of damage that may exist with the flexible
(soft) material used for the squeezable canteen (Concept D5) described
above. The collapsible bag could be designed to be filled through the
canteen neck, or a filled bag could be snapped into the canteen neck
from the bottom when the lower shell is removed. The collapsible bag '
allows the soldier to suck water from the canteen because air does not
have to go into the water container to allow water to be withdrawn,
However, air infiltration between the shell and bag is required. The
collapsible bag would have to be made of an impermeable materiaf to pre

i%% ) vent entry of agent into the water. A foil-covered material may be a:

possibi1ity.

Concept D3 was rejected during the initial evaluation because\

of concern about the long drinking tube being damaged. However, FAR?
figure 6 jllustrates a conceptual arrangement that we believe is work- Tip f”:f
able and should be considered. The inlet tube is routed under the hood / ﬁ’2£>

and is enclosed in a protectiveNfTap to prevent damage. The tube is
attached to a flexible canteen or a collapsible bag canteen. A shutoff
valve at the mask is closed for safety when the soldier is not drinking.
As an alternative to the lever-actuated vaive (shown in figure 6), a
spring-loaded check valve could be used. A button could be depressed to

open the valve when the soldier is drinking. When the button is
When the canteen is exhausted

released, the valve automatically closes.
it can be detached from the inlet tube, filled, and reconnected. For

41
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FIGURE 6. INLET TUBE PERMANENTLY ATTACHED TO CANTEEN
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this concept, the placement of the canteen could be critical, because égzis
the effort required to suck water up the drinking tube may be prohibi-- '
tive. Also, doffing and donning protective equipment would have to be
considered. Also, doffing and donning protective equipment would have
to be considered. It may be necessary to modify or reject the concept
based on don/doff considerations or drinking ability after further
evaluation.

After further analysis, Concept 5, the mirror (or polished
metal plate) aid for reinserting the inlet tube in its protective
pocket, has been rejected, Carrying the extra apparatus is undesirable. VoS
If the protective pocket is made larger, reinsertion of the check valve $ gg&Q
should be easier, thus reducing the need for the mirror. It may also be @ﬁf wa‘ 0
possible to place the protective pocket higher on the mask where it may /}/ o ’)/
be partially visible to the person wearing the mask.

It is recommended that all of the concepts i1lustrated in
figures 3 through 6 be evaluated by conducting a detailed design or

3.7 Adding Eating Capability to the XM40 MasK.

The XM40 mask does not provide a capability for eating. Three (éﬂ = N }
3 . ¥ . = ) 47
types of food are possible, 1iquid, semi-Tiquid, and solid. Each of the Tﬂ{’g; ?Ff&yb

three requires a different method for getting the food into the mask and vﬂ“&iﬁvi (//
a i 7
ideas for all three were suggested during the concept generation va Fwﬁng
Xy ¥ S
session. e {/ngd ;
is const - fth regard t R g dl
There is considerable disagreement W regard to how fre %{f’p<~ e
. 4
quently nourishment is required. Dr. Ralph Goldman, Multitech vaizpygi
Corporation (retired from a senjor civilian position at Natick Uw‘ﬂ, mﬁ;LV
- ' lated effort that hi Ar D
Laboratories), has stated to Battelle in 3 T® a or a s Pt lﬂ_w
¢ essential for periods up to 5 days AL, o

understanding is that eating is no e 9 v
riods as short as 72 hours. However, (A Myg)/ *”VL/”O
Y/

and need not be considered for pé RN
under current requirements documents and concepts of operation, food d}ﬁlﬂffkwﬁx
nust be available, and eating may be desirable psychologically to ease c}ﬁ{f‘kﬁvj;
. b+ T
tha boredom during inactivity. ¢ \Wé’ﬁf:&ﬁ
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