
UNCLASSIFIEDv

4 3 7 9 2 8
AD -

DEFENSE DOCUMENTATION CENTHc
fOA

SCIENTIFIC AND TECHNICAI, INFORMATION

CAMERON STATION. ALEXANOR.'A. VIRGINIA

UNCLASSIFIED



Best
Avai~lable

Copy



NOTICE: 6hen government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in ary manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



I a

, • LS ARM y

, • •xINV.UATION ,

I

USATECOM PROJECT NO. 7- -OqO3--01 E

C%4 FINAL REPORT OF

SPECIAL STUDY OF

A METHOD FOR OBJECTIVELY DETECTING
THE INSTANT AND LOCATION OF RAINFALL

PENETRATION THROUGH FILLD CLOTHING

APRIL 1964

EwE US ARMY
QUARTERMASTER RESEARCH AND ENGINEERING

FIELD EVALUATION AGENCY
FORT LEE, VIRGINIAI



I

I HEADQUARTERS
U. S. ARMY QUARTERMASTER RESEARCH AND ENGINEERING

FIELD EVALUATION AGENCY
FORT LEE, VIRGINIA

I
I
I

FINAL REPORT OF
I SPECIAL STUDY OF

A METHOD FOR OBJECTIVELY DETECTING THE INSTANT
AND LOCATION OF RAINFALL PENETRATION

i THROUGH FIELD CLOTHING

DA PROJECT NO. IE650ZIZD460

USATECOM PROJECT NO. 7-3-0903-OlE

I DDC AVAILABILITY NOTICE

Qualified requeeters may
copie. of this report from DDC

James C. Perkins, Jr,
Leather Products Specialist

Clothing and Equlpage Test Division

"HOWARD W. HEMBREE. Ph. D. CARL K. BLEDEOO
Scientific Director Colonel. QMC

Comma in.ini

111



I
I

TABLE OF CONTENTS

I PAGE

I ABSTRACT vii

SECTION 1. GENERAL

I 1. 1 References 1
1.2 Authority I
1. 3 Objective 2
1 4 Responsibilities 2

1. 5 Description 2

1. 6 Background 7

1.7 Findings 9

1.8 Conclusiors 9

S1.9 Recommendations 9
1. 10 Acknowledgment 9

SECTION Z. DETAILS OF TEST 11

2.0 Introduction I1

I 2. 1 Design, Construction and Preliminary I1
EvaluAtion of Prototype System

2. 2 Modification of Prototype System and I

I Final Evaluation

SECTION S. APPENDICES

A. Study Authoriration 14
B. Test Data .f

CC. Illust rations 29

D. Distributhon 17

I
I
1
I
I



I
I

U. S. ARMY QUARTERMASTER RSEAROCH AND ZNGflDr=IG
I FIELD EVALUATION AOENCY

FORT LEE. VIERINIA

I USATECOM 7-3-0903-01.2

Final Report of

I Special Study of
A Method for Objecti,,ely Detecting the Instant ad
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i Abstract

The present standard test method employed by the Field Evalua-
tion Agency to compare and evaluate the water resistance character-

istics of various types of field clothing consists essentially of periodic
visual inspections by test observers to e ~ermine the incidence and

location of water penetration. Thic special study was conducted by

the Agency at Fort Lee, Virginia. to develop an objective method for
detecting and locating, on a continuous basis, rainfall penetration
through field clothing under dynamic field test conditions.

The experimental leak detection system con.;ists of a wired.
multi-circuit, sensing element deslgnod to be worn under wet weatherI garments, and a portable moisture detecting an( signiling device
designated Aquatek. M60- 1. Three different experimi ntal sensing
element vests--designatec Type A. Type B and Type C--were con-

structed and evaluated duringl this study. The detect-on system, em-
ploving each of the three experimental se.ising elen, Jt.; e,., evaluated
on the Agency's Rain Course facility.

Test trsults sh.,,- that thr experimental motstrr •-e w ni.: oystv,7.
I9 .i sat'-sfa(tirv method for objectively detecting and iocating, on a con-
tinuous basis. rainfall penetration through field clothing. It is recomn-

mended that the system be use-d concomitantly with the standard system

;n future tests of w*t weather giarments to determine the comparative
durability 4 the threr experimental sensing elements under continueduse.
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1.3 OBJECTIVE

To develop an objective method for detecting and locating, on
continuing basis, rainfall penetration through field clothing under dyna.-mic
field test condi-ons.

1.4 RESPONSIBILITIES

The Ouartermaster Research and Engineering Field Evaluationt
Agency was responsible for all port-ions of this project.

5 DESCRIPTION OF MATERIEL

The experimertal leak detect:or system consists of a wired, muý.
circuit, sensing element vest designed to be worn under wet weather
garments, and a portable -noistur- detecting and signaling device des-.
nated Aquatek, M60-1. This dLv..cu measures 4" x 4" x 2" and weigh,,
only 18 ounces. Photographs of the components of the Aquatek detectc,
-ire shown in Appendix C-1 and a diagram of the oscillator circuit is
shown in Apperdix C-2.

Thrce different exper-_aier~tal sensing element ve sts -- designated
Type A, Type B and Type C--were constructed and evaluated during
this study. The Type A vest :ncorporated 4 separate sensing circuitE
of flexible copper braid and bonding cable #24 x 36 AWG stranding
sewr. onto an 8.0 oz. cotton sate.-, basc, fabric. The Type B vest in-
corporated 8 separate sensing circuits of flexible coppvr braid and
bcnding cable #24 x 36 AWO stranding sewn onto an 8.5 cotton sateen
base fabric. Tb. Type C vest r.co'rporated 4 separate sensing circui
of No. 41 Nichrome I w:ze, 26T. P.-. on a 270 denier Fortisan Core.
sewn_ ;---to a 6.0 oz. cottor broadcloth Uase fabric. A photograph of
these three scrs-.ng elern'.-t ves!3 is shown in Appendix C-3. A view
of a t ts, nart:_'.pit wearing ,a c,,rnp!,ý:c, experimertal leak detection
systcni ,-crnpr~scd ;f a sensl:.g otlenlent vest (Type C• and the Aquate:.
iv.ak dcuctor is show F9iurtv I.

.i-ernI:,~I
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1. 6 RACKGROUKD

The present standard field test method (7) employed by the Field
Evaluation Agency to compare and evaluate the water resistance
characteristics of various types of field clothing consists essentially of
periodic vis-4al inspections by test observers to determine the incidenct
and location of water penetration. Measurements of the size of wetted
areas are made and recorded in square inches as a quantitative meas-
ure of the degree of penetration. The garm~ents, are also weighed both
before and after exposure to rainfall and any increase in the weight of( the outergarrnent is tak~en as a measure of moisture pickup. whereas
any increare in weight of the .. dergarment is taken as a measure of
penetratior. This technique may be applied under both controille'd and
normal wear conditions. and under dynamnic or static exposure con-
ditions. but is used more frequently in conjunction with controlled ex-
posure of field clothing to simulated rainfall on the Agency's Dynam~ic

Rain Course facility. A view of a test partici.ian traversing the Clear

Track Section of the Agency's Rain Course is shown in Figure 2..

The standard technique is based on a periodic rather than a con-
tinuous detection process. Use of the standard detection mvthod re-
quirts periodic controlled withdrawal o( th. test participants and gar-
menta from exposure--norm-ally at .0 to 10 minute intervals- -for
visual inspection of uadargarments for tke dot% .tioa of wret spots ind -

cating penetration. This inapectioa method necessitates the removal

of the vsperimoteal oeergarwri-nt being tested. The operations per-
formed 4uring the inspeCtiott interval. including ins~ect-on. measuring
wet spots. charting the location and *ise ad leak* and wrighing, require,I apprcuionately 6 mniiutes per teot participant. Following rach knspec-
tion operation vach participant. ~n turn. re-daos the, experimenital over
Itarmer.t sid re-vricrte the. Main Course to coetinue exposure. The ex-Ip-ýiarqe a-d mo~peit~or cycles are conitinuod for a pre-detvrrmnenJ pertood
of tUmv. uwualty two~ %ours. or U-A-1 the garments beccame saturated, of

%aint-.I the, tqist criterio Arc met.

TI-r pri.nAry 4idadantagvs ol this standard encth' arr (11
4rtr.-.or. s; per-.,d.e. rather than c'witsAnoas. i.r. * s-Wv poretratiou

K40-c "tture -at tii towgirritn or during an exposmre period will not
drerrtc4 .tlthe erd tI 4hr period. (2) the retnovsl to the wet ouuter

tarrignrt lor i-spe tion if the 4fndwrgarment greatly *nc reases the cha..
I -t 4-rror -.r. drte'-.,.. r.e.. it is vatremely difficult, ever with great
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care and assistance, to raise or remove the wet outergarment without
dripping excess surface water onto the undergarment and thereby intro-
ducing an error factor in the detection method; (3) the number of
participants and the length of exposure periods are limited by the facili-
ties and number of personnel available to complete the inspections within
the allotted inspection time-interval; (4) since the quantitative m.easure
of the size of the wetted area ii affected by the rate of spread of moisture
on the fabric of the undergarment, it is essential that the exposure
periods be equal for all test participarts. The participants, therefore,
must enter exposure at time intervals equivalent to the time allotted for
withdrawal, ir.spection and re-entry into the exposure phase. The order j
of entry, withdrawal, and re-entry must also be maintained to assure
equal exposure time for all participants. It is also noted that, since
time as well as quarntity of moisture contributes to the size of a wet I
spot, the sire of the wet area may increase even after withdrawal from
exposure. It is imperative, therefore, that the garments be inspected
immediately upon withdrawal and at equal time intervals. Since the t
participants' entry into exposure must be staggered at equal time in-
tervals, it would require Z7 minutes to begin exposure of 10 partici-

pants at 3-minute intervals; S4 minutes for ZO participants, etc. In I
the first instance, with a 20-minute exposure period, the first three
participants would complete the first exposure before the last man 7

begins. I
Although the standard method uf comparing and evaltiating thie

water resistance characteristic of field clothing has some disadvant-
ages, it has been proven adequate fur evaluating experimnental garments
where rather gross differences riteis between Iarments of different

finishes and materials. With more recent and cortinuing development
of improved water repetlent treAtm.-nts for fabs ice. and the use of newly
devvtinped synthetic matvrit i| for th. f.ibrtiri'soi or rain a•armrents and

field clo:hing, the need for -i more rrfirtd avid Irrii-niti me.thod oi vvaluas-
kng the witer r-sistance char tclrr.otit s ol threo. items his become In-
<rrAsir.giy imp)IorI-sni. The %im J Mh.s ievrarch rffort, thrrrfore., was
to develop an ob)retive method t,1 o;Ao-wlic Miy detretin and locating

oi04sturr p...' . .Vr4',M thrv-ýghvi ft . lhltng. ins ldiud ra garnents. rn
a ~ unt tl|lli'i •'lii g * t~t..' i, n.irn i c :-!d .ri! lltidilt.ih

I' iE
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1. 7 FIRDINGS

I See Section 2.

1.6* CONCLUSIONS

Based oeu the re,4ults of this study. it is concluded that:

I a. The experimental moisture detection method, incorporating
the Aquatek, M60-1, Leak Detector, and a wired, multi-circuit, vest-
type, sensing element is a satisfactory method for objectively detect-
ing and locating, on a continuoua basis, raindall penetration through
field clothing.

I b. The experimental moisture detection method is functionally
suitable and economically feasible for use in evaluating the moistur4
resistance characteristics of field clothing under dynamic test conditions.

c. The experimental method is easy to use and causes no discom-
fort to the wearer.

a. The experimental moisture detection method, using the avail-
able detector-sensing element systems, and the standard system be
used concomitantly in future tests of wet weather garments to determine
the comparative durability of the three experimental sensing elements
in continued use.

b. The sensing element which proves most durable in continued
use trials be reproduced in a sufficient quantity to that the etperimental
system may bt adopted in lieu of that part of the standa.d method (7)
which depends upon periodic visual inspection for the detection and loca-
tior of msv-.rv pc.-.tration through test garments.
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&CTICP Z - DILTAILS OF TUST

Z. Q __T__Cr_

The proposed method for automatically detecting the instant and
location of moistLre penetration throagh field clothing is based on the
principle of electrical resistance and the resultant changes in resist-
ance activate-I by presence of moisture. The principle is identical to
that which proved successfui in detecting leaks in footwear under
dynlamic use cooditions (6). The experimental design and the pro-
cedures employed in this study were directed toward the aplication
and adoption of a similar technique for detecting and locating leaks in
field clothing.

Prelimiry to any testing was the determination of the design
ad" the materials to be •sed in constructing the experimental &*nsing
element. Consideration was given to sevral types of materials for
the base fabric of the circuit system and numerous type of cauiact-
ing materials for the circuits. Based an previous research a&iW en-
perienco with fabrics and conductors in thedelope of a footwear
seUsingt element (1. 6) the types of materals4 coOSWiered most sMitab•e
for evaluation were reduced to three types of fabrics ad two types of
conductor cire. In an effort to keep the initial design of the senQUsi
element 4a simple as possible and yet effective in detecting pene•ra-
tion at critical leak areas, a sleeveless vest-type pdttern was used.

Three experinental sensing element vests were constructed
using different combinations of fabric and circut wire. Two models
were coast:ueoed with 4 seMra4l. circuts and tne model wvith soep.-
rate crc~ts. Each vest model %Wckdod a flexible lead cable to con-
neclto€ the p:ortbkot Aqatok 1#4k dete~tor. The sonaingj element vest

4nd the Aquat.*k detecter formed the euperimeotnul detection sysaem.

The rxp'• nwe~ts detect:on system. employing each 43f the three
vxnertmort.I ser ,vxjj eleote-ns, was evaluated on the Agencys Ra•n
Couarse Uactitv. T-st pkr.:c~p.nts wore the eaperunent.al system
ander UI.- su.4•,rd Army pmncho whi't traveresn, the Clear Track
S•etior.ýjt' the 8%.n CosTw. The riter'a for measuring the effective-
ness tit the evotm er.cu•wd the time poerti of esposure -ntit the fleet
4atom.auc dot,,,: ion cf a ie4k 4nd wertfic stion of penetration and loca-
tiot. by vs1&aA' uspocton ,)( the undergtrments. Since the standard

II



method will normally detect penetration only at the scheduled 20-30
minute inspection intervals, it was considered that any penetration de-
tected between normal inspection intervals would represent an im-
prevement over the standard technique.

A.1 ONAND E VALUATION OF I

1. 1. OBJKCTIVI•

To design and construct a sensing element which would meeti

the following requirements:

a. Compatible for use witn the Aquatek, MO6- I, leak detector. I
b. Sensitive to slight 4mourts of moisture penetration.

c. Sufficiently durable for repeated test trials.

d. Comfortable for wear under field clothing or rain garments. I

,1.. METHOD

2. I. Z. I Desag of Panern for Sensan& IlemenC

Un an effort to cover the most critical leak areas and yet keep
the basic design simple, the pattert. for the gaperimental sensing elemeu.
was made in the shape of a vest. The pattern was designed for a snug fit
at the neck with an opening up ont side which could be fastened with snaps ,
or a zipper a&her donnifto and easily wifostensed for doffing.

2. I. Z. Z Selection of Base Fabric

The neat step involvvd the selection of a base fabric to which

the wired circuit could be sewn. The three moat important factors for
consideration in the selection of a fabric *ere weigbt. durability. and
absorpttvity. The fabric had io be heavy enough to provide stability to

the circuit oystt•m and to permit rnultipl* row stitching through the fabric I
withvau reducing the tear strength of the material. Sevecal types o(
fabric were sele.ted for their known desirable characteristics iaclniuiag

%ariou% weight* of cotton broadc Ictti and cotton saleen, A series of

IlI



simple absorption tests were run on the fabrics by dropping a measured
quantity of water on each fabric with a dropper and then measuring the
wetted area after fixed intervals of time to determine the rate of
spread. This test was run on new fabrics and repeated on the same
fabrics after laundering. It was found that the rate of absorption was
substantially increased for all fabrics after one laundering. The three
fabric types which, according to preliminary evaluation, seemed best
to satisfy the requirements for both durability and absorptivity were
the 6 oz. cotton broadcloth, 8 oz. cotton sateen and 8.3 cotton sateen.
These three fabrics, therefore, were selected as the base fabrics for
three experimental vests.

2.1. 2. 3 Selection of Conductor Wire for Circuit System

The selection of a suitable conductor for the circuit system
of the experimental sensing element was facilitated by available data

from the previous experimentation with various conductors for use in
the sensing element of the footwear leak detection system (6). In this
previous study, experiments were conducted using metallic paints,
Nichrome, AlkathIolZ, constantan and copper wire of various dimen-
sions for the circuit system. The results of these experiments showed
that flexible copper braid and bondL-g cable #Z4 x 36 AWG stranding
sewn to a base fabric met the requirements of sensitivity, durability,
flexibility, and comfort set for the footwear sensing element, Based
on these previous findings, No. 41 Nlchrome wire wound 26 T. P. I.

on a 270 denier Fortisan Core and flexible copper braid and bonding
cable 024 % 36 AWG stranding were selected as the experimental con-
ductors to be used for the circuit system on the vest-type sensingIelements. The Nichrome, which was not sufficiently durable for con-
tinuous use in the footwear sensing device, was selected because of
its sensitiity, corrosion resistance, lightness of weight and ease of
attachment. The Nichrome coulC be wound on the bobbin of an electric
sewing machine and sewn dirfctly into the base fabric with a straight
stitchi ard it was felt that the durability requirements for the vest cir-
cuits would be less than those for the previously tested footwear circuits.
Tie copper bonding cable was chosen for its flexibility and known
durability characteristic s, although .t ts substantially heavier than the
Nichrome.

'Driver-Harr.s corrosivr resistint all )v, annealed.

13



Z. 1. Z. 4 Location and Design of Circuits on Vests

Critical areas of leakage through field clothing and rainwear I
were determined by a review of previous reports of tests of experi-
mental wet weather garments which were tested on the Agency's Rain
Course (I, Z, 4. 5). The most frequent areas of leakage were found to be
at the neck or collar, top of the shoul4ers, center-chest and center-
back areas. I was immediately apparent that these areas are the parts
of the body most exposed to rainfall when the participant is in a stand- I
ing position. I was also noted that these four particular locations are
the areas of greatest body contact on the underneath side of outer gar- I
ments; this would be true even for loose fitting garments such as the
field coat or the poncho.

The maximum number of circuits on the current model,
Ud60-1. of the portable Aquatek detection device is eight. It was felt
that eight separate circuits on the sensing element would be more
than adequate for locating or defining the designated critical leak areas
of most garments which would be evaluated, using this technique.

Two metal templates, identical in shape to that of the vest
pattern, were constructed with I/S-inch d&a. holes punched in the
metal, outlining the circuit pattern to be used. The templates were 1
then laid over the base fabric and the outline of the circuits was marked
on the fabric with chalk to assure that the wire circuits would be
properly located; all parallel wires in each circuit would be exactly "
I/2-inch apart at all points; all wires within each circuit would be sewn
to the vest running on a horisontal plane .

2.1.2.5 Construction of Experimental Sensing Elements

After determ.n.g the dekgn of the sensing element, the ,
types of fabric and conductors to be used. and the locations of the
circuits, the next step wao the actual construction of the vest-type
sensing elements. Loca! tailor shops were contacted and shown the
pattern and desigi for conrstructir.g the experimental vest. The five
tailors contacted would not Agree to attempt the job because it was not
within the usual cAteiory of work fr 4 s-mall retail tailor shop; there- I
fore, this approach was abandred in fivor of in-house construction.
The services of ar n-listed speciatLst wath tailoring experience were
qbtained for 'he prriod of td• study. The specialist, after consulting

14I
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with comanercial tailors and seamstresses, spent several weeks experi-

mentirg with various methods of attaching the wire circuits to the base

fabric before the first working model was constructed.

Three experimental vest-type sensing elements were con-
structed for use in the study. The first model, designated Type A,
used an 8 oz. cotton sateen base fabric with four separate, sewn-on_,
circuits of flexible copper braid and bonding cable #24 x 36 AWG
stranding. The second model, designated Type B, used an 6.5 on. cot-
ton sateen base fabric and eight separate, sm-on, circuits of flexible
copper braid and bonding cable 014 x 36 AWG stranding. The third
model vest, designated Type C. used a 6 oa. cotton broadcloth base
fabric with four separate, sewn-in, circuits of No. 41 Nichrome wire.
All base fabrics were laundered prior to attaching the wire circuits
to increase the absorptivity of the fabrics. The Type C vest was con-
structed after preliminary trials were conducted on the Type A and
Type B Vests. Diagrams showing the locations of the circuits on
each of the three experimental vests are shown in Appendix C-4.

a. 1. 2. 6 Controlled Emposure Trials Under Dynamic Use Conditions -

Rain Course Facility

A series of preliminary exposure trials, under closely con-
trolled conditions. were conducted on the Agency's Rain Course to
deterrmine whether or not the experimental leak detection vest, wl.en
used in conjunction with the Aquatek leak detector, would function as
a system, and as planned.

The procedure for each of these trials was simiat. Two
volunteer participants were fitted with standard lightweight fatigues.
helmet liners, plastic boots and experimental vests. Types A and 8.
The vests were worn over the fatlgu jacket. Before donning staroard
Army ponchos, every circuit in both vesist was tested to assure that
they were working properly. The Aquatek detector was fastened to
the trousers belt of each participant and the lead cable from the vest
was plugged into tht detector. Both participants then donned new
ponchos which were carefully adjusted and secured about the head and

Race for w•ar under severe rainfall conditions. The participants were
given a thorough orientation regarding test procedure and operation of
the detection system and a final check was made of the system to assure
thit it wAs opcrat.ng properly.

15



The two participants then entered the Rain Course slaim%-
ftneously. The Rain Course facility was calibrated for a 1-inch per 3
hour simulated rainfall for the first three preliminary trials, and for
subsequent trials was increased to simulate a 3-inch per hour rainfall.
The participants traversed the Clear Track section of the Rain Course, I
walking at a slow pace with heads slightly bowed to prevent rain from
entering through the face opening of the poncho. The traversals con-
tinued for a maximum period of 2 hours. Whenever the participants I
heard an audible pitch change from the detector, signaling moisture
penetration, the location of the leak was checked by turning off each
numbered switch in the series of switches on the side of the detector 1
until the signal stopped. Since the switch number on the detector
coincided with the sensing element circuit number, the location of
the leak was readily determined. Immediately upon hearing the de- ;
tector signal, the participant raised his right arm at a 900 angle to his
body signifying to the observer/recorder the occurrence of a leak in
the garment. The participant then immediately proceeded to check I
the switch controlling the signal and the area of the leak and relayed
the switch number to the observer/recorder who entered the number
of minutes of exposure prior to the development of the first leak to- I
gether with the location of the leak on the data record. The partici-
pant then reactivated all circuits except the one indicating a leak.
This entire operation was performed by the participant while travers- "
ing the course in a normal manner and required approximately 30
seconds, resulting in a slight time lapse between the instant of de-
tection and visual verification.

During the preliminary trials the participants were with-
drawn at 30-minute intervals. The ponchos were raiseJ, but not com- I
pletely doffed, and the undergarments were checked for wet spots in
the event that penetration occurred which was not detected by the eo-
perimental ,ensing element. Any wet spots were measured - inches 3
in diameter - and recorded. The participants were also withdrawn,
undergarments chocked, and any wet spots measured and recorded at
any time during the 2-hour period when the detector signalled a leak I
in one or more locations. This operation was performed to verify
the accuracy of the signal. Exposure time prior to first penetration
in each critical leak area was measured with a stop watch and these
times were recorded to thr nearest whole minute.
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2.1.3 RESULTS

I 2.1.3.1 Design and Construction of Sensing Element

Design and construction data on the three types of experi-
mental sensina element vests fabricated for evaluation and use in this
study are shown in Table I. Photographs of the three experimental
vests are shown in Appendix C-3.

2.1.3.2 Preliminary Evaluation On Rain Course

The results of the preliminary exposure trials conducted
on the Rain Course facility using the Type A and the Type B vest are
shown in Appendix B-I.

S 2.1.4 ANALYSIS

The data generated during the preliminary exposure trials
show that the experimental detection system. employinr, either a
Type A or Type B vest-type sensing element and the Aquatek detector,
is a feasible method for automatically detecting and locating moisture
penetration through rain garments on a continuous basis. (O the total
of 39 charted time and location readings, there were only two instances
in which the accuracy of the automatic signals was not verified by in-
spection. There were two instances, once in Trial No. S and once in
Trial No. 8, when the detector attached to the Type A vest signalled
penetration, but there was no observable wet area. A detailed physi-
cal inspection failed to reveal any observable indication of the presence
of moisture. It is suspected that a sufficient quantity of mvisture was
preser~t to emit a signal although there was no "spotting" or darkening
of the fabric which usually occurred when there was sufficient quantity
of moisture presc.it to activate the signal. It is noted that following
the erroneous detection in Trial No. S -- after 21 minutes of exposure
a signal was emitted on the same circuit within I mirnutes after re-
entry to expostarr, and a follow-up visual inspection showed a wet area
I-inch in d Inimtvtr which was not previously observed. There were
five irstances, three times on the Type B vest and twice on the Type
A vest. where the visual inspection revealed wet spots indicating
per.ntration but no signal was emitted. Of these five instances, one
was caused by twr parallel w*ires in the Type B vest touching and
"shortin8g-out" the circuit, and two were traced to broken wires in the

17
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Type A vest. Although the cause of the other two instances could not be
positively determined, it is believed that both failures were caused by

malfunctioning of the wire circuit rather than the detector.

The most noteworthy result of the preliminary trials was the
unusually small ease of the wet areas at the time of detection in any
location by the experimental method. Although there was a brief lapse
of time. approximately 30 seconds, between the emission of the signal
indicating penetration and the visual verification and recording of the
results, the size of the wet area was seldom more thav. .- inches in3 diameter and was frequently less than I-inch is diameter. The over-
ail average size of the wet area at the time of first detection of
penetration for these trials was 2.S square inches compared with
22.0 square inches (I" rainfall) acd 70.0 square inches (3" rainfall)
detected on first inspection in a previous test (S) using standard ponchos
and the standard detection method. It is also important to note the

I frequency with which penetration was detected at intervals of less than
20 minutes of exposure, as well as those instances between 20. 40 and
60 minute intervals. Using the standard detection method, these
instances of penetration would have been observed only during the
designated inspections at 20 or 30 minute intervals during a two-hour
exposure period.

During these trials several teot participants stated that they
had some difficulty hearing the detector signal because of the back-
ground noise created by the rainaall. in an effort to overcome this
objection, several locations for the detector other than the trousers
belt were tried. including underneath the arms. the jacket pocket and

I inside the helmet liner. Although hearing was improved !n rnost of
these locations, none of these alternate locations were as comfortable
for the participants as the trousers btlt.

2.1 N OT2 1A
I TLNAL ECVALUATION

J... I OPJECT:IE

To mod.ly the expermental sensing element and Aqtatek do-
trctor t:% correct del ser.ctirs found during the preliminary trials sed t
dr*rrt,'i thy Iurcti-anal adequacy of the modified system for detecting
and lo *ting pervereion through rain garmests.
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2.2. 2 bMTHOD

2.2.2. 1 Modification of Prototype Detection, System

Based on the results of the preliminary trials. several
modifications wore made in the design of the vest-t"p sensing elementI
and the detector i~n an effort to elim~inate the cause of malfunction of
the wired circuits and to improve, the overall operating efficiency of
the detection system. The Aquatek detector unt was modified by add-
ing an earphone Jack. eiftasatn, cable and miniature earphone to
esable the participant to bear the penetratio, signal over the back-3
ground noises on the Rtain Couses while wearing the detector in the
goat comfortable position--on the trousers belL Another improve-

merA in the detector was the addition of an operating signal. This3
operating signal was a low frequecy. iakerwmitent. 'beeping' sowid
emitted by the detector when the operating switch was turned on.
indicating that the detector was functioning. The sensing element
vest was modifed to overcome the problem of parallel wires touchin
and causing a short-circuit by using a b~te-bolo stitch attachment
an the eloctric sewing machine, in lie. of the aig-aag stitch. This '
modifcatzon increased the wober sad pr~ex~iwty at stitches covering
the wire. This closer stitching offered more stability man pa tction
from breakage to the wire circuit system. The Type C vest. usiag a1
4 *a. white cotton broadcloth base and Me. 41 Mchrome wire. wes
cofastruc%*4 to incoroafte the ala rMOteftleed "kedifcattes. to
addition, the Type C vest was brimereed in a A~ aquous soletwo, of
cobalt cbloride, (C.CIZ.WZO. ft was thee eves-dried at ISOFr. waitl
the pink color changed to blue. The vest was then seaterd to a plastic
bag u*Mil ready for use. The intended purpose of theobast chloride
treatment was to falcilitate idenwtofctiOR cMW lcation ad nMotarte, pose-
trationi.I

2. L.2.2 valmmkatin r4 Mawk* Cmpnet

The moified Aquatak deotector and the moddifid TVpe A aad
Typ" 5 tv 3-*tg viatmort virsts. together with the oewly construscted
Type C "est uoir4 ?4ictarome wire. were suabject*d to a series of *a-
PDOUia, trials- ike.. exposure trials cunaisted of traversivg the Clesar
Track ef the Itain Court* undeor 4 )-inch per bout suiswatetd ratafall
lot a mn~itmwmi period of I hoot. The participants, is these trials weire

ther *xpertniental dotert~oa omooswnts under ouperimostal. Qvrpol

to



treated, pinchos. The Aquatek detector was worn on a belt at the waist
and the earphone with extension cable was used for listenin. The de-
tection and data recording procedures used during these trials were
identical to those used previously in the preliminary trials. except that
participants were not withdrawn on the occurrence of each detection,
but only at approximately 30 minute intervals for visual verification ad
results. Participants were also withdrawn whenever all circuits wereIactivated indicating pezretration in all circuit areas.

2. 2.3 RESULTS

The results of the firal exposure trials coL4ucted an tne R.!la
Courst using the modified detector and sensing elements. together wai
the results of the exposure triits ..sir4g Typi' C vest. ,ae shown in

Z. 2.2.4 ANALYSIS

The results of the exposure trials ustmg the modified experi-I mental detection systems showed that all thre* t"ao at experimentalsensing element vests were funetionally ade"Iae a#d eqully satis-
factory for use 4a automatically detecting and locating moisture pone-I tration through field clothing on a continuous basis. During this
series of 9%posuro, trials, there were mo nseanees of penetration not

d~QC#dbyths6.:.6M#*Igemnts,*t and o0 sGnls51 were emktted that
wer no abe t beverified by visual uispocU"o. There Were mo mal-

functions itevests or in 'ho Aquatek detector in these trials. The
tost poarulclpinto experiencet "o dificulty in hearinq the detector
s*ignal tisns tOw earplioft env, thwre sere no comptai~es of any die-
comfort rosull~rg from wipar of arty of the throw vest model*. The
ýObal Chlorldr treated, Type C. Vest lurnerd from a dark blue to a
Very ;ight bloe tolot When remov9d from the plastic 646 .41- extreme
tare was 1..ceso'Awv to prevent emitar IVA$u moisftv reIomw getting on
tht vvet bviort donning the poircbta. The treatment. however, ee-I m.%ited eIfe~tt e .ird was se aisd irt idit.s.1.1rng areas of moisture pone-
tratio'..

I All syotems w.-rr more thoro-ahly checked brfore begianing
thbo atr:rs of trisls than before the preliminary trials. Clwhek .1a the
leabratory ar4 again before mow i" the field for broken ot ahort eir-
V%&ts in the vest ard for proper Operatloft of the detector prior to any
twst.Fg Witt. qhs tfshr~iqmr s 0Co.%eidq red essential for accuracy.



I
The sensing element vest with 8 separate circuits (Type B.)

functioned as well as thote with -xaly 4 separate circuits (Types A and
C). Since 8 circuits afford better discrimination as to the location Uf
penetration, the 8-circuit system is better for most test purposes and
allows sufficient circuits for the possible addition of sleeves to the
vest or for extending coverage to other areas if desired.

The three sensing element vests were equally durable throigh-
out the test trials. Additional trials over a longer period offtinie are
required to determine which type of vest end wire conductor material is
"most durable. I

The Type C vest. using 6 oz. cotton broadcloth and Nichrome
wire circuits sewn directly into the fabric, is lighter in weight and I
takes less time to construct than the Type A or the Type b vests. One
disadvantage of the Nichrome wiro! circuit, however, is that breaks in
the wire are extremety difficult to detect and much more difficult to I
repair than the copper wire. The copper wire is easily repaired by
soldering; whrreas heat applied to the Nichrome wire duriag soldering
melts the Fortisan Core. The Nichrome circuit can be repaired by I
"over-stitching" the break. but experiments with this method of re-
pair have shown that this method resulti in a decrease in sensitivity
arid accuracy of detection. I

I II
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SZCTION 3 - APPNUCKS

Appendix A - Test Directive

Appendix B - Test Data

I
Appendix C - Illustrations
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APPENDIX A

HEADOUARTERS
U. S. ARMY TEST AND EVALUATION COMMAND

ABERDEEN PROVING GROUND, MARYLAND

AMSTE-GE 25 Jan 1963

SUBJECT: Test Methods Research Studies

TO: Commanding Officer
U.S. Army Ouarterrnaster Research and

Engineering Field Evaluation Agency
Fort Lee, Virginia

-- EXTRACT-- I
1. Reference is made to your letter STEFA-TS dated 9 November

1962. requesting the inclusion of certain test methods research studies I
on the current test program. The following studies are approved and
have been included on the program. I

7E'-390)-01.- The Development of a Technique for Objective I
Measurement of Rainfall Penetration Through
Field Clothing. I

* * 0 * *

FOR THE COMMANDER: I
I

/s/ John W. Rodgers

It/ JOHN W. RODGERS
Colonel Sl
C. Admin Div I

"24 I
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AMATEK, MAO-I, POTAT IE LEAK DETECTOt

I Aquaialtk M60-1, Portable Leak Detector. component
parts and completely assembled a-ode1. Tlhe completely

assembled unit measured 4' a 4" x 2" in sisn. weishs
only 15 ouinces an was constriwted "in-bouse" at i cost
of approximnately $SZ.00 for material and parts.

I
I
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I APPENDIX C-2

OSCILLATOR CIRCUIT DIAGRAM - AQUA TEX LEAK DETECTOR

I Va~~PK-MPH TmSpeak tyer ZZS

VZ*NtP Transistor t * IN34
m-1 %f2 "It Settery~tPAmItoeksie)

IISh So. PST-SIIEO switch
SKISS2-Seesbt S ple

I3
I3
I3

IK 64S-

I3
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EXPERIMENTAL SES1I ELEMENT VESTS

Type "A" - 4 separate circuits of flexible copper braid and bond-
in8 cable #24 a 36 AWG stranding. 8. 0 on. cotton sateen.

Type IW' - 8 separate circuits of flexible copper braid and bond-
ing cable #24 x 36 AWG stranding. 8. 5 oz. cotton sateen.

Type "C" - 4 separate circuits of No. 41 Nichroune wire. 6.0 oz.
cotton broadcloth.

TECO



APPENDIX C-4

DIAGRAMS OF CIRCUIT LOCATIONS ON SENSING ELEMENT VESTSI

M34 

n4t3I . ... J-...ese..

Frort Ves. Type A 4 C.rcalts Back

Fro-- -,, -T pe -- C-€•L'u B• 0k

6 8

---- - - - - ---- - - - - -

Front Vrs! Type b - R Circ~iilu Back

I4

Irron! ." Tvp, C, 4 " .• k
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USATECOM PROJECT NO. 7-3-0903-01E

3 - Commanding General
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I4 - Commanding General
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1I- Commandant
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