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SUMMARY @

The Colvinex electrically heated flying suit and the
Taylor (British) electrically heated suit with flotaticn gear
were compared from the following points of view:

a. Conatruction

b. Electrical characteristics

¢. Vearing characteristics, comfory, ete.
d. Protection against cold

Tn addition, the Taylor suit was examined as to 1its
fiotation characteristics.

A. Construction: The body and boots 0f both suits were
of excellent general construction. However, in respect to
gloves and z’ppers the Taylor suit was thought to be definitely
superior in ali respects. .

o

B. The e2lectrical characteriztics of the Taylor suit
are superior to those of the Colvinex suit in respect to
connections. Actually and theoretically, less wattage 1is
necessary to0 heat the former. The Taylor suit is designed
for a three wire circuit and has no switech. The Colvinex suit
has a awitch which seems to be aczigned for a system with
higher voltage.

C. The Colvinex suit with a standard Navy inflatable
Jacket was much more comfortable than the Taylor suit.
: Practiced individusls could put on and take of{ the two suits
j in about the same amount of time (90 seconds and 20 geconds
respectively).

[

Ordinarily airplane generators in Navy planes are
capable of providing adequate potential and current to heat the
suits. Assuming a suit 13 to be wopn by each crew member,
the possibility of overioading the generators 1s very definite
in certain types of planes. If, however, the sult is to be
worn only by those who most need them {(such as rear cockpit
gunners), the chances of overloading are small.
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D. The Taylor suit is superior to the Colvinex in respect
. to protection againat cold especially as far as the ‘faylor gloves
are concerned. However, as ohne would suspect, neither suilt is
completely satisfactory in this respect. These tests weye
performed in the chill cgamber, a.) at sea leavel at -~4U°F, and
b.) at 20,000 ft. at -137PF.
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The Taylor suit is capable of providing ample flotation
to an individual with either kapok alone or air aione. Optimum
filotation 18 secured by the use of dboth air and Kapok.
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The electrical heating system Ct the Taylor suilt was
no longer functioning atter being submerged in salt¢ water
and properly dried.

CONCLUSTIONS :

The Taylor suit is superior to the Navy suit in respect
to construction, electrical characteristics, and protection
against cold.

The Colvinex suit is more comfortable than the Taylor
auit.

RECOMMENDATIONS :

Certain aspects of the Maylor sult, notabliy the gloves,
zippers, and electrical connections, could beneficially be
incorporated into the Jolvinex sult.




QOMPAKIBON OF CULVINEX AND TAYLOUR
MECTRTICALLY HEATED FLYINO §U§T§

'he Cuivinex eiectrically heisted flying suit And the
Taylor (British) electrically neated suit with flotation gear
vere cumpared iyum the following points of view:

a. gqongstruction

b. bklectricdl charaererietics

c. Wearing chupacteriatics, comturt, etc.
d. Protection against coid

in aaaicion, the Ldylopr su'T wdas examined as vo ivs

fiovavion charucterisyics,

SUIT: Both suite &re of good conutruction.
used 2re exce!lent, with one exception,

A.__ CUNSYLRUCTION

The muveridis
Tne lining o1 tne

golvinax muit is Of muslin, and snvuic s00n ehow sigus Ol wear,
under the &rm pita. 'Ihe raylor lining 1& o more

partiocuiaprily

durable matarisl,

18 Ul wWiGe CLOTNR, Whieh wrinKled exwlily.,

4LPEERY
of exc¢eélient

veeur in meny svoempte Lo "zip- the suiv.

Tne (olvinex siouider atrap fur suspansion

Tao e£lide famtenar used in tne Tuylor suic is
cunsteuction - gcleking 4na cavening dia not

Yne QUioKk relsuse

feature 18 &n savantage, a:though 4t did no¢ contribute %o

incredssd speec in getving out °f vhe suit,

(8ee C beicw)

The (o.ivinex zipper is cf poor construction, slicinyg sume-
vimes with difticulty, sticking ana catching on .ceusion., The
device for starving the zipper 418 superivpy in the 'Layivr suitv.

aylor, Wwnicn 8Starts dt tne ieng.,

In the LOLvinex sui', the croven piece starta to
Z1p 2t the top, cuperioer 1or pPutsing vh the su1T thén in tne

fne Lolvinex gLid ot

urindagtion paas vwy 1idps to the ‘1dy:i0r‘s vne, veing otetter
protectea, but making urinatrun more diliicult due ve 2YnFLrictivn.

QLOVRS ¢

1neorpora Lea
tur superiur

wrists, an

d0 typer of ‘Teylor gloves were furnizned, vne
with remuvablie 4inner nealeu i‘ning, «nd the otner wiih heat
Nt vhne givve 1L9e21t,  ‘vne faylor gloves were
TV ne Luivinex: (') A faunt.et exvended well
over the WPrizt 4ng sieeve 0f tne Jacket, prevenving guaps at tne

i hne Coeivinex, (B ‘lnere wsg nv ¢constriciivn 'n

the 1ingers uc in the Uolvirex., (o) von.trucsivn was petter.
The Luy!or giuves were somewnhat bDUiKlelr ana iess mobile than

tne ¢oivinex,

HBUC TN18 iU nuL 1ncesriere with wWiLting.
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the outer glove was removed and only the inner silk heated
lining used, mobility was excelilent, better than the Coivinex.

FOOTGEAR: Workmanship on both types ot foot gear, bcous
and siippers, was excelilent. The COlvinex boOt gave excellent
protection against cold without being heated.

B. ELECTRICAL CHARACYERISTICS

Six Colvinex sults, 12 gloves, and (2 boots were examined
as to electrical characteristics; as were a ‘laylor guii, a
Taylor vest, 4 gloves, and 4 slippers.

Since heat production depends upon resistance, &ll units
were testea with an ohmmeter {Oor variations (Tabie L). The
Coivinex gloves varied ifrom il.1 to 1u.25 ohms, a difterence
01 about . 1In a8li cases but one the rignt gliove, has a iower
resistance than the let't (which wculd make it warmer). The
boots varied between lU.v and 9.0 onm3i, a ditterence of LU%.
The whole sults varied irom U.Y95 tO L.3 onms, a ditterence of
2(.3%. Suits connected to gloves and boots varied irom U.O
to V.0 ohms, a ditfterence in heat production ot 2hH%.

TwOo ot the lZ gloves were tround tO be derective, in that
the' resisiance varied 2.U and p.u ohms when the tingers were
¢lceuched. One suit varied O.!l ohm when parts were moved, whicn
wouid change its heat production &%.

The Taylor sult could not be as readily cOompared, since
there were fewer units provided. (Tabie II) The 4 gloves
varied trom 9.0 to 1L.0 ohmz, the right glove being in both
cases higher (colder). Resistance was L.U ohm lower in those
with removable ltinings. ‘I'ne siippers were quite comnstant at
li.U ohms with the exception of 1, lU.B onms. Neither sultg,
vest, gloves nor si!ippers varied with movement.

The electrical connections o1 the COlvinex sult were
ccnsiderably intrerior To those oI the ‘'l'aylor. ‘'I'ne snaps provided
tor attaching gioves and boosts were 21 pooOr construction,
considering the low voitages ana high amperdages utilized. In
rour 01 81X sSuits the snaps between leg 4nd bOOU wWe 2 insurlricientc
0o provide adegudte t'low Or current, and in three inadeguatve
to remain snapped. Thrhese snaps wsre easily bent and broken.

The Tayior snaps, on the other hand, proviaea soiid iow
registance connections through the wire ring in the l'emale part.
'ney were stillier and 1n ny cdse (11 Tney come 4dpart witnoutn
congsiderable errort.
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'ne Coivinex switch 18 the stdndard makKe used in 1ivU volt
heating pads, There are tour cegcieced oI heat - (FF, wnich
heats zioves and boots only; 4iL0¥, MeEDIUM and HIGH. Variavions
in the resistunce oI the whole suitvt at single settings or
three switches amounted t0 1.U ohm (Ouv Ol l-2 ohms), &an
in¢readr (&N Ttnerelvre dadecredse OI theoreticul wurmth) Or 48
much 48 HbU%; 1in the otner three the varidvion wds U.bH ohm.
Obviouaiy such & switch 1s unsuivable 1or LOW vVOolitage-high
amperate connections. NO SwWitcn Waf provided Lor the ‘'faylor
8U1.T.

Theoretical wattages calculated at various voltages showed
that the Colvinex suit gave higher output at the same voltage
than the Taylor suit. %hen tested on & loaded airplane generator,
this was fourd to be the case, although in both instancee the
wattage dsveloped was lower than theoretical (Table ITT). A
little meore than 13 volts was necessary to produce the wattage
rated for the Taylor suit; that rated for the Colvinex is
not imown, but at 13 volts 1t develops 214 watts, a figure
clcge tO the theoretical calculated from its resistance,

Theoretical and actual wattages of the various gloves and
foot gear showed roughly that more heat is delivered to the
hands by the Taylor suit and more to the feet by the Colvinex.
The nronortion of total heat produced delivered to the extremities
18: Colvinex 30#, Taylor 40%. It must be remembered, however,
that the Taylor suit 1s made of & better insulating material,
and therefore the body unit requires leas heat,

At least 1t can be stated that both suits at 12 volts
produce insufficlent heat to provide adequate protection, and
in the case of the Taylor, where the required wattages 48 known,
this amounts to only about 80% of the amount necessary.

In all the trials with the Colvinex suit, there was no
occasion on which current short-circuited throuzh the bhody.
On one occasinn, wearing the Taylor vest, an observer who had
perapired »nrofusely in his axillae became uncomfortably aware
of the passage of current through his body. This disappeered
when drv wool under-clothes were worn. Tt was further noted
that the electrical system of the Taylor suvit, after being
submerged for 20 minutes in salt water, then properly dried.
no longer functioned as a heating unit.

C. WEARTNG CHARACTERISTICS

Both types of suits were tested under flight conditions
in PBY type planes, without heating. There was no doubt that
the Colvinex suit with standard Navy inflatable life Jacket was
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much more comfortable than the Taylor. The latter was bulky,
restricted free motion of the head and thorax, restricted bend-
ing down, and was rough (without a scarf) against the chin. At
0° ¢ in the closed after compartment of a PBY both sults were
insufficient to maintain resting body warmth, the Taylor
affording slightly more protection. Because of the vulkiness
of the Taylor suit, it felt heavier, although it weighs only

2 1lbs. more. The bulkiness was due in large part to the %apok
flotation gear.

Tt was possible, owing to the excellent construction of the
Taylor zippers, to put it on as quickly as the Colvinex suit, in
spite of 1ts bulk. A practiced individual was abie to get into
each of the two types of suits in approximately 1-1/2 minutes.
Tndividuals were able to take off the Taylor suit on lancd in
about 5 seconds less than the Colvinex, which took about 20
seconds.

CURRENT DELIVERED BY AEROPLANE GENERATORS: 4n examination
of the available specifications or different type Navy planes
showed that the generators now in use are set by voltage regu-
lators to deliver 14-1/2 volts, or 29 volts, These generators
usually have an equal "reserve", a 14-1/2 volt one being able to
develop 28 volts. This 1s required in order that the voltage
may remain constant at various engine speeds. It is probable
that the line drop between generator and suit may amount to as
much as 1/2 volt - This was the case in a test generator set-up.
Therefore, for all practical purposes the suits will be operated
in planes at 14 or 28 volts. Under present conditions, 1if all
members of a crew of aircraft were equipped with electrically
heated suits (Colvinex) developing 250 watts at 14 volts, there
would be sericus danger of overloading generators in most types
of Navy planes with standard equipment (Table IT1). These suits
could probably be used in some torpedo bombers, one scout bomber,
and all of the fighters, except when the generators were under
peak loads.
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TABLE T
RESISTANCES OF VARIOUS UNITS OF COLVINEX AND TAYLOR SUITS (OHMS)

:COLVINEX SUIT

SAMPLE GLOVES : BOOTS : SUIT ALONE SUIT COMPLETE : _SWITCH
: I, R. : L. R. :Low Med. High :0ff Low Med.High :Variation
1 ¥11.0 10.7 . 9.5 9.5 - 2.5 1.6 1.0 :2.6 1.2 1.0 0.7 £0.5
2 10.5 10.3 : 9.0 9.5 : 3.0 1.9 1.3 :2.51.6 1.0 0.8 : 0.5
3 11.0%¥10.8 : 9.4 9.6 : 2.6 1.7 1.0 :2.5 1.3 1.1 0.6 : £1.0
4 11.1 10.8 : 9.3 9.6 : 2.7 1.6 1.0 :2.6 1.3 1.0 0.7 : Y0.5
5 11.¢ 10.5 : 9.5 9.5 ; 2.8 1.5 1.0 :2.5 1.3 1.0 0.7 : /A1.0
6 10.4 10.6 :10.0 9.4 : 3,0 2.2 0.95 :2.5 1.3 1.1 0.75: F1.0
gvaria- 6.5 5.0 :10.0 2,0 :16.6 33.0 27.3 :3 5 25.0 9.0 25.0 :
:tion : : : :

: approx. :
:watts

-~

:(theore- 13.4 13.7 :15.2 15.2 : 53 80 131 : 56 105 137 210
:tical) . : .

. 12V. :

: : : TAYLOR SUIT :

-1, {Coat : : :

: 1ined : : : :
:gloves) 9.0 9.5 :11.0 10.8: 1.7 1.3 :
;Theoreti- ; ; ; ;
:1cal : : : :
:watts 12V 16.0 15.2 :13.1 13.3: B4.7 :57.6 144
:2. (Vest 10.0 11.0 :11.0 11.0: 2.3 1.2
:unlined : : : ¢
:gloves :

:Theoreti~ 14.4 13,1 13.1 13.1: £2.5 + 53.7 120:
rcal : s
watts 12V : :

*Glove # 1 varted 2.C chms when fist was clenched.
**glove # 3 varied 6.0 ohms when fist was clenched,
ASuit # 1 varied O.1 ohms when moved and shaken gently.

Note: The wattages calculated for each Colvinex unit are the mean of the
variaticns found. Switch variations in ohms are those at several settings
of the awitch. At the high position there was less variation with each
successive try.

In the off position, the Colvinex sguit delivers cuarrent to the
extremities only. Watts developed by the Taylor sult, gloves and bhoots

" were calculated by adding those of each unit.
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WATTS DEVELOPED AT VARTOUS VOLTAGES OF ATRPLANE GENERATTION

BY BEST COLVINEX AND TWO TAYLOR SUITS

- VOLTAGE

11
12
13
14

11
12
13
14

11
12

13
14

COLVINEX (Theoretically 210 watts)

SUIT ALONE . GLOVES AND WHOLE SUIT
BOOTS ONLY : :
Low Med. High : Low Med. High :
4y 72 114 - 40 . 88 113 154 .
54 84 128 . 50 . 100 121 180
60 98 160 - 56 © 120 156 214
70 116 182 . 70 . 140 182 250

TAYLOR SUIT (Rated 150 watts)

66 Z 40
78 : 45
84 i 61
105 ; £3

TAYLOR VEST (Rated 120 watts)

45 40
54 46
65 52
72 ; 74

85
100
117
136




TABLE TIT

CAPACITY CF GENERATORS OF VARIOUS MAVY ATRCRAFT

: No. in Max. Watts Possibiliity

:Type of Crew Needed of

:Plane Volts umneres watts max. For Suits  Overloag
PBY?2 15 30 450 9 2250 yes
PBYSA 30 25 750 : 9 2250 yes
PBYSB 30 50/100 1500/3000 : 9 2250 yes
PB2Y 15 100 1500 : 10 2500 yes
PBM 30 300 9000 5 1250 no
TBD 15 : 30/100 450,/1500 3 750 : yes
TBF 30 : 300 9000 3 759 : no
TBM 30 : 300 g000 3 750 : no
TBV 30 : 300 9000 3 750 : no
SEC 15 . 25/50/100 :375/750/1500: 2 500 : yes
SBD 15 : 30/100 : U50/1500 : 2 500 : yes
SBD-5 30 : 60/100 1800/3000 : 2 500 : no
SB2U 15 : 30 : U450 : 2 500 : yes
0820 15 : 25/50/10Q :375/750/1500: 2 500 : yes
F4F 15 100 1500 1 250 : no
F6F 30 : 300 G000 s 1 250 : no
F4U 30 : 60/100 1800/3000 : 1 250 : no

NOTE:When excess 1loads are put on generator, as in lowering or raising
wing floats or wheels, there may be overloading if suits are attached.




D. PROTECTION AGAINST COLD

METHODS: A series of runs were made in the chill chamber
in order tu teat the suits for protection against cold at
different temperatures and altitudes. The subjects who made
the runs were, for the most part, individuals who were thoroughly
versed in the methods of the low pressure chamber, thus mini-
mizing the psychic factor as much as possible. Since there was
but one electrically heated Teylor suit and several Colvinex
suits, more observations were pcasible on the Colvinex suits.
A1l observations, except for actually cbserving a person shiver
or palpating & very c9old hand were necessarily of a subjectilve
nature.

Voltages used were comparable to those generated in the
usuali types of Naval aircraft.

Generally, there were two types of runs: The first type
of run consisted of simply iowering the temperature 1inside the
chamber to 40° below zero Fahrenheit in about 15-20 min.tes
and waiting for the suiits t0 "break”. Admitteaty this was an
excremely stern test, tne point of wnich was to see which suit
aftrorded the least protection, being reasonaply sure that
neither couid aftrord enocugh protection to maxke the wearer
comfortavie. ‘These conditions were mainvained until the subjects
could no iTnger Stand vae cola. The second type O1I' run was
designed ©vo reat the suits ror protection at -13°F. av 20,000
ieet, which is theodsrevicaily the posint on the temperature-altitude
curve at which conditions 1o which a8 rear cockpit gunner woduld
he sugJegted are mgsiy severe. The temperature was lowered from
akour 50°F. to -i3"F. in a period o9f ten minutes during which
time the altitude was raised from sea level to 20,000 feet.
These eonditions were maintained for ! hour Or more. Having
recorded =he clothing worn bty each of the subjects, an observer
on the outside of tne cnamber inquired as toO the condition of
2ach of tne subjects 2t intervals of 5 minutes and made records
on sneets mimeographed for this purpose (enclosed). As the
sublect was interrogated aboutv eacn part of his anatomy, he was
instructed €O reply that it was either comfortable, slightly
~0!d, moagerateiy cold, uncomfortably cold, painfully cold, or
numb. In th's manner an avtempt was made to obtain a guantitative
estimate 0r tne progress of each individual. These results were!'
later expressed graphically. {Observations were also made on the
masks and goggles which are not recorded in this study.)
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it v UBSERV/1TOHS On PHE CULVIMNEX ibaisd SULT:

teet became uncomfortably or painfuliy coid on ( Dcrasions.
nanas became uncomfortabiy Or painiuily couid on <¢v vccasions.
body became uncomfortvably c2ld on 22 ccceasions.

IN 5 OBSERVATIONS ON THE TAYLOR HEATED SUIT:

feet became uncomfortably or painfully cold on no occasions.
hands became uncomfortably or painfully cold on 2 occasions.
body became uncomfortably or painfully cold on no occasions.

In 2 observations each on the Taylor unheated suit and the
Coivinex unheated suit the subJects became uncomfortavly cold all
over (hanas, feet, and body) in less than 20 minutes at this
temperature.

‘Tne
‘rne
The

-inne
.inne
Tne

0 .
T. -137F. ALT. 20,000 FT.

IN '3 OBSERVATIONS ON THE COLVINEX HEATED SUIT

I'eet became uncomiortably or painfully cold on 3 occasions.
nands pbecame uncumrortaply or painfuily cold on lu occasions.
boay became uncomrortabliy 2r nainiully coid on 4 occasions.

iN 5 OBSERVATIUNS ON THE TAYLOR HEATED SUI{:

teev became uncomfortabiy Or painrully colc on 1 Occasion.
nancs became uncomfortably or peinfuily cold on L occasion.
boay became uncomrortabiy or painfuily colda on no occasion.

(See enc liosea grapns for examples of typical runs.)




TABLE OF RESULTS

- Z'IUOF. M
: GEA LEVEL s
SUIT # OBSERVATIONS PART  # FAILURES % PAILURES,
: Colvinex with heat 20 Feet 7 2T% .
: Colvinex with heav 20 Hands 20 1% -
: Colvinex with heav 20 Body 22 Ha® o,
: 'Maylor wath heat 5 Feet U LA .
: gy lor with heat = Hanas 2 4U% .
: Taytor witn neatc 5 Boay v U%
* Colvinex without neat 2 AL} 2 AUV R
Tayior without neat 2 AlL 2 1ov% .
' 0 :
:"13 F. 2(),()()0 FT. .
: Colvinex with heat 13 Feet 3 23%
Coivinex with heat i3’ Hands 1O [ (% .
: Cotvinex with heatv 13 Body 4 Jim .
: Taylor with neac 5 reet 1 2UH .
Taylor with neat ) Hanas 1 2V .
Taylope wtcn neag 5 Body V) . Use .

It was thought cthav the (Colvinex suits varied among themseives
for two reagons:

1. A certain suit cunsistently kept its subject warmer
than aid the octners.

2. After heating two suits 1or Ll/2 hour each at the same
temperature and under the sime condicvion, the gloves of One
suit were markealy much warmer than those of the Other suit.
This may have been due t0O the uncertain electricai connections
of the Coivinex suit (see above).

12




DISCUSSiIUN: Tnere seems tuv he & juestion amung ThoSe Wnv
nave been working with 10W tenpersture 3s tu whevner the resgisvance
0l a given inaivquai varies rrom day to 4day or wnether there is
a change in resistance 1iom one inagividual ©9 anvther. Some Iee.
tnat all men are ejuaily resistant to cold but vary aceording to
what they nave eaten recentiy, vheir present physica: conaition,
the time ot year, etc., whiie according to others edcn man 1s
dirferent. Since eitner or both of these conditions may he true,
testing O a specildily prepared mannixin is probably the best
method for @ccuracely comparing two suits. However, the actuat
wearing OI tTne suit must eventually be the real test and since
tne resulys above are tairly consistent in most casel3, 1T seems
igir to assume tnat generaily speaxing, the Tayior gloves ana
surt affora betver provection against cola, wnereds boun sets oI
boots when heatea are egua:ly efricient in protecting the feet
0f Tme wearer against :0w temperatures.

FLOTATION CAARACTERISTICE OF ‘fa¥YLCOR SUIY

Witn vhe cooperation of Lt. {J.f.) Zwieriein of the athletic
department, the Taylor sult was tested for flotation by actually
wedring it intoc the sait water or the Guif. Four tests were
performed.

First, the suilt was tTested by wearing it into tne water witn
botn Kapok ana air ¥f:iotativn.

Second, it was tested in an identical manner without air
I'ivvation.

Third, it was tested witn the Kapok removed but witn Aair
flotation.

Yourtn, it was tested by submerging the suit by means Of
weignhts for i2 hours, then trying its fiotation characteridtics
again ry the same method.

Un a:l 1our occasions the subject who wore the suit was as
comivrtable as could be expected and well suspended with nis chin
at least ? inches above tne suriace of the water. The gubject also
noticed thet he was automatically turned on his back and was unable
tO rem2in in any other position withouc a certain amount of struggie.
This 18 cunsidered advantageous, ana 1is particuiariy true in case Or

combined air and wapok flotation.
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Am’ﬁ. C - .
DATE : =Comfortable .
.

TIME:

Hour:

Time at given
TEMP:
ALTITUDE ;

temp:

SC=S1ightly cold
MC=Moderately cold .
U6=Uncomfortably cold .
PC=Painfully cold

N =Numb

GOGGLES -% wvisibility
MASK -VNF=valve not functioning
Degree of moisture or ice
M =Moderate

C =Copious

Flexibility of rubber

MS=Moderately stifTf
S =Stiff




