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I. Introduction

Historians have stat .d that the use of gloves is of high antiqoity
and app arently ens knoim even to prehistoric anve thnllers • Stat nt.
of this sort, which appear all through the literature on hist.ry of
haudweap, are app arently bss.d upon aaal~~~es to the Iskimo in the
Paleo]itbic culture. In all probabil ity the various v~~zp. of upper
Paleolitbic peoples in lurope and other regions of the flolarotic Zones
used s~~~ sort of hand covering, b .u.v~r, there is absolutely no sri—
demo, that such isa the case. Such parishable material, as would have
bad to be e~~lq.d would not have withstood the ravages of t i .

£ sophistioatsd oontinuses fourchetti glove isa fiend in the t~~~of Tnt khaumn (18th Dynisty, 14th Century, B.C.). Eisg Tnt ’. glove
belongs to the lineage of the dress glave associated with oerem~sisloccasions and symbolisiug th. social gulf betuson the nobility and the
Telishein. The earliest ocacrete evidsnoe bearing on s~~~ form .1 eo—
cupatiomal or work hand covering cams to light in the Mallatatt (lsrly
Ire. Age) Salt Minis of Lower Austria. These minis were exploited dur-
ing the early part of the first mille niwe B.C. (Cir a 800-630 B.C.).
This information ens obtained from Profess or I. L. Mon., of larrard
Univers ity, Abri Pat and, L.a linu s (Dordoge.) Prenc e, 11 August 1960.

Is med.rn tin. ., with the ineressing n.e of heavy machine ry ~~~tool., the us. of gloves for pretesti ng the hends of workers has oem—
stit uted a us3or area of dsvslopeent. For the most part , two factors
have d~~4i~kted desigu of such glovest dur ability (ruggedness or serv-
iceability ) and prioe.

Durable construction and low cost production chare.oterise present
day work gloves above all, else. Glow.. having special oo.struatien
fsstur es, such as gaentlst., extra reinforcing patches, reinforc t
with metal-bear ing abrasion —resistant surf aoes , and special acid—resist—
ant or other ~14 ~~ p special typ.s of materials , d~~4~~t. the work glove
field.

The cemoe$ of fenction of this bandus ar, —~~ i—4 sing what the man
son do when wearing this glove, i. clear ly given third place if it is
considered at all . Tb. point is that wsrksrs will sot pay very rnk
fir a glove, and hems., it mast be cheap and durable; whether he can
bead hi. fingers while wearing the glove, or whether his hand. bec~~~; fatigued from ‘working against’ the glove, appear to reesive litt le con—

\~~~stdor Øion in work glove deeigu.

lies the atand p.tat of milita ry handusar, ~~~~~~~ this matter of
th . men’s being abls to psrf.rs his assign.d task. with d.xtertty and ~~~
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absence of fat igue, i. our primary consideration. Soldi.re are sent to
the battl.field not to demonstrate durability on their clothing itan. ,
or the low cost of the it , any more than to show off the appeax’amee
of thoir it. of clothing. They ar . there to psrfcrm c.rt ain tUk. and
the efficiency with which they perform these task. will deter in. ~~~ther
they or their oppenont. win, and sore important , whether ~~~ nation may
be able to survive .

Memos, the bandwear of the soldier, ~~~ch determines the degree of
skill with which he con pseform many of his most critical battlefield
task ., constitutes one of the t important areas far research aM 4.—
velo~~ nt to increase the efficiency of the c~~~at soldier. —

II .  4~~reaeh.. to 7iinctionaj~ Design

Honden ar, like other el nta of th. soldiers’ .qut~~~nt, bears a
definit. relationship to th. natural and sne~~..imposed enviro nts is
which the soldier finds himself. His handenar ~~~t provide insulation
against th. cold; prot.ction against rain and snow (without getting wet);
and it ~~~t be abi. to ataad up reasonably well against the pàquioal .1. ’.
mints, i.e., the abrasive surfaces of what he handles , the ~~~k, ic..
wet snow or aM into which hi. bands are forced. It must also euka no
important psychological or pbysiologioal perfor~~~ce decrements. The ~~~mist not fsel that his gloves are ‘in tb. way’ so that hi miSt ~~~~ s
them to get his job done, and they must sot enduly fatigue hi. h ’~4s aM
forea rm mis olss

It i. these last factor. of reduction of fatigue and th. obtrusive-
nes, of the bandusar in performing a task which are psouliarly critioal
in military haadwsar, and which are also passed over lightl y or largely
iguor.d in civilian handwea r. In the Quartermaster Research and Develop-
ment Program on Handwear, this has constituted an area of .t~~~ and ~~perimental de.igu.

This objective of prevention of fatigue of the heads, which can be
caused by the hendwear, can be dealt with in at least three way.: (a) by
use of stretch type materia l.; (b) by use of special patters. that 4. not
bind the m.,,. ,nt of the fingers or the hand ; and (o) by biiliiii( into
the glove a shape which corr..pond. to the natural hand.

III. The Use of Stretch Tine Materials

As in many areas of clothing where origins are lost is the ruins
of antiquity, the concept of suitab le types of materials for glows. was
worked out so leng ago we taM to take the availability of such materi-
als for granted today.

Who would consider there to be anythi ng revolutionary about using
a tijht—Imitt.d material for glove.? In part , this is so taken for gr~-.4 and not ever gives sicond thought, that cur ooontry is wi114i~g to let
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our k.itted glove industry be liquidated throagh aUmdng importa frem
abroad t. force donestic producers out of business. Actually, cur kaitt.d
wool gloves are an sxsellent material for an insulating insert in a leath-
er glove and for ithich no equally efficient substi~~te has yet been pro-
duced.

Or who would ~k4iifr of leather as a radical type of materi al for
gloves? lit, aver the centuries, as a pri m. e~~~ple of artisanship aM
craft.~~~ship, special types of glove leathers have bees produeed that
have the desired characteristics of a secaM skin.

Pr o, a milita ry standpoint, the chief difficulty with leather for
glove, and leather gloves i. that in peacetime these terials are used
for appearance primarily. Hence, the jl.vs. take cm characteristics ~~~oh
may be and actually are often opposed to the proper concept of military
f~~ctional gloves.

Wby do w need stretch in glove materials? The answer to that is
f~~~d in the change. in dimsusien of the hand which occur in normal use,
which must be acc4 cdated by the glove material if the hand is not to be
enduly constricted. For e~~~ le, the length of the back of the haM in—
crea~ep by almost an inch in the simple process of bending and fleming the
bandt1) • The pal mer side of the bind, simil&rly, is shortened substan-
tially; this enoent , to ar~~~d 5/d Inch. The problem of the glove design—

L ce is what to do with the material on the pals side of the hand which i.
& not needed when the hand is fleaM and where to get that extra inch of

length on the back of the hand . Part of this can be obtained fram stretch—
ing of the material itself . The surplus material on the palm can be dealt
with only by careful designing to shorten the palm of the glove or to ob-
tain a curved finger glove. This is easily said but the difficulties of
actual construction are certainly not .u~11, as all glove designers ap-
preciate .

$~.mila i.l.y, there is the problem of width and girth changes in the
Ii~~iij (lJ . Whim the finger. are ~~~ended , the girth of a typical hand might
be 7—1/2 inches but when the hand is closed, it will be an inch larger.
Again, the proble. is where to get this extra material.

Tb. advantages of a kaitted matceial as providing tvo-i~~ stretch
at low en.ru levels will be evident. A kaitted construction easily
.tretches within any direction and avoids any seriou s limitati on on the
b..idl.g of the hand or any signi ficant ~~~cular effort to bend the fingers.

$Iaillrly, stretch can be built into leather. Going back almost into
antiquit y, glove makers and designs have learned how to treat skins St
many *i4~~l,~~ so as to retain stretch in th. natural leather. Tb. careful
control of stretc h in the leather , both in the tamdng and is th. cuttin g,
is aot~&11y the secret of high priced leather gloves.
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Cc~~~rcial types of dres s gloses, h~Isv.r , even thoug h aM. from
leathers having desirable stretch characteristics, taM to be mads so
tight fitting that even though the stretch ir the leather is there aM
can be used for bonding th. fingers , considerable effort is required,
fatigue develops, and blood flow is constri cted.

IV. Sisdal Patterns That Do lot ~ .nd the ?tnners or land

A sign1 ficant achievement of the ~~artermastsr Corps, d.vs1o~~~ t
of its glove shell leather , for example, has been the design of patterns
which when properly fitted have enough spac provided arc~M the fingers
and hands so that even when the glove insert is used for provic ing
warmth, there is enough room in the glove to enable the hand ~o bend
without any feeling of serious constriction . This is achieved In part
by the manner in which the patterns are designed and also by emplc~~~nt
of the principle that excess material can be dru m to the back of the
hands by the use of a strap just above the wrist whic h dr aws sur plus
material away from the palmer surface to the back of the band. In this
wey, extra diaenaicns have been i~ rk.d into each pattern el~~~ t without
broadening the working surface of th. glove usduly with extra material .

(~ie factor of this approach is to insure that the glove finger
length is calibrated to that of the shortest fingered hand s so that the
tips of the wearer’s finger , will always be at the finger tips of the
gloves, with sufficient dimensions elsewhere to acc~~~odate extra long
fingered hands .

Important as this appro ach is, however , it doss not reduce suffi—
cient l.y the fatigue resulti ng from the bending of the fingers to perfo rm
any essent ial tasks . In order to make it possible , the surplus materia l
must be removed from the palmer surface when the hand i. In a “natural’
position, and a corresponding increase must take place in the length of
the back and in the girth at the same time.

V. )~iIlMan into the Glove a Shai.~ Which Correspond, to the latu rsl

A great deal of effort has been expended in att empting to develop
curved palm gloves or mittens. The first partially successful accc-
p1i.~~~*t in this direction was the d.velo~~~nt of the Arctic Mitten by
Mr. Dc,’*ld Huxley of the U.S. Air Force Clothi ng Branch which later was
adop ted b7 the Ai’~~.

In this accc.pli”)asnt, a nodic~m of curvatur, was introduced by
t.n.i~~1ng the outer edge of the pal z sur facs by the use of a bias cut
and fitted piece as the outer edge of the pain . This approach was in
apposition to the mocoasin4v g of the palmer surface leather where it is
jcdnsd to the back of the mitt en. ~t was a significant accomplisbisot
but did not lend itself to the achievement of a glove design.

4
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FoU~~ mg the conference on ‘Protecti on and ?wactien of the Hands
in Cold Climates’ held at the ~ iarterusster I,eea~4 & ~~gth.erisg Cam-
~~~~, latiok, assachas.tts, 23 and 2~ April l95~UJ , at ~~~ch the impor-
tames of this problem was stressed, a new approach was taken by techaol.o-
gu ts at this C~~~ ad to work ~~ an i~ woved finger aM pain g].ove in a
dipped type construction. This has been aMa snt].y sucosesful aM s~~~ of
the principles developed in it. aco~mp1is~~~~t have not yet been ~~~end.d
to the patterning of leather gloves.

VI. The ~~velsmesnt of a ~~mthetis HaM

Throegh the effor ts of the Depart~~~t of labor, an appreciable do-
gre. of oc rcial standardisatica of .1.1mg aM su e  designation was
achieved in the late 1930’s in ‘a , v~~~~’s, and chUAz am’s bo~~ cloth—
1mg. Up to the present, no such standardisation has been aoo~~~lisbed
in the field of hsndwear.

In the ~~~vfactene of c~~~ rcinl handwear (supported, uss~~~orted,
fabric, or leather) each glove designer has *tili.ed his owa concept of
fit, end as a result, no two manufacturer, provide precisely the s~~inside measurement, for the s~~~ type of glove, but me.ks a variety of
sines In one style in order for the purchaser to hay, a choice as to
which sue  is soited for hi. .pesi.fie p urp os..

The present canton—flaimeled, vinyl—coated, protective handwear for
missile feel aM oxidiser handl.rs consist of c~~~~rcial large gaentl.t—
type gloves which are genersl]y wasatisfaotor7 for use due to poor fit
aM design. Since thes e gloves, for Gov r~~~nt use, are purchased from
the lowest bidder when they are procured , the quantities received may
not be of the sa u se  as others alread y in stock but amy vary from
manufacturer to manufacturer. Thus , the missile-nan who wears these
gloves may receive a pair prov iding a fair fit one time, aM as a re—
plao mssit, may receive a very ussatisfactcey fitting pair. Tb. man with
a poss fitting glove is at a disadvantage and often oaonot sccampli~b
his reqoired tasks efficient ly and safely.

With the advent of more highly tomic and dangerous materials for use
as missile propell ant., the requirement arose for a glove havin g both a
good fit and an impermeable g~~ tlet sleeve 3~ ioture, which can provide
standardised fit , better dexterity and less interference with skilled -

nij*i]*tion than the usual cant on—flannel vinyl-costed handwear no matter
which manufacturer is the successful bidder .

Since the measurements and fit of supported and onsupported haMusar
is controlled by the dipping forms, devsl~jma~t of anthr.p~~ trioa1i y de-
rived referenc. hued forms was aMertahen to pr vlde a basis for master
model dipping f~ ms.



a. Initial £zp.rjmemt.

Work done in 1956 mder contract to the Quartermaster Research
& kginqering C’—a”d by Dr. Ja ha ijamo of the Department of Ingineering
of UCL*(2) confirmed the criticalness of fit at the fingertips that had
been recognised intuitively during the devslo~~~nt of the U.S. M~~Glove, Shell, leather, during World War II. In an effort to apply thee .
finding , as well as to initiate the design of th . basic anthropemetric
hand forms, three su es were picked as a starting point . For the refer—
m o e  hand foims, the email .ii. is based on the broadest and thickset
measure ments of the 30th percentile population level, the medius on the
75th and the large on the 95th percentile . To insure short finger
lengths , the email cia. is based on the 5th percent level, ttee medius
on the 31st , and the large on the 76th percentile.

~içce the Air Force had completed several detailed studies of
and the anthropologists of the Quart.rmaster Research & kgi-

neering C.~~and had c~.pleted but not published a general manusetric
survey and bad a study of the relaxed haM usd.rway, it was decided that

asur.me nt. from both sour ces could be util ised in d.sir4ng the basic
band forms • Th. standard measurements taken by anth.ropomstrist. are
made with the Ksnd~ in an ~nmaturslly flat position which makes it eas-
ier to get consistent result. . These data were not usable directly for
the design of th. band form, thus, the dimensions aotu.Uy ~~~leysd were
corrected for a natural rest or ready—for—work pose by recording the
difference s in finger length., etc., using data from a dosen II1dSI.7
varying pairs of hands measur ed in both positions . It was f~ a~d that
the difference s for each measurement were quite consistent regardless
of hand sine or type.

It was considered that handusar should be d~sign.d aroiz~d the basic
types of prehension, as defined by Sohlesinger(~ ) . (See Figure 1)

The dimensions derived from the man~~~tric studi es (Tables I throu gh
II ) ,revlously mentioned were utilised as the basic measurements for the
master model hand forms. These measux ement . were converted to three-
dimensions by application of the skill of a recognised professional soup-
tor , Mr. . Elisabeth McL.an-3.itb of Boston, Massachusetts, eider contract
to the Government • It was ass ia.d that with available anthropometric
data and a sculptor’s artist ry, forms for glove design could be developed
which would result in a great improvement in haudwear fit.

b. Fabrication of Waster Model Hands

To make the master model hands of th. type and quality required,
the Institute of Contemporary Arts was requested to suggest sculptors
capable of producing model hands based on anthrop~~~tric data. The art-
ist selected had previous experience in converting abstract nuebers into

6
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three dimensional objects and was Presid ent of the New frgland Sculptor ’s
Guild at that tim..

Three pair , of master model hands , deeignat ed as sizes ema il, medi—
~~~~, and large, were sculptured and the right hand of each size was marked
with identifying symbols to indicate the points of measurements • It was
intended that these t hree basic sizes would be utilis.d for bare—han d
fit . (See Figure II)

Th. basic measur.mente for the hands were corrected for the relaxed
shape, as shoimi in Table XII .

It was int ended that the se models would be used as basic guides for
the design and fabrication of all types of handwear which would be pro-
cured for Ar~~ , other military agencies , and might possibly have civilian
applicati on as well.

For missile fuel hand lers , gloves are required in war m as well as
cold weather.

To provide the space for an insulating material for envir ental
protection , an increase in all dimensions of the large size master hand
was made . This was accomplis hed by the addition of appr !ncimatel.y 3/32u
to the initial d imensions of the large hand as an approximation of the
th ickness of the standard wool glove insert (Table XIII) .

c. Fabri cation of Modified For ms

To check the reliability of the asur~~~nts used for the basic
reference hand s, gloves were requir ed for a fitt ing study . An addition -
al. objective at the t ime was to develop a glove which was compatible
wit h the newly designed impermeabl. sleeve—glove closure rings in the
missile fuel handlers suits

Since gloves for liquid rocket fuel handlers must be impermeable to
the t~~~c materia ls used, the only type expected to be satisfacto ry would
be either a fabric supported dipped, or an unsupported dipped glove.
Dipping forms of metal in the supported case , or porce lain for unsupport-
ed gloves, are required for these types of glove making.

In order to fabri cat , dipping forms conforming to the required fit-
ting concept , master models were necessary.

Tb. sculptor was again re quested to make plaster f orms which were
designated as NType BN Forms . These include for the gauntlet , the inside
dimi.risicns of th. cone shaped glove closure ring and increased dimsnstons
in the wrist area for ease in d~~ning and doffing. The dimensions for
the wrist circueferen ce was establis hed by measuring th. hand girth of
psrsonnsl within each range group at the knuckles with the fingers con-

a
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verg ing and the thumb displaced to lie as close to th. palm as possible
(Figure 3) • Those measurements utilized are as follows: size . *1l,
9—lf$’; size medium , 9—3/4’; size large, 10—1/4’; and size extra large ,
10—3/4’. The hand portion was to re.ain identical to the master model
hands . For Government appli cation , to be compatible with the missile fuel
handlers suit , the total length of the gloves from the tip of the c~rved
finger to the top of the ring was deter mined to bet size ~~all, 12—1/2’;
siz. medium, 1.3’; size large , 13—1/2*; and for size extra large, 14’. An
additional two inches was allowed for tri ing.

All ‘Type B’ plaster forms , and the dipping forms based on them, are
of the same dimensions .

d. Tabri cation of Metal Dippi.n* Forms

Various glove dipping companies were solicited in an effort to
find a c~~psny wi lling and able to duplicate the Plaster of Paris ‘Type B’
for in aluminum.

This metal was chosen since many supported glove dipp ing companies
utilize aluminum production forms .

Ia..aM ition, it was felt that if the resulting gloves were not sat—
i sfac tory with regard to fit, or if they could not be successfully dipped
due to design, the aluminum forms could be modified directly rather than
repeating the entire process .

An integral thumb was used sir~ e the fabric utilized as the base ma—
t.rial was interlock knit , which , due to its elasticity, ii easy- to last’
onto the dipp ing forms.

The original production dipping forms were manufactured by sand cast-
ing. The gauntlet area was hollow, but fingers and thumb solid (Figure 4).

All rough area s of the aluminum castings were smoothed off so that a
fabric could be lasted without damag e.

~~ inspection of the finished aluminum foxms, all criti cal measur e-
ments were satisfact ory.

e. Fabri cation of ~xpirimenta]. Gloves

£ uniqu. two—piece patter ned fabr ic liner was developed and lasted
on the experimental hand form as footwear patterns are designed for the
last. To aski the exp.ri s*al gloves, normal quality prototype production
procedure iss followed. Tb. dipping forms, on. at a time, were sloWly in-
min ed in the dipping compound, ensin’ing that the tips of the fingers en—

10
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ten d the solution first, and slowly cowering the bend so that no air• bubbles would accumulat, en the surface . Withdrawal was aOc..plished
slew37 in an arc so that the finger tips were removed Last. To remove
exceesive dipping cenp~~~ sad to eH i  Rate webbing at the finger
crotches, tor wore suspended at an eagle, so that the finger tips
were In the lowest peettion. Fir the gloves mad. (Figure 5), and for
the consistency of tb. selution used, the dripping time lasted fron
tern to fifteen minutes, after which time they were turned right side

t• allow the aoc~~~1~t.d material at the finger tips to ren back.

In order to create a gripping surf ace, the forms were again in-
msried in a cimepoond which contained meplasticised particles of ponder-
ed vinyl resin, fdllewing the sam. pnoesdure as fir the basic dip, ex-
cept more rapidl y and only up to the heel of the palm.

VII. ~~~~~~~~~
a Method

Im ord er to evel~4e the design of the forms, a fitting and
u sing itmdy was cenducted~ 5).

The $t~~~ consisted of trial fittings of the test glove, with
and without the use of the standard wed . glove insert, worn wad.rmeath.
£ lample of 2*5 test subjects was utilized. Twsnty-one anthropametnic
band dj m~j ,jons were • obta1~ed on all subjects and item size and quality
of fit were recorded .

Information on ability to don and doff the glove was obtained on
102 of these subjects. The subjects were processed in turn through the

V anthrepometnic asur~~ nts; the vinyl glove over the base hand; the
vinyl glove over the wool insert; and ease of donn ing and doffing was
neerd ed.

b. Comclvaiest

The fitting phase of the experim.ntal gloves indicated that
a high percentag. of the male military population can be expested to be
properly fitted with the four sizes provided . The high percentage of
‘good fit.’ and the s onts of the test subjects were indioativs of a
well designed glove.

A tariff for this glove based on the bare hand 44R,,.ion, of jlm
would be as follewet 2$ .m.ll, 57% mediws, 16% large, and 5% extra
large. Since aver half of the study sample requi red a larger glove when
the weal insert was worm, the size tariff listed above wield net be ap-
plicable if w e l  inserts were worn. In such a ease, the estimated tar —
1ff would bet 5% small, 35% msdime, 51% large, mad 9% extra large .
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VIII . Fabri cation .f Porcelain Dipvini Forms

There are two por..lain ~~~ufacturIn g compan ies which are ksous
to be suppliers of band dipping forms to the rubber glove dipp ing Indus-
try. Contracts wore negotiated with both of these ~j amufacturing compa-
nies for the fabri cation of ~~afl quantities of dipping forms in all four
sines and to fabricate blocks and casings in order to imsure that dipping
forms of the Governmmt design are available for purchase fir either Oov-
ermeent os co~~~rsial applieatiens.

Iarly in the fabrication of the dipping foams for Govsiimsflt use,
it was f~~~d that the fingers drooped during firing In the kiln. This
isa corrected by the use of a wedge in the front of the green form t.
tip back the kind. mace this isa corrected, there were no prob]~~~ infiring and obtaining the desired shape and d4~~ lRions.

• The for were made oversize by a calculated aaoent to compensate
for the ne~~~l sba’imaage of the clay during the firing procedure • Since
both contracto rs use different clay types and for las, blocks and cas-
ings esimet be tran sferred from contractor to contract or.

Iorege agnenmt s were entered into betwien the contra ctors and
Goveizment in ~~~ob it was agreed that each contractor would be author-
ised t. sell the Government designed forms to any company desiring to
use thus, either for Government contract, or c~~~srcial applicati on.

Utilisatiorn of blocks and casings aimed by the Governm ent insures
that wane desirin g forms of this type may procure then. The usual
co r.i~l policy, in the past, has been that if one contractor deslps
a dipping form, none of the s~~~ design will be sold to a competitor .

Measurement. of tb, porce lain for showed s~~~ slight variation
from form to form. This was dim to the position in ‘4iisk it was placed
in the kiln , variati on In final temperature reached and duration of fir-jag. Mwsv.r, the variation was no greater than occurs in standard com-
mercia l. practice . Thus, the porce lain dipp ing forms fabricated using
blocks and casings based on the Goveremnut design are considered accept-
able.

Trial Dinmina of ~~suuv.rts4 Gloves

At the cempletion of the contracts for the porcelain dipping forms,
a quantity of wasuppert.d gloves in one iii. only were dipped in elder
to insure that the forms could be utilised on production type appl.toa—
ion and net esly by hind method used In the prototype eastrustien.

£ bmtTl ~~~ nt of light viscosity was used for dipping trials.
Moentia g of the forms required a special bracket on the bettus Of each
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dipp ing form for the purpose of gett ing the proper flow of rubber 0,.
meat over the surface of the special shaped form. Aside from the spa-
cial bracket , there were no other dipping probl~~~.

IX. Discussion

At the beginning of the design of the 1h.Ms and resulting dipp ing
forms there was s~~~ doubt as to the feasib ility of dipp ing either sup-
ported or unsupported gloves over forms of this shape dus to the rela-
tively sharp edges, extreme curve of the fingers, the limited spaces
between fingers , and position of the thwab, in c~~~sriaon to pres ent
ca~~~rcial dipping forms. H~~~vsr , this all had to be pro ,,. in actual
dipping operations.

Dur ing dippi ng of the quanti ties ordered, it isa fo~~ that no ab-
norm al types of dipping defects occurred . The defects consisted mostly
of webbing between the fingers which was eliminated by blowing a ligbt
stream of air against the webs during the drip-off process.

Some operator instru ction was required prior to successful dipping .
In general , all the normal controls and procedures which apply t. the
production dipp ing of now designs of cc srcial supported gloves also
apply to glove, of this new design.

I. Conclusions

a, It has been found that the measurements of the experimental
master aod.l hand foams can be used as the basis of design and measure-
ments of all types of dipped handwear developed by the Quartermaster
Corps for use by Law pers ausel.

b. Fabric lined vinyl coated gloves can be manufactured over dip-
ping foams based cm the experimental muter model hands which meet the
size and design requirements of the Amy.

c. Unsuppor ted rubber, or rubber type gloves can be manufactured
over porcelain dipping forms designed in accordance with Mister Model
dipp ing forms designed and developed by the Quartermaster Corps.

4, These forms are availabl, to the glove dipping industry for
either military or c~~ isrcial application.

XI. !~t&~ fl~ t
The next logical step requires an analysis of the functional per-

formance needed by th. other Department, of the Depart ment of D f ~~~.in supported and unsupported dipped handwoar with a view to the develop..
mont of a ~i-t (~ on n ber of typos to meet all needs and achievements of
interdepartmental standardization of both the various gloves th~~~elves

16



and of glove sizing. This has already been accomplished for Guided Mi.—
silo Fuel Handling with the Departments of the Air For ce and Navy. £
f~’th.r phas. should include other Goverussnt agency users of such g]a~ s.

The final portion of this sen se of developeisits should consist of
detu—4~4~g the application .f the hesic reference h’.a~~ to the develop-
ment of cut and isis leather and fab ric hand wear and possible *ol].y new
methods of glove fabrication, such as t cbaiqiaes for producing peamsablo
gloves by dipping, by electrostatic deposition of fibers onto hand forms
by chemical, thermal, or mechanical shrinkage of cut and sewa handwear
to shape , ste. -

The design and d.velepesnt of natural hand leather gloves will be
discussed under a.~ separa te report.

XII . Bjblioaraphy

1. ‘Protection and Functioning of the Hands in Cold Climate.’
National Acadey of Sciences — National Research Council, 1957.

2. I1~man, J., Final Report cm Studies of Some Variables Relating
H *nd covering Dssign to Manual Performanc , in Extreme Environ—
mints , February 1950, 5—6—7.

3. Rer$bsrg H.. T. .L , Daniels, G. S. (Mo Medical Laboratory),
and ~~urcbill, I., Antioch College, ‘Anthropemetry of Flying
Pers onnel - 1950.’ WADC Technical Report 52-321, Sep 1954.

4. Schlesinger , G., Der mechan isch Aufbou 4cr kunstlioben Olieder
in Ir satsgjied.r und £rbeitshilfeu, Springer , Berlin, 1919.

5. Research Study Report, PA—17, dated 7 May 195 .
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Dj .o~’.ions Diri ved from Ms*~~~trtc Studies

Mend L g t h
tinches)

Air_Poros 
____________________

____ 

Flying Basic
Par~entils ~~!I!~~~~~ Tra inees 

~~~~~~~~~
1 6.7 6.7 (~.1’~

5 6.9 6.9

10 7.1 7.1 7.10

25 7.3 7.3 7.3Z
50 7.5 7.5

75 7.7 7.1 7.8 3

90 7.9 8.0

95 8.0 8.2

99 8.3 6.5 1.’i’7

Rang.: 5.87 — 8.74 6.42 — 8.74 5.8 — 9.2 6.3 — 8.9
Mean: 7.49 7.54 7.58 7.54
S.D. : .34 .38 .36 .36

4063 3328 24,5Q0 5295
Age (Tn): 27.67 18.94 24.28 20.45
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I

Di.m~~~icns ~~~~~~ fron Man~~~tric Studies

!t~~~~ L i ~~h IxpresseduaPersent~~e of Hand j~wzth

Pere
~~rl. ~~~~~~~~~~ )1~4d1~ ?in.aer ~~~~~~~~~~ ~flt1 p Fin~er

1 32.42 39.92 ~~ 37.06 24~97

5 34.21 40.97 37.83 27.03

10 34.87 41.36 38.48 27.60

25 36.03 42.26 39.62 28.91

50 37.1 5 .  43.24 40.79 30.16

75 38.62 44.36 41.85 31.35

90 39.93 is5.4l 42.95 32.49

95 40.63 45.82 43.63 33.04

99 42.03 46.64 44.82 34.27

r
Mean : 37.28 43.29 40.76 30.10

S.D.: 1.96 - 1,51 1.66 1.83

- .
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T~~~~~III

Diasusions Derived from Mamunetric Studios

Air_Force _____________________

Flying Basic
Perf~~ ie  Personnel ~~~~~~~~~ ~~j  ~~~~~~~~~~~~~

1 3.12 3.04

5 3,22 3.15

10 3.28 3,21 3 15

25 3.36 3,32 3.26

50 3.49 3.45 3.41

75 3.59 3.55 3.55

90 3.69 3.66 3.64

95 3.74 3.73

99 3.86 3.88

Range: 2,99 — 4.09 2.76 — 4.13 2.66 — 4.23 2.76 — 4 .13

Mean: 3.48 3.44 3.415 3.39

.16 .16 .19 .20

S
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Djn~ns tons Derived from Man~~~trtc Studies

*1st Circunferenoe
(indies)

Air Force
P.ne~~t1e P]yi~~ Personnel Basic Traines~

1 6.0 6.1

5 6.3 6.3

10 6.4 6.4 6.2

25 6.6 6.6 6.4

50 6.1 6.9 6.7

75 7.1 7.2 7.0

90 7.4 7.4 7.2

95 7.5 7.4

5 99 7.8 7.1

Range: 3.94 — 6.27 5 5  - 9.1 5,22 — 1.36

Mean: 6.65 6.67 6.70

S.D. , .40 .40 .40

iLL 
~~~~~~~ 
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TABIZ Y

DImensions Derived from Man~~~tric Studies

Hand Thi ckness at Metacar pal. Ifl
(inches)

Air Force
Per ees~%1le F1~ inz Psreenn.]. Basis Traine e.(%)

1 1.00 .96

5 1.05 1.05

10 1.08 1.09

25 1.13 1.1).

50 1.17 1.20

75 1.21 1.26

90 1.25 1.31

95 1.28 1.35

99 1.35 1.43

Range: .75 — 1.54 .79 — 1.57

Mean t 1.~7 1,19

S.D. : .07 .09

S

4
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TABIZ YI
I

Dimensions Derived fr om Manumetric Studies

P1st Circueference
(inches)

Air Force
Per epntili flying Pers onnel Basic Trainees

C%)
1 10.2 9.84

5 10.7 10.39

10 109  10.59

25 11.2 10.94

50 11.6 11.30

75 11.9 11.67

90 12.3 12.09

95 l2~4 12.28

99 12.8 12.72

Rags: 7.09 — 13.39 7.5 — 15.3

Mean: 11.56 11.31

S.D.: .57 .63

23
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TABLE TII

Dinsnaicn. Derived fr om Ilarnastric Studies

Palm L mgth
(inches)

Air Porce
PereEtile Flying Personnel Basic Trainees

(%)
3. 3.77 3.69

5 3.89 3.92

10 3,97 4 .00

25 4.10

50 4.24 4.29

75 4.38 4.45

90 4.52 4.60

95 4.60 4.71

99 A~.74 A~.9l

Range: 3.39 — 5.04 3.23 — 5.28

Mean: 4.24 4.29

S.D.: .21 .25

S

4
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TABIB VIII

Dlals.ion. Derived from Maa~~~tri c Studi.s

Palm Circ~afereese
(inches)

Ljr 7oro, 
-

P.ree~ti2. - - - Basic T aisees - T

1 7.28

5 7.67 -
3.0 7.84

25 - 8.12

50 8.42

75 6.74

90 9.02

95 9.23

99 10.02 •

Rings: 4.7— 12.6

Mean: 8.46

S.D.: .58 -

25



Dimensions Derived from Marnastric Studies

Hand 54,54th at Th~~~(inches)

Air 7ar ce
__________ 

fl3j fl( Personnel !a$c Trainees

1 3.59 3.51

5 3.73 3.71

10 3 ,60 3.60

25 3.93 395

50 4.08 4,12

75 4.21 4.29

90 4.35 4.45

95 4,42 4.54

• 99 4.57 472

Hangs: 3.2 3 — 4 , 7 6  3.2 — 5.0

Mean: 4.07 4 3.2

S.D.: .21 .25

_L~~~. — - -  - ~~~ : ~~~~~~~~



Djaon.icns Derived Zr.. Ilanonstric Studies
E

~~is Disa.t.r ~Is.ide) Orin ~~~~ ter (9~tsi4.)
~1aches) (ias~~s)

Air Force
Pez 1ii~~i3s Pivina Pers~~~tl T1~~~~ PeP.om~fls]~

1 1.52 3.58

5 1.62 3.72

10 1.67 3.8].

25 1.75 3.94

50 1.83 
• 

4.09

75 1.92 4.24

90 2.00 4.37

a 95 2.05 4.44

99 2,16 4.57

Ranges 1.37 — 2.63 3 .35— 4.72

Means 1.90 4 ,09

S.D.: .14 .21



V

TA5IZ~~~
Dimensions Derived from )Iaa~aetrj c Studies

First Pka~L~iw W Lansth Finger Diameter III!
cinches) Unc~sesi

Air Force - • -

Flying Pers onnel P2sina Personne l

1 2.40 .77

5 2.49 .79 -
10 2.52 .80

25 2.59 .82

50 2.67 .85

75 2.74 .89

90 2,82 .91

95 2,85 .93

99 2.95 .96
- 

Rang.: 2.2 1—3 ,07  .75 — 1,00

Mean: 2.67 .66
S.D., .12 .05

W~~~~~~~ diameter of middle finger
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- TABIB XIII

Measure ments for Sic. I—Lar ge

Position
(inches )

Inde x J 4-13/32
Xl 3].f32 £2 35/32 £3 30/32

Middle 1 4—31/32
11 33/32 - 12 37/32 13 33/32

Ring P 4-25/32
Q1 31/32 Q2 34/32 Q3 30/32

Fifth S 3-28/32
Ti 29/32 ?2 31/32 ~~ 28/32

Thiab U 3-3/32
Ti 37/32 T2 34/32 T3 30/32

Other measurements about 3/32 inches greater than sic. lar ge
• except C ~.hich is 12/32 inches larger t. acc~~~odat e thicker

fingers .

31

- ,
- 

~~~~~~
_ - - ~~

1— - - i.__ - 
- - 

- ~~~~~~~


