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FOREWQRD

At the neeting of the NATO Cambat Clothing and Equipment Working
Party held in Copenhagen 23-26 June 1970, the U.S. delegate was given
the responsibility of preparing and forwarding a questionnaire on
protective headgear to each NATO member. This tesk was incorporated
into the U.S. Army Materiel Command Mive Year Personnel Armor Systen
Technical Plan which expanded the scope of the survey to include other
than NATO Countries.

This report tabulates and summarizes the questionnaires received
from participating countries, as well as the data received from other
non-classified sources,

The author wishes to thank personnel in the countries involved for

their excellent cooperation in forwarding the questionnaires promptly
It is hoped that this report will cempensate for their time and effort.
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PROTECTIVE #4B88AR OF NATO AND OTHER COUNTRIES

INTRODUCTION:

In the report of the meeting of the N..TO Combuat Clothing und
Equipment Working Party held in Copenhagen 23-26 June 1970, the U3
delegate was given the responsibility of composing and forwirding a
questionnuire on protective headgear to euch N TO member. (Annex N.
Action List. Serinl 16) This task was incorporated into the US Army
Materiel Command Five~Year Personnel Armor System Technical Plen which
expanded the scope of the survey to include other than NATO Countr.es.

The participating countries include: Austrslis. Belgium, Carca .
Denmark, Frence, Germany, Greece. Netherlands. Norwey. Italy, United
Kingdom, and The United States of America.

This report presents the results of the questionnaires received
as of this date, and the US Army Natick Laboratories will update this
report annually if warranted. The updsted annexes will be distributed
to all participating countries.

The report is divided into eight sections ns follows: Section II
Infantry Helmets; Section II, Flight Helmets; Section III, Combat
Vehicle Crewmen Helumets; Section IV, Parachutist's Helmets; Section V,
Other Protective Headgear; Section VI, Ballistic Methods and Data;
Section VII, New Developments on Protective Headgear; and Section VIII,
Past and Present Helmets of Other Countries.

Since the methods of determining ballistic resistance differed so
greatly from country to country, it was not practicable to report
ballistic data in tabular form with other resuits of the questionnaire.
Therefore, the ballistic methods and data were extracted from the
questionnaire responses and are reported independently in Section VI.

OBJECTIVE:

The objective of this report is to present the latest snd universel
state-of-the-art in protective headgear technology and helmet suspension
system design.

Preceding page blank
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SECTION I

INFANTRY HEIMETS

Table I presents the results of the questionnaires on infantry
helmets. It is to be noted that five other countries use the United
States M-1 Steel Shell and Liner. These countries are ..ustrulis,
Belgium, Canada, Greece, and Norway,

Of the seven countries reporting distinct infantry helmets five
countries have helmets of the same general silhouette; namely Denmark,
France, Germany, Netherlands, and the United States. They differ
slightly ian some contours and presented terget ares but generally
resemble each other in silhouette (See Figures I-1, I-2, I-3. I-5 and
I-7). Italy and the United Lingdom, however, have helmets which are
quite distinctive from those of other nations and from each other (See
Figures I-4 and I-6).

Liners are used in the helmet systems by only four nstions.
Germany has a fixed liner-suspension combination whereas Denmark,
France, and the United States h-~ve separate and removeble liners.
The USA, M-l liner, compression m lded from resin bonded ballistic

nylon is the only liner that prc¢-ides significant increased ballistic
protection to the helmet system.

Overall weizht of the medium size helmet systems range from 1140
grems for the Itslian model to 1500 grams for the Frenck., The four
nations using liners report an overall weight within 100 grams of each
other. Except for Denmark which reported "no complaints" Zrom the
field for their helmet system, all other nations expressed a troop
preference for a lighter helmet.

Apparently all nations address the problem of transient delorma-
tion end/or denting of their helwet system because all report a helme’
"off-set”" i.e., distance of inneraiost surfrce of the helmet or liner
from the head. The "of'f-set" distances renge from 15 to 24 mm.

All countries excepi Denmerk report norncl field of vision (90°
or more) horizontally to the left and right ond vertically down.
Denmark reports hSo horizontally to the left and the right. Most
countries report the field of vision vertically up to be 45° or more

except the United States end Denmark which report 15 and 20 degrees,
respectively.




The most prominent problem or complaiat registered by troops is
thet tke helmet is too heavy and lacks stability. This complaint is
prevalent over the entire weight range of the helmet systems.

The suspension systems for infantry helmets are of two basic
designs with modifications. The two besic designs are the six point
cradle suspension with adjustable headband as used in the USA, M-1
helmet liner, and the presized rigid headband covered with leather as
in the case of the (German and Italian helmets or the utilization of
a knitted sock as in the British helmet,

The six point cradle suspension is used by Denmark and France in
aciltion to the other countries using the USA M-l helmet and liner,
Denr.ck's suspension is identical to that ¢f the M-l and the French
is similar except that a draw string is used at the apex of the suspen-
sion fur head height adjustability.

It should be noted that the six point cradle suspension now
classified Standard A by the United States Army is a removable system,
Six clips are attached (equally spaced) to the suspension; corresponding
studs are affixed to the nylon liners, (See Figure I-Tb), The
advantages of the removable suspension system are: easier fit and
adjustment outside of the liner; and a capability for removing and

washing the suspension and the ease of replocement of the suspension
as a unit,

The presized rigid headband suspension system as used in the
German infantry helmet consists of the f'ollowing:

A polyethylene skull crp approximately Smm thick is affixed to
the center of the crown of the steel shell by means of a bolt and
threaded washer. An expanded rubber pai, approximately 7.5 cm diameter
is attached to the skull cap to protect the head from the bolt
attaching assembly., Five evenly spaced polyethylene strips approximately
5.5 cm long extend from the edge of the skull cap and to which is
attached a 19 mm wide spring steel headband., This headband can be
adjusted in back by a stud and slot arrangement to provide three
incremente in sizing. The steel headband is covered with leather
which extends to form the head cover. Head height is adjusted by
means of a draw string at the apex of the leather head cover. Additional
padding 1s provided at the headband by means of a thin (3 mm) layer of
expanded polyurathane adhered to the leather.

The Italian infantry helmet has a non-adjustable spring steel
headband which is covered with leather similar to that of the German,
with a draw string height adjustment at th: apexand additional padding
is provided at the headband by means of a felt material. The
suspension system is attached to the ste2l shell by riveting to a
second steel band which extends about three-fourths of the way around
the inside of the helmet (open in front) and approximately 7.5 cm up




A

SO PR NS T SN A R LA T I A S R R R A %

SRCES

s

BTRT ER Y A A o vas IR

S 2as

TIPSR

from the back rim of the helmet, Five steel strips extend from this
band to which the spring steel headband is attached.

The infantry helmet submitted by the United Kingdom uses a
presized rigid headband fabricated of exparded rigid plastic to which
is attached a knitted nylon sock for the head cover. The suspension
system 1s ettached to the steel shell at the crown by meens of a
lift-the-dot fastener which secures a vulcanized fiber "spider".

The six legs of the "spider" extend down and are fastened to the
headband by means of the lift-the-dot fasteners., Foamed plastic
wedges are attached to the end of each leg which keeps the headband
a given distance from the sides of the helmet.

Nations using the six point cradle suspension system which
provides universal fitting issue only one helmet large enough to
cover all heads.

Germany, on the other hand, provides three sizes of helmets,
each with a headband adjustable to three sizes, thus providing a nine
size fitting system. Italy issues one size helmet with the headband
fitted to the individual soldier., The United Kingdom has one size
helmet and seven presized headbands.
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Denmark
Infantry Helmet (Side)
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Germany
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Figure I - 435
Italy
Infantry Helmet (Pront)
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Infantry Helmet (Side)
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Infantry Helmet (Inside Shell)
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Figure I - 5d
Netherlands
Infantry Helmet (Inside Liner)
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msht Heolmets: ‘referred. to: :I.n ‘the- quutionnuro meant protective
\headgoar ‘a8" -Worn by pilotc and crewo of: honcoptors» and ‘fixed wing
aircraft.. ~Some . countries mtorprctcd the: f1ight’ helmot as;: pertuning
‘to: a:l.rborm or- pa.ratroopa a.nd, thorcforo, did-‘not forward information on
protectiw headgear as worn by pilots and crews. Consequently, this

'ugicigcy in the questionnaire resulted in the many gaps reflected in
‘able II.

It is hoped that specific information on protective headgear as
utilized by pilots and crews of helicopters and fixed wing aircraft
will be assimulated and forwvarded to the US Army Natick Laboratories
for inclusion in the annual update of this report.
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SECTTON TIT
COMBAT VEHICLE CREWMAN HELMET

Table III shows that Australia, Canada, Greece Norway and the
United States use or are evaluating the U,8.A,-CVC Helmet.

Denmark is evaluating the Amplivox-Military Helmet Type DA 2680
vhich is of British origin.

France uses the Toutes Armes helmet with a radio-vehicle liner.
The liner (See Figure IIT-1) is designed with ecr cut-cuts to make it
compatible with ear phones and other communication equipment. The
liner with suspension system weighs 425 grams and is injection molded
of polyamide. The suspension used in the radio-vehicle liner is the
scme 6.point cradle system as used in the infantry helmet liner Model
1951. The liner is provided with a 12.5 mm wide leather chin strap
adjusted by means of & sliding pressure clip.

The CVC Helmet presently used by Germany is a close fit fabric
helmet padded with expanded polyurethane with s weight of 480 grems
(See Figure III-2). The ear phone receptacles are made of plastic and
are hinged at the top by means of cotton webbing, The receptacles cre
capable of being 1lifted and snapped on top of the head by means of
fabric tabs, thus expocing the ears. The chin strap is of 19 mm wide
cotton webbing that snap fastens on one side and is ad’'ustable on the
other side by means of a double "D" ring assembly. The helmet is
available in ten sizes.

" The Italian vulcanized cotton fiber helmet is a relatively close
fitting helmet (See Figure III-3a, b, °). The leather suspencion system
permits head height adjustments by means of a draw string at the apex
of the leather head cover. Limited adjustment is provided at the back
of the helmet by means of en elasticized strap and snep fasteners which
draws the helmet in towards the nape of the head. The helmet weighs
725 grams, permits normal vision, and is available in three sizes.

The Netherlands CVC Helmet is a close fitting, injection molded,
polypropylene unit that weighs 210 grams but has a surface area of only
250 square centimeters. (ne size helmet is issued and fitting is
accamplished by adjustable straps in front and back as well as via the
adjustable chin strap. This helmet is not liked by the troops primerily
becausge of its non-military appearance.
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The United nngdan's AVC Crevm.n's he:unet presently undor evaluation \
is.molded fromi leminited fibergless (See Mgire III<5). The hielnet .
,offers rm comage of the ‘head- and prov:ldes concuui.on protection dut
limited bailistic protection. The helmet weiglis. 1360 gramé and’the

. ohter aurfa.ce area, is estimated ‘a8 1650 raqi).m‘e centimeters. ‘The helmet
is: d.esi.med to: ma.:lntain a. 35 g ¥ "head «oft=get!": -The-helmet restricts
‘horizontal vision to 26.5° 1eft and right respectively. .

The. United. ‘States CVC Helmet is bag molded ol ba.llistic nylon

WP

febric. impreenated with modiﬁ.ed pheuolic rolin. It weéighs: 1250-.grams .
-and: ‘the.. .outer: surfa.ce area: 181310 square centimeters. It is designed :

O
N
N

N

‘,y‘

3 +

E .

b
YL

i

gj to -accomodate a. ccmunication :box: onsthe. lefi:-side -of the helmet (See
Y Pigure ITX<6). The suspension system, a six point.cradle assembly,

i mointeins & minimum of 19 mm "head off-set’. The field of vision

g horizontally is 900 1eft and r:lghg respectively. .However, verticle
! vision upward is restricted to 25°, The helmet offers limited ballistic
b% protection. Although this helmet is e.ccepted in the field. its ma.ior
gﬁ‘ deficiencies aré ineffective noise attenuation and incompatibility

3 vith fire control and sighting devices. The helmet is issued in three
Ki sizes.
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Liner Radio Vehicle
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SECTION IV
PARACHUTIST HEIMET

Table IV presents the data on Parachutist helmets submitted by
four nations; Germany, Italy, the United Kingdom and the United States.

The German airborne steel helmet shell is the same as that used by
the German infantry. The suspension system consists of a polyethylene
ring epproximately 31 mm wide and 4 mm thick at the base tapering to
about 1.5 mm across the width of the ring. This ring fits the inside
circumference of the steel shell in a plane approximately 2.5 nm from
the rear center rim., To this ring are riveted three non-adiustable
suspension streps 4O mm wide which effectively provides a six point
head retaining suspension. The head cover coniists of e stiff leather
band covered with a flexible soft leather that is asdjustable for heizhi
by means of a draw string at the apex. The headband is spaced cway
from the polyetnylene ring by ten foam rubdber pads. The pads are
adhered to the leather headband and laced to the polyethylene ring by
means of a plastic mono-filament., The pads are 34 mm square and are
9 mn thick ?h pads) in the rear of the helmet and 13 mm thick (6 pads)
in the frout portion of the helmet,

Four spring steel attachiment tabs are riveted to the polyethylene
ring and the ring is sttached to the steel shell by means of nuts and
bolts, one attachment on each side and two attachments in the back of
the: helmet.

The leather chin strap consists of two straps that cross in the back
and attach to each side of another strap going under the chin. The
straps are attached to the steel shell on the same four bolts that hold
the suspension system. (See Fgure IV-1). The helmet is issued in
three sizes and the suspension system in ten sizes.

The Italian parachutist's helmet (See Figure IV-2a. b, ¢, d) consists
of a steel shell with a steel band covered with padded lenther and
riveted to the shell in four places. The leather extends towards the crown
in eight symmetrical petal-like sections. Each section is backed with
ebout 28 mm thick foam plastic padding. The crown has a 13.7 cm diametor
foam plastic pad which is approximately 4 em thick at the apex. A 12.5
cm rolled pad is affixed to the front edge of the helmet. The chin cup
assembly attaches to the steel band by means of a three poént attachment.,
The helmet weighs 1150 g and is estimated to have a 980 cm” surface area.
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The United Kingdom.has -developed-a 11#!9?:«:)9:&?%1&“
helmet molded from resin bonded ballistic. nylon (See Mgure IV-3). The
belmet. weighs 1000 g and has a murface area-of 1150 cu2, The helmet is
close-fitting and padded with sxpanded'polystyrene. The hesd "off-set

‘s maintained-at 31 im, Horisontal vision:is reported as 31° left and

right respectively. : This helnet-will be ‘1ssued in 7 or 8 sizes.

The United States uses ‘the M=1 steel shell with a Type II)wl,.og
parachitist liner. The Type II linerdiffers from-the Typs I by the
addition: of.-a.chin. strap assembly that forss -an open:cup at the chin
(See Pigure IV-4), The strap is attached to the liner at the ear area
in "y" fashion.. Buckles are attached to-the leg of ‘the "y" to which
the open chin-cup is fastened. The ‘chin cup ‘has four eyelets on each
side for adjustment. The chin strap om: the :M-1 steel shell has sn
extension which snaps to the inside of the liner securing the helmet
and liner together. The suspension system is the seme six point
cradle and nape strap assembly as used in the M-l Infantry Helmet.
The helmet and liner are issued in one sige.
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Italy
Paratrooper's Helmet (Suspension)

Figure IV - 2d
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Paratrooper's Helmet (Side)
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SECTION V
OTHER PROTECTIVE HEADGEAR

CAN/DA

) Figures V-1la and V-1lb represent Para-rescue helmet submitted by
Canada, The helmet is fabricated of fiber reinforced plastic, weighs
appro:d.ga.tely 1200g and the outer surface area is estimated as

1125 cm®, The head off-set is reported as 6mm, Vision is normel in :
all directions. No problems are reported with this helmet, The | :
helmet is not designed to provide ballistic protection. Canada
reported that their troops find this helmet very acceptable, The
helmet is close fitting and is provided in individusl sizes,

NETHERLANDS

A riot helmet sant by the Netherlands is depicted in Figure V-2,
Unfortunately, the questionnaire with the data on this helmet was
not received., The helmet appears to be an all plastic item and fo
be individually sized.

UNITED STATES OF AMERICA

Fgures V-3a and V-3b show & spinemolded polycarbonete helmet
(0.25xm thick) used with the Explosive Ordinance Disposal Ensemble,
The halmet is 32.5cm in diameter; weighs 1360g and is attached to the
‘ensemble by a 30cm diameter neck ring.
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Canada
Para~Rescue Helmet (Side)
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Figure V - 2a
Netherlands
Riot Helmet
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Netherlands
Riot Helmet (Side)
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SECTION VI
BALLISTIC METHODS AND DATA

A, Belgium

Method: - The lightest helmets will be chosen for test. The
tosts will be done in the installations and with approvel of the
administration. The helmets to Le tested will be completely finished.
Two projectiles having the ballistic characteristics defined below
will be fired at each helmet at a place to be designated by the
receiver, No perforstion or complete fracture of the plate will be
permitted. The degree or depth of impact, measured by means of 4
gauge will not be more than 38 ym, only impscts found to bde more
than 5 cm from the lower edge on the front of tha helmet snd more
than 2.5 em fram the lower =2ge of the sides will be taken into
consideration. The validity of the tests, the ucceptance or rejec-
tion of the lot will be in accordance with and cont'orm to the following:

Criteria: =~ No perforations or complete fracture of the
helmet - depth to be no more than 38 mm.

Results: -« Inlantry Helmet - passes

Effects of Firing V 220 m/sec V 222 n/sec

perforations or complete Valid test lot rejected Test not valid
tears or lacerations or
penetrations greater

than 38 mm.
no perforations, no Test not velid Test valid
complete tear or Lot accepted

lacerations, no penetra-
tions greater than 38 mm.

If the tests prove to be non valid, one will utilize additional
helmets just at the point of obtaining a number of velid impacts.

Ballistic characteristics of the bullet utilized: lead bullet
with a copper jacket (or case) - caliber .45 (11.45 mm) - Weight:
230 grains (14.9 g).
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Method: The shooting test is carried out at a distance of 5 mm
witg pistol M/49 (Neuhausen); ammunition with the following data is
used:

Caliber: Omm certridge M/ul .
Projectile: Lead core with brass-jacket
Weight of Projectile: 8.5 gr.
Striking Velocity: 310 m/sec.
Dmpact Velocity: 41.5 kg./m/

Criteria: No cracks or penetrations must occur, and impression
depth must not exceed 30 mm.

Results: Infantry Helmet - passes
C. France

No method subimitted

D. Germany

Method: The helmet is fired at from a range of 5 m using an
automatic pistol USI, Celiber Qmm soft core.

Criteria: Impact energy 62 Xgn - 3 Kgm

Results: Infantry Helmet - passes
. Parachutist's helmet « passes
Combet Vehicle Crewman - no requirements

E. Italy

Method: The helmet is subjected to the fire of an automatic
Baretta carbine, Caliber ' 9mm, Nodel 4 modified, with cartridge for
a regular bullet Caiiber Omm. Weight of bullet: 7.45 grains. For
shots fired at the brim area, the impact emergy shall be 26.6-29.6 Kgn.
For shots fired at the top and sides of the helmet the impact energy
shall be 29-32.5 Kgn.

Criteria: There will be no dent exceeding 15 mm depth, nor
cracks nor penetration.

Results: Infantry Helmet - passes
Parachutist’s Helmet - passes
CWC Helmet - No requirement (impact only 1 Kg - lm)
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F. United dom:

Method: Ballistic limits (Ven) are determined in accordance with the:
method out outlined for the ballistil mcthod of the U.S.A,

Criterion: Vs limits at zero cbliquity for 17 grein fraguent
simulator. ’ ‘

Results: Infantry Helmet - 1000 ft/sec (Ballistic requirements are

not specified in Specification since the steel and thickness are
specified).

AFV Helmet - 89C ./sec
Parachutist Helm.. - 1130 ft/se.

3. Unitsd States of /merica
Method:

1. Objective: To determine ballistic resistance of fragmentation
protective materials with Caliber .22 17=-grain fragment simulator.

2. Equipment:

a. CGun mount « The gun mount muei be suitable far firing
the Caliber .22 gun.

b. Test sample mounting -~ The armor test sample shall be
mounted in a frame, The armor test sample shall be secured in the
rertical position, perpendicular to line-of-rlight of projectile. The
frame supports and clamps muvst be capable of revuining the sample ~nd
withstanding the shock resulting from the bsllistic impsct. The test
sample mounting must be capable of adjustment for moving the sample in
the vertical or horizontel dire.cions so that the noint of impact cun
be located anywhere on the sumple, and rotation on the vertical cxis so
that zere degree obliquity impacts can be achieved anyvhere on the
sample,

¢. Weupon - A Ce._iber .22 weapon shnll be used.

d. Projectile - The projectile to bLe used in Celiber .20
fragment simulator.

W AKTI N W S

a. Vitness Flate - The witness pleie shall be 2024-13 or
2024-T4 aluninum alloy sheet, 90.020-inch thick and shall be a mirimum 1
of 11" X 14" in size.

73




f. Velocity measuring eqﬁipont

(1) Chronograph = an electronic counter type
chronograph measuring to at least the nearest microsecond.

~ (2) Detectors - Either high-velocity liminline
screens, or slectrical contact screens which either open or close an
electric circuit by passage of the projectile through the detector.

g. Propellant = Any prupellant which is standard for the
weapon may b3 used. A projectile velocity - propellant cherge curve
for the weapon shall be determined before any testing is performed.
This curve 1s required to provide a basis ..r selecting a powder cherge
to achieve a desired velocity.

3. Procedure:

8. Areal density must have been previously determined on
the test samples before thev are tested ballistically.

b. A test round -ill be fired through a witness plate
to determine the exact position of impact., 7Three additional rounds
shall be fired verifying the uppropriate projectile velocity-propellant
chargs curve for the weapon being used. The last ol these rounds shall
Ye at the estimated Vso limit for the sample being tested and shall be
¢alled the reference Gelocity end the charge the reference charge.
From the curve, the increments to and decrements from the referenced
propellant charge to yield approximate velocity chunges, et the
reference velocity of 100 ft/sec and 50 ft/sec sholl be determined
and recorded. These shall be the only increments used dwring test.

c¢. The sample is mounted, the point of impact and
obl:l:quity is determined.

d. The first round is loaded with the reference propellent
charge and fired into the sample, and the reading on the chronograph
recorded. The velocity is computed and recorded.

e. The witness plate is examined for penetration. A
complete penetration is recorded when any light cen be seen through the
vitnese plate. If no light is visible through the witness plate, 2
partial penetration is racorded. >

f. If the first round fired yields a camplete penetration,
for the second round use a propellant charge equal to that of the first
minus the propellant decrement for 50 to 100 ft/sec in an attempt to
obtain a partial penetrsetion., If the first round yields a partial
penetration, use : prope¢llant charge for the second round equal to that
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5 of the first round plus a propellant increment for 50 to 100 ft/sec in ;
g an attempt to obtain a complete penetration.
‘i .
.8 Continue firing using this up (on partisl penetration) -
: and down (on ¢amplete penetration) method until at least five complete *‘
o and five partiel penetrations having a velocity spread not grester than 4
| 12.5 ft/sec is obtained.
i 'h. The ballistic limit (Vsy) 4s calculated by teking the !
. arithmetic mean of the five lowest velocities producing complete p
o penetration and the five highest velocitins producing partial penctrations,
i - provided the velocity spread for the ten rounds is not greater thon
I 125 ft/sec. o
) E
o Criterion: V_ limits at zero obliquity for 17 grain fragrent '
simulator, 0 his
5
Results: Infantry helmet Voo = 1350 ft/sec A
Steel shell Ve, = 850 ft/sec §
Nylon liner Vgg = 860 rt/sec 5
Flight helmet”- No requirement ;
CVC helmet V., = 1025 f't/sec 3
Parachutist's helmet Voo = 1350 ft/sec d
;
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SECTION VII
' NEW DEVELOPMENTS ON PROTECTIVE HEADGEAR
A, Australia

Infantry Helmet: Develcpment is being carried out on a one-piece .
helmet to replace the current infantry steel helmet and liner combina-
tion (U.S.A, M-1). This is based on 14, 15, or 16 layers of ballistic
nylon, laminated similarly as the curren:c liner (U.S.A. Ml). Fifty
samples are on order. These will be tested ballistically using the
fragment simulator, grenades and mortar bombs. Trial was expected to
be completed in 1971. No results are availeble for inclusion in this

report.

B, Germany

CVC Helmet: Development work on = superior combat vehicle crewman's
helmet is being carried out with great urgency. So far, no concrete
results have been achieved in that the future type of helmet has not
yet been defined. Concepts as described below are under development
at the present time:

1. Flexible~type head protection for tank crews, ..ith leather
outer skin and a plastic shell to reduce the iapact of blows and shocks.
The liner is made of textile material and will be manufactured in
individual head sizes.

2. Rigid-type head prolection for tank crews, though with flexible
outer skin made of composite material sheet me*al and polyiretheae
wa. v

3. Orders have been placed for models with a liner adaptable to all
head sizes, as customary with protective helmets used in industry, and
for models with specific head sizes.

4, Rigid-type head protection with a calotte of polycarbonate,
whose liner is adeptable to several head sizes,

5. Individual size models with a plaatic liner and models with a

textile liner will be manufactured during the sunmer. It is expected '

that all prototype models will be available by mid-1971, at the
earliest. After this date, the decision will be made as to which of the
concepts will be chosen to manufacture models for use in service trials
and, later on, for adoption by the German Araed rorces.
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C. United Kingdom
Helmet Combat (Infa.ntg}:

1. Application: The combat helmet is designed for use by all arms
and services primarily in a dallistic protection role.

2. Physical Characteristics: The Quartermaster Materiel Require-
ment under which this helmet 1s being developed calls for the following
nilitary physical characteristics:

a, Provide at least the ballistic protection against fragmente-
tion weapons afforded by the present helmet.

b, Provide optimum coverage to the occipital and brain stem
areas while allowing for dorsiflection of the neck sufficient for
aiming in the prone position.

c, DNot interfere with close combat activities, vision and
hearing.

d., Suitable for use by parachutists and therefore ns light s
possible in order not to 2ggravate head whip.

e, Suspension system must hold the helmet firmly in plsce
during violent movement, be comfortible in all cliratic conditions,
have the necessary resilience, and provide a suitable clearance between
the skull and helmet. The weight is to be as low as possible to afford
the cequired protection, but must not exceed two pounds. The helmet will
be brimless and of one piece construction.

2. Qperating Characteristics: The cambat helmet is designed for
use primarily in a bailistic protection role. It will afford the
optimum of bump and ballistic protection compatible with weight linitre
tions while allowing efficient performance of duties. The helret will
be suitable for use by parachutistc and will be designed so as not to
aggravate head whip.

3. Brief History and Current Status: The cambst helmet is being
developed under United Xingdom wuartermoster Materiel Requirement No. 320.
The original work in the ares of a lightweight, proiective helmet wrs
accomplisred under QMR No. 195 vwhich required a helmet providing
optimum ballistic protection egainst frogments primarily, =nd small
arms secondarily; optimum coverage for protection of. cramiun, “orehead,
temples and back of neck; non-interference with close combat activities,
use of weapons, vision or heoring; suspenslon sysiem whick would hold
the helmet firmly in place ot all times; and of one or two piece construc-
tion woizhiag not more than two and one-half pounds. The initiel

develouaent in this area was a preliminary pilot model designed principally

i
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to obtain user reactions to a change in the shape of the shell. It :
consisted of a fiberglass inner shell fitted into a steel outer shell. ©
Tests of this pilot model concluded that the design did not obstruct §
the view of the wearer nor was the helmet impeded by equipment. A
working party was established in 1962 to consider future developments
and to meke recommendations on the required characteristics of the new
helmet. Since very large stocks of the current U.K, helmet were on
hend, this project was designated as very long range. No further
action was taken until 1967 when the U.K. initinted o feasibility
study in this area. This stdy included: (a) survey of efforts by
other ABCA countries; (b) evaluation of ballistic materisls; and (c) :
head wound surveys. In 1968, the Stores and Clothing Research nnd :
Development Establishment (SCRDE) begap construction of » firing

range for ballistic testing of materials. This range wrs designed

for use in a ballistics testing program in support of the lightweight
protective helmet progrem. Various synthetic meteriels were evalunted
by +iring e .22 caliber, 1l7-grain fragment simulator and determining
thelr ballistic 1imit. Initial evaluations showed thut the polycerbonote
shell was the only plactic material tested which offered protection
equal to the present steel helmet. Difficulties apperred with the
polycarbonate shell, however, due to its loss of impact strangth when
exposed to petroleum products such as gasoline. The U.K., test progran
to determine ballistic characteristics of various materials is =
continuing program. When the UK, determined that a lightweight
paratrooper's helmet was urgently required, the program indicsted thet
the ballistic nylon used in the U.S. helmet liner gave the best protec-
tion in relation to its welght., The U.,K. at that time felt rertain

that by using resin impregnated ballistic nylon as a bose, they could
develop a two pound helmet “hich would give a V., ol 1200. In

September 1969, the U.K. determined that a nylofi helmet with a poly-
styrene liner would b2 developed for use by airborne troops . This
helmet would weigh about 1-3/1& powids dbut would have slightly reduced
ballistic protective capabilities than the current heavier helnmet.
Current plans call for & 9 £ 1 ply boaded nyion helmet which

incorporates a shape which will facilitate the wear of telecommunication
equipment. A tool for the manufacture of prototype sheets of this
design is bYeing made. In order to provide impect resistance it is
envisioned that the shell will be ritted with a liner of rigid poly-
sty~ene foam (llmm thick). The optimum density of *his foam will be
decided by experimentation. The liner is designed so that sections

at the ears can be droken out to provide space to accommodate
commnication equipment or ear defenders. Soft polystyrene foam pads

and a knitted nylon sock will ensure stebility on the heed. The chin
strap will be attached to the helmet shell. The development of o
lightweight infantry helmet is still in the materials research phase.

In addition to continuing to explore the possibilities of non-metallic
materials and composites, the U.K. is looking at steel, particularly
special alloy steels, steel laminates, and surface steels. The tricls
on the parachutist's helmet will afford the Infantry the opportunity
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of deciding on the acceptability of the new shape and whether or not the
proposed new liner and fitting system are satisfactory. The level of
ballistic protection required still remains to be answered. This
decision will in turn determine whether or not any immediately
‘available material can be used for the shell or whether further
research i1s required. Policy on this requirement will be determined
in the near future by a new committee under the Choirmanship of the
Deputy Quartermaster General. At this time, it appears that a separate
helmet will be developed for armored vehicle crewmen, This helmet will
have bump protection as its first priority with ballistic protection
being of secondary importance. This requirement will not be classified
wnder a Quartermester Materiel Requirement until trials are completed
with & UX, commercially developed helmet which has already been sold
as an armored vehicle crewmen’s helmet to Sweden. The U.K. development

will be based on the results of the evaluation of this commercial
helmet,

D, United States of America

A cepability is required to provide the combat soldier with
protection against hazards of prevailing climetic conditions, toxic
chemical agents, biologlcal agents and vectors, rudiant thermal energy
from nuclear and incendiary munitions and radioactive lallout or

' contamination, while concurrently protecting the individuel against

fragmentation munitions, small arms fire and antipersonnel mines.

With the present day mobile army, the changes in tactical warfare,
and advances in fragmentation munitions, it has become evident that
the M-l Steel Helmet is too heavy, unstable, and restrictive, The U.S.
Army, therefore, conducied feasibility studies to determine what
uaterial or combination of materials could be utilized to develop a

lighter weight helmet with equivalent protection to that provided by
thO “.lo

The results of these studies showed that to achieve equivalent
protection and lighter weight, the helmet would have tc be made of a
new material or the head coverage changed drastically. This resulted
in a newer and raiical conceptual design change which reduced the
silhouette, increused head coverage and provided improved hearinc end
cocpatibility with field equipment. After several prototype fabricetions
and subsequent testing and evaluations, it beceme evident that more
date were needed not only anthropometrically, but basic information
was lacking in other zreas.

As a consequence, the U.5. Army Materiel Command has develiwp+d a
five year exploratory development program to conduct resenrch s«nd
exploratory studies to obtain fundamentsl scientific and techmnical
data required for the optimum develnpment of protective headgesar.
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These loboratories, through these investigations, will attempt to
obtain sound data which will reflect basic design criteria and which
will relate such factors as anthropometric considerstions, weight,
sizing, materials, helmet configurations, manufacturing capabilities,
sound and vision factors, area coverage and casuelty reduction to the
functional performance of headgear. The major SubeTasks in the progrem
are as follows:

Sub~Task 1 - Development of Mathematical Head Model
Sub-Task 2 - Liaison with Féreign Science and Technology Center,
Industry, Military Departments
Sub~Tagsk 3 - Documentation of M-l Helmet
Sub-Tagk U4 - Heimet Offset and Sucpension Systems
Sub-Task 5 - Casuslty Studies and Area Coverage
Sub-Task 6 - Materials System Evaluation
Sub-Task 7 - Helmet Construction and Processing Techniques
Sub-Task 8 - Helmet Configuration - Humen Fnctors
8a - Physiological Studies
Sub-Tagk 9 - Measurements of Helmet Forms - Hearing and Vision
Sub-Task 10 - Mathematical Model of Face and Neck
SubaTask 11 - Physical Testing of Experimental Helmet

While work is progressing on the development of a new infantry
helmat, improved suspension systems for the M-l Helmet cre under test.
An engineering design test (EDT) conducted in September 1971 recommended
a Product Improvement Test of a modified cirborne chin strap for the
M-l infantry helmet (see Figure 7-a). A subsequent In-Process Review
(IPR) recommended a service test (ST) of two suspension cystems,
namely: (1) The modified standard A M-1 suspension that hns foem
leather pads added to the crown and nape straps and has a foam padded
headband (see Figure 7-b), and (2) The modified Welson-Davis Suspension
vhat consists of two halves of li.5 ounce cattle leather which are
fastened together at the forehead, at the nape and two straps over the
head by means of velcro tape. An injection molded plastic mounting
bracket is attached to the suspension system for mounting on the studs
of the nylon liner (see Figure T=c).

The tests are scheduled to begin 1lst Quarter FY 73 and will be
campleted 2nd Quarter FY 73. An IFR will be held in December 1972 at
which time the selected chin strap and suspension system will be
approved for type classification.

CVC Helmet

A New Military Need (MN) has been established for a CVC Helmet.
The MN emphasizes bump protection and relegates ballistic protection to
a secondery requirement. Two approaches have been taken to produce
a new CVC Helmet, (1) In-House work is underway to produce a close




titting, padded, hard-faced plut:le helmt. This helmet is in thres
sections which may e addusted in.relation to each other to:0btain a
Proper it (similar to a hockey. heimet). Coim cation headsets fit
over the: hemt and are rwable. Balligtie: protection could be
ei.ther incorpwated mto the matorial of the close fit helmet or by
designing a ballistic shell to fit over the helmet, (2) Claims are
made for a commercial propriatary item that it meets the regquirements

of the MN. A.limited quantity .ave being procured for evaluation. The
evaluation shouJ.d be- cmpleted by 3rd Quarter R 73.
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SECTION VIII

PAST AND PRESENT

HEIMETS OF OTHER COUNTRIES
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CZECHOSLAVAKIA

INFANTRY HEIMET

The helmet is made of steel and has three padded leather sections
riveted to the steel shell as a suspension system (See Figure VIII -
la, b, c). The three sections are drawn together st the apex by n
draw string for height edjustability. The helmet has a 12.5mm chin

strap riveted to the steel shell; the closure is a prong type buckle.
The helmet weighs 1450 g.
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x Figure VIII - la
Czechoslavakia
{ Infantry Helmet (Pront)
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.

Fisure VIII - 1>
( zechoslovakin
Infantry Helmet (Side)
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: Figure VIII - lc¢
Czechoslovakina
Infantry llelmet (Inside)

Reproduced from
best available copy.
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Figure VIII - 2a, b, ¢, shows the Luftwaffe World War II Steel
Helmet. The suspension system consists of a rigid steel ring 3%m
vide attached to the steel helmet in three Places by metal spread
fasteners.  To this ring a non-adjustable spring steel headband is
attached by means of spring steel tabs that slide through brackets in
the rigid ring. The headband is covered with leather which extends to
form the head cover. The head cover is adjusted for height by a draw
string at the apex. A 12.5mm chin strap is attached to "D" rings
vhich are riveted to the rigid steel ring. The closure on the chin
strap is a simple prong buckle type. The weight of the helmet in
Figure VIII - 2a, b, ¢ is 1280 g.
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Figure VIII - 2b
Germany
World War I1 (Side)
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Figure VIII ~ 2¢
Germany
World War II (Inside)
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) 'J’APAN' , .

INFANTRY HETMETS.

¥lgure VIII 3s, b, ¢ show the Japanese helmet system that consists.

of a steel shell and plastic liner. The steel shell weighs 920 g
and the plastic liner with suspension system weighs 355 gns for a
total weight of 1275 g. The ‘suspension system is a six point credle .
type with an adjustable leather headband and draw string at the spex
Ior height adjustability. A 12.5 mm wide leather chin strap is

ttached to the plastic liner. Adjustment of the chin strap is
accomnlished through use of a sliding pressure clip buckle. 4 chin

strap consisting of cobton webbing that simply ties under the chin is
attached to the steel shell.

P R T R R R T SR

E;i: The World Wer II Japanese helmet is shown in Figure VIII 3d. The
& . helmet is steel and possesses & leather headband and leather he~d

3 cover suspension system. Head height adjustability is cccamplished

’ through the draw ctring at the apex,
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. NETHERLANDS

The Netherlands pre-World War II Helmet is shown in Figure VIII

' 4a, b, c. The helmet is of steel and weighs 1100 g. ‘The suspension
system consists of » leather headband riveted to the helmet in sevan
places. A three sectional padded leather head cover is sewn to the
headband. A draw string at the apex provides head height adjustability.
At the back of the helret the leather extends to cover the nape. An
adiustable strap is provided on this nape cover. A 15.5mm wide chin
strap is attached to the helm:t by riveting of "D" rings. The closure
of the chin strap is provided by a sliding, saw-toothed buckle.
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Fi ure VIIT = 44
Yetherlads
Pre=W 11 (Frout)
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1 Reproduced from
best available cupy.
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Pigure VIII

Netherlands
Pre<WW II (Inside)
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|

RUSSIA

The World War II irfentry helmet with steel shell end no liner

(see Pigure VIIT-Sa, b, c¢) has a leather band riveted to the steel shell.
The leather head cover is sewn to the leather headband and is adjustable
for height by a draw string at the apex. A 12.5mm wide chin strap is
riveted to the steel shell. The chin strap closure is a simple prong
type buckle., A 9 mm diameter hole exists in the crown of the helmet

which is covered on the top side with a 100 mm X 38 mm X 12.5 mm cupols.
The helmet weighs 1065 g.

Figure VIII-5d, e, £ shows a Russian steel shell with a spring
steel type headbend., The headband is covered with leather which
extends to form the head cover. A draw string is provided at the -pe
for head adjustability. Four spring metal tabs attached to the headband
serve for spacing the headband from the shell and alco as points of
fastening to the steel shell. The helmet weighs 1020 g. The chin

strap is attached to the spring steel headbend and has a simple prong
type buckle as a closure.

POLAND

The Polish helmet is of Russian design and weighs 1475 g.

103

LEARN A e DS TP S P 50814 9 00 S

| PEERESIRN PR & e




T RIS W e

s e,

e
¥
*

’53;35 3

- 51

Figure VIII

sia
wW Il (Front)

us

o

U
.

10




ke

AR
W‘P’:’i‘f .7:\@».\’
Lt R

o,
LY

S,

5
B end

et B -

Y

Ve pB W uided

Foaviey et v oas
v

i
: _ 7 Figure 111 = Sk -
: S Pussia.
: ] .- WW I1 (3840
) L

] ) o . . e St T

vk s




R S S A SR O B R N S s

R

AL AR Y P, Mg S A B+ oris e

N . Rt
P A sy A T e AN Ry m A e pia ey et fn e P g e T

e

v e b -
ey

g

e
. .
O aant X e

U

=

At

S PN R R 2

<
W

A

i

i I K
) G B Y

f _ A g £

" !

3

#
:
X
¢

Figure VIII - 5¢

i Russia
) WW II (Inside)

b

106

s
s
A
>
e




PR AT £

Sty AT s g et ey

R e S T i e G R B AN A S S R R KTy S oSS O 2o S B Sl s

Pigure VIII - 5d
Russia
Post WW II (Pront)
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