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Metallurgical and Ballistic Investigation of Fifty
: Captured German Helmets
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7 OOBJECT o /f la M Al el
To study the ballistic, metallurgical, and strain characteristics of

the steel used in congtructing the helmets, and %o analyse various physical
and chemical characteristics for comparison with the American M1 Helmet,

SUMMARY OF RESULTS

1. The subject German helmets were fabricated from two principal types
of steol; the oneos manufactured prior to 1940 being made from a medium
carbon nickel-silicon steol, and those produced after that date from o
medium carbon silico~mangaonese steel. The chango-over was probably dictated

by the scarcity of nickel,

2. Balligtic testsc conducted upon Germon and Amorican helmets with
three different projectiles indicate that the Gorman helmets offer from 8%
to 25% superior protection, This superiority is troceable to the fact that
the German helmets averaged 20% groater in thickness in the ballistically
tested zones than the M1 helmot,

3. Gorman infantry helmets have on average weight of 47.3 + 1,7 ounces,
or cpproximatoly one ounce more than tho Ml helmet and liner. The one German
paratrooper helmet included in tho subject group of helmete welghs 59. 6 ounces,

%4, The German helmets arc heat treated to o hardness of Rockwoll €
4o-5k, vut several wore found to be considerably softer in the rogion lying
within 4-5 inches of the rim, This soft zone is believod to be of accidental
origin, resulting from variations in heat treating practice.

5. The headband components nmanufactured prior to 1940 werc produced
fron nanganose-aluninun, and manganeso-silicon-mnagnesiun~aluninun cold rolled
strip., Thogse subsoquently produced were made fron ferrous motals; the outer
headband fronm hot rolled rinned stecl, and the inner hoadband fron hardened
high carbon steel,

6. The Gorman helmot sholls are beliovod to have bsen hot formed and
pubseqeontly heat troatod., Qualitative tests indicate very low residunl
strossos in Gorman helnots as compored to tho Anerican M1 holnet, which is

produced by sovero cold forming oporations. D"""(‘Vl ‘_. "
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INTROZUCTION

In accordance with instructions f{om the Office, Chief of Ordnance,
Technical Division, Small Arms Branch,™ 50 capbtured Gernen helmets, pro=
sunably from the North Africen theatre of operations, were forwarded to this
Arsenal for investigation.

A single Gernan helmet, previously exenined at this Arsensl,® was found
to be forned fron a chromiun steel similar in analysis to SAE 5140 averaging
0,040" in thickness and uniformly heat treated to a hardness cf approxinately
Rockwell C 50, The weight of this helnmet, including the lining and chin
strops, was 1176 grans (Ul.4 ounces) and the weight of the stripped helmet
shell was 1082 grons (38.2 ounces).

TEST PROCEIDURE

The helnets were exanined visually and all serial numbers and markings
wore noted, Only those helnets whicl. were completely asseibled and contained
leather linings, netal headbands, and chin straps were weighed in the ase
received condition. &ll helmet shells were weighed after removal of the
intsrior components, The various serial nunmbers and manufacturerst identie
fication narkings on the lining components were noted.

Ballicztic tests ware conducted upon several helmets selected at randon,
using steel jacketed caliber 45 ball ammmition, and specially developed
caliber .30 soft steel projectiles, one weighing 34 and the other 150 grains,
which simlate flak and high explosive shell frazments.3 For purposes of
comparisorn, siniler ballistic tests were conducted upon regular production
M1l helnets,

Chenical analyses were obtained of a sufficieat number of helmet shells
and aeadband components to insure adequate sarp’ings Several helmets and

headband components were sectioned for hardness surveys and thickness neasurew

nents. Specinmens for nicroscopic exam’nation were cut fron numercus heluets
in an effort to detornine the nature of the Laat treatnent employed., Sone
of the characteristics of the paint ccatings on several of the helmets were
also investigated,

4 quolitative comparison of the residual stress conditions in Gernon
and Anerican helmets was attenpted by neans of a simple test involving the
neasurenent of dimensional changes resulting from the partial sectioning of
helmets.

1, 0,0, 38643/690 - W.A, 386.3/52, See Appendix E,

2. WAL Report No. 710/418, "Helmets - Metallurgical Exanination of Helmets
fron Germanﬁ, the Netherlands, France, ond the Irish Free State -
26 March 1942,

3s WAL Memorandun Report No. 762/247(c), "Development of Projectiles to

Be Usod in Testing Body Armor to Siimlate Flak and 20 mm, H.E,
Fragnents" -~ 17 Deccmber 1943,
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DATA AND DISCUSSION

le Visuel Exsmination - i -

Fifty=one helmets were received at this Arsenal, but two wers, o
upon request, returned to the Office, Chief of Ordnance. The remaining ) °
3 helmets were assigned numbers 1 through 49, All but three of the helmets . L
i appeared to be very simllar to each other as regards size, shape, and
construction, One of the three, helmet No, 1, is presumed to be a para~
trooper helmet because of the Air Corps insignia on ite left side, its rugged,
ghock resistant construction, and because it is rimless, see Figure 1. The ST
flaring rim common to the German infantry helmect is absent in this helmet ) °
because othorwise sovere alr dreg would result as the parachutist decend.s. : )
The helmet was originelly painted a greenish black color, and was subseom
quently repainted a light brown color.

(N err oy

Helmet No., 2 had a flaring rim the edge of which was not Qoubled
over as were the rims of all the other heolmets, see Flgure 2, The leather
lining and the chin straps werc missing from this helmet, but the metal
hoadband was present., The inside view of the helmet, Figure 2, shows the
asseubly of the headbond components, The outer headband consists of a band
of metal strip riveted together at the cnds and contains five sories of slots
equidistantly spaced. around the circumference, The inner headband consists N -
of a thinner strip of metal to which are riveted five 8"xg" strips of spring ) ®
steel, The inner headband is attached to the outer headband by means of the -
five spring steel strips which fit into the slots in the outer headband.

Snall sluninum fastenors are employed to atiach the leather lining to the
inner headband. The headband assembly is atbtached to the helmet shell by

-
o

o v

3 neans 0of three metal fasteners which fit through holes in the helmet shell o
and the outer headband. The chin strap loops arc riveted to the outer heade ) ™
, band, Tho headband asseubly provides a fairly flexible and comfortable fit

on the head,

Helnet Xo. 3, see Figure 3, it typical of U6 of the helmets _
exanined at this Arsenals Tho helmet was painboed a sandy yollow color, un— e
doubtedly for camouflage purposes in desert regions, Figure 3 also shows the ) [
disassenbly of the headband components proviously deseribed, The headband
corponents of some helmets of this type were nade of steel strip, while
others were nade of aluninun alloy strip, The fasteners attaching the helnets
to the headbands were nade of steel when the headband components were of
steel strip, and made of brass when the headband corponents were of aluminun
alloy strip. It was noted that there was considerable variation in the size ) )
of the helmet shells, .

Helnot No, Y4, soe Figure Y4, differed fron helmet No, 3 in that
the helnet shell was very much larger than any of type No. 3 and was also
covered with a coat of greenishe~black paint over which was spread a coat of .
dark colored paint in which strawelike fibres are nixed, giving the helmet a 0 ®
very rough cxterior surface. The hecdband components of this helmet are P
nade from aluninun alloy strip,

Dinersional drawings of helnmets Nos. 1, 2, 3, and U are contained = 0 00
in Figures 5 through 8,
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2, Markings on Helmet Shells and Headband Cormonents

Zvery helnet shell has two sets of mumbers stamped on the inside
approxinately one=half inch wp from the rim, one at the back and one at the
left side of the helmet, These aumbers are listed in Appendix A, The ouber
‘headbands are spanped with a nanufacturer!s symbol and & serial number on
the right and left side of the headband respectively., Typlcel narkings are
shown in Figure 9 and are listed in detail in Appendix A, These nmarkings
indicate that the headband compononts were produced by five facilities in
the years 1937 through 1942,

Markings were also found upon both the brass and steel fastaners
used to attach the headbands to the helmet shells and one listed in
Appendixz A, The fact that the dates of manufacture of the fasteners are pot
in all cases tne same as those stamped on the outer headbands nmakes it ime
possible to definitely ascertain the dates of manufocture of the helnet
shells, Neither can it be determinod whether or not the helmet shells were
fobricated by fhe sene facilities which produced the headband components,
The haphazard distribution of serial numbers and nanufacturers! narkings on
the helnet ghells, -headbands, and fasteners indicate that the helmets are
rost probably indiscrininately assenbled from components produced by a variety
of facilities, each of which nay produce but one of the components,

3. GCheonical Analysls

a, Belnet Shells

To insure adequate sampling, eleven heluets containing headbands
indicating mamufacturing dates ranging from 1937 %o 1942 were selected for
chenical analysis. The chenical onalyses of these helmets are listed in
Table I,

Three of the helmets were produced fron essentially nickele
silicon steels containing a snall amount of chromiun. Helmets Nos, 10 and 36
have alnost exactly tho sane anslysis as a Datch helnet exomined at this
Arsenal in 31942.2 A Ozechoslovak helnmet exanined in 19407 was also found %o

be of similar analysis, Tho chemical analyses of these heinets are as
follows:

C Mn _Si S P Ni Or _Cu _Zr

Czechoslovak Helmet .34 .62 1,84 ,016 ,005 2,03 .17 .12 .04
Dutch Helmet .36 .50 1,70 .04 010 2,05 433 25 nil
Gernmen Helmet #10 L34 .55 1.86 ,0L8 ,014 2,03 .34 30 nil

Gernan Helnmet #36 .33 57 1.77 QL5 L008 2,19 .32 .26 nil

2. See Footnote No., 2, page 1,

i, VWAL Menmorandun Report No, 320/12 - "Armor Platc for Helneis",
H, C, Mann and R, ¥, Peterson, 12 December 1940,

‘
"«
[
‘
‘
«
«
o
«
«
«
«
«
«

.
o 1 4
®

:

'. ®
» o
» ]
:

.y e
.
. .
L K

il
.....




The former COzechoslovakian Government sPecificationS covering
steel helmets for the Czechoslovak army includes the following specification
of the chemical analysis of the steel bo be employed for helmets:

carbon o320/ 45%
manganese 50/ 465%
silicon 1.65/2,05%
nickel uct less than 1,90%
chromium :e% less than 0.20‘/5
phospherus  not more than 0,025%
sulfur not sore than 0,025%

Tho specification also roquires that the holmets be hot formed
and heat treated to a hardnoss of Rockwell C U751,

The Skola plant in Uzeshoslovekio wos the big Buropean producer
of helmet stoels and helnets, supplying them not only to the Czech government
dut to foreign countries, It is highly probable that both the Dutch ond the
subjoct Germon nickelwsilicon steel helmets, produced in 1938 and 1939, were
manufactured in Czechoslovakia.

The third nicdrelesilicon stecl helmet contalns approximately
half as much nickel as the other two helmebs. but has 0e3Ll% molybdenun,
The remalning cight helmets v ‘o fabricated from silico-nanganese steols,
with tho manganese wanging fro. 0.98 to l.5%, the silicen from 1,26 to
1,67%, and tho carbon from 0.29 0 04L0%.

If the dates stamped orn the headbands moy bo taken as an indie
cation of when the holmet shedls were produced, it appears that the nickel
silicon stecl was cmployed vwp to 1939, in which year a changeover, probably
dictated by the strateglc position occupied by anickel, was nade to the
silico-nangenese type of stecl.

The chenical analyses indicate that all tho steels were aluninun
killed, ‘see Table I,

be Ouber Headbonds

(1) Steel Headbands

The chenical analyses of five outoer hoadbands prodaced fron
steel strip arc contained in Table I. The very low carbon and nanganesc
contents and the complete absence of silicon suggest the omployment of rirmod
steel for this headband component,

(2) Aluninun Alloy Headbands

The chenical anolyses of four alwnrirum alloy outor headband
cormponrents are listed in Table I, The analyses of these four items, pro-
cuced in 1938, 1939, and 1940 indicate the use of onc type of alloy whose
prinecinlc alloying agent is from 1,0 0 L.5% mangancses This alloy appears
to be very sinilar to the 3S wrought alunimun alloy produced domestically
by the Alunimin Company of America. The 35 alloy is 2 non-heat treatable
product which may be hardencd by cold rolling,

5. Inclosure 0,0, 421/1867, W.A, 421/109, Appendix I of WAL Memorandum Spt.
Wo. 320/12, .
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The dates stamped upon the outer headbands indicate the
ovcurrence of a changeeover in the year 1940 from the aluminum alloy to a
cheaper, less strategic ferrous materiel.,

ce Inner Headbands -

(1) Steel Headbands

The chemical analyses of five stecl inner headtand components, .
see Table I, show them to be fabricated from unalloyed high cerbon steels o
(0.78-0.97% C)o - -

" -l LN ‘v v, ’,'.’l.,')",

(2) Aluminum Alloy Headbands

The anelyses of the alumirmum alloy innor headband components
aiffir considerably from those of the outer headbands, Whereas the latter
consisted of 1,0~1,5% manganese alloys, the former contain ,70~1,0% manganese, -
+80-,85% silicon, and ,50-,75% mognesium, sco Table I, This alloy, except Tor
the fact that it contains no copper, is very similar o duralumin and is
undoubtedly hardenable by a quenching and aging treatment.

Cuncis | aaruas
* A "

d, Sorings

) The chemical anolyses of oight sets of «springs used to attach the
{ inner headbands to the outer oncs are listed in Tablo I. Thesc springs are

] fabricated from high carbon steels (.75~.95 C) conteining residual amounts of
nickel and chromiunm,

b+t s
T

e, Aluninun Alloy Fasteners ) A

The chemical analyses of verious aluminum alloy fasteners are
contained in Table I, Thuse fasteners attack the leather lining around the
circumference of the inner hend band. The mojority of the fasteners are made
of a complex alloy containing approximately 0,80~1,0% nanganese, 1.0-1,25%

inner headbands from helmets containing aluminun alloy components,

4, Ballistic Tests

Six Germon helnets and six regular production Ml helmets were selected
at randon for ballistic testing. Ballistic linits were obiaincd on three
helzets of each type using the caliber .30 soft stecl fragment simulating -
projoctile weighing 34 grains, projectile No, G~1-S5,2 at a renge of 8 feet.
Ballistic linits were obtained on the remeining threc hclumets of cach type
with the caliber .30 soft stecl fragment simulating projectile weighing
150 grains, projectile ¥o, G-l-A,? The projectilos were fired fron a caliber
«30 Mann barrel in a fixced rest and velocities were mcasured with a Renington
Arnms Chronoscope. All firing with the fragment sizmlating projectiles was
restricted to the vertical portions of the bdacks and wsides of the helmets,
in the zone between two and four inches wp from the rin,

3. Sec Footuote Ko, 3, page 1.

silicon, ond ,30-1,30% magnesiun, being somewhat sinilar in analysis to the s e e




All six helmets of both types were subjected to ballistic testing
with caliber 45 ball coppor coatod stecl jacketed projectiles weighing 230
graing, The caliber .45 ball projectiles were fired fron a Thompson sube
nachine gun barrel fitted with o caliber .30 Springficld bolt and receiver,.
The range was 25 feet, and velocities were neasured with an Aberdcen chronow
graph. x

o
Y

The ballistic limits of the two groups of heliiets when tested with
the various projectilos are contained in Table II, Detailed results of the
ballistic testing may be found in Appendix B, Fron the resulis in Tavle II
it is spparent that the Gorman helnmot offers superior protection to the pro~ :
joctiles used than does the ML helmet; having approxinately a 75 ft/sec. higher » ®

init against calider U5 ball projectiles, a 230 ft/ sec. higher linit against '
the amall fregment projectile, and o 25 £t/soc. higher linit against the large
fragnont projectile. This superiority is duc, as will be subsoquently shown

in dotail, to the greater thickness of the Gernon holmet shell,

@1
]

Photographs of sone of the Gorman and dnericon helmets after ballistic
tosting are shown in Mgures 10 and 11, Figure 10 illustratos the ductile
behavior of tie M1 helmet, Complete penetrations of caliber 45 ball projec—
tiles cause a circular tear in the netal and the bonding inward of the torm
flap, Partial penetrations produce relatively large indentations and very
rarely cause cracking, either near or through the impacted zone.

SR R—_—
o

Complote penetrations of calibar U5 ball projectiles through Gernon
helnets are accomplished by the bresking out, in a dbrittle nanner, of piecos
several times larger than the caliber of the projectile, see the top photo-
groph of Figure 1l. The brittle behavior of Germeon helnets is also lllustroted -
in the two lower photographs, v

5. Weignts of Helnots

Twenty-one helnets sinilar in type to helmet No, 3 were found to be
complete with leather linings, headbands, and chinstraps. Thesc helmots have
an average weight of 1340 + 49 grams (47.3 + 1.7 ounces), The averago weizht R
of the 49 etripped helmet shells is 1088 + 58 grons (38,4 + 2 ounces). The » [
weights of the individual helmets arc tobuiated in Appendix C,

Seven regular production Ml helnot shells complete with chinstrap
loops and chinstraps were found to have an overoge weight of 1061 + & grans
(37.4 + 0.3 srans). The only liner from the ML helnet available at this R
Arsenal weighs 255 grans (9 ounces), The M1 helmet is, therefore, approximately > °
onc ounce lighter in weight than the avorage Geruan helaet. : ‘

The paratrooper helmet weighs 1692 groes (§9.6 ounces) complete, and
the stripped sholl weighs 1029 grans (36,3 ounces).

6. Thickness Meansuroncnts ? e

Four German helmcts wore solected at rondes and sectioned for ST ",-“'-
thickness neasurenents, & one inch wide sirip was cut Zrom tho nidsection of >
cach holuet, two longitudinally and $wo transverscly, and the iricknesses werc R
neasurcd every inch along thc lengths of the strips, Sinmilar data had S

-
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pPreviously been obtained from a number of Ml helnets, Figure 12 contains )
graphs showing the variation in gage along longitudinal and transverse sections
of Gernan and Anerican heluets,

The average Ml helnmet suffers a 25=30% reduction in gage in the crown o
during the cold forning operation, whereas the four German helnets which were ] )

; socticned and neasured showed a rcduction of gage in the crown varying between
‘ 15 and 25%.

M MEOEUCS g S g il SRt
»

In the ballistically tested vertical regsions lying betwoen 2 end Y4

t: inches up fron the rin, the thickness of the Ml helnet is generally bYetween ST

I 0.041" and 0,043", The thickness of the German holmets in the sane region ) °

varies fron 0.048" to 0.052%, being roughly 20% greater in thickness than '

corparable zones on the ML helmet, The-incrensed ballistic protection afforded

by the Germon helmets is solely a fumction of the increased thickness of the

. helnet shells, HNumerous different types of heat treated magnetic stecls have

ﬁ Yeen ballistically tested at this Arsenal with projectilos varying in caliber
fron .22 to .45 and, in the thickness renge 0,040%-0,045", no heat treatable T

X steel has yet been found superior to or even equal to austenitic nanganese .

- - steel in ballistic properties.

A A e

The thicknesses of the various hoadband components may be found in
4ppencix D,

0

7, Hardioss Surveys

a. Helnet Shells

Rockwell C harinoss readings woro token evory inch along the S
strips cut from the longitudinal soctions of hoelnets Nos, 34 and 38 and on the L )
traneverse strips fron holmcts Nos. 35 and 44, The results of the hardness ’ :
survegys arc included in Table 11I,

Helnets Nos. 35 and 38 have relatively wiforn hardnosses varying

betwoen Rockwell C 51 and 54,5. Helmet Yoo 34 was found to vary from a hard~ e
ness of Rockwell C 32 near the rinm to Rockwell C 49,5 at the top of the crown, ) [ )

- and helnet No. 4 from Roclkwell C 16 at the rim to Rockwell C 53.5 at the top e

« of the crowa., TIwo inch long strips were cut from the sides and crown of

four additional helmets and hardness readings were taken on thiem to check the

wide varlations in hardness patterns found on the first four helnets.

Helnet No, 10 was found to have a hardness of Rockwell C U4-U5.5 in the region ST
between 1 and 2 inches wp from the rim, helmet No, 12 a hardness of Rockwell C ' [
50.5-52, helnet No. 22 a hardness of Rockwell C 4S=50, and helnet No, 28 a
hardness of Rockwell C 1l-14 in the samo rogion, 4% the top of the crowm,
however, all four helmets have approximately the same hardness, within the
range of Rocltwell C 48,5~53.5.

b. Headband Components L °

(1) Steol Comnonents

Due to the thinness of the headband components, hardness
survoys were nade using the 15T and 15N scales of the Rockwell Superficial - .
Hardnoss Tester, The outer headbonds, which were made of rimmed steel, have .

..................................................
................................................
....................................
............................




it ol Nt iviad

hardnesses in the range of Rockwoll 157 7886 (100~1U4 Brinell). The inner
headbands, which were mado of high carbon steel, have hordnesses in the
ronge of Rockwell 15N 8U4,5-87,5 (U477=578 Brinell). Tho springs, also nadc of
high carbon steel, are in the fully hardened condition, having herdnesses in
the range of Rockwell 15N §5,0~89.5 (514664 Brinell), sce Table III,

{2) Aluninun Alloy Components

The hardness of the 1,0-1,5% nmangancse aluminun alloy,
similar to the 35 alloy of the Alwainun Company of Ancrica, which was used for
the outor hoadbands is in the range of Rockwell 157 5861 (48-53 Brinell), sce
Table III. Thosc hardnesses correspond to between the 3/% and fully hardened
tompoers, and since this alloy is hardenablo only by cold working, fabrication
by cold rolling is indicated,

The innor headbands, made of the nanganose-silicon-nagnesiune-
aluninun alloy were found to have hardnesses in thc ronge of Rockwell 157
78-80,5 (100-108 Brinoll), To obtain this high hardness, it is believed that
the strip from which the innor headdands were aade was cold rolled after being
heat treated,

8, Microstructure ond Heat Treatoent

a, Helnet Shells

Spceinens for microscopic exonination werc cut froa the strips
taken from heluots Nos, 34, 35, 3G, and 44 from positions corresponding to
1" wp fron the rinm, halfway between tho rin and tlc top of the crown, and at
the top of the crown, In addition to this, specinens were cut fron helmets 8,
10, 12, 22, and 26 from positions approximotely 1" wp fronm the rin at tho left
sides of the helnets.

Figurc 13 illustrates the variation in the nicrostructure frozn
rin to crown of helmet No. 34, At 1" wp from the ria, the nicrostructure cons
sists of martonsitc, ferrite and carbides, Figure 130, Fairly extensive sur-
face decarburization was found, particularly in the region nearest the rin,
Figurc 13B, Holfway botween the rin and crown the nicrostructure is $he sone
as that closer to the rim, but at the crown o completely martonsitic nicroe
structure is found,

Heluets Nos, 35 and 38 have complotely nortensitic microstructures
throughout, Helmet No, 44 displays o wide varintion in nicrostructure, being
alriost completely ferritic 1" wp fronm the rinm, and aliost completely nmarten~
sitic in the crown, Figurcs 144, B, and C, An oxtrene variation in nicro-
structuro, correlating with the large variation in hordness, was found in the
specinens cut from positions approximately 1" up from the rim at the left sides
of helnets 8, 10, 12, 22, and 26. A completely spheoroidized ennealed structure
was found in helmet Ho. 28, Figure LUD, and a fully hardencd nartensitic
structure was found in helust No. O, Ficure 14G,

The combination of martensite, carbides, and ferrite found in
several of the helmets st result from cither one or bHoth of the following
treatnentse
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(1) heating to a terperature between the Acy and the

Acg temperatures to form austenite and ferrite
id then quenching to transform the amstenite to
nartensite, :

(2) heating for a very short time at a taperaturc . o
above the Acz point, allowing insufficient tine -
for complete austenitization and carbide solution,
resulting in sufficient decrease in hardenability N
to cause ferrite rejection upon quenching. T

—5 W Y, W g e g
A Ty ST
A s SEGRG . T s

3

Undoubtedly it was intended to heat %reat all the helmets to : .
obtain fully hardened nartensitic structures, and this ain was attained in
several instonces. In heat treating very thin sections, it is extremely impoZm
tent to toke precautions to avoid decarburization during heating since thin
stock will decarburize extroanely repidly to such a degree that the effective
hardenability is seriously impaired., In fact, no more than a few ninutes at -
the austenitizing temperature should be employed for 0,050 sections even if -
attempts are made to control the furnace atmosphere,

It is believed that the subject helmets were most likely heat

- treated by travers:.ng, rin 4down, through a continuwous furnace, and were oil

e quenched upon energing from the furnace. Being rin downr on the furnace hearth,
the crowns were completely exposed to the heat and came up to temperature

very rapidly, whereas the sides of the helmet shells, being cut off from re-
ceiving heat by radiation because of interforence from the adjacent helnmet
shells, heated at a very ruch lower rate than the crowns, The rate of traverse
through the furnace was such that the sides of all helnets did not come up to S
the austenitizing temperature, or were not at the austenitizing temperature for s
a sufficient length of time to completely harden upon quenching, In addition, . o
slight variations in furnace temperature and rate of travel through the furnace s
would be responsible for relatively large variations in mierostructure and st
hardness obtained in the helnets. The time factor is very important when the T
entire heat treatment consumes but a few ninutes. AR

-
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The nicrostructure near the rin of helmet #28, Figure 1UD, indicate: e o ®
! that the helmet chells arc in the spheron.d:.zed. annealed condition prior to the -
final heat treatnent.

it ANy ~~ i

. In order to verify the theory that the helmets were hardened by

e quenching, two helnets, #10 (nickelmsilicon steel) and #34 (silico-nanganese

- steel), were cut into two pieces and heat treated. One piece of each helnet - T

) was heated in a furnace at 1600°F, for a total time in the furnace of 5 nminutes

X and air cooled. The remaining pieces were sinilarly heated and oil guenchede

. 1t was noted t‘mt the helmet sections came up to the furnace temperature in

spproxinately lz ninates, Iwo inch square pieces were cut from the heat o

treated sections, ground free of scale and decarburization and tested for Pl °

hardness with the following results: T
Rockwell C Hardness after

Following Heat Troatment (Ave, of 3 readings) :
1600SF, 5 min,  1GOOSF, 5 min, ] -
Helnet No, 0il. Quenched Air Cooled R
10 éNi—-Si 52,0 43,0 ' °
34 (Si~Mn 5340 5 -. o
-

........................




The hardenability of the Ni-Si composition is greater than that
of tae Si-Mp steel as ovidended by the greater hardness developod upoa air
cooling, Since the hardness after oil quenching is approxinately the sane as
that of the nsjority of the helnets, it is ovident that if any tempering was
perforned, the tampering taperature was bolow that at which any softening
occur's, or bplow approxinately 300-400°F, e

be ;Ioadba.nd. Componants N

(1) Stecl Compononts _‘Zi‘_ Z-_~}_ ‘

The outer headbonds have a nicrostructure consisting of .
equi-axed ferrite grai..; with occasional carbides, indicating that the strip ‘
from which the headbonds were formed was hot rollced.

The inner headvands have either darl: etching nartensitic or
bainitic nicrostructures with the hyporoutectoid carbidces occurring as finc
globules, The inner hoadbands were heat treated either by an austerpering or ®
a quench and tempering operation, The nmicrostructurc of the springs is exactly
sinilar to that of the inner hcoadbands, .

ALl of the steel corpononts with the exception of the
springs were zinc coated, The thickness of the zine coatings as neasured by
neans of & Magne-gage varied botween .QOCH! and ,0008", Duc to tho absence of .
spangles and a FewZn alloy layer between the zinc coabting and the steel base
it is concluded that the zinc was clectrodeposited, The high hardness of the
inner headband procludes the use of hot dip galvonizing,

(2) Alupinunm Alloy Components

The nicrostructurce of the outor hoadbands consists of grains )
elongated by cold working and globules which etehr daxk in 0.5% hydrofluoric R
acid. Theso globules are belicved to bo the Al=Fo-ln internetallic compound, NSRS
/ - -
- { -
The nicrostructure of tho inner headoands also shows cvidence e
of cold rolling. The internetallic compounds are gonerally small and woll i °

distributed.

9. Method of Manufacturc of Helmet Shell

It is believed that the helnets were hot formed becauss the variation
in gage is much less than would be expected fronm o colld forming operation, and °
because sonie of tlle curvatures are too extraae to allow for successful cold -
drawing, The folding inward of the odge of the rim rust of necessity have been
done while the metal was hot,

10, Residuol Stross Analysis

Qualitative and quantitative neasurcnonts of the residual stresses in
the Ml holmet have been nade at this Arsenal, The stresses on the outside
surface of the Ml helnmet arc cnerally tensile in character and are compressive
on the inside surfaces, ond the nagnitude of the highest stresses are in the
order of 80,000~90,000 p.s.is. These stresses are induced by the very severse
cold forning oporations cmployed in the production of the helnet shells,

ot D
S
:
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Since the German helmets are heat treated after forming, the only residual
stresses are those resulting from quenching and transformation to martensites
These latter stresses would be expected to be very small compared to those
resulting from cold forming the Ml helmet,

Since the quantitative determination of residual stresses in non~
symmetrical thin walled sections is extremely difficult and laborious, a
simple gualitative method was chosen which would dramatically reveal large
variations in residual stresses, This method consisted of making a vertical
cut extending from the rim to the top of the crown, and measuring the dis-
placement at the rim., Small crosses were scratched at the rim approximately
one inch apest and the distonce measured to an accuracy of + ,00L by means of
a cothetometer, The vercical cut was made nidway between the two crosses,
aftor which the distance between them was again neasured. The magnitude of
the change in the distance between the crosses is a rough measure of the
stress condition in the vicinity of the cut, An opening up at the cut; i.es,

a tendency to return to the prior flat condition of the helmet blank, indicates

the cxistence of tensile stresses on the outer surface of the helmet. Very
little change in dimensions indicates low residucl stresses.

Three German and three American helmets were selected for this test,
One of each was sectioned vertically fron the niddle of the visor to the.
nidpoint of the crowm, one fron the uiddle of the right side to the midpoint
of the crown, ani one from the middle of the back to the midpoint of the
crown. The results of the measurements of the dimensional changes are cone
tained in Table IV, and photograophs of four of the helmets are shown in
Figure 15,

The three German helmets underwent dinensionol changes in the ordex
of 0.,10" and less, while the three American helnets suffered changes in the
order of 0,80 to 1,0", It nay be concluded fronm this test that the German
helnets have low residual stresses and that the service cracking and produc-
tion bregkage occurring as a result of the cold forming of austenitic steel
helnets presents no serious problem in the hot forming of ferritic steel
helmets. :

11, Paint Analysis

The paint coatings on helmets Nos, 1, 2, 3, and 4 were subjected
to sone physical and chenical tests, the results of which are summariged in
Table V. Several of the helnets were found to be painted a greenish-black
color, and then repainted a sandy yellow or tan color, presunably for
canouflage purposes in desert terrain,

12. General Considerations

Although the Germen helnet shells weigh on the average dut one ounce
nore than the M1l helmet shelis, they have, nevertheless, a wall thickness
approxinately 20% greator. This is nade possible by a much smaller surface
arca; i.e., a closer fi{ to the head. The Ml helmet fits over a large liner
which covers the head as completely as does the helmeot shell, The liner
contains an inner adjustable suspension to fit the head. The German helnet,
on the other hand, contains a simple adjustable leather cap which allows for
a close fit of the helnet shell to the head.

oy Iy T
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The M1 helmet is fabricated fronm austenitic nanganese steel which
is ductile end deforms considerably upon impact of large projectilesor
fragnents whereas tho German helmets are produced fron a ferritic steel which
is heat troated to a relatively high hardness, The stecl is brittlc and
relatively nondefornabls, indenting very much less thon the M1 helmet upon
the partial penetration of caliber U5 ball projectiles, but cracking and
allowing pieces to be broken out upon complete penetration, The Ml helnet,
because of its deforning characteristics, should, for naximun protection, be
kept some distance away fron the head. This is accorplished adnirably by the
liner,

A considerable anount of experinmental work has beon done during the |
last twenty-five years, both in this country and abroad, on the use of nickel-
silicon steels for personal armor, and several nations have standardized on
this type analysis for helmet steel, The silico~-nongonese steel employed by
the Gernens after 1940 represents the replacing of the 2,0% nickel content of
the nickel-silicon steocl by approxinately 1.0% of mangonese. It is known that
this proportion of manganese to nickel produces approxinately the sane effect
vpon the transformation characteristics upon quenching, and should produce
sinilar nechanicel properties, The silico-nanganese stecl sppears, therefore,
the best strategic substitute for the nickel-silicon composition.

Likewisc, the replacenent of the aluninum alloy headband components
by zinc plated stecl seems to indicate another strategic substitution.

-12-

......

e ey .

PO 2 I )
@ el




...........
.....

.......

.....

. T0° 91° °%ex3 10° HI® 800° GT0* l9°T <0°T 9¢° on6T Gh
loo® =  eomxy GEO® TTU 610" LTO* 06T GRT %° OHbT th
_ Goo* -  eoexs GTT® TI®  HIO® 020" €€°T 22°T 6£° OhbT 8¢

800° - ©ovx} TO® TFY  9T0° KIO® OE°T 2G°T 9L° 2hbT 119
, Goo* -  evoers GOT* TI*  L10° ££0° GH°T 61°T OR* Ov6T e
T0° 91° eoexs g0* oovIy 9oo* LT0* HEST GT*T &% 66T 129
GT0* £0°* TIU  GO* ©°9BI3 [T0° HIO® R°T 6I°T ££° chbT %
T0° G1* eoo%ex3 . 2I1* #I° TI0° 8T0° HE®T 86°. T&° Oh6T =
v W o I N K; 3 T W 0 PUSPEGeH JO  “ON

*3IN JO esw  3OW[H
19035 950WBHUER~00TITIIS °

10° 9T1* T1¢° I£* 9T°T 800° 910° G8°T 86° l2° 1661 2h
20° o2° ooexy L% 6T 800 GrO* Ll°T 1G° gL 6£6T 9%
GTO* 0f* TTU  HE® £0° HTIO® 8T0* 93T &&° HE* 26T 0t
™ W o % I & % ™ ™ 9 PTOGEESH 3O  °ON

*SIW 70 o1eq  4OW[eH

193§ UODTTIS~TOHOTIN °V

STT0US 4OW(eH JO SI5ATeuy

S1UBUOdIo) JOUTSH WSWIop 3O S{SAToUy 1eo1moup

\ I TI9Vy




.......
........................

- ',
>
> .
b.
ropuremer = GI* Hi® 80°  GE° 90°T 6561 uttIeg ‘0%g 2¢ >
JOPUTGUS.I - 20° ¢¢* go° G ¢e*T  ofbT urtIeg ‘o%g 6=
: »
JOPUTEWS I - eovIg 6%° T0° ©°* HE'T  OhbT Sung TeqIBIOAIOPOT ~TLBION 9
JOpuUrTUOX ©60®vI} O0CIg Tc* ©0vIj3 9ORIY 8h°T wmmﬂ ’ HIOM -1 10qQMOG f ,
v E) M o W IS oy IIN IS *oR
Jo a%eq 10WTOH
» )

SPUGqpeoR KOTLY WnuTmiTy °f L

Tt u  £Go® ofo* eouir g2 Go* 6T ApeisuwemalT ‘0%g & ’ w.._m.”
) 20° u  OhO® ¢HO* oeoexy [2° H0®  ORET u ¢e .. :
70° u  950° 620° eoway g2* 80°  ORGT " It ’
20° " 2n0* GRO*  TTU  HE® GO®  OKGT # h .
20° ooea3 go0® T20* ooeay Gf* lo*  Oh6T SXOM ~13I0 QIO ¢
) ™ d S 18 WD *3IH *XZIN *oN ,
Jo egeq Souw[eg
SPUeqpedH 10918 °Y ) -

SPucqpesH I89n) JO SISATRUY

” (Ponuisuop) 1 TLavE

r*':l’“jl’":i‘r';vr‘"v"wv;v— MR AL R L T W R e




&

. W, k.rh..L.la.nl.l.n.l.i.l}E;

L ® ® ® e o @ o o . : @
Co S O . . P Q. SR
JIOPUTIWOI - 1l* 9f£* Go* w8* al* 6L6T urTIeg ‘o%d 2¢
JOPUTBUWO.T - Tl* I1£* 02* #3° 89° OK6T uttIeg ‘0g 62

zoputemr -  Gg* gf* T0° §¥° §L° OHGT  SWNGTOQIRIGAIODST ~TTCION 9
gopurewex oowig 2G* 62° £0° 18 L6° 8661 IO 13 IO GTYDSG f
v Iy S dF W W W TSI I *of
Fo o3eQ JOUTOH
SPUEqDCOH AOTLV UnUTWITY °d
Go* u 820° 9H0* IT* 8G* 63° 2h6T jpeisuuBwz T ‘0PI G¢
TT° u 8T0® 0£0* ££° £6° 88° OK6T 8 ¢2
20° " JHo* 0f£0°* TE* #G&° l6”  OoxbT u It
o 1 020°* THO® T2° 09° 98° On6T " H1
OT* oova}) 0£0°* H20°® £2° G9° 3l° onbt 310 § {320 QYOG ¢
Iy ™ a S T W 9D TSIy * X33 *ox
Fo egug 40WOR

-

(POTMUTIUOY) I ETIEVEL

SPUGqpeSH 10938 'V

SPUCQPEOY Jouul Jo SIsAteuy

. s
......

)




: 0.
A
. »

zepursmex  J2*  ®9* ¢£1° 94° sh* 6£6T 2¢
Jopurswex g2°  S{® TE* €0°T 3° Oh6T 62
xspupeox G¢*  2h* T©° 2T°T Gg* Oh6T ¢2
xopurewwx HE®T Sh® O1° 21°T Gg* Oh6T It
seputemdx Tg* G GT° TETT G6* Oh6T HT
xopursmRI 26*  2h* 91° l2°1 »8%%%&& OK6T 9
oIty oW od 10 TS oy PUBGUEOH JO °#3W  ON
Jo 038 19 UToH

PUEGPEoy J0UU] 07 SUTUL] I9UF007 UORIFV
HOTUN Saou0350F AOLLV UMUTUNTY JO STsATeuy

soeas 21°* 60° 800% lfo* l2° 09° %ot 100148 SHET 9
oowxy 9I° GO* g9¢0° GLo® 62 09° gLt TMUTENTY 6461 ec
Tru  €o* ooea3 JT0° 610 61° 2¢* H6° TOTPTRYY Oh6T 62
TIu #2*  I1*  600° 620° G£° &i* 838° 19938 Nh6T ¢e
#0* 20°* &GT* - oto* 920 lt* 9n* &l° 19948 Oh6T It
Tyu Gr*  2T*  600° €¢o° lec 2t 6l° o918 Oh6T KT
fIu  2T° eoexj 020° 2fo* LG L9° Ll° W TUMTY CH6T 9
TIC  62°  6T° 900° 2L0* 1L on® 08° 10938 On6T ¢
o I ™ d S S W 9 opEy S1 IR *ox
PUCQPEOH YOTUY JO I88f JOW[SH
woxy Teioy

STUTIOE O SISATouy

(PonuT3u0)) I EIAVE




vty

' PR
e,

*CH6T dequeoeq [T y °sewondely *E°H WX 02 PUR LI »
oqeTnUgg 03 Joumxy ALpog FULYSe[ UT pesp og 0% soT1400l01g Fo juwowdoToASO, -~ Aot.:m\mmN soN qr0doy UTPURIOWOR TVMe
ek €06 GI6 -~ oSeaeAy >
00h - c4o {(¥G6G 30T PIOJOR) 91 :
Lh - 8h6 (ZG6G 20T PIODOW) GI
Girh - 126 (EH6G 30T PIODOW) I ’
- ¢33 6 (Vh6G 30T PXOOOR) ¢ ro
', L
- Go6 G06 (V68G 30T PIODOK) Y
- 316 Ges (Oh8G 30T RICHTR, (I
§]0Woy UWEOTIOWy °*f >
06t HEXT 636 -~ o3eleAy .
- 0541t 41 6T ce ‘
t
£Gh - Kot TH6T ot 2
- ¢cot gl3 6T 0T >
805 - Geot 2H6T 6 .
88¢ - Loot Oh6T 8 R
_ - 022t 9901 POYRISGTTqO l o
_ (surean 0ST) V=19 (sutexp #L) S=1-9 (e{E300l0dd PojoNoep 1[003S) DPUBQPEOH JO *ON >
queuFely o5TeT quouely TTRUWS 1Teg Gh* I9QTTe) *SIN JO °%eQ  JOW[CH
10938 3J0S OfL°* JOQTTBDx T993S 3J0S Of° I°QTTeDx .
PUCOSS dod 3997 — FTUTT OTISTITRE »
Sq0WTey UBWIBYH °Y ,
"
| SqoWeoy UeOTJoWy pUe UeWIofH JO S389] OIISTITBE
” TT TIava >
: »
»




» -
‘ *oPT8 UTFTZ 03 2PIS 4JOT WOII OI8 STUTPESY ~ SUOTIV0S OSIOASURIL ~ 2 ”
10WTOH JO Xovg 99 JUOXT WOIT aaw S3UTPESY =~ SUOT4O08 TBUuTPNg 13uoy -~ ¢ .W.
st G®G  6°€6 He It U,ﬁ
He 149 26 2¢ 9T »
2¢ 15 G*26 2¢ 41 |
8¢ 614 G°14 8¢ H ’
. tth 6 24 Oh €1 |
: It 26 G686  G°on 21 >
‘. G€G GG GG 69y ai y
: G16  6°0G  6*€G  G°6h ot b
6*2S 16 G*€6 €6 G€G  GmG  GMS  G°6R 6 L
€6 G'sn 3¢ 16 626  G°€G &S G'sh 8 >
G€6  6'€6 GG GUHm ! :
; 19 €6 GG Goon 9 ..
; _ sw 6§26  6%G  G°On 4
24 GRS G*¢G G°on X »
I£ G665 G 8¢ ¢
. 0T 04 26 i g2 G*2s G*hG 8¢ 2 »
“ 0°1L 6 G°0G G°Gh 9T GG GG 8¢ T |
. g5 S0R 22 °OR 2T "R OT "ON T °ON 8% *OoN G¢ °ON fif "ON Seydul ~ wiy 3¥ WISTI0 >
. JOUTOH 40W[SH 4OUW[OH {OW[OH $OWISH, 4OUSHy 9OW[OHp 3OWIOH, WOIF ©0UWRYSIq :
5 TTOMIPOY ~ SEOUDICH o
STToUS JOUToH .
S3uUouO0dIio) PUBQPEOy DUE S3O0W[OH UCULIS)H JO SASAJINS SSOUPICH > .. .
: i1 27 b




.
.......

.......

] ® _o ® 'y e ) () ®
. .
........ t ' N . A T e e . e et e
1 ge92 it
m.m 0°48 2
0*48 T
wwm G lg ft
624 G*ag ¢
U0 T8A THDY NG LroAsoog *ON
TIoUNIg 4oUteH
‘SSOUPIH
SHugads sPuTIdg
*SHUTPROX SSOUDPIBY 20JU) J0 OFCIOAV s
Ll G*q8 11
N L3
80T G*03 2¢ Ses 462 t2
00T al H16 a8 JAY
i 316~ Gls ..
16 68 ¢
JUOTEATIPE  §GT LIoA00Y *OoN JUOTeATIDE  NGT LIOM{00Y "oR
TTOUTIg 3OUTOH TTouTAg jouten
ssoupIen * SS0UupJIeq
(s3uounduoy LOTTV TMUTUNTY ) Ampuonomuoo 10038)
SPUEqpPesy JIoUUl SpURQPRey JOUUL
T G*hg 49
£G 19 2€ it 28 te
ot G N 6T Gg AN
HwikT- a3 KT
00T 8. ¢
JuoTeAtndy 4T TTPATOOH« *OH TUOTeATODE GGT TTOAOOH ‘oN
TIoUTIg jouTel TIOULIg 4OuITOR

SSOUpICH
(sgwouodmioy AOTTY TAUTUMTY)
SPUDQPEOH X941

{PonuT3u00) 111 EIAVE

SSeUpIef
(sque uodmoy TO038)

SPTOQDESH 19400




. T.. ‘ . ° ° N @ e ‘e . ‘ ° o .......
AR ; i Ll L
N .FO. ........... " X | T w PR 14 I oI
16°0+ 16°1 000°T R0eg F0 © (sveg %01 Jejentuog)
3 3 € 30 OTPPIH J# 30uUeg WROTIOWY
01D°0~ 836°0 866°0 Roed 7O 9TPPIH Th# JOW[CPH UBWIOYH
. - . (88T9 29T PIODOR
208°0+ 193°1 660°T 9PTS 99FTH FO OTPPIN gf 3ouTen weoT .Gﬂwa
G600+ 0LI*T Geo°1 OPTS USTH FO OTPDINH g2 10W[SH UewIog
. o . (096G 2071 PIOHOR
6h6° o+ 166°T eho°T JOSTA FO OTPPIN 21 qowrey qmoﬁmwa
- IG0*0~ J26°0 +86°0 J0STA FO 9TPPTH ¢34t qowTog uUBWIOY
So4ou] Soyoul ~ ovey seyou] 1) TedT}I9) JO UOTFBOOT *oN jeur[ey
- Jur3an) £q  SBM M) TEOTLAS) SOYDIJeIOg USeMqeg
PooMPoOXF O3uBY)  J93Fe SOUDLBIADS O0UWRMSYI TRUTITIY
Teuo TS WS WYY usamMeg eouels I

S0W P UCOTJOWy PUE Uelley JO SosATeily S804 Tenpison

AI TTEVL

...........

T
S

.........
..........

......

»

YRR




. ’
e e
.....

.o .
......

0q PINOO 3uUtl®BOO 3YL

*qoM TTTI3S OTTUYM SIOqIJ ©,
$9°HT — $l°*HT $GoHT %) .
500t — 4161 48°2 4l
%G°eh %8°64 %6°0n %9°6l % >
30 ‘S ‘TS ‘MO 9N Sy ‘ad ‘mp Ip ‘Tg IS 'O ‘W TV ‘Sw ‘9) ‘ad ‘N ‘g Sy ‘ap Y
qd ‘ug ‘ug w ‘1z ‘eq ‘ug . og ‘1 uz ‘1z ‘og 1 ‘ad .W *
i »
Z00g POOY pooy poog x .
.
4£900° 4G000° 400" #2£00° ug
A.Cohnco juIng HORTQ~UD0 XD ueg FORTqUOO I MO .
750) Ao, 7665 oD T 0N J5UTOH 5 *OR 30WToH 7e¢
W O 30WioH
®
SOUW[Og UeWIos Uo .
STUTI000 JUTed JO SOTAS [A0300I0U) TeoTmou) DL
»

A ETEVE




v
. e
ERN
R . -
-
R
“ ’ et
i
3 .
ARSI ~ N - B
Mol ey wn - - - £
v e
2. .
3 s

LR
. b'
-

.

GERMAN HELMET NO. | — PARATROOPER HELMET ,‘-3:

o

S -3
B Vo
. vbade
:
Y
R
»'.‘-
ot .
' «
g o
e -
e . S
&
I o }
.a
N °§ :'\.'1
» R
o o
Y.
z§ : & 0
: e i
§3¢& ! s g
f 9
j li &z to-
! -
u‘uzl PN
* . o> -
% 23 4
. . } 2° v
! 1 % L.
+ .
: g 5 .
i i
] M -
! o
a1 .

. A 5
g
E 2
1.
-] a9
2 w -
S - FRONT OF HELMET
5 v
>
g, 20
] -
hd “
LR
:g;
=¥
NN a0
REJR-SIN TN eri ! =o-
X
g
x
w
H
w -~
13
0
z
o S "
w v ~-
- -
» o <L
- ET‘ 1
L * »
w <o
pr] :! W
L) \ g
: ":
WIN.639-6056 o
i FIGURE | _.
=
3ISNIdX3 LNIWNY3IA0O LV 430N0J0Hd43Y o
- S T P







4

1

”
-

ML B T

LI T Y L
ack ot ATt

-
*ad

r

7
Pt
PR

TR
AN A

AN

TR

LI R Sl R R R
o, Fentia e AT on

L

CRTSTS

P
JERTA R O

'

\

-1

SF oVl
- € m C a Aa

ey

K
Ewr ="

Pl

TR

-

.o .

'
?,

. {"-’

-‘s.b‘a..x....
L AL

INFANTRY HELMET

GERMAN HELMET NO. 3

PR S I . B

4t e e PP A R LI I S . g e PO
CALPRIALD N ST YO0N N LTSS FRVAIANL PRI TSI PR MR ARAPAE ST LR L S S SPURRIE I - D R T AN AP IS

ONINIT

P

S e,
Lot oy e . "
AT T A
% ‘

- w.alﬂ.f(-«zlqi,

vt

&

S1N3NOIROD 133iS

v 1 -
LR T T Y

ANV8QV3H
40 ATGNW3SSVSIO

M3IIA ICISNI VT I TR

VTN W TR TR R

PRI N

M3IA 32018 1437

-
- - -
- . -
. - e
2 fa
» i z B
. Py -,

WIN .639-6058

FIGUR




Fi1G.,

! SININOJNOD A0TIY  WANINNTY - SONINdS 133LS
' ONVEOV3H 40 ATTBW3SSVSIA o

WIN,.639-6059

INFANTRY HELMET

i
-

_RIA_ 30N

4
3SN3dX3 INIFWNHIA0CO LV Q30NA04d3Y

GERMAN HELMET NO.




® ] e e L A. *O L o nin ® . . @
188 [ ) s - [ ] m h.;, “- & L R e L -
£ 37v0s RO
N
L3WT3H Y3400YLYYVd — I 'ON L3IWT3IH NVYWHID N
<
b
M3IIA  LNOYS M3IA 30IS 1HOIY N
N £ - B e 0l s e e B

Ao gow un . A - -
hacfar &2 Cacd o L, A D S b sl oo ST ok ibtebocdncelionihn o I il e e S




° ° ° ° ° o 0 ° o v o °
. T ) ' ® PN P wl,@ ..... D e a e a . P
2 370s |
] 6 .
L1IWTI3H AHLINVANI - 20N 13WT13H NVYWYH3O _& )
R
Ny .
M3IA LINOYHA M3IA 33IS 1HOIY ”
)
—,9G6'6 e - - S —
)
06 L -

T AV e e o Lt a8 oL ke il i ki ki SR




i .
e ‘® e ® ° e e ® Y ®
w. [y i e 5 - - o It 3 \ v .
] . ‘
g < 31v0S . 'w
3 13WT13H AYLINVINI -2 ON 1L3INT3H NYWY3E9 Wy .
3 R *
Q
<o,
M3IA LNOY3 M3IA 301S LH9IY
! »
3 D = €06 -~ o — - w
x w l.;l‘l»l&xl-\?l..‘OmN o |§ka ﬁ * -W
m _ q } yv — vm
] , > m ,
. ' ” S 1
3 _, * .“ .}
3 | o
” m- j
] [ il
‘... _“ :
ﬁ-
; | )
3 |
- .w
joe
{
|
]
,
{




° ° ° ° ° ..Wo o ° e ® °
[ . - . [ . (SR N P . S 3 - ST -1 - - ...... ‘
2 37v0s .
. L¢)
LINTIH AYINVANI - £ 'ON 13NT3H Nvwe3o g
SN
M3IINA 1IN |
0y 4 M3IA 301S LHoy )
i Y6 _
- T8N e

—
'

= ST T

. , »

e b e

| ™ Q »

o E

¢V i

o o N
»

A1
»
»
>
]




LA 4

R A T S U S O T e
[AEREVE B

;\ . e ‘. » . » 1 - " . - - -
u~“s'.v~ S *’T .............. | . R PP G T (VR AL T NI I [ 7 PRI A SRR YUY SRR UL L L N - Wy i S T A vy B R T a B

. ‘pusq APuRd o

) puBqreey 10938 jo ‘puBqpPRey Te938 JO  -ppoy LoV UMUIWNTE JO  ~peoy LoyTy WmjumTe O w

. 8p1e quITI uo Jurdmesg  oPYS yItx uwo Fuydmess OPT® qudtx uo Furdwssg 6Py JyIya uwo Surdmess &

a “H- 61 °OoR 3°wWTeR ~p- g2 °Oy jeuwyey -5 1€ °*ON 4°WIOH -g~ f1 *oN 3euey =

.

i
G
. \ T cpueq . T

‘preqpeey LoTre wnuymmye  ~puey Loyyw waujsmye Jo ‘pueqpeey Tee3e 3o

Lo JO op e 9707 wo Juydmeyg PP I wo Jupdmwsg oD 9)01T uo Suydwmyg  epTs JYPIx To Fujdwesg

-~ OT °OR 39WPH =D~ 0T “Of JOUWIPH =g~ &f ‘O JoWISE Y- . & op temyeR

g o

it g
) ESEurs oL - \_.uw E m m
. . - = A
; POy WITI0H JO FUUNAPWOH T /3975 UO SJUTAMEIE © 4 J0J0400F TUra)

AR TREE




A

v

R~ EATHE

S

’

“Er wes
.

K -va |

s

"’V"'T""l et B

7

ORI R Clais 7
oo i

G I
YN

Ty rv.

NTN5H39-6.53

PP .

REPRODUCED AT GOVERNMENT EXPENSE
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Anericon helmet He, Il, MNoCord Lot 580,
ammunition, Balllatic 1imit ~ 918 ft./sec.
result froa the folding back of petals.

Tested with caliber U5 ball
Complate nenetrations

Anerican helzet No. I5, McCord lot 595E.

Tonted with calidber .45 dall

smmnition, Ballistic limit — 948 ft./ssc, Note ductile behavior,

Agericen holmet No. 12, McCord Lot 589A,

Tested with 24 grain

caliber .3 freguent-similating protectile No, 0-1-S, 3Ballistic linit-

905 ft.fe.3. Dictile behavior typical of

austenltic nangmeoese steol.
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g:;'::n&ﬁi:t No. 22. To;ted with caliber .45 ball ammmition,
stic limit = 933 ft./sec. Complete penetrations break out pi
of the helmet in a brittle manner. P ouh pheces

German helmet No. 12, Tested with caliber .45 ball smmmnition,
Ballistic limit ~ 1024 ft,/sec. OCrack caused by bullet entering

through the back of the helmet and impacting the insido nesr the visor,

VIN,630-65634

Testod with 150 grain calider X0 fregment-
Ballistic Mimit ~ 388 f£4./sec.
»

Extennive oracking resulting from impacte producing
penatrations.

Geruan helaet No. 8.
simuleting projectile No, G-1-A.
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Martensite, undissolved
carbides and ferrite.

iy Decarburized surfece,

s \ Average depth - 0,007"
, Hardness (on decarb,

i layer) - Ro 32,
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B X3.00C

W up from rim, fartensite, undissolved carbides, and

i
9% up from rim, (top of crowm) Completely martensitic microstructure.
Hardness - Re 149.5
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Microstructure of Germen Helmet No. U4
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CULIAPARISON OF RESIDUAL 3PHESS CUNDITIONS IN GIRMAT AND AMERICAN HELMETS

'

7"”‘:-}3«'»5-_'

Azertean “slast, McCord Lot 596C, Lateral ¢io laceno-t resulting froa

sarman Telmet ¥,, 03, Lateral din-lncezent resulting fran cutting from A
SN " & & cutting fr.a niddle of vissr to ddia of crovn 1s 40,989%,

“1¢01e 2f visor o ~icdle of croun e -0.057%,

PN
i
}
n
By
a
2
£
x
,y—:n 4:1 f:.»\:h: : . Lfteral 4‘ ‘1. cement renulsin, fron cutting fron Anericedsliolat. McCurd Lot 1.8, wa%eral displacenent reenltins fr -
. le sf oplcht site o niddle f ciova is 40,095, cutting froz =1ddle of ri-t side 4. :16die of crown is 40,308", i
[Ny

FIGURE 1S
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APPENDIX A

Markings on Helmet Shells and Headband Components
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Headbands Having Manufacturerl!s Stamping Shown in Figure G4 ) @

Metallwarenfabrik™
Helnet
No, Date of Manufacture Metal Used for Headbend L
45 1940 oluminum ) e
Ty 1940 steel Ce e
15 9 steel ‘ R
22 941 steel RSN
L3 19l steel
ke 19 steel L

Total No, of Helmets = 6 L L

Headbands Having Manufacturer's Stamping Shown in Figure 9C
WB&C, Berlin®

Helmet . :
No, Date of Manufacture Metal Used for Headband . °
4o 1937 aluninum
10 1938 aluninum
32 1939 aluninun
36 1939 alwminun )
29 19 aluninun T
21 1940 steel . .
30 1941 steel o s
Total No, of Helnets = 7
Hoadbands Having Manufactucer's Stemping Shown in Figure 9F
"SchubertheWerk o
°
Helnet :
No. Date of Manufacture Metal Used for Hoadband :
L 1938 alunimum
T obliterated steel o
18 obliterated steel b ‘."‘“
s 33 obliterated steel T
Total No, of Helnets - U4 ot
Headbands Having Manufacturer's Stamping Shown in Figure 9F
"Scinberth Werlsh _ g
Helnet e
No. Date of Manufacture Metal Used for Headband .
3 1939 aluninum
2 19 steel
3 1940 steel
5 obliterated steel ’ °
g 1940 stoel T
11 1540 steel
14 1940 steel
17 1940 steel
20 1940 stoel
2 1940 stoel °
2 1940 steel R
5 1940 steel e

Appendix & - Page 5
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............

..............

26 1540 steel
31 1940 steel -
34 1940 steel o
3 1940 steel -
ﬁ“o’) 1940 steel N
1940 gteel e
) obliterated steel
— Wy 1940 steol
Total No, of Helmots - 20
Hoadbands Having Manufacturer's Stamping Shown in Figure 9G
Motall= Lederverarbeitungh ) °
Helnet .
Mo, Date of Manufacture Metal Used for Headband
6 igluo aluninun S
12 9l steel o
36 gy stoel ®
39 941 steel
9 19kp steel
- 28 1gk2 steel
Total No, of Helmets = b
Headbands Having Manufacturer!s Stamping Shown in Figure 9K T e
"BaC, Litznannstadt?
Helnet . )
No, Date of Manufacture Hetal Used for Headband S
13 194p steel S
19 1942 steel e
s H 1942 steel )
Total No. of Helnets =~ 3 S
Date of Manufacture of No, of .
Headbands Headbands Metal Used for Headbands voom ..
19371 1 aluninun - l
1938 2 aluninun .
1939 3 aluninun o
19 3 aluninun o
1940 19 stoel .
19l 8 steel ®
ig9h2 5 steel A
°
dppendix A - Page 6
- . - - - hd v .9 w v » .
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APPENDIX B

Ballistic Tosts of Gorman and Auericen Helnets
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o
Part A - Ballistic Tests of Gernon Helngts
German Helnet No, 7 ) Projectilc = calibder .30 soft steel
34 grain projectile #Gele-S .
Velocity Velocity S 4
Round Ft/sec, Results Round Ft/soc. Results AR
1 860 PP, SB 10 1175 PP, 1.1" crack on B
2 1015 PP, MB 11 1120 P, SB L
g 960 PP, SB 12 1350 PP, .3x,3" potal
10400 PP, SB la 1120 PP, ,5x,5% petal B
5 11.90* PP, C,9" crack on MB 1 1110 PP, 2 = 5" cracks
6 1000° PP, SB 15 1140 PP, 1.1" crack
7 1050 PP, 0.95" crack on MB 16 1110 PP, CIP, 2 - 6" cracks
8 1015 PP, 0,5" crack on MB 17 1250* PTP, .5 x 5" potal }
9 1070 PP, 0,9" crack on MB E -
L3
Ballistic Linit - 1220 feet/scc. ,
Gernen Helnet No, 7 Projectile - caliber 45 ball - .
) %s‘boel jacketed pz‘ojectile) . '.‘
Velocity , Y
Round _TFt/scc, Location of Impact Rosults B
18 lost *285°, 3% up from rim PP - impacted at high obliquity near hole
- in side of heluet, causing 0.7, 0.3%
cracks at hole, LT
19 992 0°, 3" up from rin PP, Dian, of indont - 3,01 :‘-W;M;""
20 1057 305°, 3" up from rin PP, Dian, of indent - 2,0% b
2l 104 Crown of helnet PP, Dian, of indent - 3.54 RSN
22 1000* Crown of helnet PP, Dian. of indent = 2.5%
23 1072 Crown of holnet P™®, 1,3" x 1,0" picce blown out
Ballistic Linit - 1066 foot/soc. e
Gernan Helmet No, 8 Projectile ~ caliber 30 soft steel L
150 grair. projectile Le-d -
Velocity 50 gralr. proj » 6 g
Round _Fi/soc, Regults Vo
1 L5 PTP, 1.2x.5% picco blowmn out, 1,0" crack : ®
2 300 PP, O,7" horizontal crack .
ﬁ @3 PP, hit 1" from #2, 2,6" crack bvetween #2 and #3
5  PTP, 0.7 x 04" piece blown out
5 1i5*  PTP, 1,0 x Q6" piece dlown out
6 310 PP, 1.1" crack Sl
7 360 PP, 1,3" horigzontal crack . e
Ballistic Linit - 388 fect/scce
*Starting from the middlo of the visor as 0° and procceding clockwisc around the
circunfcrance,
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Cerman Helmet No., 8 Projectile - caliber ,45 ball
isteel jacketed projectile)
Velocity
Round Ft/sec, ILocation of Impact Results
8 992*  355°, 35" yp from rim PP, diam, of indent - 2,5" v o
9 1060°  10°, 3" up from rim PTP, 1,5 x Q,U" piece blown cut, llcrack
10 1022*  top of crown PTP, 0,9 x 0,9" piece blown out
Cracks through previous rounds #2, 3, and 7 were lengthened by the subsequent _
impacts of the saliber 45 ball projectiles, Piece blown out at round # by Lt
later impacts on front of helmet, Very brittle bshavior, ’ ‘-
Ballistic Linit = 1007 feet/sec.
German Helmet No. 39 Projectile = caliber .30 soft steel
150 grain projectile, #Gwl~A
Volocity Toloclty I
Round _Ft/gec, Rosults Round T4/ sec. Results
1 585 PTP, 0,6 x 0,7" petal 7 Yo PP, 1,0" crack
2 500* ¥pTP, CIP, 1,7"ioriz.crack 8 W0 PP, disregard
ﬁ 275 PP, 8B 9 392 PP, 1.,0"% horiz. crack _ )
350 PP, SB, 1,0"oriz, crack 10 b1%*  PTP, 0,5x0,UM pisce ) e
5 57154 PTP, 0,8 x 0,5" potal * dlowm out i
6 455 PTP, hit #3, .5 x 4" piece 1l ?70 PP, 1.7" horiz, crack
blown out 12 45 »rp, CIP
Ballistic Limit - 508 feet/sece R
— o = ) °
Gorman Helmet No, 9 Projestils - caliber U5 ball .
(steel jacketod projectile) SR
Velociyy T
Round _Ft/seq, Location of Impact Results -
1 883 340°, 4" up from rim PP, diam, of indent - 2,5" ) ®
1 963 20°, 3" up from rim PP, diam, of indent = 2,5"
15 lost Hit previous rounds #3, # PTP, 1,0 x 0,6" piece blown oub
16 10U6*  top of crown ~ PTP, 1.0 x 1,5" piece blown oub
17 100)4# 1Yy50 PP, diome of indent - 2.5"

"Ballistic Limit - 1025 feebfsec, " o

German Helmet No, 10 Pro‘ecti]:e - calibor .30 soft sbecl
3 grain projectile = #G-1-S

Velocity L L

Rownd  _Ft/sec, Results N
1 1070 (P, Ou4 x 043" picce blown out -
2 1025% FPTP, 3 cracks radiating from penetration
3 10ko* PTP, 0.6 x 0,6" piece blown out

Ballistic Limit - 1033 foet/sec. T
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Gorman Helmet No, 10

Valocity

Round _Ft/sec. - Location of Impact

Projectilc - caliber 45 ball
(stoel jacketod projectile)

-~

Results

4 g66*  220°, HM wp from rim PP, diam, of indent - 2-3/4M
5 951- 310°, @‘_‘ up from rim PIP both sides, 1.3 x 1.0" piece
. blown out, bullet cmerged at 60°,
folding back 2,5 x 1,5" petal
6 887* 260°, UM wp from rim  PTP, 1.€ x 1,1" piece blown out

Ballistic Linit

~ 878 foot/scc,

German Helmet No, 12

Velocity
Round ¥t/ sec
1 320
2 333
3 20%
Ligm#

Ballistic Linit

Projectile ~ caliber 430 soft steel
150 grain projectilc ~ ¥Gel=d

Rosults

iR
BBY

PP
PP, 1.4 x 0.6" petal folded back

- U537 foet/sece

Gorman Holmet No. 12

Projectile = caliber 45 ball
{stocl jacketed projectile)

Yelocity -
Round Ft/sec, Location of Impact Resultss
5 899  300°, 3<3/Wf wp from rim PP - dion, of indent - 3*

lost  240°, " w from rin
lost 15°, %" up fron rinm
101 325°, 3% up fron rin
103U*  170°, 3% wp from rin

WO R~ OV

PP -~ dion, of indent - 3"

PP « dion, of indent - 3

PP ~ diom, of indent - 251

PTP = 1,7 X 1,5 picce blown out,
bullet went through and struck front
of holnet at 345°, 2" up fronm rinm and
caused 5" crack fron round #8 to rim,

Ballistic Linit

- 1024 feet/secs

Gernan Helnet Ngr, 22

Yelocity

Round Ft[ 56Cy
1 1130*

2 1170*

Ballistic Linit

Projectile - caliber .30 soft steel
3 grain projectile = #Gmle=S

Regults
FPTP, 3 - Lf2Wcracks radiating fron impact
PTP = 0,5 x Ol petal folded back

- 1150 feet/ seCe
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German Helmet No, 22 Projictile - caliber 45 ball
(steel Jjacketed projectile)
Velocity
Round _¥t/sec. _Location of Impact Results

i 989 150°, 25" up from rim PP, hit at high obliquity, disregard
1037 230°, 33" up from rim PTP, 1.l x 1,1" piece blown out bullet
. emerged through helmet at 55°, 2.0 x 1,3%
Piece folded back, .
5 993  295°, 3" up from rim PTP, hit hole in helmet, 1.2 x 0.6" piece
. blown out
6 960  20°, 2" up from rim  PTP both sides of helmet, 1.5 x 1,0"
. piece blown out, bullet hit back of helmet
at 180°, on drilled hole, causing 3 — 1"
cracks. radiating from hole
1 U4 235°, 2% up from rim PTP, 1,3 x 1.5" piece folded back
8 922  top.of crown PP, diam, of indont - 35"

Balligtic Limit - 933 fcet/sec.

Part B - Ballistic Tests of Amorican Helmets

Amorican Helmet No. Il (McCord Lot 584GC) Projectilo ~ caliber ,30 soft steel
34 grain projectile = #Gml=S

Velocity Velocity
Round Ft/sec. Results Round F4/scc, Results
1 1110 PTP, .3 x 3" piece L 995 PTP, .3 x 4! piece
blown out folded back
2 970 PTP, ,3 x UM piece 5 ols* PTP, .3 x UM piece
folded back ~ folded back
3 670 PP, SB 6 g90* FPTP, 0,9" crack
Ballisvic Limit - 918 fect/sed.
e S S — =
Anerican Helmet No, Il Projectile =~ caliber U5 ball
(steel jacketed projectile)
Velocity
Round _Ft/sec. Location of Impact Results

7 893 0°, 3" up from rim  PTP, 1 x 13" piece folded back

&  lost ko°, e%" up from rim PP, diam, of bulge - 4,0

9 lost 90°, 3" up from rim PTP both sides of helmet

10 BUT*  295°, 3" up from rim PTP, 1 x 1" petal folded back

11 lost  340°, 4" up from rim PTP, 1,2 x 1,3" petal folded back
12 g2z* 295°, 1" up from rim PP, diam. of bulge - 2"

Ballistic Linit -~ &35 feot/scce
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Anerican Helmot No, 12 (McCord Lot 5894)  Projectilc « caliber .30 soft stegl
' A 34 grain projectilo #GwlwS

- Velocity Veloeity _
4 Round , Ft/sec, Results Round _Ft/scc, Results
. 1 910% PTP, U4 x UM peotal L 925 PTF, 4 x .3" petal folded
. folded back haclk
3 2 60 PP, SB 5 goO* TFPTP, ,8" crack through
;E 3 7‘10 PP, SB © impact
Ballistic Linit -~ 905 feet/sec.
' Anerican Helnet No. I2 Projectile - caliber U5 ball
(steel jackoted projectile)
K; Velocity i
i Bound _Ft/sec, Location of Impact Rosults
3 6 893* 40°, 3" up from rim PP, dian, of bulge - W
g 7 916%  g0°, 4 up from rim PTP, both sides of helmets, 0.7 x 046"
¥ - ' . petal folded back
r -
q

Ballistic Linit « 905 feet/secc.

Ancrican Helnet No, I3 (McCord Lot 59UA) Projectile - caliber .30 soft steel
| 34 grain projectile, #Gwl=s

3 Velocity AR
ﬁ Round 4/ sec., Results -
1 815 PP, 0.2% crack on MB
2 750 PP, SB
; 3 300 PTP, 4 x .3" potal folded back
k g70% PP, 0,5, 0.3, 0,1" cracks through impact
1 Ballistic Linit - 685 foot/sec. )
Anerican Helmot No, I3 Projectile - caliber 45 ball
{stoel jacketed projoc‘bile)
Velocity )
Round _Ft/scc, Location of Immact Rosalts
5 lost 3450, 24Wup from rin PP, dian, of bulge = 40
6 glo* 60, 3" wp from rin  PTP, both sides of helnet 1.0 x 0,5
; ‘ petal folded back
7 3935* 258, 3% up from rim PP, 3% x Ut indent

Ballistic Linit - 921 foet/scc.

Appendix B - Page 5




Py

. .w' R N A S Al
—

Anericon Helnet No, Il (McCord Lot 594B) Projectile = caliber .30 soft stecl
150 groin projectilc = #G-1~A

Velocity Velocity
Round Fi/sece Regults Round Ft/sece Results
1 74 PP (snall fragment Y 415 PP, 0.4" crack
Gul=S) accidently used 5 508  PTP, .6 x .5 petal folded
2 515 PTP, .3 x U4 piece back
blowm out 6 7s*  PTP, .5 x 5" petal folded
3 Uo0* PP, .6 x 5" petal * back
folded back

Ballistic Linit - 4Y5 feetfocc.

Ancrican Helnet Noo, IY Projectile - caliber 45 ball
(steel jacketed projectile)
Velocity )
Round Pt/sec, Location of Impact Results

7 gok*  20°, LM up from rim PP, dian, of bulge M
8  lost' 355°, 33" up from rim PTP, 1 x 1" petal folded back
9 976 90°, 3" up from rim PTP, 1,2 x 0.6" picce blown out PIP both
. sides of helnets
10 950% 315°, 2i% up from rin PTP, 2 = 13" crocks through penetration

Ballistic Linit - 927 fect/sec.

Ancrican Heliot Mo, I5 (McCord Lot 595E) Projectile - calibor .30 soft stecl
150 srain projecv.’ e, fFieleA

Velocity
Round _Ft/scce Resalts
1 u65 PTP, 5 x 3" potal folded back
2 3BT PP, SB
)_3‘ 4z5%¢  PTP, ,5 x 6" petal folded back
LYoo+ FPTP, 2,1" cracl: through irpact

Ballistic Linit - 428 foct/scc.

Aooricen Helnet No. IB Projoctile - caliber JH5 ball
(stoel jockoted projoctile)
Velocity .
Round Ft/ scc. Locaotion of Impact Results
5 lost 20°, 4" yp from rim PP, dien, of indent - Uelf/U¥
6 G69% 335°, W' up from rim PTP, 1.0 x 0,6" petol folded back

7 927 310%, 25" wp from rinm PP, dian, of indent = 4

Bollistic Linit - U8 foet/scc.

Appendix B - Page 6




American Helmet No, I6 (McCord Lot 5954)  Projectile - caliber .30 soft steel
150 grain projectile, #Gwml-A

Velocity
Round Tt/ Sec, Results
1 L30% PTP, 0.3 x 5" plece blown out
2 g5 PTP, 0.5 x 4" piece bent back
3 370% PP, SB

Ballistic Limit -~ 400 feet/sec.

American Helmet No, I6 Projectile - caliber 45 ball
(wtoel jacketed projoctile)
Velocity )
Round Tt/ sec, Location of Impact Results
L lost 0°, %" up from rim  FP, diam, of indent - A"
5 939+ 75°, 35" up from rim PP, diam, of indent - 41
6 96 325, 3% up from rim 1,0 x 0.7" petal folded back

Ballistic Limit « 952 foot/sec,
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Weights of Germen Helmets

*Weight Welght of Veight Weight of
As~Received Helmet Shell Helmet As-Received Helmet Shell
: Helmet No, Gramg Grane . Yoo Gromg Grams
b, 4 \ '
y (Paratrooper) 1692 1029 19 118 1138
- 2 1238 20 135 1087
y 3 ; 1378 1060 21 125k 9k
;. 1349 1122 22 1311 1064
o 5 1201 3033 2 23580 1104
2 6 1179 971 p2) 1235 100
o 7 1399 1145 25 - 116
- 8 1353 1112 26 - 1114
3 9 1368 1119 27 - 966
10 1312 1096 28 - 1238
i 11 1372 1031 9 - 985
12 1227 1074 30 - 1036
1 15385 1111 31 - 1064
1 13(6)8 1014 32 - 1116
‘ 15 1l 1151 3 - 1029
L . 16 g , 1010 3 - 1185
o ¢ 17 1)40 1158 35 - 1109
- 8 18 136 1089 36 - 1030
*Only helmets which were complete with headbands, leather linings, and chin
straps were waighed in the asereceived condition,
T ¢ Weight Weight of Weight Weight of
g As-Received Helmet Shell Helmet As-Reccived Helmet Shell
Helmet No, Grans . Gremn. Yo, Grame Gromg
. 37 - 1168 uh - 1108
3 38 - 1112 45 - 981
T 3(9) - 1085 L6 - 110k
Y - 1192 47 - 993
e 41 - 1054 4g - 1169
R . 3 4o - 1031 g - 1256
S 43 - 1090
E A3
.‘ 8 Average weight of 21 complete helmets - 13Y0 4 U9 grains (U7, ﬁ_-o_-_ xes)
' Average weight of 49 helmet shells - 1088 & 58 grains (38. _-4_-_ unclzs)
Weights of American Helmets
fe Weights of Helmet Shells (with chinstraps) Woight of Liner
1 Grams Gramg
-3 1050 255 (9.0 ounces)
s 1072
' B 10@%
- \ ) (._' 10
ke 10
- 10k9
K- 1058

Average - 1061 + 8 grams (37.i4 + 0.3 cunces)
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Dimengions of Headband Components of German Helmets

1 Steel Components

Outer Heaﬁ.’bands

Springs

Helnet Ho, Thickness - Inches

Helmet Date of
No. Mfer, Mfg, Thickness = Inches
11 SchubertheWerk 1940 .019
24  SchubertheWoerk 1940 00
25 SchubertheWerk 1940 019
. 30 B&C Berlin 194 .019
3 37 Schuberth-Werk 1940 ,019
Inner Headbands
g Helmet
i;‘ el%x(r)x? Thickness « Inches Width - Inches
S 11 .010 1,38
: o4 .010 1,38
! 5 010 1,38
30 +010 1.36
37 +0095 1,38
Aluminun Alloy Components
Outer Headbandg
Holnet Daie of
Noo Migr, Mfg.  Thickness - Inches
4 SchubertheWerk 1938 027
10 B&C Berlin 1938 027
29 B&C Berlin 19 027
3L SchubertheWerk 1939 N2]
36 B&C Berlin 1939 027
Taner Headbands
Helmet No, Thickness - Inches Width ~ Inches
4 015 " 1438
10 015 1,38
29 015 1,98
33 015 1,36
36 015 1,38

Width « Inches

4
2
2
2
30
31
31

011
010

0035

«00
1018

011
#010
010
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Bird/mal
Ext, 5845
WAR DEPARTMENT
OFFICE OF THE CHIEF OF ORINANCE -
WASHINGTON, Do O
Wtn 386.3/52 23 November 1943

0.0, 386.3/690 :
Attn: SPOTS :

Subjects Georman Helmets
Tos " Commanding Officer -

Watertown Arsenal

Watertown, Massachusetts

Attn: Major Matthews

1, Ffty (50) coptured German helmets have been obtained from -

Intclligence Division, Army Sorvice Forces, and are forwarded fron :
New York direct to your Arsencl.

2. It is requested that upon receipt of these helmets, st't.J.dies
be nade of the ballistic, metellurgical, and strain characterisiics

other physical characteristics for comparison with the M1 Helmet.

By order of tbe Chief of OrInancel

(5/7) Rene! R, Studler
Colonel, Ord., Dept.
Assistance

COPY
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vy UNGLASSIFIRR

Attn: SPOIS 1st Ind, 7 Matthews/env

C40., Army Service Forces, Ord., Dept,, Watertowm Arsenal, Watertown 72,
Massachusetts, 15 December 1943,

To: Chief of Ordnance, Pentagon Bldg., Washington 25, D. O,
Attn: SPOIS

1. As requested in basic letter, two (2) coptured German helmeis
are being returncd to his office today as per shipping order, SAD 3152,
dated 7 Decembor 1943,

i_ For the Cormanding Officer:

3 G. L, COX

: Ilto GOl.. Ord. Dept.
o 1 Incl, wfd Assistant

SAD 3452 (in trip.)
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