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To e mpare the bellistic snd metsl lurglerl chearsoteristies
f helmets made from NAX 9120 and Hadfleld mang nese steels.
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le Of the helmets submitted for test, those mafe from |
Hedfield mosganese stesl heve » higher resis‘snee 1o nene- |
trstlon 07 o485 caliber lesd ball sweunition them those made | |
from NAX 9120 steel, !

Aversge bol lstle limit of Hedfiald helmets is

m‘”..“- Ll“'ﬁ“l“\:mmhﬂ
thn-m of J042°,
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3. Doep drawing » ferritio steel such ae NAX in 4les
dosigred for H dfield sustenitic stesl does ot develop
the ortimum properties of the ferritiec steel:

The "AX helimets drewn in the ssme dles o8 the
Hadflield ftee! average 0,.776" lese Ar thlekness 1in the
arown ares than the Nadfield helmeta, see Tigure @,

R The sbrurt verdstions in woll thisknees of the
NAX helmets resultilng rrom an lweroper drawing techalou
tend to ~roduce irregulsr bellistiec results.

4. The weld between the stainless steel stirins and the
rim of the NAY helmet wos unsatisfactory, sen-ratlion ooour-
ring vh n the metal in the vielnlly of the weld deTormed
urnder lmp-ot, see Pigure 7, YAX helmet Yo, 7,

5. The v»eld between the ohin strep cllp snd the NAX
helmet shell wue m-tuf-nm{ the ehin stran oline fre-
ouently broke off during the b lllstiec test, see Figure 7,
NAY helmet No. 3.

8. ¥etallogrenhle eyaminatlon revesls porosi and
interdendritie orscks in the weld batween the steinless

' steel chin etrap olip and the NAX helmet shell.
' 7. Weldimg the ohin strsp olips snd the rim to the

helmet shell or to heot trestment should grestly ineresse
' the "uallity »nd tensclity of the weld.
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DiTeopycTIon

Ninety (90) helmets mede from st Lakes Steel Cormo-
ration NAX 9120 stesl and rifty (50) helmets of the production
variety made from Hadfield steel by the MeCord Radiator Com-
pany were sent to this arsenal as a result of the comtrset
pleced to investigate the possibilities of the NAX steel for
helmets. The helmets were comnletely finished with rime and
strans applled and painted but without the liners.

The NAX helmets had bDeen hest treated as follows: Water
quenched from 1600°F, and drawn at 300-400 7. The Hadfield
helmets were in the cold worked condition resulting from the
drawing operstions.

TRAT PAOCERUAR

Ten helmets of esch variety were selected at random for
balliistie test. Transverse and longltudinel eross-sectlonal
strips were taken from two additional helmets of essch type
selected at rendom for hardness and thlokness » « Chipe
for chemiosl analy#is were taken from the latter helmets.
Transverss and longltudinal mieorospecimens ware taken from
two helmets of esch tyne whish, on the basis of the balilstle
testa, were considered the best and the noorest of each tyve.

On the basis of the thickness surveys, the thickness at
the nolnt of esch impaet was estimated tak into considers-

tion the position of the lmpaot and the position where an
actual thiokness messurement had been made on esch helmet.

L. Ghemleal Asalrais

Chemiosl snalyses of tyniosl helmets of each tyne
are s 7 llows:

Helmet Steed ¢ %W U & LN & %R
Hadfield 1.37 14,850 .38 .017 .081 mil - %4 -

NAX 24 AL .92 035 .084 nil .84 .16 .04




2. Wigreegopls Lxsaination
e Madfleld Wanganese Steel falmete

The
metallie inelusli
No. T snd No. 9,

gize, shepe, and dlstri‘ution of the non-
ons are similar in both Hadfleld helmets
consieting of fairly well distributed

stringers renging un to 0.003" in length. Hadfield helmet
Ho. I was selected se the best, and No. 9 s# the pocrest

helmet on the da

sis of the ballistic tests. The steel of

both helmets is moderstely clesn. (See Pigure 1B, X100.)

The
tenitic grains,
severe in the ir
No free csrbldes

mlerostructure consists of deformed aue-
with the deformetion being somevhat more
snsverse dirsction thsn in the longitudinal.
are present in the microstructure. Exten-

sive cold working ie revealed by the large number of slin
1ines present. (See ¥ e 2C and 2D, X100,) Helmet No. 3

has & grain size
grain size of A.
exsmin-tion were

of A.8.T.%, No. 4-5 and helmet No. 9 »
8.7.M. No. 3-4. The specimens for microseople
eut from the sides of the crown sonroximately

four inches up from the rim.

A s
elip and the she

ection through the weld between s chin stirsp
11 of & Hadfleld helmet is shown unetched

in Figure 3A, X5, and etched with VYilella's reagent in

Figure
in the Po&t“vhﬁ’

o show the relatively small t formed
ing overation and thz rnnltmov strength.

A view st higher mesgnification of the weld nugzet, "igure

4A, X100, shows
between Hadfleld

the extreme heterogenelty of spot weld
mangsnese steel and stalnless eteel.

R NAX SIEEL HELNETS

The steel of both NAX helmets No. 9 and No. 10
is woderstely eclean, eontaining well diztributed nonmetalllies
with but = slight tendency towards slongation in the directlion
of rolling. (See Figure 1A, X100.) Helmet No. 10 was the best
snd helmet Yo. Oﬁ.mm\.Whomtummuofm

ballistic tests.

surfsces, with ferrite

Both helmets were decarburized on both

extending
0.0018" from the surfaces. (See Figure 1€, X1000.)
The mlcrostructure of both helmets consists of

BT

size of A.8.T.¥.
A.B.T. M, Neo. 6.

wes tempered at a relatively low temperaturs.
and 2B, X1000.) Helmet No. 9 hes a grain
No. 7 sand helmet No. 10 a grain size of




A sectlon through a weld betwsen » chin strap
clipv and the helmet shell of an NAX helmet is shown unetched
in Figure 30, X5, snd etched in Vilella's resgent in Figure
3D, X5. Torosity and oracking sre evident. A view st
higher magnification of the weld nugget is shown in Figure
4B, X100, The cracking occurs along the interdendritic net-
work in the weld nugget.

S. HARDNESS SURVEXS

Hardness Surveys were msde along strips cut
througs: both longltudinsl and trsnsverse midseoctions of
Hadfleld and NAX helmete. The results sre shown in tabular
form in Plgure 5. The rsnges of hardness obtained on both
tyres of helmeis are a8 follows:

- AT ST mearet 20 Rart¥ibon sasves,

Hadfleld( Traneverse section) 8-43.5 2754720
Hedfield(Longitudinal section) 31-50 370-4956
KAX(Transverse section) T4.5-44 3°5-430
NAX(Longltudinel sectlon) 38-42.5 360-400

4. THICKNESS MEASUREMENTS

The thicknesses of the shells of Hedfleld and
NAX helmets were measured every half-inch slong the strips
used for the hardness surveys, and the results sre ploxted
in Pigure 5.

5. BALLISTIC TESIS

Ballistic tests were conducted on 10 helmets
of each tyve us specially londed ealiber .45 lead bell i
ammunition fired a esliber .45 revolver at » range of ! ) .
25 feet. Striking velocitlies were recorded by means of an
Aberdeen Chronograoh. Photograshs of tyrloal results of 2 e
firing st both tyves of holmets are shown in Figure 7. i [

During the ballistie tests, shots were fired

at sreas on the two types of helmets to
: obtain results.
@ Detailed reports of the balllstis tests are as
o ke
VAPES
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DISCUSSIM

n the basls of ballistie limit salone, the NAX helmets
teated 414 not erusl the nerformance of those mede from Had-
fleld mangsnese steel. The difference between the beksvior
of the NAX rim welds and chin strap cllip welde under impsot
18 the result of noor fabriestion practioce sand no feult of
the steel itself. In other respects NAX helmets compared
fovorsbly under ilmpsct with those of the Hadfleld grouan,--
L:otglm of tesring and the character of the fatlures beling
similar.

On the bsels of imdentation, on the other hand, the NAX
type was noticesbly better, snd inssmuch =3 helmets in service
sre often subject to sttamek by shrannel, bonb frageents and
sther debris ss well as from pistol or rifle fire, reslstance
to indentation may well be a8 important » sonsider-tion in
helmets a8 resistsnce to peneiration.

It should be noted that im spite of the fact that the
NAX helmets tected were mede under unfsvorable conditions of
fabriestion, they exhibited many good features. It 1s
believed, therefore, that NAX steel, formed into helmets in
dies designed for this steel, with rins snd chin stran olips
welded prior to hest trestment, will orove » satisfeatory
substitute for the high manganese steel.

From the alloy conservatlon stondroint, the NAX steel
18 considered to be one of the best substitutes. The stra-
tegie slloy econtent is low, snd the steel can be nroduced in
large tonnages a8 an owen-hesrth product.

The weld between the stainless steel chin strap elips
and the NAX helmets 1s unestisfactory due to sorosity and
erseking in the weld nugget, see Figures 4C, 4D, and SR,

It wre noted that = sustsineé pull on the strane ~aused
fallure through the weld betwsen the chin strap elips and
the helmet shell of both the Hndfield and NAX helmets. This
is attributed to the faect that a relatively susll srea of the
eontaet surfaces bstwesn the metals ie sotually fused together,
see Pigures 4A to D. The contset surfsces which are

t




Rockwell C surveys show both types of helmets to have
the same ronge of hardness, thus preclud observations as
to the effeet of hardness on ballistie orasnce of the
helmet steels Lin cuestion.

The varistion in geuge of the Hadfinld helmet from rim
to crown, see Flgure 6, 1is normal for the cold f process
used. The egoessive variation in geuge of the NAX helmets
resulting from drawing them in dles designed to form sustenitie
steel oon be eliminsted by the use of sultably designed dles,
and all varistion in g~ oan orobably be eliminsted by hot
forning helmet bodles made of ferritie steels.

All the Hedfield helmets resisted complete penetrations
in the orown when subjected to et of » .45 onl Tend
ball fired at serviee veloolty (ssoroximstely 800 f/s); while
in all cases commliete penetrations resul ted the orowns of
NAX helmets similarly tested. This is attributable in the
main %0 the difference in thiockness of the crown areas of the
two tynes of helmets. The NAX helmets ave 0.006" thinner
in the erown than the Hadfield helmets, and no oase was
this 41fference less than 0.003%. The NAX helmet aversged
0,027" thiek in the orown snd the Hadfleld 0,078,

The subjeot ferritie steel 1s representistive of
similar low alloy high tenslle steels on the market are
sdaptisble to deep forming operations. Although no complete
tests hove been oarried >ut on these seversl steels, there
is no resscn to doubt but what similar results oul‘ be
obtained with thelir use in the majority of cases.

In the fabriestion of magnetic helmet shelis it 1is
bellieved that » low carbon strip steel could bde used s8 the

lent forming properties and would svot weld more easily.
FPurthermore, the stsailnless steel components shoul'd not be
used from the conservation standpoint LAf avoldable.
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AL delact le. A0

Aversge dlstribution of nnmetsallle ineclusions
representstive of both helmets.

Une tehed X100 MA-4441

HadCiodd fdelaet Mo R

Aversge dlstribution of nonmetalllie inclusioms
revresentintive of both helmets.

Unetohed xno WA-4442

WX Hedmet No. A0 "

osl decarburization st both surfsces of the
NAX helmets. Decarburization to ferrite
0.0015" in depth. .

Nital and Pioral etch X1000 MA-4445
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271 el
M1CROS TRUCTURR OF HELMETS

WAX Melmet M. 10
¥artensitie microstructure. A.85.7.N. graia size
No. 6. Best NAY helmet on basis of ballistic tests.

Nital and Plorsl eteh xnn"e MA- 4444

WAX el Ne. R
in size

Martensitic microstructure. A8, TN,
No. 7. Poorest NAX helmet on basis of brllistlio tests.

Nitel snd Plersl etch 000 WA-4443

Hadtiadd Jialact Mo d

Cold worked austenite gra
No. 4-5. Best Wedfield helmet on basie of

tests.
Nitsl and Vilells eteh xnno

ine. A.B.T.N. sise
1listie
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TINRE 3
CHIN STRAR CLLT WELRS

Ao Hadfield Melmet

Sestion through ehinm strap olip weld showing rela-
tively small area of oon‘asot surfaee fused together.

Une tehed X5 WA-4447

B, Madfield Medmel
Same a8 above. Note small weld nugget

Vilella eteh X5 VA-4449

6. WAX Helwet

' Seection through chim strsn olip weld showing small
ares of contaet surfroe fused together. Wote poresity
and erscks in the weld.

Ine tohed x5 VA-4448
1 -
b, WAX Nelme | -

Same a8 sbove. YNote pemstration of stainless steel
into the FAX helmet shell, and the heat affected rone

g umm-ua.nuvn-um-w-—a
s after heat trestment of shell.
Yilella eteh X5 WA-4448
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A.

L10URE ¢
CHUL ATRAE _CLILE VElDS

HadCield Helaet

Spot weld nugget of chin stiran clip weld detween
stainless steel and Hadfield helmet shell. Note
extremely heterogeneous structure of weld.

Yilells eteh X120 ¥A-4480

Vilella etek X100 WA~ 4451
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8 B g . Hadfleld
s Steel

Stainless
Steel

AX
Steel

Stainless
Steel

t

’. WA 030403




riguat &

Andfleld Vangageee Steel

ongltadingl Toanayaree
Sta- Re  Sta. fe Bt g Sa. fe Sta. Re  Ste. Re
1 43.5 14 39.0 o 38.5 1 42.0 13 36.5 26 3.0
? 43.8 18 37.0 27 8.8 2 40.5 14 36.0 27 40.5
3T 47.5 18 34.5 28 41.0 3 43.0 185 2.0 28 40.0
4 48.0 17 37.0 29 4.0 4 41.5 18 34.5 29 39.5
5 47.5 18 335 30 41.0 5 40.0 17 4.5 30 37.8
6 43.5 19 31.0 31 43.0 8 36.0 18 35.5 31 4.0
7 4.0 20 36.0 32 42.5 7 35.8 19 3.5 32 42.5
9 40.5 "7 32.% 34 44.5 ? .5 71 3.0 34 43.5
10 37.§ °3 38.5 38 §0.0 10 35.8 "2 39.5 35 435
11  40.0 24 37.0 386 45.5 11 4.0 73 38.0 38 43.0
12 39.0 28 32,8 37 4.5 12 32.8 24 .0 37 4.0
13 38.5% 38 4.0 "% 4.0
’ NAX Steel
Longl tadinal ITraneverse
Sta- Rg Sta. Mg  Sia. Re Sta. Mg St Ng St Ne
1 4.0 14 Q.0 2 4.0 1 44.0 13 42.0 26 4.
? 42.83 15 .5 7 4.5 ?  43.0 14 430 v :}: j
3 41.58 18 40.5 8 40.0 3 43.5 18 43.0 A 42.0
4 4l.5 17 390.5 29 400 4 42.5 18 42.0 99 4.0 3
§ 42.9 18 4.5 0.5 5 41.5 17 4.8 30 41.5 b
§ 4.0 19 4.0 3N 4.8 6§ 42.5 18 4.0 = 38.8 ) ,
7 4.0 20 W5 32 0.0 7 420 19 43.5 3» 38.0 7
8 4.0 M 39.5 33 9.5 8 425 20 4.0 133 36.5 i
] uo. 2 ”o. 34 4.5 Bl “o. "l “o' “ “..
10 42.5 23 38.0 35 ¢0.5 10 43.0 "3 41.5 38 37.8
IR N
- - .
13 420 ® =8 ’ S 53 ¥ e
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