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Flurtial Report on Prol)l
l„UNCUSSff)EI

2« Au«uet 19>^3

DXrsC7ITB H2U(BT STKEL

1. Heference letter from the Office, Chief of Ordnence, SPOIS,
0.0. lo, Ue:l/2305, dated 7 Jane 19*^3, a prellainary •etallur^lcal 
examination hae been made on sample* of defectlre onflnished helmets and 
helmet steel stock encountered at the Sehluatar Nanafaoturlng Company and 
forwarded to this Arsenal by the bt. Louis Ordnance District Office, 
reference at. L.O.D. Mo. ^1.1, 11 Jone 19^3-

2. The follcwlng conclusions are ewldent at this ttsjre of the 
inTestisation

a The cracking during the drawing operation occurriac in the 
lots of steel submitted for study is traceable to either surface 
decarburisatlon to the extent that thin layers of martensite 
exist at the surfaces of the Bhe«^ts or to streaks of martensite 
below and parallel to the surfaces of the steel probably resulting 
from the rolling out of an ingot defect such as a pipe which had 
not been completely renored ^en the ingot was cropped.

b. Vhen helmet sheet whose surfaces are dsearburised to 
martensite is deformed by cold working, the thin, brittle marten­
site layers crack. Once cracking is initiated, it readily 
propagates through the otherwise tough and ductile austenitic 
body of the sheet.

0. The failure of fire helmets from Schlueter Manufacturing 
Company's Lots 62A, 63A, and 64a to mest ths rsquiremsnts of 
the ballistic aocsptanoe tsst resultsd from surface dscarburization 
indicated by ths presenos of martensite layers from 0.001” to 
0.002* in thiekasss.

d. Surfacs deoarburiration of ths austsnitie manganese helmet 
stock in the annealed and not cold-worked condition lowers the 
ballistic limit as much as 200 fi/sec., using ths caliber 4^ 
ball ammunitioa.

Surface deearb\ir isat ion of helmet stock can be detected
by the following meant:
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1. Mleroteoplc ezaalnation of crot»-a«etlon« of 
tho atook,

2. Malotin oapablo of baing dataetad bjr placing 
a piaca of tha annaalad and not oold-workad 
balnat tlook naar a small auapandad aagnat

3. Cupping tasts such as tha Olsaa or Zrlohaen lasts.

f, Surfaoa dacarburitatlon to tha axtant found In tha 
subjact steals does not daeraase the ten alia straogth and 
tha parcant alongatlon as datenslned b^ means of tha tonslla 
tast place described In federal Specification Q^-151a. 
figure 5; and eannot be latectad by HocVwell B hardness surveys.

3. Tha material received from tha St. Louis 
conaistad of the itaas listed in Tabla 1.

Ordnance District Office

TA2LB 1

Item
Sharon Stool Corp. 

Heat lo.
Schluetor Mfg. Co. 

Lot Ho. Description
A 72312 k«A 10 discs, defective, iaproparly 

annealed.

B 72193 felA 5 helmets broken In draw, la- 
properly annealed.

C 720Uk 373 10 discs, defectiva.laainatioas.

0 7231** 5U 5 halaets broken in draw, 
laainations.

I 72195 62A 10 discs, ok.

f 72195 62A, 10 halaets. finished, unpalntsd, 
o.k.

a 72195 62A 5 hslaats. drawn,* o.k.

1.2.3>.5 72257. 72202 
(1,2) (3.k.5)

57A. 63A 5 dlsos from various lots of 
steels with which difficulties 
occurred in tha drawing opsiatloa.

1.2,3.‘+.5 72195. 72202. 72110 
(3.'*' (1) (2.5)

62A, 63A, 6Ua 5 halaets which fallad tha 
ballistic acceptance taat.haviac 
eo^plsta penetrations at vslool- 
tlas of 735-75« ft/sac.

Additional helmet stock In tha form of 15" dlaaatar dises supullad by Mr. H. I. 
Moser, Chief Metallurgist of tha McCord Badlator and Manufacturing; Coopany Is 
listed In Tabls II. UNCL4SSFIF-2-
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Ten 11 l" Taste of HAlm~~ 

Relation t o Ter1Ril e 
Bol1. i ng St t1ngt h ~ 

Di ect1on ..J?.:..!:.!.• . . :B:l on.&:_ 

l.f"lng1twUnal ll l ,400 }8 . 5 

'1Tan ner1e l 09 i5'10 35,5 

Longi di na l 11° i;,;o ., . .55 ,0 

Tran 1ver 1e 121 , 740 ,Sl .•• 

l..on 1tud1ual l!l , 71.o 

TrantTerae 91 ,740 

.l.ongitudinal 84,350 

Tran 1ver ae 121, 7~ 4o .o 

Lon~1 t u.d1nt.1. l 118 , 260 29 ,5 

Tr a. averse 119 11,;o 27 0 ) 

Lor. itud1nal 129 . 750 36 .5 

Tran n er tje 132,170 2.5 

Lo g1 t \~~ical 127 ,080 37° 

Traru ver1e 127,080 ~5.0 

Lon .it 1d1nal 1281 750 39.0 

Tr ,..-er•• 129 I 180 34 ,5 

Lon itudinal 107,390 ) .o 

Tran ,..-erae 13 ,910 33 .5 

Longi t11dinal lll,~O 34.o 

Tran ner1e 110 ,000 33 .0 

Jtock 

- ·- R~r.•_ ---····-

t~ ,t pi eoe epli t open 
n:ong l aminati on , . 
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:bcept !or 11teel • L ri ch c&t1e the ten11le teat p1ecu 
aplit open along lamination,. no lmport ru1t difference• exi1t between the 
ten .. 1h pro_pert1fl!a of th e 1o1 i .:-:a th .l!I . Si ··ce th1 tena1le propertlu 
of ate f! l• whl ci1 ~ e both .. at1 cfa.e t ory M d u~eatl1factor7 fo!' t~.e helmet 
appl1 ca: 1~n V! rlep . t he tt1n111~ ·teat ~ r. ot fully adequate Al an ai d 

n t "' aele"t i c!", f helmet stock . 

Spe c1. mene 'both lci'lg itu dinal l'.J1d tran fJverH t o the d. l rectlon 
of r olline we r tt aulected for mJ. croecopic examination from the 1ame dhca 
fr om whi ch t ht1 ten11le teet µ1wce ■ wer e machined, •" well l'B from two 
~ampl ee each from ite~a B, D, 0, ilDd hPlm~ s 1. 2, 3, 4. and 5 from Sharon 
h~at @ f72195, 7~2 2, end 7211 

Ste" l A , .,,,h ich r: the bae1e corre■pClnd~c" v,1e dflclared 
def11ct.iv1 du . ,:. i:np!"ope1· &r\l'le11.Hnr, , waa fr, uncl t o b e (~1c1,r hurhed on both 
aurfac ea to tt e extent that ().0025" thick: l1,.; •. n o '~ 11n.rbn'1H, 111 e:det. at 
bo t~ su~f acos, ! ee 11eure U . ln a prev1ou8 inv11ttgationl of helmet 1tock, 
crackin~ dur l 11r, the deep drawin p: of hel eta wa1 at t rtbuh1 t o und11&olved 
earbid1t! resul t ing either fro111 ncomplete 10J.utton of t,he cart lei.ea during 
heating o • th~ at t' el, or f r u 1mi:rcpor quench1nt practice . Mo und111olved 
carbid~! were fun ~ in any of. · he ete~l• studied in thi1 investigation . 

s~~c1~ ~n 3 f~o~ 1 t em B, which con1i1t1 of helmet.a broken 1n 
t h 111 '1.rawin~ oper - t '.on, ahr,,., ffl::.r !acfl decar b;Ar i,iet\on 1h1ilAr to that fl)t\l'lci 

1 tFnr, ,\. . .. :)L\ w".l r ki!'l. g de:Ar t~r1 zt,d he"..inet stock _OIIUIH crack1n,i; of the 
r:!..t h 'Tl 1·t .,n 11.-· : t' ~1'rfac 9 la:1i,?' l'l , 11 gu r<! l .B, aftd th11 CTA.ck lng, ,:,n ~e 

. ,it \ a t e · , e..,, en t ly p N p~?:"'h'J readi!y t. -rough thft oth8h1ia11 ~.uet 1le 
uuat er: i ti 1-: bod~ or thn tho ~~. D~sp d.raw~ng c f the ht1l11!!t 8toek 1n'1.ueu 
hl_1. s ~r ,111 s '! 1 !:1 "; h i, ~tAr li\l, and M1all ere.e ii: w, by their notch P.ffec t , 
n ·o vsr y dru1~~rn a ~t ro1n raiae·a. 

Steel • whi ch we.1 de ecri bed ao defective due to lamination,. 
con tn!n , e ~tr ~Ak o! f ragmented ~r~i n~ of coarfte marten11tP- bP-lov and 
parall el t o t e 1ur!acu of t he shE1 At, S P.I'.! l'i~r• ■ 10 and D. Thi.a defect 
ls prob$lb l y e r e1mlt of th o r olUn~ i, ut of re11dual 1nt;ot pipin,; tha t 
escaped u .. 1. croppitd. The aurfaeee of ingot pipe, u.y be dP-carburi led 
.a1 t her by en t rapp~d g1uea or by ex-pos1.1rt- to t he alr. • decrease in the 
. or mel ca rbon content of Hadfi~ld mangRne ~ , t eel ■ake1 the auatenlte 

r: eta ble El '' lf'nd t o the forme.t.ion ! rr:ru-tenBite. 

Sp ~e t ~~n • f orm ~r oscopic ~Xb,4lt r.at1on cut from helmet, 
f rom i tem D, which broke i n t he draw bP.ca se o! la■1nation a . exhibit the 
aa~e t,Y1~ of ~ r t ~ eit , s r ~sk that Y3 9 ob ~erved in item C, see ligurea 2J. 
and B, I n t hi s ,at of steel , t he etrellk. occur, approximatel y in t he 
m1 l e of hfJ cr oe s- ucti on . The grei "l r-: of marten11te &rfl fragmented 
~ - W.A. 70 . 14/110b51 Nov. u~. 1941 . 
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i
t.er.£UEf it If. the prr.ctlce of the Shf.ron Steel Corpcre.tlcn tc finieh the 
fhcet by cold rolling prior to the finitl ft.r.r.er.1; und the mrter.flte, being 
hf.rd F.nd brittle, crncV e during the rolling.

Steel S If cc-cpletely free fron: icnrtenelte rerulting frr.Ti 
trurffice decnrburizntlon rnd contains no martensite stresike, see figures 5^ 
and B. This steel was found to be satisfactory for the helmet application.
In an attempt to reproduce the surface decarburlsatlon noted in other steels, 
a sample of steel £ was reheat treated for 1 hour at 1850®P, followed by 
water quenching. The furnace atmosphere was not coatrolledi and some 
surface decarburization consequently occurred; eoapars Figures 3^ ^
with Figures lA and B.

Mlcr Bcopic ejcamination of discs fl-5 aad helmets #1-5 
revealed greater or lesser amounts of surface decarburizatioc on all sheets. 
Specimens from the helmets show precisely the same condition that was 
observed in item B, see Figure IB, and it was concluded that the helmets 
failed the ballistic acceptance teat because of the deleterious effect 
of the brittle martensitic skin which causes early failure by crack 
formation.

The discs supplied by Mr. H. £. Moser were described as 
having "smooth surfaces" and "rough surfaces". The discs having smooth 
surfaces give satisfactory performance in the drawing operation, while 
those having rough surfaces tend to crack and generally have a high 
percentage of breakage in the draw.

Mierosoopic examination of several of the above mentioned 
discs reveals that those having smooth surfaces are free from surface 
decarburlzation to aiartensite, while those having rough surfaces are 
deoarburlzed to soms extent. Martensite layers as much as 0„002* thick 
resulting from surface decarburlzation were found on both Sharon and 
Carnegle-Illinois steels, see Figures 3^ and F. The Sharon steels are 
decarburized on both surfaces, while the Camegie>Illlnols steels are 
deoarburlzed on only one surface. This Is traceabls to the fact thatthe 
Carnegle-Illinois steel is pack-rolled while hot, with one surface pro­
tected by contact with another sheet, while the Sharon steels are 
individually heated and rolled.

V . .

f

** 'I

c. Ballistic Tests

The SharonSteel Corp. and Carnegls-Illlnols Corp. discs 
having smooth and rough surfaces were tested balllstlcally with caliber .45 
ball ammunition at a range of 25 feet. The Carnegie-lllinols discs,having 
rough surfaces on one side only, were fired with the rough surface as the 
back of the plate.

The results af the ballistic tests art listed In Table'IF.
fc'*’ • *
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Tmjt IV - *!
T*»tf cf Hwlmet Dlic*

M&nufr.ctjirer HfitlOj,
McCord 
Lot Me.

Barfaco
Ccedition

Thlek&ass 
Inebat__

Ballistic
LltcU

ft./Sac.
Carnsgie-lllincia 

Steal Corp. 177055

177055

2U6RO3

612

612

575

Stnooth

ftnooth

Bouch

Ko::«h

.OU3-.OU4

.OUU

.044-.0U5 

.OU3

1074

1152
IO6U

937

i-; ■-

Sharoa Steal Corp.

a

72372

72372

72403

603

603

587

ftaooth

asooth

Bo’j/5h

.OU3-.044 

.044-.045 

.043-.044

1x71

1167

1095

Bou«h .043-.044

Tha data of Table IT Indicata that the praaence of a 
■artanaitle akin raaultlng from aurfaea dacarburl satloa can lower tha 
balllattc Halt of halaet ahaet by aa nruch aa 200 ft./aec Tha hard, 
brittle aurfaea layara crack readily and weaken the eaterlal conalderably. 
Since upon cold forainc into helneta, the eartenaite layera crack in many 
re^iona, aae Tl^pire IB, it ia conceirabla that the balliatic limit of these 
halueta may be lowered eren aora than that of the annealed sheets haring 
the same dagraa of deearburization.

s'

d. Magnetic Teats

Prerious work^at thia Arsenal indicated that a aanaltiTe 
aaignat placed near halaet steal can pick out those whloh are badly decarburised.

A aaall •Alnlco* aagnet. obtainable froa tha Crucible Steal 
Company, was suepended froa a fire foot length of linen thread .with the 
poles of tha aagnet in a horlsontal plana. Behind the aagnet was placed 
a scale consisting of an are of a circle fire feet in radius narked off 
in inches and fractions, see Figure 4. A piece of the helmet sheet ia 
brought into contact with the poles of the aagnet, and then mored to the 
right along the arc of the fire foot circle The reading on the scale is 
aade at the point where the magnet eeparatea froa the helmet sheet

’*.* •• ■

The
f. W.A. 7IC/U30"Helaeta - OeTelopaant of a Teat for Hadfield Manganese 

Steel Helmets* J. H. Holloaon.
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1trong,r the U&D•ti• ot the 1te,lQ the ruther will the u«net be railecl along the arc ot the oirol, betor, l8P&J"&t1on ooov1. 

four Jz4• pi.o•• wera out fro■ -,ariou1 h•t■ tsf hel■et 1teel and ~•tio te■t• were oon4ucted upon both 114•• of each piece. Detailed re■ulte ~f the N1&D•tio te■t &J"e liTa in -~ppadix A. 

Stffl I, wh1oh ba1 no 41ecern1ble 4eoarlN.r1sat1on, gay, readin&• ot troa ~ \o 4 1nohea detleoUon before th• upet 1eparate4 troa the 1teel, while the deoarbar1 ■•4 1teftl ■ ca•• reacU.ng1 up to 19-1/~ inchea. Steel C, which contain ■ the •rten■lt• ■treat P•• r•41nc1 a, high a, 4J inch••· 

'l'he re111lt1 obtained 1n4ioate tbat 1o■e 1ort ot --•tic te,t M1' pro•• ua■tul ln 4,t,ctln& decarburi1•4 hel••' ateel . 17 corr► lat1111 the retulta ot a aagnetlc teat with produ.otlon perforunce of lota 
of ,t,el 1t wiU un4oubtecll7 be po11ible to naluate ■teel1 •• utl ■taotor, or uaaati ifacto17 for th, hea,t anllcation. 

• 
!· llardn,11 lu.rYIYI 

loo.rw,11 B hardn,11 rea41nc• ■ad• oa auerou1 1aaple1 of the variou1 b•t• ot 1te,11n41oat ■ that the degree of 4ec&J"burl•tion pre1ent in the aubJtot 1t1el1 doe, not noticeabl7 afteo, the bardn•••• 1~r uuple, 1teel I, ha"fin, no n.r·fao, 4eO&J"'bvlsaU•, baa m,. •••race 1lockwell ! hardne11 of 91.5, while 01ut of the Sharoa 11\eel CorporaUon 
41101 h&Tiug a 0.0017 1 lqer ot aartu11t, at the IUJ'fao••• He rtpre 31, haa an a•erac• hat-An••• of Boatvell J s9. 'l'be ann•lel. ate,11 ftriecl 111 
hard.nee■ oTer th• re.AC• of lookwell J f!-9~ with ao apparent n.latlon \o the de&ree of decar'bv1sat1on. • 

!• Ouppla4 Te1t1 

Soae prel1■1.D&J7 work ha1 been 4o~ a\ ,ht• Araenal w1 th u Olia Cup Teater. !rhe rel\llta obtained to date lnU•t• that the oupplnc • teat pro•14•• u.Hful 1Ato1"11At101: reprclinc th, 4HJ 41'avinc cbaracteriatioa of helaet 1teel a.no. ahow1 prolli H •• -.n &14 1n naluUq th• 1teela. I.uina\lon, au.oh •• found 1n the at.el of 1 '•• C u4 J) re•lt in ear)¥ tallu-;re in the cupping teat, giTillC a chal'actll"l ■Uo ltreu. Decarburisatloa to the 4ecr•• preftlent in the 4eoarburiH4 1teel1 la rffealecl b7 the 
oharact,r11Uo nrtaoe craok1.ng oocvrtnc 4m'1DC n.,plac a, "•ll a, b7 a lover Olia "f&lue. 

Nor, co11phte esperi■ent, are being ooaact,4 with the 
Olsen •chine an4 will 'be raporte4 1n d.etail a\ a 1a,., elate. 

-8-
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RSSTEICiaD

5- Oener&l Conaideraticue

Defects In helaet stock which hawe hsen found to impair Its 
deep drawing qualities conclst of:

'a, Undissolred caroidas;

h. Dscarsurisation;

a. Martensite aireaks resulting from uacropped Ingot piping.

Of taeae defects, hoth decarhurization amd martensite streaks can 
he detected hy microscopic examination, magnetlo tests, and cupping teats. 
Ikidlsaolved carbides can be detected by microscopic examination, but not by 
any magnetic test.3 It is as yet uncertain that the deleterious effects of 
undlssolvad carbides can ba shown by a cup test. Microscopic examination 
thus appears to be the best and moat certain means of rsTaallng defects in 
helmet etock, and its use as an inspection tool Is worthy of consideration.

t

From the inTeetigation of helmet steels performed 
it ±ay be concluded that the deep drawing of the Ml helmet 
operation ie eo severe a cold deforelation that, unless the

at this Arsenal 
in one major 
steel is

absolutely free of all defects, considerable draw breakage will occur.

a.
A. Burlich,
Assistant Metallvr giet.

\

* V

•;y;

L.

APPEOVEDs

■ ■

. /. 1.

0. L. COX,
Lt. Sol., Ord. Bept., 
BxecutlT# Officer.

k.

See footnote #2. page 7* . *
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Mltal Stch

f> 1*
-A-

Steel A. Surface decarturlzotioa. 
0.00P5^ thick laj'er of marten site.

XlOO Nital Stoh -B- X250

Steel B. Cracking of brittle martenelte 
layer resulting from cold forming of 
helmets. 0.001" decnrburized le;/er of 
martensite.

<X>

m. ' ^
Iltal Ktch -0- XlOO Hltal Stca -H- ^250
Steel C. Streak of fragmoHed grains of Steel C. Same as -C-. Hard brittle grain# 
nartenaite. probably reeidiml ingot piping of martensite. Ho decarburlsatlon at 
rolled out In sheet surface of sheet.
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v^:-'- — «>_ ■- _____________________ __ jiM<rTi*ii'i'i|iw*
MitaV Itch ~ k, XIOO
Steel D. Streak of martenelte i'.to which oraok recultlnp from 
deep drawing extende.

Steal 0. Saae an abOT*. Fragoented grain* of aarteneitc probablv 
reculting fron realdual ingot piping rolled out into etreak.
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steal S. -JU

Satiifaciory for helmet application. 
No uecar'ouriaalion.

XlOO steel 1. X750

Same at -Xr Ho decarburination to 
martenelte.

I.-:—

Steel £. -C-

Heheat-treated at Watertown Xreenal.
XlOO Steel X. -D- XI000

Same ae -C-. Harteneite needles at
IKOO'*/. - 1 hour - water. No ataoephere turfaoe, 0.002" layer decarburited to
control. Surface decarburized to 
martensite.

‘A
• I.

martenelte.

XlOO
Sharon *£o\i^h S'lrface*. Decarbxtrlzed

-F. X750
Sharon "Hou^h 8>irface" Martenelte
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Approdlx A

•The T«iuet for the deflection are the uTeraga of three testto 
Theae teate were performed only upon annealed, not cold-vorked> 
3x4* sections.

Resulte of Naitnetic Test to Reveal Decarhurisatlon

Manufacturer *8 Inches
Item Heat Ho. Deflection*
▲ -1 (2312 15

-2 tt 15 ■ S ‘ .-
-3 H 14-1/4 * * '
-4 1* 13

0 =1 72044 27
- - ^

-2 « 35
-? ff 8 ' f • -, ’

-4 « 10
(Item C contains laminations, erldantly not uniformly
distributed.) 

X -1 72195 y-^2

■1 ^

■ ;•

-2 « 4
s 2-1/Z

-4 ff 2-3/4

Sharon Steel } 1 .r- 19
Corp. ) 2 - 19-1/4

(Rough Surface)) 3 - 18^1/2'
4 - 18-1/2 * ’ - ~ i

**1

Cam egl e-111 i no 1 s) 1 7-1/2
^ - ---1-4

r JSteal Corp<)2 7-1/^
(Rough Surface))3 •« 7-ll2

4 - l-li2 •. •

1 -1 72257 5
-2 « 4-1/2

2 -1 72257 4
,'%

• • i ***

-2 » 4 it- '■
-3 IT 4 ' •;
.4 K 5 ' i

4 -1 72202 9-1/4 . ^--^

-2 V 10-1/2 • . Jt *-•

-3 n 9
-4 N 10

5 -1 72202 11 '■ _̂________

-2 f 11-1/2 !'■ ■ r
~x tt li * - .
4 c ____ SrJ/^*
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