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Watertown Arsenal Laboratery

Memorsndum Report No, WAL 710/586

Partial Report on Problem B-7.3

29 January 194k

Metallurzical Examinption of 20 Ml Helmets, Made by the ;

Schlueter Manufacturing Company, Which Cracked after Aging

ABSTRACT |
\ _— .
Twanty M1 helmet bodies produced by the Schlueter Manufacturing

Company were examined to determine causes of cracks formed at
front brim of helinets upon aging. It is concluded that the
severely streased ocondition of the helmet visor coupled with
notches caused by t$rimming die defects are respoasible for o
the failures., Defective steel is an aiditional factor in )
some cases and undonhtedly increasss the percentage of similar N
fallure. Improved fabrication methods appear necessary %o
fully overcome the crasking tendency.

1. At tre request of the Office, Chief of Ox'dnanco.1 twenty (20) M1
helmets, produced by the Schlucter Manufacturing Company, were forwarded ?
to this arsensl for study. Zach of the helmets contained a crack ex- S
tending vertically up from the edge of the visor for a distance of from
i to 2 inches, According to informstion communicated %o this laboratory
by Capt, W. W, Hewitt of the Office, Chief of Ordnance (SPOIS), the
Schlueter Manufacturing Company had started in June of 1943 the practice
of setting aside 10% of its production and submitting the helmets to
periodic inspection to ocheek 1if any cracks had developed, Very few
cracks were reported to have been found at that time, In December of
1943, a shipment of 14,000 helmets was re-examinad after being packed and
shipped from the plant of the Schlueter Manufacturing Company, and U450
helmets, comprising }.2$ of the total, were found to contaim cracks similar
to those on the twenty helmets submitted to this arsenal.

2, Exactly similar cracking occurred in seven of twemty helmets
which were forwarded from the HaCord Radlator and Manufacsuring Company

1. Teletypes dated 17, 21 Jamuary 19Ll, See Appendix A,
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to this arsenal in July of 1943. Tne helwets had been carerully examined SN
in Detroit znd were escertuined to be iree of cracking, bubt upon receipt C
at this urseasi, cracks from 0.3" to <" in length were found extending R
verticully up frowm the edge of tue visor of seven of the helmets.? It -
was believed thet tine cracking wus wssociuted with the niguiy stressed e
condition of a steel tnat i8 very notch sensitive. The visors are cdia o
Wor£8d tu & Severe degree in the spunking operwtion; the hurdness in this RGN
regiou usualiy exceeds Ruckwedsr U 50, Exawinatioa of several huagred R
helumets at bais arsenui and av vie piant ¢i' tne dcCord Rudiator and .
denulacturing Company alsclosed thet notcues and irregularities a2t the =
edge o1l the ueluwet occur wiin great Lrequency during the vrimming operation, -
ana thot the notcuss und irregularivies cre conlined w.ost excausively ol
tv the edge ol tue visor. iMany cracks were ouserved which uiudoubtedly .
origineted from gotcnes at the rim. A cowbiaution of severely cold worked o
mevai, avtches, and & novch sensitive sveel wouiu ne expected to result R
in frequent failure by cracking. -

[R]

3. Visual und metaiiurgical examinaition discivsea tne foilowing:

&. Tne cr«cgs occur in & resaivively consvant position in
nelmebs lruw e Lob, ¥ita uile [ usition valying Irva iobt tu Jotb.

b Kifteen ot tac iWeniy Crachs ellanave Irou uistiuct notcues -
at the rims of the visors. )

c. uetallJEraphiu exainiaavion ol eight ol the vwenty helimets kS
inuicate that the steel ol wLov S-ib4A conteins uv defects, whiie that of -
Lot S-1994 coatains streaks of unuxisscaved carvides, wud thav of Lot-5-19<A .
contaliils newworks I grai pouwnaxnly ceroides.

d. daruness surveys made in the vicinivy of une cracks on ten
ol Lue neimets 34uW hTunesses of Rouckweis € 50-53 1n che visor,

It is conciuded 1rea che loregoing cuaé whe crocging is :
assoclated with the severe cu.d werkiag vl tne visor, notcuss at the rim -
0l TLE ViSOl add #2ll wglalilrgicairy Geiective sveer in sume, bubt not in B b
all, c.ses. Ine cunsvaucy i tane position oi' Lne cracks on the heimets )
fro@ eacl 40U SUpgesSis & Lrimwiag die dersct whica prouuces anotcnes at
tne edge I tae visur.

Le  Detells ol tuae metaliurgical exsaination are as fullows: -

ae Maverias wad Test Proceducre. Tne 3tw.niess sveei edgings e
were reuwoved from t.ae hewnets, tue Visul's edawinz2d Lur aotcnes, and the R
positions of tne Crecks iocated oy Starting ot tne widd.se I tne visor es e
the zery degree pousiivion and Totatlng cluckwise. Co

Tae datu are conteined in tne foslowing tuble: b

2. See dutertown Arseuai Laboruiuly wedulzodus seportv no. sl 7i0/575 Sy
neturiurgice. bExawination ol Detrective cnd Sctisiaciory He.wets and RS
Heiiwet Stees Suvuck Furaished oy tize delford Rudictor and Manufacturing )
Compeny, Detroit, wichuigan.” <3 Decewver 1943, Puges i0 «nd il.
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Number Lot Mo.

1

£

N R W

BVA

S-1044

10 S-logs
11 S-1994
ic S-49v4
) i3 S-199a

S-a794

15 5- 1994
. 16 S 1v<n
17 S -19«<4
‘ 138 5--13ca
19 3--19<4
<0 S5-19<4

Locatioa, | . ... . <« » %
Sharon of Crack Edge
Steer Corp. Position Condition -
Heut No. _ in Degrees at!Crack Condition of Helmet Y
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u 352 ] n n )
i 1 " n 1" -
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" 347 " ] " ..
i 354 u 1 f ~'T‘::.
u 35, " n 1 S
®
" 35& No Nouch " n
" 3-')1, Notch ] i 1
] )‘54 n " n -
b-..
" 35 T n 0 L
R
1965 15 Notwen Finished, unpeinted Zfﬁ%
1905 i5 Notch Finisned, unpuinted . o '
I 1o it it It :' )
M i ] " -
" 14 1 n [i] .
-9
‘12970 i0 Nu Hotch  Finished, painted Ch
\ 13 1 1t n
H 13 it hj " :
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n 10 Hoten n " el
" 10 No Noien " " T
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A photogra h of a typical vieor craelr emsnating from a
notch at the rim which also shows typical irregularitlies at the edge of the
visor,and a sohematic represmtation of the locations of the cracks in the
helmets from the three lots are shown in Figure 1. °

Except for one orack, located at 1°, all 3he oracks from the
10 helmets of Lot S-16UA are located in a relatively eonstant position on
each helmet, from 347° %o 3I54*, The cracks on tae 5 helmets from Lot S-199A
are located from 14® to 16°, and those on the 5 nelmets from Lot S-192A are
located from 10° %0 13°. The constancy of t:e locations of the cracks on S
helmets from qne lot suggests a trimming die defect producing a notch or
edge irrogularitw in a constant position on a series of helmets from one lo%,
The trimming dies apparently become quickly shipved, partioularly in the
region of the visor. This is incdicated by the larse number of notches and
irregularities obssrved on hundreds of helmets.

In September of 1943, 20 helmets were sent to this arsenal
from the McCord Radiator and Manufacturing Compsny~’, 10 of whish had eracked
after aging and 10 whioch were ostensidly uncrac.ced aztcr aging. Hineteen of
the helmets were from the same lot. Three of the tsn uncracked helmets were
found to be cracked upon receipt at this arsenal, The thirteen cracked
helmets were all cracted in the.visor, in the 333° pesition, and all oracks
vere associated with notches in the rim. Four of the uncracked helmets alse
contained notches in the rim at 333*, while the remaining two uncracked
helmeis were free of notches at 333°. Metallogrsphie examination of msome
of the helmets indicated that the steel quality was satisfactory and mag-
netio tests performed on all helmets indiceted freedom from harmful decarbur-
igation. It was concluded at that time that tne craoking was associated wish
notches resulting from a trimming die defect and witk the highly cold worked
condition of the visors.

.l'

1’ N _,
' .",.-'

b. Hardness Surveys. Rockwell O hardness sarveys were made on
sactione out from the visors of ten of the submitted helmets. In the vicinity
of the cracks, the hardnesa was in the range of Bookwell C 50-53. lumerous
hardness surveys mads in the past ccve indiceted t.:at the visor, as well as

. two reglons at the dack of the helmet, namely at 140-170° and 190-240° and
approximately 14* vertically wp from the rim, possess the maximm hardnesses
encountered on the Ml holmot The hardness of the m\m 18 geneorally in the
range of Rockwell O 35-40 and at the sides Rockwell T K0-U5,

®
n'.“-“ -.

l.l‘"

It 1s presisely in the sones that have besn cold worked to the
maximum hardness tnat service and aging cracks cave been found to ocour, A
statistical study of more than 20C service eracited helmets examined at this
arsenal show an exact coincidence between the gonss of maximun hardiness and
naximum frequeicy of arsekiag. 4 serious condition of overstrain in specifie
zones on the helmet shell 1s indicated by this evidencs, The severe cold
working results from an ex‘remely deep draw produced in one oseration, while

3. Letter File 0,0. L21/2%80, Win. 421/36L4 and lst Indorsement, Sse
Appendix A.
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taa visor is further csold worked by the spanking eperation waich produces

the reverss bend at tiie front of the helmet,
S. Mgtallogreplic Xxamination. Specimens for microscoplo exam- Do
{nation wers cut fro. helmsts, Nos. 1, 2, 3, aud | of Lot S-164A, from Nos. »

11 and 15 of Lot 5-199A, and from Nos. 17 and 20 of Lot $-192A. The steel
of all soecimens from lot S-16MA was free from wmetailurgical defeots, see
Tigure 2A, the microstructure consisting of eustenite showing evidenoce oL
cold working. The microstructure of the spesimens from Lot S-199A showad
undissolved carbides and some grain boundary network of carbides as well as
cold worked austemite. This condition results from improper heat treatment °
and indicates either a too low austenitiging temperature or insufficient
tine at temperatux v to become fully austenitic. The microstruccure of the
spevimens from Lot S-192A contains grain boundury netyorks of carbide, al se
resilting from improper neat treatiment.

5. The results of the metallurgical exaxination indicate that in the °
case of the helmets from Lots S-1S0A and S-1G2A, the cracking is assooiated
with an undesirable microstruscture as well as with severe cold working and
the presence of notc.es. Hadfield nanganese steel is embrittled whem
wndiesolved cardides are present 1a the microstracture, and it would de
expected that the increased brittleness would be a fastor in promoting
orack formation, both during tae forming of the helmet, and later in service, ®

The fast % et tie helmets of Lot S-1644 are made of steel of good
quality indicates Shat the combination of .severs cold working and the
presence of notches are alone smough to csuse fallure of helmets. This
condition ie very serious. Corrective measures may involve redesign of the
shape of tie helmet suell, changes in manufasturing technique, or both.
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- Location of cracl: ir visor of Heluet Mo, 14 Magnification xlk
;‘ . Schlueter Lot Fo. S-139A, Sharon Eeat No., 72955.
B Note notch at adge of wisor at hezinning of crask ond also irregular edge of
9 visor after trimninz, Stalnless steal edzing hes been reczoved.
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- Helmeots
Hos. 1-10 Nos, 11-15 Kos. 16-20 S
10 Helmeis 5 F-lmets 5 Helmets '
Lot 5-1644 Lot 19% Lot S-192A
Locasione of Crackse on 20 Helmets Nanufgotured by the
Scllustor Manufacturing Cempsay '
FIGURH 1
. o-m s - * & ’.’ . - v ) ’ 7 s .- -
“, gswa A NIWNHIAOD .uﬁganoouaau




T I Ml e TRl e T T TR T TR P T R AR TR AT R TR TR RTRTARTAR Y AR TN LT AT AT T A A e T T T Ta g™ A T T B TN T f

NICROSTRUCIURE OF SC:LUKTER K#G, €O, HiLMMTS ‘
‘ THAY CRAGKYED IN STORAGE

Helmet No. 7. Schlueter Lot 164A. Sharon
Heat 72368. Satisfactory Microstrustire.
Cold worked austenite.
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B X1000
Helmet o, 1l. Schluater Lot 19UA, Sheron
Reat 72965. Sireaks of wndissolved ccrbides
. angd sone carbide boundary network.
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Helmet iio. 20, Scalueter Lot 192A, Sharon C s
' Heat 72970, Grain boundary networis of
. carbide found mainly in the middle half of

. the crose~section. FIGWRE 2
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BYA V WAO B30
FROM KIRK wASH JC C OF ORD ASF 1721354 JaN Lk
TO WATRTOWN as
REPHONE CONV.RSATION HEWITT [:IS OFFICE HURLICGh YOUR OFF1CE REQUEST
YOUR ARSEJAL #X-EDITE T.STS QN RELIEVING STR.SSsS IN Ml EELMET BY SHOT
BLAST OR THcRiAL - ANS aBLMETS SKIPPED FROM SCHLUZT:R ~FG. CO CRACKED

AFT:R AGIlG ADVISE BY IT IF CRACKS WoRE DUL T0 Faul®7 STE:L OR

}

INDUCZD STRESS.S XKD CITZ SPOIS HEWITT
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LABRATORY

21 JANUARY 1944 AR fin/ §

CHIEP OF ORDNANCE

ARMY S:RYIOZ FORC.S, PENTAGON BUILDING, #ASHINGTON 25, D, C.

SPOIS - CAP®, ¥. W. HEWIT?

REURTT 172135Z JAN, 1944, S-OIS HAWITT, MEVALLUBGICAL ESXAMINATION COMPLETAD ON
8 OF 20 SCHLUETER HEL1:TS, FOUR FROM LOT S-164A COUYAIN NO DEFECTS, TWO FROH
LOT S-199A CONUAIE STREAKS OF GLOSULAR CARBIDLS, TWO FROM LOT S-192A CONTAIN
GRAIN BOUNDARY C:RBIDES, ORAGLS OCCUR AT RELAYIVLLY GONSTANT POSITION ON
HELMETS FROM XAGH LOT, LOT S-16uUA AT 347-352°, LOT S=199A AT 14-16°, LOT S=192A
AT 10-13°, GENERALLY ORIGI'ATIJIG FROM NOTCHES AY KDGE OF VISOR, THIS INDICATES
CONSTANT TRIMHING DI DEFSCT WITH 3ACH LOT, VISOR IS SsVERELY COLD WORKED,
CRACKS RiSULT FROM S:2VERE STRAINING WITH ,EPALLURGICAL DEFECTS BEING

ADDITIQNAL FAQCTOR IN SOivlﬁ CASES, D. CIT® LABORATORY RUBLICH

HATHYR, ¢AT-RTOWN ARSENAL

G, L, 00X
L!. OOLQ' QB-D. DRE’T.
ASSISTANT
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) J1audBDIATE ACTION © Hewitt/ver ¥
73819 S .

AR DECARTMENT g

4

OFFICE OF Tuf CAIEF OF okDNANCE SR -

WASHINGUTUN, D, C.
Attention 4 Sept. 1943
SPulS

o Helmeb, C’JD&C‘.L, Ml

(D
O

A R Subj

T To: comiunding viticer

- nwatertown Arssuul : .
E Watertown, Muss. -
3 AN

L. Your arsenal 13 veiny lorwurded twenty aneimets irom thne Detroit
Uransnee vistricuy on suipping order, SaD 3390, inclosed herewith in duplicate,
These aeimetls are representative suwpies of .ouh ol weamets Iabricetved from
Huarield Mangunese stees as manuwlucwurea by the Sharon Sveel Co., Snaron,
Y Penn. Tie heamets are to be iistved us fuliows: -

40 neimets wnich nuve cracked aiver aging alia . g
R

: 10 helmets wnicn have not crucked atter uging. : GF

<. Considerable difficulty has been encountered at the McCord Radiator
& Afg. Co. witn tne Hadfieid @angunese steel «8 msnufactured by the Sharon
Steel Uo. It hus been lound tudat nelmets are cracking aiter being aged for .
approximuteiy one week. It is believed tuat tuis steel is cracking as a re- .
sult of precipitarea carbides. It is uesired thut your arsensl make whateyer i
study is deemed iecessury in an attempt bo determine tne cuuses for thede '
~ he.mets to crack «fter aging. It is requested tuat this oftice be adviaed N
by iadorsement nereon tiue resuits of your study. )

B A

.'n -

. y
.

T
ERa
v

Ty

o

7l T
ety

o

\SIig

by order oi tne Cnief of Ordacace:

° F. 4. VOLBERG

;'\ ~dajor, Ord. Dept. o
: Assistant .
5 i Iacl. =
¥ SaD 33%v in dupl. .-
§ I
r. -
- LUMEDLATE ACTLON \
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IidBDIATE ACTION

Witn 4<i/364
0.0. 4<1/<3880 .
Attn: SPOIS ist Inu. . Matvhews/anv

m
C.0., dWatertown Arsenwui, watertown Tc, sassuchusetis, 4 Qcetober 1943

To: Chief ol Urdnance, weshington <3, D. C. Acvbu:  SPUIS S |

1. Refereace basic ietter, tue subject .eimets, nineteen (19) s
of which were ,rocessed from steer tot Number 603A and one (1) irom :
lot Number 643D uuve been rsceived a.ud egiven a preiiminary exsuination .
witn tne following resuius: ' -]

10 Cracked ideiwetls

All from Lot 6084, after removetr of tne edgings it was found that
every yesmet hed tne cruck associated with & nutch cused by the
trimning die. Tue posivion in every case wus 3339 in u clockwise
direction from the center ol tae visur. )

10 "Uncrucxed" Heiuets P

Three (3) newmets cracked at 333° position with notch as origin
of crack.
. Five (5) uelmets witu v crucks but notcnes ,resent at tone 333° .
gosition. Tne newnet from Lut 0,30 «a8 wue of these. '

Two (2) helmets with nc cracks and ao notchar at the 333° position,

All helmets were subjected to tne wagnetic test aud Judged satisfactory o
indicating thet The steel was lree irom excessive decarburization or . .
laminations. L

Z. It will tonus be Seen tmit tue cruacks are definitely assuciated
with the notches resuiting from tne vrimming operation since in the case-
of these helmets, which were probabiy processea on tue saume dies,
notcnes occurred on eignteen out of tue twenty in an identicu. location.
The nelmet body i5 in aa extreme.y highly stressed conditios as formed.
Any stress concentrztiova such a8 resu.ts Irou tne presence of tne notch
will foster creacking. Af{ter six wontas oX servige in tane field it is -
probabie that meny ui tue "uncracked" ne.wets Wousd be i a coundition <
cowpurabie to tnose rejected for crucks at wunufacture. .

3. On < June 1943 tue folilowing teietype was sent to his ofrice -
with a cupy to the betruvit Urdnance Districi office: .

LdteriDIATE ACTION
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L4 DIiATE ACTIUN

Wtn 421/304
0.0, 4el/2880 lat Iad.
Attn; Sr0IS (vont'a) &4 October 1943

"OBSERVIED INCIPIEGT CRACKS aSSuCLATED wiTh NOTCIHES uN MCCURD ol HELRET
BUDIES CAUSED BY Dibk aCTIuN DURING BLANKIdu UPERATIUN. THIS GUNDITION
35 DEGReES LukT OF PRONT AND Lle DEGREES Rludl uF FRONT CudiuN TO ALL
nBLIETS ON HAND AT TilS AnSiwaL ARD HeSPruNSIBLE FUR WUST vk CRACAING
uN UELMETS RETURWaD Frua FIboD. INCIPLIEGT CRACKS UNDER BLAULING UN

NEW HELMETS. CUNDITION SEVER SuuULD uaVE ZeEN TOLEiATED BRCAUSE OF
STRESS CONCENTiATION HebuuTINu. SUutboT. laalDl.TE CHECA AND REMEDIAL
ACTION. RaiJ,  CIT gaTTubiS Lasdisluns.  waTiBil, JATERTOWN ARSENAL,."

3. 1t is toe opinion ol {ae sevoratory tual vuese dirilcultiqs
are a9t of BUCH o CHAILCTEr 4 we, DE S0ived Dy Mmetariurgical examina-
tion. Tae processing is uecideaiy ut feudt, sabislueciory hedmets of
this design cwanot be produced consisientvay wvioh toe noiched-edge
condition. The acCurd swdiator aand denulacsuring Vowpuny aust be made
to reulize tuut baey aire nov torming vne heimed Lrom phsin-carbon
deep-urawing stocg. Bven in cowmercviui deep arawn artic.es, the .
presence of notches ut triumwed edges would ve considered poor gractice.
It is suggesied thut drustic svep.s be tuxken, ii necessary, to insure
freedom from irrsguiaerities &t vie edges ol tue newmet obudy wufter
triaming.

For toe Coma.nding uiricer:

¢, L. COXL
. Ltv. Col., Ord. Dept.
Assisient
1 1ncl. w/d

ce-SPOTL
Detruit Ord. DPisv.

Lo DiATE ACTIUN
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