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Watertown Arsenal Laboratory 

Report No. WAL 710/794 

Project B~7 

» • 15 March 1946 

HELMETS 

Investigation of HelTieta Conducted at Watertown Arsenal 

1940-1945 

OBJECT 

To summarize the problems under Project B-7 

SUMMARY 

This report summarizes the investigation conducted, at the Watertown 

Arsenal during the period 19^1945 in connection with the development and 
manufacture of helmets for the American army. After the standardization 0: 

the Ml helmet numerous production problems arose that required extensive 

laboratory research and experimentation for their solutions. A Helmet 
Industry Integration Committee was organized to focus the attention of all 

interested Ordnance and industry personnel upon the solution of specific 
problems 

The Watertown Arsenal Laboratory was responsible for the development of 
a specification to control the quality of the Hadfield manganese steel pur¬ 

chased for the helmet application,and aided in the development of the edge 

annealing process which was successfully applied to stress relieve helmets 
after the deep drawing operation. 

Metallurgical and ballistic programs associated with the development 
of a superior helmet and with the investigation of helmets employed the 
armies of foreign nations are also summarized. 
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expanded after ^68 ^8 B° Ta8tly 
Inotltute alloy consorvation profan«'L 1V6?0”® aec08sary t° 
strategic alloying eleiients coolf >ía 8tock Piles of scarce and 
the possibility of a shortage 0/^«^ effactlv0ly enployed. Although 
sidered advisable to invesUgatl Smlte^^^r inmlnent U wa8 
manganese steels becorae unprecurable ^ *lloy steels in cas« high 
as early as October ighO and continued ^d8tJfatlona «are initiated 
decided that the honc^eMo rêcÍi-e“enU foe U ““ deflhltel, 
be relaxed and that low alloy nlmetle the ^nerican helnet would not 
the helnet application. ^ 1 8t0els would not be considered for 

In the beginning of lQ4l a helnet of Anrmi 1 
ns standard equipnent by the Arqy ^ i^.lSÍ S n®W ^81511 waa aceptad 
designated Helnet, Steel, Ml? f P^^tion of the new item, 
problems concerning both the steel enrtió t nuni>er of Production 
facturing processes Jose^d’wlre1 the helaet manu- 
Arseñal Laboratory by the Office Chilf^í n ^ attention of Watertown 
Problems involved an extensivi The 80lutioa these 
a Helnet Industry Integration Connûttee fer thl ou^0 ^ the formati°n of 

m“Ä?afornation °f inte-8t ^ md 

development of aVelnetV^dÍaahel^tClinern?d heLa0t8 r0late to the 
raaterials in an attempt to develop a helnet ^ ieaif^s ^ different 
istics as compared to the Ml. ^ improved ballistic character- 

i 

»0 thÄto»*4^ ZStZâïïJïïT*ccuntrle“ -ubMucd «i Laboratory for notollureical and balli.tio te.tih*. 

Germany 
Japan 
Prance 
Czechoslovakia 
The Netherlands 
Irish Free State 

and helnet nateriale'whîch'ha^^iai«41'6 ’arî0U8 ‘"''«»tlsatlcne of helnete 
Laboratory fron 1940 ^ to ™ 

I- Ipboetigatloa of Substitute Lo. xlloy steel. 

Beginning in October 1940 th« Wntc«<. 
the procurement and testing of’a lar e n^W ^8®nal Moratory undertook 
for possible use in helmed. ! °f ^ treatable aHoy steels 
facturera in the form of sheets ÎÎLÎÎ! Í! w®j;e obtained from the manu- 
and were subjected to a series of ^P35" t0 °*045» in thickness 
tests at Watertown Arsenal. The neïï * treatnent8 “d ballistic 
development program in which «ït#»«! m a C00P9rati,re research and 
Ordnance agencies would participate becanet^e^8, ïelnet nanafacturers, and 
were approached regarding the formation of and a number of companies 
and Helmet Steels. U °f a Subcommittee for Aircraft Armor 
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14 tí T f1*““1“«18 4sld at Watertown Jtre.nal on 
wind u ruary 1- ^ t0 the large nuoter of participating connanleB ni 
lt írRTY/l\iIltereBteÍ 0aly in alrcraft a™*- ««d others oS^in he^eta 
one was the SabconMttde lnt° tW° sepurat0 Suhcomnittees of which 

Sed COm WaS nme* Iadu^ai Íicelchli^'ó/thrsuhco^íuee. The following ten conpanies were represented in the Subcommittees 

ijnerican Holling Mill Co. 
Aluminum Co. of America - 
Carnegie-Illinois Steel Corp, - 
Eastern Rolling Mill Co. 
Great Lakes Steel Corp, 
Ingersoll Steel ' Disc Dir. of - 

Borg-'rfarner Corp. 
Jessop Steel Corp, 
McCord Radiator & Mfg, Co. 
Simonds Saw & Steel 00. -, 
Youngstown Sheet & Tube Co. 

Middletown, Ohio 
Hew Kensington, Pennsylvania 
Chicago, Ill. 
Baltimore, Md. 
Detroit, Mich. 
New Castle, Ind. 

Washington, Pennsylvania 
Detroit, Mich. 
Pitchburg, Mass. 
Youngstown, Ohio 

iJr/or Le m^T “!? ,ir“ for th9 “SI? 4al»t aad 
treatable alloy .teele õr alenln«, al^j, g sSa?ííí.Pr°4UOea h“* 

and dí«°S"ÍÍÍn ”"u0íoíÍÍiíiIí1ÍCíl,’r°'5ra? WaJ Set ^ t0 ln”8“4>te 

íLE^.Vií£r r”""'**4“ 
foÏÏÏ teííí íím.ílf t«na‘na”í' “í t8»*> dd flat sheets, 
cotçoíitloí» ’haíííí« Lî hî w f0r°-4 “d heat tro»tlld belaets of prônlsln« 

:rrrr-tic considered for use in helnlî. h îî tr®stable magnetic steels would not be 
tinued, however, until jÍly 1942 Sep1 therÛd“^116110 stflels COn" 
this arsenal to susnend ã? n ^ 0fficet Chief of Ordnance notified 
the Arnor^ubcomnittees Ze lT^ll In °Ct0ber 1942 
and Body Armor was disbanded. banized the Subcommittee for Helmets 

liai 
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A considerable anount of work was performed at this arsenal upon two 
heat treatable low alloy steels, both of which are considered satisfactory 

for Hadfield manganese steel in the Ml helmet. These steels are 
NáX 9120 , a low carbon, low alloy Si-Cr-Mo-Zr alloy manufactured by the 
Great Lakes Steel Corp. and Amolad, a high carbon, low alloy molybdenum 
bearing steel produced by the American Steel and Wire Co. Since, however, 
these steels are magnetic they were never considered for use in production. 

II» Problems Associated with the Ml Helmet 

A helmet of new design developed by the Infantry Board was presented 
at the Feb. 1941 meeting of the Subcommittee for Helmet Steels and Body Armor. 
T le aelmet consisted of a deep drawn shell capable of covering a much greater 
portion of the head than the old M1917 helmet, compare Figures 1 and 2» A 
radical innovation in helmet design consisted of having the suspension fitted 
into a stiff plastic liner of the same shape as the helmet and fitting snugly 
into it. The liner could be worn either separately as a field hat or covered 
by the steel helmet when in combat areas. The steel helmet was considered 
strengthened by the fact that since the suspension was attached to the liner, 
no rivet lióles or other points of weakness were required in the body of the 
helmet shell, 

The McCord Radiator and Manufacturing Co. was at that tine the sole 
company in the United States engaged in producing helmets for the Army and 
was in the process of manufacturing large numbers of tho M1917 helmet. The 
McCord plant accepted a development contract to produce the new style helmet; 
the first group of which was made in March 19^2. The production of the M1917 
helmets continued until September 1942 after which time only the new Ml 
helmet was produced. 

Serious production difficulties attended the manufacture of the Ml 
helmet from the very beginning. The magnitude of these difficulties is 
HLU8trated in the paragraph extracted from a letter from the 
Office, Chief of Ordnance, to the Office of the Quartermaster Generals 

"Manufactura of helmets connected with the present war commenced with 
the production of the M1917 'Diehpan1 type in February 1941. The Ml 'Pot' 
nelaet was adopted by the army in the summer of I94l and the change over in 
production took place in September of that year. This change presented a 
serious manufacturing problem in the combination of the deep straight sided 
pot shape, the limitation that only Hadfield manganese steel might be used, 
and a limitation on blank thickness in order to be within a maximum finished 
weight limit. Notwithstanding the experience of the McCord Radiator & 
Manufacturing Company in manufacturing a million of the M1917 helmets, breakr- 
age in the drawing and forming operations of the new type averaged 30# during 
manufacture of the first 200,000 helmets. Thie percent of breakage was 
progressively iecreased through the continued study and experience of McCord, 
and the assistance of the Carnegie-Illinois Steel Company, until it leveled 
o at an average of slightly less than 2#, which may be considered better 
than normal wiih the problems involved." 

Jfetl 
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The Watertown Arsenal Laboratory was not involred in any problems 

concerned with the Ml helmet until October 19^1 at which time samples of 

flat helmet stock from various lots of steels exhibiting good, average, and 

poor formability were forwarded to this arsenal from the McCord plant for 
metallurgical examination. It was concluded that stringers of undissolved 
carbides and grain boundary segregations of carbides resulting from inadequate 
heat treatment were responsible for the poor forming characteristics of the 

submitted samples. Hadfiold manganese steel exhibits excellent ductility and 
formability only when the structure is cosçletely austenitic. This informa¬ 

tion was also transmitted to the Carnegie-Illinola Steel Corp., the manufacture 
of helmet steel. 

In February 1942 this arsenal was requested to investigate the possibility 
of using & nondestructive magnetic test to differentiate between helmets of 

satisfactory and unsatisfactory ballistic properties. It had been brought to 
the attention of the Office, Chief of Ordnance, that a magnetic test was 
being used by the Canadians as an inspection test in the manufacture of the 

British type helmet. It was concluded as the result of investigations 

conducted at this arsenal4 that it is not possible to devise a magnetic test 

which will distinguish in all cases between helmets having different ballistic 

properties. A sensitive magnet placed a few inches away thorn a helmet was 
found capable of picking out thoee which are badly deearburixed. Inadequate 

heat treatment which results In the presence of undiseolved carbides was found 

to greatly lower the ballistic resistance of Hadfield manganese steel without 

¿ affecting, however, the magnetic properties of the material. 

This arsenal was not subsequently consulted until April 1943 when the 
tffice, Chief cf Ordnance, directed this laboratory to investigate the cause 

of helmet cracking which occurred during service at Camp Livingstone, La. 

Further reports of service cracking of helm.^s were received from other Army 
posts in this country and from the North Afhican theatre of operations. Of 

245,000 helmets which had been examined prior to May 194} at seven Army posts 
in this country and in Africa, a total of 6,062, or 2.5# we**e found defective 
due to cracking which occurred after the helmets were issued. Several hundred 

cracked helmets were subsequently returned to the McCord Radiator and 
Manufacturing Company where they were examined for the number and the lo cat lone 
of the cracks. Croupe of approximately 100 helmete each, one of which was 

returned from Camp Pickett, Ya. end one from North Africa were forwarded to 

this Arsenal from the McCord plant for metallurgical examination. 

The Watertown Arsenal was requested to send a metallurgist to the McCord 

plant to observe the helmet manufacturing processes and to outline with 
personnel from the McCord plant and the Detroit Ordnance District a cooperative 
program covering the investigation of the factors responsible for service 

cracking. Early in the course of the investigation of the cracked helmets, 
it became apparent to this laboratory that an intimate correlation must exist 

between the service cracking of helmets and the breakage which occurs during 

manufacture. It was reasonable to assume that po-jsibly milder degrees of 

the same factors responsible for production breakage were also responsible 

for the cracking which occurred in service. Although nothing could be done to 

alleviate the cracking of helmete already issued to the troops, the causes 

of such cracking had to be determinad immediately in order to institute the 

proper corrective measures to prevent the subsequent cracking of current 
production helmete. 
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Ur ly in 1943 two new companies entered the helmet field, the Schlueter 
Manufacturing Company of St. Louis, Missouri undertook the manufacture of 

helmets and the Sharon Steel Corp. of Sharon, Pa. the manufacture of Hadfield 

manganese steel helmet stock. Although all of the service cracking was 

initiaily found to have occurred in helmets which had been produced by the 

Srd*ftdiat0r 011(1 Manufacturlne Company during the period prior to September 
1^42, it was considered advisable to investigate the products of both helmet 
producers and both helmet steel manufacturers. The first two groups of 

i?Tb!tifat0í oomPriBed 65 samples of satisfactory and defective helmets 
and helmet steel submitted by the Sihlueter Manufacturing Company and Sg samplef 

of similar material submitted by the McCord Radiator and Manufacturing Company. 
Various other groups of helmets and helmet steel were subsequently forwarded 

to this arsenal for metallurgical examination. The results of these investi¬ 

gations were reported to the interested agencies in a series of Watertown 
Arsenal Laboratory Memorandum Reports-?»©*?, 

The results of the examination of numerous lots of helmets and helmet 

steel indicated a close relationship between production breakage and the 
following factors: 

1- Steel Quality Factors 

a. Surface decarburization resulting in the formation of 
surface layers of martensite. 

b. Streaks of globular carbides resulting from insufficient 

time at the austenitising temperature for complete carbide 
solution. 

c. Grain boundary segregations of carbides resulting from too 
low austenitizing temperatures. 

d. Martensite streaks below the surface of the sheets resulting 
«•««a residual ingot piping. 

2» Helmet Fabrication Factors 

a. Severity of cold working as manifested by residual stresses 
and hardnesses developed. 

b. Stress-raising notches at the edge of the helmet produced 
by nicks in the trimming dies. 

c. Condition of the dies: roughness, alignment, cleanliness, 
lubrication, etc. 

d. Effect of variation in gage thickness of helmet stock 

upon the hold-down force and the severity of cold working. 
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Up to the time that this arsenal was consulted regarding the service 
cracking of helmets, Specification AXS-645 (Rev. 1), "Helmet, Steel, Ml" 
covered the purchase of the steel and the fabrication and assembly of the 
helmet. The only -squirements as to steel quality consisted of a magnetic 
test and a 180° cold bend test. The magnetic test consisted of determining 
whether a sensitive compass placed 2|- inches away from the helmet would be 
deflected. This test was too insensitive to be capable of detecting surface 
decarburigation unless the decarburization was extremely severe, in which 
case the helmet would most likely have been broken in the drawing operation 
and consequently would never reach the stage where the magnetic test would 
be applied. The 180° cold bend test was found tb provide a good check on 
steel quality and is a satisfactory criterion of the formabilitÿ Of the 
helmet steel. The 180° bend test was not, however, applied by the helmet 
fabricators to check the quality of the âtoel delivered to them and was 
applied neither often enoughror rigidly enough by the steel producers to 
lead to the rejection of sufficient quantities Of the steol possessing 
inferior formability. 

Since the helmet fabricators could exercise no control over the steel 
quality l’actors previously listed, it became obvious that a specification 
covering the steel used for helmets should be developed. A draft of a 
specification incorporating the opinions of this laboratory was prepared 
and submitted to the Office, Chief of Ordnance on 17 September 1943. After 
various recommendations and suggestions offered by the Office, Chief of 
Ordnance, the steel mills, and the helmet fabricators, were incorporated 
in the original draft. Specification AXS-1170, "Steol, Nonmagnetic, Sheet 
and Strip (for Body Armor and Helmets)", was invoked on 25 March 1944 to 
cover the quality of the steel being used l'or helmets and body armor 
compoments. 

A series of tests designed to accept only that steel which may be 
expected to perform satisfactorily when drawn into helmets were incorporated 
into the specification. These tests consist of a magnetic test developed 
at this arsenal, microscopic examination of samples selected at random from 
the material being tested, a 180° bend tost which was o. part of the former 
helmet specification, and a ballistic test of selected samples. 

The magnetic test consists of placing a small sample of the Hadfield 
manganese steel being tested against the poles of a small, horizontally 
suspended Alnico magnet and pulling the magnet away from the vertical along 
the arc of a circle whose radius is the length of the thread from which the 
magnet is suspended, see Figure 3. This magnetic test is capable of readily 
and simply distinguishing between manganese steel free from surface decarbur¬ 
ization and steel which is decarburized. As explained in the Footnote on 
page 1, Hadfield steel is austenitic when quenched from elevated temper¬ 
atures because of the presence of the austenite phase promoters, carbon and 
manganese. At the very high temperatures employed during heat treatment, 
Hadfield steel is very susceptible to surface dacurburization which proceeds 
as a result of the selective oxidation of the carbon at the surface of the 
steel and continues by diffiision of carbon from below the surface to the 
surface where it reacts with oxygen and passes off as CD and 60g. This 
depletion of carbon from the outer surfaces of the steel decreases the 
stability of the austenite phase sufficiently to cause transformation of the 
austenite to martensite upon quenching. Since austenite is nonmagnetic 
and martensite is strongly magnetic, the magnetic test described above is 
able to differentiate between the two conditions. A deflection from the 

8 - 
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auliitv í 6 ï Qa C0n8idered normal for 9teel °f acceptable 
de^b^wítíon n thlU1 10 Ínch8B 18 in<iicative of eufficient 
8ho“a^^«îr í%íaU!? exc®89ive leakage during forming. Steel» which 
^ 1 dfíf^ction of between 6« and IO1» are of borderline quality 
and should be more thoroughly retested. H ^ 

. ^Martensite is extremely hard and brittle and the presence of a very thin 
laye, of martensite on Hadfield steel has been found responsible for greatly 

irf8®6 durins íormi,ie oí the h8iiMt*-of dêoíbuS“í y 
, ?aU“0“ orMkl1« »f ‘he thin martensitic layer. The »a email 

cracks act as stress-raisers which result in the propagation of the craScs 
through the otherwise tough and ductile austenitic steSl. 

1808 °old ^nd wa3 found to be an excellent gage of overall 
ductiHty and formability. The bend test not only checks upSn factors which 
influence the results of the magnetic test and microscopic examination, but 
also responds to other ductility factors which are influenced by chenîcal 

tesTis îhÜ* !aeltÍnfí1íra0tÍCe» hot or cold working processes. The bend 
test is thus an excellent integrating test for ductility. The test is 
ÏtîÎlï in ^ry.8iEplJ' a 'mal1 Piece of Hadfield steel is bent double upon 

^míhe JaWa 0f a Vl8e ^ tha 8Urfa«e of the bend is examined for 
Figure*4.^518 aPPearanCe °f bendB of 8teô18 of varying quality is shown in 

of aPhlC ex“‘inftion of »stably prepared cross-sectional specimens 
3t6el 18 Capal)le 0f re^ling the defects which reduce 

nnnf f^lity of th6 8tee1« Figure 5A is a photomicrograph showing the thin 
c^kw Tïhe mmûÎtenfîteire8Ultine fr0m decarturization during processing. 
Cracking of the martensite Uyer as the reeult of deforming a sheet of 
manganese steel is illustrated in Figure 5B. Figures 5C and D show grain 

netU°rk8 °f cartide caused by heating the steel to an insufficiently 
the v-eatPtrLtî*6/ri0i t0 quenchinÄ:* The manufacturer must select and control 
liL. rl breatinß ?yc1?8 carefully; high temperatures and long holding 
Mm«! r ®;C8!8iTe ¿«carburization while low temperaturos and short holding 

thej;rmati0“ of ^-ain boundary carbide networks and streaks of 
undissolved carbides such as pictured in Figure 6. 

nroducer!191^!^61 heíraet 8tock i8 Processed differently by the two steel 
h!«th f!™ ! Carnegie-Illinois Stee; Corp. melts the steel in an open 

thfw?? 5^T St8Sl COrp- 0”I'1O>,S “ »I«“-“ are furnace. A Carnegie, the ingots are routed through either slabbing or blooming mills 

“re? ^ ï”4“* 18 ron8a Pla‘es While the bloorniTmi 
thick strius aid ?°th plate3 ^11 barB rolled down to 0.146" 
“„„f strips, and the strip reduced to the final 0.044 + ,003« gage by hot 
rolling the strip which is stacked in packs of four. TEe steal eilen I 

Â^Hon^r' ^ta8apa'‘rb°8“S^1““WacrttÕÍs^fL1e0Tlted 

olo.ely.oontroued 
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At the Sharon Steel Corp., ingots of Hadfield steel are hot rolled 
down to 2" thick slabs which are then reduced to a thickness of .109" in hot 
strip mills. The strip is then reduced to the final ßa^e of 0.044" by a 

series of cold rollinß operations with four intermediate annealinß treatments. 

Steel produced by Sharon tends to be leas decarburized and to have smoother 
surfaces than steel produced by Carnegie because of the fact that the reduction 

to the final ga^e is performed by cold rolling rather than by hot rolling. 

The ballistic requirements for Hadfield steel helmet stock were 
developed at this arsenal after the completion of comprehensive firing tests 

at sheet stock of various thicknesses^. More recently, a statistical 

examination of numerous ballistic records accumulated after Specification 

AXS~1170 became effective enabled this laboratory to recommend^ a revision 

of the ballistic tost based upon sound quality-control concepts. This 

proposed revision has not, at the present time, been accepted* 

The British helmet developed during World War I was subjected to an 

acceptance ballistic test in which the helmet had to resist the penetration 
of a lead shrapnel ball weighing 4l to the pound at a striking velocity of 

700 f/s. When this country went into production of the M1917 helmet, the 
British ballistic test was modified to the extent that the American helmet 

had to resist the penetration of a 23^ grain cupro-nickel jacketed caliber .45 

pistol bullet at a velocity of 650 f/s. Although the helmet is practically 

never expected to be impacted in service by pistol ammunition, this very 

illogical and unrealistic ballistic test of helnetu lias persisted to this 
very day in spite of the repeated attempts of this laboratory to either 

eliminate or modify the test. 

A very confusing situation regarding the caliber .45 pistol ball 
ammunition arose early in 1944 when it was first discovered that, since the 

chemical and physical characteristics of the ammunition components were not 

controlled by specifications, various lots of projectiles showed distinctly 
different ballistic characteristics when used to test helmets and helmet steel 
stocks. In some cases the lead cores of the caliber .45 bullets were made of 

commercially pure lead whereas, in other cases, they were made of lead alloyed 

with considerable amounts of antimony and tin. The alloyed load was very 

much harder and more resistant to deformation than the pure lead, and projectil 

containing alloyed lead cores exhibited vefy much superior penetrative power. 

In addition, some lots of ammunition were jacketed with gilding metal while 

others were jacketed with copper clad steel. These variables caused 

considerable confusion before they were eliminated and helmet testing 

projectiles were standard!zed^0*!!. 

In March 1944 a Helmet Industry Integration Committee was formed for 

the purpose of accumulating and distributing information which would assist 

the manufacturers of helmets and helmet steel in improving their products 

and solving their production problems. The membership of the Comittee 

follows: 
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Chairman 

Deputy Chairman 

Assistant Chairman 

Brig. Sen. J. Kirk 

Chief, Small Arms Branch 

Office, Chief oí Ordnance, Washington, D.C* 

Major P, M« Volbefg 
Small Arms Branch 

Office, Chief of Ordnance, Washington^ D.C. 

Mr. H. S. Moser 

McCord Radiator & Mfg, Co., Detroit, Mich. 

Ordnance Representative 

Members 

Capt. W. W. Hewitt 
Small Arms Branch 

Office, Chief of Ordnance, Washington, D.C. 

Plants Representative 

McCord Radiator & Mfg. Co. 
Schlueter Mfg. Co. 

Carnegie-Illinois Steel Corp. 
Sharon Steel Corp. 

Watertown Arsenal (ex officio) 

Detroit, Mich. 

St. Louis, Mo. 
Chicago, Ill. 
Sharon, Pa. 

Watertown, Mass. 

H. £. Moser 

C. A. Schlueter 
M. J. Day 

fl. W. Weesner 

A. Hurlich 

In March 19^5, when their plants entered upon production of the Ml 
helmet, Mr. M. L. Fox of the Parish Pressed Steel Co. and Mr. R. J. Sullivan 
of the Reading Hardware Corp, were admitted to membership in the committee. 

Numerous meetings of the committee were held at Watertown Arsenal and at 
several of the plants involved. 

After the completion of the investigations concerned with the quality 
of helmet steel, helmets which were returned because of cracking in the field 

were subjected to metallurgical examination. The locations of the cracks in 
the helmets were recorded in accordance with the grid shown in Figure 7. The 

cracks were divided into three types; cracks extending from the edge of the 
helmet visor and apparently originating from distant notches, cracks 

extending from the edge of the helmet visor and not originating from notches, 

and vertical cracks confined to the body of the helmet and not extending to 

the rim. Typical helmet cracks are sl^ownr in the photographs of Figure 8, 

The distribution of the oraclçs observed in the various lots of helmets 
examined at this arsenal are shown in Figure 9. The upper chart shows the 

frequency distribution of the various types of cracks observed in 95 service 
cracked helmets ieturned front Camp Pickst, Va. and the lower chart shows the 

frequency distribution of cracks in helmets from North Africa and from various 

Army posts in this country. Figure 9 demonstrates that the service cracking 

oon^^n®^ three unique zones: (l) the visor, extending from 
320 to 40 (ref. Figure J)t where the cracks generally extend up from the 
rim; (2) the right rear of the helmet, from 130* to 160°, where the cracks 
ioAor °f the and (3) the left rear of the helmet, from 
190 to 240 , where the cracks occur similarly to those in the right rear of 
the helmet, 
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Hardness surveys taken in the regions in which cracking occurs showed a 
distinct relation between the extent of cracking and the amount of cold-working 
The regions of tho helmet which are m®st susceptible to service cracking are 
work-hardened to hardnesses in the range of He 50“5^ wherea* regions in which 
the incidence of service cracking is very low have been work-hardciUd to 
only He 40-48, note the upper chart of Figure 9* 

In view of the extremely severe cold deformation experienced in deep 
drawing the Ml helmet from a flat disc in one major operation, it is to be 
expecte* that very high residual stresses would be present in the finished 
helmet. Residual stress determinations made at this arsenales on uncracked 
helmets indicated the existence of residual stresses which may approach the 
magnitude of the tensile strength of the material. In general, the highest' 
s’cesses were found in the vicinity where service cracking generally occurs. 

It was at one time proposed to thermally stress-relieve the helmet after 
the drawing operation. Research at the United States Steel Corp. Research 
Laboratory-^ which was later confirmed at this ai señal showed that a stress- 
relieving temperature above 500°F. could not be employed because decomposition 
of the cold-worked austenitic steel occurred at temperature above Since 
very little, if any, stress relief could be expected to occur at such low 
temperatures, thermal treatment was believed to show no promise in relieving 
the high stresses induced by cold working. 

Metallographie examination of 50 service cracked helmets disclosed that 
75$ them possessed steel quality deficiencies consisting of combinations 
of the following defects; surface decarburization; grain boundary carbide 
networks, and streaks of undissolved carbides. In a highly stressed structure 
such as the Ml helmet, factors, such as the foregoing, which promote brittle¬ 
ness would be extremely dangerous. Metallographie examination also disclosed 
that cracking can also occur in helmets made from steel free from metallurgical 
defects. It was concluded from the examination of service cracked helmets 
that the production of the K3. helmet involves extremely severe forming 
operations which stress the steel to a degree sufficient in itself to be 
responsible for some of the breakage encountered in manufacture arid in service, 

After the improvement in steel quality resulting from the imposition of 
Specification AXS-11?0 and as the result of the examination of service 
cracked helmets, it appeared necessary to investigate the helmet manufacturing 
processes with thu viewpoint of alleviating some of the severe forming 
operations. The shell of the Ml helmet is produced from a l6èH diameter 
flat disc in one 4eep drawing operation. The excess metal around the rim is 
trimmed off, and the visor is then formed by a spanking operation which 
consists of holding down the inner surface of the front of the helmet against 
a die and btriking the outer surface with a descending die which stretches 
the front of the helmet to form the visor, This operation completes the 
formation of the helmet shell, Breakage in production occurs in all three 
operations, but is most severe in the initial deep drawing stage. 
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Hepreaeütatives of the Carnegie-Illinois Steel Corp. suggested the 

replacement of Hadfield manganese steel by a modified steel containing a 

lower carbon content (.8O-.9O# instead of 1,20-1.505¾) and containing 
nickel in addition to the normal manganese content. The Carnegie-Illinois 
Steel Corp. had some experience with the modified smeel and had found it to 
work-harden to a lesser extent than normal Hadfield manganese steel. The 

Ordnance Department, therefore, approved the production of three experimental 

heats of the nickel Hadfield steel to determine if production breakage would 

be reduced. At this point it should be mentioned that the McCord Radiator 

& Manufacturing Co., which has cooperated enthusiastically with the Ordnance 

Department as long as the steel manufacturers were under pressure to produce 

steel of higher quality, exhibited extreme reluctance to engage in experiments 

•ï calling for any effort on their part. The McCord people continuously objected 

to putting experimental lots of steel through their production line and 

objected to any suggested change; making changes only when ordered to do so 
by the Ordnance Department. 

The experimental heats of modified Hadfield steel were drawn into Ml 

', helmets with very low production breakage. Samples sent to this arsenal 

for metallurgical examination indicated that the modified steel work-hardens 
to a lesser extent than does normal Hadfield steel, is more ductile than the 

normal steel when drawn into helmet form, and has but slightly inferior 
ballistic properties1^. Due to the fact that some lowering of the ballistic 
characteristics would occur with the use of the modified Hadfield steel, the 

Ordnance Department decided to abandon further experimentation with this steel. 

Shot blasting of the outer surface of the helmet was attempted in an 

effort to put the skin in compression to eliminate service cracking. Stress 

analysis had previously demonstrated that the outer surface of the helmet 
was generally in tension. It was found at this arsenal1^ that shot blasting 

the outer surface of the helmet made the helmet extremely brittle under 

ballistic attack. The stresses induced by forming the helmet shell are so 

disposed that they cause service cracking, but at the same time maximize the 
ballistic characteristics of the helmet. 

• Early in 194½ the Schlueter Manufacturing Company of St. Louis, Mo. 
encountered a bothersome fabrication difficulty consisting of a high incidence 
of delayed visor cracking. As a result of this difficulty the plant was 
forced to adopt a very cumbersome inspection procedure whereby the helmets 

were carefully examined for cracks, held in storage for 15 days, then 

reexamined for cracks, prior to shipping. Lt. H. D. Seymour of the St. Louis 

Ordnance District conceived the idea of annealing the rim of the visor to 

eliminate the visor cracking. The annealing was initially performed by a 

rapid heating and quenching cycle performed in a seam welding machine. A 

band approximately l/kn in width along the rim of the visor was thus annealed. 
Test performed upon sample edge annealed helmets submitted to this arsenal1® 

indicated that the annealing process effectively prevented the formation of 

edge cracks and restored the original ductility to the rim of the visor. 
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After further experimentation, Lt. Seymour in conjunctioh with the Chio 

Crankshaft Company of Cleveland, Ohio, developed the uee of the Tocco high 
frequency induction heating unit to edge-anneal helmets. Helmets were 

submitted to this laboratory which had been edge-annealed around the entire 
circumference of the helmet rim after the final forming operation. It wae 

concluded at this arsenal ' that the edge-annealing of the entire circumference 
of the Ml helmet satisfactorily stress-relieved the edge without impairing 

the ballistic properties of the helmet, Thxo laboratory recommended the 

application of the annealing process prior to trimming. It was felt that 

greatly increased trimming die life would result from having the sheared area 

in the annealed condition, that notches in the trimmed edge would be eliminated 
and that the visor spanking brealcage would be reduced. 

Dxperimental groups of helmets were accordingly processed in compliance 
with this laboratory's recommendations with extremely successful results^®. 

This arsenal advised the Ordnance Department to institute the edge-annealing 

process in the manufacture of the Ml helmet. The Schlueter Manufacturing 

Company immediately installed edge-annealing equipment and has noc suffered 
any delayed visor cranking since the introduction of the process. In 

May 1945 this laboratory was commended by Brig. Gen. Kirk, Chief of the 
Small Arras Branch, Office, Chief of Ordnance, for its part in the successful 
development and institution of the edge—annealing process. 

III* Attempts to Design Helmets of Improved Ballistic Properties 

In the summer of 1944 it was determined in the Detroit Ordnance District 
that the Ml helmet could be drawn somewhat shallower than was being done in 
practice without impairing the fit of the liner in the helmet. At the 

direction of the Office, Chief of Vdnance, experimental lots of helmets of 

reduced draw were prepared from heimet discs of various thicknesses and were 
sent to the Watertown Arsenal for ballistic tests. The ballistic tests 
showed a raaiked increase in the resistance of Ml helmets as the thickness of 

the helmet was increased from an average of O.03Ç" to O.O37" in the sone under 
test. The plastic liner of the Ml helmet was lound ■io' behave in a brittle 
manner and t« have no effect upon the ballistic resistance of Ml helmets. 

Replacement $f the liner by an equivalent weight of steel in the helmet shell 
resulted in a considerable increase in the ballistic efficiency^, 

Investigations of various materials in an effort to design improved 

body armor disclosed that aluminum alloys backed by nylon fabric provided 

excellent resistance to the penetration of small caliber shell fragments. 
Experimental helmets were formed from 24 ST aluminum alloy (4.5$ copper, 

magnesium, 0.6$ manganese, balance aluminum) using the forming dies 
employed for Ml helmets. The helmets were drawn from O.I2O» thick discs 

10 to 0.043" of Hadfield steel. Examination of 
sample helmets submitted te this arsenal^ indicated that dies designed to 

fr0m st®0l ware unsuitable for the forming ef aluminum, 
ulting in excessive thinning of th« crown of the helmet. A photograph of 

an aluminum helmet made in the shapd of the Ml helmet is shown in Figure 10. 

,in th« hei“9* shell shwn in Figure 10 were made by caliber ,22 
fragment simulating projectiles developed at this arsenal. 
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An aluminum alloy helmet of improve! design was subsequently made and is 

now being tested. A photograph of this helmet is shown in Figure 11. When 

fitted with a sized nylon fabric liner, the helmet shewn in Figure 11 is 

considerably more resistant to the penetration of fragment simulating 
projectiles than is the Ml helmet and liner. The nylon liner, unlike the 

standard Ml plastic liner adds considerably to the ballistic value of the 

helmet. 

IV, Investigation of Foreign Helmets 

A group of fifty German helmets captured in North Africa in 19^3 were 

examined at this arsenal^*. Markings indicated that the helmets were 

manufactured during the years 1937 through 19^-2. Helmets manufactured prior 
to 1940 were mauie from a nickel-silicon steel of the following analysis range: 

C Mn Si Ni _Cr 

.27/.34 .50 l.7/l»9 1.2/2.2 .30 

Helmets made from 1940 on were produced from a silico-mangeuiese steel 

of the following analysis range: 

C Mn Si 

.30/.40 I.O/I.5 I.3/I.7 

The changeover in analysis was probably dictated by the shortage cf 

nickel which developed during the weir. German infantry helmets contain 

adjustable leather linings held in place by means of concentric metal bands 
attached to each other with interlocking steel springs, note Figure 12. 
Headband components produced prior to 1940 were made from manganese-aluminum 

and manganese-silicon-magnesium-aluminum cold rolled strip. Those subsequently 

produced were made from ferrous metals, the outer headband from hot rolled 
rimmed steel, and the inner headband from hardened high oarbon steel, German 

helmet shells are believed to have been hot formed and subsequently liquid 

quenched for hardening to Rockwell C 49-54. 

German infantry helmets have an average weight of 47.3 + 1*7 ounces, 

or appraximatoly one ounce more than the Ml helmet and liner. German 
helmet shells average approximately 20# thicker than the Ml helmet, ranging 

from 0.048" to O.O52" at the sidewalls as compared to O.OUl" to 0.043" f°r 
similar locations in the Ml helmet. Ballistic tests of German helmets with 

various types of projectiles indicate a superiority to American helmets that 

is roughly proportional to the difference in thickness. 

Among the fifty German helmets was one paratrooper helmet* photographs 

of which are shown in Figure I3. This helmet was very heavy, weighing 59*6 

ounces. The flaring rim common to the German infantry helmet is absent in 

this helmet because otherwise severe air drag would result as the parachutist 

descends. 
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A single German Helmet examined at this arsenal in 1942^^ very ci :sely 

resembles the German helmet worn during World War I, sao Figure 14♦ The 
lining consisted of throe cushions stuffed with horsehair attached to loather 

flaps. The helmet was made from a medium carbon steel containing 1.2$ 

chromium and was' heat treated to a hardness of Rockwell C 48-54. The helmet 
weighed 41.4 ounces and the shell averaged 0.040w in thickness. 

Two Japanese helmets recently examined at this arsenel23 were f ■»und to 
be made of steel of the following compositions: 

C Mn Si Ki Cr Mo V 

.33 1.30 .26 .84 .70 .24 Nil 

.36 1.25 .20 .53 .72 .30 .20 

The helmets were uniformly hardened to approximately Rockwell C 50 and 
averaged 0.048M in thickness. The pigskin leather linings have three 

adjustable flaps to which are stitched pockets containing Cott n filled 
cushions, see Figure 15. The helmet shells are symmetrical from front to 

back and from side to side. The Japanese helmets were found to hove excellent 
resistance to the penetration of caliber .45 bullets and to fragment- 
simulating projectiles, but exhibited brittleness upon complete penetration. 

A Dutch helmet examined at this laboratory^ in 1942 was made from a 

nickol-silicon steel (.35$ carbon, 1.7$ silicon, 2.0$ nickel) which was 

hardened to Rockwell C 49-54. The helmet shell averaged 0.042” in thickness 
and exhibited a high-resistance to penetration but was brittle upon complete 
penetration, see Figure 16. 

French and Irish Free State helmets examined ct the same time as the 

Duteh holmot22 were both formed from Hadfield manganese steel (.85/1.07$ 

carbon, 11.5/13.8$ manganeso). The French helmet, see Figure 17, was 

extremely thin, averaging 0.030" in thickness, and consequently exhibited 
very low ballistic resistance, 

The Irish helmet averaged 0.033" in thickness and hud somewhat better 

ballistic characteristics than the French helmet. The Irish helmet had a very- 
deep drawn shell, see Figure 18, which was undoubtedly formed in a series of 

operations with intermediate annealing cycles. The final hardness of the 

Irish helmet was extremely low, Rockwell B 73-85, which is the hardness of 
Hadfield steal in the dead soft condition. 

V. Future Developments in Helmets 

At the present time an experimental helmet made of aluminum alloy fitted 

with a nylon liner demonstrates considerably improved ballistic resistance 

over the standard Ml helmet. It is believed that continued experimentation 
with non-metallic materials and with combinations of metallic and non-met&llic 
materials may result in further improvements. 

It is recommended that investigations for the purpose of developing 

non-ballistit: acceptance tests for helmets be encouraged. The ballistic 



acceptance test onpl.iyod throughout World War II is considered extremely 

unreliable and has been the source of frequent difficulty. The Fipplicati'n 
of quality contrai procedures to the raw material and the specification of 

minimum and maximum thicknesses or weights of the finished helmet components 
appear to provido desirable criteria for acceptance. 

17 

ilipBiU . 



•NW*##«#;*’ 

I 

I / 

J 

TABLE I 

Chemical Analyses and Ballistic Characteristics 

of Steels Investi^ated at Watertown 

Manufacturer 
Achorn 
Eastern Holline Kill 
Great Lakes Stee] Corp. 

s 
ir 
n 

Ingersoll Steel & Disc 
» 
n 
s 

U. S. Armor Coip. 
Carnegie-Illinois 

C Jto_ Si N1 
• 98 .^6 .38 — 
.11 4.4a .83 2.75 
.18 .84 .87 .12 
18 .84 .87 .12 
18 .84 ,gj .12 

.18 .84 .87 .12 
•36 .63 .17 3-46 
•36 .63 .17 3.46 
.45 .94 1.99 — 

.94 1.99 — 
.50 1.03 .30 — 
■35 .76 I.91 2.24 
35 .76 1.91 2.24 
35 .76 1.91 2.24 
70 .87 .21 — 
70 .87 .a — 

Cr 

17.55 
.78 
.78 
.78 
.78 

1.54 
1.54 
.50 
.50 

.12 

.12 
.12 
.12 

•99 .25 
.99 .25 
.20 — 

.10 

.10 

.10 

.10 

Heat to 
°F. 

1475 

1630 
I630 
1630 
1630 
1500 
1575 
1600 
1600 

1600 
1600 
1550 
1550 

Quench Draw 
°P. 

Oil 
not reported 

water 
water 
water 
water 
air 
air 
air 
oil 

not reported 
normalised 

oil 
oil 
salt at 
salt at 

85O 

400 
600 
800 

1000 
400 
400 

Hardness 
Rc 

45 
45 
40 

29/32 
29/32 
15/18 

46 
51 
20 

51/52 

900 
1000 
675°P 
63O0? 

40 

.46¾ 
50 

Ball! 
Chara 
teris 

po 
go 
go 
po 
po 
po 
po* 
go I 
go< 
go< 

excel: 
goc 
got 
goc 
goc 
goc 
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