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4* OBJSCT i/y 

■"to determine if the 0.70* cartoon magnetic Amola »te<l » 
satisfactory sutostitute for the nonmagnetic iadfi»14 Manganese steel 
for the manufacture of the Ml helmet.^ 

. COSCLUSIOSS 

1. ^ Til. r.aoltt of tht. laT.rtl*»tlon lndlo»U 
(MÍI..HO) 0,70)1 o»rto„ AboI* rt..l 1. • ..tl.fwtory ».lU.tlo 
tute for the Hadfield Manganese steel which is now toeing used in the 
■amif.ctur.ofth. 111 h.U.t, 1.. halll.tlo ll.lt .f tt« *~1. .1-1 

au.tMpw.d to . hM »... of 8odt«.U C ^7-^9 1« co«par.U. 
to the Hadfield Manganese steel helmet. 

2. Th» Amola steel cannot be successfully drawn in a die 
designed for the forming of the standard Hadfield 
The rariations in gauge observed from brim to orowa in *ha AmoU «t»«1 
shells undoubtedly can toe oorreoted toy the use of a properly designe 

die set-up. 

t The ballistic properties of the Amola steel helmets austeapersd 
to a h¿r<L.*ss of Hookwell C 47-^ were superier to those Amola steel 
helmets quenched and drawn to the same hardnees. 
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I. L. UXB, 
Researoh Metallurgist. / 

APPRO? IDs 

• / M3 *? V 
/ H. R. ZORIIO, 

Colonel, Ord. Dept., 
Director of Laboratory. 

This document ha« been approved ^ 
f t p:1 hlic relees« and sale; its . 

"ib-.tion is unlimited. J 

11 I'll P-1 A I d I fL O u i L i ni; L _ Js Is. ■ 'In, t I ¿«e 1 11111 ‘‘ékráiMl ir‘-L ‘"il 
ii fi I 

-1- 

: 



INTRODUCTION 

This invest igation was initiated as the -'ïmult of % request 
received from the Office, Chief of Ordnance, dated January 31, 19**2, 
relative to recommendations for subetitute steels which could be used 
to produce the new type Ml helmet as a replacement for the nonmagnetic 
Hadfield Manganese steel. 

It was the opinion of the Office, Chief cf Ordnance, early in 
1942 that the manganese steel situation would undoubtedly become 
critisal within a short period; therefore, data were requested on 
the forming and ballistic properties of other types of steels which 
might be used for this purpose. 

Just preliminary to this correspondence, this Arsenal was con¬ 
ducting a cooperative research program with the American Steel and 
Wire Co. on the ballistic properties of cold rolled spheroldited 
0.70* carbon Amola sheet stock, .044» thick which had been subsequently 
au«tempered and also quenched and drawn to a hardness range of 
Rockwell C 45-53. 

The reai-Ats of these preliminary investigations which indicated 
that bhis Amola steel had promising ballistic properties, austempered 
to a Rockwell C nardnees of 47-49 were reported to the Office, Chief 
of Ordnance,2 

• 

Since this type of steel was readily available, large quantities 
being made in the open hearth furnace, it was decided to investigate 
in detail its ballistic ana forming p~ipertlc*. Accordlngxy, a 
contract was issued to the American Steel and Wire Co. for a develop-^ 
ment order which included the supply of cold rolled spheroidised 0.70$ 
carbon Amola steel sheet ,04o" thick necessary to form 20C helmets, 
the austempering to be conducted subsequent to the forming of the helmets 
at the McCord Radiator and Manufacturing Co. 

Due to the fact that the Amola steel nelmets were formed on dies 
specially designed for the standard Hadfield Manganese steel Ml helmet, 
of the 200 blanks supplied the McCord Radiator and Manufacturing Co., 
only I50 nets were formed without cr&Jcs. About 50^ oí these helmets 
showed evidence of wrinkles on the crown. 

Ballistic tests were made on helmets, with and without these 
forming defects after subsequent austempering and also after quenching 
and drawing. 

lT W.A. 421/248 , 0.0. 421/930, Jan. 3I. 19^2, , see Appendix A. 

2. W-A. 421/248, 0.0. 421/930, *eb. I3, 1942, see Appendix A. 
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Th« helmet«, austempered to a hardness of Rockvell C 7- -9i 

showed promising hrilllstic properties. These resultsi were forwards 

to the Office. Chief of Ordnance. 

The reports on the forming characteristics of the Amola steel 

submitted by the McCord Radiator and Manufacturing Co. and the report 

on the physical tests of Amola steel end the attempering of the 

helmets es conducted by the America* Steel and Wire Co. are given In 

Inclosure A. 

Correspondence pertaining to this Investigation is found In 

Appendix A. 

T3ST MATERIALS A'H) PROCPJKS 

1« Physical Properties of 0.70^ Carbon Amola Steel 

The physical nronerties of the cold rolled spheroidised 

0,70* Cerbon Amola ste*l as reported by the American oteel and ire < 

and which are given in Inclosure A are summarised below! 

Tensile Strength * along. Rockwell B 

Lbs./SqtIn, in 2" Hardness 

Erichsen 

Cun Test 

79,500-^3,400 27.5-28 

Drawing of the Helmet Shells 

80-83 9.65-10.10 mm. 

The results of nreliminary and subsequent drawing of the Amola 

,t..l .hells ’.s reported by the HcCord Sedletor .nd W.cturln* Co. 

are eiven in Inclosnre A. It was clearly demonstrated th&t this steel 

is not satisfactory for drawing on dies that are designed for 
nresent Hadfield Manganese steel. The Amóla steel breaks or wrinkles 

considerably during the forming operation. 

3. Austemrered 0.70* Carbon Amola Samples Submitted for Test 

Avail aud/or 

Special 

y 
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At a result of the superior per^omance of helmets austempered 
to a hardness of Rockwall C 47-^9, » request wf-s made for 50 mora helmets 
austampered to this hardness ranffe. Twenty-five helmets of this lot 
were tested at Watertown Arsenal» August lflt 19? 1942» and the remaining 
25 he^ets were sent to the McCord Radiator and Manufacturing Co. for 
test, August 19, 1942. 

4. Ballistic Tests 

Ballistic tests were conducted at Watertown Arsenal on develop¬ 
ment flat sheets and helmets as follows: 

a. An Army •ballistic limit was obtained on the flat sheets 
and also on the sides of each helmet using the specially loaded caliber .45 
lead ball ammunition fired at normal from a caliber .45 revolver at a 
range of 25 feet. 

b. One round of standard caliber .45 service ball ammunition 
was fired at normal at the top of the crown of each helmet. 

c. Striking velocities were recoried by means of an Aberdeen 
chronograph. 

5. Metallurgical Rx^iuluavlou 

After completion of the ballistic tests several of the satis¬ 
factory and poor quality helmets were selected for metallurgical examination 
which Included the following: chemical analysis, microscopic examination, 
thickness and hardness surveys. Transverse and longitudinal cross-sectional 
strips were taken from several satisfacto’y and poor quality helmets, heat 
treated to 47-49 Rockwell C hardness for thickness and hardness surveys. 
Thickness and hardness survsys were made every half inch on these etrlpe, 

RSSUITS AffD DI3CÜSS10W 

1. Ballistic Teste 

A summary of the ballistic tests some of which were made on tne 
flat sheet stock, the fifty helmets austempered and quenched and drawn to 
several hardness levels and the last lot of twenty-five helmets austempered to 
& hardness of Rockwell C 47-49 are given in Tablea II, III, and IV. The 
resulte of a companion lot of 25 helmets auetempered to a hardness of 
Rockwell C 47-49 and tested at the McCord Radiator and Manufacturing Co. 
are given in Table V. 



». ^ - 12x12¾.OHU« - Auatsapbfd or 
~ Drawn to Several PTdjtea* Lev«!» 

The results of the ballistic tests (aee Table II) indicated 
that the samples austempered to a hardness of Rockwall C U5~50 w.re aore 
ductile than those tistempered to a higher hardness. The fact that the 
sheets shewed evidence of tearing at this hardness \r- 
ductility desirable in helmet stock. The ballistic limits recorded a 
relatively high for material of this gauge. 

The sheets quenched and drawn to a hardnast of Rockwell P 

U9-49.5 were brittle. 

h, <pQ Helmets Austempered or_^»i-wnhed and Brawn to Sowar»! 
Hardness Levels 

Typical satisfactory «n4 Poor qu»!**/ helmets are shown 
in figures 1-3 inclusive. 

The results of these veats which are shown in Table III 

are summarised below: 

(1) Series 16-20 Inclusive, free from wrinkles in 
the forming process and austempered to a Rockwell C hardness ol ^T-49. 
showed the best all round performance. Helmet Ho. lb of this series 
failed due to a punching only but with no indication of brittleness 
as noted in some of the other failures. 

(2) Series 1-5 inclusive which were wrinkled in the 
forming process showed good ballistic properties as austempered to a 
Rockwell C hardness of 49-51. On the other hand. Series 6-10 
which were free from wrinkles were relatively mors 
to the same hardness range. The hardness rwxge of u^-51 HockweU C is 
not recommended for this type of steel. 

(3) Series 21-40 inclusive which w*re quenched and 
urawn to a Rockwell C hardness of 47-49 and 5I respectively show indica¬ 
tions of brittleness under the ballistic test. 

(4) The Amola steel helmete, austempered to a 
Rockwell C hardness of 51-53« were entirely too brittle. 

0* 25 Helmete Austempered to a Hardneee of Rockwell C 47-4%^ 
Tested at Watertown Areenal 

shells. 

figure 4 illustrate« typical good and poor quality nelmet 



¡ 

The result* of theee teste presented In Table IT 
indicated that hslmet N,s. U, I3, 15, & »"d 3« f**1«*1 at toP 
of the ore.«. This eay hare been due to a reduction in gau^e in thie 
particular locution on the helaet. It was determined that the thickness 
at the brim 7arted from .049-.055*. while at the top of the crown, the 
thickneec varied oetween .03^-.042". 

Helmets, Hos. 4Ç and 49, failed by tearing and punching 
when test'd normal to the side of the helmet at striking velocities 
noted in Table IT fjid in Figures 7 and 8. 

Generally speaking, with the exception of helmet ïo. I3, 
there were no pronounced ersoks aasoci'.ted with penetrations in helmets 
aus.empered to a hardness of Rockwell 0 47-49. 

d. 25 Helmete Austcapered to a Hardness of Rockwell C 47-49 - 
Tested at McCord Radiator and Mann .aotvrlng Co. 

figure 5 shows typical satisfactory and poor quality helaet*. 

The results of thee« tests are summarized in Table T. 

Ballistic tests confirm the resulte of the companion set 
of 25 helmets, auat :mpcred to 47-4¾ Rockwell C dssoribed in £. Helasts, 
Ros. 545, M8, M14, K24, H37 and H39, failed by punching at the top of the 
crown. Undoubtedly failure was due to a reduction of the gauge at the 
top of the crown ar demonstrated In Figure 8. 

2 • Metal lurglc*Srarlna t i on 

a. Chemical Analyses 

Chemical analyses of the ¿mola Steel as reported by the 
American Steel and Wire Co. and as determined at Watertown Arsenal are 
given below in Table TI. 

TABLS. VI 

Chemical Analyses 

C Jfc _S1 _S _?_ Mo II Cr T Cu A1 

ïeported by 
American Steel .70 .90 --- .25 - - - - - 
end Wire Co. 

Watertown 
Arsenal .9« .27 .015 .009 .21 .18 .02 nil .02 .02 



1. Micro Bcoplc Sunn In at Ion 

Fleure b illuetratea the alero structure of typical 
RatUfactory anü poor quellty helmets austempered or quenched and draw 
to a Bockwell C hardness of 4«. flo p»rticular difference car. he detected 
between the nil ere structure of pood and poor quality helmets, austempered 
or quenched and drawn to the «usa hardness ranpe. ( 

So;’e occasional décarburisation was detected on the 
auUempered Amola steel shells, extending to a depth of .00008-.0001511. 
The Àjiiola steel was fairly free from segrepations of nonmctalllc inclualone. 

c. Thlctneaa Measureaents 

The thickness measurements were made on mldsectlons of 
satt«factory and poor quality helmets, austempered to a Rockwell C hardness 
of 47..49. see Figure 8, For compariaon, measurements wore |u eluded in 
Figure 8 of ar. experimental Hadfield Manganese steel shell. 

The thickness of the brim of tneee Amola stool shells 
▼aried from .046 to .0521 rhlle at the top of the crown the average thick¬ 
ness was .O3V. ïhe »verane thiokress at the top of the crown of the 
Hadtieid Manganese steel wars .03^5* 1 while at the brim, thicknesses of 
.044-.04811 were obtained. 

In some oases, the Amela helmets which fallid at the top 
of the crown had a thickness at this location about 20^ less then that of 
eat1»factory helmets. 

d. Hardness Survey» 

Hardness surveys uhich wore made on the same Amola sections 
on whi:h thickness measurements were determined are presented in Figure 7* 
Tue recuits of hardness surveys made on a Hadfield Manganese steel helmet 
axe also included. 

These results are summarized below: 

Helmet Steel 

M27 Sati•factor.»1 
M41 Satisfact.rv 
M5 Failed 
Ml4 Failed 
Hadfield 
Hadfield 

- (Longitudinal Section) 
- (Trer.sverse Section) 
- (Longitudinal Section) 
- (Transverse Section ) 
- (Longitudinal Section) 
- (Transverse Section) 

Hardness Hange 
Hackwell 0 

U5.5-49 
42.5- 47.5 
44.5- 49.0 
44.5- 48.5 
31.O-50 
28.0-43.5 

As noteu above and aleo shown in Figure 7. there was a 
considerable hardness variation In the sections tested as compared to the 
intended hardaoss range of 47-49 Rockwell C.___ 

W.A. Repon 710/¾ - "Helaete - Jo^parisoa of Helmets Made from lAl 
aud Hadfioii Manganese Steel1, June 20, 1942. 



SUMMARY 

Of the 0.70^ Cartoon Amola steel» Investigated those austamrered 

to a hardness of Rockwell C U7-49 had the best ballistic properties. 

The ballistic limits of these helmets compared favorably with 

those obtained on the standard Hadfield Manganese steel helmet, for 
example» these Amola steel shells resisted Impacts varying from 975 
f/s to 106c f/s, Oaliber .45 ball ammunition, while It has been 
determined that the Hadfield Manganese steel helmet of approximately 

the seme gauge will resist impacts varying from 86? f/s to 1092 f/s 

whsn tested under the same conditions. 

Very little cracking was observed on the Amola steel helmets under 

the ballistic test, at least when austempered to a hardnees of Rockwell C 

U7-49„ When penetration occurred at these relatively high velocities, 

punchings and occasional tears were observed. 

The depth of indentation on the Amola steels was somewhat less than 

that observed on the standard Hadfield Kiinganeae steel shells under 

comparable conditions of thickness and striking velocity, furvhermore, 

the depth of indentation was less on the top of the crowns of the Amola 

steel as compared to that on the same location on the Hadfield Manganese 

steel helmet, although the gauge of the Amola steel was lighter in this 

section. 

The Amola steel cannot be drawn successfully in the same die set-up 

on which is drawn the Hadfield Manganese steel helmet. Excessive breaking and 

wrinkling of the helmet shell was observed. Furthermore, using the 

Hadfield st^el die set-up, the reduction In gauge at the top of some of, 

the crowns of the Amola steel «hells Is about 20* greater than that 

of the Hadfield Manganese steel shell«. 

It Is believed that excessive variation In gauge and the pronounced 

cracking end wrinkling dur.ing the forming of the Amola steel could be 

eliminated by properly designed die set-up. 

Correlations between ballistic properties erd gauge thickness indicate 

that the top of the crown of the Amola eteel helnet should not be less t «an 

.O34" In order to possess satisfactory ballistic resistance. 

Details relative to the austenroerlng of ler*e lote of Amola helmets 

and the elimination of possible distortion during heat treatment could 

undotbtedly be satisfactorily solved. 

The results of this investigation Indicate that the ferritic magnetic 

Amola steel is a possible substitute for the Hadfield Manganese steel. 

-9» 
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TULE IT 

aunmry of Ballistic Teatb Made at Tatertown Araenal on l^watj^TlTe 

0.70^ Carbon Aiol«t St*«! Hglmgf Anat—pTcd to Rockwil C Hardn»f«_qf_Ug, 

AniBunltlon - Cain>«r .UÇ ball, 230 «rain 

Side of Helaet 

ä2u. 
1 

Thlcfcnees 
at Bria 
Inchee 

Striking Tel. 
. III_ 

Max. Depth 
of Indentation 

Inchee 
Striking Tel. 
_111_ 

Depth of 
Indentation 

Inchee Remarks 

.049 

'.054 

927PP, 982PP 

982 PP 

1-1/8 750 » 

~7^(>“w 

7/8 Good quality. 

Good quality. 

3 
X 

.052 

~õ5ir 

976 pp 

-HJST 

982 PP 

WFT 

15/16 

15/ÏS" 
unr 

741 pp 

75^ » 

29/32“ 

"lyis" 

Good quality. 

7 
IQ" 

.052 
Tõçy 

989 pp 

96$ tF 

1 

1=1732" 

73« ^ 
14TTP" 

TT/TT 

29732" 

Good quality. 
Good quallfyT 

Good quality. 
Good quality. 

11 .051 976 PP 758 CP 
paar qOMnty. imj/u»"punching tdp~yr 
helaet. crack froa one corner._ 

13 

15 

.052 982 PP 1-1/32 741 ® I-I/16 

.049 982 PP I-3/32 760 or 

Poor quality. 3* crack top of crown,. 

Poor quality. Iç/lSi^/lé* punching 
top of helaet. 3/16- crack froa one 
corner 

16 .052 969 PP 1-3/32 738 OP 
Poor quality. 1x1-3/32• punch!1« top 
of helaet. ____ 

17 .049 989PP. 982PP 15/16 75O PP 1-1/32 Good quality. 

18 .052 989 PP 741 PP Good quality. 

19 .053 982 i?P 740 PP 13/16 Good quality. 

20 .053 976PP. 969PP 1-5/32 745 PP 7/8 Good quality. 

22 .05I 989 PP 738 pp 29/32 Good quality. 

.052 989 PP I-I/16 741 PP 27/32 Good quality 
Poor quality. 1-3/811¾1 'punching top 

28 

29 

.050 976 PP I-I/32 741 CP 

.053 927pp. 958PP 15/16 745 PP 

34_ 

38 

40~ 

ÏT 

.055 982 PP 731 PP 13/16 

.050 977 PP 1-1/32 741 OP 

.055 969 PP 1-1/32 738 PP 7/8 

of he 
Good quality. 

Good quality. 
froor"quality. 1-3/4x1r punching top 
of helaet. 

Good quality. 

.050 974 PP 1-9/32 741 PP 11/16 Good quality. 
Poor quality. 2-5/8*2-3/4* tear elde 

.051 9«9®. 976PP 5/8 741 PP 29/32 

49 .052 989®. 927 ® 
800 P? 

31/32 73«» 15/16 

Poor*«aaUty. 1-3/8x1 «punching 
•f kalaet penetrating opposite 

lotet PP ITPartial Penetration 
CP - Ooaplete Penetration 

eld« 
it penetrating opposite side. 

. 1-7/8*1-1/8* punching side of 
belaot penetrating oppoeite tide, toe 

“ TT’ 

<5 

f i^1 ? 

—r~ 
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TABL1 ▼ 

Sura»ry of BallUtlo Te«t> MaAt »t 

MoCord Radiator and HanufMturlnf Co. on Tvwnty-FlTf 

0.70^ Carbon lm>l* 3t««l Helaef Amtsap^fd to 

Rookwll C HtrdDtM of 

ïa* 

M5 
MS 

M9 

M12 

MÍF 

M21 

M23 
m?F 

m?6“ 

M27 

M30 

M3I 

M32 

M3I 
*35 
M36 

*37 
*39 
m4i 

m4j 

m44 

m46 

m47 

m4s 

M50 

At«. Oaugn 
■b«for« Draw 

lach«« 

.046 

.046 

TÕ5T 

TôïïT 

.046 

.047 

.04? 

.047 

.045 

.046 

.04? 

.047 

.047 

.047 

Qaug« 
at Top of 

Helmet 
Inch«« 

.032 

Balllntlc Test 
Top of H«la«t 

3tr. Vel. 

..1ÍA- 
75« 

Indentation 
Inch««_ 

.032 76? C? 

.035 781 PP 

.038 

.031 

758 PP 

"761 CP 

31/32 

25/32- 

.038 

.038 

767 PP 

fîrpT 

29/32 

10732 

.03F 774 OP 

.036 769 PP 30/32 

■037 HI pp 29/32 

.038 761 pp 28/32 

.037 733 W 29/32 

.036 746 pp 28/32 

.036 769 Pf 28/32 

.037 76I PP 29/32 

.039 752 pp 28/32 

.034 781 CP 

.033 769 CP 

.039 

.036 

787 pp 
761 pp 

30/32 
29/32 

.037 787 PP 29/32 

.037 788 PP 30/32 

.038 752 PP 28/32 

.037 782 PP 

.038 762 PP 

aejjgfcl- 

Palled 

failed 

Satisfactory 

Satisfactory 

failed 

Satl«factory 

‘Sati«factory 

failed 

Sail«factory 

Satl«factory 

Satisfactory 

Sati«factory 

Satisfactory 

Satisfactory 

Sati«factory 

Sati«factory 

failed 

failed 

Satisfactory 

Satisfactory 

Sati«factory 

Satisfactory 

Satisfactory 

Satisfactory 

Ï0T1» In all penetration«, the iapaot area punched out, 
free of the helaet. 

elu« falling 

1 



ÏIOTRI 1 

Photograph» of 0.70^ Carbon Amola Stgffl HwliuBti ftftor 

BallUtlc Teat Made at Watertown Araonal - Oatgldc View 

Heliat Ho. I - Wrinkled, austempered - Rockwell C 49-51. 
Satisfactory ballistic propertiaa. 

Heimat Ho. 7 - Ho wrinkles on helmet, austempered - Rockwell C 49-51. 
Poor ballistic properties. 

Helmet No. 10 - No wrinkles on helmet, austempered - Rockwell C 49-51. 
Satisfactory ballistic properties. 

Helmet No. IP - Wrinkled, austempered - Roci'well C 47-49. 
Poor ballistic properties. 

Helmet No. 13 - Wrinkled, austempered - Rockwell C 47-49. 
Satisfactory ballistic properties. 

Helmet No. l6 - Ho wrinkles on helmet, austempered - Rockwell C 47-49. 
Poor ballistic properties. 
Hote tear, round Ho. 1. 
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FIGURE 2 

Pùo to graphs o f 0,70j^ Carbon A®ola St«l Halaeta aftar 

Balilftlc Tgat Made at »al-arcom Axaenal - Oatalda Vlaw 

Helaet Ho. 19 - No winkles on helmet, an*;tempere& — Rockwall C 47—^9. 
Satisfactory hallistio propertiea. 

Ha lo e t Hf . 2g - WrioJrlaà, quaii‘îli*>A arid drawn - Rockwell C 51* 
Satisfactory hallistic propartias. 

Halmet No. 23 - Wrinkled, quenched and drawn. Rockwell C 51. 
Poor ballistic properties, 

Heimat No, 26 - No wrinkles on helmet, quenched and drawn - Rockwell C 51* 
Satisfactory oallintic properties. 

Helmet No. 29 - No wrinkles on helmet, quenched and tempered - Rockwell C 51* 
Poor ballistic properties. 

Hairnet No. 34 - Wrinkled, quenched and drawn - Rockwell C 47-49. 
Poor belligtic properties. 
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H GOBS 3 

Photofraphe of 0.70^ Carbon Amola Staël Holaeta after 

Ballistic Teet Made at Watertoyn Areenal - Outel^o Y¿sw 

Heimst Ho « 35 - Wrinkle« on helmet, quenched and drawn - Rockwell C 47-49 
Satisfactory ballistic properties. 

Helmet Ho. 36 - No wrinkles on helmet, quenched and drawn - 
Rockwell C 47-49. Satisfactory ballistic properties. 

Helmet Mo. 39 - Ho wrinkles on helmet, quenched and drawn - 
Rockwell C 47-4g, Poor ballistic properties. 

Helmet Ho. 42 - Wrinkled, austempered. Rockwell C 51-53* 
Palled by punching. Poor ballistic properties. 

Helmet Mo. 44 - Wrinkled, austempered - Rockwell C 51-53* 
Palled by shattering. Poor ballistic properties. 

Helmet Ho. 49 - Ho wrinkles on helmet, austempered - Rockwell C 51-53* 
Palled by shattering. Poor ballistic properties. 
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Photographe of Typical S>tl«factory and Por : Amola Steel Helaati 

trom_&_Lot.. oí 25 Helnatg. Aust Glared to a Horáraa» of Rodnrall 0 47-49 

Ballistic Tait a Made tt Watertown Afonal 

Haliiiot yo. 49 - iailad by punching. 

Helniet Ho. 45 - íallad by tearing. 

Helmet So. 1C - Satisfactory, 

Keimet Wo. 4g -. Satisfactory. 
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iiauRg 5 

Photograph« of lÿplcal Satisfactory and Poor Amola Steal Helmet» 

from a Lot of 25 Helaet». ia«t «aperad to t Haránaeg of RocItwbII 0 

Ball!«tica Teat« Made at McCord Radiator and Manufacturlnfi Co. 

Helaet Bo. M5 - Palled hy punching. 

Helmet Ho. 1*45 - Palled by punching. 

Helmet Ho. 10 - Sati«factory. 

Helmet Ho. 42 - Satl«factory. 
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pp

Micro structure of Typical Satisfactory and 
Poor ^ality 0.70^ C Amola Steel Helmete Aur.tenpered and 

Heat Treated to a Hardness of Rockwell C U7-U9

mwjmmM'
XIOOO M-27 Picral

Austempered helnet. Satisfactory 
ballistic properties. Bainite.

t/i'i

XIOOO K-l4 Picral
Austeaipered helmet. Unsatisfactory 
ballistic properties. Bainite.

II
XICOO 31 Picral
v)>ienched and drawn helaet. Satis­
factory ballistic properties, 
lettered aartensite.

WTN. 63&-5402

XIOOO 37 Picral
(Quenched and drawn helmet. Unsatis­
factory ballistic properties.
Teopered martensite.

rISURE
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TIWll T 

aocireu »c" iAaaBKSs suam 
(iMiinft Xákm «T«ry h*lf-lnoh.) 

Sttel 

Je ' . 

43.Í5 i1» 39«° 26 3*.5 
2 H3.5 V5 3T.0 27 38.5 
3 47.5 16 3^*5 ^ ^1,0 
H 45.O 17 37.0 *9 4l‘° 
5 47.5 « 33.5 
6 43.5 19 3*.0 
7 40.0 20 $o0 

8 37.O 21 37*5 33 42.0 
9 40.5 22 32.5 34 44.5 

10 37.5 23 38.5 35 50.0 
U 40.0 24 37.0 36 49.5 
12 39.0 25 32.5 37 46.5 
13 38.5 38 ^9,0 

ftagagii— 
. 11.. 

1 42.0 13 36.5 
2 40.5 14 36.0 
3 43.O 15 28.0 
4 41.5 ** 34.5 
5 40.0 17 34.5 
6 36.O 18 35.5 
7 35.5 *9 33.5 
8 34.5 «O 35.5 
9 34.5 a 39.0 

10 35.5 22 39.5 
u 34.0 23 36»0 
12 32.5 24 

25 
40.0 
4l.O 

26 39.0 
27 40.5 
28 40.0 

29 39.5 
30 37.5 
51 41.0 
32 4*.5 
33 41.5 
34 43.5 
35 43.5 
36 43.0 
37 42.0 

l4l sSlafaetory 

46.0 16 47.0 
6 46.5 17 47.5 
7 47.5 25 48.0 
g 46.5 26 48.0 
9 46,5 29 45.5 

10 46.0 30 47.5 
U 45.5 31 48.5 
12 45.5 32 49.0 
15 46.0 33 48.5 

4 45.O 22 45.0 
5 44.5 23 45.0 
6 45.0 28 45.5 
8 47.5 30 48.0 

10 45.5 31 47.5 
14 45.0 3« 47.0 
16 46.5 34 46.5 
17 47.5 35 47.0 
18 45.0 36 49.0 

HUI Satisfactory 
¿-JtrisrjE 

5 46.5 16 43.5 
6 45.5 25 46.0 
7 46.5 27 44.5 

11 46.0 29 45.0 
12 44.0 30 45.0 
l4 45.5 51 43.5 
19 46.0 32 43.5 
16 45.0 33 47.5 
17 42.5 

14 muí- 
4 46.5 1T 46.0 
5 45.0 19 46.5 
6 45.5 » 47.5 
7 48.0 a 47.0 
8 47.5 22 46.5 
9 47.5 24 46.5 

25 46.0 10 47.5 
11 46.5 26 47.0 
12 44.5 29 45.0 
13 45^ JO 44.5 
16 48.5 32 44.0 



070 % CARBON AMOLA STEEL 

WATERTOWN ARSENAL 

THICKNESS MEASUREMENTS ON CROSS SECTIONS OF HELMETS 
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COPT 

McCORD RADIATOR â M>0. 00. 

PRILIMIMART TORMIHG DATA OM AMOLA ARMY HRUtgT_gT^; 

Th« following t«Bt work was performed on February 12. 

The following lote of Amola steel were drawn on the Toledo Pre.e: 

Mo * Pc s. 

25 
5 

Mark 
"A" 
»AM" 

Dia. »lauge 

16-1/2" 
16-1/2" 

,03« to .041" 
.0^0" 

Weight 

20 lb*. Cold rolled 

The & nieces were in McCord »took for some time. , 
1 liTcl. ar, th. matarlal r.f.rr.d to In Mr. Bart«', l.tt« oí 

January 28 th. 

Kr R H. Barnes, Diwieion Metallurg!ut, and Mr. H. R. Steele, of the 
Detroit office of the American Steel 4 Wire Company were present during 
the drawing operation. 

th. following data on th. 5-pl.c. «■ r"celTe^ fr”" "r- 

c 
.70 

Mn 
.90 

Mo 

.25 

Grain Size 
7/8 

Rh 

80/83 

Finish Idge 

C.R. #2 #3 (S11*) 

After the drawing, trimming, and spank operations, thJJ ^ 
auetemper the helmet to obtain a hardness of Rc 52. Th® ^steaper g 
operation is briefly as follows: 

Heat to 15500Fo, quench in salt held at 5300F, and hold 
until transformation has been completed. By aubtempering, 
the steel develops much greater toughness than when heat 
treated to the same hardness by the usual method. 

To find the proper die adjustment and lubricant foJ teit 
was started using the let marked "A*. Results as follows, 

No, 
1 
2 

5 
5 
6 
7 

Mark 
A 

Lubricant 

L. Moh. Oil 

Die Adjustment 

As used in Prod. 
Loosened 
Tightened 

Result 

Broke at start of draw 
Excessive wrinkles 

N 

a 
a 

Less wrinkles 
a 

A 101-90 Moh. Oil Same as #6 Slightly less wrinkles 

_ 



HoCQRD BJUMAflOB A MK*» OQ. 

■o. Mark Lubrlcanl, 

8 
9 

10 
11 
12 

li 
15 
16 
17 
18 

19 
1 
2 
3 

2D 
4 

5 
21 
22 
2 

25 
l 

k 
k 
k 
k 
k 
k 
k 
k 
k 
k 
k 
k 

AH 
AM 
AM 

A 
AH 
AM 

A 
A 
A 
A 
A 

10K-90 Mch.OU 
KeroB«ne 
201-80 Moh. Oil 

10K-90 Mch.Oil 
n 
ii 

151-85 Mch.Oll 
R 
■ 
» 

« 

10K-90 Mch.Oll 
L. Moh. Oil 
10K-90 Mch.Oll 
L. Mch. Oil 
10K-90 Mch.Oll 

« 
■ 

m» Ad,1n»t«iBDt 

Same an 

Regnlt 

Sane s #6 

Sxceeelve wrlnklea one side 
Broke at »tart of draw 
Broke In croen 

« 

» 

Excessive wrinkle« one eide 

Broke In crown 
a 
a 

Slight wrinkles one side • 
Excessive wrinkles 
Broke In crown 

a 
a 

Excessive wrinkles 
a 
a 
a 
a 

Circle held In Metallurgical Dept, 
ClBcle shipped to Mr. Barnes 

J* pi«.. 4r«»! 11 l>rok. Wh 17 MC...1T. wrlnkl... *0. 18 for..» 

th. follow« h.l..t. «r. ..1.01.(1 b, Mr. ï«-... «4 »... b.» .Ml to 

his office for austemper-ing and testing: 

Bo. 

4 

5 
4 

7 
14 
18 
21 

25 

Mark 

AM 
AM 
A 
A 
A 
A 
A 
A 

Trimmed Spanked 

not 
not 

507en nelmets stored in McCord Haw Stock 

Bo. 

2 
3 
6 
8 

20 
22 
23 

Trimmed 

not 
not 
not 
not 
not 
not 
not 

not 
not 

Spanked 

not 
not 
not 
not 
not 
not 

not 

2/ 23/42 
COPT 



McCQBD RADIATOR A HTO. CO. 

COPT 

Three helmets and one circle held in McCord Metallurgien! Dept. 

So. Mark Tr lamed Spanked 
5 A " * 

13 A " " 
19 A " " « 

The following Information wae obtained on the helmets and sheet held 
In the Metallurgical Dept.*. 

Geoage P 
25 A “CUO-TOUÕ" 82/83 

DRAWS HEIMST S 

So. Mark 

5 a 
13 A 
19 A 

Iront Back Iront Top X*<sk. 

.038 .032 92/9^ 96 93/98 

.033 .031 

.032 .030 

Summary; 

Re resulte indicate that this steel Is not satisfactory for drawing on 
dies that are satisfactory for our present high-carbon-nanganese helmet 
steel. It either breaks or wrinkles. We believe two factors should be 
investigated in attempting to make helmet« out of steel that is not 
euatenitic. Steels that are austenitic work harden rapidly and, there¬ 
fore. obtain the necessary hardness to meet the ballistic requirement« 
during the draw. With non-auetenltic steel«, that will require heat- 
treatment in order to retain the required hardness, consideration should 
be given to the poasioility of using die« designed to fora with the 
least amount of cold working. The other factor suggested for considera^ 
tlon ie whether the steel le In a physical condition best suited to 
deep drawing. Therefore, it ie suggested that the following information 
be furnished before the steel ie drawn; 

Chemical analysis 
Grain sise 
Hardness 
Micro-structure, annealed, normalised, spheroid!sed, etc. 
Ericheen test 
Tensils strength, slastic limit, and elongation. 

A study of the above information and the drawability of the steel, should 
indicate the trend to follow in further experimentation to find the beet 
substitute for high carbon-manganese steel. 

COPT 

3/23/42 



COPT 
MoOord H«tallvglo«l Dtp*. 
5/V*« 

LIST 01 XXPXRJMUTAL iNOLà ABMT HIUUB* «11»® Mil 5, 19*« 
to iatrleaa Steel A Wire Oe., Worotattr, Mat. 
Attention of Mr. lobert Knicht 

LOTS B 

leimet Bo. Condition Helmet Be. Condition Helmet 1^»-P»»«yÍ9Í 

8 

il 

S 
25 
27 
28 
29 
30 
F- 
32 

P 

36 
37 

g 
44 
»♦5 
46 
4? 
48 
49 

5Í 
55 
57 
5« 
g 60 
61 
62 

3 nmd 
3 
2 
3 
3 
3 
2 
1 
2 
1 
2 
3 
2 
3 
3 
2 
2 
2 
3 
3 

•Till 

and 
and 
nmd 
nmd 
and 
and 
and 9 
and 9 
and 
and 
and 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 

and 
and 
and 
and 

3 and 9 
3 «d 9 
3 »d 

and 
and 
and 
and 
and 
and 
and 

2 
3 
3 
3 
3 
3 
3 
2 
2 and 
3 and 
2 and 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

1 
5 
6 
9 

10 
12 
i3 
15 
19 
20 
23 

26 
27 
28 
31 
3? 36 

and 
and 

2 and 
2 and 
2 and 
1. 8 
2 
2 
1 
1 
1 
1 
1 
1 
2 
3 
1 
1 
1 
1 
1 
1 
3 
3 
2 

9 
9 
9 

and 9 
9 
9 
9 
9 
9 

and 8 

and 9 

and 8 

and 
and 
and 
and 

9 
9 
9 
9 

1 
8 
9 
11 
18 
19 
20 
a 

ä 

28 
29 
30 
31 
32 
33 

£ 
45 
50 
51 
52 
53 

2 
3 
1 
1 
3 
2 
1 
3 
3 
2 
1 

and 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 

2 
1, « Md 9 
1 
2 
1 
2 
3 
1 
3 
2 
3 and 
3 Md 

Md 

3 
3 
3 
2 
3 

8 
9 
8 
9 
» 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Condition Legend: 

1 - Good 2 - Passable 3 “ »rlnkle a 8 - On der «auge 
9 - Orervelffht 

Any belast harln« tba condition rating nimbara 3, 8t and 9 !• » rajaat. 
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5-23-48 

MS40RAIDÖM 

Mr. H. J. Haendorf 

HlàT TRJUTMgT OI EUMVtS 

ç^.23-42 te rendy for Test at Watertoam Juno lot. 

Sort helmets by nuabor. 

Select (25 fairly freo fro* wrinklee (1) Good 
for 5 (¾ wrinkled (2) Wrinkled 
lots ( 
lote the nuaber already aarced on each helaet by McCord Badlater, 

Then : 

Aaoteaper 5 d°od (i) ) 
5 wrinkled (2) ) 

Protect surface fron oxidation (charcoal bri%ueUee or 
(gae line oerert) 

Lot A Heat 7 ninutee at 1550*P - Salt 5»5*»* 1-1/? 4oure 
Ala 51-53 C Rockwell 

Lot E Heat ? minutes at 1550** - Salt 635»T. 1-1/2 hours 
Ala 1+9-51 C Rockwell 

Lot C Heat 7 ainutes at 1550*2 - Salt 670*2. 1 hour 
Ala 47-49 C Rockwell 

Quench and 'leaper 

Lot D Heat 7 minutee at 1550*2«. Qjieneh ia oil 
Try tost piftco Draw 670*2. for 1 hour 
aim 49-51 C Rockwell 

Lot X Heat 7 ainutes at 1550*2. Quench in oil 
Try test piece Draw 700*2 
Aim 47-49 C Rockwell 

Mark suitably with grey paint for identification. 

&. H. Barnes 
RHE/ant 

COPT 

3* 
•I .. 



Our McG rá H*at 
S2x lo. OoadUlon 

O O P T 

ÏMt 
Tia» 

Oil 

Vnaklad 1550 

•J2 
-H! 

Qoft4 
« 

¥rinkl*d 1550 

■ 

a 
a 

flood 
a 
a 
a 

Wrinkled 1550*1 
a 
a 
a 
a 

flood 
a 
a 
a 
a 

Wrinkled 
a 
a 
a 
a 

flood 
a 
a 
a 
a 

Wrinkled 
a 
a 
a 
a 

flood 
a 
a 
a 
a 

7 »ia« 

Draw lust.Salt Aaet.Ialt 
Tine Taatpjr, 

635 

665* f Hr. 

100* F 665*1 l$hr. - 

705*F 

5*5* » 
a 
e 
a 
a 
a 
a 
8 
a 

8 Hr. 
a 
a 
a 
a 
a 
a 
I 
a 

., -r ' 



All helmets have been Identified by number, in gr«y p*lnt on the front 
of each and may be correctly eeparated by refereno# to the 
Hnmhere ending in 1 to c «vi h.lnnet. and 6 to 0 are good helmet 

Group Wl-50 - Auetempered to 5^--3 
Group 1-10 - " - 79-51 HC 
Group 11-20 - " " ^7-^9 

Group SI-JO - quenched and tempered to ^9-51 HC 
M 31-MO - B 11 ^ ^ ^7-^9 

e 





Moora/db 

COPY 

«AK DXPAHÄÄT 

0ÎÏIC1 Of THS CHIIf Of 0EE1AIC1 

VÂSHIIOTQV 

JanuBrj 31, 

¥.A. 421/2^6 
0.0.421/930 
Atta*. Stoall Ana* Division 

Industrial Sorvioa 

Subjects Steel for üee in Helmet Ml 

To: Commanding Caneral 
Watertown Araenal 
Watertown, Mass. 

1. Reference is made to personal aeaorandu« from 14. I. 
Matthews, Laboratory, dated January 27, 19^2, sabjeot, Military 
Requirements far Helmets, which read as follows} 

•1. Colonel Somif has requested that I write to you 
informally to ascertain the O.C.M. nuaber which specifies the 
military requirements for helmets. Please indicate also what 
that requirement Is. 

•2. It Is suggested that you indicate on the batte« 
or reverse side of this sheet the information dssirsd.» 

2 Reference is also mads to a letter dated January 28, 1942, 
addressed to Major C. L. Cox, Acting Chairman,Subcoaaittee Hairnet Steels 
and Body Armor, by Mr. P. L. Barter, Tics President of the McCord Badiater 
Company of Detroit. 

3. The steel situation for use in helante will no doubt become 
critical within a very short period. At the present time only the 
Carnegie Illinois Company has produced the required Hadfield type of steel 
used in the body of the Belast Ml. It is understood that the Allogheny- 
Ludlua Steel Corporation is asking a study to see if tte corporatise will 
be able to produce either this type of stool or a miitablo substituts. 
It is believed that the Heimat Subcommittee hae contacted a number of 
companies in order to dotormino if a suitable steel could be produced. 

4. Within the near future ordere will be placed for exceedingly 
large quantities of helmets. At the present time it appears that produc¬ 
tion of helmets should reach, by June or July of this year, a production 
rate of approximately 400,000 hairnets per month, whioh will require in 
the neighborhood of one and a quarter million pounds of steel per month. 

5. In reply to the arsenal1• requaet, the fellowlng it supplied. 

COPT 
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To: Vatortovn Arsenal 1/31/^ 

COPY 

The ballistic requirements for tha Helaet Ml 
were set forth in a letter from the Office of the Chief 
of Infantry to the Adjutant General, through the Chief ef 
Ordnance, dated February 3, 1941. Thaee reqaireneate were: 
(1) To withstand perforation by a 230 grain, .45 oaliber 
bullet, at 750 to 800 f.e., and (2) To ehow ae dente greater 
than L-3/16 inchee by a 230 grain, .45 caliber bullet, at 
575 to 620 f.e. 

These requirementa were carried erer fron the ratual 
properties of the 191? Kelaet. The epecifieation requireneate 
for the 1917 Helmet were conelderably below actual perfornanoe. 

6. While the present requirement* call for a aon-aagaetle 
type of steel, it is believed that these requirement« can be chaaged * 
■0 as to perait the use of other types of steels if a suitable steel 
can be found for this purpose. Data received in the Ordnance Offloa 
in regard to eteel euch ae liZ indicate that those steels are inferior 
to the present standard naterial In producing halneta of the sane weight. 
As the arsenal knowe, the naxlnun weight of the helaet la critical. It 
wae found that tha maxinun weight of tha steel helmet bod/, including 
paint, edging, chin strap, «te., muet be lee« than 39*275 ounce« In order 
to meet the overall requirements, as specified by the using servies, 
that the complete helmet, including helmet liner, met net weight mere 
than three pound«. 

7. It ie requested that Watertown Arsenal etudy the aber« 
requirements and advise the Ordnance Office, Saall Arm« Division, 
Industrial Servlet, as to the most suitable type of substitute steel 
that could be used in fabricating the Helmet Ml. 

By order of the Chief of Ordnance: 

W. T. MOORS 
Lt. Col., Ord. Dept. 

Assl etsat 

~2b 

COPT 



RÄSTÄICTSD 

0.0«. U21/930 
V.i.. U2I/248 lit lad. RAM/ILE/mt 

Watertown Arsenal, Watertown, Maeeaohaeette, laWraary IJ, 19^2* 
Tot Chief of Ordnance, Ü.S.A., Washington, D. 0. 
Attn: Shall Arat Dirielon - Industrial Serrice 

1. Referenos Waste coasranication and letter dated Jaanarj 28, 
19^2, written Wjr Mr. f- L. Barter to Major 0. 1. Cox of this arsenal, 
this arsenal has taken preliainarjr steps to procure steel sheet in 
suffioient quantity to Mke two hundred (200) helaet blanks fro* the 
American Steel and Wire Coapany. A letter hae Ween writtsn to Mr. 
1. H. Barnes, Aaerlcan Steel A Wire Oonpany Inquiring into the 
Wility of negotiating a saall dewelopnent contract cowering the furnish¬ 
ing of the necessary steel for two hundred (200) holaoto and the hea 
treatment of the helaet bodies after foraing. 

2. The eteel whioh will We investigated aore cospletely has shown 
remarkable Wallletic properties in the aueteapered coadition at a Rockwell 0 
hardness of approxiaatsly 50* approxiaats analysis is as follows. 

C -ÜÎ- 
.70 .90 .20 

The steel is known as Aaola and is aads in grsat quantitits in open hearth 
furnace*. It ie certain tnat the Wallistlo qualities *f the helaet* will 
be eati»factory; the question whioh remains to be determined is the draw- 
ability of the steel in the spheroldissd-annsal condition. 

3. Additional cooperative work is being carried out with the Kearny 
Laboratory of the Ü. S. Stool Corporation, and it is hopod that another 
low alloy analysis will be developed eoon whioh oaa be utillied in the 
preparation of steel for a development project. 

4. Tour office will be contacted as eooa as possible regarding fund* 
which may be required. It ie recommended that the KeCord Radiator A Mf*. 
co. oxort every effort to provide faoilltioe for the drawing of the 
experimental helmet bodies at the oarlinet ptoelble date. 

for the Commanding den oral: 

H. H. ZORITO, 
Colonel, Ordnance Dept., 
Director of Laboratory. 

RI STRICTE) 
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COPY 
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Jtm« 18, 15^2 

W.A. 421/504 
Laboratory-Ha 

Sabjaot: Ballistic Tact* of Àaola Stad Hclact* 

fo*, Chief of Ordnance, U.S.À. 
Pantalon luildinf 
Viashin^tor., B. C. 

Atta.t Industrial Sarvica — Saall Aï»b BlTîficn 

1. In reference to the cooperative pro«ra« betveea 
Arsanal and the American Steel & Wire Company (letter reference V.A. 421/301 
dated May 22. 1942, to Office. Chief ef Ordnance, attention Intoetrini 
Service - Small Arne Divisionj on the development of Jnola eteel helaete, 
balliatic teste have been made on fifty of these halaste, ansteap*. ej m*. 
quenched and drawn to several nardnese levels with the results reported 
on the attached data sheets. 

2. The results of these tests are sunmarised balow: 

a. Series 16-20 inclusive, free froa vrinklee im 
the foralng process and auatempered to a lockweil C hardness 
of 47-49, showed the beet all around porforaaaoo. Holaet 
Ho. l6 of these series failed due to a punching only but vitn 
no indication of brittleness as noted in some of the other 
failures. 

b. Serie« 1-5 inclusive which were wrinkled in 
the foralng process showed good ballistic propartiee as 
austeapered to a lock well 0 hardneee of 49-51* Q*1 the 
other hand, Serie« 6-10 inclusive which were f*ee froa 
wrinkle« were relatively brittle when auetenroered to the 
gfmf hardneee range. The hardneee range of 49-51 lockwell C 
is not reconaemded for this type of eteel. 

c. Sardes 21-40 Inclusive which were quenched and 
drawn to"a iockwell C hardneee of 17-49 and 51 reepectively 
show indication* of brittleness tm4*r the ballistic teat. 

d. The Amola steel helmet«, aa«tempered to a Iockwell 0 
Lardnees^of 51-53 were entirely too brittle. 



RSSTBIOT2D 

3. As the result «f thi* preliminary lare«tigatIon, In¬ 
structions are using sect to American Steel & Wire Company to aus- 
tenper another lot of fifty helmets to a Bcckwell C harán es* of 
47..49 and soba it them to Watertown Arsenal and McOord Radiator A Mfg. 
Coapany for ballistic test. .Results of the»« tests will be forwarded 
to his offiee. 

!or the Commanding Öeneral: 

H. S. ZOBKIÖ, 
Colonel, Ordnance Dept., 

Incl. - Data Sheets Director of Laboratory, 
co-Detroit Ordnance Dist. 

(Note; Tha Date Sheets are inclosed 
in body of report.) 



McCORü HAIIATCB A MT®. 00. 

D1ER01T. MIO&lQàS 

6th, 1942 H, B. MOS® 

Mr. Raleigh H. Barne« 
American Steel & Wire Company 
Bookerfaller Bldg, 
Olerelaad, Ohio 

Dear Mr. Barne«: 

Ve shlppei on May 4th, eighty-flTe experimental Aaoln helmete hy motor 
freight to; 

Aaerloan Steel à Wire Company 
Attention of Mr. Robert knight 
Superintendent of Spring Mill 
South Work«, Worcester, Mae«. 

The following table 1« a euranary of the helaete «hipped: 

Condition_"A". 
flood 2 
Passable 11 
Wrinkle« 21 
Total 34 

The above claerifications are ba«ed on «hape and vrinklee only. Thoee 
included under ’•wrinkles" are reject«. Also included under good and 
•passable" are some that ere rejects due to overweight and gauge. 

Snob hat ha« it« number stanciled on the inside ef the vieer. The table 
on t<*e enclosed sheet gives the identity and rating of tha helmet« «hipped. 
The helmets are in the report at formed, trimmed and «panked oonditiem. k 
detailed report on the entire test will be embmitted later. 

The balance of the unbroken test helmets are being held in the Metallurgical 
department. These are all reject« due to wrinkle«, gouge or over-weight. 

If you require anything further, please let u» know. Alto we will appreciate 
receiving any work at to the reçoit» of the au«tm«perlttg ¿►‘A ballictice. 
If possible we would like to rereive a few helmet« that have teem treated. 

Youre very truly, 
Mc CORD RADIATOR A KTA. 00. 

Chi ef Metallmrgl it 

LOT 
"B"_ "C* Total 

' 12 ~ 8 22 
7 8 26 

_4 12 Ü 

23 28 «5 




