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MEMORANDUM RgPOHT KO, WAL 710/609 

Partial Report on Problem B-7,3 

12 April ISUk 

He tal lu gglcal^and- Balll »tic Investigation of a 

Nlclçftl,Moil_fl?a Hffdfleld ManmngBB Stael 

Prcpoe>d for tl«e In the Ml Helmet 

ABSTRACT 

Ulmets fdbrleatad tmm an experimental heat of a Jfat nickel ; 

manganese steel are ballistlcally comparable to regalar productloci 
helmets. In the annealed flat sheet form, the nickel modified 

steel is approximately inferior to normal manganese steel in 

ballistic properties when tested with caliber .45 Ball ammunition.! 

Hardness surveys show that nickel manganese steel helmets are 

from points Rockwell C softer than manganese steel helmets 

in identical areas, and consequently have lower residual stresses. 
Bend tests performed on sections cut from the visors of helmets 

demonstrate the superior ductility of nickel manganese steel 

ov*r manganese steel in «1 equally cold-worked condition. High 

magnetic properties of some nickel manganese steel discs were 

traced to a harmless oxide layer containing either a magnetic 

oxide or other phase of iron. This oxide layer can be readily 
removed by Immersion in warm dilute hydrochloric acid. The 

harmless magnetic oxids_j4^er malees the magnetic test spscified 

in Spe^Afiçittea-AXiCííyO inapplicable for nickel manganese 

steel. B*The bend test rsmains the best criterion of Quality of 

helmet steel. Nickel, as an austsnlte stabiliser, is apparently 

capable of preventing or reducing the amount of transformation to 
martensite which occurs when Hadfleld steel is cold worked. 
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i .'\ i. At th# raqu««t «f tha Off ten, Chlaf of Ordnan«^, als halaata 
Ü " «ad aiz halaat dite« fabrleatad fro» an axparlaantal haat of a }k% nbokal 
J »odlflad Badflald aaa^naaia ataaX wara forwardad to thta araanal for 

■•tallur<çleal and balllatla laraatlgation to datanlna aoaparabllltjr with 
I i norial production halaata and halaat ataal. This haat «ai produoad bp 
" tha Oaraaela-Xlllnola dtaal Corporation in an attaapt to dataralna if 

tha addition of an auataalta atabilisinp alaaant ta nvraal ladfiald ataal 
vould iaprora tha draaabilltp and dacraaaa tha tandanap to fora brittla 

f c aurfaaa layara of auatanita daaoapoiltion producta raaultiag fron aurfaea 
k daaarbnriaatlon during proaaaaing of the halaat ahaat. 

2. Approxlmatalp 12*000 diaca of tha nlokal nanranaia ataal 
vara procaeaed into halaata at tha McCord HAdiator an-l 'tanufaoturinr 
Coapany. Tha entire fabrication breakage amounted to aalj 0.16)(, aignifi- 
cantly lover than tha noraal breakage encountered «1U regular aanganeaa 
ataal. icoording to data «applied by the McCord BadUtir and Manufacturing 
Coapany covering 26 haata of regular Hadfield ataal rroeeaaed into halaata 
at that plant, the drav breakage averaged U.25)(, The 2* haata of ataal 
vara included ¿n McCord lota 516 to 619. It i» also ei*nificant that 
the trinad edge of the holaot, particularly along tha viaor, waa vary 
aaccth and noteh-fraa in the cace of tha nlokal aan^aneae ataal. Voraal 
production halaata are found to have very jar?ed edgaa, giving tha 
appaaranca of having bean broken rather than aheared 1« the triming diea. 
fhle condition apparently ladlcatea auperlor ductility ln tb« nickel 
aanganaoe ataal vhlch la aaaodatad with lower hardnaaaaa la tha region 
vhara tha trlaalng operation takoa place. 

3» According to data publlahad by the Internationa'- ticke! Coapany, 
Inc.*, Hadfield ataal to which 3-5^ nickel ia added hao norf duetiliry 
and better dravablllty than tha noraal auatanltlc man 'arete ataal. 
Prolongad heating at taaperaturea up to 800°T cauaat no carbide precip¬ 
itation in tha nlokal aanganaac ataal, while manganeee ataal la aubjeot 
to carbide praelpltatlcn at tcaparaturea aa low ao 550*^* ödd working 
teeto oonalatlng of dropping walghta upon conical epeeiaena allowed that 
although tha a ama lapaet energy producaa approximately the anna lefora- 
atlen in both nickel maaganeee and manganeae ataal, tba nickel ^avaneaa 
•t««I 1« «old worked to a lawar hardnaaa than the aan<aaeaa ateel §ti 
axhlblta auperlor ductility in the cold worked ccnlltiea. 

4. With tha factor« Aoceribad in the preceding paragraph in mind, 
it would be expected that the nickel manganea« ateei tiçbl be pnrtlctlarly 
useful for the helmet application. The cupefior irawabUlty and old 
working characterlctldc «f nickel manganee« ateei nay elialxat« or 
greatly reduce the production dlfflcultiea being presently ceeourtered 
with normal manganeo« ctcel. Then« difficulties consist y? draw breakage, 
viaor cracking, and delayed • reeking occurring either in at -rage or 
during the aervlce Ufa of the helmet. 

ï»teletype dated 22 March 1944* cce Appendix C. 

2. "A law Pickel Manganese •teal* John Howe Hall, lorgfct Publlahed by the 
International Hiekel Ooapany, Inc., 67 Wall Street! Mew Tork City, 
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9. Metallurgical aad Calllcllo larcctlgatloa disclosed the 
folloviagt 

A* *he ballistic properties of helmets fabricated from alckel 
mangeasse steel are deemed comparable to those of aormal production 
helmets. Vhrse aloksl mangaaess stsel halaste had an average 
ballistic limit of 900 ft./sec. with caliber .U5 ball ammunltloa 
compared to an average ef 9*3 ft./sec. for seven regular production 
helmet*. 

&. Xn the canealed chest form» nickel manganese steel 
has a ballistic limit of approximately 920 ft./sec. for a thickness 6t 
O.OUh" and normal manganèse steel IOO5 ft./sec. for the same thickness, 
the difference is believed attributable to differences in work hardening 
properties. 

£. 90° bead tests conducted upon vertical sections cut from 
the visors of helmets indicate superior ductility of nickel manganese 
steel over normal manganèse steel after an equal amount of plastic 
deformation. 

d. The maxim* hardness in the region of the visor resulting 
from cold working averages loehwell 0 U5-U7 in the nickel manganese 
steel and Boekwell 0 5O-53 in normal Badfleld steel helmets. The maximum 
hardness in the vertical areas to the right and left of the baoks3 of the 
helmets lies in the range of hockwell C 44-51 la nickel manganese steel 
and Boekwell 0 50-54 in normal Kadfield steel helmets. Since lower 
residual stresses accompany lover hardnesses» draw breakage and service 
cracking should show a marked reduction in the case of nickel manganese 
steel. 

£. Wickel manganese steel is softer in the water toughened 
condition than normal manganese eteel, averaging Boekwell 1 86.5 against 
Boekwell B 91.5 for the latter. 

£• increased magnetic properties noted la some of the submitted 
3s* nickel manganese steel discs are due to the presence of a complex 
oxide layer on the surfaces ef the discs reailtlng from a combination of 
décarburisation and oxidatier daring processing^ The oxide layer, unlike 
the martensite layer occurring on decarburlsed manganese steel» does not 
embrittle the material and apparently does not introduce difficulties in 
the drawing operation. Steels with a high degree of magnetism resulting 
from the presence of the oxide layer show excellent bend tests. 

£. Because ef the nature of the magnetic oxide layer on 
nickel manganese steel» the mag tie tost incorporated in Specification 
dZS-1170 cannot be applicable if the oxide layer is found to be peculiar 
to this steel. 

3. #he two areas at 1W.I70® aad 190-240° have been found to be tones of 
maximum hardness and maximum residual stress. Service cracking is 
generally confined to these sones and the visors of helmets. 
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h, The eoaplex ©xl^e layer it reedlly dlseolTed upon Imereloa 
ln war« dilute hydroehlorlo seid, reeultlnp: ln the eoaplete ellmlnetlon 
of the na^netle propertlea. 

Mftttrlale and Teat Procedure 

The tubaltted aeterlal constated of 6 dravn* apanked» and 
trlaaed helmeta* and 6 helmet dlaca forwarded from the MeOevd Radiator 
and Manufacturing Oonpany, McCord Lot 808A, Carnegle-Illlnola Heat Ho. 
110077. Identification nuabera are Hated In Table I. 

Ml&I 

D^Ç| 
Ï2x • 

MislJ2áU& 
Ho. 

11 

12 

13 

15 

17 

19 

«OjL 

21 

22 

23 

2U 

25 

26 

The teat procedure oonalated of the following! 

A* Chemical analytic. 

Bai Hatte teate of helmeta and dlaca. 

90® bend testa on aeetlona cut from helmeta. 

180° bend teata on aeotlona cut from dlaca. 

Hardneaa aurreya of helmeta and dlaca. 

Magnetic teata of dlaca. 

Microaeople examination. 

Ä. 

£• 

A* 

1* 

1. 

I. 

1 1 ’j .j ■ V ; 

L -iv ¡ 

-, >3i«l 

, , ..(‘¡’(OUI 

nr 

7. Retalla oJ’the ballistic and metallurgical teeta are aa followat 

a»« * jf' Tv?alc^ WTPll- ’A chemical analyala vae made of milllnre 
cut from disc «5 with the following reeultf 4 

v.t.rtoim An.lj«i. US 1¾ ^5 7^5 -î- ja. 0 

Ladle Analyala (C.I.) 1,27 i^qq ^ 
.009 

039 375^ Tof 

3.U8 — 
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TabU XI (Pont’A) 

Mancan»«?« 3f ei Dl«e« 

Av«ra«« 
Thlckneat Carnaje-HlIpol» Hgat No. 

11 .04U 110077 

12 .04U 110077 

IJ .044 IIOO77 

15 .044 110077 

IT .044 IIOO77 
\ 

19 .044 IIOO77 

■iIarggl_2rodpction Manganea« 3fl Dl«ei 

No. of Dlgea 

20 

Thlcknoio of 
oaoh Plod 

.044" 

Cnrnagi 111 Ino 1 a 
_Noa. 

Sa« Appendix A 

Ballistic Limit 

-,. 

943 

924 

904 

911 

948 

899 

Avarm^o - 921 ft./aae. 

Avara«»i9a111«tie 

1005 

Aa » reault of the abora teata, the balliatle propertlaa of Jii 
nierai manganea» ataal halaata ara eonaldarad comparable to thoee of 

în th* ann#al"d f1*' fon, howéTor, 
tha ballistic Halt of the nlokel manganea» ataal la lover than that 
of normal manganea» ateai. Thla la bellaved attrlbatabla, aa will be 
aorp fully dlacuased later In tha report, to difference» la the work 
hardening propertlaa of the tvo ateela. 

m ^Pd 9g„Hfta8tt find DltÇ|. Vertical aeetlona 
approximately 2 vide and 3" long were cut from the middle of the rleore 
of three 3$% nickel manganese eteel helmets, Nos. 21, 25, and 26, and 
from three regular production manganea» ateei helmet» vhlèh were on 

ïÜc ®he three regular production helmets ver» from 
c ord Lota 39°2, 3702, and 40A2, The »action« ver» cut from the portion» 

of the viaora lying between 340<> and 20«. The longer aldea of the sectloni 
wer« clamped In the Jaws of a viae and a 90° bend produced by hammering 
the projection down. The bends were mede in the same direction as the 
original curvature produced by the cold forming of the helmets. 
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EiíH-ri-- 
3ehlU0ter Lot! Jlî» j îf,ïï ” r'CTl''r P"1“«1’» h»l»«t» fro. 

r lhe ¿«¿'ÆZI ITtrZ'll'Zll? V.VTlV.Tlw 

W*“M* ''Uh **•*• "»*« »y th, Int.rn,tw McwtipaSll ^ ‘B 

cut from tv,, MT0nlc"íl.í^Í'r"*”,t^* 'T'h“”* °" t"*11»»* 
r,,u,r„.„t. ,f 3p«tfi,.»t.„ AXS-UTO. Both U 

l^wrf roVd'^rtr^ evrthe 
and vo’ild b* ratad ae Ivln^ íatííír1#! HTlo"0^ V*ry mlnnt* cr^kinft 
Carneele-Illin^i. sí! Í Í #1 and ^ «n the ba»iB of the 
t,.t. AU .îrll«. ,Í, êo^îîîîïï Ph0‘°'r"cMc '‘«I»»« for th. bond 

re coneidered to have very eatiefactory bend«. 

i- teaW ^r»«?» of Section, Cut From K.l-.t. „nd D...T 

inch,, lone v.™«t‘Â1:,,n,^ro,í^ly.t“„‘,‘C‘" “d thr» 
the region lying between 3too an¿ tqo .nT *’ °?’ ^5« end 26 in 
right end left of the Sech, of hL^;. So. 2l" Ä* ^,^00 
end from 190» to JlvO» r„n,ctiTely. 5 6' 130 to ”5° 

■poroximetely ÄVf^SSS'ri:^' T" the Tl,or 
.bore th. rim, end on the SSnSiSJ ï “1,o nPl'forlmat.ly 2 inch,, 
approximately 1 ineh ï f*®“0?8 fron th,! r*«r the helmet. 

survey, have been ’nade^on^m^erourprôductlon^helmet1^ h:;Íd1',ll<ir hardn«*B 
normal manpaneae steel. F d tlon h«lm«t8 fabricated from 

In Appendix B and are^Lmaílt^^n^able nIr^n89q aurT*y* contained 

2. See footnote on page ?.. 

3. S<»e footnote on pa/:e 3, 
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Table HI 

Rockwell C Hardness Surreye of Nickel 

and Manganese Steel Helmete 

Location r.f 
Type, of Steel Zone-Pegreei 

Nickel Manganese 330-350(ylsor) 

Mannmeee 330-350(vlsor) 

Nickel Mangnnese 330-350(Tlsor) 

Manranese 330-350 

Nickel Manreneee 350-10 (vleor) 

Man/ranese 350-10 (visor) 

Nickel Manganese 350-10 (visor) 

Manganese 350-10 (visor) 

Nickel Manrnnese 

Manganese 

Nickel Manganese 

Manganese 

10-30 (visor) 

10-30 (visor) 

10-30 (visor) 

1O-3O (visor) 

Nickel Manganese ^30-175(^,^) 

Manganese 
7K(right) 

130-175(rear ) 

Nickel Manganese 130-175(^^) 

Manganese 130-175(^^) 

Nickel Manganese 190-?Lojy®^j 

Manganese 

Nickel Manganese 190-?Lo(left) 
(rear) 

Distance Up Maximum Hardness Range 
From Rim Rockwell C_ 

Manganese 

0.5 

0.5 

F.O 

2.0 

0.5 

0.5 

2.0 

2.0 

0.5 

0.5 

2.0 

2.0 

1.0 

1.0 

2.0 

2.0 

1.0 

1.0 

2.0 

2.0 

U5- 47 

49. 54 

44 - 48 

45-50 

44-47 

50-53 

44- 48 

45- 50 

44-46 

48- 53 

45 - 48 

46- 50 

45 - 47.5 

50 - 54 

40 - 45 

42 - 47 

48 - 51 

50 - 53 

45 - 48 

46-50 
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Fro« th« data la Sntol« 111 It 1b evident that manganee« eteel 
helmets average 3 to 6 pointe Rockwell C harder than Identical region« 
on nickel manganese Bteel helmet*. This demonetrate* that th* *aa* 
degree of plastic deformation produces greater hardness«*,In manganês* 
•teal than In the modified alloy. According to Hall1* some transformation 
to martensite occurs when Hadfleld steel Is cold worked* eonseouentljr 
some of the hardening which occurs upon cold working Is attributable to 
this martensltlzatlon. The addition of nickel to Hadfleld steel* 
resulting In an Increase of the stability of the austenite* must 
necessarily decrease the tendency of the austenite to transform to 
martensite upon cold deformation. Thue* equal degreae of cold deforma¬ 
tion would be expected to result in a lesser increase In the hardness of 
nickel manganese eteel than of manganese Kteel. 

Prevloue work at thie areenal has established that tha hardness of 
variously cold worked regions of the helmet« are proportional to the 
residual etreesee; the sores of maximum hardness coinciding with the 
sones of maximum residual strass. It therefore follows that nickel 
manganese steel helmets* having generally lover hardness«* than manganese 
eteel helmets, would also have lover residual stresses and would conse¬ 
quently be less liable to crack both during the drawing operation and In 
eervlee. 

The Increased ductility of nickel manganese eteel ae shown by the 
90° bend teste of section« cut from the visors of helmets Is consistent 
with a lover hardness level. It Is believed that the so«evhat lever 
ballistic properties of annealed flat «heats of the nicknl manganese 
•teal ara dua to the difference In cold working propertiee between that 
steel and normal mangantes stssl. The nickel steel, being Ises resistant 
to deformation, work hardens to a lesear extant and offers less resistance 
to th* passage of the projsotlls, When the stsel has been cold worked 
Into helmets, however, the difference become« negligible from the view¬ 
point of ballistic performance, but Is extremely significant froa tha 
viewpoint of cracking because of lower residual stressas end Increased 
ductility. 

Hardness surveys made on the flat diece, sea Appendix B( showed them 
to have an everage hardness of Rockwell B 86.5 whereas normal Hadfleld 
steel has an average hardness of approximately Rockwell B 91,5. The 
slightly lower hardness of the nickel manganese eteel it advantageous for 
the deep drawing operation Involved In helmet production, 

Jfi. Hematic Teste of Blckel Manganese Stasi. Two Inch by 
three inch sections were cut from the six submitted helmet discs and vara 
subjected to the magnetic test previously described.^ The results are 
given In Table IT. 

U, John Howe Hall "Studie* of Hadfleld'e Manganee* Steal with tha High 
Power Microscope", Henry Marlon Howe Memorial Bactura, Transactions 
of th* Iron and Steal Division of the A.l.M.M.l. (1929) 8**» 382-427, 

5. Report No. h'AL 710/571» "Defective Helmet Steel?, A, Hurlich, 
28 August 1943. 
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Tpble IV 

Hggvlta of Miifiaietle Teat» of 

Diao Kp. 

11 

12 

Bad T«et 

OK « No creckin^ 

OK - V*ry ainut* cracking 

Mn^netiq Trp.v^re?..-., Ifl^S 

Surface 1 Surface 2 

1.5 

13 

3.5 

13.5 

13 OK - ÏIo cracking 3.5 K5 

15 OK - No cracking ^.5 2,5 

17 OK . No cracking 6 2,5 

19 OK - V«»ry minute cracking 9 11 

In previoue vork on normal mangana*« steel it was found 

that a magnetic traverse of 10 Inches and over was associated with 

poor hand tests. The f»et that one of the nickel manganese steel 

discs having a magnetic traverse of 13.5 inches showed up well on the 

bend test suggests a significant deviation from the properties of 

normal manganese steel. 

£. Microscopic Examination. Specimens from microscopic 

examination ware cut from the six helmet disco of nickel manganese steel. 

The mlerostructure of all six specimens consists of undefprmed austenite 

grains free from undlseolved or precipitated carbide*. The surfaces of 

discs. Nos. 11. 13. 15# and 17 are free from any décarburisation 
products, sea figure 1A. Discs. Nos. 12 and 19 have surface layers 

varying from 0,001 to 0,0015" in thickness, sea Figures 1A,B, and C. 

These surface layers consist of a three phase oxide layar, which under j 

a light nltal etch shows up as dark gray, light gray, anî white areas. 

Surface layers of this type have, not been previously observed on 

normal Hadfield steel. 

The surface layer is powdery and brittle ir. nature but 

does not embrittle the steal as does the ma.rtenelte layer observed on 

decerbnrlsed Hadfield steel. The martensite layer on normal manganese 

steel embrittles it because the layer is integral with tie body of the 

metal, and cracks which form in the martensite layer when the steel le 

deformed act ae notches which enable the cracks to progress through the 

otherwise ductile austenitic body of the metal. On the other hand, the 

oxide layer is not integral with the base metal and any cracks forming 

in this brittle lay*r are not tranemittable to the metal beneath tha 

oxide coating. 

t 
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Slftoa th« oxlát la/art war« fand onljr tçoa the two diaea 
with high a*€a«tic trareraes it prored naoeasazy to ahaok if the aagaetitt 
w»a traoaahla to a aagnetle oxida or aagnatle phase of iron praaant in 
the oxide Ugrer. ▲ two inch adiara sactlon of disc #12, haring a nagnatle 
trararea of approxiaataly I3 inches on both surfaoaa» waa iaaaraod in a 
wara solution of 5# hydrochloric add in water far a ooriod of firo aiantaa* 
It t»s notad that the surface of the stool was readily attacked hy the acid. 
The specimen was washed and dried, than subjected to the magnetic tost. 
So measurable deflection of the suspended magnat was observad. 3hl a estab¬ 
lishes that the high magnetic attraction observed on nickel manganese stool 
dises results firoa a harmless oxide layer containing either a aagnetlo oxida 
or phase of iron« Practically mo martensite was found an any of the speolBru 
•»mined, whether or not the oxido layer was present. 

If eqporlenee ëaowo that this type of oxido layer is peculiar 
to nickel menganos« steel, the magnetic test required by Specification jUUUlITO 
humid not be considered applicable. She baud test eggpears to bo a moot sati»- 
faotory criterion of acceptability of both normal manganeso and nickel maagmsoae 
steel. 

8. General Considerations 

As a result of the taste performed on the nickel manganese 
steal it is believed that adoption of this material would greatly alleviate 
the difficulties being encountered both by the etesl producers and helmet 
fabricators. The severity of the present etesl specification requirements 
could probably be oonsiderably relaxed because of tho superior ductility, 
oold working properties, and rednoed tendency to form martensitic surface 
layare poaeesaed by tho niokol manganeas steel. 

Bis results of the 90® bend test applied to sections out from the 
helmet visors indicate tho niokol manganese steel to be particularly desirable 
from tho viewpoint of the problems of residual stresse« and service cracking. 

a ilu 
A. HL2U0H ; 
Asaco. Metallurgist 

APPSOTlDi 

V. A. MATBUnro 
Major, Ord. Dept. 
Chief, Armor Section 
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p^'
Kicrostiuctvire of 3^5^ ’^lokel Halilelxl Steel

I
*'7'

_ tfp
A 'jaiao L’o. 11 Jaoo Uitol ^tch B
Bortaal austenitic stracTiure. Coupleto 
freedon fron visible surface uecturturizp^ 
tioa.

■

Disc *:o. in XIOO Light Kite; 
Oxide Ifc^er o;i s^irface of steel ixi* 
lxi"a :iP' ictucn. Ho marteasitc lay

00-

C Disc Ko. 12 X250 Light Kitnl Etch 0 Disc .'o. 12 AlOOO Light
Oxide layer at higher ran-gniftcrtioa. Layer Tiiree phvo o;:ide layer. Lhis Iryer 
is povdery, does not e-nbrittle steel, re«. loaaijlo for matpietic properties.

0.

0

k y

irojB fliQcei. uauiieiu movitj.. 
laiproTed ductility of nickel steel.
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AFMBDIX B i 

Hardn»! Sgrtey of 

HeliuU and Helaat DUc« 
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Hgrdn^s« reading» were nad« on tha in4l(?a surfae« of ■action» cut 
from th# h#lm«u and «paced 1/2 Inch apart on a line parallel to the 
rim« of th# helnete. 
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location of Distance up 
Section- fron rim 

-Degreo«* ___ Inches Hardness Readings-Roclcwell C 

332-357M*or) 0.5 U7.0, U3.5, U5.0, U2.0, 42.5 

(Nickel 
manganese 

steel) 358-16 (visor) 

17-35 (visor) 

N 

2.0 

0.5 

2.0 

0.5 

2.0 

46.0, 44.5, 43.5, 41.5 

41.0, 39.5» 41.0. 43.5, 44.0 

41.5, 42.0, 42.0, 42,5 

42.5, 44.0, 44.0, 43.0, 43.0 

44.5, 46.5, 47,0, 48.5 

130-155¾ 

155-175¾¾ 

1.0 

2.0 

1.0 

2.0 

1.0 

2.0 

1.0 

2.0 

45.5. 45.5, 46.5 

45.5. 45.5, 42.5 

43.5. 43.5, 43.5 

38.5. 39.5, 37.5 

45.5. 48.5, 50.5 

46.5. 47.5, 48.5 

45.5. 47.0, 44.5 

43.0, 42.5, 43.0 

•Starting with the middle of the visor as 0° and rotating clockwise 
around the circumference of the rim. 
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Tb« hurdnesB contRlnrd ln T*<bl« III cov(»rinp the herdnee* of 
rerular production mAn.^ene*« «teel helmet* represent toe everere of 
surveys mode on five helmets# The typlcel résulté obtained on one helmet 
ere riven below* 

Helmet No. 

Locfttlon of Distance Up 
Section- from rim 

-Pngfr»??-LH£Í£S— Hnrdr.er.s h-ordlnr* - Rochrwell C 

k9.^, ‘W.S 50.5. 5?.5. 53.0, 

(rte.n"nnese steel) 
McCord Lot 35C2 

3L2-20 (visor) 

n 

0.5 

?.o 

1L0-180 (rirht) 
(rear ) 

1^0-220 (left) 
(rear) 

1.0 

2.0 

1.0 

2.0 

^7.5. 50.0, ^7.5. ^9.5. ^9.0, 

♦ 

F,2.5, 50.5, 51.5, L?.5 

^5.5, l5.S L5.5. 46.0, 46.0 

50.5, 5^.5. 53.5, 49.0, 50.5 

^5.0, ^7.5, 4:,.5, L7.5. 46.5 

Hardness ^Àirvey of Annealed Helaet Discs: 

Hoclcwell B Hardnea 
Helmet Disc 

11 
s,te«i 

12 

13 

Nickel fíanranese 

H 

1 2 
«7.5 «<6.5 90.5 

Average 
gg.O 

15 

17 

19 

«5.5 «5.0 

«5.5 «6.5 

•84.0 «5.5 

88.5 90.0 

«6.5 86.5 

«5.5 

gr,« 

86,‘ 

«'.5 

gP,5 

85-5 

«6.0 

«5.5 

88.5 

86.0 

i-^rase - «6.5 
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FR;,!* KIRK C or ASF WASHIïïOTCN DC 222353Z MAR UU 

TO WATERTOWN ARS WATKRTjVTN, MASS 

GR KC 

ATTN MR HURLICH 

ON 21 MARCH MCCORD RADIATOR CO SHIPPED TO YOUR AKSENAL BY AIR EXPRESS 

SIX HELMUTS AND SIX DISCS MADE OP SPECIAL HADFIELD MANGATESZ STEEL 

CONTAINING 3¼ PERCENT NICKEL. REQUEST YOUR ARSENAL HUN SALLISTIC 

LIMIT AND ANY OTHER TE STS DEE.'-rD NECESSARY TO PROVE COMPARABILITY WITH 
* • 

REGULAR HELMETS. REQUEST SOKE TEST TO DETERMINE IP THORE IS ANT 

SIGNIFICANT INCREASE IN MAG?TETIC PERMEABILITY OF $ PERCENT NICKEL 

STEEL. END CITE SPOIS VOLBERO 

23OI55Z 






