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ABSTRACT 

arm lealing of the entire circumference of che Ml 
induction heating unit vrae found to 

- The edgi 
helmet in acoceo- ...« — , 4 # 
eatisfaetorily etreeo relieve the edge. Ballistic teating o 
the edge annealed sone and the transition aone show halllstlc 
characteristics identical to those of un-annealed helmets. No _ 
tendency towards crack formation exists. Ninety def^ree xyü ; 
bend tests reveal the improved ductility of the annealed sone. 
Hardness surveys and metallogra?ihic examination indicate a 
sone of comoletely recrystalliaed, dead-soft metal at the edge 
of the helmets. 

1. At the request of the Office, Chief of Ordnancel, a group of 
tan (10) helmets was forwarded from the St. Louis Ordnance to 
this arsenal fox metallurgical investigation. These helmets had been 
edge annealed in a ■Tocco" induction heating unit for the Purpose of 
Preventing delayed vieor cracking. This type of defect has besn 
occurring to a considerable extent at the Schlueter Manufacturing 
Company of St. Louie, Missouri, ths producer of the subject heimets. 
The details of the induction hardening cycle are contained in a teletype 
from the St. Louis Ordnance dated 5 July 19^* Appendix A. 

2. The Schlueter l^anufacturing Company had previouely eubmitted 
helmets wnich had been edge annealed in a seam welding machine. 
Metallurgical examination of these helmets¿ indicated that the edge 
annealing trocees allied to the visor provided a high degree of 
ductility and satisfactorily stress-relieved a sons very susceptible 
to delayed cracking. 
ï. Teletype of JO June and 4 July 19^, Appendix A. 

2. Watertown Arsenal Laboratory Memorandum Report No. VAL 710/612, 
"A Study of the Seam Welding Process Applied to Prevent Strees Cracking 
of the Tieor of the Ml Helmet", 13 April a 
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T, As a result '.‘f f.^s tests ?erf ^rmed upon sajnples selected fron 
the te*i helriels whicr. : -d teen edge-annealed In an Induction heating 
unit it Ifi concluded that:

A. 1 e ed.-e annealing process causes no decrease In the 
halii-'cic efficiency of the ortion of the helset to which ths process
is en''-lled.

b. 90'' bend ^ests conducted upon vortical sections cut from 
the visors of the *Tocc, " edge ar-nealed helmets indicate a nli'th degree 
of d’.ctlllt?' in the arn.^alcd aone extending to aptiroxl3iatel7 1/2 up 
from the edge.

The rrij'^ct hdhe '.iineailng orocer.s oroduces a soft, 
r»cr””*ali^’“t’ - '^iota'ce of a ' ^roxlmately l/^" un from the
e<==-e Be‘--c»n the recr-ota^-liced zone and the cold worked base metal 
liec'a i-raoHiron z'^n- - rl'ately l/?" in v-hich psJ^ial
recry^talllzation has occurred,

d. Immersion of a "Pocco" edge annealed helmet in a dilute 
acid solution until a vei. ht loss of a’^proximately 50p resulted failed 
to davelo" any crae cs w -atcoev :r in the helmet shell.

h The tan (l-) s .h dtted helniets ware from Sclilueter Lots 213B4 
ar.d 2133,•. 3ix (Q alm-'ts ■ ore selected for the various tests listed 
beif'v:

W.A.
S3

S2

S-;

s-

Soh.luet-V 1 t

21W
PI-5BI

:-i537

21 5B

21p7

213B7

Teat Perforrx-d Peon hglmet

Ballistic Test of Annealed Zone

Ballistic Test of Annealed Zone

Ballistic Test of A-v-tealed Zone

90® Bend Tests, Hnrdnesr Surveys, 
Microscoolc Sr.amin-'.tion

90® Bend Tests, Hardness S»irvey8, 
Microscopic Snaninatlon

‘ Acid Stching Test

5. Details of r'^ •pill-tic and metallurgical tests follow:

£• B>011 tic tg-ts. To determine the ef-f'ect, if any, of the
ad-'-anncallng 1 reat-’-'n-; u -n t' e ballistic properties of helmets, three 
ed e-anrealei and two norc-al ■^■roductlon helmets, one from licCord 
let "07A a-o^ th€ sec- d fr-m ilcCord lot 25^ were subjected to ballistic 
teste usin.': the cali' e” ,^-h c*’col-Jacketed, 23O gra-n, ball orojectile.

-2-

I
•“I"**'

I
■/

:>v

*;/•

* /•

» •

1^;

N-

•>

V

t •



U IL». •JIM.». 1I , ... , . ... . ..:, ...., ., ■ ■ • • V ■ 

Each of the five helmets was linoacted with three projoctllec approximately 
oue Inch up from the ed^e; one wa* fired at the 0° ponition (middle of 
the viflor), one at the 90° position (middle ritfit hand side), and one 
at the 270n position (middle left hand side). Velocities In the ranre 
of 65O-7OO feet/second were enoloyed since thla ran -e represents 
approximately the ballistic limit of this oortlon of the helmet. 
Normally, when firinr to determine the ballistic limita of helmevs, the 
Impacts are placed on the vertical section of the helmet 1: inf between 
1-1/2" and H" up from the rim, in which zone the ballistic limit Is 
a^roxlmately 50 to 100 feet/second hlrdier than In the zone lying between 
the rim and l-l/?" un from the rim. This is bellevsd attributable to 
the Inward curvature of the tone just above the rim which prevents the 
cushioning effect obtained v.-hen the projectile strides a convex surface 
such as exists In the a "eon no mall y impacted. 

Typical resulto of the ballirtlc tests are chovn in 
Figures 1A through S. Emr-iination of th^se photogra^hc reveals that 
tve edge-annealIng procede '"aduces no noticeable c’Tange in the ballistic 
characteristics of the sone lying within 1" of the ed"e. I’here is no 
tendency for crack propagation through either the annealed or the 
transition sone. Figure IE is a ’hotograph of an edge-annealed helmet 
which was strick by a Projectile exactly on the edge of the rim, which 
was pished inwards 0,7*• ^0 cracks resulted and the helmet displs^ed 
excellent ductility. 

b. Hardness durvoys. Three vortical sections aPi'oximately 
2" long were cut from the visors of helmets S4 end S5. These sections 
extended fron 33O0 to 350°, 350° to 10°, and 10° to 30° reeuectively. 
Three R-ckvell "C" hardneflc s:rveys were made uoon each section, starting 
at 1/8" fron the rim and at every 1/8" station pemeivUculArly up from 
the edge for a distance of '•■wo inches. 

Hardness surveys at 3^°» 0° and 20° on helmet No. S5 are 
plotted in Figure 2. All the other hardness surveys made upon both this 
helmet and helmet No. 34 coincide with these curves. For a distance of 
approximately l/U" the ha’dneso is that of the raateriaJL in the dead soft 
condition, RocWeli C 5* 5 - 1^- (Rockwell E 39 - 99), The unaffected 
cold worked base notai has r. hnrdness of Rockwell C h7 - ^9»9, and between 
this region and the dead soft r.one io a transition «one a proximately 
1/29 in width. 

£. 90° Eend Tests. Bend tests were conducted upon the sections 
lying bnt\'een 350° and 0° cut from helmets S4 and S5. Photc.’graphs of the 
bent sections are chovn in Figure 3^* ^0 region lying between the edge 
and l/2" up from the edge Jevolo-ed no cracking upon being bent through 
90°. The cold worked zone broke a art in one case and cracked severely 
in the other. Previous tests Rt this arsenal2 upon helmets lhat were 
not edge annealec resulted in oomnlete breakage of the sections. This 
test reveals the excellent ductility produced by the annealing of the 
helmet edge. ^ 
2. See Footnote 2, up.o-e 1. 
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d. Acid Et ch ln/: T egt. Ho. S6 wac Icnrnraed for 40 hour« 

in a lOÍ hydrochloric acid solution and decreased in weir^t from 9^5 
to 533 grams, a loea of Uh.8^. Careful examination failed to reveal any 
crack« formed mon etching. It has been determined at this arsenal that 
Immersion of helmets in dilute acid solutions for ^eriods of time between 
20 and hours is capable of causing the formation of cmcks in regions 
of highest residual stresses when those stresses are of the order of 
magnitude capable of causing draw breakage and service cracking. When 
the residual stresses are below the danger uolnt, helmete will not crack 

even after a lose in weight of 50*. further experimentation is being 
conducted along these lines and will be reported in tne future. 

a. Microscopic •jx&.ainatlon. Specimens for microscopic 
examination were cut from helmets Nos. S4 and S5. Jor a distance of 
approximately 0.?5" from the edge the microstructure consisted of a 
completely recryatallizod structure w*th undissolved carbldee at the 
grain boundaries, Figure 3À. The l/2" wide transition sone consisted of 

a ’artially recrystallized stricture with a large amount of carbides 
precipitated along slip lines end at grain boundaries. Figure 3®. 
Figure 3C shows the cold worked structure of the '--'»affected base metal. 

b. This laboratory suggests the advisability of applyirg the 

"Tocco" annealing cycls after the dee.” drawing operation and prior to 
trimming. It has been established that the notches "roduced lu the 
edges of the helmets result from nicks In the trimming dies which opeiste 
under the very severe service of shearing metal which has been cold 
worked tc a hardness of Rockwell C 45 - If the annealing were 
performed prior to the trimming operation, the die life would ''v greatly 
extended and notches in the edges of the helmets could be avoided. It 
la possible that the necessity for the edge grinding operation might 
be eliminated by this urocedure. The visor shanking operation should be 
et ally applicable to the visor in the annealed condition without creating 

excessively high resid'ial stresses. It is believed tnat this method 
could be tested very readily with the cocoeration of the Ohio Crankshaft 

Company, Cleveland, Ohio, 

(J. 
A. HUHLICH 

Assoc. Metallurgist 

APPROVE): 

y 4 ,- 

N. A. MATT PSW3 

Major, Ordnance Sept, 
Chief, Armor Section 
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BWA T CSO NR25I WD H 

JROM GiKOTlSR ST LOUIS ORD DI ST ST LOUIS MO 30 JUN3 44 21442 

TO COM: 'ANDINO 0F7IC2R WATKKTOWH ARSENAL WATERTOWN MASS 

CR FC 

PER INSTRUCTIONS OFFICE CHIEF OF ORDNANCE 10 HELMETS STS:-1 Ml WITH EDGES 

ANNEALED IN INDUCTION HEATING UNIT SHIPPED FROM SCHLUETER MFG CO 30 JUNE 1944 

TO HIS ARSENAL ATTENTION MAJOR N A MATTHEWS POR TESTING SüIILAR TO TESTS 

REVIOUSLT COÎTDUCTED ON HELMETS ANNEALED ON SEAM WELDER RE?( RI NO. WAL 71C/bl2. 

REQUEST YOU ADVISE BY TT DATE RECEIVED AND EARLIEST DATS TESTS CAN BE 

COM LETED. END CITE SEYMOUR SMALL ARMS BR TT 37553. 

WTÏ 421/434 302257Z 

BI5 

WAI63 

BWA V WAOC NRI3 WD 

FROM EIRE C OF ORD ASF WASHINGTON DC 0422102 JUL 44 

TO CO WATERTOWN AltS WATERTOWN MASS 

GHNC 

ST LOUIS ORD DISTRICT FORWARDED YOUR ARSENAL ON 6/30/44 BY EXPRESS B/L 

WT 5453135 TEN HELMETS WHICH IUVE BEEÎÏ EDGE ANNEALED BY KEANS OF TOCCO 

HEATER UNITS INSTEAD OF BY ÎÎEANS OF A SEAM ‘HELD R>]<$JECT THAT THESE TEN 

EEL.3TS BE GIVEN A C M LETS AI.'ALYSIS SIMILAR TO THAT GIVEI THE HELMETS 

IN WATER REPORT NO. WAL 710/612 DATED 4/16/44 REQUEST THIS OFFICE BE 

SUPPLIED WITH A REP RT IN LETTER FORM PRIOR TO THE SDBIilSSlON 0? A 

MEMORANDUM REPORT THIS PROJECT SHOULD BE EXPEDITED. END CITE SPOIS HEWITT 

WTN 421/437 25OO27Z 
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BVA V CSO KH P5 WD P 

FROM (»ARD'.’SR ST LOUIS CRD DI3T ST LOUIS MO 5 JULY 44 lr37z 

TO C.O. VATRKTOWN ARS2’:AL VAI'^TOWN 12 MASS. 

GR NC 

10 HKLK2T'S STE2L Ml Ï0RWARD15D FROM SCHLUHTSR MFG 00 ATTN— MAJOR N. A. MAlTHE\iS 

HAD ^DGES AZîNRALYD IN AN INDJCTICN HEATING UNIT BY OHIO C-XJYSHAFT CO. 

CLEVELAND OHIO. OHIO CRANKSHAFT WILLING TO HUN FURTHER TESTS IF CONSIDERED 

NECESSARY*. TEST RESULTS A3 F LLOVS*- 

OHIO CRANKSHAFT RCJECT NO. 5-2474-1 TEST NO. 4744 

APPARATUS 150 IW - 9^00 CYCL'S 

POWER 24 KW / START/ 

HEAT TIME 4,0 SEC 

DELAY TIMS 2.0 SEC 

QUENCH TIME 5.0 SEC /74 DEGREES F. WATER SPRAY/ 

HARD’IESS - EDGE GRADES FROM 53/61 RA FRO ABOUT l/4 INCH TO 7«-7f5 RA 

n T :3 UNIÍEaTED AREA. 

COMMETS— HIGHER POV.'ER COULD NOT 3S USED SINCE HEATING BECDOES LESS 

UNI FOE! THAN AT LOW POWER. 

E D CITE Í‘ÍAIX ARMS BR. SEY.IoUR/NT TT 33402 

1H14Z 

I ’ EIGHTH LINE SHO’JLD HEAD HEAT TIMS 5.0 SEC ST OF 4.0 SEC. RUT 

5.0 SEC 3HUD BE 5.0 3EC 

WEN hPlfhy 

COPY 
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