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Nature of Problems

Provions experience has demonstrated the facu
that there ls 2 deflnlte relation b@twsén the magnebtic
and bailistie properties of sustenitic manganese steel
helwets, Therefore, & standard magnet deflection test
has been developed and is used as an acceptance test on
the finished helmet, The 0,000 blanks referred bto in
this veport were considered defective because of excessive
magnetic propevbties, Investligations carried ocut by thils
laboratory heve shown that magnetiec properties are related
tos

(0.) Rolled-in scale and rough surface,

(b)) Unsbtable smustenite caused by low carbon
and/or low menganese, 1,10 per cent
carbon minimum and 12,0 per cent man-
ganese minimum heve Deen adopted in

the apecification,

{(¢) Severe decarburizatlon,

A

CARBURIZING TREATVENT

Rough surface, of course, cannot be changsd,
Decarburization, however, can be correcied by adding carbon
o the surface of the metal and quenching from the proper
tenperature, With this idea in mind five of the most
defective blanks were seleched and trested in a cysnide
bath for 45 minutes at 1800° B, and then quenched in oil,
These blanks were aent to the General Steel Wares, Taronto,
to be formed into helmets, Ballistic tests were carrled
out at 479 Bank Street, Ottawa,

The results of the complete exzaminatvion of the

helmets are given on the following pages.



Megnebtle Deflectlon Teabs:
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(Reported by G, Brackenbury,

Ingpection Beard of the
United Klugdom and Canada.)

TAGNETTO DEFLMOTLON, LNCHARS 3 : H
_Helmet Tdentlflcation Numbev@ : Posi-=g 3 Stage of
B e Gy s oioeB e thon iz 93de p o oo REOCOOS s
8,5 : 8,0 8,5 8.5 10,0 1 Rough )
: )
9,0 @ 2.0 10,0 9.0 15,0 2 " )
: ) Blanks as
8,0 : 6.0 10,0 7.5 AR 3 v ) vecelved,
g )
10,0 :10,Q 11,0 8,0 13,0 4 u )
7,0 : 6,5 6,0 10,0 10,0 1 Smooth )
: )
75 3 6.0 7.5 9.5 10,0 2 i )
2 ) Blenks asm
7,0 1 6,5 6,5 9,0 VAN 3 n ) recelived,
3 ' )
8,5 3 6,0 6.5 11.0 15,0 4 i )
0.5 3 8,0 8,0 2,0 7.0 1 Rough )
2 ‘ )
4.5 3 4,0 .8 4,0 2,0 e it )
: )
1.0 ¢ 6,28 7.0 G .25 8,0 3 1 )
g . )
1.6 ¢ 4.5 7.5 4,8 7,0 4 u )
3 ) Rlanks alter
1.0 : 3.8 &0 3.5 5.0 1 Smooth ) carburizing.
3 ) '
3.8 3 4,5 2,8 4.5 1,75 2 u )
: )
0.0 ¢ ¥%.0 3,0 7.0 4,75 a9 ¥ )
3 )
1.0 5 5,25 6,0 5,25 6,5 ¢k i )
a,75 1 2,75 4,25 5.5 4,0 1)
: )
4,185 2,75 3.0 4,628 4,0 2 ) Helnebs after Forming,
3 )
2,875: 2,875 H.7H 4,258 6.0 3 ) (all with smooth side
g ) oub except Helmetbt I).
3,375: 4,25 5,125 3,88 5,375 & )
sl s NS R TS T N S A T SRS ST TR T RSN

©

Above figures ¥
magnet was
and slowly
The maguebt

repreaent the nuumber of inches a standexrd
deflected when the steel was touched to 1t
pulled away through a horizountal plane.
wo.a aumeendvd From a seven=Ioot cor@

-



Balligtic Teaty:

Hole : 3 BU L G B “ : Welght of
met Ammunl- g H Depth, :  Dimensiong, ;s  Helmet,
Mo, 3 wion :  Peaitlo 8 inches 2 inchea 3 OuUNess
& 0, %4-40 : Bund (a) : 0Q,8125 s 2,85 x 3,3125 ¢
g - W : " () = 00,8125 ¢ 3BT xm 3,0685 : 23,0
2 .45 s 8ide () = 1,0 s A,.875 x 3,188 ¢
G 2, 44-40 3 Tnd (&) : Bullet plerced 2
3 " : Erd {(b) : 0,875 s 3,56 ® 3,08256 : 4,0
t .45 ¢ Slde (b) 5 L,18%8 2 4.5 K 4,25 3
2 .45 3 i (b) : 1.4375 s 4,8 x 4,75 3
I s ., 44=40 1 Bnd (a) s 0.9375 3 3,575 x 3,185 @
3 A : End (b) ¢ 0Q,875 s B.375 x 3,28 3 25,0
245 s Side () ¢ 1.0 2 3,878 x 3,376 3
Jd :.44240 : End (a) ¢ 0,875 s A,437Bx 3,185
s B s BEnd (b)) ¢ 0,75 e 3.5 = 3.0 3 23,0
3,45 ¢ 8ide {(b) ¢ 1,188 2 4,0 x 35,0888 ¢
R 1,44-40 s FEnd {(a) ¢ 0Q,8L28 : BL,1EH x 5,0 g
W s BEnd (b)) ¢ 0,75 g 3,126 x 3,85 S 23,58
3,45 ;. Side (b) s 1385_ « 4,1875x% 4.25 : -

() Heluwet struck at vight angles,
(p) PBullet trevels in a path parallel to the base of the helmet,

R QY

Comparison of Effects of Two Kinds of Ammwnition,

The 45 calibre revolver bullet is & more scvere
ballistic test, 10 helmots were fired at with & 45 callibre
revolver bullet at one end, and with a Q4A°4O Gamege ther bhall

at the other end. Average results were:

Thyerage Depon Of Bulge, ¢ Averagelhrealol Bulge,w

Amound blon LRCLIY e e S ANATE ANCNBR e
4D H 1,11 : 13,6
o &ded(} 8 0,84 5.4

©  uppenl was telken as the product of two dimenslong of the

“bulge, vertlcal end noprizonval measurements being btaken.

(%

& report frowm England ¢ tates that a falrly represent-
abive bulge measures 0.8 ilnch deep and 3,76 x 3,373 inches
across, It is firved at right angles to the surface with an

0.5 inch round lead ball,

{Continued on next page)
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{Ballistic Tests, cont'd] -

Complete Information on charges, vslociti@s; and
other brllistic date is not included in this report, However,
this may be obtained from Coloneld R. A, H, Galbralih of the
Inspection Board of the United Kingdom and Canada, 479 Bank
Street, Qttawa, Ountario,

s

Chomical Analyslss

Helmet Deaslpgnation,

bt : G : I s s 2B
Carbon, per cend 0.9¢ 0,94 1,22 0,99 1,18

Manganese, Y 12,15 11,89 11,72 18.85 12,09

Sillicon, i 0.18 0,350 0,14 0,13 Q.12
Sulphure, i 0,01% 0,011 Q.01 0,018 0,016

Phosphorus , ¥ 0,044 0,043 0,038 0,044 0,043

oc Y S0 20 DO OO 02 & ou oe IB [03 0C

Microgbructure:s

Typical struc%ﬁr@s were photographed to illustrate
conditions found in the helmets., Plgure 1 shows a normal
atructure resulhing from the carburiszing treatment, Helumset G
hes a rough, indented suvriacs, Figuwre & illustrates what
hoppens when carburizing time 3s btoo long., In this cmse the
metel was made slightly magnetie, due to the presence of

carbides st the sueface.

(Flgures follow on page 6)
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(Mlcrostructure, contid) -

Flgure 1. Elgure 2.
X800, nital etch, X500, nitel sebteh,
HELMET (&), HELMBRT (G).
Wormal Structure, sharp Jagged Cavity.

Piguve &,

Dt ceven o

#8500, nival ebeh,
)‘TE_,J.V) T { )c

Cariides Due To OQver Carburizing.

&
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RISCUSAION s

carbon can be added to the surface of the metal
by any of the following four processes:
(1) Liguid carburizing,
(2) Gag carburizing.
(&) Pack carburising, using solid carburlizer,

{4) Carburizing paint,

The process usad will depend upon equipment avall-
able for the job., Liguid carburising was dove ln thﬂ‘@xpa?iw
wenbal work becsuse eguipment was readlily avallable, In
mass production, cyanide baths way prove dlfficuli ©o operate
at 18000 T,, dus to the rapld decomposition of thae bath,
alsc some s&it would be dragged oub of the bath with bthe
work,

gGas carburiszing is leoss costly and easier to
operete, providing a suitable furnace is available, Netural
gas may be used providing no molsture is present and the
hydrogen content kept low,

Peck carburizing, using so0lid carburizlng compounds,
invelves & serious ALfflculbty in that the work must be
removed from the box and gquenched before 1ts temperature
falls below 1L800° P,

Another method occasionally used to add a small
epse bo wmetal parts is Lo coabt the sheet with a cyanide
paint or & graphlte palnt, On heating to 1800° ¥, the
coating will carburize the metal, providing a nsutrel or
glightly carburizing stucsphere is maintalned ln the

furnace ,

(Continued on next page)
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{Discusalon, cont'd) -

Tn all casea the blank sheebs wmust be guenched
in 0il or waber from & temperature well in excess of 1800°
P, Tiwe of cerburizing will depend upon the condition of
the plate snd the speed of carbon sbsovption. Nagnet testa
will show what lengbh of time produces the best resulis,
overcarburizing will resulbt in an incresse In magnetlsm,

coupled with the carbide structure shown in Flgure o,

Maegnetic and Other Tests,
A

Investigation Vo, 1007, after correlating data
on nelmeta, concludess
Uphe helmets examined which have accepteble

® aiso have the following propertvies:
®

bhallistic properties
(a) Magnet deflectlion of less than T inochea,
(b) Smooth surface,
(c¢) Carbon conteny, 1.L0 per ceont minimum,
(3) Manganese conbent, 12,0 per cent minimum,

() Anstenitic, fine~grained nicrpgstructure "

In these experimenta, magnet deflectlon has been
reduced by reising the cavben content of the sheabs, Thias
practice will salvage sheats whilch are defecblve solely

due So decavburization,

Hough Surface.

Micro—examination of rough sheebs (see Ipvestl-
gabion No, 1007) hes shown that jagged lrregular indsnita-
tiong serrate the surface, This condition has been proved

responsible for low impect strength in struetural mewbers,

{Conbinued on next page)

@ Teating procedurs developed and cerrlied out by
To Bo U Bo & 0., 479 Bonk Street, QObttawa,
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{Discugsion, conttd) -

A rough-surfeced helmet, therefore, offers less protection
than o smooth helmet, It 18 conaldered advisable, therefore,
that some stendard of surface finish be maintained in the
helmst steel, Oolonel Galbraith has suggeated thet a
profileometer be used to check the quality of surface flnish
on the sheet, This instrument would give far more accurate
evaluation of surface coudition than can be obtained hy
visual or manual inspection wmethods., If highequalliy
helmets are to be produced, swfacs finlsh wust be closely

watched ,

Chemical Analysis.,

The helmet which had carbides present in the
surface wes the highest in carbon content, The lowest
carbon conbtent was found in the helmet which allowed a
bullet o plerce 1t., Decarburized metal does not have the
same chemical and physical properties throughout Lts cross-
gectlon, and in the case of aunstenitic manganese steel a
weak, brittle skin is forwed on the metal, It ie cobvious
that 2 chemical snalysis will not alweys detect decarburiza-
tlon, but in steel containing above 1.10 per cent carbon 1t
hes been demonstrated that ordinary decarburizatlon does not
lower tvhe ballistic properties of helmets appreciably,

elow 1,10 ?@r cent carbon, ordivnary decarburization results
in a decomyposition of the austenite with a great loss of
projectlle penetratlon reslstance,

The five samples analysed do not meet the required
chemical specificsblions now set wuwp (carbon 1,10 per cend
minlmm, manganese 12,0 per cent minimum), However, by
vestoring the surface of these helmets baek to the auvsten=

itic form good bhalllstic proporties have bsen obialned,

(Continued on next page)
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(Discussion, cont'd) -

Magnet tests, rather than chemlcal tests, will
have to be used to detsermine when cerburvizing treatment
has proceeded to the pelint whers maximum balllstic pro-

perties ave obtained,

O Rea T e

CONCLUSTONS &

1. Decarburigzed aunstenltlc manganeosge sheet
can be reclalwmed by a gsiunple carburiszing treabtment,
2. Rough surfaced sheet ia & source of helmeb

fallure; therefore, surface coundlitlon shouwld be clesely

wabehed:,
fuYsTeloTaTeleteleTo]n!
OOQQONG
feTel0)
HUR 0GB,



