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Investigative Proced~: 

In the course of this lnvesti.sation, both lzod and 

;harpy imp· c.t tests were conducted. Charpy impact tests are 

more uni 11ersall~r uçecl for investicatinc lov;=temperature notcb 

sensitivity. Because of lack of equipment, it was net possible 

to ('Onduct 1011 -tem:)era ture tensile tests. Hovtever, low=tem

pera ture berd tests nere per•forrned. The se tests indica ted 

th9 t the mouulus of elastici ty migt-..t be lowered a t sub=zero 

l'he yield strengtlls were calcula.ted from the data 

&CCU...Tt't.J.le.:.o fro:n these tests"' as follows: 

s = ~ T ... 

~ - J..aximu.n f~.bre s"-ress in pouncls per square inch. 
= J.>e11d ln .... ) r.1or;1en t 0 

c = '>:..::t-::1u; fror:1 netitral axis to extreme fibres. 
= :.oment of inortia of tne area about the neutral a.xis. 

i'.l.'ble I is a J.ist of the arr:1our plates investi0 ated. 

Table I. 
--- - -- -- - ---· 
:tJ.e~1 .:. .LC:....tion~ 1.,:~0 -:f 

.. , :it,er : _Y' c..t t 
:_CE3:~IC;~L ~\Hi-1.LYSIS 1 ?I:R i..iENT 
: ~ : i/n: Si : P S Ni: Cr : Mo --: --====- _;:_-=--- .::- ::::::uaee:rn-s::::!. .. ~ : rn e .. 
" . . . . . . . . . 

.i. ::~ ~1. ~~at~: O.25 :O.54 :O.34:ü.Ol4:O.Ol9:O.75:O.e8:O.5~ 
:-.J .• ·1-'late; 0.2G:O.6O:U.24:O.ùO8:O.O32:O.72:2.27:O.40-
.C ~t ~~!:1:)l.tl' Ü 0 28!0:,77:0 0 38:0~02l:0 0 015:0 0 99:2 0 10:0o55 
. _ _.. __ ------------ ------- -·-

' . . 

"' , ;1 - . , ..., ~::: ce:_ ved the following hea t trea tment: 

3 ) J -

lo00 
lGJv 
loOO 

1100 
1200 
1100 

hardnessj 
3.ockwell 

"C Il 

39 
36 
38 
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Bend I'ests: 

The results of the bend tests are given in Figures 

1 t o 4. They are su.m:m.arized in Table III: 

Table III o - Surmnary of Bend Te-sts. 

Steel: 
Beam 

d 5..men
sions, 
i n che s 

: Span, : l,~ax. load, : 
in : pounds 

Yield s trength,: 
p.s.1. 

Coef'f'lcient of' 
rigidity 6 p.s.i. 
Room No. : inche s : Room : Room 

10x.4Bx2 
• lüx'x 0 
o n ~ 

10x,
7
x . : 

7x5; 8 uia..: 

8 
8 
8 

With grain . 

Across ers.in. 

: temp • : =40° F : tempo : -40°F. temp. : =40°P. 

:6,500 :6,250:192,100:180,500:l,960,000 :l ,680,000 
:8 ,225:8 1 250:123,000:138,000:l,891,000: l ,380 8 000 
: 8 ,325: 8 , 250:123 ,700:132,100:l,791,000:l,408,000 
:7,350: 6,250:227,000:255,000:3,783,000:2,220,000 

'ï'he value termed °Coefficient of Rigidi ty" is 

actually not an abs olute fi gu r e but is u seful only for co~

parlsœ1 between tes t s conducted in exactly the same way, i.e. 9 

s"1r:-ie size cf te s t piece and same span. It is the ratio of 

the '118::-ctim:ir fibre stres s at t he yield point to the actual 

deflec:-:i.on. 

'.._he 1 Coefflcient of Rigidity" is, however» a function 

o:: tne nor..::i;lùs of elasticity 0 I n view of this fact, the trend 

s;1ovm by tbose te.sts ls i n teres t ing. It will be noted that in 

e'HH',7 cecle che \"a2.ue of 11 Coe f f :1.cient of Rigidity 11 at ~40°Fo 

L, le N/31' tl~an th-3 cor.re~ponding va lue at room temperature 0 

1'his ,;culd -:.ncl ca+;.e that at sub=zero temperatures the modulus 

"J hr0e .:;roups of impact tes t s were conducted o The 

l'irst r:;rou- were izod a~ld the s econd and third groups were 

Cho.rp.7 lm..1.x-,_et tests. ':L1ne Oharp y test method was chosen 

beca.~1sc of the rapidi ty v:i th whi ch the test pie ce can be 
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(Impact Tests, cout'd) -

placed in the machine and broken. In all of the low-temperature 

Charpy impact tests the test piece was broken in less than three 

seconds from the time it was removed from the cold=temperature 

bath. '.:he correspond:ing time for the izod tests., e ven under 

the best conditions., is seldom under six seconds. 

Als o., a considerable part of t~e izod bar is gripped 

in tri.e vice» while the ends only of the charpy bar ar'e resti.ng 

on warm .œec;aJ.. 

Table IV. - Imeact Test Results. 

-------~-- ; Izod impact, in :::harpy impact, 
: foo t Eounds foot pounds 
: iwom temp. =40°Ii'. noom temp. 

= --
Steel No. 1. 
Maximum- 43 44 . 24 . 
Minhm..1m. 40 38 . 16 . 
Average ·12 41 18 

Steel Nue ~~, 
t\,ï th ""I'air;' w .& ' • 

Max imu..'TI 6505 6G~5 71 
I,,in~mu.:r. 63.5 ô0.5 51 
Average ti4 0 5 62.8 63 

Steel N--i. 2 . 
f . 

{11 c.ross ç·:ra1._.1) 
Maxirr.um 82.5 19 23 
r.'ininrnm 23 20 16 
Average ~~3 20 20 

steel Ji 
0 .3 

I,'iaxlrlUi.'1 31 22 41 
LilnlrnUL. na 

J ., 18 31 
Averac;e ôC 20 36 . 

-~-.......-Y..-....nts,,,_ 

_..1ct St.. t of 'inarpy tests incl udect six fractures, 

while only ::.l1ree ,.ractures were made in the izod tests. 

. • 1 . ; .... be r o ,.e i ê:;ha t, w.tlile in every case there 

in 

-40°F G 

26 
13 
20 

86 
45 
61 

26 
14 
20 

33 
28 
30 

is wide~ •u.r·êttl0~1 in the eold=temperature tests than in the 

room=te.1pE;r" t,~re tes ,s fi tnere is no slgnificant difference in 

the averce. ë:S wbtc..L:le 1 0 A statistical analysis of the data 



= Pa ge 5 -

. (Impact Tests 9 cont 9d} -

accumulated from these tests indicated that there are 

irregularities, due either to technique or to temperature, 

causing this wide spread in cold-temperature results. This 

work i.s bein6 continued in an eff.ort to improve the techniç,ue 

of these cold=temperature tests. In the meantime, from the 

data obtained it would not appear that the impact properties 

of a.ny of the steels tested are seriously impaired, a.lthough 

there ~s some indication that there might be a tendency 

towaro. lower impact strengths of the 2 percent chromium 

steels 1;1t; minus 40° 1<'. 

Conclu~ion~: 

l, There are not sufficient data on hand to 

conclusi vel~, ïndica te any de fini te trend of impact properties 

at sub=zero temr:;eratures . ~:Jha. t data has been accumulated 

would ternl to indi ca -~e tha t if there 1 s such a trend i t doe s 

not as au.me serio·c1s :tJY'Oportions down to minus 40° F o 

f::o 'l1he :nodulus of elasticity of all steels tested 

is app rentl.y lower at minus 40° F 0 than at room temperature • 

.30 Ex~ept. ln the case of the 12-mm. placep the 

y1eld ;3trer1·_th wa$ imp~oved at minus 40° F 0 

11 Vt~: '.iff3. 

0000000000000 
0000000 

0 
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BEND TEST ON 12 MM J\RMOUR PkTE 

Beam dimenpions 10" x . 48" x !" 
Distance be tween supports 8" 

Fiber stress a t yield pe int p.s 

Coeffici ent of ri gidity p. s , 1. 

Max i mum loa d pounds 

RQ2!!! .=!.il 
192 ,100 180 ,500 

1,960,000 1,680 , 000 

6, 500 6,250 

Figm:-e 20 

BEND TEST ON 20 MM .JlMOUR Pl..;.TE l'IITH GRAIN 

Be am diment,ions 10" :z: ¾" :z: ¾" 

Dista nce be t ween supports 8" Room -4 0 F 

Fi ber s t ress at y i eld point p . s . 1. 123,000 138,000 

Coefficient of rig i dity p,s ,1. 1, 891, 000 1 , 380 , 000 

Mazimum load pounds 8 , 225 8 , 250 

.J 

DEF LECTION ! N CHES 

== : 
--
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BEND TEST ON 20 MM ARMOUR PL..TE ACROSS THE GRAIN 

Bearn dimen~ions 10" x ¾11 x ¾" 
Dista nce be tween supports 8" 

Fi ber s tress et y i e l d po i nt p.s.1. 

Ooefficien t of r1g1d1ty p.s. 1. 

Max i mum loed pounds 

DEFLECTI ON -- I!!G l~S 

F'igur:,e 4o 

Bfil!D TEST Oll C..ST JU~c L"J. 

Be arn àime n,:gi ons 7" x 5/8" d i a . 

Distance betwee n supports 5" 

Fiber s tres s et yi e l d :--oi:1. t :p.s . i. 

Coefficien t o :· r i g i dity p , s.i. 

----------------------------
------·•------------

B2Q!!! -40 F 

123,700 132 ,100 

1, 791 , 000 1,408 , 000 

8, 325 8 , 250 
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