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On May.15th e  1943, Mr 0 J 0  M. Gilmartine  for 

Inspector General e  Inspection 3oard of the United Kingdom 

,and Canada, 70 Lyon Street, Ottawa,  Ontario  e  submitted 

(Analysis ReqUisition No. 0 0 T 0  3481) for examination four 

ballistic caps together with two pieces Of sheet steel 	 • 

which were representative of te  material from which the 

caps were formed. 

Caps made from this type of steel (said to be 

SAE 1010) were reported to hava performed satisfactorily 

in firing tests. The general specification for the part; 

however, requiresthat it conform with the tensile require-

ments of BSS 5007/215 steel WhiCh reportedly are 26 tons 

minimum ultimate tensile•strength e  18 tons yield, and a 

bend of 160 degrees. 
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• Cbject . ù .jUnw,19tUe:I, 

RE'qp.est was made for an examination to determine 

tensllo strength, chemical composition, and physical 

c:11ditLon of the tiheet material and pessibly also of the 

• finîshed caps, 

(;omuel 	àn whetho or not rimed stocl„ because 

of  its ageing propcYislties„ should be prohibited for  th 4 

purps 	requestd, 

1.,hd.«acal Analirit 

r›-.J.Iplos for chemdcal analysis were reyuoved from 

thc sheet;?.nd a cap in a milling machine, They  gave the 

fonoe.cng'resultà 

3beet Material 
- Per cent 

Carbon 	- 	. - 0 0 07  . Manganese 	' .- 	. .0 0 32 ' 	 00 34 
SlUeon ' 	- 	0,010 	' 	0„01 
Eulphur 	'- 	0,040 	 . 0,032 ' 
Vhosphoruà 	- 	00 016 	 : 0.015 
Isl.-lake' . 	. - 	• Not detocted. 	Not dtF, tected„ 
CriromIllni 	- 	0 0 02 	 Trace °  
Maftidenum 	_. • 	Trace, . 	Not detected, 

Chenial nnd spectroe,aphic nnalyses of th(,t sameoa . 	. 
inCicated 	aluienium was present In both of.them, 

• The, appearanoa of croàs-sectiOns from  the shee't'and 

caj,:75 aft&e thy hadbeen Macro-etched in a hot 50 parl,  cent 

aquoz)ut,-solut5.0n àf hydrochlortc acid is sheWn In Figure -1, 

i4 

T.P.TiwOtnatjon 

iiadness  tests 

10-kilp,7aï. load) on the 

(tabm on a Vickers  machine  w5th-a 

sheet material,.and e *ap : 

uxe the :ColloeLns .-feernItue 
- 	Vickers hardness number . 

L..y 
Sbeiet 	- 	

. 	. 
88,4 

 

Cap 	.- 	. , 	- -185 . - 2 OD epsi,3 ,  of cap, i72) 
.1•Pi 

(Continued on next'page) 



122 
133 

191 
175 

(Physical EJmmination, 001Lt 9 d) 

• Two standard sheet tensile Specidens of 2.inch 

gaugo leneh were removed from the àheet steel °  These gave 

No 0  I 	No °  2 

Ultimate stress, p o s O i ° 	 - 	46 9 640 	479 280 
Yield point (0 ° 2 per cent 

proof stress) 	 294O0 29,000 
Elongation in 2 inches, per cent - 	40 	38 ° 5 

.......rtliJa•raciwc, 

A Iâ-inch strip from the sheet material was bent 

double upon itself in a vise with no sign of cracking. 

Two nlcrotencile speclmons rrom one of the finished 

caps had tensile strengths of 94 9 900 p o s ° 1 0  and 88 9 000 p 0 s„1 0  

Of three 	inch  bend 'Gast . speclmens removed from the 

finished cap and bent double upOn themselves in a vise, two 

• passed  the test and one opened up partially °  

A cap was compressed in a vise until the inner (edges 

of the larger end were 3,116 inch apart before the n click"  of 

a crack was heard °  

Tests f2,r_Ageing_Susc .optibilltv 

Strips from the sheet and cap were water-quenched 

from 1255° Fahrenheit °  The following hardness readings were 

obtained 
Vickers hardness 

number 
C.—"ta,372,,vra 

the'following results at test 

As Quenched 

Sheet 
Cap 	' 

After Air Aveinci Three Days 

Sheet 
Cap 

1-7( 
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mi or os trud ture 

balll stic  cap  4 ....p .Oziferm,. 4o thé 

SAE 1010> steL.  

• The Mac 	eh Of • the 

spu.s 	_Re sU ]..ts4 2 

C hemi c.: al. c 	q •t:1 Op, Of. the .sheet mat er la]. .and the 

3peelfieation:re4uirements - Of 

steel in •  the she'et and op e  • 

, 	. 	. 
Spe,(1:.inion. • for the rr.i..ierose ope were -J7e-r4p:ved .c.Lnd 

s 

 

po1 hed  or fac s aPPrOx'.3,.Ma t iy. paiaJlo Lo the : long . axés 

of the shoot arid the, ha.13.1 t le; Cap o  s' The  orbtdc3 c ons t J. tuent 

o:C • o th sampIes.. was round .t.o be ph.av os:t dal. ; Tb.is i shown„ . ' 

at 1000 d jante ter p . e î .  Ii'lgur s p and 3 

0 Olearej; î Agqi1-1A.11" op.en.  it 1 e,S 	 Tue 	f Jyt d_S t 

Trc  of the donc lus 1,Ons reaôhd b y 0 o." •H 0 . Irty, Jr o  • 

and É, N o  I)aniloff.,tn. ..".Th o. E :Cf ese •ir, of DE.) 	tl.orr. • On 'i;he 	ej.ng •. 

of 

 

T1 ld. • $ Loi 9" 	b °liera ti'Ve b1ü1etLr. 66p • Pglirt o  1oL 0  Advi s. or;9-  

Boa. rd s tà C &cri e gl In' t 	ij 	and 1:3 -ar 0  . Mine.  s e.  .....('it,t. sburgh, 

1934 ) are quot o 

, 	" The. ûscpibi1ity :  of nermalized r :Ume. stoels to 
que ri ch a g oiig i 	ery hi gh, the ma:zieuta oing • eoachod 
in: St ice lb -dent afinin,,,.; .0 • 0‘ 	st o •0 0 05, per cent ca.b on, In 

stod1à: thi's >ag les,s th an 
ln r Urne d steoiS,s‘ 'and -  the s  sùs ept :3_ 1 1 ty, t 9 tniî ag oing 
shows the .  Saine s enor • • tendon,d y te .  d imini sh • wi th ln cr e a 
thg earbon• . content o  reho-silicon-killed; st épis queneh-, age 

ons ï de rably, but only• about one-half ai mih as the 
r :Jaunie Qteelà " 

"Rit-modo  sseml-k111,ed,„ and s 11(;:on-ki1le d. steele are 
vory s us ce,ptiblo to: Strain agoing .  eyen • in .  the higher 
e a rb on range 0  A luxai nflUm7ki 110 s t s str a in- a g e 
c on s I d orably les 	thé emb *ri ttaing eff ect•i' f . the p tr ain 
aga ing treatment da creaSing with d e gr à e • of d e oxid at orx 
There are in dietins 	à t. 	dégrée of 	i on Of . 
S 0 el *in; the f ut cc1ia, àa e o 	iiorbJo. 'bd g..irikig on the ' 
s trains:. agà Ing • Of. 	 e d •et o el s P- 	 • 

shows ( as mig.  111;  b  expected from the ir chordes:1 'CompositiOnSI 

th a t thoco:  parte  are read 	.rimming steel ° 	• • 

The steel in thé f irtà: shed. cape  pasbed., the torisile 

strength re'cluir amont s of the spociric att On but the sheet steel 

did not 0  This would S 0 Sel tg .  . ii-id:LcateD that  the, 	 s heet 
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(Discussion of Results, conted) 

material to pass the tensile requi JirLents,of the specification 

is of no great Importance  beau  se its physical properties 

will be greatly changed When  il;  is made into caps, Rather 

crude tests show that the strained,,,and-aged material In the 

caps was not brittle, 

The rise in hardness of the sheet und caps after 

the aubaritical water quench indicated that both were sus-

ceptible to quench ageing  and >  by inference, to strait 

 ageing, The low hardness of the sheet material would seem 

to Indicate that it was very slowly cooled, as this procedure 

ellminatese to a large extent, quench ageing, 

The spheroidal condition of the carbide in the 

sheet and caps àhows that they were either cooled very slowly 

through the sphereidizing range or else held for a long time 

•at high subcritical temperature, 

From the work of Herty and Daniloff, It la evident 

that rimmed steels are much more susceptible to quench ageing 

than other types, This would be of no importances, however, 

in  material given the heat treatment received by the samples 

submitted„ because the low hardness of the sheet steel seems . 

 to indicate that It was pre-(que-nch)aged, Also, rimming 

steels are seemingly not much different from other low carbon 

steels, except those strongly deoxidized with aluminium »  with 

respect merely to the strain-ageing phenomena, In view of 

tnis, the reportedly satisfactory service performance of caps 

made from the typo of steel submitted, and the rather ductile 

condition of the finished caps examined, no reason for prohibit-

ing the use of rimming . steel is seen, 



■ 	 -....a 

'I\%  

--- 
\ 

- 	 ..  _ 	 - 	,......._ 

. 

-  Page 5 - 

Elam.9.  1 . 

Approximately  X3, macro-etched. 

SHEET ON LEFT. 	CAP AT  RIGHT. 
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X 1 0  0  0 ,  unetched. 

SHEET STEEL. 	 FINISHED  CAP,. 
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