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of the 

ORE DRSSING  AND  METALLUaGICAL  LABORATORIES. 

Investigation no. 1646. 

Examination of 6-pdr„ 7-cwt 0  Brase  Cartridge Cases, 

On i in of Material and Object  of Investtuation: 

On April  10th, 1944,  ten (10)6-pdr., 7-cwt 0  brass 

cartridge cases were received, for  examination, from the 

Inspector General, Inspection Board of United Kingdom and 

Canada, Ottawa, Ontario, The work on these cases was  • 

covered by Analysis :iequisition No. 0 0T 0  4165. 

In an  accompanying letter (File No. 4/2/13/U 0 Y 0 ), 

dated April 7th, from fir, D o 	W. Gedge, Inspector of 

Propellants  and  Cartridges, it was reported that the cases 

had been manufactured by the Canadian  rotor  Lanni Company 

Limited, Windsor, Ontario,  and that two of  the cases had 

good hardness, two were soft along their Whole length,  and 

the remaining n ix  had  a ring  Of soft material in the case 

wall about one inch  from the base,  A  metallurgical exami-

nation of the cases  was  requested. 

On April 26th, 1944, five more cases,  reported to 

be of normal hardnesa, were received and  given various heat 

treatments. The results ef those heat treatments and of the 

examination of the cases ereviously  received were reported 

verbally to the I.B.U.K. & C. on YaY 3rd, 1944. 
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Exam1nal.5.ori t;f 	:narkings on tha 	of  

ShOWed that  they hi.ul  been Triufctured. in  1943  and thRt; 

were  of Lot  bo, eé'›,  Numbers tad been palrted  on the  tpas  of 

each case,  These  nurbers  are used  t:) refec tc the ineidual 

_.eses  in thil 

Eurc-J•nass  Ttn: 
IIMMOIrtgl••■■••■•■•••, 	 •■•••••• ■•71,..o.,■•■• 

Hardness :7e..3ts veers taken 	the length  c,2 ttta 

cases,  :c.fLniz &Ifi3e*rs 3:c.rdness testar vit:h  the  10-kram 

load,  "L>hé  case  wa3 cis:4nd la  tho  yis and  we:.! wittcut 

terna1  support, A strip ras out  from sach zese erezi 

deterrenatcns  were made a.orj the croso-sstic,,n of the  

the  strip  being cLunped In a vis 	Tabli,;s 1 and 71 31-,o%y 

results of the hardnes3 tests on the eurface and  cross-sction 

of  the wall,  respectively, Figure 1 shows graphically  thFese 

results for the first fou:-.,  inches of the wall  naarest  the 'k).se. 

1 „ 
HAT-GIŒSS  ALONG Sille.?A.E 0? 6-FDIkirS.W„ 

-** Dlstance 	 -nbt- ^  •  u e 	 • 

oii ba, : • O 	T : . • , ) zns  Yumbe -L-- 
•Inewburacer^..ea,sinsarm-sr"  Imesametroce”....est.vact  elleattwerfflase`-p...~4R,IMOM MoglefflEr.711011.....114:»T‘t,V.M,,t  Wenfadli0 	 MOT%  Z 1 

• • • 
dà 
• â 

• „ 	• 
. - 1 	nW  , 1P1 - 1 e)3 .124 • .  ••■ 	sr , 	 le. 

. • . 	• 	 . 	 . . 	 • 	• 	, • 
 1C2 1 	0: 
• 1. 7.3 	; 	;.Y.:. ‘ .›.G2 	41.3t) •Ir - 	•".. ..—,,..: 	..t.e.z. 	• 	1 :37 - 	— 

: 103  :  q5 0 3:180 	161 -12 .i .124 	- 
. 	. 	 • 	• 	. . 1 	. 

I 	: 104 :1C/2„r.):13b 	:192 :122 	•:.'...,r.; 	• 	-r„,-.: • .1...... 
. 	 . . : 	 . 	 . 

LI 	: 104 : 94 87 :193  :124 ::21 	1  7,63 
. 	 . . 	 . 	: 

1* 	: 113 : ::,=„2:173 :194 :136 .15e 	: 
. 1 	 : 

2 	: 123 1 94,1:17: :131 :146 ;.149 	: 162 
• • 
: 124 : 92 0 3165 :177 .1d2.2 	139 

•e 	. 	 . 	 : 	
. 	 : . 	 : 

4 	: 1(.M./ : 90,0134' :155 :147 :151 	:. 351 
: 	: 	: 	:• 	: 	. . 	; 

V.eck 	:  YOE) :1110C:12 ;) 	7. 1 113 	11 if! 	:107 	.,,.,,• , ...2.,..) ‘, 

Mo•tAi 	e. 	6e, 	-'40 0 0e • 	s.  70,7  , •• 	• 	 , 	• 
lib 

. 	 n 	 •• 	 . 
glabfflIgelMealrMaMICIIIIIV-4,..-  ...1,--earee ..ArTar..c.,•,ed.  ',se...rig-  ern,ean.. -ro ue, s..em •,•ean gemon.ea.m.l.mœr■eltae-ts,-.L+k-r• ..1.-reeue.Weoe,"%latinffir F.!, 

cn -next  



1 
a. 

1+ 

e, 

v1  
4 

5 

146 

124 

120 

123 

132 

14 

157,_ 

15,1, 

151 

157 

14D 

149 

05.J3  

U96 

91,6 

;39,2 

/20 

I/O 

2c0 

/90 

190 

MRMOMMEMMULIMPUUMPfflimu: 
MMEMMIMMMEIMMIËNMUMHU 

11111111MenagiRM 
ZuMBIMMUMMIMMMUMUMet 

AMEgeL2nMIUMMMUMMUMM 

2 

(,) 

/50 

/40 

	

/70 , 	4t 
; 

	

/50. 	t 

1 

; 

No.8 

2 —  3 	4 	5 	0 	 2. 	3 

DIS TANCE FROM  BASE  - INCHES 
1SOL 

0 

114e • • , 

7fmr25 .  	. 	
âmdmee::hinum-emm...mmmimIMMUMMI 
MMIMMIMMMMUMMMMMEMbmiMMMEMMMIMMi. 
MIMMIMMPAMMPMMMMEMMMMMMIMMMIMMIMMI 
EMMIMIfflkeiMMIMMUMMMMMMMMMWMMMU 
MMMIMMHTMWMIMMIMMMMMIMMMMUMMMMMMM 
MEMMIWPAOMeMellumpumummumm @mum 
mummidiMme wm.dmINMEMMIN MUM lffljijJq ij MuMMadMIM 

MMIMMMMMMMIMMEMMMEMMEMMMMMEME 
MMIMMIMMMMMMMPMMEMMUMMUMMMPg 

..i.M,e - .MUMMUamMEMMUMMIMMIMMM 
MMMMMMIRmm 

/S0 

/40 

/30 

/20 

//0 

/OD 

90 

90 

/70 

160 

1 
F 

YJardnee!.s Tests cont'd'y 

TA :3L_ 
HARTC.,1ESS ALONG GROSS-SEOTION '21-11  WALL  OF  63DR 0  JASES, 

 bist1ace liudEs17  Fe- C-;ae 
from base s  : 	; 	50 	11 ; 57 	 , 
inches 	,Vickarr: hardness Nulibers  -  10 7,4c, lusd 

smesardeerry..ms----- ,- 
• 
128  : 

127 

116  : 

114 : 

113  : 

119  ; 

124  : 

133  : 

135  : 

137 : 

: 137 

141 : 

:  133 : 

Ut5 	1a3 

127 	:. 195 : 

121 	: 201  : 

121  

106 	193 : 

101 	:  191  : 

96„ri 	1?8 

95,0  : 175 

:  177 : 

177  : 

170  : 

rsn 

193 	164 

205 ; 173 ; 

:  142  ; 

197  ;  141 ; 

194 	157 : 

1e3 	1 59 ; 

176;  162  : 

173 ; 162 ; 

176 ;  

173 	157 : 

175 	160 

175 : 155 

4 
• 

0 • • 
PeeAlfàfilfP&W_Acal.annurà irsemeeelffeellereeellMdeeZerretexe..ef. nleef 	 'emmweasmartmemmam: nvem. emmeammanwicaummommeur, 

EARDDESS SURVEY ON SCFYAC AND GROSS-SECTION  OF 
WALL OF 6-r.DR 0  jARTGE  0A$  -  An  :1L01.7.;:VED 



- Page 4 - 

leicroscopic  Examination:  

A strip about inch wide was cut  frein  each oese 

and prepared  for metallographic  examination, Photomicrographs 

were taken to illustrate the structure at various points along 

the wall and are shown herein, Figures $ to 8 were taken. from 

Case No, 60 0  which was soft along its whole length, All these 

photomicrographs show recrystallization of the materialth 

variable grain size, Figures S to 14 were taken on Case No, 

73,  which was soft near the base. The material near the 

base (Figures 9 to 12) shows evidence of reerystallization, 

Figures  15 to 20 were taken on Case No. 14, which had  a  normal 

hardness. Heavily cold-worked material is eeen, 

All photomicrographs are at X75 maenification. The 

etch used was chromium trioxide solution (2 gramsCrOe e  2  eo.  HC1 

+  20 cc. 1120) followed by ferric chloride solution (8 grains  

FeC12 + 25 cc, HC1 + 100 cc. 1120)0 

Annealing_LuAriments: 

The cases received on April 26th were numbered 

25, 53, 61, and 67, In order to attempt to duplicate the 

defects occurring in the cases previously received,  Cases 

Nos,  25, 53 and 67 were cut in half longitudinally  and tho 

halves were annealed at various temperatures and times 0  rehe 

annealing was carried out in a Ilamocarb furnace, the  tempera- 

ture of Which is accurately regulated and recorded by auto

matic  neans, The hardness was measured along the wall with 

the half-section clamped in a vise and not supported inter-

nally. The Vickers hardness tester was used with the 10- 

kilogram load and the hardness was determined both before 

annealing and after 1 #  2 and 18 hours at temperature,  The 

results  are shown eraphically in Figure 2. 

(Continued on next page) 
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Discussion: 

Examination of six of the first lot of cases 

received indicated that two  types of  defect existed.  The 

hardness tests along the  length  of the cases showed that 

Cases Nos. 11 and 60 were soft along their whole length and 

that Cases Nos,  8  and 73 were soft near the base but reached 

a normal hardness about 	inches from the  base,, Cases Nos. 

14 and 57, however, were of normal hardness along the Whole 

length (see Figure 1). 

Microscopic examination of longitudinal strips  ' 

from Cases Nos, 11 and 60 showed that the material had 

recrystallized (see Figures 3 to 8). 

Microscopic examination of Cases Nos,  8  and  73 9  which 

4 
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(Discuseion, contld) 

were soft near the bane, end  of Cases No 14 and 57 0  which 

were of normal hardneen-, indicated, by r comparison of  the 

structures of the materials, that there is some evidence ef 

recrystallization in the  material near  the base in Cases 

Nos, 8  and 73 (compare Figures 9  to 14  with Figures 15  to  20), 

The  annealing experiments,  the results of Which  are 

shown  in Figure 2, showed that there was  a  slight lowering of 

hardness due to recrystallization even after annealing for 

1 hour at 5100  F, (265F C,) 0  and that after annealing  for 2 

hours a further lowering of hardness occurred,  On examination 

of Figure 2 it will be seen tàat, in all instances, the  most 

marked  lowering of hardness occurred at a point about  one to 

one-and-a-half inches from  the base °  This indicates that the 

material at this point has  a  greater tendency to recrystallize 

than  the rest of the material because it hae received  a  greater 

amount of cold work during  the  manufacturing process, 

The material in this region is cold-worked by two 

processes the heading  of the case, and the  drawing of the 

case wall. If the effects  of these two processes overlap, 

the material near the  base will receive a  maximum amount or 

cold work and  will therefore  have a greater tendency to 

recrystallize than material farther away from the base  which 

has not received as  much cold work,  As has been shown by the 

annealing experiments, the stress-relief anneal is sufficient 

to cause recrystallization in this region,  ' 

If  the ease is allowed to remain at the stress-relief 

annealing temperature for a  sufficient length of time (18 hours), 

a lowering of the hardness along the  whole length of the easeoecure 

resulting in a *dead  coft" caae, 	Lis  le seen In FiLur 	rt  an 

annealing temperature of 545° F, (285 0 	and, less  markedly; 
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( Discussion, conted) 

at 530° F. (275° C.). 

It Is  the practice, during the .nenufacture of these 

cartrtdge cases, to stress-relief anneal them at 540° F. 

(282° C.) for 1  hourd It has been shown, by the experiments 

described in thie report, that at this temperature, and even 

at lower temperatures,  a  marked lowering of hardness near the 

base may occur  after a one-hour anneal,  and  it  has been further 

shown that  if the case 13 allowed to remain  in the furnace long 

enough--overnight,  for  example--the hardness along the whcle 

length  of the case will be lowered, resulting in a  "dead zoft" 

case. 

CONCLUSIONS:  

The soft ring of material near the base of the 

cases is  caused by recrystallization during the stress-rellef 

anneal. The  tendency to recrystallize Is  Increasod if the 

material in this  region receives  an excessive amount of cold work, 

The  "dead soft" cases are caused by allowing the  cases 

to remain  in the stress-relief annealing furnace for an 

excessive  length of time. 

In  order to avoid these defects It would be  advisable 

to  lower the temperature of the stress-relief anneal  to 500 to 

510°  F. (260-265°  C,) and to take precautions to ensure that 

no  case remains in the annealing furnace for more than  one hour. 

It is most important that the temperature  of the 

furnace  and of the  cases  in the furnace be  closely regulated 

and controlled. 
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PHOTOMICROGRAPHS FROM CASE NO, 60, 

blagnification, X76 0  
Etch: chromium trioxide and ferric chloride, 
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PHOTOMICROGRAPHS FROM CASE NO, 73, 

Magnification, X75 0  
Etch: chromium trioxide and ferric chloride, 
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PHOTOMICROGRAPHS PROM CASE NO, 14, 

Magnification, X'75 0  
Etch: chromium trioxide and ferric chloride. 
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