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OTTA 	A 	beptenoer 20th, 1943, 

REPORT 

of the 

DR1NG AN') NTALLUP.GIGAL L.A.1.3CATORIS„ 

InvestigaUon 	1499, 

..:Ixamin&tion  of  2-  2r,  .9 -rEss  Cartridge  Cases, 

Ort?..in of Problem: 

Cr. . 	u3t  2nd e 	j.r„ J., 3,  :alsh, of the 

British Admiralty Tedlnical 1,1ssion,  Ottawa,  Ontario e 

 reqacsted verbally  an  inviu5.ti ,.7.,n on 2-Pdr,  No 1,  

TT cartridu,e cases 	 bY the  Brideport . Brass 

• 

Cowanye  .P.rideport e  Conn,, J. 	Trouble  had been 

encountered in proving "caiJ 	of  case,  s oie  cases  • 

trouble in extrncion 	ri0M9 othe:r  cases :„  teed 

condit 	(:.trfIctins 

Three aridoport oaaer wer4* rec,;ivod e  one  fr  

Lot No, 1Y1 w:Uch 	,:o.7crurele  	the 

othe • tro respectively frm 	Nos, l'T5 and 176 lenlan 

hal 	ven extr.tction trobli.:, It  was reque!zted  that a 

ttf3t1l1urf. ;1.c9.1 examination of t!.u, se  three cartridge  cas:;:e. 
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(ùrigin of Problem. cont/d) - 

be carried out to  •leter:Aine the probable cause of the 

trouble. For com:arison, three cartridge C8893 of British 

manufacture were n7so submitted to these Laboratories. 

This investi7ation request was confirmed by a 

letter (File No. 12-3-1-1) from (Captain H o  J o  B. Hall, R oN o . 

duted August 13th, 1943. 

All results Obtained and a chart containing  44 

photomicrograph's were submitted to Mr, J o  S o  Walsh on 

,ugust 13th, 194 3 ,  but for purposes of confirmation are 

given herewith. 

Deserleion  of  Laeules: 

The folleging brRas cartride cases were received 

in 

American 
a 

British 

Lot Woo 	Year of ..iroduction 

171 	 - 	 1943 
175 	 1943 
176 	 1943 
407 	 1940 
409 	 1940 
431 	 1940 

■••••••■■■•■■•••••■• 

For this investigation the three  American cases 

and one Bri -einll case  ;Lot  No o  407 were exari.ined. 

7echanicalfroerties: 

TSTS 

Each cf the four examined cartridge  cases was  cut 

tranaversely into ton consecutive Sections °  Latch  of these 

rings  was alit,  opened  out s  and  veu  cautiously straightened, 

'[rom these  straightened sections,  tensile test specimens  were 

prepared. 	For  purposes  of  identification,  the  samples weye, 

numbered from 1 to  10,  conmeneing from  the base of cartride.. 

Table 	the  results obtained  from the tensile 

tests. 

(Continued on'next page) 
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. iMecht_nical Proerties e  conttd) 

(1.' , • 	• 1 3.1 I„ 

per 	 : Ultimate : 	ELONGATION 
Oriin 	:Spc.:1 -  :  cent  'roof :  Tensile 	;  Per cent: Per cE;rit: of 	: me -,-1 	7 	trengthe  :  Strength e  : 	 .  In 	: 	in 

.  _ Pos,ie  	 ; 	P.8010 	: 2 inches:  1 inch 
A 	• Ltm.•JrIcan, 	I 	50e 000 	63,1,900 	 . 

E7E7177-i'71 	
120 5 	20 

„ . 	2 	56e 900 	735,800 	7,5 	14  

	

.., 57 9 000 	739 200, 	 90 5 	17 
_ 	490 160 	G8  700 

	

» 	 9 	16 
• 5 	569 200 	699 000 	3  • 	16 

	

54 9 300 	689 000 	 11 	M. , 

	

 .4.59 00 	619000 	 ng 
4.0 	 32 _ 

o 	400 200 	64e 200 	 36.5 	4C 
9e 	- 	 - 	 - 	- 

	

10 	'll e 700 	57e 500 	280 5 	39 

Anericane 	1 	-15e 700 	61 e 900 	 12 	 nr 
lot  No. 	' 	- - 	, 	520 00 	729 000 	 10 	

4..4 

, 	 18 
, 	57,700 	76e 000 	 8 	16  . 

	

-4 	52 9 500 	699 700 	 10 	17 c 
0 	 i:2 4,00 	eq inn 9 	18 „ ,....9  ,„,„ 
G 	52 801 4. ' , 	69,000 	9 	 18 

. 	 r, 	48e 6OO 	6.,e 000 	19 	 2E 

	

a 38 i00 	5ç.i9200 	 eri  ' 
e - 	 4..  , 	 36 

	

. 9 e 100 	60  000 	17 	 38 . 	 e 

	

L CI 	 - . 	58e 800 	18 	 40 

A.r.rJricr.-- 	 a 	4.7,00 	639 200 	 15 	 26 
Lct F1.3. 175 	n , 	A,aoo 	Tz 0n  7 ..le 	,/ 	 7 	 I.Z 

• 3 	 56 e4'(..:0 	72,100 	 8 	 14 
4 	..9 5 500 	66) 800 	 10  
5 	55 9 200 	699 200 	 11 	

.à... 
21 

. 	 6 	509 0G0 	669 600 	 0 	 16  
6L.,0‘.)0 	• 	170 5 	30 

	

-500 	6C9 500 	 25,, 5 	..2›,-. ...., t 	• 
, 	 ,s, 000 	.t8  GOO 	30 	 40 .  

; 300 	62,500 	 ,)e. 

	

 ._ 	 35 

Elrt13h, 	 j 	-ç') e 000 	64e 100 	 15.5 	23 
_ 

	

Lot 'coo, A T7 	- 	.'., 70C 	60,700 	 17 	 27 

	

. 	 -.- 
:3 	. f- 	.70C 	 1'.: 9 700. 	18 	 37 

.,7 	 6  
2: 	 ry; rt , 'In • 53,600 	21 	•  36 -,.,_. s. 1 ..,,.., 

, 

, 	 -1.A..0C40 	54,2 800 	18„5 	22 , 
44 9 600 	'w,  700 ,,..ep 	 16 	30  

• 7 	/.t--) 9 70:;• 	599 700 - .-) Lc., 	23 
35,600 	569 800 	27 	 37 
33,000 ;.?2  (.)0 #. 	 18 	 40 

,..,, 	i.:8 0 700 	 17 	 25 

:7- • 	 spercirne-ci'., 

(Contlnu. ,7, d cra next polo': 
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(Mechanical Properties, contld) - 

TESTS - 

The  hardness tests were determined by the Vickers 

method,  usine. a 10-kilogrm load, with the exception of the 

.  determinations on the top part of the cartridge cases Which9 

 due to the thinnass of the material, were made with the 

5-kilogram load (these results are marked by "x"), 

The ht.rdness tests were carried out on the outside 

wall of the submitted cartride cases "as received", and on 

sections cut lo:-mitudinally  from  these cases. 

Pigure 1 shows the locations  of the hardness 

determinations. 

Fir -ure 1 

.2t.se litiNetweee /ary 

eAker ?ID  Q .5 Q. e2 	‘;95.Z ) x5197,7» 4e/,AI U 

,e 	 D.r.ZERTIIE-ATIOES. 

Incientally, it sheuld be noted that results 

listed  below  uti -lot check wth values obtained if: the 

BrIdc,eport fira:;s  Company for the same cases, An appendix 

to this  report  t&e3 12 ae.Lci  1Z3)  explains the reason lor 

tbis 

(Jontinued on  next  pae) 
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(echanical 2ropert1e3, cont'd) 
Har.dnsa TostE, corit'd. 

Li:Iness  of Unsecticned Cases , 

Thoo hardriess tfists were carried out on the outside 

wells of  tri. 	 d:ises, The cases ware held in a Vies3 

without intr.1 support (without mandrel) and the àardeess 

was deternina0 ri.long the  lenth  at zpeolfied intervals  and 

then r..pe; 	the oppc.)sit( ,  side  of the case, 

Averze  re c u its  were obtained as followsl 

Ci41  L. 	C 	 , 

D'I.stane 	Ameeicn  ?rD.iction 	British _ 
from t".. 	„ ...r01-,

, n., .._1_, 	--M-617 	 Lot 
base, 	No, 	N'o e 	No, 	 No, 
Inches 	171 	.175 	176 	 407 _------- --- 

- IV,U,N,)77 

	

1 	- 	133 	175 	172 	134 / 

	

,- 	- 	161 	1€7.1. 	173 	 , 	. 	134 e 

	

16< 	163 	 133 
1- 

	

* 	- 	16 	177 	175 	 126 
171  , 	174 	 130 

	

21 	- 	175 	175 	172 	 128 

	

2 % 	 - 	172 	170 	165 	 132 
32-  

	

if 	_ 	174 	169 	164 	134 

	

153 	162 	159 	 133 

	

144 	 114 * 

	

e' 	- 	116 	125 	127 	 104 1* - 	115 	1,,r, 

	

..4.,-4_ 	120 	 ei 

	

x125 	..-1• -.t,,  

	

.,,..,.....,,, 	x113 	:c105 
6 	.  - n12E.. 	:;.117 	x118 	x106 

•••••• 

x '.-›iioEraw  load  used, 

9, 1.Ies3  of;:,eetIons 

Prom o ch of  the oed cartridge  cases a 

lonetudina:_ seicn e  epproxine.tely 	Inch wide, *es  out 

ot, 'rho 	 rml.- ton  on :tion .. 	re 

cry?Ied  out on  L 	ouside rU  t-c,  inside wails of zhe 

cs ,3 	:7:d also 	the edge of 	sections, 

(C:ontinued en next page; 
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British 
Lot 
No.  • 
4C1 

- 

1- 

2z 
cl 
Z.> - 
3 

4=- 
-1 

6 

eiC 

Sae 

<E. 

6 - 

(Mechanickk1 i'roperties, contld) 
Tests g  conttd 

- HARDNESS ON '.0HE OUTSIDE -;;ALL. 

Listance 	American Production 
frov the 	Lot 	Lot 	

_  .....■ 

1,ot 
base, 	No ‘. 	No,, 	No, 
incheo 	171 	175 	176 

--: ( 11,77 

	

141 	- 	-152 	173 

	

172 	- 	. 	143 

	

157 	133 

	

174 	166 	173 	133 

	

167 	166 	170 	132 

	

131 	156 	153 	132 

	

181 	16,f• 	170 	141 

	

179 	171 	170 	143  

	

146 	167 	1-.9 

	

,t. ,..,.. 	113 

	

lu 	14.., 	.  147 	113 

	

111 	131 	127 	101 

	

107 	121 	118  

	

.r,122 	x123 	x1 • 1 	xE3 

	

J125 	x12e 	7134 	- 

HARONSS ON T.T1 INSIDE WALL. 

14' 	- 	142 	153 	15C; 	133 
14 	- 	145 	163 	15 	142 
2-,-7 	- 	134 	162 	151 	142 

13 
5I 	

133 

	

1..) 	156 	.--.1 
t 3,. 	

, 

	

. t42 	157 	143 	145 
,., 	142 	151 	146 	146 
4J 	130 	151 	110 	122 

	

122 	126 	131 	110 
bl 	_ 	;125 	117 	120 	se 

-6 	- 	M.116 	120 	17::-:,  
•••■•■•■■•••■ 	 my. .r-wdmv 	 3.1. 

1 ILOCIà.-- • OF  TiiE 
SECTI• _ 	154 	1e 	-3:>2  - 	180 

k. 	
. 	151 	10U, 	113 	172 

	

 
142 	1E33 

-1.-. 	- 	16';:; 	183 	15R 	155 , 	 . 1,D7 

	

,-_,, 	Ii33 	150 
e: 	- 	160 	171 	132 	146 ".k 2: 

	

1C3' 	1-- -..) 	153 

	

155 	15i.. 	254 	145 
7.e 	iII,C 	1E11 	130 	143 

:t 

	

143 	1,,::) 	145 	133 -.‘.‘ 
zl, 	 1:54 	12 	115 	xill - 
;., . ,.1 1 	x117 	x110 
4 53 - ià 	- 	x93 	x117 	x124 	x132 

5 	-  x102 	7i15 	x112 	- 
geba• 	 ■seb.oes...-.1...111neetrexweamoiname...9. 

5-ki 1ogram lo:qd  1138(7., 



Distance 	 BRITISH 
fron,Base 	LOT NO.  407 ,  171 

• 

3 r 4  Inc.m. 

-  Page  7  .., 

1112.112s2.221L1. 12tion: 

Longitudinal sections, approximately inch wide, 

.were cut out from the examined cartridge cases and prepared 

for microscopic examination. The samples were etched first 

in  ferric chloride solution (8 g. FeC13 + 25 	HG1 

100 cO. HO), and subsequently in a . bichromate 

(2 E. K2Cr2C7'+ 4 cc. NaCl + 8 cc. 112304 + 100 ao.  1-To 

A complete set of photomicrographs, 286* X75 magnifiction 

and 16 at XL50 ,, ification, showing the ricrostructure  at 

seven  different locations of  the  longitudinal sections of 

the four examirmd cartridge cases, was submitted to Mr, 

J. S. Wal-.:h1  of tl:c B.A.T.M., on ,:c.Igust 15th, 1943. 

?i(-ur9F 	to 3 show the microstructures of one 

sample of Ar.ricm production (Lot No. 171), Wnich is typical 

for all  tlx3 L71;erican cases. For comparison, the  micro-

structures of  the British case are  shown in Figures 9 to 15. 

2 F1jure  9,  

,-1, raph5  ut  X75,  FeClz end K2Cr2D7etch0 nbov;  arc,  
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BRITISH 
LOT  NO  407 

elf,u2Ce. 

LO? NC. 175 
Distance 
from Ease 

AU , 4.it, 

.> 

ii. .J..eurt  21. 

in. 

ln. 
,inewrienieWds 

Iae 9 

(1icroscopic :jcumination, canted.) - 

For better comparison  of the strvxctures of the top 

part of the cartridge cases, Fi.ures 16 to 2'') show photc- 

micrographs at a higher nagnification ( x2b3;. 



(Pag9,1o)  
;le 

PTITIsH 
LOT NO, 407 

Fir;ure Pippare 23. 

ca3e wall froel tl, e rim. 
:7 -t-a 24, 

1111111111Uei 
r imure, 2 6 . 

(Microscopic 1,:t.u . ination e  cont.) 

AY2.RICN 	Diritance 
LU" NO 176 	from Base 

, 

Lbove at X250, IW,1- and le2C ,",2C. , etch, e 

Figure& 24 to 27 8:17,ow the struc ture  at two locations 

on the outsid at the 1-. ,ac of  the  partridge  cases s  one at the 

corner of the rin and  case  wall and the other elihtly  up  the 

. 	-.:ICAY LOT 	, 17:5 

..rd2.rare 25.  

3RIIISh LOT NO, 40" 

FL,wre 27 ,  

U:ERICAN LC:T  NO.  1:76. 	 ::_çtdTISH  LOT  NO 401'7. 

abovo at :. - ,7 L5. - .TeeC13 and 	Cr207 
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DiScUs.3iOn Of k:aults: 

Tensia  Let,  and hardness determinations  sbowed  no 

marlreo differenoos  in  thc nechancn1 properties of the three 

exaninad cartriCD) cases  l'rcm the Bridgeport production, The 

British case that was tested  for  comparison showed definitely 

lower proof  str:;s], tensiD. strenc;th, and hardness. 

Micrococoic exanination revealed in the AmerLcan cases 

Loneral, rerymiziPorm c.nd ribrous  structure as compared with 

the equiaxed uid regu:ar :Itructure o -2 the British  case. This 

difference is 	to a  nor  PAVaatagoDU3 conbilation of  cold  work 

and  annol1in-1„ )1- tn 	grater  nunter of annealin :: operatf.ons„ given 

il the pro,1:1 ,ttin  of  the  3r1t±sh  cartridge  cases. 

It  is  obvious  tnnt  uniformity of  structure in the 

raterial imrrove 	rformance. 

Since )11(:.tica1ly  r)  differences  were  fourd  in  the 

properties  -.)f the troa American cartridca  oas'is„ It would appear 

that  the  different res1,1ta  obtained in proof iring ara rather 

incidental and  th 	il :s  generally  of  marginal quality., 

lt is probable thlt  a  narked chanc- e  in physicill  properies will 

be neeaed  if :7tiz,king trouble are to  be  avoided .  if a harder 

material is  deci,Ild  uoon, care should be talren in making this 

chanse, in  o-Aer  that  ap.›.ration  trouble, definitely a more 

serious defe':t  tai  sticking,  shall  ce avoided. 

CUUCLUSIONS: 

locen1_1  toots and  -Illoroscopio  exemlnation  revealed 

no marke; diff•Dvences  In the Jubmitted American  cartride  cases, 

No matallural roasous for different procf-firing  results 

obtained  an theso lots were found, 

cinAderaele difference in  properties  and structure was 

found  in  the Ur_it:Ish cartrJdL;e case examined  for  comparison- 

00C- Q0Q00000 
00800 JWIaGHB. 



1, -  Page u.e. 

Subsequent to the completiQn of this report e  

officials of the British Admiralty Technical Vission 

discovered that the  Vickers hardness tester  operating 

at  the Bridgeport Brass Company was  Int.ccurate, tn 

correction this machine was found to Live the same 

results  for  standard blocks as did tLe  Bureau of Mines 

equipment. 

Comparative  tzsts  ware also  made  on two 'z.ras's 

cartridge ceses.. The folL)winL:  table gives the results 

obtained 

ffl abie  follows on next page) 
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