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OTTAWA 	August 23, 1945. 

REPORT 

of the 

ORE  DRESSING AND METALLURGICAL LABORATORIES ,  

Investigation No. 1923. 

(Further to Report of  ) 
(Investigation No. 1842,) 
(dated April lq, 1945 ,,  

•  Low-Temperature Impact Teats on 
60-mm. British Armour Plate. 

prigin of Material  and Obiect of Investigation: 

On April 18 0  1945, Report of Investigation No.  1842, 

entitled "Preliminary Report on Metallurgical Examination  of 

.  50-mm.  British Armour Plate," was issued by these Laboratories. 

This preliminary report dealt with 30M0 British armor plate 

winch  had been received,for examination, from Mr. E. W. Shaw, 

In3pacting Officer, Direotorate of Tanks, Inspection Board of 

bnIted Kingdom and Oanada, Ottawa, Ontario. 

The present further report deals with the 1.ow-tempera-

tue  impact testa carried ont on through-plate spociins cut 

frQm  the samples submitted. 



• 
55-60::Hadfields 

67-72 :Hadfields 

lù Cr-Mo  :Basic E'ectric 

Low Alloy :Basic Electric 
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(Origin of Material and Object of Investigation, cont , d)  - 

The  following table  gives some data  concerning the 

plates under test: 

TABLE I. 

Plate : 	 : 
Nos. :  Mar15.191men...1.2geeition  :  Practice ===cemeaume 

• • 
. . 	 ROLLED  PLATES 	: 
•• . 	 . 

	

1-6  :English Steel Co.: 	1* Cr-Mo :Acid  Open Hearth 
• . 	 . 

	

. 	 . 
7-12 :Colvilles 	: 	ler-Mo  :Basie Open  Hearth 

. 	 • . 	 . 	 ° 
13-18 :Firth Brown 	• 

	

. 	1* Cr-Mo :Basic Electric 
• . 

	

. 	 • 
19-24 :Firth Brown 	: 	Low  Alloy :Acid Open Hearth 

• . . 	 • 	 . 
25-30 :Colvilles 	. 

	

. 	Low  Alloy :Basic Open Hearth 
. 	 • 	 . . 	 . 	 . 

	

31-36 :English  Steel Co.: 	Low  Alloy :Basic Electric 
. 	 . . 	 • 

	

. 	 . 

CAST PLATES   
43-48 :Hadfields 	 Vibrac 45 :Basie Ei.ectric 

TEST  RESULTS: 

The test results are  shown  in tabular form in 

Tables II and  III and  are given graphically  in Figures 1 to 

(Tera-  II and III 
(comprise  Pages  3 and 4.) 
(Tbxt follows  on Page 5.) 
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(Test Results, contgd) 

TABLE  II.  - 60-mm. British Armour 12.11.t.2_1112191 

ROLLED  PLATES. 

. 	:Izod impact :Izod impact :Izod impact :W/T- Limit  at nor- 

	

Speci-: Type :at room tem-:at 32° F. 	:at  -42 °  F.  :mu]  temperature, 
men  :  of 	:perature, 	:temperature,:temperature,:i.o.  65°-85 °  
No.  : Plate 	:  ft-lb. 	- 	ft-lb. 

.........„...... 

f t- lb. 	:oDr.(ectd to  0) rwa, 

1 • o 
2 	4.3x  • 
3 	co  I 

Si • 
4 	Q 
5 	ri < 

6 
e 0 re r   

1825 
1758 

en 109 

1772 
1767 

	

7 16.7 	 16.0 	14„0 

	

8 	i', 0  •  1 	16.5 	 15.0 	17,0 

	

9 	H › Ur' 1 	16.2 	 -- 	 -- H t • 

	

10 	*el  ;.,  0 	15.0 	 15.0 	13.0 

	

11 	17.2 	 18.0 	11 0 0 

	

12 	0 H 	15.2 	 15.0 	10.5 
c.) 

13 	ï 	43.5 	 -- 	 -- 	 1908 o 
14 	si o o 	39.0 	 47.0 	43.0 	 1822 

15 cc  r,'Z' 	•rf 

	

; 0  %-■ 	44.5 	 28.0 	25.5 	 -- 

	

16 37.7 	 40.0 	34.5 	 1960 
+I  9  0) e.) 

17 	si-ies2  CI  4) 	49.0 	 49.0 	45 0 5 	 1841 

18 ••-I ri Ç-1 H 
rt4 	rz-i 	20.7 	 47 0 0 	52.5 IC • 

	

11.0 	 11,0 	 7.5 	 1694 

	

16 0 0 	 12.0 	 8.5 	 1730 

	

6.0 	 6 0 0 	 4.0 	 1753 

	

14. 0 	 9,0 	8.0 	 -- 

	

1300 	 12.0 	 8.0 	 1747 

	

12.0 	 13.0 	 8.0 
armamoslamegma. 

==••4 	



0 
•g• 1 

u) 
r0  mt. 4-) 
r-4  0 
0 0 

erf off  r-f 
ef-1  g,f 

urf 
•r4 

Da 

43A 
43B 
44A 
44B 
45A 
45B 

46A 
468 
47A 
478 
48A 
48B 

55A 
55B 
56A 
568 
57A 
5713  

D.).  0 

r-.1 	1 	• 
11) Ç-i tzl 
4O  • 

1:11 
• ^ . :cC 

c1J r-1 
= 

58A 
588 
59A 
598 
60A 
608 

19.0 
24.0 
27.0 
29.0 
43.0 
44.0 

39.0 
36.0 
30.0 
36.0 
24.0 
36.0 

25.5 
29.0 
30,0 
29.0 
43.0 
44.0 

42.5 
45.0 
55.5 
49.5 
33.5 
36.0 

	

9.0 	 1645 

	

16.0 	 -- 

	

18.5 	 1680 
15.0 

	

41.0 	 1756 
38.5 

	

29.5 	 1602 

	

2e.0 	 -- 

	

18.0 	 1661 

	

20.5 	 -- 

	

14.5 	 1620 
36.0 

67A 
678  
68A 
683  
69A 
8913  

70A 
70B 
71A 
718 
72A 
7213  54,2 

57.5 
57.0 
57.0 
61.5 
54.0 
67.5 

69.0 
64,5 
69.0 

50.0 
54.0 
56.0 
66.0 
56.0 
68.0 

58.0 
68.0 
42.0 
64.0 

La! 

›, 

• 0 
r•I r-i 
11) 1-1 	• •=e 

4-4 	° e  en 
c3J 0 

-  Page  4 - 

(Tests  Results,  conttd)  - 

TABLE  III.  -  60-mm. British Armour  Plate  Impact  Ti,sts. 

CAST PLATES. 

:Izod impact  Izod  impact :Izod impact  :W/F  Limit  at nor. 

	

Speci-:  Type :at room tem-:at 32° F. 	:at 42° F. 	:mal  temperature, 
men  : of 	:perature, 	:temperature,:temperaturep:i0 e3.  65°-85' F., 
No.  :  Plate 	: ft-1b. 	 : 	ft-lb. 	ft-lb. 	:correCed  to 60 mm. 

45.0 
31.5 
58.5 
40.0 
37.5 
50.5 

40.0 
38.0 
31.0 
29.0 
48.0 
33_5 

45.0 
34.0 
43.0 
37.0 
40.0 
42.0 

41,0 
37.0 
25.0 
22.0 
47.0 
34.0 

	

38.5 	 1739 
29.0 

	

27.5 	 1620 
29.0 

	

22.0 	 1611 

	

49.0 	 .• 

	

35.5 	 1630 
31,0 

	

19.0 	 1630 

	

14.0 	 _- 

	

43.0 	 1635 
23.5 

	

50.0 	 1692 

	

34.0 	 we. 

	

31.5 	 1642 
33.0 

	

30.5 	 1647 

	

38.0 	 - - 

	

39.5 	 1583 

	

47.0 	 -- 

	

24,0 	 1663 
45.0 

1755 
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Oo 	 •  • 

1. All Impaet specimens mentioned. heroin 1,:-re cut _- 

with their axis  at risht an3les to  the  surface or  the  plate. 

Tho fracture lire of  the speciiaen pe.raliels the plat surface. 

2. Variation in  Impact strength at low teriperatures 

e'eater  in cast than in roller) plate. 

3. The cast plates have ,in general,higher izod 

vaiaes  than  the  rolled plates. 

4. FOr  most producers the varlatioa  between plates 

18 u-sater than.the veria .4,Uon cause' by  Lw temperres. 

The 21at3:1 etch seem  the most sensitive to 

tenperaturf› are: 

Hadfield/a Caet 	 Basic Electric, 
Hadfield's Caut Low Alloy, BatEle Electric. 
English Steel Co. 's Lw  Alloyssic Electric. 

6. rJhe east plats examined tended to hav lower 

ballistic  limito at tensile strengths over 125,000 

?, The rolled plates  examined  tended to Itle higher 

ballistic limits at  te - 3ilc strengths over 125,000 p act. 

&„ The  rolled  plates  show tondenc7 of balA.stie 

ltmit  to  increase  with a rise  of  impact strength 

It  Is  ob -çrlous  that  the impact strength ;.ecreases 

with fell  in temporature, both in rolled and in  cast i.lates. 

The  through-plate 17.od 	reuIt 	the 

rolled plates  are quite low.  compared with those of the cast 

pintes.  This is probably due to the foot that  the fracture 

parallels the  plate rurfaca and any laminations 1.n  the  plate 

xnj  affect  the izod. 

Specimens  N'as, 14, 13 and 17,  produced by 'I.rth Brcerh, 

hae  the hielest  impact atrangth at -42° F.  and al£Jo Aave 

ballistic proporties. The satisfactcry results on  te  above 

pite mAght be att:ributed to there being fewer 1.aations 

in uhese specimens. 
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