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Ori&la  or  Material  and eb ect of Investidation:  

In July  1944, two pieces of cast ring finishing dies 

for hot  drawing  of  seamless tubing (see Figure 1) by  the Wellman-

Seaver  Rolling  Mill process, were submitted for  metallurgical 

examination by Page-Hersey Tubes,Ltd., Welland, Ontario. These 

dies (designated Nos. 1 and 2) had been selected for  comparison 

because of the  extreme divergence in their performance. Die No. 1 

made by Wellman-Seaver  Ltd., England, was removed from  service 

after 625  pushed tubes, whereas Die No. 2, cast by Welland Electri 

Steel, Welland,  Ontario, had been scrapped because  of weer after 

22 pieces. 
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(Origin  of Material and  Object of Investigation,  contid) 

In  January 1945, a second lot of dies  (see Figurl., s 

3  and 4) was submitted for similar purposes. These dies bAd 

been manufactured by the same firms  as  the first lot and 

their performance was even  more contrasting. Die No. 3 

(Welland  Electric) had cracked after 15 pieces, whereas 

Die No.  4 (Welland-Seaver) las removed, still  in  a  servieeablë 

ccndition,  after more than 800 pieces. 

Figure 1 .. 

PORTIONS OF  OAST RING FINISHING DIES (76  MM.) 
FROM WELLMAN-SEAVER ROLLING MILL. 

No. 1  -  Wellman-Seaver, Ltd. (England). 
No.  2 -  Welland Electric Steol (Welland). 

(Approximately full size). 
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Figure  2, Figure 3 
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(Origin of Material  and  Object  of  Inventiation,  contid) 

DIE NO. 3. 

Welland Electric Steel. 

Broken in service. 

•••• 

DIE NO.  4. 

Wellman-Seaver Ltde» 

eye 

Chemical  Analysiq: 

The results  of  the chemical analyses made on, the  fovr 

dies  submitted are given in the following table. These  results 

are compared with the  ana12sis of a die of German origin reporeed 

to have given'excellent su..'lce, and with. that of a  e2_ie recomnmded 

by an  American firm. 

TABLE I. - Chemical Aneasel. 

2W1UU 	CALLUM; tbel, 
Die Die 	Die Die 	GERMANe 	S 

No. I No,  4  No. 2 No.  3 ------ 

-Per Cent- 

Carbon 	- 2.51 2,39 	2.60 2.18 	2.13 	2.30 
Manganese  - 0.48 0.37 	0.72 0.23 	0.29 	0 0 2-C.  - 
Silicon 	- 0.20 0.92 	0.53 0.85 	0.50  
Chromium 	- 25.37 24.81 24.30 19.80 	23.15 	24.0 
Nickel 	_ 	_ 	ii, 	- 	0.42 	0.24 	0,2-0,, 
molybdenum - - 	- 	2.90 0.92 	- 	- 
Tungsten 	-  2.88 2,74  .  - 	4.80 	4,75 	L5.0.w5.5 
Vanadium 	 -  - 	- 	. 	- 	0.25 	0.30_ 
*  From 0.D.M.L. InvestiLation report, --irThe Chemica:.  and  àletb.- 

lurgical Characteristics of a  Cast  Bing Die," by  T.W.  Hary 
and H. H.  Blcakney,  July 21, 1931. 

4*  Recommendations of a U.S.A. firm  (r are not availuble)‘  Sue-
mitted by J.  A.  Perry, of Page-Hersey Tubes,  Lt0,,  WeLlan , l, 
Ontario. 
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Hardness  Tests: 

Hardness tests were made on the  four dies submitted, 

using the Vickers (30-kilogram load)  and the Brinell (3,000- 

kilogram load) hardness testers. The results are compared In 

the following  table with hardnesses of the German die und of 

that recommended by  the U.S.A. firm. 

HARDNESS 
•11.111M111•• ■•••■••••■•••■■•■••IMMI/11■■•• 

Rockwell  "C" 
Vickers 	Içonmeedt_  Brine 

	

British Die No. 1 - 	511-527 	50-51 	514 
H 	n  No. 4 - 	561-586 	53-54* 	514 

	

Canadian Die No.  2  - 	441-481 	44-48 	415 

	

n  No. 3 - 	557-579 	53-54 	477-495 

German 	 388 
American 	 520 

Magnetic  Testa: 

The magnetic properties of the four dies were  testee 

by means of a horseshoe magnet. /t was found that  all four 

dies were strongly magnetio. 

Micros copie  

Photomicrographs were made of the  four dies  submitted. 

All  samples were etched in Vilellate reai;ent. 

Figures  4, 5 and  6, taken at X100, X250 and  X750 

maleification respectively, show  the microstructure  of Die 

110.  1 (British). 

Figures 7,  8 and 9 show  the microstructure of Ring 

Die No. 2 (Canadian)  at X100, X250 and  X750 magnification 

respectively. 

The  microstructure of  Cast Ring Die No. 3 (Canadlan 

in  shown in Figures 10  and 11, at  X100 and X250 magnification 

respectively. 

Figures 12 and  13,  taken at X100 and X250  magnifica-

tion respectively, show the microstructure of Cast  Ring Die 

No. 4 (British). 
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Mi_-;roscrepic Examination, contld) 

Figure 14 shows the microstructure of the German  din, 

at X400 magnification. This photomicrograph was taken from  the) 

report by T.W. Hardy and H.  H. Bleakney. 
0 • 0 

X100, Vilellate etch. X250, Vilelles  etch. 

Figure 8. 

ONO 

CAST RING DIE NO. 1 (BRITISH). 

Proeutectic structure. Dendrites 
of alpha solid solution and eutectic. 

Carbides, trigonal. 



PaGe 7  - 

(Uicroscopic  Examination, conttd) 

FMe  1 O- 

X100, Vilellats etch. 

TIS 

Figure  11, 

Vi.lell a s  etch. 

C AST  qING DIE NO, 3  (CANADIAN) 

r  °eutectic alloy.  „  Structure: 
alpha  solid solution and eutectle., 

Trigonal type carbicies. 
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(Microscopic ï,xamination, cor.t fd) ®

F_uiT^re U2 ,

X100, Vi1e11a's etcho

Figure 13.

^1-41'W . :'.<

X250A Vilella'a etch,

CAST RING DIE NO , 4 ( BHITISH) o

Proeuteetic alloy, Structure: alpha
eolid solution and eutectic. Trigonal ty-pe aarbides.
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(Microscopic Examination, cont'd) 

Fieire  14. 

X400, Vilellaes etch. 

■■• 

OAST RING DIE (GERMAN ORIGIN). 

Proeutectic  alloy. Structure: alpha 
solid  solution and eutectic.. Trigonal  type  carbides. 

.11“111 

Discussion:  

Alloys Nos. 1 and 4, both manufactured by the  Britis 

firm, 4eilman-Seaver LLmited, are very similar  in chemical 

composition, that  is, they  are cast  irons  containing chromium 

and  tungsten  as t;he chief alloying elements. 

s. 	 4elland 

Electric Steel,  differ from the British-made alloys  in that they 

both contain molybdenum. Alloy No.  2  contains 2.90 per cent mr)lyb-

denum and no  tungsten,whereas  Alloy No. 	contains0,92 per  cent 

molybdenum  and 4.80 per cent tungsten, 



-  Page 10 - 

(Discussion »  conttd) 

The following is a summary of the  performance of  the 

dies under investigation: 

Die 	 Reauon for  Pieces  
le: 	eenufacturer 	Removal  Completed 

1 	Wellman-ieaver Ltd, (England) 	Worn, 	625 
4 	a 	ti 	it 	 II 	 tt 	6004 
2 	Welland Electric) Steel  (Oaredian) 	n 	22 
3 	n 	 It 	 n 	Cracked. 	15 

11•11.1MOMII. 

microsconic examination reveals a strong similarity 

in microstructure in Alloys Nos. 1, 3 and  4,  in contrast to the 

entirely different structure of Alloy No. 2. 

Assuming that the alloying elements molybdenum and 

tuneten, in the quantities present in these alloys, do not 

materially affect the microstructure, the differenae in structure 

can be explained by the quantities of carbon and chromium present, 

Alloys Nos. 1, 3 and 4 may be :onsidered proeutectic 

alloys .  The microstructure  consiste of dendrites of  aleaeolld 

solution (white) and a eutectic containing carbides of the pre-

dominantly tric,onal variety (Fe, Cr) 7  C3 . The carbon content has 

a very profound influence on the microstructure. As the carbon 

content is increased the relative proportion of alpha solid 

solution is decreased and the eutectic increased. This explaine 

why Alloy No, 3 (2.18 per cent  C)  contains a larier percentage  ar 

alpha solid solution than either of Alloy  No 1 (2 0Uper cent 

or  Alloy  No  4  (2,39 per cent C). This condition is also 

accentuated by the lower chromium content of Alloy No. 3, since 

high carbon nnd low chromiurlact in the same direction, 

When the carbon content is increased beyond a certain 

point a hypereunectic structure results, with the ap„nsarance 

of a different type of carbide, known as the orthorhombic carbides 

(Fe, Cr) 3 C shown in Figures 7, 8 and 9 (Alloy  No  2),  It 

is admitted that the differences in carbon and  chromium content 

in  Alloys Nos, 1 and 4 are Lot very great, but it is  dossible that 

wawa,. 

(Continued 	next page) 
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(Discussion, contld) - 

these differences are sufficient to result in a comp7.ete chango 

of microstructure, It  is  also possible that the presence of 

molybdenum may act so as to influence the change froY:c the 

trigonal to the orthorhombic type of carbides. 

There appears  to be a  unanimity of opinion regarding 

the impaired mechanical  properties  (transverse .and tensile 

strength and deflection)  of a cast iron containing  the orthor-

hombic  carbides. Hence the carbon and chromium  contents must 

be so  adjusted as to avoid the formation of this  carbide. For 

alloys  containing 24 to 25 per cent chromium  it is generaily 

agreed that the carbon content should be kept lower than  2.5 

per cent, for the  above reason. It is  a known fact that chro-

mium cast Irons containing 2.5 per cent carbon  or less exhibit 

the greatest  resistance to thermal shock.  In this resard it 

interesting  to note that the carbon contents  of the ?ritish, 

German and  American dies, as set out in Table I,  bear out thie 

opinion. 

The wearini,;  p:coperties of Alloy Ho.  2  were  found to be 

very.  poor,  and it is thought that this is due to the  substitution 

of molybdenum  for ioungsten. Molybdenum up to 5* per  cent has 

little  effect upon the mechanical properties  but indices  a  con- 

siderable amount of coring in the casting. 2)  Tungsten, however, 

is noted for the formation of hard, abrasion-resisting, permanent 

carbide Particles. 

Cast  Ring Die No. 3 was reported to have  fsiled  by 

cracking  after a very short service period. The  chemical analysis 

shows a  lower chromium content, 19.8 per cent, as aeainst 23  to 

25  per cent in the other alloys, but this cannot  be tlamed  for 

the  cracking. It should be borne in mind that  these alloys  are 

ail  inherently brittle and breakage will  result if Vs-Jere is im-

perfect  seating between the conical surfaces of  the ring  die snd 

of  its holder  ring. Hence it is very  important that the dies be 

ground,  after casting, to very accurate  dimensions. 
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(Discussion, contld) 

A comparison of the analyses of the Britisn, German 

and American dies (Table I) indicates a relatively fixed 

chromium content, that  la, 23 to 25* per cent. No molybdenum 

is specified in any of the analyses. The tungsten content 

varies from 2.75 per cent to 5.5 per cent, and it is suggested 

that alloys of varying tungsten oontent be made to determine the 

effect of tungsten upon their wearing propertiee, 

The hardness of the  cast alloys can be increased by 

quenching from 1000° C. (1830° F.), and it  le  auggested that 

experiments be conducted to determine the properties of alloys 

so heat-treated. 

Suuunary 	cor 

1. Two lots of dies were examined, designated l e  2 

and 3, 4. 

2. Dies No. 1 and 4 were of British origin (Wellman-

Seaver Limited) whereas Dies Noa. 2 and 3 were of Canadian 

origin (Welland Zlectric Steel, Welland, Ontario). 

3. The British diem (Noe. 1 and 4) Eave very good 

performance, 625 and 800 pieces of tubing before scrapping. 

4. The two Canadian dies selected gave very poor 

performance. Die  No 2 wore out after 22 pieces  an  È  Die  No. 

broke  after 15 pieces. 

5 0  Die No , 2, Canadian, wee found to differ in  cheni-

cal content from the Britiah dies in that the carbon content was 

higher and molybdenum had been substituted for tungsten. Fanure 

due to premature wear is ascribed to the lack  of  tungsten, 

6• Die  No  3 (Canadian), Which :lad cracked in servIce, 

was  found to be low  in  chromium. Failure,  however, Is  attri-

buted  to improper finishing of the conical die  surface. 

7. A survey of the analyses of dies  of  British,  German 

and  American origin suggests the following  limite  (In  per  cent): 

(Continued on next page) 
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(Summary and Conclusions, contod) 

Carbon 

2,15.2,50 

Ghromium 

23-25  

'Lun_jzts_ter:. 

2 0 75-5.5 

8. The carbon content should be kept below 2.5 per 

cent in order to orevent  the  occurrence of the orthorhombic 

type of carbides, 

9. The hardness cf these alloys can be increased 

by quenching from 1 3 300  F, 

ReCommendations:  

1. It is recommended that alloy rings be cast  in 

the experimental foundry of these Laboratories and tested  in 

actual service 	(Allattern for the 76-mm , die was  supplied by 

Page-Hersey Tubes, Lim7T_ted) 0  

2. The first dies cast should have the  following 

nominal  composition: 

Per Cent 

Carbon 	 2,3 
Manganese 	- 	0.20-0.40 
Silicon 	 0.20-0.40 
Chromium 	- 	25.0 
Tunten 	 2.75 

1••■••••111.a 	  

	

3, 	Dies should be made of the above  chemical 

composition  but varying the amounts of  tungsten. It  is  also 

suggested  that small amounts of nickel and vanadium be added, 

	

4. 	A study should be made of the effect of heat 

treatment on the serviceability of the dies. 

==MMWMOISM=W=M=== 
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