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UNITED STATES PATENT OFFICE. 
JAMES P. WATERS, OF DETROIT, MICHIGAN, ASSIGNOR, .BY MESNE ASSIGNMENTS, TO 

FORGE PRODUCTS CORPORATION, OF ANN ARBOR, MICHIGAN, A. CORPORATION OF 
NEW YORK, 

HIGH-SPEED STEEL AND PROCESS OF FORMING AND FORGING THE SAME, 

1,345,045. Specification of Letters Patent. Patented June 29, 1920. 
Application filed August 16, 1916. Serial No. 115,221. 

To all whom it may concern: 
Be it known that I, JAMES P. WATERs, a 

citizen of the United States of America, re 
siding at Detroit, in the county of Wayne 
and State of Michigan, have invented cer 
tain new and useful Improvements in High 
g Steel and Processes of Forming and 
Forging the Same, of which the following 

is a specification, reference being had there 
in to the accompanying drawings, 
The invention relates to the manufacture 

of tools and other articles from what is 
known in the art as high speed steel, mean 
ing by this term metal having tungsten, 
vanadium and chromium, or other ingre 
dients having similar properties. The bet 
ter qualities of high speed steel may con 
tain up to say, 17%, to 19% tungsten; 3% 
to 44% chromium; % to 1% of the va 
nadium; and say '% to 3% of carbon. In 
the present state of the art steels of this 
character are usually heat treated at tem 
peratures above 2000° F., both in the origi 
nal forging of the stock from ingots and in 
the subsequent tempering. The metal at 
this temperature is not, however, capable 
of being worked or fashioned in the same 
manner as an ordinary carbon steel, and all 
attempts at drop forging or otherwise re 
fashioning the metal have resulted in fail 
ure. This is for the reason that the metal is 
lacking in density and at the temperature . 
described it will inevitably fracture under 
the operation of a die or drop hammer. 

I have discovered that high speed steels 
may be successfully forged by limiting the 
temperature to 2000° F. or under, and I 
have further discovered that metal fash- . 
ioned in this manner is improved in quality, 
having greater homogeneity, density and 
tensile strength. Still another advantage 
is that the metal so fashioned may be suc 
cessfully tempered within a greater range 
of temperature variation than has been 
heretofore possible. 
My invention is applicable to the manu 

facture of any articles from high speed 
steel, but I shall specifically describe the 
process of forming a milling cutter, as 
shown in the accompanying drawings, in 
which Figure 1 is an elevation of a cut-off 
section of stock before the forging opera 
tion; Figs. 2 and 3 are respectively a plan 
view and a side elevation after the prelimi 

nary blanking operation; Fig. 4 is a side 
elevation of the refashioned blank; and Fig. 5 is a plan view indicating in dotted 
lines the manner in which the blank may be 
sheared or trimmed. 
The stock from which the article is to 

be formed is preferably cut off to the proper 
size or weight, as shown in Fig. 1. The 
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severed section is then heated to the tem 
perature of approximately 1900° F. and is 
refashioned by hammering, pressing or 
other mechanical means, as shown in Figs. 
2 and 3. After this blanking operation the 
metal is again re-heated, preferably to a 
temperature of approximately 1800°F. and 
is fashioned to its final form as shown in 
Fig. 4, by drop forging or otherwise... If 
the cutting-off of the blank from the stock 
is by a hot process, the temperature should 
be less than 2000° F., preferably about 
1900o F. 
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As a result of the several operations and 

successive heating and working of the metal, 
it is changed in its physical character, be: coming more homogeneous and of increased 
density and tensile strength. The essential 
feature of the process is the limiting of the 
temperature to less than 2000 F., preferably 
about 1900 F. and, as specifically described, 
the final re-fashioning is at still lower tem 
perature, say 1800° F. Of course, the pre 
cise temperatures named can never be ex 
actly obtained in practice and some varia 
tions are permissible to suit different condi 
tions and qualities of the steel. 
Tools or other articles which are fash 

ioned in the manner described are greatly 
improved in strength and durability, and 
furthermore are more easily tempered, which 
operation may be successfully performed 
within a range of temperature variation 
from 2100° F. to 2300° F. for the quenching 
heat, and from 380° F. to 1100° for the 
drawing heat, these limits being more ex 
tended than has heretofore been feasible. 
After the final re-fashioning operation, 

the metal is preferably annealed, and if de 
termediate the several steps in the process. 
As shown in Figs. 1 to 3, the blanking 

operation is preferably performed by upset 
ting the stock so as to spread the metal 
transversely of the grain thereof. This end 
wise upsetting and transverse working of the 
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sired annealing steps may be introduced in 
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metal is an important feature of the inven 
tion and I have discovered that blanks made 
in this way possess great strength, density 
and homogeneity. 
What I claim as my invention is:- 
1. The process of fashioning articles from 

high speed steel, comprising the forging or 
working of the metal at a temperature of 
less than 2000 F. to form a rough blank, 
and the subsequent re-fashioning of the 
blank at a lesser temperature. 

2. The process of forming articles from 
high speed steel, comprising the forging or 
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Working of the metal at a temperature no 
higher than 2000 F. to form a rough blank, 
re-forging the blank at a lower temperature, 
and finally annealing. 

3. The process of forming articles from 
high speed steel, comprising the heating of 
the stock to a temperature of less than 2000° 
F. and severing a section therefrom, re-heat 
ing the severed section to a temperature of 
less than 2000 F. and forging the same into 
a rough blank, and re-heating the blank to 
a temperature of less than 1900°F. and forg 
ing the same to its final form. 

4. In a process of forming articles from 
high speed steel, the step of upsetting or 
transversel 
perature of less than 2000° F. 

5. The process of fashioning articles from 
high speed steel, comprising the upsetting 
or transverse working of the metal at a tem 
perature of less than 2000 F. to form a 
rough blank, and the subsequent re-fashion 
ing of the blank in dies at a lower tempera 
ture. . 

6. The process of forming articles from 
high speed steel, comprising the cutting of 
the blank from stock of lesser diameter than 
the finished article, heating and upsetting 
said blank to dimirish the length and in 
crease the diameter thereof and thereby to 

Working the metal at a tem 
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increase the density and homogeneity of the 
metal, and re-fashioning in dies to the de 
sired form. 

7. As a new product, an upset or trans 
versely - worked blank of high-speed steel 
having the characteristics of increased den 
sity and greater homogeneity, as compared 
to a blank of the same material, otherwise produced. 

8. The process of forging high speed tung 
sten steel of the class described, which proc 
ess comprises severing from the stock, a 
blank of the proper volume but of dimen 
sions different from those of the finished ar 
ticle, refashioning and spreading the mate 
rial of the blank toward the desired dimen 
sions by hot forging at approximately 1900° 
F. and further refashioning the blank by a 
reheating and another forging operation 
starting with a temperature substantially 
less than 1900°F. 

9. The process of forming articles from 
high speed steel stock of the class described, 
which method comprises severing from the 
stock a blank of dimensions substantially 
differing from those of the finished article, 
refashioning and spreading the material of 
the blank toward the desired dimensions by 
a hot forging operation, starting with a tem 
perature of approximately 1900 F. and fur 
ther refashioning the blank by a reheating 
and another forging operation starting with 
a temperature of approximately 1800°F. 

10. The process of forming articles from 
high speed steel of the class described, which 
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consists in performing successive operations 
on the metal at successive heats each ... 
ning at approximately 1900 F. followed by 
another heating and metal fashioning oper 
ation starting at a substantially lower tem 
perature. 
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In testimony whereof I affix my signature. 85 
JAMES P. WATERS. 


