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1 
This invention relates to a method of forging 

and lubricant therefor. 
The principal object, of the invention is to re 

duce the presSure required in performing a given 
fon'ging operation and correlatively to increase 
the amount of metal flow that can be obtained 
With a Single st.roke of a forging press. 
Another object of the invention , is to enable 

the production in a single forging operation of 
article'S that heretofore required many forging 
Op('l'ationS and in Some instances could not be 
fol'ged at all. 
Another object is to prowide a method of forg 

ih: utilizing temperatures approaching the melt 
ing point of the blank to thereby make the metal 
flow easier and obtain a greater flow in a single 
for'{{ing operation. 
Another object is to proWide a nowel 1ubricant; 

fol' the dies capable of use at high forging · tem 
peratureS and of reducing the pressure required 
fo1' a given forging operation. 
Another object is to prevent excessive cooling 

of the metal being forged by the dies. 
Almother object is to provide a method of forg 

img; Wery thin pieceS of large Surface area, from 
h{3aWy billetS. 
Other objects will appear hereinafter, 
The accompanying drawings illustrate the ap 

plication of the invention to the forging of thin 
Sheets of large Surface area' with a patterned 
Surface from cylindrical or other shaped sym 
hmetrical bar stock. 
In the drawings: 
Figure 1 is a perspectiwe wiew of a bar from 

which the Stock is made showing diagrammati 
cally the preferred method of heating the same 
by electric resistance heating; 

Fig. 2 is a perspective wiew of a lower die with 
itS lubricant coating; 

Fig.'3 is a transwerSe Section showing the forg 
ing dies Separated and with the bar in location 
therebetweera; 

Fig. 4 is a Similar section showing the dies 
midway of the forging operation; and 

* Fig., 5 is a perSpective wiew of the finished 
forged article. 

? 'f'he irawention arises fron the desire to narn 
ufacture a, plate [ of the shape illustrated in 

" | Fig.' ' 5, and hawing a longitudinal central rib 2 
" and a plurality of spaced transverse ribs 3 at 

right angles to rib 2 in one surface thereof. The 
shape of the plate { is Such as to make it diff 
ficult to roll, and its thir,neSS and Warying croSS 
Scction make it impossible to forge by processes 
requiring reheating between forging steps. The 
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2 
thin Sections have a tendency to lose their heat, 
quickly in processes where reheating and Suc 
cessive forging is employed. ^ 
The invention is based on the discowery that, 

by employing a proper lubricant and by' uni 
formly heating a Synnetrically shaped Steel bar* 
4 to a wery high temperature, just under the 
melting temperature of the metal, where its re 
sistance to flow is at, a minimum, and then 
quickly transferring the bar to the forging dies 
and applying the latter, the finished plate l 
can be forged in a Single operation without haw-- 
ing to exert forces exceeding the resistance of 
the dies to cruShing load and Without the at 
tendant; defects caused by nonuniform heafting 
in prior attemptS to forge the plate. 

In carrying out the inWention the bar { is pref 
erably of cylindrical shape, Since this shape lends 
itSelf to uniforn heat radiation and to a rcaSOra 
ably uniforn rate of heating. The bar is pref 
erably coated with a Spray 5 Of a ceramic enam 
eling material which melts and fuses during 
|heating of the bar and protectS the same from 
Scale at the high termperatureS ermployed. 
The heating of the bar 4 is preferably carried 

out immediately adjacent or in the forging preSS 
by means of the two electrodeS 6 and I pressed 
into contact with the opposite ends of the bar. 
The electrodes 6 and I are connected by leads 
8 and SWitch 9 to a Suitable Source 0 of heating 
current. The heating current is allowed to flow 
endwise through the bar { until the latter is 
|heated to above 2400° E'., which is just, under the 
melting temperature of the steel employed. The 
|heated bar is then dropped into the preSS f [ in 
the position illustrated in Fig. 3. 

In preparation for the forging operation the 
dies l2 and 3 of the preSS I I are first, coated 
With a cerahmic enameling material and fired 
to fuse and bond the material to provide a coat 
ing l4 of ceramic enamel ower the entire active 
surface of the dies. The enamel employed is 
preferably of a hard type with good wetting 
properties and fired at about 1600° F', 

Before the forging operation, the dies are pref 
erably preheated to about 600° F, to reduce the 
temperature differential between the dies and 
the bar 4. 

In' the forging operation the ceramic enamel 
Serves as a lubricant for the dies and tends to 
prevent undesirable heat, loSS from the bar 4 be 
ing formed. The enamel 5 that is on the bar 4 
is already moltern prior to starting the forging 
operation. The enamel 4 which is on the dies 
is hard and solid. As the bar 4 engages the 
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enamel 4, the heat of the bar instantaneously 
melts the portion of the enamel so engaged, and 
as the forging operation continues and the metal 
of the bar 4 flows outwardly in the filattening of 
the bar and contacts more of the enannel l4, 
the latter melts and has a tendency to run ahead 
of the flowing metal as illustrated in Fig. 4 at l5. 
However, the bonding of the enamel to the Sur 
face of the dies insures that the enamel will be 
largely retained ower the entire surface during 
the forging operation. 

After each forging operation the dleS are 
cleaned and re-enameled for another use. There 
should be a number of sets of dides on hand So 
that the press can be kept in operation. In 
Some instances it is possible to fuse the eraamel 
to a die lining which may be used ower again a 
number of times or thrown away and replaced 
with a new lining after each forging operation. 
Warious dies are illustrated ? in applicant's co 
pending application, Serial No. 519,939, filed on 
even date herewith and issued tO Paterat hNO. 
2,384,349 on September 4, 1945. 
The ceramic enamel composition employed 

may be varied without loss of the results. The 
higher the melting point of the enamel, the more 
effective it is in retaining its position between 
the blank being forged and the dies, and in pre 
venting loSS of heat from the blank. A glass 
enamel composition hawing higher fuslon points 
than that described for the enamel may be of 
advantage for Some forging operations. On the 
other hand, the lower fusion point enamels are 
better for lower temperature forging operations. 

'The Spread between the firing temperature of 
the enamel and the forging temperature of the 
blank should be sufficiently large to assure that 
the enamel will be of reasonably low wiscosity 
at all points of contact with the fiowing metal. 
If the shape of the article being forged and the 
|heating of the blank are inSuficient to main 
tain the flowing metal at the last stages of forg 
ing at a temperature above the firing tempera 
ture of the enamel, the latter may remain solid 
and prevent a Satisfactory forging. 
The thickness of the enanel [4 will depend 

upon many factors. The enamel on the die Sur 
face should be above ten thousandthS of an inch 
thick and Satisfactory results on the forging de 
Scribed have been obtained with a two-coat 
enamel somewhat thicker. The enamel 5 applied 
to the bar 4 may be thinner' and a, Single coat 
has been found satisfactory where the die faces 
were also enameled. 
Without the enamel as a lubricant it was 

{found that the fiowing metal of the blank was 
cooled so rapidly by the dies that it froze or be 
came rigld before the plate had been conpletely 
formed, and the resistance to forming required 
preSSures in excess of the crushing strength of 
the dies. Attempts were made with a forging 
force of 1,800 tons without SucceSS on the par 
ticular piece being forged. When using ' the 

, enamel lubricant, it was found that the com 
plete piece could be forged with a Single Stroke 
of the preSS and employing less than 200 tons 
force, 
The enameling material 9 on the bar 4 is also 

effectiWe as · a lubricant and in the forging of 
Some articles it may be sufficient to enamel the 
forging blank only, leawing the dle without 
enamel. This is generally cheaper and may be 
effective where lower forging temperatures are 
employed, just above the melting point of the 
enamel, and where the length of the floW is Small 
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So that the enannel 1s not scraped of in the 
forging operation. With the plate f? 1llustrated, 
however, it was found that greatly improved 
results could be obtained by enameling the wor 
ing faces of the dles. The high forging ten 
perature required to obtain the large flow of 
metal had a tendency to free the ename1 on the 
bar from its bond with the metal, and a uniforn 
coating of the required thickness on the bar 
could not be aSSured. Furthermore, the greatly 
extended Surface of the final plate !! as com 
pared to that of the bar 4 resulted in a rupture 
of the enamel coating on the bar in attempting 
to Spread itself. 
These difficulties are not present when the dles 

8re enameled. The enamel 4 on the dies is in a 
Solid State and bonded to the meta1 die surface 
When the forging operation starts. As the bar 
4 engages the enamel, the latter is melted by the 
heat of the bar, and the progressive melting of 
rnOre enamel as the bar flowS out between the 
dies Serves to provide a constant supply of molten 
lubricant, at the place most needed. There is no 
requirement that the enamel spread ower a larger 
area aS the forging operation progresses and 
there is alwayS a fresh Supply of enamel of given 
amount present at the crucial point of advance 
fdow of the forging netal. 
Various embodiments of the invention may be 

employed within the Scope of the accompanying 
claims. 

'The inVention dS clained as follows: 
1. A method of forging comprising heating the 

work piece to be forged, and applying dies there 
to under preSSure to form the same in the pres 
ence of a cerarnic enamel die lubricant. 

2. In hot metal Working, the employment of a 
lubricant composed of moltern ceramic enamel 
ing material of good Wetting properties and 
melting below the temperatures employed in the 
hot metal working to reduce the friction and 
heat loSSeS. '' 

3. A method of forging comprising applying 
and firing a ceramic enamel coating on the Work 
ing face of a forging die, heating the blank to be 
forged to a temperature Substantially in exceSS 
of the firing temperature of the ernamel, and ap-- 
plying the die to the heated blank to forge the 
S8a169, ? 

4. A method of forging comprising applying a 
ceramic enameling material to coat the blank to 
be forged, heating the blank to a forging tem 
perature above the firing temperature of said 
material, and forging the blank when So heated. 

5. The method of forging comprising apply 
ing and firing a ceramic enamel coating on the 
working face of a forging die, applying a ceramic 
enameling material to coat the blank to be forged, 
heating the blank to a temperature Substantially 
above the temperature at which the ernamel waS 
fired on the dies, and applying the die to the 
|heated blank to forge the Same. 

6. A method of decreasing the friction be 
tween a heated metal Work piece and a die in 
forging operations, comprising Supplying a cera 
mic enannel between the die and the flowing 
metal of the work piece. 

7. The method of decreasing the loss of heat 
from a heated metal blank being forged to the 
forging die, comprising . Supplying a ceranic 
enamel between the die and the netal of the 
blank. 

8. A die lubricant for forging operations com 
prising a cera.mic enameling material of good 
wetting properties and fired around 1600° F. 
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9. A de lubricant for forging metal compris 
ing a coating of ceramic enameling material on 
the surface of the blank being forged of good 
wetting properties and flowing below the forging 
temperature employed. ~ 

10. A die lubricant for forging metal at high 
temperatures, comprising a refractory material 
melting at a temperature Substantially below the 
forging temperature and hawing good Wetting 
properties. 

11. 'The method of forging a product haWing at 
least a portion thereof of substantial Surface area 
and very thin, presenting difficulties in main 
taining the required forging temperature in the 
blank, comprising employing a relatively thick 
blank heated uniformly to a high forging tem 
perature and forging the product therefrom with 
a single stroke of a forging preSS in the preSence 
of a ceramic enamel die lubricant. 

12. The method of forging a product haWing at 
least a portion thereof of Substantial Surface area, 
and very thin, presenting difficulties in main 
taining the required forging temperature in the 
blank, comprising employing a relatively thick 
blank heated uniformly to a high forging tem 
perature and forging the product therefrom with 
a single stroke of a forging preSS while Supply 
ing molten refractory lubricant thereto. 

13. The method of forging a product haWing at 
least a portion thereof of Substantial Surface area, 
and very thirm, presenting difficulties in maintain 
ing the required forging temperature in the 
blank, comprising employing a relatively thick 
blank of Symmetrical Section, coating the blank 
with a fusible refractory material to SerWe as a, 
lubricant, heating the blank to a high forging 
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temperature in position between the dles of a 
forging press, the heating operation serwing to 
fuse the refractory material and thereby protect 
the Surface of the blank from Scaling, and im 
mediately thereafter forging the blank to pro 
duce the product in a single Stroke of the press. 

14. The method of forging a product hawing at 
least a portion thereof of Substantial Surface 
area and wery thin, presenting difficulties in 
maintaining the required forging temperature 
in the blank, comprising employing a relatively 
thick blank of Symmetrical Section, heating the 
blank to a high forging temperature in position 
b^tWeen the dies of a forging press, and imme 
diately thereafter forging the blank to produce 
the product in a single Stroke of the press while 
Supplying a ceramic lubricant thereto. 

15. In hot metal working, the lubrication of 
the workpiece by a molten glass-like refractory 
Imaterial of good wetting properties and melting 
below the temperatures employed in the hot metal 
working. 
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