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UNITED STATES PATENT OFFICE 
2,446,891 

METHOD OF BENDING, BMETALLC 
ARTICLES 

Charles . Tower, Cleveland, and Francis J. 
Lowey, Bay Willage, Ohio, assignors to The S.K. 
Wellman Company, Cleveland, Ohio, a corpo 
ration of Ohio 

Application January 29, 1944, Serial No. 520,162 
6. Claims, (C, 29-48) 

This invention relates to a method of impart 
ing a curved shape to bimetallic articles of the 

2 
a Sandwich with the sintered material disposed 
between the thin sheet metal facing and the 

type having a sintered powdered metal facing 
layer integrally bonded to the face of a reinforc 
ing member or backing of solid metal, such as 
steel or copper. 

Bimetallic articles of the type referred to are 
produced by pressing or briquetting metal pow 
der of suitable composition and containing minor 
amounts of nonmetallic ingredients, such as 
graphite, and then heating the briquette so 
formed to a sintering temperature. Since the 
sintered metal powder is rather porous and of 
low tensile strength, it is desirable to provide a 
reinforcing member or backing of stronger metal, 
and this is accomplished by conducting the heat 
ing or sintering step with the briquette held 
against a clean and properly prepared surface of a 
backing member. The heat of the sintering step 
causes the pressed powder to sinter together and 
to integrally bond to the backing member. 
The necessity of pressing the powder to form 

the briquette and of pressing the briquette 
against the backing during the sintering and 
bonding step limits the process, as a practical 
matter, to the production of articles of flat con 
figuration since it is difficult to press the pow 
der to a curved shape and avoid uneven pres 
sure and density. However, it is frequently de 
sirable to produce bimetallic articles of curved 
form so that they can be used for shaft bear 
ings or for brakeshoes adapted to engage a cylin 
drical or conical surface. Thus, it is customary 
to shape or bend a flat bimetallic strip to curved 
shape by use of a bending press and suitable dies. 
If the fiat binetallic strip is to be bent So that 
the sintered powdered metal facing will be dis 
posed on the inside of the curved strip, there is 
relatively little difficulty in accomplishing this 
in any bending press. However, attempts to 
bend the bimetallic articles so that the sintered 
facing is disposed on the outside of the curve 
or on the convex face of the backing member for 
use in an internal expanding brake, for ex 
ample, have not been very successful due prob 
ably to the low tensile strength of the sintered 
layer. 
Attempts have been made to achieve a Satis 

factory bending method for articles having the 
sintered facing disposed on the outside, and one 
such method is described in Wellman Patent No. 
2,289,311, issued July 7, 1942. In this patent 
the sintered article is provided with a thin sheet 
metal reinforcing member which is integrally 
bonded to the sintered facing forming in effect 
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thick metal backing member. When such a 
Sandwich article is bent in a press, the thin 
sheet metal facing stretches and holds the sin 
tered layer together, minimizing the cracking of 
the sintered layer. The process described in this 
patent, while quite successful, particularly for 
articles having a rather thin sintered metal fac 
ing and where the radius of bending is large, is 
rather complicated and expensive, cannot be ac 
complished very rapidly, and is inapplicable to 
blanks which are to be bent to Small radii, such 
as one inch. 
The present invention especially relates to a 

method for rapidly and smoothly bending a bi 
metallic article so that the sintered metal fac 
ing will be disposed on the outer or convex sur 
face of the backing member. The invention has 
its basis in the discovery that by controlled di 
rectional working of the sintered metal facing 
the bimetallic strip may be caused to assume the 
desired curvature, which may be cylindrical or 
conical in configuration. 

It is, therefore, an object of the invention to 
provide an improved method by which bimetal 
lic articles may be readily and rapidly bent, 
curved, or otherwise formed to the desired cur 
vature without injuring or cracking the facing. 
A still further object of our invention is to 

provide a novel method for producing a bimetal 
lic article of curved shape having a sintered metal 
facing disposed on the outer or convex surface 
of the backing member and integrally attached 
thereto, and which sintered layer is free from 
cracks and has a mechanically worked surface. 
Other and further objects and advantages of 

our invention will be apparent from the follow 
ing description and the accompanying drawings, 
in which 

Fig. 1 is a plan view, on a reduced scale, of a 
flat bimetallic blank which is to be bent to cylin 
drical shape; 

Fig. 2 is a side elevation of the blank of Fig. 1; 
Fig. 3 is a vertical section on line 3-3 of Fig. 2; 
Fig. 4 is a side elevation of the blank of Figs. 

1 to 3 after it has been formed to shape in ac 
cordance with the teachings of our invention; 

Fig. 5 is a side elevation of a jig which may be 
used to form the blank of Fig. 1; 

Fig. 6 is a vertical section on line 6-6 of Fig. 5; 
Fig. 7 is a plan view, on a reduced scale, of a 

flat bimetallic blank suitable for forming articles 
of conical configuration; 

Fig. 8 is a side elevation of the blank of Fig. 7; 
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Fig. 9 is a vertical section online 9-8 of Fig. 8: 
Fig. 10 is a side elevation of the blank of Figs. 

to 9 after it has been formed to conical shape in 
accordance with the teachings of our invention: 

Fig.11 is a vertical section on line - of 
Fig. 10; 

Fig. 12 is a side elevation of a suitable jig which 
may be used in shaping the blank of Figs, 7 to 9. 

Fig. 13 is a vertical section on line 3-3 of 
Fig. 12; 

Fig. 14 is a diagrammatical showing of appara 
tus suitable for shaping the blank for Figs. 1 to 3, 
without utilizing the jig of Figs. 5 and 6: 
Eig. 15 is a diagrammatical illustration similar 

to that shown in Fig. 14, but illustrating the use 
of the jig of Figs. 5 and 6; 

Fig.16 is a front elevation of suitable apparatus 
for carrying out our invention; 

Fig. 17 is a side elevation, with parts in Section 
and on an enlarged scale, of the apparatus of 
Fig. 16; 

Fig.18 is a horizontal section on the line 8-8 
of Fig. 17; and 

Fig. 19 is a front elevation of the apparatus of 
Fig. 17, with parts shown in Section. 

Referring now to Figs. 1 to 3, We have illus 
trated generally at a flat bimetallic blank which 
comprises the backing member 2 of solid metal, 
such as steel or copper, to which is integrally 
bonded the sintered metal facing 3. The bimetal 
lic blank may be formed in any suitable manner, 
but we prefer to construct it in the manner de 
scribed in Wellman Patent No. 2,178,527, issued 
October 31, 1939. Generally speaking, the sin 
tered facing comprises a pressed and sintered 
mixture of metal powders, such as copper, tin and 
lead, to which minor amounts of nonmetallic sub 
stances, such as graphite and silica, are added. 
The powdered mixture is pressed under a pressure 
of about 11 tons per square inch to form a flat 
briquette, which is then clamped against a clean 
and suitably prepared face of the metal backing 
member 2 and the whole heated to a temperature 
of from 1200-1500 F. for a sufficient length of 
time to sinter the metal powders together and to 
cause them to integrally bond to the backing 
member. 
By our invention we propose to take the flat 

blank shown in Figs. 1 to 3 and bend it to curved 
formation, as shown in Fig. 4, with the Sintered 
facing 3 disposed on the outer or convex face of 
the backing member 2. We have discovered that 
progressive mechanical working of Successive lat 
erally extending areas of the sintered facing 3 will 
cause the bimetallic blank to assume a longitudi 
nally curved formation, and that the degree of 
curvature can be controlled by regulating the de 
gree of mechanical working. As one suitable 
means of obtaining this progressive mechanical 
Working, we have discovered that it is possible to 
utilize a pair of opposed pressure rolls between 
Which the bimetallic blank is passed. In Fig. 14 
we have illustrated diagrammatically apparatus 
of this type comprising a pair of opposed pressure 
rolls 6 and 7 between which the bimetallic blank 
is passed. In this illustration the apparatus is 
provided with backing rolls 8 and 9 which serve 
to hold the pressure rolls 6 and 7 in place and to 
rotate them. 
By suitably selecting the diameter of the rolls, 

their speed of rotation, and the pressure they ap 
ply to the bimetallic blank, it is possible to bend 
the bimetallic blank to an accurate, predeter 
mined curvature. 
We are not too positive as to the actual theory 
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4 
of operation, but it is our opinion that the curva 
ture obtained is due to the fact that the sintered 
facing 3 is more plastic than the solid metal back 
ing member 2, and that pressure applied trans 
versely to both the sintered facing and the back 
ing member, and in a direction longitudinally of 
said facing and member, results primarily in an 
elongation of the sintered facing 3. This elonga 
tion of the sintered facing 3 causes the bimetallic 
article to bend and assume a curved formation. 
The terms 'plastic' and "plasticity' may be 

used to indicate the flowable or deformable prop 
erties of the sintered material which permit the 
elongation and cause the bending. While sin 
tered metallic material is generally of low tensile 
strength in comparison with solid metal, such as 
steel, it does possess the property of being plastic 
or flowable to a rather high degree. In this re 
spect, it may be said that it is of high ductility in 
that it is capable of being deformed and ham 
mered out. 
By suitably adjusting the spacing apart of the 

pressure rolls 6 and 7 so as to obtain the desired 
reduction in thickness and mechanical working 
of the sintered facing 3, it is possible to bend the 
bimetallic blank to desired configuration in one 
pass between the pressure rolls, although it is gen 
erally preferable to use more than one pass 
through the rolls and gradually increase the pres 
sure. The dotted lines in Fig. 14 illustrate the 
position of the bimetallic blank on the first pass 
between the pressure rolls. The solid lines indi 
cate the position of the bimetallic blank on its 
final pass between the rolls 6 and 7. 

Since in practice the bimetallic blanks occasion 
ally have areas of different densities and hardness, 
it is sometimes desirable to provide a jig or guide 
in order to more accurately control the degree of 
curvature. Thus, in Figs. 5 and 6 we have illus 
trated a hardened steel jig or guide if comprising 
a cylindrical steel member 2 provided with tabs 
or lugs 3 Welded thereto, and which cooperate 
with the member 2 to define a partial channel for 
reception of the bimetallic blank. Of course, the 
lugs shown may be eliminated, if desired, or sub 
stituted by continuous vertical shoulders. 

In Fig. 15 we have illustrated the operation of 
the pressure rolls 6 and 7 when operating with the 
jig . The operation is essentially the same as 
that shown in Fig. 14, but the jig fl serves to limit 
and control the bending of the bimetallic blank f. 
It is, of course, apparent that the cylindrical 
member 2 of the jig has an outer surface whose 
radius Of curvature is equal to the inside radius 
of the backing member 2 of the bimetallic blank 
after it has been bent to shape. 
The use of such a jig is desirable in production 

where unskilled labor must be relied upon, since 
it provides a ready guide by which the Work 
man can determine if the proper curvature has 
been obtained. In large production runs where 
the machinery cost is a relatively minor matter, 
it is preferable to replace one of the pressure 
rolls 6 or 7 with a roll having the same radius 
as that desired in the blank as curved. This latter 
practice, of course, eliminates the necessity for 
a jig, since its function is served by the roll. 
. It should be kept in mind, however, that while 
the Speed and diameter of the pressure rolls have 
an effect on the bending operation, the major 
item controlling the bending is the extent of me 
chanical Working by the rolls. The degree of 
bending obtained is proportional to the degree of 
Working, and thus bending to a smaller radius 
merely necessitates a closer spacing together of 
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the pressure rolls to obtain a greater elongation 
of the sintered facing. The jig, while helpful 
to some extent in controlling the bending, es 
pecially if the facing is of non-uniform density, 
serves primarily as a guide. Even With the use 
of a jig it is possible to over-bend or obtain a 
Smaller radius of curvature than is desired in the 

6 
fication as well as elongation. This densifica 
tion or compression of the facing layer gives a 
greater apparent hardness of the facing as meas 
ured with a Rockell hardness machine. For ex 
ample, a bimetallic article A' thick (the steel 
backing being %' thick and the sintered layer 
being %' thick) before bending had a Rock 

particular blank being bent if the rolls are spaced - 
too close together. 

It is apparent that the above observations to 
the effect that greater mechanical working by the 
rolls results in a smaller radius of bending are 
true Only if applied to any one particular combi 
nation of facing composition with backing men 
ber, and that the degree of bending obtained for 
any given setting of the rolls will vary as dif 
ferent combinations are used. In other words, 
different combinations will require different set 
tings of the rolls in order to achieve the same 
degree of bending. As we have indicated above, 
the major item controlling the degree of bend 
ing is the extent of mechanical working by the 
rolls, which is dependent not only on the setting 
of the rolls but also on the particular combination 
of sintered facing and backing used. By different 
combinations is meant combinations of facing 
and backing which differ not only in chemical 
composition of the respective parts, but also dif 
fer in Irelative thickness and plasticity of the 
parts. 

It is our opinion that the major requirement 
that any particular combination must meet in 

Well hardness of -8 as given on the H scale 
using a '4' steel ball and a 60 kilogram load, 

O while after bending to a 2%' radius it had a 
Rockwell hardness of 104 on the same scale. 
This increase in hardness is a surface phenom 

5 

30 

order that it may be satisfactorily formed to 
shape by our method of directional or progres 
sive mechanical Working is that the sintered fac 
ing should be of greater plasticity than the back 
ing. This requisite is met by practically all of the 
bimetallic articles produced in commercial pro 
duction. Some unusual combinations have been 
produced in which the facing is of less plasticity 
than the backing member, as, for example, in a 
combination wherein the facing comprises a rela 
tively hard composition containing iron and car 
bon and the backing member is of a soft metal, 
such as annealed copper. A combination of this 
type, when progressively mechanically Worked ac 
cording to the teachings of our invention, will 
assume a reverse bending. In other words, a 
combination of this type when bent will have 
the facing disposed on the inner or concave side 
of the backing. Our invention may be practiced 
on combinations of this type to achieve such re 
verse bending, but this application is of relatively 
little importance since it is relatively easy to 
form such shapes in a bending press. 
The method of this invention is applicable to 

the shaping or bending of any bimetallic blank 
which has layers of different plasticity, but it is 
primarily applicable to bimetallic articles having 
a sintered powdered metal facing layer integrally 
bonded to the face of a reinforcing member or 
backing of solid metal, such as steel or copper, 
and in which the facing is of greater plasticity 
than the backing since it is exceedingly difficult 
to bend these articles to a curved shape with the 
facing disposed on the outside of the curve. Bi 
metalic articles in which both layers are of solid 
metal having different plasticity are usually 
readily formed to shape in any bending press or 
the like, but bimetallic articles having a sintered 
metal layer present greater difficulties due to the 
relatively low tensile Strength and frequent non 
uniformity of the sintered powdered metal facing. 
The progressive mechanical working of the 

sintered powdered metal facing results in densi 
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enon primarily, and in this case the increase in 
hardness diminished progressively from the sur 

inward and was not appreciable at a depth 
Of '. 

For some purposes and specific applications it 
has been recognized in the art that cold working 
of a sintered facing to obtain a greater density 
and surface hardness is desirable. The present 
method achieves this as one incident to the bend 
ing Operation. 
As one specific example, we have utilized pres 

sure rolls having a diameter of 3' and rotating 
at a peripheral speed of about 2%' per second to 
bend a bimetallic blank having a total thick 
ness of s' (the backing member having a thick 
ness of ' and the sintered layer having a thick 
ness of 6') to a radius of 14%'. To obtain this 
bending a reduction in thickness of .012' was 
necessary with the particular composition util 
lized. In this instance the sintered material 
was a copper, tin, lead, graphite composition. 
By using pressure rolls of lesser diameter, we 

have bent similar blanks to a radius as Small as 
1' without damaging the sintered facing or the 
bond between the sintered facing and the backing 
member. We have also bent blanks having a sin 
tered facing 'A' thick bonded to a backing layer 
of steel 4' thick to a radius as small as 2%.' 
Without damaging the material; however, a re 
duction in thickness of approximately s' was 
necessary. In materials of this great thickness 
SOne minor Surface cracks will appear, but these 
are very shallow and do not extend more than 
a few thousandths of an inch in depth and can 
be readily removed by sandblasting. 
While the bending occurs because of the elon 

gation of the sintered facing, there is some re 
duction in thickness thereof as a necessary in 
cident thereto; thus, it is necessary to start with 
a blank having sufficient thickness to produce a 
curved article of requisite thickness. As a gen 
eral matter, the process is not intended as one 
to reduce the thickness of a blank. In other 
words, the flat blank should be of practically 
finished dimensions before being bent, only suf 
ficient extra thickness being allowed to accom 
modate the reduction in thickness incident to the 
bending operation. 

Referring now to Figs. 7 to 9, we have illus 
trated a bimetallic blank 6 suitable for form 
ing articles of conical shape. This bimetallic 
blank 6 comprises a sintered facing inte 
grally bonded to a solid metal backing member 
18, and may be formed in the same manner as 
that described in regard to the blank shown in 
Figs. i to 4. As shown in Fig. 7, the blank 6 
is of Segmental or arcuate form, and is so di 
mensioned that on bending to a conical shape 
it will assume the form shown in Figs. 10 and 
11. A bimetallic article of this conical shape is 
frequently used in cone type brakes and clutches 
for tractors and farm machinery. 

In Order to bend the blank of Figs, 7 to 9 to 
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conical shape, we have found that it is necessary 
to mechanically work the inner portion of the 
facing more severely than the outer portion of 
the facing. Thus, in Figs. 7 and 9, if the longi 
tudinal zone or portion indicated by the bracket 
and letter A is compressed by the pressure rolls 
6 and 7 to a higher degree than the remaining 
portion of the blank, then the blank will be 
formed to cone shape due to the unequal elonga 
tion of the portions of the facing, 
One suitable manner of accomplishing this is 

by providing a jig, as shown on the drawings. 
Thus, in Figs. 12 and 13 we have illustrated gen 
erally, at 2, a jig having a conical steel mem 
ber 22 with spaced lugs 23 welded thereto. The 
conical member 22 of this jig has an outer Sur 
face of configuration corresponding to that which 
it is desired to obtain on the blank. But it is to 
be noted that the left-hand side 24 of the coni 
cal member 22 is of less thickness than the 
right-hand side 26, as shown in Fig. 13. As the 
blank of Figs. 7 to 9 is passed between the pres 
sure rolls 6 and 7 with the jig 2 of FigS. 12 and 
13, the zone A of the bimetallic blank will be 
subjected to higher pressure than the remainder 
of the blank due to the tapered Cross-section of 
the jig, and the sintered layer of this Zone will 
be elongated to a greater degree. This greater 
elongation of the zone A results in greater cur 
wature of this portion of the bimetallic blank and 
causes the blank to assume a conical configura 
tion. It is, of course, obvious that the Zone A 
should not be well defined and should merge 
smoothly with the remainder of the blank. In 
other words, the cylindrical member 22 of Fig. 
13 has a tapered cross-section, as seen in Fig. 13. 
The tapered cross-section of the jig results 

in the imparting of a tapered cross-section to 
the blank, as illustrated in Fig. 11; however, 
both Figs. 11 and 13 exaggerate the taper for 
clarity. In actual practice the taper is so slight 
as to be immaterial in the finished blank. 
For example, the jig. need only have a taper 

of .005'', that is, the left-hand side of the con 
ical member 22 of Fig. 13 need only be .005'' thin 
ner than the right-hand portion of the mem 
ber, in order to produce a conical shape for a 
bimetallic blank having a length of 13', a width 
of 3', and a total thickness of '4' (a backing 
member s' thick and a sintered facing is '' 
thick). A jig of this construction will bend this 
blank to a curvature Such that the blank Will 
have a large diameter of 11%' and a small di 
ameter of 10'. The curved or conical article 
will, of course, have a difference in thickness of 
.002' to .003’ between the edges, but this is usu 
ally immaterial. However, if necessary the 
shaped blank may be ground to uniform thick 
ESS. 

as shown in Fig. 10, pressure rolls 6 and 7 hav 
ing a diameter of 2' were used and were rotated 
at a peripheral speed of about 2%' per second. 
The pressure rolls were spaced apart so as to 
produce a reduction in thickness of the facing 
of about .020' in two passes between the rolls. 
While We have described the use of a jig hav 

ing a tapered cross-section to obtain the bend 
ing of the blank to conical shape, we do not in 
tend to be limited to this method or apparatus 
since there are other ways in which this result 
can be accomplished. For example, if it is de 
sired to proceed as in Fig. 14 without the aid of a 

In bending the blank of Fig. 7 to conical shape 
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8 
pered or conical configuration, or by using cylin 
drical rolls which have their axes disposed at 
an angle so that the bimetallic blank of FigS. 7 
to 9 is subjected to greater pressure at one Sid 
than at the other. . 
The conical article and the method of form 

ing the same by differentially mechanically 
working a flat arcuate blank form the subject 
matter of the co-pending application of F. J. 
Lowey, Serial Number 507,429, filed October 23, 
1943. 

In Figs. 16 to 19 we have illustrated a suit 
able apparatus embodying a pair of opposed 
pressure rolls and which may be used to carry 
out the procedures described above, but it is to 
be understood that any suitable apparatus haW 
ing a pair of opposed pressure rolls, and in which 
the spacing and speed of the rolls may be varied, 
can be utilized. Fig. 16 generally illustrates the 
apparatus which comprises the frame or base 3, 
which carries the roll unit generally illustrated 
at 32, the motor 33, and the gear reduction drive 
34. The gear reduction drive 34 is provided with 
two drive shafts 36 and 37, which connect the 
gear drive 34 with the backing rolls 8 and 9. 
These shafts 36 and 37 are of telescoping con 
struction, and are provided with universal joints 
for connection to the rolls and the gear drive to 
permit vertical adjustment of the backing rolls 8 
and 9. The motor 33 is connected by a belt and 
pulley arrangement 38 to the gear drive 34. 
The roll unit 32 comprises side posts 39 and 4 

... which carry for vertical adjustment the back 
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jig, the same result may be obtained by having 
at least one of the pressure rolls 6 and 7 of ta 75 

ing rolls 8 and 9, and pressure rolls 6 and 7. All 
of these rolls are mounted for vertical move 
ment and are adjusted by means of the hand 
wheel 42' and adjustment nuts 57, all in a man 
ner to be described in greater detail hereinafter. 
As shown in Figs. 17 and 18, the side post 39 

is made up of the vertical Spaced bars 42 and 
43, which are provided with tongues 44 and 46 
On their inner and facing edges. These bars 
and their tongues cooperate to form a vertical 
slideway for reception of the bearing blocks of 
the rolls 6 to 9. The side post 4 f is of similar 
construction and will not be further described 
except to say that the parts thereof are the same 
as for side posts 39. 
The upper backing roll 8 is provided with a 

bearing block 47 at each end thereof, and each 
block is provided with grooves 48 and 49 on the 
edges thereof for sliding engagement with the . 
tongues 44 and 46. The bearing block 47 is 
pinned at 5 to the lower end of the threaded 
shaft 52, which extends vertically through an 
opening 53, see Fig. 19, in the upper cross bar 
54 which is bolted at 56 to the upper ends of 
the bars 42 and 43. Disposed within the open 
ing 53 is a nut 57 in threaded engagement with 
the threaded shaft 52. The nut 57 is provided 
with a shoulder 58 on the lower side thereof, and 
a thrust washer 59 is located between this shoul 
der and the upper cross bar 54. The nut 57 ex 
tends through the opening 53 and is provided at 
the upper end with a collar 6f secured thereto 
by means of the set-screw 62. This collar 6 
serves as a thrust collar to prevent downward 
movement of the nut 57. As shown in Fig. 17, 
the upper end of the nut 57 is provided with hex 
agonal surfaces for engagement by a suitable 
wrench to rotate the same and move the bear 
ing block 47 vertically. Disposed on the out 
side of the collar 6 is a collar 63 secured there 
to by means of a set-screw 64, and bearing on 
the outer face thereof suitable graduations, as 

s 
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illustrated in Fig. 17. The upper cross bar 5 
is provided with a pointer 58 for cooperation 
with the graduations on the collar 63. The side 
post 4 is of similar construction and is also pro 
vided with a graduated collar. By means of the 
two nuts and graduated collars it is possible to 
individually adjust the bearing blocks for each 
end of the roll 8 to achieve a predetermined set 
ting and position of the roll. 
The backing roll 9 is provided at each end with 

a bearing block 66, which is of similar construc 
tion to that of the bearing block 47 except that 
it is pinned at 67 to the upper end of a threaded 
shaft 68. The threaded shaft 68 engages a nut 
69 which is provided at the upper end with a 
shoulder 7 and thrust washer 72, and at the 
lower end with a collar 73 held in place by a set 
screw 4. The shoulder and collar 73 engage 
the upper and lower surfaces, respectively, of 
the lower cross member 76 and restrain the nut 
69 from vertical movement. The lower CrOSS 
member 6 is welded to the lower ends of bars 
42 and g3 and is bolted at 75 to the base 3. 
The lower end of the nut, 69 is hollow, and re 
ceives the shank of a bevel gear 78 which is 
held in place by a set-screw 79. This gear 78 
is in mesh with a bevel gear 8? which is secured 
by set-screw 82 to a horizontal shaft 83 suitably 
journaled in the base 3 of the apparatus. 
As has been stated, the construction of the 

side post 4 is similar, and it is also provided with 
gears as shown in dotted lines in Fig. 19. The 
shaft 83 is provided at one end with a handwheel 
42' and graduated collar 84, which cooperates 
with a pointer 86 secured to the machine. Ro 
tation of the handwheel 42' serves to rotate the 
nuts 69 of each side post 39 and , and causes 
the bearing blocks S6 of each end of the lower 
backing roll 9 to move vertically. 
By the construction thus described and illus 

trated, the backing roll 9 may be moved verti 
cally by rotation of the handwheel 42, while the 
backing roll 8 may be moved vertically by rota 
tion of the individual nuts 57. 

Disposed between the backing rolls 8 and 9 
are the opposed pressure rolls 6 and . These 
rolls 6 and 7 are journaled in bearing blocks car 
ried by the side posts 39 and 4, and are held 
apart by means of springs, as will now be de 
scribed. Each side post 39 and 4 slidably car 
ries a bearing block 87 (Fig. 17) which is made 
up of the vertical members 88 which are bolted 
to the connecting plate 89. Disposed between 
the members 88 are located the journal blocks 
9 and 92 (Fig. 19), and which are held in verti 
cal spaced relation by means of the springs 93. 
Each journal, block 9 f and 92 is provided with a 
lined recess 94 for reception of the neck of the 
respective roll. 

It is seen from Fig. 19 that the springs 93 
cooperate to force the pressure roll 6 vertically 
against the backing roll 8 and to force the pres 
sure roll 7 against the backing roll 9, leaving a 
space between the rolls 6 and 7 for reception of 
the bimetallic blank. 
The bearing blocks 47 and 66 are provided with 

cylindrical bearings for reception of the bear 
ings of the necks of the rolls 8 and 9. The bear 
ing construction is the same for both blocks and 
only the upper block 47 will be described. The 
block 47 is provided with an opening 95 (Fig. 19), 
Which has a cylindrical cross-section and re 
ceives the cylindrical segments 96 and 97 which 
carry the needle bearing 98. The needle bear 
ing is held in place in the cylindrical segments 
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10 
96 and 97 by means of end plates 99 (Fig. 17). 
Packing rings of and O2 (Fig. 19) are provid 
ed on each side of the needle bearing, and a 
thrust washer 03 is disposed on the inner side 
to align the roll axially. 
As shown in Fig. 17, the vertical bar 43 of 

the side post 39 has secured thereto a vertical 
graduated Scale. 04. To the outer face of each 
of the bearing blocks 47 and 66 is secured a 
pointer. O6 for cooperation with the scale 04 
to indicate the vertical position of the bearing 
blocks. A similar scale and pointer arrange 
ment is provided for the other side post 4. 
A pair of vertical guides 07 and 08 are lo 

cated in front of the rolls of the machine and 
provide a means to guide the bimetallic blank 
into the machine. These vertical guides 0 and 
08 are welded to blocks 09 and f which are 

secured to the cross bar 4 by bolts 2 which 
pass through the slot 3. This cross-bar f4 
extends across the face of the machine and is 
bolted at the ends at 6 to the side posts 39 and 
4. Upon loosening the nuts ff2, the vertical 
guides 7 and G8 may be adjusted laterally to 
vary the spacing between them. 
In operation, the workman will adjust the 

nuts 57 at the upper end of the threaded shafts 
52 so that the pressure rolls 6 and are parallel. 
He will then adjust the handwheel 42' to move 
the lower backing roll 9 until the pressure rolls 
6 and are disposed the required distance apart, 
which will be slightly less than the total thick 
ness of the bimetallic blank and the jig, if one 
is used. He will then start the motor 33, which 
will rotate the backing rolls 8 and 9 and drive 
the pressure rolls 6 and 7. A bimetallic blank is 
then fed between the pressure rolls 6 and 7 and 
passed therebetween. If the single pass does 
not achieve the desired bending, then the hand 
wheel A2 will be turned to slightly reduce the 
spacing between the pressure rolls and the blank 
passed between them again. With very little 
experience the workman can operate the ma 
chine so that bimetallic blanks may be accu 
rately bent to desired shape on only one or poS 
sibly two passes between the pressure rolls. 

In some instances it may be desirable to use 
a jig, as illustrated in Figs. 5 and 6, but such 
use is not essential. If cone segments are to be 
formed he may utilize a jig, such as shown in 
Figs. 12 and 13, or may adjust one nut 57 so that 
the upper backing roll 8 and its pressure roll 6 
are disposed at a slight angle to the lower pres 
sure roll 7 and backing roll 9, the cylindrical 
construction of the bearings 96 and 97 being 
adapted to permit this. 
The speed and diameter of the rolls are not 

too critical, but they do affect the results. Gen 
erally a relatively slow speed is desired for con 
venience of the workman, and a small diameter 
upper roll is desirable so as to reduce the length 
of the area being worked. m 
While we have illustrated the use of a machine 

having two pressure rolls to accomplish the de 
sired shaping of the bimetallic blank, it is to be 
understood that other apparatus may be used. 
It is only essential that successive lateral areas 
of the sintered facing be progressively mechani 
cally worked to achieve what we call direc 
tional working. For example, if the bimetallic 
blank is fed longitudinally between a pair of re 
ciprocating hammers having faces of relatively 
small length longitudinally of the blank, bend 
ing will be obtained. In other words, any me 
chanical working which will progressively treat 
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successive lateral areas of the sintered facing to 
elongate the facing in a controlled manner will 
achieve the desired result. This is accomplished 
by applying pressure to laterally extending areas 
of the article successively and progressively 
along the length of the article, the amount of 
pressure being controlled to elongate the more 
plastic facing to a sufficiently greater extent 
than the less plastic backing member to bend the 
article to the predetermined curvature. 
In the above description, we have described 

the blank as having lateral and longitudinal di 
mensions and as being fed longitudinally be 
tween the pressure rolls or with its length dis 
posed in the direction of movement. This was 
done for purposes of illustration only, since the 
direction of bending is independent of the flat 
dimensions of the blank and is controlled solely 
by the direction in which successive lateral areas 
are progressively mechanically worked. Thus, 
by the term longitudinally we refer only to the 
direction of the progressive mechanical work 
ing, and by the term lateral we refer to a di 
rection at right angles to this. In other words, 
if the blank of Figs. 1 to 3 is passed between the 
pressure rolls so that its length is parallel to 
the axis of the rolls, the bending will be in a 
plane having an axis parallel to the lengthwise 
center line of the blank. 
The term 'mechanically working' is used in its 

common sense in the art as referring to the proc 
ess of subjecting metal to pressure exerted by 
rolls, presses, or hammers, to change its form. 
While we have used the terms "cylindrical' and 

"conical' to describe the rolls, jigs and the 
curved bimetallic blanks, it is of course appar 
ent that the blanks as well as the jigs are not 
truly cylindrical nor conical but are merely seg 
ments of these shapes. However, the terms 
'cylindrical' and 'conical' are intended to cover 
these modifications as well as true and complete 
cylinders and Cones. 
In the complete process, powdered metal Con 

taining a small amount of non-metallic ingredi 
ents, such as graphite, is bonded to a flat strip 
of steel or copper by sintering and pressure. 
The following mixture, each element of which 

is in powdered form, gives satisfactory results: 

Percent 
Copper------------------------------------ 73 
Lead-------------------------------------- 14 
Tin-------------------------------------- 7 
Graphite---------------------------------- 6 

The percentages of the different powdered ma 
terials may be varied, if desired. 
This mixture is subjected to a pressure of, say, 

around 10 to 12 tons per Square inch to form a 
briquette, and this briquette is bonded to a 
cleaned surface of a metallic strip, Such as steel 
or copper, by Subjecting the mass to sintering 
temperature of around, say, 1600 F. while un 
der pressure of around 250 pounds per square 
inch. It is thus heated and pressed until the 
sintered compressed powdered material is bond 
ed to the strip. 
This article is then run through rolls to apply 

great pressure thereto, or the article is otherwise 
worked in such a manner as to cause an elonga 
tion of the sintered metal side of the strip for 
curving the same. 
The mechanical working of the strip may be 

accomplished either while the strip is heated or 
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12 
ing of the strip to a slightly elevated temperature 
renders the facing easier to work and facilitates 
the bending operation. 
The above description and examples are re 

garded as illustrative only in order to thoroughly 
describe our invention, and it is contemplated 
that there are numerous modifications and 
changes which may be made without departing 
from the Spirit of the invention or scope of the 
appended claims. 
We claim as our invention: 
1. The method of bending to a predetermined 

curvature a flat bimetallic article of the type hav 
ing a more plastic facing bonded to a less plastic 
backing member which comprises the steps of ap 
plying pressure to laterally extending areas of 
the article successively and progressively along 
the length of the article, and controlling the 
amount of pressure so as to elongate the more 
plastic facing to a sufficiently greater extent than 
the less plastic backing member to bend the ar 
ticle to the predetermined curvature and produce 
a curved article having an Outer more plastic 
facing substantially free from cracks. 

2. The method of bending to a predetermined 
curvature a flat bimetallic article of the type hav 
ing a more plastic facing bonded to a less plastic 
backing member which comprises the steps of 
passing said flat article between a pair of opposed 
pressure rolls and adjusting the pressure applied 
by said rolls to elongate the more plastic facing to 
a sufficiently greater extent than the less plastic 
backing member to bend the article to the pre 
determined curvature and produce a curved ar 
ticle having an outer more plastic facing substan 
tally free from cracks. 

3. The method of bending to a predetermined 
curvature a flat bimetallic article of the type hav 
ing a more plastic sintered powdered metal facing 
bonded to a less plastic backing member of solid 
metal which comprises the steps of applying pres 
sure to laterally extending areas of the article 
successively and progressively along the length of 
of the article, and controlling the amount of pres 
Sure so as to elongate the more plastic facing to 
a sufficiently greater extent than the less plastic 
backing member to bend the article to the prede 
termined curvature and produce a curved article 
having an outer more plastic facing substantially 
free from Cracks. 

4. The method of bending to a predetermined 
curvature a flat bimetallic article of the type hav 
ing a more plastic sintered powdered metal facing 
bonded to a less plastic backing member of solid 
metal which comprises the steps of passing said 
flat article between a pair of opposed pressure 
rolls and adjusting the pressure applied by said 
rolls to elongate the more plastic facing to a suff 
cliently greater extent than the less plastic back 
ing member to bend the article to the predeter 
mined curvature and produce a curved article 
having an Outer more plastic facing substantially 
free from cracks. 

5. The method of bending to a predetermined 
curvature a flat bimetallic article of the type hav 
ing a more plastic sintered powdered metal facing 
bonded to a less plastic backing member of solid 
metal which comprises the steps of providing a 
curved metal jig having a convex outer surface 
corresponding to the final shape desired for the 
article, disposing said article on said jig with the 
backing member adjacent said outer surface and 
passing said article and jig simultaneously be 
tween a pair of Opposed pressure rolls and adjust 
ing the pressure applied by said rolls to elongate 
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the more plastic facing to a sufficiently greater 
extent than the less plastic backing member to 
bend the article to the predetermined curvature 
and produce a curved article having an outer more 
plastic facing substantially free from cracks. s 

6. The method of bending to a predetermined . 
curvature a flat bimetallic article of the type hav 
ing a more plastic sintered powdered metal facing 
bonded to a less plastic backing member of solid 
metal which comprises the steps of repeatedly 
passing said flat article between a pair of opposed 
pressure rolls and controlling the number of 
passes and the amount of pressure applied by said 
rolls to elongate the more plastic facing to a suff 
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ciently greater extent than the less plastic back- is 2,372,607 
ing member to bend the article to the predeter 
mined curvature and produce a curved article 
having an outer more plastic facing substantially 
free from cracks. 
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