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Various articles are manufactured from com-
pound strips, that is, strips or sheets consisting
of 2 layer of metal firmly united to one or more
layers of another metal or metals, the union be-
tween the metals generally occurring at a high
temperature due to the method of manufacture
which frequently comprises casting one metal to
another, soldering, welding, coating, etc. The
different metals frequently have different thermal
coeflicients of expansion, and when this difference
is substantial, stresses and strains are thereby
set up when the compound strip sheet or other
article is cooled down from the temperature .of
manufacture to normal room temperature.

These stresses and strains are often objection-
able for various reasons, one of which is that
they cause distortion due to the stresses and
strains set up, and this is highly objectionable
to such an extent in the case of articles which
need to be made with a great deal of precision
that heretofore it has been practically impossible
at times to use such articles.

One specific type of article in which the manu-
facture is made with the difficulties above re-
ferred to, is bearings consisting of a relatively
thin steel cylinder either with or without flanges
and lined with a bearing face of particular types
of bronze, such bronzes being, for example,
metallic compositions consisting - roughly of
seventy-five per cent copper and twenty-five per-
cent lead, either with or without up to five or
six percent of other metals, such as tin, nickel,
zine, etc. :

One of the many types of articles in which the
difficulty is particularly noticeable is where the
bearing has to be split, as in the manufacture
of automotive engine bearings.

When a liner of bearing bronze is cast inside a
steel cylinder and uniformly and integrally
welded thereto by any process, for example, the
process described in Serial No. 461,709, filed June
17, 1930, then the entire bearing at the casting
of the bronze is at a temperature of about 1832°
F., and in cooling down to room temperature from
the higher temperature the bronze contracts al-
most twice as much as the steel back, in view
of the fact that the coefficient of thermal ex-
pansion of steel is .0000066 per degree F., while
that of the bronze is about .0000115 per degree
P. or nearly twice as much. It will be obvious
that unless the bond between the steel and bronze
is uniform and very strong, the strains induced
by this differential expansion would disrupt it,
but even where there is no such actual disruption,
severe tensile stresses will be set up and these are
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so great that when an attempt is made to saw the
bearing longitudinally into two halves, the sawed
edges are drawn in, gripping and binding the saw
and making it impossible to complete the cut,
while at the same time distorting the bearing.

Our present. invention relates to a method for
removing these strains, that is, for neutralizing
them to the degree desired or even reversing such
strains when this is desired, so that the bearing
can be split longitudinally without binding the
saw and the bearing will also be free from dis-
tortion and retain its permanent dimensions after
splitting, where there is no further change of
temperature.

The present invention is highly useful in the
manufacture of bearings of the type described,
although it will be apparent that the invention is
capable of general application to-all articles con-
sisting of layers having different thermal coeffi-
cients of expansion where the method of manu-
facture requires changes in temperature, For
purposes of illustration and without limiting the
invention thereto, we shall describe it with specific
reference to bearings.

Referring to the drawing forming a part of this
specification,

Fig. 1 is an end view of apparatus with a cylin-
der on which it is to operate therein.

Fig. 2 is a longitudinal partially sectional view
thereof.

Fig. 3 is a typical cross.section of a half circu-
lar bearing showing the deformation which occurs
in a split bearing referred to above which has
not been treated by my novel process.

Fig. 4 is a diagrammadtic illustration of a modi-
fication of my method.

The specific apparatus illustrated comprises
a general supporting frame 10, a top roller 11
which is loosely slipped over the axle 12 and held
in place thereon by the nut 13. The axle 12 iIs
mounted on a vertically movable head 14 having
a praojection 14¢ thereon which slides in the groove
15 in the framework 10. A screw 16 is rotatably
attached to the head 14 and turns in the holder
17 which is interiorly threaded to accommodate
the threads of the screw 16, the holder 17 being
attached to the frame 10. Any suitable means
18 is provided on the screw 16 for turning it,
which results in moving the head 14 up or down
as desired and with it the axle 12 and the roller
11, and the position of such roller is preferably
indicated very precisely by any -desirable form
of indicating means. ’

For purposes of illustration, we have shown on
the drawings a fixed indicator scale 18a on the
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" frame 10, while an indicating pointer 18¢ mount-

ed on the head 14 projects over the scale 18a.
The markings on the scale may be very fine and
very closely adjacent each other whereby the
exact placement of the roller 11 in a predeter-
mined position may be easily and quickly attained.

An axle 19 is mounted below and parallel with

- the axle 12 and for most purposes the axle 19 is
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vertically below such other axle. The axle 19 is
rotatably mounted in the bearing 20 which in turn
is suitably supported by the framework 10, and
it is turned by any suitable means.

An electriec motor is preferred, and we, there-
fore, provide a gear reducing mechanism 21 of
any suitable type -and an electric motor 22, the
gear reducing mechanism 21 serving to turn the
axle 19 at a lower speed than the motor.. A power
roller 23 is mounted on the axle 19 and fixed
thereto to turn with it, as for example, by means

-of & screw 23a¢ passing through the roller into

firm contact with the axle.

We also provide a guide roller 24 which is
mounted in a manner similar to the mounting
of the pressure roller 11. A screw 25 is mounted
to turn in an interiorly threaded screw holder
26 on the frame 10, and the screw 25 is connected
to the bearing of the axle of the roller 24 so that
such roller may be moved horizontally toward
and away from the line connecting the centers of
the rollers 11 and 23, while permitting free rota-
tion of such roller on its axle, in the same manner
as described with respect to the roller 11.

The roliers 11, 23 and 24 are preferably all
removable and replaceable and when in use they
should be at least as long as the bearing to be
rolled. The diameter of such rollers is not of
great importance, but we usually prefer the roll-
ers 11 and 23 to be about six to-seven inches in
outside diameter, and the roller 24 three to four
inches in outside diameter for rolling g bearing
having an outside diameter of about 2 to 5 inches,

The above described apparatus is used for treat-
ing a truly cylindrical bearing, that is, one with-
out a flange, but it will now become obvious that
the rollers 11, 23 and 24 may be shaped to con-

- form to the particular shape of the bearing to
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be treated, but whatever the shape of the roller
may be, the method is essentially the same.
The cylindrical member to be rolled is indicated
at 27, The roller 24 is located so that the center
of the member 27 is slightly toward said roller and
away from the line connecting the centers of the
rollers 11 and 23. To place the member 27 in
position, the roller 11 is raised slightly, the mem-
ber 27 slipped into place and then the roller 11 is
moved down by means of the screw 16 to g pre-

" determined point as shown by the indicator which
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has been found satisfactory for that particular
size and type of bearing 27 o= other article to be
treated. i

The pressure so exerted by moving the roller
11 downwardly slightly flattens the bearing and

stretches the more stretchable layer, say for ex-.

ample, the inside layer 28 of the member 27 to
be treated, which member in the specific instance
shown is made up of such inner layer 28 and
the outfer layer 28a, the layers being uniformly
and integrally united. Rotation of the motor 22
causes rotation of the axle 19 through the inter-
posed gear reducing mechanism 21 and also rota-
tion of the roller 23 which in turn causes rotation
of the member 27 and this in turn causes rotation

_of the rollers 11 and 24. Such rotation causes

stretching similar to that described throughout
the article 27 and such stretching is continued

1,045,204

until it has reached the desired degree which
generally amounts to just sufficient to cause neu-
tralization of the objectionable tensile stresses
and strains. Where desired this can be even car-
ried so far that it will actually change the tensile

into compressive stresses and strains. - It is, of .

course, to be understood that for practical pur-
poses it is not always necessary that the tensile
stresses arnd strains referred to be absolutely and
completely neutralized, and very frequently this
heed be carried only far enough to overcome the
objectionable defects thereof.

The amount of pressure required, the duration
of the rolling, and other factors and conditions
of operation will vary with each other, with the
nature of the article being treated, and with pos-
sibly other factors and conditions, and it is, there-
fore, impossible to lay down any general rule
-applicable to all articles which may be treated
by our novel method. For best industrial practice
it is necessary to determine the most efficient con-
ditions of treatment and operation for any new
article, but this having once been determined,
the correct amount of pressure may be applied
easily and quickly by means of the scale and the
articles may be treated for the time found best,

-850 that our method may be used for the quick

and facile treatment of many articles on a large
industrial scale.

- On Figure 3 we have illustrateid the advantages'

resulting from the use of our process. This fig-
ure shows a half circular bearing consisting, for

_example, of a steel backing 28a and an inner lining

28 of bearing bronze. This half circular bearing
is made by sawing a full circular bearing in two
and when treated according to our process, the
two halves will be truly half circular as illus-
trated in full lines. When, however, the cylin-
drical article has not been treated according to
our process, the tensile stress in the bearing
bronze lining will be greater than that in the
steel layer 28a and this will result in drawing
the ends 28b toward each other as shown in dot-
ted lines so that the bearing will not be truly
half circular, !

80

100

108

110

' 1
On Figure 4 we have illustrated our method

as applied to the sheets or strips, one face of which
is under a substantially greater tensile stress than
the other face. Such sheet or strip may consist,
for example, of the steel facing 41 to which is
integrally united the bronze facing 42, these hav-
ing been made or united together at compara.-

“tively high temperature so that on cooling down

there will be more tendency to shrink on the face
42 than on the face 41. Spaced rollers 43 are
provided at the face 42, while the roller 44 is
provided at the face 41, the roller 44 being lo-
cated at a point between the points at which the
rollers 43 are located. The process is very much
the same as that  previously described, move-
ment of the rollers toward each other setting up a
stretching action in the face 42 which is under
greater tensile stress. ‘
Due to the fact that one layer of the article is

actually stretched more than another layer, the

pressure applied by the roller 11 may be in-
creased to cause more severe deformation of
the bearing than is required for the treatment as
described above, and our apparatus may, there-
fore, be used for carrying out a testing process
whereby the strength of the bond between the two
layers. may be speedily tested under conditions
of repeated strain, and the relative merit of dif-
ferent types of bearings or other articles may
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be speedily determined, under conditions equiva-
lent to those of severe service.

Having thus described our invention, what we
claim and desire to secure by Letters Patent is:

1. In the treatment of a hollow completely
cylindrical article of circular cross-section having
inherent therein greater tensile stress at either
the inside or the outside than at said other side,
the step of rolling said article at the side of lesser
tensile stress at points consecutively all around
said article, said pressure being of such a degree
as to relieve said tensile stress without perma-
nent deformation of said article.

2. In the treatment of a hollow completely
cylindrical article of circular cross-section hav-
ing inherent therein greater tensile stress at the
inside than at the outside thereof, the step of
rolling said article under pressure exteriorly, said
pressure being of such a degree as to relieve said
tensile stress without permanent deformation of
said article.

3. The method of making a bearing bushing
which comprises cast welding a layer of copper-
lead bearing metal onto the inside of an iron or
steel cylinder, cooling the compound article so
formed, and rolling it between rollers pressing
against the exterior iron or steel face thereof to
relieve differential stresses in said article.

4. The method of making a bearing bushing

which comprises cast welding a layer of cop-
per-lead bearing metal onto the inside of "an
jron or steel cylinder, cooling the compound ar-
ticle so formed, and rolling it between rollers
pressing against the exterior iron or steel face
thereof to relieve differential stresses in said ar-
ticle, the pressure applied being insufficient to
cause permanent deformation of said article
whereby said article may be split without deforma-
tion. .
5. A tube comprising layers of iron or steel
and of a copper-base metal welded together, said
tube being substantially free at atmospheric tem-
perature of differential stresses, whereby said tube
will remain substantially undistorted on being
split longitudinally. .

6. A tube comprising an outer layer of iron
or steel and an inner layer of a copper-base metal
welded together, said tube being substantially
free at atmospheric temperature of differential
stresses, whereby said tube will not contract sub-
stantially on being split longitudinally.

7. The method of making a bearing bushing
which comprises cast-welding a layer of copper-
lead bearing metal onto the inside of an iron
or steel eylinder, cooling the resulting compound
article, whereby stresses are set up due to the
different thermal coefficients of expansion of
said metals, and applying pressure to the out-
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side thereof and consecutively all around the
same, said pressure being sufficient to stretch
said copper-lead layer but not sufficient to effect
permanent distortion of said compound article.

8. The method of relieving differential stresses
in a bearing bushing comprising a steel back and
an interior bronze liner welded thereto, which
consists in applying pressure to the outside of said
bushing and consecutively all around the same,
said pressure being sufficient to stretch said
bronze but not sufficient to effect permanent dis-
tortion of said bushing.

9. The method of making a semi-circular bear-
ing, which comprises uniting while hot a layer of
bearing bronze onto a cylindrical face of a hol-

low cylinder of iron or steel, cooling the result- -

ing compound-metal article whereby stresses
are set up due to the different thermal coeffi-
cients of expansion of said metals, stretching
said bearing bronze beyond its elastic limit all
around and more than said iron or steel without
permanent deformation of said compound-metal
cylinder to. minimize said stresses, and splitting
the resulting cylinder longitudinally whereby
arcuate sections result without substantial dis-
tortion.

10. The method of making a semi-circular
bearing, which comprises cast-welding g layer
of lead-bronze onto a cylindrical face of a hol-
low cylinder of iron or steel, cooling the resulting
compound-metal article whereby stresses are set
up due to the different thermal coefficients of
expansion of said metals, stretching said lead-
bronze beyond its elastic limit all around and
more than said iron or steel without permanent
deformation of said compound metal cylinder to
minimize said-stresses, and splitting the result-
ing cylinder longitudinally whereby arcuate sec-
tions result without substantial distortion.

11. The method of making a semi-circular
bearing, which comprises cast-welding a layer
of copper-lead onto the inside face of a hollow
cylinder of iron or steel, cooling the resulting
compound-metal article whereby stresses are set
up due to the different thermal coefficients of
expansion of said metals, stretching said copper-
lead beyond its elastic limit all around and more
than said iron or steel without permanent defor-
mation of said compound metal cylinder to min-
imize said stresses, and splitting the resulting
cylinder longitudinally whereby arcuate sections
result without substantial distortion.

ROBERT D. PIKE.
HUGO JOHN STEVENSON.
OTTO M. EASH.
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