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This invention relates to the control and/or
alteration of the shape of metal objects, includ-
ing the control of distortion and the straighten-
ing of distorted metal objects by heating, and
also to the heat treatment or surface hardening
and simultaneous straightening of distorted
metal objects, such as shafts. rounds, plates,
bars, and the like, by differential heating. The
principles of this invention are particularly ap-
plicable to flame straightening and simultaneous
flame hardening, flame strengthening, or other
flame treatment, wherein differential heating
and/or hardening is effected by high tempera-
ture heating flames, such as those produced by
a combustible mixture of oxygen and acetylene.

Control of distortion is a problem of funda-
mental importance in the production of machine
parts. Distorted shafts do not run true, tending
to whip in their bearings, while distorted sur-
faces on plates, bars, or the like, cause obvious
difficulties in the assembly and operation of ma.
chines. Furthermore, in the manufacture of ma-
chine parts to only fairly close tolerances, the
effects of distortion have heretofore been over-
come only by straightening in presses, by grind-
ing, or by machining-—each an expensive cpera-
tion—to restore the desired straightness or di-
mensions. Distortion is also a problem of par-
ticular importance in localized surface harden-
ing, or other heat treating operations. Often, a
shaft or other machine part cannot be finished
0 the ultimately desired dimensions prior to
hardening or heat treatment, because an allow-
ance must be made for metal to be removed
later in overcoming the effects of distortion.
Moreover, a hardened surface normally cannot
be machined easily, and an expensive grinding
operation is usually the only manner in which
hardened metal can be removed.

Distortion is not always a warpage, or con-
vexity or concavity, of what should be a straight
surface. For instance, a relatively thin tubular
article, such as a pump liner, may be distorted
along a cylindrical element, may become out-of-
round, or may become larger or smaller in di-
ameter though still remaining perfectly round.
Also, a metal article which is being flame
strengthened at a fillet or other point of stress
concentration, may hecome distorted at or ad-
jacent the fillet, or elsewhere. In other words,
distortion' is not always uni-dimensional, but
may ke bi-dimensional, or even tri-dimensional.

Among the objects of this invention are: to
provide a novel method of controlling and/or al-

tering the shape of a metal object by heating: to .
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provide a novel method of straightening distort-
ed metal objects by heating; to provide a method
of simultaneously straightening and surface
hardening a metal article, by which previous dis- .
tortion may be minimized or eradicated and any
tendency toward new or further distortion is au-
tomatically cbviated; to provide a method of
flame hardening, flame strengthening, or other-
wise locally treating a surface of a metal object,
and simultaneously eradicating or minimizing
previous distertion and automatically prevent-
ing new or further distortion; to provide a novel
method of straightening, or simultaneously sur-
face hardening and straightening, a distorted
cylindrical article such as a shaft; to provide a
method of surface hardening or heat treating,
and simultaneously straightening, a distorted
or warped plate, bar, or the like; to provide a
method of flame strengthening or surface hard-
ening selected surface portions, and simulta-
neously straightening, a distorted metal article
having fillets or other surface configurations at
which stresses tend to concentrate; and to pro-
vide such methods which may be carried out
easily and effectively by heating. Other objects
and novel features of this invention will become
apparent from the following description and ac-
companying drawing, in which:

Fig. 1 is a vertical sectional view, illustrating
the straightening of a distorted shaft in accord- .
ance with this invention, the amount of distor-
tion of the shaft being exaggerated for clarity
of illustration;

Fig. 2 is a side elevation, partly in vertical
section, illustrating the straightening of a dis-
torted plate in accordance with this invention,
the amount of distortion of the plate being exag-
gerated for clarity of illustration;

Fig. 3 is a fragmentary diagrammatic view il-
lustrating a modified manner of straightening a
distorted shaft according to the invention: and

Fig. 4 is a diagrammatic vertical sectional view
illustrating the straightening cf a distorted shaft
in still another modified manner according to
the invention.

This invention will first be explained in con-
nection with the simultaneous surface hardening
and straightening of a distorted shaft, or similar
cylindrical article formed of hardenable metal.
In accordance with this invention, successive
longitudinal portions, or circumferential zones, of
the shaft are locally but differentially heated
to a depth which is primarily dependent upon
the amount of "distortion, a greater amount of
heat being applied to a side of the shaft that
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is eoncave relatively to the- desired straighiness:

than to the opposite side of the shaft which is
convex relatively to the desired straightness to
heat the concave side to a greater depth. It is
necessary that the depth to which the concave
side of the shaft is heated shall be appreciable
in relation to the diameter of the shaft.

The successive heated surface portions are:-

cooled relatively rapidly, and preferably imr'r;e":-i
diately after heating, to prevent flow of residual
heat and localize the straightening operation, as:

well as to effect surface hardening. When the

10

surface on the concave side is heated to a higher

temperature than the surface on the convex
. side—as will normally be the case when high
temperature heating flames or electric arcs are
utilized as the source of localized. high temper-
ature heat—the temperature of the surface on
the concave side will be slightly or even greatly
above the critical range, depending upon the
amount of distortien to be removed. The sub-
stantially immediate cooling of the heated sur-
face portions has a further advantage, in that
grain growih~—which occurs in a much shorter
time ‘when ferrous metal is held at temperatures
considerably above the critical—is inhibited.

It will be understood, of -course, that refer-
ence to convex and concave sides of the shaft
does not necessarily refer to a shaft which is
bowed “or bent over its entire length, but also
refers to local portions of the shaft which are
powed or bent. Thus, it is possible Lo straighten:
5 shaft, one longitudinal portion of which is
bowed or bent in one transverse direction -and
other portions of which are bowed or bhent in
other transverse directions. For example, one
portion may have its -greatest convexity at 0°
and its greatest concavity at 180°, another per-
tion may be bowed in a reverse direction; having
its .greatest convexity at 180° and its greatest
concavity at 0°, while cother portions may have
their greatest concavity at 90°, 270°, or any other
angle around the cricumference of the shaft. CAl
such variations in the circumferential position
of convexity and concavity of different longitu-
dinal portions of the shaft may be automatically
compensated for by the method of this inven-
tion. :

To carry out the method of thisinvention, it is
preferred to use high temperature heating flames;
preferably those produced by a combustible mix-
ture of gases, such as a combustible mixture of
oxygen and acetylene. However, it will be un~
derstood that other sources of localized high
temperature heat, such as -electric arcs or an
electric-induction - heating element or elements
carrying high frequency current, may be used.

To straighten a distorted shaft, or to straighten
and simultaneously surface harden a distorted
shaft composed of hardenable metal, apparatus
adapted to employ ‘“mushroom-type” heating
flames may be used, such as disclosed in my
Patent No. 2,310,384, issued February 9, 1843,
with certain changes as hereinafter indicated.
As illustrated in Fig. 1, such apparatus may in-
clude a ring of blowpipe heads 18 having tips
it provided with outlets adapted to direct heat-
-ing flames ¥ and ¥, and a ring-shaped cooling
medium header 12 mounted below the blowpipe
heads and provided with outlets 43 adapted to
direct a plurality of cooling liquid jets, against
adjoining circumferential sirface zones of a shaft
S which is rotated and moved downwardly. The
header {2 is provided with an upwardly extend-
ing section {4 which permits the quenching out-
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lets 18 to be located closely adjacent tips i1 from’
which the heating flames are directed. The cool-
ing medium, supplied through a tube {5, is pref-
erably water, although it may be desirable to use
other types of cogling medium, such as oil or air,
particularly when the shaff being treated is
composed of certain types of steel, such as those
commonly termed “‘air-hardening.” . .
To carry out the method of this invention, and
to provide “mushroom-type” heating flames, the
blowpipe heads 18 are moved inwardly toward the
shaft o sufficient distance so that, as the shaft
rotates, the concave side I8 of a distorted por-
tion of the shaft will intercept a higher rate of
‘heat transfer zone of the heating flames, and
the convex side {1 of the distorted portion-will
intercept a lower rate of heat transfer zone of the
hesting flames. It has been ascertained that a
greater transfer of heat to a surface occurs when -
the surface intercepts an oxy-acetylene heating
flame at a zone within the length of the inner
cone—preferably at a distance of 60% to 80% of
the length of the inner cone measured outwardly
from its base adjacent-the orifice. from which .
the heating gas discharges—than when the sur-
face intercepts the flame at the point of highest
temperature, which lies a.short distance beyond
the outer end of the inner cone, Also, the trans-
fer of heat becomes less when the surface inter-
cepts the heating flame at a zone lying between
the orifice from which the heating flame ig dis-
charged and the zone of maximum heat transfer.
Thus, the heating flame ¥ is intercepted at-a zone
of higher rate of heat transfer by the concave

- side 16, while the heating flame F” is intercepted

at a zone of lower rate of heat transfer, closer
to the orifice from which flame F’ issues, by the
convex side 171, The spreading or “mushroom-
ing” of the heating flames, characteristic of inner
.cone interception, is indicated on the. drawing,
and will be recognized by those carrying out the

method of this invention. It will be understood,

50

of -course, that as the shaft S rotates, the flame
T will be intercepted by the convex side 17, as it
comes around, at substantially the same zone as

is- shown for flame F, i. e., the position of con-

cave and convex sides (6 and 17, and the amount
of interception of flames F and F', will be re- .
versed from that shown in the drawing. It will
also be understood that a plurality of heating

_ flames, spaced circumferentially of the shait, are
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preferably used.

When heated in the foregoing manner, each
successive portion of the concave side of the shaft
receives a greater -amount of heat than successive
portions of the convex side, and successive por-
tions of straight sides between the convex and
concave sides, if present, receive an intermediate
amount of heat. “As a result of such differential
heating, the depth to which heat penetrates on

the concave side is greater, and a greater volume

of metal is heated on the concave side. Of course,
care must be taken to center the shaff accu- .
rately, to obtain the best results. Also, it is de-
sirable to use relatively short, stubby flames, so
that a slight variation in interception will pro-
duce a relatively large variation in the amount of
heat transferred.

A particular advantage of the above and simi-
lar set-ups is that control of distortion is auto-
matic—that is, over a straight or undistorted
portion of the shaft there is no differential in
case produced, whereas over any distorted por-
tion the differential in depth of case produced
is proportional to the amount of distortion, due
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to differences in the amount of interception of
the heating flames. Thus, previous distortion is
minimized or eradicated, and any tendency to-
ward new or further distortion is automatically
chviated.

In so carrying out the method of this inven-
tion, there are several variable factors which, of
course, may be adjusted in accordance with the
shaft or object being treated, Among these are
the permissible limits of case depth and distor-
tion, the surface hardness desired, the size and
number of heating flames, the proportions of the
constituents of the combustible mixture, the dis-
tance between the discharge orifices and any spe-
cific portion of the shaft, the speed of rotation of
the shaft, the relative speed of traverse of the
heating flames and cooling jets with respect to
the surface of the shaft, and others. However, it
will be found that adjustment of such variables
to values which will give the desired resulis can
easily be made by those skilled in the art. As an
example of an operation in which a distorted
shaft was simultaneously surface hardened and
straightened to a point within permissible limits,
but not as a limitation upon the scope of this in-
vention, the following is illustrative: -

The shaft to be treated was 1% in. in diameter
and 3 ft. in length, was formed of SAE-1045 steel,
and the greatest initial distortion was 0.185 in.,
measured by moving a Yo in. dial indicator along
the shaft when mounted between centers on a
lathe. FPour heating heads, each provided with
two tins having outlets of No. 56 drill size, were
positioned 90° apart around the shaft, the ends
of the tips being spaced % in. from the mean
surface of the shaft. A conventional blowpipe
supplied a combustible mixture of oxygen and
acetylene to the four heads, equal amounts of
oxygen and acetylene being supplied at an oxygen
pressure of 35 lbs. per sq. in. gage. Water was
supplied to a ring quench block mounted directly
beneath the four blowpipe heads, and provided
with a plurality of outlets for discharging jets
of water, at 4 Ibs. per sq. in., against successive
circumferential heated surface zones. The shaft
was mounted in a vertical position and rotated
at approximately 300 R. P. M. while a relative
longitudinal speed of traverse of approximately
5 to 6 in. per min, was effected. When the entire
surface of the shaft had been hardened, by heat-
ing and cooling successive circumferential zones
beginning at the lower end of the shaft, it was
found that the distortion had been reduced to
0.048 in., a reduction of 74%. The average sur-
face hardness was 73 scleroscope, and the average
depth of the hardened case was 4 in., the case
depth being approximately % in. over the lowest
initially concave and % in. over the highest
initially convex portions—a differential in case
depth of % in. thus being produced.

In case the desired amount of distortion is not
rerioved by the first treatment, the treatment
can be repeated to remove the total desired
amount of distortion in steps, or by increments,
since the change in shape or removal of distor-
tion in each step is permanent, and the results
of a plurality of treatments are cumulative to a
certain extent. Of course, a relatively greater
amount of distortion sometimes can be removed
in a single treatment, by reducing the relative
speed of longitudinal traverse, using more in-
iense or a greater number of heating flames, or
altering some other condition or conditions, to
obtain a greater depth of case and a greater dif-
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ferential in depth of case between the lowest
concave and highest convex portions.

The method of this invention may also be
utilized in straightening a distorted shaft without
hardening. To remove the same amount of dis-
tortion, the depth of heating and the differential
in depth of heating concave and convex portions
normally are substantially the same as when the
surface is hardened, depending, of course, on the
influence of possible differences in the coefficients
of expansion and elasticity, tensile strength, or
other properties of the metal of which the article
being treated is composed. In any event, simul-

. taneous straightening and hardening of one arti-
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cle will provide a clear basis for straightening
ancther article having substantially the same
relative amounts of distortion. Also, when the
shaft to be treated is composed of non~hardenable
metal, as for example, very low-carbon steel or
non-ferrous metal or alloy, the temperatures to
which the various surface portions are heated
may be based upon the temperatures for a corre-
sponding shaft composed of hardenable metal.

However, when it is desired to straighten but
not surface harden a shaft composed of harden-
able metal, it is desirable to limit the temperature
to which any portion of the surface is heated to
the critical range. PFor a shaft similar to one
which has been straightened and hardened, but
having a lesser amount of distortion and conse-
quently requiring a lesser depth of heating, the
surface temperatures can be reduced by increas-
ing the relative rate of traverse of the heating
flames. An example of the foregoing is the treat-
ment of an SAE-1015 steel shaft 1% in. in diam-
eter and 3 ft. long, but having a maximum dis-
tortion of only 0.015 in. A set-up similar to that
previously described, in connection with treat-
ment of an SAE-1045 steel shaft of the same size,
was employed, except that the ends of the tips
were spaced &% in. from the mean surface of the
shaft, and a relative speed of traverse of 7.5 in.
per min. was effected. At the conclusion of treat-
ment, it was found that the maximum distortion
had been reduced to 0.003 in., a reduction of 80%.

For a shaft composed of hardenable metal hav-
ing a greater amount of distortion, but which is
not to be hardened, it may prove adequate to
apply a lesser amount of heat for a greater length
of time, such as by reducing the number or size
of the heating flame and reducing the relative
rate of traverse, in order to heat to the desired
depths without heating any portion of the surface
to a temperature sufficient to cause hardening
upon cooling. Or, which is usually preferable,
the total amount of distortion can be overcome
by repeating the treatment several times, since,
as pointed oul previously, the results of several
treatments are cumulative,

The principles of this invention also may be
utilized in straightening, or simultaneously sur-
face hardening and straightening, a distorted
metal plate, bar, or the like. A distorted metal
plate having two oppositely disposed, parallel,
normally plane surfaces, such as plate P of Fig. 2,
may be treated by traversing each of the opposite
surfaces with a set of heating flames F’’, follow-
ing clogely by cooling jets discharged from a pair
of headers 22. Both sets of heating flames and
cooling jets are preferably closely spaced, extend-
ing across the width of each surface, and each set

-is preferably disposed directly opposite the other.

Heating flames ¥/, which are discharged from
suitable orifices in tips 21, in turn mounted in
heads 20, are shown in the position customarily
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used prior to this invention—i. e., intercepted by
the surfaces 26 and 27 at the points of highest
temperature, just beyond the ends of the inner
cones. Flames T’ as positioned in Fig. 2, not
only illustrate how the principles of this inven-
tion may be applied with heating flames spaced
as employed prior to this invention, but also illus-

trate g slightly different manner of accomplish- -

ing differential heating. For straightening, or
simultaneously straightening and hardening,
plate P in the manner shown in Fig. 2, head 26
is provided with two rows of tips 21, extending
transversely of plate P, so as to heat relatively
coneave side 26 of the plate to a greater depth
than the relatively convex side 21, against the
latter of which only one row of heating flames is
directed from the tips carried by head 28’. Heads
25 and 26’ extend transversely the full width of
plate P, and. constitute an example of means for
discharging relatively wide heating flames sub-
" stantially the width 'of plate P. Also, heads 208
and 26’ may be reciprocated transversely during
relative longitudinal movement of plate P, and
heads 22 and 28’ and header 22, in the-direction
of the arrow. During such relative longitudinal
‘movement, successive portions of concave surface
28 will be heated to a greater depth than the suc-
cessive portions of convex surface 27, and such
suceessive portions of each surface will be cooled
by jets discharged through outlets 23 in headers
22. Similar to header {2 of Fig, 1, each of headers
29 is provided with an upwardly extending por-
tion 24 which permits the cooling outlets 23 to
be located closely adjacent the heating flames.
Tach header 22 is supplied with a cooling mediumn,
preferably water, through a tube 25.

Tt will be understood, of course, that differential
heating of plate P, or any other similar article,
may be accomplished in a manner similar to that
illustrated in Fig. 1, in connection with the treat-
ment. of shafts, by positioning the heating flames
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and concave surface portions 8 will intercept
higher rate of heat transfer zones of the flames.
As soon as the surface of the shaft is heated to
the desired temperature, a cooling spray or a
plurality of jets of cooling medium projected from
orifices 118 in an elongated header {12 may-be
directed against the surface, or the shaft may be
dropped into a bath of cooling medium.

Again, differential heating may be accom-
plished by varying the size and heating effect of
the flames. As disclosed in Fig. 4, for example, a
suitable finger or roller-33. positioned as near the
heating flames as practical and adapted to engage
the surfaces {6 and {7 being heated, may be pro-
vided for actuating suitable valves V -which con-
trol the flow of the combustible mixture from
each blowpipe head §9’ or to a group of adjacent
heating ‘flames. As the roller 33 rides over a
concave or convex surface portion 16 or 17, it
partially opens or closes the valve V. associated
therewith. Thus, as the valve V opens further,
the size of the heating flames controlled thereby
is increased and more heat is applied to the con~
cave surface portion 6. Similarly, as the valve
V partially closes less heat will be applied to the
convex surface portion {7. Moreover, -the
amount of heat supplied will be proportional to
the amount of distortion, and the -desired differ-
ential in depth of heating will be obtained.

The foregoing arrangement may be utilized in
connection with the shaft treating apparatus
previously described, in which four blowpipe

- heads are positioned 90° apart. With four rollers

40

so that convex portions of either surface, will -

intercept lower rate of heat transfer zones, while
concave portions of either surface, will intercept
higher rate of heat transfer zZones.
- When the metal of which the plate is composed
is hardenable, and the plate is to be straightened
but not surface hardened, it may be necessary to
adjust the number or size of flames and the rela-
tive rate of traverse, to limit the temperature to
which various surface portions are heated, as
pefore. Or, the total amount of distortion may
be overcome by several treatments, the results of
which are cumulative, as pointed out previously.
A distorted bar, normally square or rectangular
in shape, may be straightened by heating opposite
sides. The set-up employed may be substantially
the same as that utilized in connection with the
treatment of plates. Other distorted metal ob-
jects having normally substantially flat surfaces
may be straightened, or simultaneously straight-
ened angd surface hardened, in a similar manner.
There are several alternative methods of ac-
complishing differential heating to effect straight-
ening, any of which may be used if desired. For
instance, as indicated diagrammatically in Fig.:3,
a distorted shaft 8’ may be rotated beneath a
series of heating flame nozzles {i{ which extend
longitudinally from one end of fhe shaft to the
other and which are spaced closely together so
that the flames F tend:to overlap. The heating
flames are so positioned, as explained in the de-
scription of the procedure illustrated in Fig. 1,
that convex surface portions 17 will intercept
lower rate of heat transfer zones of the flames,
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23, which individually cause a variation in the
size: of the heating flames discharged from the
tips of each head in accordance with the distance
between any one group of tips and the surface
portion being heated by the group, concave sur-
face portions will receive a greater amount of
heat than convex surface portions. Also varia-
tions in the distance between any tip and the
surface portion being heated by the same, will
automatically compensate for the- variation in
length of the heating flames. . That is, when the
heating flame becomes longer, it is -directed
against g concave surface portion, which is spaced
a greater distance from the end of the tip. Simi-
larly, when the heating flame becomes shorter,
it is directed against a convex surface portion,
which is closer to the end of the tip. As a result,
while still obtaining the desired differential heat-
ing, the tips can be positioned so that the surface
always intercepts the heating flames at highest
temperature or highest rate of heat transfer
zones, thus enhancing the efficiency of heating in
relation to the amounts of heating gases used.

In addition to shafts or cylindrical objects, the
arrangement in which a roller cr finger-controls
the size of a heating flame or group of heating
flames can be utilized in straightening, or simul-
taneously straightening and . hardening, plates,
bars, and the like. The operation of the finger
or roller is substantially as previously described,
i. e., as the heating flames pass Over a concave
surface portion they automatically become larger
and longer, and as they pass over a convex surface
portion, they automatically become smaller and
shorter. Opposite surfaces may be heated, as ex-
plained previously in connection with the treat-
ment of plates, bars, and the like.

The finger or roller arrangement may also be
used in treating objects which are normally
curved in the direction of traverse, merely by -
causing the blowpipe heads to follow a path par-
allel to the normal or desired surface line or
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shape, and utilizing the finger or roller to vary
the size of the heating flames in accordance with
deviation from the desired shape. Furthermore,
various other ways in which differential heating
can be accomplished, including the use of elec-
tric arcs or an electric induction heating element
or elements, will readily suggest themselves to
those skilled in the art.

The principles of this invenfion may also be
utilized in straightening a distorted metal object
and simultaneously strengthening selected por-
tions thereof, more particularly portions. which
are subject to stress concentrations, such as
shoulders, fillets, and the like. For instance, a
corner or shoulder on a metal object may be
hardened to increase the tensile strength of the
metal of the shoulder, so that higher stresses will
be resisted. A rotating part having a shoulder
may be heated differentially for straightening, in
the same manner as a shaft or other cylindrical
object. At the same time, the surface of the
shoulder or other portion of stress concentration
is heated to an appreciable depth to a tempera-
ture at or above the critical range. In some in-
stances, it will be necessary only to harden the
shoulder or other portion of stress concentration,
and at the same time produce a differential in
case which will be adequate to remove distortion.
In other instances, it may be necessary to pro-
duce a differential in case over the portion to be
strengthened, and also heat differentially other
surface porticns to remove distortion. The lat-
ter portions may or may not be hardened, as de-~
sired. In still other instances, the portion to be
strengthened may nct be distorted, so that an
even depth of case should be produced thereover,
while differential heating is applied to the dis-
torted portions of the object. In carrying out
the method of this invention, ag applied to si-
multaneous or concurrent strengthening and
hardening, the apparatus used may be substan-
tially the same as previously described in connec-
tion with simultaneous straightening and harden-
ing shafts and cylindrical objects, plates, bars,
and the like, and other straight or curved metal
objects. :

In addition to the control of distortion and
straightening of distorted objects, the principles
of this invention may also be employed in de-
liberately altering the shape of metal objects.
In one sense, of course, a deliberate alteration of
the shape of a metal object, even though straight,
may be only one phase of the removal of distor-
tion. That is, if the object is straight, but should
be bent, then it may be considered to be distorted
from its ultimate desired or “normal” shape.
However, for the sake of clarity, a distinction is
made herein between the straightening of a dis~
torted object and the alteration of the shape or
configuration of a straight object, since it is
usually desirable to employ a slightly different
technique in the two instances.

A slight bend may be produced in a shaf$, rod,
or the like, by differential heating. A surface
portion extending along a cylindrical element or
elements on one side of the shaft or rod is heated
to a greater depth than theé corresponding sur-
face portion on the opposite side of the shaft or
rod, so that the surface portion heated to the

greater depth will become convex or displaced

outwardly and the surface portion heated to the
lesser depth will become concave or displaced
inwardly. Also, a shaft or rod which is bent to
less than the desired degree may be further bent
by a similar treatment. ’
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Deliberate alteration of the shape of a straight
object will more often be practiced in the case
of non-rotating parts, such as bars, plates, or
the like, since it is not often desired to produce a
rotating part which is not straight. The desired
alteration in shape of a bar, plate, or the like is
accomplished by differential heating, in a manner
similar to that employed in straightening, where-
by a surface portion which is to become convex
or displaced outwardly is heated to a greater
depth than an opposite surface portion which is to
be displaced inwardly.

For example, the heating flames on one side of
the object can be disposed so that side of the cb-
ject intercepts zones of a higher rate of heat
transfer, and the heating flames on the opposite
side disposed so that zones of a lower rate of heat
transfer are intercepted. Or, a greater number
or larger size of heating flames may be used on
one side than on the opposite side. Instead of be-
ing rotated, a shaft may be reciprocated through,
cay, about a quarter of a turn or less, so that suc-
cessive portions of one side are heated to a greater
depth than successive porticns of the opposite
side as the shaft is traversed. The side of the
shaft or other object heated to the greater depth
will become convex, and the side heated to the
lesser depth will become concave. The surface of
the object may or -may not be hardened, as de-
sired.

Deliberate alteration in shape also may ke ac- .
complished simultaneously with strengthening, in
which limited portions subject to high stress con-
centration are hardenhed in a mauner similar to
that just indicated.

A possible theoretical explanation of the
method of this invention may ke deduced by con-
sidering the effect of heating, to various depths,
one side only of a plate or bar of relatively short
length. (This plate or bar may also be consid-
ered to be a longitudinal increment of the various
cbjects straightened or altered in shape in ac-
cordance with the method of this inventicn.)
Assume that the upper side only is heated and
that the heated surface is quenched to produce a
hardened case, although substantially the same
results will be produced when the heated surface
is cooled while the temperature is below the criti-
cal range, or the object is composed of non-hard-
enable metal. Then, under the four following
conditions, the following results will ensue:

Condition I.-—--The depth of heating is sufficient
only to produce a very thin case. This case is so
thin that the volume of the remainder of the
metal will be sufiicient to withstand any expan-
sion or contraction of the case. Thus, during
heating, the case will tend to expand, but such
expansion will be resisted and the heated metal
will be stressed above the elastic limit and be per-
manently compressed. As the heated metal coocls,
the volume of the remainder of the metal wilil be
sufficient to resist any stresses imposed by such
cooling and the case will be in tension. However,
no change in the size or shape of the object is
produced.

Condition II.—The depth of heating is such
that g light case is produced. This case is of such
depth that the remainder of the metal has just
sufficient volume and strength to resist the ex-
pansion of the case during heating but not the
contraction during cooling. Thus, the heated
metal will be restrained from expanding, will be
stressed above the elastic limit, and will be per-
manently compressed. However, when the heated
metal ccols, the contraction stresses produced by
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cooling will be greater than the stresses produced

by the case tending to expand during heating, be-

cause of the previous compression. Consequent-
ly, the contraction of the case during ccoling will
pull the ends of the upper surface upwardly, and
the upper surface of the plate or bar will become
concave.

Condz{:zOn IIT~The depth of heating is such
that a medium case, or a case of appreciaile
depth, is produced. The volume of the remamder
of the metal is not sufficient to resist entirely the

expansion of the case during heating, and the

upper surface will bow outwardly at the middle,
or become convex, during heating. Thus, while
the heated metal will not expand quite as much
as if it were free, the stresses therein will be be-
low the elastic limit, and there will be no per-
manent compression of the heated metal: How-
ever, the lower central portion of the remainder
of the plate or bar, due to bending moments, will
be stressed above the elastic limit, and a perma-
nent compression or deformation will be- pro-
duced. Consequently, when the heated metal
cools, the permanent deformation of the under
side will be sufficient to prevent the former irom
returning to its criginal'straight shape, with the
result that the upper surface will remain bowed
upwardly at the middle, or convex in shage.

Condition IV.—The depth of heating is such
that a very heavy case is produced. The volume
of unheated metal is insufficient to resist expan-
sion of the heated metal, and a permanent elon-
gation of the unheated metal occurs when the
heated metal exrands. Upon cooiing of the
heated metal, since the unheated metal has &
greater length than it did before, it will bz able
to resist contraction to a greater extent, and thus
cause the upper surface to bow upwardly at the
ends, or become concave.

It is of particular importance to note that in
Coendition II and Cendition IV, the upper surface
of the bar is concave after treatment whereas in
Condition III the upper surface of the bar is con-
vex. This apparently explains why, with the pro-
duction of a medium case or case of appreciable
depth on the concave or low side of the shaft, the
concave side will tend to become convex—i. e., will
tend to be straightened; and also, why, when a
differential case depth. is produced, with the
deeper case on the concave side, the concave side
will tend to become straightened, It will also be
ev1dent that in the straightening of distorted ob-

jacts, or the alteration of the shape of objects, in’

aec ~rdance with this invention, a practical ap:1li-
cation of the reversal of the direction of bowing
of the case, in going from Condition II to Condi-~
tion II1, is apparently made.

Condition IV is believed to be largely of theo-
retical importance, except in the ‘case of rela-
tively thin objecis heated on one side only, since,
from a practical standpoint, case depths of such
relative magnitudes are not often produced, at
least upon .thicker objects. Also, if a medium
case and a Vvery heavy case were produced on
oprosite sides of the object, the result would, in
mos}  instances, be merely heatmg ent1re1y
through the object.

The above theoretical explanation also appar-
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parent that this invention prov1des a simple and
efficacious method of simultaneously surface
hardening and siraightening a distorted metal
object, of simultaneously  straightening and
strengthening . selected portions of "5 distorted
meta]l object, or of merely straightening a dis=
torted metal object. Also, this invention provides
an effective. methed of intentionally altering the .
shape of a metal objéct, with or without harden-
ing, strengthemng or other locallzed surface
treatment.

While the method of this 1nvent1on has been
described as particularly adapted to be carried
out by the use of high temperature heating
flames, in various ways, it is to be understood
that other sources. of localized high temperature
heat, such as electric arcs or electric induction
heating elements, as pointed out previously, may
be used. I} is to be further understood that
various other changes in the method of this in~
vention may be made ‘which will not depart from
the spirit and scope thereof, as defined 1n the
appended claims,

What is claimed is: - -

1. A method of alter;ng the-shape of 3 metal

- ohject which comprises locally heating surface. -
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portions on opposite sides of said object to differ-
ent depths, the depth of heating and differential
in depth being sufficient to produce a relative out-
ward displacement of the ‘surface portion heated
to the greater depth; and cooling said heated
surface portions.

2. A methed of altering the shape of a metal
object.as defined in claim 1, in which said oppo-
site. surface portions.are heated by high tem-
perature heating flames so disposed that surface
portions to be heated to a greater depth intercept
heating flame zones having. a higher rate of heat
transfer than the zones intercepted. by other
surface portions,

3. A method of alfering ‘the shape of a metal
object as defined in claim 1, in which a greater

number of heating: ﬂames'are applied to surface

portions to be heated to a greater depth than to
other surface portions.

4. A method of altering the shape of a metal
object:as defined. in claim 1, in. which- heating
flames having. a larger. size are.applied to sur-
face.portions fo be heated to a greater depth and
heating flames having -a smaller size are applied
to surface portions to be heated to a lesser depth.

5. A method of altéring the shape of -a metal

- object and simultaneously surface hardening. at

60

ently accounts for the conditions when the outer --

‘surface of an object is. hardened—i. e., a lighter

case or Condition.II tending o produce.a per-

" manent contraction, and a medium- case .or Con-

dition III tendmg to.produce a permanent ex-
pammn

From the: foregomg descnptmn it w111 be ap-'

70

78

least a portion of the surface .of said- object, ab
least the surface portions to be hardened being
formed of quench hardenable metal, such.method
comprising locally. heating surface portions on
cpposite sides of said object to different depths,
the depth of heating. and differential in depth -

‘being: ‘sufficient to produce a:relative.outward dis-

placement of the surface portmns heated:to the

.greater. depth, and at least the surface-portions

0 be hardened. being healed to a temperature atb
or above the critical range; and: coohng said heat- -
ed surface portions, the surface portions to. be
hardened being cocled at a sufﬁmently rapid. rate
to harden the same.

6. A method. of. stralghtenmg a distorted. metal
objecs, which comprises. locally: heating at least -
the distorted surface portions of said.object to an
appreciable depth but differentially in-such a
manner that surface portions which are 'concave
relatively to.the desired straightness are heated
to-a greater depth than opposite. surface portlons .
Whlch are convex relatlvely to the des1red
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straightness; and cooling such heated surface
portions, the respective depths of heating being
chosen to produce a permanent surface expan-
sion on the originally concave side and a per-
manent contraction on the originally convex side
afier said cooling.

7. A method of straightening a distorted metal
object as defined in claim 6, in which differential
heating is accomplished by effecting a relative
traversal of the surface of said object by a plu-
rality of high temperature heating flames and
said heating flames are so posiiioned that sur-
face portions which are concave intercept higher
rate of heat transfer zones of said heating flames
than the opposite surface portions which are
convex,

8. A method of straightening a distorted metal
object as defined in claim 6, in which the surface
of said object is traversed by a plurality of heat-
ing flames and in which the size of said heating
flames is varied in such a manner that larger
heating flames are aprlied to surface portions
which are concave and smaller heating flames
are applied to the substantially opposite surface
portiohs which are convex.

9. A method of straightening and simultane-
ously surface hardening a distorted metal object
formed of quench hardenable metal, which com-~
prises locally heating the surface of said object
to a temperature at least as high as the crisical
range and to an appreciable depth but differen-
tially in such a manner that surface portions
which are concave relatively to the desired
straightness are heated to a greater depth than
the substantially opposite surface portions which
are convex relatively to the desired straightness;
and cooling such heated surface portions to
harden the same, the respective depihs of heat-
ing being chosen to produce a permanent surface
expansion of the originally concave side and a
permanent contraction of the originally convex
side after said cooling.

10. A method of straightening a distorted
cylindrical metal object, which comprises rotat-

ing said object about its longitudinal axis; locally

heating successive circumferential zones of at
least the distorted surface portions of said object
to an appreciable depth but differentially in such
a manner that surface portions which are con-
cave relatively to the desired siraightness are
heated to a greater depth than the substantially
opposite surface portions which are convex rela-
tive to the desired straightness; and cooling such
heated surface portions, the respective depths of
heating being chosen to produce permanent sur-
face expansion of the originally concave side and
permanent surface contraction of the originally
convex side after said cooling.

11. A method of straightening a distorted
cylindrical metal object as defined in claim 10,
in which a plurality of heating flames positioned
about a circumferential zone of said surface are
so spaced with respect to said surface that the
surface portions which are concave intercept
higher rate of heat transfer zones of said flames
than surface portions which are convex, and in
which a relative movement between said flames
and said surface in the direction of the longi-
tudinal axis of said object is effected.

i2. A method of straightening a distorted
cylindrical metal object as defined in claim 10,
in which a plurality of heating flames disposed
longitudinally of said objeci are so spaced with
respect to said surface that the surface portions
which are concave intercept higher rate of heat
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transfer zones of said flames than the surface
portions which are convex as said- object rotates.

13. A method of siraightening a distorted
metal object having oppositely disposed and nor-
mally substantially flat surfaces, which comprises
effecting a simultaneous relative traversal of each
surface by a plurality of high temperature heat-
ing flames so positioned that the surface poriions
which are concave relatively to the desired
straightness intercept higher rate of heat trans-
fer zones of said heating flames so as to be heated
to a greater depih than the opposite surface por-
tions which are convex relatively fo the desired
straightness, the respective depths of heating
being chosen to produce permanent surface ex-
pansion on the originally concave side and per-
manent contraction on the originally convex side
afier the object has cooled to normal tempera-
ture.

14. A method of straightening a distorted
meta] object having oppositely disposed and nor-
mally substantially flat surfaces, which comprises
effecting a relative traversal of each surface by
a plurality of high temperature heating flames;
varying the relative size of said flames in such
a manner that surface portions which are con-
cave relatively to the desired straightness are
heated to a greater depth by larger heating flames
and the opposite surface portions which are con-
vex relatively to the desired siraightness are
heated to a smaller depth by smaller flames; and
cooling such heated surface portions, the re-
spective depths of heating being chosen to pro-
duce permanent surface expansion on the origi-
nally concave side and a permanent contraction
on the originally convex side afier said cooling.

15. A method of straightening and simultane-
ously surface hardening a distorted metal object
formed of quench hardenable metal, which com-
prises locally heating successive surface portions
of said object to a temperature at or above the
critical range by effecting a relative traversal of
the surface of said object by a plurality of high
temperature heating flames so positioned that
surface portions which are concave relatively to
the desired straightness intercept higher rate of
heat transfer zones of said heating flames so as to
be heated to a greater depth than the substan-
tially opposite surface portions which are con-
vex relatively to the desired straightness; and
cooling such heated surface portions at a suffi-
ciently rapid raie to harden the same, the re-
spective depths of heating being chosen to pro-
duce a permanent surface expansion of the origi-
nally concave side and a permanent contraction
of the originally convex side after said cooling
and hardening,

16. A method of simultaneously surface hard-
ening and straightening a distorted cylindrical
metal object formed of quench hardenable metal,
and having some surface portions which extend
a greater distance than desired from the normaj
longitudinal axis of said cylindrical object when
straight, and other surface portions which are
closer than desired to the normal longitudinal
axis of said cylindrical object when straight, such
method comprising locally heating successive sur-
face portions of said object to a temperature at
or above the critical range by directing a plu-
rality of heating flames against a circumferential
zone of the surface of said object; rotating said
object about an axis of rotation substantially
coinciding with said normal longitudinal axis:
effecting relative movement between said heating
flames and such rotating object in the direction
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of: said: axis of rotation while maintaining said:
heating flames so positioned that those surface:

portions. of the object relatively closer to said
axis. of rotation intercept. higher rate of heat
transfer zones. of said: flames: than. those surface
portions: relatively farther away from said axis‘of
rotation, whereby relatively closer: surface por-
tions are-heated to a.greater depth than surface
portions relatively farther away; and cooling said
surface portions at a sufficiently rapid rate to
harden the same, such: heating and cooling also
serving to straighten said object. during the sur-
face hardening operation,
ROMAN F. ARNOLDY:.
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