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My present invention relates to the art of
tempering in general, more particularly to
the tempering of metal and specifically to
the localized hardening of steel castings. con-
taining a modifying agent. Broadly con-
sidered, the invention comprehends an im-
proved method. for tempering, an apparatus

for carrying out the tempering method and -

the resultant maproved product.

While the invention has a broad feld of
usefulness for changing the state of various
articles of different com position, Lhave found

it of peculiar utility for producing cast steel
car wheels containing manganese as a modi-
[ying agent, and T therefore find it convenjent
to describe the invention in connection with
such preduct; it being understood that stich
limited fields of specifie description are em-
ployed purely for purposes of an example
of the utility of the invention in its several
plinges. o

The principal objects of the present inven-
tion are the provision of an improved method
of tempering, the provision of an improved
apparatus for tempering, the provision of an
improved tempered product; the provision
of & method of tempering characterized by a
focalization of the tempering; the provisien
ot a method of tempering wherein the areq
of the tempering may be substantially con-
trolled within predetermined limits; the pro-
vision of a method of te npering characterized
by the direction of fluid upon predetermined
points until all the article be tempered ‘and
I attain localization of the tempering; the
provision of a method of tempering charac-
terized by a differential or progressive tem-
peringofthearticle ; the provision of a method
of tempering characterized by the employ-
tent of means to prevent the action by ene
treated part upon another part of the article
it is desired {o temper; the provision of a
method of tempering - characterized by so

)

treating the surfaces to be tempered and car-

rving out the steps of tempering with cer-
tain parts of the articleg upen which the eper-
ation is performed as to produce differential
qitalities thervein; the provision of n method
ot tempering chrracterized by the direction
of the treating fluid upon the article to be
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tempered in general, and in patticular means
for directing such fluid upon the precise area
o be acted upon; the provision of a method
of tempering characterized by the employ-
ment of a plurality of streams of different
volume or intensity, combined ith means
for controlling the tempering characteristic
of. the metal whereby ‘areas of the article
may be tempered differentially ; the provision
of a method of tempering characterized by
the employment of an ununiform quantity of
tempering fluid whereby areas of the article
may be tempered differentially; the provi-
sion of a method of tempering characterized
by the steps of initially treating localized
areas and subsequently treating the article
whereby areas thereot may be differentially
tempered; the provision of a method of tem-
pering characterized by initially treating one
portion and subsequently tempering other
portions including said first portion without
affecting the first portion. treated; the pro-
vision of a method of tempering whereby
localized areas are initially treated and then
other areas treated together with said first
mentioned areas whereby differential quali-
ties may be obtained by a single treatment;
the provision of a method for the heat treat-
ment of ‘metal, whereby loealized areas aye
created and then subsequently utilizing the
went of -the ‘main body of the article for
varying the property of the areas initially
treated so that the areas first treated will be
of softer character than the other areas; the
provision of a tempering method whereby
localized areas are successively  treated,
wherein the first treated ares, is of softer
character than the subsequently treated
areas; the provision of a tempering method
characterized by changing the character of
and then treating other areas
with said localized areas to produce a dif-
ferentially hardened effect in which the sub-
sequently treated areas are harder than thé in-

(itially treated localized areas,

has for its further ob-
Ject the provision of a tempering apparatus
including means for localizing the temper-
ing action upon the article which it is de-
sired to change; the Pprovision of a temper-
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ing apparatus chalactenzed by the horizon-
tal ejection of temper ing fluid so that parts
may remain unmodﬁed the provision of
tempering ‘Lpparwus Ch"“acm“ ized by the
employment of 2 plurality of streams of

tempering fuid whereby rhﬁcrvn 1al tc-m—
pering may be imparted to an mdd the

prowsmn of 2 tempering appara
fcte zed by the employme zt )

neans for articles to be tempered, &
the further prowswd of means ’01' pro ect-

ing tempering fluid upon o’fher areas 01 the
article; the provision of u tempering appa-
ratus including means for ’no]ectmo tem-

pering fluids upon localized aress and in-

cluding means for termenm‘ other areas;
and the provision of impr roved means for

carrying ‘out the afcmmen-’or‘eﬁ STCCesses.

Tn the attainment of the for ing
jects and certain additional benefits a
vantages to be herein disclosed, I
Convemenc to cariy out my aeumd b\
means of an apparatus, the embodiments 0%
which are illustrated in the %ccompﬂwm
drawing. On ‘inspection of this drawing,
it will be cbserved that as above suggested,
I have for purposes. of convmp; ence 10 dis-
closure and description Alustrated an ap-
paratus in form adapted for the treatment
of a disc-like metwlhc casting, to wit
the present case, flanged cast mangane
steel wheel of a cu‘bon content of. say,
32% to 38%.

The invention is peculiarly adapted for
the treatment of siuch objects as will be
manifest when it is considered th% a greaf
desideratum in the hwrﬂeﬂmg of wheel

treads is that such hardening be pniform in

order that the wheel may wear both uni-
formly in serwce and not lose its circular
character and at the same time th ‘Jw
hardening be 10051117&6 to that portion of
the tread. and throat Wi“icb 1S most usual
in contact Wlfh the tail head in order tha
the rim of the wheel may wear U”‘L"FO? ml
and not become curved in eross-section in
service.

To this end, +herefﬂre it is most desir
able that the onter surface of the ﬂang‘e ot
n

the wheel which ordu”mlv is qu
feient hardness without temperu
further hardened and sm\ﬂai v,
outer marginal DO"ﬁO’l or heel of ¢

which 1s oppoqte to the flange an
much less wear owing to ils re
he rail head be

contact with £ le f’r 1
fied and velatively soft, so t‘ﬁat the wheel
and tread in service will wear down unl-

formly.
Tt is likewise desirable that the web of
the center of the wheel be left free fmm
hardening and in its nerr mal relatively soit
state.
In my application. Serial
have described a method and appa

No. 874486. 1
atus fov
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obtaining a differentially lmrdened tread
sanace by shielding poruo ns of said tread
aingt the action 0| the tempering fuid.
iuﬂudl this process has certain a&\”lmaoea
Put|1ne1 in the apohcmloL aiorﬂrvnmonu‘
it has been found that aside from the neces-
sity of thﬂ use of movmo parts of the ap-
paratus G Tescribed and the V“LC“\‘JH for
ma nu‘l”y or octherwise a3 mlyl 1o this shmld
to the article to be tempered, That the de-
sived shlolc\mg offect is not obtained to the
degree de swed due to cnpducho*‘ of heat
we part of the article ted with which
eld must come into contacL. or bw Tea-
e tempering fnid finding its wa
rticle Dast the protecting snmld
ord “t empewno ? as emplove(l here
1 1‘ei.ztrs o changing the state ot the meta 1
ated, that is, it may apply to either hard-
ening ov softening ov changing the T elative
state or comhulon of various porticns of a
gsingle casting as will appear, the example
lustrated and descr bod being for the pur-

g
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pose of prodl‘cmo B} castmd of various de-
9: ez of hardening in a particular region
thereof.

ng, Fig. 1isa
of one form of

T the ac commﬂvmw drawi
side elovthn talren in section
v femper ing apparatus;

o, 2 1z . fragme eptary view similar to
showing the treatment of another
vt £ an article;

Hig. 3 is o side elevation taken in secklon
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of an spparatus for pr rojecting fempering
1 npen an article;
Wig. 4 is a fragmentary view of the ap-
yare 1— o » treating aT-
ratus r treating an ar

shown in Jg 3 fo
1("0 ina f%f?elem position:
w5 is o fur tﬁe,‘ embodiment o
ralus dlow in Hig. 3;
Fig. Gisa fragm entary view of the am ara
¢ shown in Tm 5 \x“..z the article in the re-
exae position;
Hig. Tisa transverse se
whesl tread;
Fig. 8is a
-the variation
of the carbon.
In oLdef +0 o’uu 1 o steel

ctional view of the

. cavbon iron diagram showing
in temperatures and the state

wwheel hav m(r a
pm't’()}u. 1 in-

¥ ons o{‘-ne read

uf 5 wheel ca - which 1s w'ill

bO\:e the eritical range o partially

ing Tort peviod of time:

271(1 in mv prefer:s bodi:‘ne‘vz where a
-

is to be ter .‘*ee1 por—
tion of th° trend is treated with a ten
Anid until that Hmited portd
*Dmpexutu;\/ substantiaily belcw the cnt-l nl
range.

T have found that
(*9,;:’: wheel. the heel p ortion
condition in about from 10 1o 15 seconds
After this initial tv’mtmem. th casting 13
re mowe@ £20m the influence of the temper ing

steel wheel

g
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fluid for a period of time suflicient to permit
the heat of the main body of the casting to re-
heat the initial portion treated. Preferably
this reheating is attained by conduction from
the main body of the casting to the portion
initially treafed, :

I have found that sufficient re-heating of
the initially treated portion is obtained by
the casting’such as is herein preferably dealt
with, in a period of about 50 seconds, and
that this period of time is sufficient to over-
cole any structural changes which may have
taken place at the initial quenching to render
the heel portion unduly hard, ‘

After air exposure or after the second step
permitting the transference of heat by con-
duction from the main body of the casfing to
the portion initially quenched, the entire
tread surface of the casting is then given a
quenching treatment, rendering the inner sur-
face of the flange, throat, and tread por-
tions extremely hard, whereas the heel por-
tien first treated will be found to be of such
softness as will give best operating results in
the preferred use herein described. The ef-
fect'is similar to that produced by quenching
at lower temperatures.

I have found that quenching’ from 4 to
414 minutes is sufficient to mmpart the desired
hardness to the flange and tread areas and a
softer effect is obtained at the heel portions
or the portions which have been given initial
quenching action..

For purposes of carrying out the proces
above described, T have found the apparatus
shown in Fig. 1 to admirably serve the pur-
pose. : ‘ ‘

Referring to Fig. 1, T have theve illustrated
a quenching apparatus which I have found to
be particularly suitable for treating car
wheels and as therein shown 10 is g pan hav-
ing an annular depression, 11, defined by
the npstanding walls 12 and 13
an intermediate pedestal 14 arranged con-
centrically with the upstanding walls 12 and
13. For supplying quenching fluid to this
pan, I provide fuid conduits 15,16, 17 and 18
arranged on either side of the annulay grooves
defined by the pedestal 14. There is'also pro-
vided an overflow outlet 19 which may be lo-
cated to give any desired depth of overflow.

he process is practised preferably as fol-
fows —The casting, for example a car wheel,
1s treated while at a temperature which is
above the critical range in a manner such as
will be recognized to be the best practise in
stch cases, depending upon the chemical com-
position of the steel that is used.  For giving
the swheel the initial treatment, the quenching
bath inay first he prepared so as to have a
constant level of q uenching fluid. The whee]
is then placed into the quenching pan; so
that it rests upon the pedestal 14 exposing
that portion desired to be treated to the
quenching fluid, and in one embodiment of

ing fluid, I have found that

and having

3

my invention the heel portion 21 is first im-
mersed into the quenching bath. As has been
previously described, the wheel is left in the
quenching bath for a period of 10 to 15 sec-
onds, where water is used as a quenching
fluid.

Though T have described my  preferred
method of operation as carried out in con-
stant level quenching bath, I may first posi-
tion the casting upon the pedestal 14 and
then graduallv supply the quenching fluid
for serving the initial quenching operation.
This method of quenching will have the func-
tion which will bhe apparent as the discussion
proceeds.

After this initial treatment the casting is
removed from the influence of the quenching
fluid to permit the re-heating of the heel por-
tion 21 by conduction of the heat of the body
of the casting which in practice I find is ac-
complished satisfactorily in about 30 seconds
as is above described. Thereupon, the com-
bined areas forming the initially treated heel
Dortion: 21 and the tread surface 22 is
quenched, and where I use water as a quench-
i a period of from
4 to 414 minutes will give excellent results.

The process above outlined may be either
for initially treating the heel portion 21, or if
desired, T may initially treat the flange por-
tion 23 as shown in Fig. 2.

In this way, by a single heating of the cast-
ing, the separate parts may be quenched by a
series of steps, the length of time necessary
for carrying out the steps being sufficient to
permit that change in temperature which
will obtain  best results upon subsequent
quenching action. -

In Fig. 8; I have illustrated a quenching
bath for treating the combined areas of the
wheel treated initially as above described,
and this apparatus is preferably of & nature
described in my application Serial No. 670,486
in which 24 {5 a casing adapted to receive
quenching fluid from the inlet 95 and having
a plurality of series of nozzles 26, 27 and 28

for projecting the quenching fluid, all this-

preferably in accordance with the apparatus
described in my application aforementioned.
In Fig. 4, I have illustrated the apparatus
above described in Fig. 3, but shown with the
wheel in a reverse position, so that the flange
23 is downwardly directed and the heel por-
tion 21 is upwardly directed, thereby permit-
ting the quenching fluid to gravitate away
from the heel portion 21 downwardly upon
the flange portion 23. :
In Fig. 5, there is illustrated a further
bodiment of my invention in

em-
which 29 is'a

‘casing of the same general form as the caging

above described and in my prior application
previously mentioned. This casing is di-
vided préfex'ably,horizontally by the parti-
tion wall 80 forming an upper chamber 31
and ‘a lower chamber 82. These chambers
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are adapted to have separate quenching fluids
fod from independent feeding means or con-
duits not shown in the drawing. The upper
chamber 31 has a plurality of series of nozzles
33, 34, 385 similar to those shown in the em-
bodiments illustrated in Figs. 3 and 4. The
lower chamber 35 has a series of nozzles 36.
By this form of apparatus, the process may
be carried out as follows:i—

The casting is taken up at the accustomed
temperature {07 tempering and is then intro-
duced within the confines of the tempering
device 29, care being taken by suitable means
to have it concenirically positioned with the
general axis of the apparatus. The initial
Tocalized treatment is then given to the cast-
ing by means of a series of jets 36, the temper-
ing fluid being directed against the heel por-
fion 81 in the instance where the casting is
positioned with the heel portion downwardly
directed as shown in Fig. 5.

Upon the application of the tempering fluid
36 for a period of time, as above described,
the flow of the liquid is discontinued for a
period sufficient to permit re-heating of the
initially localized area that has been treated,
that is to say, to permit re-heating by conduc-
tion. Subsequently, upon the expiraticn of
the period necessary to produce this effect, the
jets 83, 34 and 85 are turned on to direct the
quenching liquid ‘upon the entire tread sar-
face, or all the jets 33, 34, 85 and 36 may be
turned on to have the combined tread surface
92 and heel portion 21 submitted to the
quenching action.

The series of jets 33, 34, 35 and 36 are pref-
erably arranged as in my application afore-
mentioned so that the uppermost jet sup-
plies a larger ‘quantity of quenching fluid
than the lowermost seriesof jets. Inthisway
if desired the continuous surface -exposed
will be affected by a uniform: amount of

uenching fluid.

In the embodiment shown in Fig. 6 the cast-
ing may occupy @& Ieverse position so that
the flange portion 23 is downwardly directed
and is first subjected to the initial treatment
by the lowermost series of jets 36.

In Fig. 7 there is illustrated a section of
the periphery of the cast wheel showing the
effect of the differential tempering action in
terms of the Brinell hardness seale. Thus, it
will be observed that those portions of the
tread surface which are required to be tough-
est indicate the lower figures while those por-
tions which receive the greatest wear have the
higher figures. T hese may be made gradient
from the outermost portion receiving the
greatest shock to the innermost portion which
" is apt to receive the greatest wear in accord-
ance with practice which will be obvious to
those skilled in the art. By thus grading the
hardness in accordance with the treatment
above cutlined, uniform wear will be had in

1,780,918

use to retain perfect roundness of the wheel
contour throughoutall of the tread surface.
In Fig. 8 there is shown a carbon-iron dia-
gram, the curves on which indieate the tran-
Gitions of carbon in steel when subjected to
heat, followed by cooling. The upper diver-
gence of the curve, as laid upon the scale, in-
dicates the approximate temperature at which
the carbon content of the steel goes into solu-
tion with the iron.  The lower divergence of
the curve indicates upon the scale the approxi-
mate temperature at which the carbon goes
out of solution with the iron, at which time
pearlite 1s formed.

is at a temperature above the upper critical
point, since in the application of a quenching
medium, after the temperature has fallen be-
low the lower critical point and the carbon

has gone out of solution, only a comparatively
When steel -

slight hardening action results.
has been heated fo a temperature above the up-
per critical point and is then subjected to the
sction of a quenching mediwm, a very sub-
rantial increase in the hardness of the steel is

0

K

_ Tt is known practice to -
quench steel to obtain havdness while the steel

20

established and it remains in such state until

the ve-application of sufficient heat to modify
the said harcness. The critical points of steel
are modified by variations in the chemical con-
stitution of the steel, and therefore the curves
on the carbon-iron diagram shown relate to a
special composition of gteel which I have
found best suited to the production of the ar-
ticles herein mentioned.

1t is readily understood that the results ob-
tained by me in producing a car wheel cast-
ing having a tread surface of harder char-
acteristics than the localized initially treated
surfaces having scfter areas; that is the heel
portion or the outer tread portion,—can be
and are aseribed to the fact that the heel or
rim portion has been quenched at a tempera-
ture above the upper critical point, and would
be as hard as the center of the tread portion
were it not for the fact that the application of
the quenching medium is of such short dura-
tion that the main body of the casting is not
affected thereby, with the result that upon
cessation of application of the quenchi
medium to said heel portion of the tread, th
is a substantial reheating or return of h 3
conduction to the said heel portion whexreby
the hardness thereof 1s substantially modi-
fied, even though the said reheating ov
turn of heat increases the temperature of the
heel pertion to oxceed the lower eritical point
as indicated on the diagram. The subse-
quent application of & substantial volume of
water to the main tread portion of the wheel
causes great hardness thereof, but previously
to this application the heel portion has been
brought below the thermal point at which the
further application of water would confer
great hardness.
® The result of following the various steps

e~
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of the procedure herein indicated is that T
produce an integral car wheel whose main
tread or wearing surface is of great hardness,
and at the same time the heel or outside of
tread portion of the rim is softer and more
ductile, thereby establishing a car wheel struc-
ture which is much stronger under impact
and which will wear more evenly in the reg-
ular service which it performs, than other-
wise would be the case. ‘

Having thus described my invention and il-
lustrated its use, what I elaim ag new and de-
sire to secure by Letters Patent, is:

1. A tempering apparatus comprising in
combination a source of tempering fluid,
means for supporting a casting to be tempered
on its side and means for applying the tem-
pering fluid to the periphery including means
for limiting the range of application of the
tempering fluid from said last named means
to the edges of the peripheral surface of the
casting.

2. A tempering apparatus for car wheels
comprising in combination a source of tem.
pering fluid, means for directing a plurality
of streams of fluid from such source upon the
reriphery of the car wheel to be tempered,

said streams being operable independently of -
each other to effect g

adient tempering by
application of independently controlled
streams of tempering fluid,

5. A tempering apparatus for car wheels
or the like comprising in combination a
source of tempering fluid, means for direct-
ing a stream of fluid from such source upon
the peripheral portion of the article to be
tempered, said means having independent
means of controlling the flow of fluid to direct
gradient quantities of such tempering fluid to
the periphery whereby an edge portion of said
peripheral portion may be independently
treated.

4. In a tempering apparatus adapted to
temper a car wheel casting, means for direct.

5 ing a tempering fluid in a plurality of streams

to the periphery thereof comprising inde-
pendent chambers, one of said chambers in-
cluding means for directing a plurality of
series of streams.

5. In a tempering apparatus adapted to
temper a car wheel casting, lying on its side,
means for directing a tempering fluid to in-
dependent portions of the periphery thereof
comprising independent chambers, one of
said chambers including means for directing
a plurality of series of streams arranged one
above the other. :

6. In a tempering apparatus adapted to -

temper a car wheel casting, lying on its side,
means for directing a tempering fluid to in-
dependent portions of the periphery thereof,
from independent sources comprising inde-
pendent chambers, one of said chambers in-
cluding means for directing a plurality of
streams arranged one above the other, the up-

riphery of said car

5

permost seties having the largest volumeé of
streams. ,

7. A tempering apparatus for car wheels
comprising in combination a source of tem.
pering fluid, means for directing a temipering
fluid to the peripheral portion of the car
wheels and means for directing and limit-

‘Ing the application of the tempering fluid to

outer edges of the peripheral portion for
tempering the peripheral portions with dif-
ferent intensity to other portions of the pe-
riphery.

8. A tempering apparatus for car wheels
comprising in combination means for direct-
g a plurality of streams of fluid to the pe-
wheel including means
to direct and independently limit with dif-
ferent intensity the application of the tem-
pering fluid to outer edges of said periphery.

9. A tempering apparatus for car wheels
comprising in combination means for direct.
ing a tempering fluid in independent streams
to different portions of the periphery of the
car wheel, independent chambers for said
tempering fluid; one of which being arranged
for directing the tempering fluid to an outer
edge of the periphery for tempering the pe-
riphery of said casting with different in-
tensity.

10. A tempering apparatus for car wheels
comprising in combination means for direct.
ing a tempering fluid in independent streams
to different portions of the periphery of the
car wheel. independent chambers for said
tempering fluid, one of which being arranged
for directing the tempering fluid to an outer
edge of the periphery of said casting, the
other of said chambers being provided with
means to independently direct the tempering
fluid to inner portions of said periphery of
said casting whereby tempering of different
intensity of the entire periphery may be ob-
tained.

In testimony whereof, I have hereunto
signed my name this 29th day of October,

1926.
JAMES CAREY DAVIS.
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