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1 Clalm

Thls invention relates to the art of heat treat-
ing, .and more particularly to the differential

treatment of heat trea.table cast iron camshafts

and the like.’

One of the principal ob;ects of the invention
is the pravision of a simple and effective method
of differentially heat treating cast iron articles

" such as camshafts and the like to alter the

physical - characteristics of such articles to dif-

10 ferent and desired degrees at spaced points
therein.

Another object of the invention is the pro-
vision of a method of differentially treating cast
dron camshafts to import the desired hardness to
_.localized areas thereof and to refine the material
"4t other portions.. :

A further object of the mventmn is the prc-
vision of apparatus for-carrying out this method.

5

Other objects and advantages of the invention

will-be apparent from the following description,
‘the accompanying drawing and the appended
. claim,

In the drawmg, “which dlscloses a preferred
embodiment of the invention—

Fig.'11is an «¢levational view of a camshaft of
the character upon which this invention is prac-
ticed;

Fig. 2 is a side elevational view of a supporting
structure used in the heat treatment of the cam-
shaft of Fig. 1;
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Pig. 3 is a transverse sectmnal v1eW as indi-,

cated by the line 3--3 of Fig. 2; .

Fig, 4 is a diagrammatic showing of one stage
of the heat treating operation; and

Fig. 5 is a diagrammatic showing of a mod1-
fied arrangement of the quenching jets.

The drawing, in which like characters of refer-
ence desighate like parts throughout the several

€
)

views thereof, illuistrates a method of heat treat-

40 ing articles of cast iron, and more particularly
for treating camshafts which have been cast
from an iron that is subject to heat treatment:
The use of such materials, heat treated in ac-
cordance with the present invention, widens the
3 field of usage of cast iron by permitting the sub-
stitution of this relatively inexpensive material
for the more costly steels.
material preferably used in accordance with.this
invention, this material being a cast iron in
which: the gra.phlte is controlled by adjusting the
chemical composition to a point where the cast-
ing would normally be white iron, and then caus-
ing all carbides over the amount necessary.for
pearlite to decompose into diffused particles of

50

“Meéehanite”. is the

1935, Serial No. 44,164
(CL. 148—21;

graphite by the addition of measured amounts
of calcium silicide. -

In utilizing such materlals for camshafts, of
which an illustrative example is shown at m in
the drawing, and which comprises integrally
formed cams 1, bearings 12, a gear 13, and an
eccentric 4, the difference in the physical re-
quirements of the different parts of the shaft
necessitates a differential treatment so that those
parts subject to extreme wear will have the I
required hardness and those other portions, such
‘as the bearings, gear, ete., will be refined-to the
desired degree but permlttmg the machining of
these parts after this refining has taken place. .

In the dpractuce of this invention the cam shaft '
is heated to a suitable temperature above the
critical temperature, the localized areas required
to- be hardened very hard are then ‘subjected to,

2 localized water mist quenching operation which
is of such character that the- hardening extends !
over only a desired hmzted area and depth after
which the entire article is'subjected to a quench-
ing operation to fix or retain the properties cur-

. rently existing in the shaft. The re]atxonshlp
of the successive steps of the treatment is such 25
that during the initial quenching of the local-
ized areas, such as the cam lifts, the temperature
of the remaining portions falls from the .initial
high temperature at which localized quenching -
begins to suitable temperature such that subss- 30

. quent rapid quenching of these remaining por-
‘tions results in a desired toughening and re-
fining of such character that the last quenched
parts remain machinable. .

In-order that the hardening may be of con- 8%
trolled extent and depth, the initial quench ng
operatlon which serves to harden the localizzd
areas is arranged to-be readlly controllable so
that the rate of heat transfer, while quitc fast
50 as to'afford a quenching operation to induce 40
the ‘desired degree of hardness, is regulated in
accordance with the proportioning and bulk of
the article. That is to say, the absorptlon of
"heat by the quenching medium at,the localized-
areas is at a controlled rate, and\is coordinated
to the transfer of heat into those portions of
the shaft from the shaft parts not then sub-
jected to quenching 'so that hardening of the
quenched. parts occurs only to the desired extent 50
and depth. The rate of heat change through the
eritical temperature is sufficiently fast that hard-
ening occurs, bub.is-at such'a rate that in’the
interval during which the remainder of the
shaft iIs cooling to a desired temperature for {

45




10

15

. ment with another of the arms as indicated at 21..

70

2 .
quenching the hardened area is resitricted as
desired. ] .

Hardening of this character obtains through
the use of water charged air blests which are
simultaneously directed only against the por-
tions of the cams that are to be hardened. The
characteristics of the blast, that is, the tem-
perature of the air and the quantity of water
enprained therein is coordinated to the physical
proportions of the shaft to thereby regulate the
quenching rate. A complete treatment of the
shaft occurs with one heating thereof.

To carry out this method of heat treatment,
and to properly and accurately direct the quench-
ing blasts to the desired points, a frame 20 is
provided which is arranged to .hold the heated
shaft in a predetermined positioning or, range

-of positioning. As shown, the frame comprises

a base 2{ having means centrally located thereon
as indicated at 22 for the reception and centering
of one end of the camshaft §0, which is mounted
vertically in the frame. The base 21 carries two
spaced locating lugs 24 which cooperate with a
lug 24’ fixed on the camshaft to position the
camshaft in predetermined approximate position
permitting some limited variation in position
about the camshaft axis. Angularly spaced with
respect to the center support 22, and projecting
upwardly from the base 21, are a plurality of
arms 23; each of which has provision for sup-
porting nozzles in proper operating relationship
with the. cam areas that are to be hardened.
Additional support is provided for tentral loca-
tion of the shaft within the holding frame and
is shown as comprising an arm 25 .pivotally

mounted at 26 from one of the upstanding arms

23 and arranged to be held in latching engage-

The pivotally movable arm 25 is provided with
shaft engaging means such as the centering pin
28 which interfits a centering hole in the end of
the .cam shaft. .

The upstanding arms 23 are shown as being of
different heights; the extent of these arms being

determined by the positioning of the cams which -

in turn govern the positioning of the nozzles car-
ried by the different arms and which direct the
quenching blasts. The -nozzles, which are lo-
cated in predetermined position coordinated with
the cam positionings, are each attached to a

source of air under pressure and to & fluid supply’
for introduction of a water stream or mist direet-.
1y against the cam lifts. To clarify the showing.

of Fig. 2 the complete conduit connectiorns to the
plurality of nozzles has been omitted and only
short conduit sections are illustrated to avoid a
multiplicity of lines thereon.
the nozzles 30 has a conduit 31 and a conduit 32
cohnected respectively to a source of air under
pressure and a water supply tank. As shown in
the diagrammatic illustration of Fig. 4, all of

‘the air conduits 31 have a common connection

to a control valve 33 which is connected to\ any
suitable air pressure source. ‘The water cor;duit
32 has a valved connection 31 to a water supply
tank 38 which is preferably provided with means
such as pump 34 for creating a suitable small
pressure, The arrangement of the pozzle may

. . be such that water or a mixture of water and air

in the desired proportions is supplied under pres-
sure by regulation of valves in the supply lines,
or the arrangement may be such that the water
is entrained in the air blast merely by an aspirat-
ing action. 'The arrangement of each’'nozzle is
such that it is accurately positioned with respect

As shown, each of .
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to the cam lfi associated therewith when the
lug 24’ is positioned midway between lugs 28, so
that the air blast is directed against the poinf
of the cam lift as is shown in Fig. 4. Limited
movement of the shaft about its own axis while
the blast is effective provides & hardened suriace
adjacent the point of the cam as well as harden-
ing the point itself.

In the practicing of this invention the cam-
shafts are first heated to a temperature above
the eritical temperature. When using a material
of the character mentioned the critical tempera-
ture on cooling is of the order of 1350° F. The
temperature to which the camshaft is raised is
of the order of 1600° F. Quenching of the lo-
calized areas, or cam lifts, that are to be hard-
ened takes place from a temperature that ap-
proximates this high temperature and continues
until the temperature of the remaining portions

_of the shaft has fallen to a point at which sult-
able refining and toughening will occur. The
temperature at which the second quenching oc-
curs is selected in accordance with the required
hardness properties for any particular work piece,
but is preferably at a temperature of the order of
1000° F. for the particular material referred to.

As mentioned in general terms above, the
quenching blast on those parts that are to be
greatly hardened continues while the remainder
of the shaft is cooling to a suitable temperature
for quenching, and it will be apparent that proper
regulation of the quenching blasts as by adjust-
_ment of their time of duration will control the
characteristics of the other parts of the shaft,
when those other parts are quenched as by im-
mersion in water. On shafts in which the areas
to be hardened are large as compared to the bulk
“of the shaft the rate of heat transfer will be dif-
ferent than in shafts wherein the hardened areas
are small as compared to the general proportions
of the shaft. In either instance the rate of heat
transfer produced by the water blasts is such as
to provide a temperature drop rapid enough to
produce hardening. . S

The duration and rate of the localized water
blast quench is such that when the untreated
portions have reached a suitable temperature,
those portions which have been gubjected to the
localized hardening quench will have dropped to
a low temperature of the order of 200° F. In
order that an objectionable drawing of the hard-
ened areas may not occur the second or immer-
sion quench takes place very quickly after dis-
continuing the quenching blasts and before an
objectionable heat 4ransfer can take place within
the shaft toward the hardened areas.

The time interval between the initial quench-
ing of the parts that are to be very hard and
the subsequent quenching of those parts that are
to be toughened and refined may vary somewhat,

_depending on the character of the work piece.

The temperature of the work piece begins to
fall as soon as it is removed from the furnace.
Those parts subjected to localized quenching may
have a very rapid temperature change, The tate
of temperature change of those parts not sub-
jected to quenching will be influenced by the
nearness of such parts to ‘the quenched areas, -
by the relative bulk of the quenched and un-

_ quenched parts, by radiation, by the accessibility
of the parts to air conduction and such factors.
In order that the su uent quenching may oc-
cur at a proper temperature, or at properly re-
lated temperatures in the work plece, it may be
desirable in some instances as, for example, in *
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2 bearing or in a part of the shaft of large bulk

which will have a slow normal cooling, to induce
a more rapid cooling by artificial means such, for
example, as by directing one or more air blasts
on the particular parts of the work piece. The
rate of temperature change resulting from the
application of the air blast is such as to not
produce a quenching action, and it may be so
regulated that at the termina,tion of the initial

‘quenching the temperature of the part or parts

subjected to the air blast will be a proper one
for subsequent quenching. The air blast may also
function to accelerate the temperature drop of
certain portions so that upon subsequent quench-
ing those parts will be at a lower temperature

than other parts not subjected to initial quench-

ing so that at the time of subsequent quench-
ing several different temperatures exist in the
work piece and correspondingly different degrees
of hardness will result from quenching.

As an illustration of the application of an air

blast attention is directed to Fig. 2 wherein one
of the arms 23 of the frame 20 is shown as hav-
ing a nozzle 40 that is directed toward the shaft
bearing portion 12 which stands at the lower part
of the shaft as mounted in the frame. The
nozzle 40 has a connection 41 to the source of
air supply and to provide a desired regulation
of the air flow and coordinated rate of temper-
ature.change a valve may be incorporated as in-
dicated at 42. It is pointed out that the single
nozzle shown is but an illustrative example and
that a plurality of the nozzles may be used and
may be positioned as -desired.

The bearing 12, being of relatively large bulk
as compared to the remainder of the shaft, and
being more remotely positioned with respect to
the water mist quenching blasts than the gear

i3 for example would have a normal cooling at .

a slower rate than the gear referred to. The
application of an air blast at this point affords a

" regulated temperature drop permitting subse-

45

quent quenching at a desired temperature.
Localized hardening of the cam lifts may he
accomplished by the use of a plurality of quench-
ing blasts directed at different portions of a cam
as well as by the use of a single blast with ac-
companying cam movement as described above,

3

Referring now to Fig. 5, an arrangement is shown
incorporating a cam f1’ with which is associated
two nozzles 30’ that are placed on opposite sides
of the cam point so that quenching blasts are
directed simultaneously to both sides of the cam.
The positioning of these nozzles may be altered
in accordance with the desire to harden more or
less of the cam surface.

Treatment of the character described makes
possible the use of relatively inexpensive cast
iron in fields of service heretofore restricted to
more costly steels. Materials of the character
mentioned have a Brinell hardness .as cast of
about 210. These materials are capable of be-

-ing’ hardened up to a Brinell reading of 500.

Through the use of the hardening blasts as de-
scribed the hardness of the material may be
readily increased to 475 on the Brinell scale which
is suitable for the purpose specified. The sub-
sequent toughening quench results in a Brinell

hardness of the order of 270 which is adequate

to provide a desired wear resistance to the bear-
ings, gears etc. while retaining those parts in =
state that is readily machinable..

‘While the form of apparatus herein described
constitutes a preferred embodiment of the in-
vention, it is to be understood that the invention
is not limited to this precise form of apparatus,
and that changes may be made therein without
departing from the scope of the invention which
is defined in the appended claim. .

What is claimed is:

The method of heat treating e camshaft of

heat-treatable cast iron which comprises heat-

ing the camshaft above its critical tempera-
.ture, then, subjecting only the cam lifts to a rapid

quenching operation through the critical tem-
perature and to a temperature of only a few
hundred degrees F. by air and water for harden-
ing the cam lifts, rotatably moving the camshaft
through a’'small angle while said rapid quench-

ing operation is effective, cooling the remaining
. portions of the camshaft at a slower rate to a

point somewhat below the critical temperature,
and then quenchmg the entire shaft by immer-

sion.
© JOSEPH D. JUDGE.
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