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UNITED STATES PATENT office 
2,329,188 

PROGRESSWE HEAT TREATING 
Francis S. Denneen, Cleveland, and William C. 
Dunn, Shaker Heights, Ohio, assignors to The 
Ohio Crankshaft Company, Cleveland, Ohio, a 
corporation of Ohio 
Application June 19, 1941, Serial No. 398,726 

(CI. 266-4) 12 Claims. 

This invention relates to apparatus for pro 
gressively heating articles and is particularly 
adapted to the heat treatment of a series of ar 
ticles in relatively rapid succession. 

Heat treating a series of similar articles in a 
progressive manner is well known in the art, but 
limiting and accurately controlling such heat 
treatment to definite surface Zones of varying 
forms and depths and accomplishing the heat 
treatment of the articles in rapid succession for 
mass production, has not been accomplished suc 
cessfully heretofore. In the manufacture of ar 
ticles such as piston pins it is often desired to 
have the entire outer cylindrical surface Zone 
hardened, but it is important that this Zone be 
so limited in depth that the wall of the pin is 
not hardened entirely thru at those points where 
the wall is thin and that the depth of the hard 
ened Zone be of generous and ample proportions 
where the wall is thick and where the greatest 
amount of bearing wear occurs. 
The chief object of our invention has been to 

provide apparatus for Successively hardening to 
varying depths the Surface Zones of a series of 
articles. Another object has been to provide 
means for accomplishing such hardening in rapid 
succession. A further object has been to pro 
vide automatic temperature controlled means for 
Controlling the rate of movement of the articles 
during heating and quenching. Other objects 
will become apparent from the following descrip 
tion. 
With the above and related objects in view, 

the said invention consists of the means herein 
after described together with the steps employed 
in using this or similar means, which means and 
steps are particularly pointed out in the claims. 
The annexed drawings and the following descrip 
tion set forth in detail certain means and One 
mode of carrying out the invention, such dis 
closed means and mode illustrating, however, but 
one of various ways in which the principle of 
the invention may be used. 
In the annexed drawings: 
Figure 1 is an elevation partly in section show 

ing the preferred form of our apparatus. 
Figure 2 is a section taken substantially at 

2-2 of Figure 1. 
Figure 3 is a section at 3-3 of Figure 1. 
Figure 4 is an elevation and indicated at 4-4 

of Figure 1. 
Figure 5 is a plan view showing a modification 

of the inductor shown in Figure 2. 
Figure 6 is a section substantially on line 6-6 
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of Figure 5 showing both inductor and quench 
ring. 
Figure 7 is a further modification of the in 

ductor and quench ring. 
Figure 8 is a schematic illustration, showing a 

temperature responsive control mechanism ap 
plied to the apparatus of Figure 1. 

Referring now to Figures 1, 2, 3 and 4 of the 
drawings, the parts to be hardened, and which 
may aSSume a variety of forms, are illustrated 
by the piston pins to which are delivered by 
gravity from the adjustable chute thru the 
guide tube 2 to the inductor 3 thru which they 
pass with suitable clearance as indicated at 4. 
Current of suitable frequency is supplied to this 
inductor from bus bars 5 usually connected to 
a transformer such as 6. Cooling fluid supplied 
by lines if and 8 regulates the temperature of 
the inductor, he current in the inductor pro 
duces heating currents which flow peripherally, 
chiefly in that part of the outer surface zone of 
the pin which is within the inductor. As incre 
ments of the pin emerge from the inductor they 
have been heated to or above hardening tem 
perature. The pin in moving downwardly enters 
the quench ring 20 which is provided with lugs 
or radial projections 2 to assist in holding the 
pin in line as it passes downwardly. Quench ring 
20 is provided with a peripheral passage 22 lo 
cated at such distance from the inductor as to 
delay the quenching until the temperature of 
the pin has dropped to the desired level in its 
downward travel, and at such angle as to sweep 
away any pockets of steam or other gas which 
tend to form on the surface of the pin. As the 
pin continues to descend it enters guide ring 
23 which is provided with axial flutes as at 24 
and with a quench chamber 25 from which ad 
ditional quenching fluid is delivered thru orifices 
26 onto the pin to complete the quenching. Valve 
W controls the delivery of quenching fluid to 
chamber 25. - 

The amount of quenching fluid and the pres 
sure of this fluid when it is projected against 
the pins is controlled by the opening of pas 
sage 22. This opening is regulated by adjust 
able ring 30 which is threaded into the body 
of the quench ring 20. Not only is the amount 
of quenching fluid regulated, but the distance 
from the indicator to the point where this fluid 
impinges against the pins is controlled. This is 
accomplished by regulating the distance of the 
quench ring 20 from the inductor. The quench 
ing fluid is supplied to the quench ring by the 
inductor which in turn is supplied by lines 7 



2 
and 8, this fluid in passing first thru the in 
ductor prevents any harmful rise in its tempera 
ture as pointed out above. The quenching fluid 
is delivered to the quench ring from the inductor 
by means of the hollow screws or studs 3 shown 
more clearly in Figure 4. These hollow Screws 
not only serve as means to deliver the quenching 
fluid to the quench ring, but serve as means to 
regulate the axial positions of both quench rings 
20 and 23. The screws 3 are threaded into 
the inductor as at 32 and are held in adjusted 
positions by jam nuts 33. Rings or nuts Such as 
34 hold quench ring 20 at the correct level and 
set screws 35 support the lower quench ring 23. 
The parts of both upper and lower quench rings 
are usually made of non-conducting material, 
such as micarta, to eliminate the use of Special 
bushings and other insulators. PaSSages are 
provided in the sides of the screws 3i to deliver 

5 
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the quenching fluid into the annular chamber 20 
of ring 20. 

Each pin as it descends is supported by an 
other pin which has preceded it in its downward 
movement. The last or lowest pin is Supported 
by cam 3 which is formed to regulate the rate 25 
of movement of the column of pins and, as 8. 
result, the rate of travel of each pin as it passes 
not only the inductor but the quench rings also. 
Thus for a uniform Supply of power to the in 
ductor, the rate of movement will control the 
depth of the heated 20ne. It is usually possibie 
to control the rate of movement by the form of 
the cam only, but in some cases a further co 
trol is provided by varying the rate of rotation 
of the shaft 33 on which the can is mounted. 
The bore of the piston pin is usually enlarged 

at both ends from a minimum diameter at its 
central portion leaving a greater wall thickness 
at its center. Since greater pressures and hence 
greate Wear are usually imposed on the centra 
part, it is desired to provide a hardened Zone 
of greater depth at its center. To accomplisi 
this, the can 3 is SC formed thai, the axial 
movement of the pin is siower as tinis center pari 

35 
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passes thru the indictor i3 than while the eidi is 
parts are passing theretnir, thus giving morg 
time for the induced currents to penetrate deeper 
and thus to heat deepe:' zi, iihis ce;3; car. 
this varying rate of raWei is a de Sicil by 

the call as 63 taper ou; the dieptin the form of 
of She hardened zone to the desired minimu.ii. 
a looti grids. 

$o rotate in the direction 
indicated, the face 38 of £ine ca: engages he 
side of the piiri at its upper end and tips it into 
the inclined position shown while the pin co 
tinues to descend supported by the portion i? of 
the cam. The supported end of the pin sides 
along this portion 40 which is so formed that, 
the pin continues to descend while it is being 
tipped and expelled by face 39 of the cam, thus 
permitting the succeeding pin above to descend 
at the correct rate during the period of ejection. 
Pairs of support Springs 4f and 42 serve as means 
for holding the pin in a substantially vertical 
position as it descends out of lower quench ring 
23. In its lower position the lower end of the 
pin is held by lower springs 4 while the upper 
Springs open under pressure of the can acting 
against the upper end of the pin. As the cam 
continues to rotate from the position shown, the 
pin is carried out bodily and permitted to fall 
into a suitable receptacle while the pin follow 
ing from above contacts the cam and continues 

70 
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its downward movement in the same manner 
as the pin which had preceded it. 
By changing cams and by changing the dis 

tance between the cam center and the lower 
quench ring, pins of various lengths can be heat 
treated, 

This is accomplished by raising or lowering 
bracket 43 carrying shaft 38 of cam f. The 
spline or key 43' serves as means for guiding 
the bracket. Slotted holes in the bracket for 
the screws holding the bracket in engagement 
with support 43' permit this movement when 
the Screws are loosened. Key 43' also serves 
as means for guiding the support for springs 4 
and 42 which also are adjusted in some cases . 
When cam 3 is changed or is raised or low 
Bred. 
By varying the power input to the inductor 

and/or the rate of rotation of the can the depth 
of the heated Zone and/or the linear rate of heat 
treating is controlled. The general arrangement 
of the inductor and quench rings also are radially 
changed to accommodate varying conditions and 
varying requirements in the finished product. 

It is usually necessary to inspect the pins as 
they leave the indicator and before they enter 
the quench ring so as to know that they are 
at the right, temperature when quenching be 
gins. For that reason practically all quench rings 
are arranged either as to form or location so as 
to permit the heated parts to conne into view 
as these parts leave the inductor. The required 
distance oetween the inductor and quench ring, 
Such as the space 44, is usually sufficient for 
this purpose. In other cases it is not, and the 
mechanism inust be so formed as to provide in 
Spection OpeningS. 

In the modification shown in Figures 5 and 6 
the quench ring comprises the support 5 having 
inspection ports 46 and quench discharge mem 
bers 4 and 48. The annulus of quenching fluid 
is thus Spaced at Some distance from the inductor 
49 altho the support, may be made as narrow as 
required to reduce this Spacing. The Support 
With its discharge members is adjustable longi 
£udinally of the travel of the pins or other parts 
thru the inductor b3, means of studs or screws 
S. Quencing fluid is taken fron chamber 5 
in the inductor by reals of insulating tube 52 
which is slidable in the inductor and this fluid 
is delivered into Space 53 between the flanges 
is and of the Cui ench delivery members. 
sinese dielivery members may be made of any 
Suitable metallic material, but preferably are 
Inade of heat resisting glass to render the ar 
ticles visible as the approach the quenching 
region just at the lower edge of the outer mem 
iser. The direction of the elements of the coni 
Cai sheet of quenching fluid is readily changed 
joy replacing one or both of the quench delivery 
inenberS by others. 
Another modification in which only one 

quench ring is employed is shown in Figure 7. 
In this arrangement the inductor 60 has an an 
nular cooling fluid chamber 6 thru which tubu 
lar Studs 62 pass for holding the quench ring 63. 
This quench ring has a multiplicity of passages 
directing quenching fluid at the desired angles 
against the parts being heat treated as these 
parts pass thru this quench ring. The quench 
ring is raised and lowered as desired by means of 
nuts 64 and 65 seating on the upper and lower 
faces respectively of the inductor. Passages 
Such as 66 are provided in the tubular studs for 
receiving the quenching fluid so as to deliver it 
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to the quench ring chamber. The delivery pas 
sages from the quench ring are directed as re 
quired to insure the necessary quenching and 
are arranged in annular rows. The passages in 
the upper row 6 usually are of a different size 
and at a different angle than the passages 68 in 
the lower row and are usually staggered to dis 
tribute the quenching fluid over a greater surface 
of the articles being quenched. 
Since manual control cannot be depended upon 

to provide the high degree of accuracy required 
to produce the uniform results demanded, auto 
matic means for regulating heating and quench 
ing are resorted to in many cases. The amount 
of heat imparted to the article being heat treated 
is controlled either by varying the rate of power 
being delivered during the heating interval or by 
keeping the delivery of power substantially con 
stant and varying the rate of travel of the article 
thru the heating region, or by both. For a given 
rate of travel, the power input must be regulated 
to produce the required heating, not only as to 
surface temperature but as to depth of the heated 
zone. if the power input is fixed, the rate of 
travel is regulated to provide the correct ten 
perature and depth of heated zone. w 
In the present case, the can employed is of 

fixed form and, for a constant speed of the can 
shaft, provides a definite rate of travel which 
may be constant or which may vary at different 
parts of the movement depending on the form of 
the cam. Regardless of the form of the can Or 
the power input, sufficient heat must be added 
to bring the surface zone to hardening tempera 
ture. To insure attaining this temperature an 
automatic control mechanism responsive to the 
temperature of the surface zone has been pro 
Wided. 
The mechanism for insuring automatic ten 

perature control is shown in Fig. 8. In this fig 
ure the apparatus substantially as illustrated in 
Fig. 1 is provided with a temperature responsive 
element connected to control the movement of 
the article being heated and quenched. As the 
article iO passes inductor if its temperature rises 
until it reaches a maximum at the point where it 
leaves the flux field produced by the inductor. 
This temperature usually is a little above the 
critical so that as the article enters the quench 
ring 72 its temperature drops gradually until the 
quenching region at the annular passage 73 is 
reached where vigorous quenching occurs due to 
fluid quenching medium supplied under pressure. 
Since different articles require different temper 
atures and thus different rates of travel in paSS 
ing from the inductor to the quench ring, means 
for controlling the temperature of the article 
at the time it reaches the quenching passage 
must be provided. 

Since such control is difficult to operate manu 
ally, automatic means is desirable and often nec 
essary. To accomplish this control, a tempera 
ture responsive member such as the thermo 
couple T4 is often employed. This is usually 
placed as closely as possible to the quenching 
passage since the temperature of the article at 
the time of quenching is the factor which deter 
mines to a major extent the results of the heat 
treatment. To prevent the steam or other vapors 
resulting from the quenching from contacting 
with the thermo-couple thus influencing its 
voltage, a shield 75 is provided to protect the 
thermo-couple and to lie closely enough to the 
article to prevent the vapors from readily passing 
into the space within the shield. 

0. 

20 

34 

33 

4. 

45 

50 

55 

60 

65 

70 

75 

3 
Since the current delivered by a thermo-couple, 

or by other temperature responsive devices, is 
usually very small, the thermo-couple is con 
nected to a sensitive instrument such as the gal 
VanOmeter shown at 77, the indicator 78 of which 
requires a very small moving force. By means 
of a light 19 and one or more photo electric cells 
Such as 80 and 8, which are usually placed side 
by side, the current in the field 82 of the variable 
Speed motor 83 is changed thus changing the 
Speed of shaft 84 carrying feed control cam 85, 
the motor being connected to drive this shaft. 
The indicator 78, in certain positions, serves as 

a shield to interrupt the passage of light from the 
Source of illumination. 79 to the photoelectric cells 
80 and 8, which cells are connected through suit 
able relays to supply current to motor 86. The 
Current supply to this motor controls its move 
ment to regulate the field 82 and consequently 
the Speed of motor 83, which motor, thru suit 
able gearing and shaft 84, rotates feed cam 85. 
Both of these motors are preferably of the direct 
current shunt wound type. The photo-electric 
cells 80 and 8 thru solenoid operated switches 
88 and 89 operate to reverse the direction of motoy 
86 and consequently to increase or decrease re. 
sistance in rheostat 90 in the circuit of field 82 
of feed motor 83. A hand operated rheostat 9 
is included in this field also to serve as a pre 
liminary adjustment for the speed of this moto;. 
Solenoid operated switch 92 serves as means for 
opening the circuit supplying current to motor 86 
So as to stop this motor and to thus leave the 
field rheostat 90 in its normal operating position 
When this position has once been reached. 
Current is supplied to motor 83 by means of 

SWitch 93 which connects this motor to direct, 
current power lines 94 which lines also supply 
current to motor 86. High frequency current, of 
Suitable power is supplied to inductor 7 by means 
of SWitch 95. 

The operation of this mechanism is substsah. 
tially as follows: 
Connections are made as indicated on the draw 

ing, switches 93 and 95 being closed to start feed 
can 85 and to supply heating current to inductor 
T. The temperature of pins 0 rapidly increases 
and is somewhat above the critical as these girls 
leave the alternating flux field of the inductor and 
enter quench ring 12. The temperature of these 
pins is indicated by the voltage of thermo-couple 
4 just before the heated surface of the pin passes 

into the conical sheet of quenching fluid emerging 
from passage 73. This voltage causes operating 
current to pass thru galvanometer 77 and to cause 
the galvanometer needle 78 to move so as to pass 
aCrOSS and interrupt the beams of light passing 
from source of illumination 79 to photo-electri 
cells 80 and 8 f, the end of this needle having : 
shielding disc or plate. In moving in one direc 
tion it interrupts the light beam passing to one 
of these cells and in moving in the opposite direc 
tion it will interrupt the light beam passing to the 
other cell. In its central position, which corre. 
Sponds to the desired quenching temperature of 
the pin as transmitted to the galvanometer by 
the thermo couple 74, the needle shields light 
from both cells 80 and 8 simultaneously, the 
needle being formed so as to accomplish this 
shielding Substantially in its central position. 
As a precautionary measure against failure in 

the control circuits, such, for instance, as an in 
terruption of supply of current to motor 83 and/or 
motor 86 which would result in serious overheat 
ing of pin 0 and possible injury to the mecha 
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nism, means is provided for automatically in 
terrupting the supply of power to inductor 
when such overheating tends to occur. This is 
accomplished by opening switch 95 by means of 
solenoid 97, the current supply to this solenoid 
being controlled by a temperature responsive 
means such as photo-electric cell 98 which is so 
directed as to intercept light produced by an 
overheated condition of pin 0 at the point 99 
where this pin leaves the inductor 7 and which 
is the point where maximum temperature usu 
ally occurs. 

It will be understood that a photo-electric cell 
can be employed instead of the thermo-couple 
when apparatus more rapidly responsive to varia 
tions in temperature than the thermo-couple is 
required. The rate of movement of the articles 
O is controlled by both the form of can 85 and 

by its rate of rotation. Its form is changed by 
substituting other cams. Such other cans may 
not only provide different rates of travel, but pro 
vide for handling articles of different lengths. 
The shaft carrying the cam is readily raised or 
lowered along the guide key, such as 3' of Figs. 
1 and 3, to accommodate such substituted Can. 
The can if formed to vary the rate of movement 
of the article will vary the time during which Suc 
ceeding parts of the article are in proximity with 
the inductor and will thus vary the degree of 
heating being accomplished. To prevent over 
heating of the surface metal when the normal 
rate of rotation of the can lets the article move 
too slowly, and to prevent under heating when 
the rate is too fast, the thermo-couple T4 thru 
the light actuated relays 80 and 8 changes the 
rate of rotation of the cam. The variation in the 
rate of novement of the article Will be the same 
as before, but will occur in longer or shorter 
periods of time depending on whether the Speed 
of the shaft is decreased or increased by the 
relayS, 
In some cases the cam is formed to give a uni 

form rate of travel to he article and the relays 
serve as before to keep the surface temperatures 
within the prescribed limits. Variations in the 
depth of heating, in either case are readily Con 
trolled further by regulating the amount of power 
delivered to the inductor by regulating the field 
current of the generator such as by rheostat OO 
or by other regulating means if power is supplied 
by some type of equipment other than the usual 
generator. 
Other modes of applying the principle of Our 

invention may be employed instead of the one 
explained, change being made as regards the 
structure herein disclosed and the steps employed 
in its use, provided the means or method stated 
by any of the following claims or the equivalent 
of Such Stated means or method be employed. 
We therefore particularly point out and dis 

tinctly claim as our invention: 
1. In a method of heat treating a metallic ar 

ticle, the steps comprising progressively moving 
the article in series with other articles, passing 
said article downwardly relative to an inductor 
and in close proximity with the inductor, Con 
trolling the rate of movement of the article by 
means of a supporting cam, regulating novement 
of the cam by temperature actuated means to 
control the heating, passing the article from the 
inductor into quenching means, regulating the 
distance between the inductor and the quenching 
means to control a drop in temperature before 
quenching, supplying power to the inductor at a 
predetermined rate, and discharging the article 
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by bringing a side of the can into engagement 
thereWith. 

2. In a method of heat treating a series of 
metallic articles, the steps comprising progres 
sively moving the articles in contiguous relation 
with each other past an inductor, supplying cur 
rent to the inductor to induce heating current in 
the articles, controlling a rate of movement of 
one of the articles by the temperature of a pre 
ceding article to maintain surface temperatures 
of a succeeding article within prescribed limits, 
moving the articles into a quenching means, and 
adjusting a member comprising a part of the 
quenching means to control a stream of fluid 
being projected at an acute angle against a heat 
ed surface of the article. 

3. In a method of hardening corresponding 
Surface Zones of a series of ferrous articles, the 
Steps comprising advancing the series of articles 
downwardly by gravity past an inductor and in 
heating proximity with the inductor, supplying 
inducing current to the inductor, to heat the ar 
ticles, each of the articles being supported by 
the article below it, controlling the movement of 
the lowest article to control the rate of move 
ment of the Series of articles and to cause each 
article to pass the inductor at a predetermined 
varying rate to vary the heating of each of the 
articles, and projecting quenching fluid against 
a heated part of the article and at an acute angle 
With the direction of movement to quench the 
heated Zone of the article at a predetermined dis 
tance from the inductor. 

4. In a method of hardening corresponding 
Surface zones of a series of ferrous articles, the 
steps comprising advancing the articles down 
Wardly by gravity past an inductor and in heat 
ing relation to the inductor, each of said articles 
being supported by the article below it, control 
ling the movement of the lowest article to permit 
the Series of articles to descend at a predeter 
mined rate to vary the heating of each of said 
articles, the movement being regulated so that 
the varying of the heating in one article is sub 
stantially the same as the varying of heating in 
another article of the series. 

5. In apparatus for progressively heat treating 
an article, the article being adapted to be hard 
ened by heating and quenching, a heating mem 
ber and a quenching member, means for supply 
ing power to the heating member to heat the 
article, means for variably controlling gravita 
tional movement of the article in heating rela 
tionship with the heating member and in quench 
ing relationship with the quenching member, ad 
justable means for supplying cooling fluid to the 
heating member, adjustable means connecting 
the quenching member to the heating member to 
vary spacing between the heating member and 
the quenching member, said means serving as a 
passage to conduct the cooling fluid from the 
heating member to the quenching member, and 
a passage in the quenching member to deliver the 
cooling fluid onto a heated surface of the article 
to quench said surface, said passage being di 
rected downwardly at an accute angle with the 
direction of gravitational movement of the article. 

6. In apparatus for progressively heat treating 
an article, the article being adapted to be hard 
ened by heating and quenching, an inductor, can 
means adapted to support the article and for 
controlling a variable downward movement of 
the article to cause a surface Zone of the article 
to progressively pass the inductor in closely spaced 
relation thereto, means for supplying periodically 
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varying current to the inductor to induce heat 
ing current in the surface zone so that the Sur 
face ZOne will attain a predetermined temper. 
ature while the zone passes the inductor, a 
quenching member in spaced proximity with the 
inductor and disposed to quench the surface zone 
progressively after the said zone has passed the 
inductor, means for varying the space between 
the inductor and the quenching member to bring 
the quenching into timed relation with the attain 
ment of the predetermined temperature of the 
Zone, the Said space being determined by the rate 
of travel of the article, and a passage in the 
quenching member for directing a stream of 
quenching fluid downwardly and against a heated 
surface of the article while the article passes the 
quenching member. 

7. In apparatus for progressively heat treat 
ing a contiguous Series of longitudinally extend 
ing metallic articles, a heating member, means 
for controlling a gravitational movement of one 
of the articles to control movement Of all of the 
articles to progressively bring a surface zone of 
each article successively into heating proximity 
with the heating member, means for Supplying 
power to the heating member to cause a rise in 
temperature of the surface zone, the said means 
for controlling the movement of the articles being 
formed to vary the rate of said movement to 
progressively change the depth of the heated Zone, 
and means for quenching the heated ZOne, said 
means comprising a passage for quenching fluid 
directed toward said article, the said passage be 
ing spaced from the aforesaid heating member 
to provide a predetermined interval between the 
termination of the rise in temperature and the 
beginning of quenching. 

8. In apparatus for progressively heat treating 
a metallic article, a heating member and a 
quenching member, means for controlling a vari 
able gravitational movement of the article to pro 
gressively bring a surface of the article into heat 
ing proximity with the heating member, means 
for supplying power to the heating member to 
raise the temperature of a surface Zone of the 
article, means for flowing quenching fluid into the 
quenching member, and an adjustable passage 
in the quenching member to deliver the quench 
ing fluid onto a heated increment of the afore 
said surface in time spaced relation with the 
termination of a rise in temperature of the sur 
face of the article, the fluid being delivered onto 
the heated increment substantially in the direc 
tions of elements of an inverted cone. 

9. In apparatus for progressively heat treating 
an elongated ferrous article, a heating member 
adapted to progressively heat the article, means 
for controlling gravitational movement of said 
article past the heating member, said means Com 
prising a Cam adapted to engage an end of the 
article for controlling movement of the article 
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to vary the rate of travel of the article, and means 
for supplying power to the heating member to 
heat increments of the article as the article 
passes the heating member, the cam having a face 
adapted to engage a lateral surface of the article 
to eject the article from the aforesaid apparatus. 

10. In apparatus for progressively heating a 
cylindrical article, an inductor having an open 
ing to permit passage of the article axially there 
through, means for guiding the article into said 
Opening, guiding means for receiving the article 
as the article emerges from the opening in the 
inductor, moving means adapted to supportingly 
engage an end of the article, said moving means 
being of varying form to vary a rate of movement 
of the article thru the inductor to control heating, 
and means for supplying periodically varying cur 
rent to the inductor. - 

11. In apparatus for hardening an elongated 
article, an inductor adapted to lie in spaced rela 
tion with a surface of the article, means for sup 
plying current to the inductor to increase tem 
perature in the article, means supporting the arti 
cle, said supporting means being adapted to move 
uniformly and to vary the movement of the article 
past the inductor to regulate the increase in tem 
perature, a quenching member lying adjacent to 
the inductor, the quenching member having pas 
Sages adapted to deliver quenching fluid to incre 
ments of the surface of the article after the said 
increments have passed the inductor, a tempera 
ture responsive member lying between the induc 
tor and the fluid supply member and being 
adapted to respond to the temperature of the in 
Crements of the surface of the article as the said 
increments approach the quenching member, and 
means connecting the temperature responsive 
member to the supporting means to change the 
uniform movement of the said last named means 
to further vary the movement of the article. 

12. In apparatus for progressively heat treat 
ing an article, the article being adapted to be 
hardened by heating and quenching, a heating 
member, means for supplying power to the heat 
ing member to heat the article, supporting means 
for the article, said supporting means being 
adapted to move at a prescribed rate and to vary 
the rate of movement of the article while the arti 
cle is in heating relation with the heating member 
means for changing the speed of the last named 
means to further vary the rate of movement, 
means for Supplying cooling fluid to the heating 
member, and means for flowing cooling fluid 
against a surface of the article to quench the 
article, Said means comprising a passage disposed 
to direct the cooling fluid against the article after 
the article has passed the heating member and 
at a predetermined distance from the heating 
member. - 
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