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This invention relates generally to the heating 
of workpieces such as billets or bars and specifi- I 
cally to improved means of heating such articles 
by electrical induction. ‘ 
An outstanding object. of the invention is to 

provide a method for heating large size billets by 
which an important reduction in heating time is 
secured. Another object is to provide apparatus 
usable to effect such time reduction in billet heat 
ing. Still another object is the provision of 
Power control means for heat treatment of billets 

- and the like which may be readily associated 
with conventional heat timing control apparatus. 
An object also is the provision of heat control 
mechanism which is independent of controlled 
variation in applied power. Another'object is 
the control of the electrical power input into a 
charge without substantial variation of the volt 
age of the applied power. Another object is the 
simpli?cation of means generally for securing 
adequate billet heating in a reduced time inter 
val. Important additional objects are to reduce 
heat losses due to. high temperature radiation 
and to counteract the action of skin effect for the 
larger size bars or billets. 
Other objects will become apparent on exam 

I ination of the invention as hereinafter described 
and shown in the accompanying drawing, in 
which: ' 

Figure 1 is a power-time curve illustrating 
comparative modes of heat treatment; 
Figure 2 is a heat-time curve showing perform 

ance of comparable heating methods; and 
Figure 3 is a diagrammatical View of the power 

timing mechanism. 
In my copending application Serial Number 

384,503, filed March 21, 1941, therein is shown a 
form of induction furnace wherein use is made of 
electromagnetic induction from a heating coil to 
generate eddy currents in a workpiece and there 
by heat the same in accordance with the square 
of the current generated, the effective resistance, 
and the time period of treatment. In the heat 
ing of bars, billets and the like, the rate of con 
tinuous application of power is determined by the 
fact that as the temperature increases thev rate - 
of thermal conductivity between bar surface and 
core diminishes. ' The essential consideration in 
such heating is the maintenance of the bar sur 
face at as high a temperature as possible below 
fusion so that the maximum rate of heat trans 
ference between surface and core may be main 

‘ tained. The initial maximum of Power input 
therefore is determined by the rate of the ?nal 
input necessary to obtain maximum heating 

_(ci. 219-11) 
below the surface fusion point. A power curve 
of this type is shown at ID in Figure 1 where, 
after the period of initial maximum input, the 
power is progressively diminished to a substan 

5 tially constant value. ' 
In this connection reference should be made 

to Figure 2 of the drawing showing curves plotted 
against a temperature ordinate and time ab 
scissa. The ‘full line ll indicates the rise in 
temperature of the surface of a continuously 
heated bar and the dotted line I2 indicates the 
rise in temperature of a point at the axis or 
approximate center of the bar. Obviously the 
time period of treatment will depend upon the 
size of the bar and in the case of billets or other 
large workpiece having a diameter, for example 
in excess of 5 inches, the time of treatment be 
comes an important consideration in the e?i 
ciency of the furnace. With any billets the time 

20 factor is further complicated by the skin effect. 
In accordance with my improved procedure it 

has been found possible to decrease the time 
period of treatment for billets or other large 
workpiece over that now required by the contin 
uous heat treatment method, by substantial 
amounts ranging to as low as 50% or lower, a 
70% reduction being possible. This outstanding 
time reduction in heat treatment is obtained by 
applying power to the workpiece intermittently 
and without disturbing the normal voltage of the 
applied power. The apparatus for accomplish 
ing this improved result is shown diagrammati 
cally in Figure 3 of the drawing. In this ?gure 
the numerals l3 and' I4 indicate a source of 
alternating current of commercial frequency 
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which as indicated is connected to the timer l5, . 
by means of which the overall time period in 
which the power is effective on the heating and 
control circuits is predetermined. Included in 

40 
a series of related cams l6, l1, l8 and I9 are 
mounted on a common shaft 20. The cam I6 is 
referred to hereinafter as the motor cam and 
cams l1, l8 and I9 as power cams. These cams 
each have for the most part circular camming 
edges on. segments of different radii the excep 
tion being the motor cam I5 which is‘ approxi 
mately cardioid in shape, the recess 2| however 
being approximately circular in shape and of a 
tangential width equal to or greater than that of 
the coacting cam follower. As shown, cam _I‘| 
has circular cam segments of different radii des~ 
ignated as the inner cam segment 22 and the 
outer cam surface 23. These surfaces are joined 
by the inclined cam section 24 and the radial 
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the control mechanism is the motor M which with. 



section 25, the inclined cam section leading the 
cam sector 23 in the indicated direction of rota 
tion. Cam l8 includes the cam segment "iii hav 
ing a radius of curvature greater than that of the 
adjoining segment 21, these two segments being 
joinedby the inclined section 28 on the leading 
edge of sector 2,6uand the radial section 29. Sim 
ilarly cam' l9 iscformed of the cam segment 30 
having a radius-of curvature in excess of the 
remaining cam segment 3|, the segment 30 being 
connected to the outer segment by a leading 
inclined cam section 82 and a radial cam section 
33.‘ One complete rotation of the cam includes 
one normal ‘timer cycle. 

Positioned above each of the cams It, l1, l8 . 
and I! are the switches 40, 4|, 42 and 43, each of 
these switches having pivot points All to which 
are attached the movable, downwardly spring 
?exed switch arms 45, 4B, 41 and 48. Contacts a 
secured to the upper surfaces of the switch arms 
adjacent the ends thereof are adapted to be 
moved into electrical contact with the fixed con 
tacts b. Means for closing these switches are 
provided in a plurality oi! cam followers 50, ii, 
52 and 53 indicated as rollers connected to‘the “ 
bottom surface of the switch arms and adapted to 
ride over the cam surfaces of the various cams. 
As indicated these switches are in open position 
whenthe cam follower in the case of the motor 
cam It moves into the recess 2| and in the case 
of the power cam l1, l8 and I9 when the cam 
followers are riding over the cam segment of 
lesser radius. It follows also that when these 

sis 
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cam followers are riding on the cam surfaces of ‘ 
greater radius the various switches are in closed 
position. ' ’ ' 

‘The circuits connecting the described timer 
and motor cam unit may now be detailed. Power 
is applied from the mains by closure of switches 
80 and BI. At the point 50 on the power main 
IS the circuit divides, one branch passing into 
the timer at GI and through the same to main 
l4, another branch contacting with one of the 
timer switches 62 and passing through this 
switch and the relay coil 63 to the other power 
main I4. Still another branch passes from the 
point 60 to a Junction point “64 where it divides 
one branch passing through to a contact switch 
55 normally open but adapted for closure on en 
ergization of the coil 63 and thence through con 
tact point 6. to the motor M and to the power 
main H. The other branch proceeds to the 
?xed contact b of the motor cam switch 40. Also 
a connection is formed between the pivot point 
44 of motor cam switch 40 and point 66 in the 
motor circuit. 

Intermediate normally open timer switch 
52 and the relay cam 83 is a Junction point 61 
from which a circuit leads to the switch arm 
pivot points 44 of each of the three power cam 
switches 4|, 42 and 43. Also the stationary con 
tacts b of the power cam switches are joined 
and connected through a relay coil ‘ID to the main 
II. The load circuit ‘II which normally is con 
nected to an induction heating apparatus, a re 
sistance welder or other translating unit is en 
ergized through activation of the relay 10 and 
closure or the normally open, contact switch 12. 
A voltage of 800 and frequency 'of 3000 cycles 
may be employed in the load circuit. 

It is now apparent that we have described a 
control assemblage including the timer, the mo 
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coils which may be inserted in any desired elec 
trical system to control the application of power 

1-. in main load lines to a load circuit. The oper~ 
ation of the described arrangement of apparatus 
will now be detailed. The timer I5 is of one of 
the well known commercial types and is so de 
signed as to set the limits of the time in which 

‘ the power is effective. on the control system and 
load circuit. Consequently when main switches 
Bi! and 85 are closed and power is effective on the 
timer i5, the normally open timer switch 82 is 
closed bringing about energization of relay coil 
153 and closure of relay coil contacts 65. Im 
mediately the motor M is energized causing ro 
tation of the same in the direction indicated 
by the arrow and simultaneous rotation of motor 
cam I8, movement of which through action of 
cam follower 5D closes contacts a and b of switch 
40. Because of the relatively long camming ac 
tion or’ the motor cam IE it is at once perceived 
that switch 40 is retained in closed position for 
practically the complete timing cycle and con 
sequently the motor cam serves as a lock on the 
relay contact switch 85. When the cam follower 
50 of cam It at the approximate and of the cycle 
rides into the depression 2| the switch 40 opens 
and when at the same time contact switch II is 
also open due to the shorter timer cycle, the mo 
tor stops, the speed of rotation being such, com 
bined with the spring action or the switch arm 
45, to permit a stoppage of rotation as described. 
Following closure of timer switch 82, also, cur 

rent passes through the circuit from junction 01 
to the various power cam switches. At the zero 
point of rotation switch 4| is closed and hence 
relay coil 10 is energized, contact switch 12 is 
closed and the load circuit made effective. 'As 
the cam ll rotates in the direction indicated 
the follower 5| will ride over the radial oli'set 2i 
and switch 4| will open thus completely de-en 
ergizing the load circuit. This condition is 
maintained, however, for only a brief time in 
terval, cam. follower 52, bearing on cam surface 
21 of cam I8, riding over the inclined cam sur 
face 28 to the segment 28 of increased radius 
thus closing switch 42 and again applying power 
to the load circuit. Power is applied in this sec 
ond instance until the cam follower 52 moves to 
the section 21 of lesser radius and opens the 
switch 42 thereby de-energizing the load circuit 
until cam fol1ower'53 of power cam I! moves 
over the section 30 of greater radius to close 
switch 43 and again energize the load circuit. 
This is followed by a period of de-energization 
until cam follower 5| of cam l1 after moving over 
the section 22 of reduced radius again contacts 
with the section 23 of increased radius thus clos 
ing switch 4| and reapplying power in the load 
circuit. This power is effective until the cam 
reaches a point roughly -ndicated by the radial 
line 90 in cams l8 and I1 which de?nes, with the 
vertical through the center of cams IE or H, a 

_ segment 9| in which the timer I5 is de-energized 
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tor and the related motor and power cams to- ' 
gether with the connecting circuits, switches and 75 

having completed the predetermined time period 
or power supply. It is in the small interval of 
time indicated by the segment 9| that the relay 
coil 83 is tie-energized opening contact BI and 
conditioning the motor circuit to be opened upon 
movement of cam follower 50 into the recess 2| 
of motor cam l5. Thereupon the motor and its 
associated cams cease rotation this being the ap 
proximate zero point of the cycle and the oper 
ator removes the heat treated load. 
Casual inspection of the lengths of the seg 

ments of the power cams H, II and II reveals 
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that these camming sections are of decreasing 
length the angular values in. the diagrammatic 
showing being roughly 150°, 45° and 34“. As 
previously described the larger segment of cam 
ll includes two active sections one from the 
zero point extending approximately 126° clock 
wise and the other extending counterclockwise 
about 12° from the power end line 90. The seg 
'ment 9| between these‘ two active sections ,and 
adjacentlthe zero line covers the de-energized 
or neutral area. These approximate measure 
ments of the eifective segments of the cams are 
paralleled in the power curve of Figure 1 which 
shows a power line 82 having a series of rectan 
gular sections or peaks 83, 84, 85 and 86. The 
width of section 83 corresponds to the time period 
of power activation of cam H from the ‘zero point 
to the end 25 of the outer cam segment, the 
width of section 84 corresponds to the camming 
segment 25 of cam l8, the width of section 85 
corresponds to the width of cam segment 30 of 
cam i9 and the width of section 86 corresponds 
to the section of segment 23 of cam I1 de?ned 
by the dotted line 90 which is determined by timer 
I5 and the inclined camming surface 24. The 
time spaces intermediate the rectangularppower 
sections of Figure 1 correspond to the time pe 
riods when the cams l1, l8 and I9 are ineffec 
tive. The dotted line 95 indicates the approxi 
mate average value of the blocked power curve-82. 

It is pointed out that the ordinates of the rec 
tangular sections exceed in each instance the 
corresponding high point of the compared power 

- line H] for ordinarily continuous power applica 
tion. This is done by redesigning the load coil 
to draw more power. Interpreted, this curve 
means that power is applied to the load cir 
euit intermittently in comparatively excessive 

. amounts, these time periods bein‘g separated'by 
other periods in which the power applied is zero. 
It is pointed out further that the height of these 
rectangular power sections diminishes from left 
to right when heating magnetic steels at constant 
coil voltage indicating that the rate of power 
application'diminishes ‘with the time. Further, 
the width of the sections diminishes from left 
to right indicating that the time period of appli 
cation decreases as the cycle progresses, this be 
ing in agreement with the indicated sizes of the 
cam segments. Also the time period of interrup 
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tion of the ‘power progressively diminishes. In - 
explanation of these curve characteristics it is 
first noted that'the rate'v of power input for the. 
complete cycle must not be such as to causefsur 

‘ face fusion. Where power is applied continu 
ously, as indicated in curve III of Figure 1, the 
rate is reduced to prevent fusion. By applying 
the power intermittently, however,~it ispossible 
to increase not only the initial maximum input 
but the successive applications, so that the de 
sired condition of larger temperature difference 
between billet surface and core is made possible 
earlier in the cycle. By so doing the total applied 
power is not increased but, on the .‘contrary,'is 
reduced, due. to the greater eificiency'of treat 
ment at highisurface temperatures. 

Relative to the progressive reduction in the 
ordinate of the power curve 82, this is due to 
changing load impedance caused by loss of mag 
netism in steel. The reduction in peak width 
with time is used to further reduce the energy 
input to, the reduced value necessary to main 
tain the surface temperature at its maximum 
value, as the temperature of the billet rises. . 
Thus it appears that by applying the power 
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excessively and intermittently, and initially for 
such a time interval as to bring the surface tem 
perature rapidly to a point adjacent the fusion 
temperature-and following this initial power ap 
plication by successive shorter applications sepa 
rated by zero power, to maintain the outer sur 
face temperature, the total power applied not 
being in excess of that used in continuous heat 
ing, the time of heat treatment is substantially 
reduced. 
The effectiveness of the described procedure is 

clearly illustrated in Figure 1 in relation to the 
timer period of the heating cycle. , In case of 
curve 82 the time is shown to be approximately 
one-half that required for the continuous heat 
ing method of curve Ill. The effect on they tem 
perature is shown in Figure 2 wherein, by em 
ploying the intermittent method of heating, the 
external temperature 92 is quickly brought up to 
a point close to the melting point inthe ?rst 
period of power application and in this same 
period the core temperature 93 has de?nitely 
turned upward. Succeeding the ?rst powerap 
plicatinn the external temperature of the billet is 
maintained approximately constant at the maxi 
mum point because of the reduction of power 
application as shown in Figure 1. In this man 
ner the greatest possible difference of tempera 
ture is maintained between. the surface and core 
of the billet and thus‘ the maximum rate'of heat 
transference is maintained. 
In addition to the important and outstanding 

advantage of the intermittent procedure as de-. 
scribed in reducing the time of treatment an 
other advantage to be noted is that there is no 
necessity of modifying the voltage of the power 
input. This makes unnecessary apparatus for 
‘power control the procedure requiring merely 
a control of the time period of application. In 
addition the simplicity of the method of time 
control by means of cams is to be noted, this 
apparatus being inexpensive and easily applied 
and controlled. As previously suggested the in 
tegrated value of the power of the intermittent 
curve 82 is somewhat less than that of the curve 
ID. This is due to the greater e?iciency of the 
intermittent method in that use is made of high 
er surface temperatures and therefore of greater 
'heat conductivity. Further by the intermittent 
method the time period of heat radiation is. 
reduced in even greater proportion than the 
time/period of the continuous method. This is 
important since radiation heat losses vary as the 
fourth power of the temperature and :by cutting 
the high temperature time period by at least one~ 
half a substantial loss of energy is eliminated. 
The intermittent method of heating as above 

described has particularly advantageous uses in 
connection with induction heating of billets and 
the like having a relatively large diameter. How 
ever it is apparent that the principle of inter 
mittent heating as described may be applied with 
equal facility to different heating methods and 
to workpieces of varied type and form, wherever 
heat flow time is signi?cant. It is also apparent 
that the billet or workpiece may be of aluminum, 
brass, iron or steel or any other metallic mate 
rial which would be usable in connection with 
the'describe'd heating procedure. In view of the 
possible modi?cations of the apparatus and cir 
cuits to meet particular objectives it is not in 
tended that the invention be con?ned to the 
showing ‘as made, the limitations of the inven 
tion being de?ned only in the claims as hereto 
appended. 



4 
what is claimed is: . 
1. A process oi! heat treating a workpiece 

which comprises supplying heat to said ‘work 
piece at a rate substantially in excess of the 
maximum rate 0! continuous heat treatment un 
til the workpiece surface is at approximate fusion 
temperature, interrupting the heat ?ow, re-ap 
plying heat for another time interval prior to 
substantial reduction in the workpiece surface 
temperature below fusion temperature and re» 
peating said heat applications until the workpiece 
has the desired temperature. 

2. A process of heat treating a workpiece which 
comprises supplying heat to said workpiece for a 
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?rst time interval at a rate substantially in excess 
of the maximum rate 01' continuous heat treat 
ment until the workpiece surface is substantially 
at iusion temperature, interrupting the heat ?ow 
for a second time interval, re-applying heat for 
a third time interval of lesser duration than the 
?rst interval prior to substantial reduction oi 
workpiece surface temperature below fusion tem 

iperature and equalization of surface and core 
temperature. and repeating said heat applications 
at progressively reduced time intervals of appli 
cation and interruption respectively ‘until the 
workpiece has the desired temperature. 

HAROLD A. STHIUI‘IIAND, JR. 


