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_ METHOD AND CIRCUIT FOR 

INTERCONNECTING A PLURALITY OF 
INDUCTORS AT THE OUTPUT TRANSFORMER 

SECONDARY 
This application? pertains to the art of induction heat 

ing and more particularly to simultaneous induction 
heating of a workpiece at a plurality of separate loca 
tions. 
The invention' is particularly applicable to a method 

and circuit for interconnecting a plurality of inductors 
at the output transformer secondary when a workpiece 
such as, for example, an automobile engine block is to 
vhave the exhaust valve seat portions simultaneously 
heated and quenched and will be described with partic 
ular reference thereto; however, it will be appreciated 
that the invention has broader applications and may be 
used in other instances where it is desired to simulta 
neously inductively heat a plurality of like areas on a 
workpiece. The commonly assigned patent application 
Ser. No. 151,493 filed June 9, 1971 is incorporated 
hereinto by reference to merely show an arrangement 
wherein the subject invention may be employed. 
With the advent of low level gasoline, it has become 

necessary to harden the exhaust valve seats of internal 
combustion engines to prevent premature wear. To ef 
fect this operation, a plurality of induction heating in 
ductors are positioned adjacent to the several exhaust 
seats in the head of an internal combustion engine. 
These inductors are then simultaneously energized by 
a single transformer secondary to heat inductively the 
individual valve seats which are subsequently quench 
hardened. In this type of arrangement, the separate in 
ductors were connected in electrical series with each 
other to the secondary circuit‘ of a high frequency 
transformer. In most instances, the output transformer 
itself was of the radio frequency type and was com 
prised of a multi-turn primary portion surrounded by, 
and in close spaced relationship therewith, a thin, 
sheet-like secondary portion, this type of transformer 
is most often used when frequencies in the range of 15 
kc and above are desired to effect heating and its use 
is known in the art. In this type of prior arrangement, 

' the load, that is, the workpiece areas being heated by 
the plurality of inductors “reflect” an impedance back 
to the secondary portion of the transformer itself. This 
reflected impedance, since the inductors are intercon 
nected in electrical series, is generally equal to the sum 
of the individual impedance values at each inductor. 
Such induction heating apparatus employ oscillators 
which generally include an oscillating tank circuit com 
prised of at least one capacitor that is tuned to the in 
ductive reactance of the tank circuit. This inductive re 
actance includes the impedance re?ected from the in-. 
ductors. In such a power supply, it is desirable to main 
tain a low re?ected resistance in the tank circuit. The 
impedance re?ected back to the secondary from the 
inductors includes high resistance and is re?ected back 
through the transformer primary into the oscillating 
tank circuit, which reduces the efficiency of operation 
within the tank circuit. Thus, an increase in the re 
?ected impedance, especially the resistance compo 
nent thereof, will reduce operational efficiency and 
could, if raised to a sufficient amount, cause the oscilla 
tor to cut out or become inoperable. Likewise, a de 
crease in the re?ected impedance permits the oscillator 
to operate more efficiently. 
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2 
The present invention contemplates a new method 

which overcomes all of the above referred problems 
and others and provides a method for reducing the re 
?ected impedance into the secondary portion of a high 
frequency output transformer which method is simple, 
economical to employ, variable to accommodate dif 
ferent types of workpieces and provides ‘for more effi 
cient operation of the circuit. , ' v 

In accordance with the present invention, there is 
provided a method for reducing the reflected imped 
ance into the secondary portion of a high frequency 
output transformer connected to an oscillator wherein 
the secondary portion is connected so as to simulta 
neously supply high frequency electrical energy to a 
plurality of induction heating inductors. The method 
comprises the steps of: - 

a. dividing the plurality of inductors into a plurality 
of inductor groups; 

b. electrically interconnecting the inductors of each 
of the groups in series relationship with each other; 
and, 

c. electrically interconnecting the groups in parallel 
relationship with each other for interconnection to the 
secondary portion of the output transformer. 

In accordance with a limited aspect of the present in 
vention, the method further includes the step of provid 
ing an equal number of the induction heating inductors 
in each of the inductor groups. 

In accordance with another aspect of the present in 
vention, there is provided a circuit which permits con 
trolling the re?ected impedance into the» secondary cir 
cuit portion of a high frequency output transfomier 
connected to an oscillator wherein the transformer is 
employed to simultaneously supply high frequency 
electrical energy to a plurality of induction heating in 
ductors. 
The principal object of the present invention is the 

‘provision of a method and circuit for reducing the re 
flected impedance into the secondary portion of a high 
frequency output transformer. 
Another object of the present invention is the provi 

sion of a method and circuit for reducing the re?ected 
impedance into the secondary portion so as to increase 
the operational efficiency'of an oscillating tank circuit 
connected therewith. 

Still another object of the present invention is the 
provision of a method and circuit for reducing the re 
?ected impedance‘ into the secondary portion of a high 
frequency output transformer and which permits varied 
circuit configurations so as to accommodate varied 
workpiece designs and positionings. 
The invention may take physical form in certain parts 

and arrangements of parts, a preferred embodiment of 
which will be described in detail in this specification 
and illustrated in the accompanying drawings which 
form a part hereof and wherein: 
FIG. 1 is a cross sectional view of a radio frequency 

transformer and showing schematically the circuit em 
ployed therewith to achieve the concepts of the subject 
invention; 
FIG. 2 is a plan view of the radio frequency trans 

former shown in FIG. 1; and, 
FIG. 3 is a schematic showing an alternate circuit 

which may be employed in practicing the concepts of 
the subject invention. 

Referring now to the drawings wherein the showings 
are for purposes of illustrating the preferred embodi 



3 
ment of the invention only and not for purposes of lim 
iting same, the FIGURES show a radio frequency trans 
former A having high frequency electrical energy sup 
plied thereto from a high frequency electrical energy 
supply area B and an induction heating zone C. 
More speci?cally, transformer A includes a primary 

portion 10 comprised of a hollow, multi-turn copper 
coil having a generally cylindrical overall shape with a 
first lead 14 at one end thereof and a second lead 16 
at the other end thereof. As coil 12 is hollow, it permits , 
the passing of a cooling ?uid such as water there 
through from a cooling ?uid inlet 18 adjacent lead 14 
and out through a cooling fluid outlet 20 adjacent lead 
16. The secondary portion generally designated 28 of 
the transformer is formed from a thin sheet-like mem 
ber 30 of, for example, copper. This member is gener 
ally coaxial with and substantially surrounds coil 12 so 
that there is a small air gap A between the outermost 
lateral portions of the coil and the surface of the sheet 
like member. The thin sheet-like member includes two 
longitudinally extending closely spaced edges 32, 34 
each connected to electrical leads as will hereinafter be 
more fully described. Disposed to conveniently extend 
around the outside of member 30 is a hollow cooling 
coil 36 having a cooling ?uid inlet 38 and cooling ?uid 
outlet 40. Cooling coil 36 is af?xed to the outside of 
member 30 by any convenient means such as, for ex 
ample, welding or brazing. During operation of the de 
vice, a cooling ?uid such as water is passed through 
coils 12, 36 so as to retain the primary and secondary 
portions of the transformer at a temperature below 
their melting temperatures. It should be noted that the 
construction of radio frequency transformer A is gener 
ally conventional and is of the type of transformer gen 
erally employed when frequencies of above about l5 
kc are desired to effect induction heating. 
High frequency electrical energy supply area B in 

cludes lead lines '50, 52 extending from a high fre 
quency oscillator (not shown) to leads 14, 16 respec 
tively. Line 50 includes a capacitor 54 and coil 56 
therein and a capacitor 58 is disposed between lines 50, 
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52 in parallel relationship therewith. Line 52 is further - 
connected to ground 60. It should be here noted that 
the high frequency electrical energy supply area B is 
also deemed conventional and known in the art. 
Induction heating zone C includes a plurality of indi 

vidual inductors generally designated 70 and, in the 
preferred embodiment of the invention, comprise 
block inductors particularly designed and positioned 
for inductively heating the exhaust valve seat areas of 
an automobile engine block. It will be noted that in the 
preferred embodiment shown, six of the inductors 70 
are shown. The specific design of the inductors them 
selves does not form a part of the present invention and 
are therefore not more fully shown in the drawings or 
described herein. The commonly assigned patent appli 
cation having Ser. No. 151,493, filed June 9, 1971 is 
incorporated herein byreference as merely showing a 
type of operation wherein the subject invention may be 
advantageously employed. ' 
The inductors themselves are interconnected by a 

line 72 and are divided into two groups generally desig 
nated 74, 76, with three inductors in each group. 
Groups 74, 76 are connected in parallel with each 
other and to secondary portion 28 by lines 78, 80 at 
edges 32, 34 respectively. Because of this type of paral 
lel arrangement between an equal number of the induc 
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4 
tors, the re?ected impedance or resistance to second 
ary portion 28 is substantially less than the re?ected 
impedance or resistance of a straight series arrange 
ment between the inductors. The reason for this is that 
the total resistance of a series circuit is the sum. of the 
total resistance found therein and the total resistance 
of a parallel circuit is equal to the product of the total 
resistance of each leg divided by the sum of the resis-> 
tance in each leg. Thus, the above described parallel 
arrangement substantially reduces the re?ected imped 
ance or resistance into secondary portion 28 of output 
transformer A in order that the resistance created by 
operation of inductors 70 themselves will be re?ected 
back to the oscillating tank circuit in a lesser amount 
in order that a more efficient operation may be realized 
within the tank circuit. 
A second embodiment of the present invention is 

shown in the circuit and induction heating zone C of 
FIG. 3. In that FIGURE, like components have like nu 
merals and new components have new numerals. As 
shown therein, each inductor 70 is electrically con 
nected to the secondary portion of transformer circuit 
A by yet another transformer circuit. In FIG. 3, these 
other transformer circuits are shown as having a pri 
mary portion 90 and secondary portion 92. Secondary , 
portions 92 are fixedly positioned relative to their asso 
ciated inductors 70 and are movable relative to primary 
in directions a, b by convenient force means generally 
shown by numeral 94. The force means may comprise, 
for example, pneumatic or hydraulic means, the specif 
ics of which do not form a part of the present invention 
and are, therefore, not more specifically shown and de 
scribed. The individual movement of inductors 70 per 
mits precise location thereof relative to the exhaust 
valve seat which is to be inductively heated thereby. Al 
though there are differences in structure in the embodi 
ment shown in FIG. 3 and described hereinabove, the 
operation and desirable characteristics achieved 
thereby are the same as those described with reference 
to FIG. 1. ' _ , 

Although induction heating zone C shows six induc 
tors 70 with three in each leg of the parallel circuit, it 
will be appreciated that other arrangements may be 
employed using additional groups similar to groups 74, 
76 or utilizing an additional number of inductors 70 to 
accommodate varying workpiece heating require 
ments. In using the subject invention, it is merely neces 
sary that each group include the same number of induc 
tors. 
The invention has been described with reference to 

the preferred embodiment. Obviously, the modifica 
tions and alterations will occur to others upon the read 
ing and understanding of this speci?cation. It is my in 
tention to include all such modi?cation and alteration 
insofar as they come within the scope of the appended 
claims or the equivalents thereof. 
Having thus described'my invention, I now claim: 
1. A method of controlling the re?ected impedance 

in the secondary circuit portion of a high frequency 
output transformer connected to an oscillator wherein 
said secondary circuit portion is connected so as to si 
multaneously supply high frequency electrical energy.‘v 
to an even number of windings, each of said windings 
forming the primary of a transformer having a second 
ary winding connected to an inductor, said method 
comprising the steps of: 



3,737,611 
5 

dividing said windings into two winding groups, each 
having an equal number of windings; 

electrically coupling the windings in each of said 
groups in a series relationship relative to each 
other; and, 

electrically coupling said two groups of windings in 
a parallel relationship relative to each other. 

2. A circuit for controlling the re?ected impedance. 
into the secondary circuit portion of a high frequency 
output transformer connected to an oscillator wherein 
said secondary circuit portion is connected so as to si 
multaneously supply high frequency electrical energy 
to a plurality of induction heating inductors, said cir 
cuit comprising: 
transformer for electrically coupling said plurality of 
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6 
inductors to said secondary circuit portion; 

?rst means for connecting said transformer means 
into a circuit; 

means for dividing said series circuit into two 
branches, each containing the same number of said 
series connected transformer means; and, 

second means for connecting said two branches into 
a parallel type electrical relationship relative to 
each other. a i 

3. The circuit as defined in claim 2 wherein said 
transformer means each comprises a transformer hav 
ing a secondary winding connected to one of said in 
ductors. 

' * * * * * 


