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(54) CONTROL DEVICE FOR INDUCTION HEATING UNITS

(57) Provided is a control device for induction heating
units which is capable of individually controlling amounts
of temperature rise in one side portion and the other side
portion of a material to be heated while preventing the
occurrence of an abnormal mutual induction phenome-
non between two induction heating units. To this end, the
control device includes: a master frequency control part
that sets an operation frequency of a master inverter,
which drives a master C-shaped induction heating unit
provided on one side of a material to be heated, so that
a phase of an output voltage and a phase of an output
current from the master inverter are synchronized; a
slave frequency control part that synchronizes an oper-
ation frequency of a slave inverter, which drives a slave
C-shaped induction heating unit provided on the other
side of the material to be heated, with the operation fre-
quency of the master inverter; a slave current phase con-
trol part that synchronizes a phase of an output current
from the slave inverter with the phase of the output cur-
rent from the master inverter; a master voltage control
part which sets a pulse width of the output voltage from
the master inverter; and a slave voltage control part which
sets a pulse width of an output voltage from the slave
inverter.
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Description

Technical Field

[0001] The present invention relates to a control device
for induction heating units.

Background Art

[0002] There have been proposed control devices in
which a pair of induction heating units arranged in the
vicinity of both side portions of a material to be heated is
connected in parallel to one power source. According to
these control devices, phases of current of the two in-
duction heating units are synchronized. For this reason,
an abnormal mutual induction phenomenon does not oc-
cur between the two induction heating units (refer to Pat-
ent Literature 1, for example).

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent No.
3156746

Summary of Invention

Technical Problem

[0004] However, the same voltage is applied to the two
induction heating units described in Patent Literature 1.
For this reason, it is impossible to individually control the
power supplied to each of the induction heating units.
That is, it is impossible to individually control amounts of
temperature rise in one side portion and the other side
portion of a material to be heated.
[0005] The present invention has been made in order
to solve the above-described problem and an object of
the present invention is to provide a control device for
induction heating units which is capable of individually
controlling amounts of temperature rise in one side por-
tion and the other side portion of a material to be heated
while preventing the occurrence of an abnormal mutual
induction phenomenon between two induction heating
units.

Means for Solving the Problems

[0006] A control device for induction heating units of
the present invention includes a master frequency control
part that sets an operation frequency of a master inverter,
which drives a master C-shaped induction heating unit
provided on one side of a material to be heated, so that
a phase of an output voltage and a phase of an output
current from the master inverter are synchronized;
a slave frequency control part that synchronizes an op-
eration frequency of a slave inverter, which drives a slave

C-shaped induction heating unit provided on the other
side of the material to be heated, with the operation fre-
quency of the master inverter; a slave current phase con-
trol part that synchronizes a phase of an output current
from the slave inverter with the phase of the output cur-
rent from the master inverter; a master voltage control
part that sets a pulse width of the output voltage from the
master inverter; and a slave voltage control part that sets
a pulse width of an output voltage from the slave inverter.

Advantageous Effect of Invention

[0007] According to the present invention, it is possible
to individually control amounts of temperature rise in one
side portion and the other side portion of a material to be
heated while preventing the occurrence of an abnormal
mutual induction phenomenon between two induction
heating units.

Brief Description of the Drawings

[0008]

Figure 1 is a perspective view of an induction heating
unit to which a control device for induction heating
units in Embodiment 1 of the present invention is
applied.
Figure 2 shows induction heating loops of the induc-
tion heating unit for which the control device for in-
duction heating units in Embodiment 1 of the present
invention is used.
Figure 3 is a block diagram of the control device for
induction heating units in Embodiment 1 of the
present invention.
Figure 4 shows a master-side circuit and a slave-
side circuit which are used in the control device for
induction heating units in Embodiment 1 of the
present invention.
Figure 5 is an explanatory diagram for the setting
procedure for the operation of the master inverter
and slave inverter which are used in the control de-
vice for induction heating units in Embodiment 1 of
the present invention.
Figure 6 shows Q-values of the master-side circuit
and slave-side circuit of the control device for induc-
tion heating units in Embodiment 1 of the present
invention.
Figure 7 is a block diagram of a control device for
induction heating units in Embodiment 2 of the
present invention.
Figure 8 is an explanatory diagram for the resonance
frequency of the control device for induction heating
units in Embodiment 2 of the present invention.
Figure 9 corresponds to Figure 5 in Embodiment 2
of the present invention.
Figure 10 corresponds to Figure 6 in Embodiment 2
of the present invention.
Figure 11 is a block diagram of a control device for
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induction heating units in Embodiment 3 of the
present invention.
Figure 12 is an explanatory diagram for the reso-
nance frequency of the control device for induction
heating units in Embodiment 3 of the present inven-
tion.
Figure 13 is a block diagram of a control device for
induction heating units in Embodiment 4 of the
present invention.
Figure 14 corresponds to Figure 8 in Embodiment 4
of the present invention.
Figure 15 is a block diagram of a control device for
induction heating units in Embodiment 5 of the
present invention.
Figure 16 corresponds to Figure 12 in Embodiment
5 of the present invention.

Description of Embodiments

[0009] Embodiments of the present invention will be
described in accordance with the accompanying draw-
ings. In each of the drawings, identical or corresponding
parts are referred to by identical and either not described
repeatedly or described simply as appropriate.

Embodiment 1

[0010] Figure 1 is a perspective view of an induction
heating unit to which a control device for induction heating
units in Embodiment 1 of the present invention is applied.
[0011] As shown in Figure 1, a material to be heated
1 is supported by an entry conveyor roller 2 and a delivery
conveyor roller 3. Both end portions of the entry conveyor
roller 2 and both end portions of the delivery conveyor
roller 3 are connected to grounds 4.
[0012] A master C-shaped heating unit 5 is arranged
in the vicinity of one side of the material to be heated 1.
The master C-shaped heating unit 5 includes a master
entry C-shaped inductor 5a and a master delivery C-
shaped inductor 5b. The master entry C-shaped inductor
5a and the master delivery C-shaped inductor 5b are
arranged along the conveyance direction of the material
to be heated 1. The master entry C-shaped inductor 5a
and the master delivery C-shaped inductor 5b are formed
in such a manner that the directions of magnetic flux are
reverse to each other.
[0013] A slave C-shaped heating unit 6 is arranged in
the vicinity of the other side of the material to be heated
1. The slave C-shaped heating unit 6 includes a slave
entry C-shaped inductor 6a and a slave delivery C-
shaped inductor 6b. The slave entry C-shaped inductor
6a and the slave delivery C-shaped inductor 6b are ar-
ranged along the conveyance direction of the material to
be heated 1. The slave entry C-shaped inductor 6a and
the slave delivery C-shaped inductor 6b are formed in
such a manner that the directions of magnetic flux are
reverse to each other.
[0014] The master entry C-shaped inductor 5a and the

slave entry C-shaped inductor 6a are formed in such a
manner that the directions of magnetic flux are reverse
to each other. The master delivery C-shaped inductor 5b
and the slave delivery C-shaped inductor 6b are formed
in such a manner that the directions of magnetic flux are
reverse to each other.
[0015] When a current flows in the master entry C-
shaped inductor 5a, an entry inductor magnetic flux is
formed. A material current 7a flows in the material to be
heated 1 by this entry inductor magnetic flux. When a
current flows in the master delivery C-shaped inductor
5b, a delivery inductor magnetic flux is formed. A material
current 7b flows in the material to be heated 1 by this
delivery inductor magnetic flux. One side portion of the
material to be heated 1 is heated by the material currents
7a and 7b.
[0016] When a current flows in the slave entry C-
shaped inductor 6a, an entry inductor magnetic flux is
formed. A material current 7c flows in the material to be
heated 1 by this entry inductor magnetic flux. When a
current flows in the slave delivery C-shaped inductor 6b,
a delivery inductor magnetic flux is formed. A material
current 7d flows in the material to be heated 1 by this
delivery inductor magnetic flux. The other side portion of
the material to be heated 1 is heated by the material
currents 7c and 7d.
[0017] On this occasion, between one end of the entry
conveyor roller 2 and a portion in the vicinity of the master
entry C-shaped inductor 5a, a ground current 8a can flow
in the material to be heated 1. Between one end of the
delivery conveyor roller 3 and a portion in the vicinity of
the master delivery C-shaped inductor 5b, a ground cur-
rent 8b can flow in the material to be heated 1. Between
the other end of the entry conveyor roller 2 and a portion
in the vicinity of the slave entry C-shaped inductor 6a, a
ground current 8c can flow in the material to be heated
1. Between the other end of the delivery conveyor roller
3 and a portion in the vicinity of the slave delivery C-
shaped inductor 6b, a ground current 8d can flow in the
material to be heated 1.
[0018] In a case where the ground current 8a is high,
an arc 9 can be formed at a contact point between one
end of the entry conveyor roller 2 and the material to be
heated 1. In a case where the ground current 8b is high,
an arc 9 can be formed at a contact point between one
end of the delivery conveyor roller 3 and the material to
be heated 1. In a case where the ground current 8c is
high, an arc 9 can be formed at a contact point between
the other end of the entry conveyor roller 2 and the ma-
terial to be heated 1. In a case where the ground current
8d is high, an arc 9 can be formed at a contact point
between the other end of the delivery conveyor roller 3
and the material to be heated 1.
[0019] Next, a method of preventing the formation of
the arc 9 will be described with the aid of Figure 2.
[0020] Figure 2 shows induction heating loops of the
induction heating unit for which the control device for in-
duction heating units in Embodiment 1 of the present
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invention is used.
[0021] A first material loop circuit 10, a second material
loop circuit 11, and a ground loop circuit 12 are formed
on the master side and the slave side.
[0022] The first material loop circuit 10 includes an en-
try material resistor R1 and an entry material end resistor
R2 of the material to be heated 1. The second material
loop circuit 11 includes a delivery material resistor R3
and a delivery material end resistor R4 of the material to
be heated 1. The ground loop circuit 12 includes a ground
resistor R0, the entry material end resistor R2, and the
delivery material end resistor R4.
[0023] An entry inductor magnetic flux φ1 penetrates
through the first material loop circuit 10. An entry material
current 13 flows by this penetration. In contrast to this, a
delivery inductor magnetic flux φ2 penetrates through the
second material loop circuit 11. A delivery material cur-
rent 14 flows by this penetration.
[0024] In contrast to this, in the ground loop circuit 12,
the amount of the entry inductor magnetic flux φ1 and the
amount of the delivery inductor magnetic flux φ2 are iden-
tical in the directions reverse to each other. For this rea-
son, the composite magnetic flux of the entry inductor
magnetic flux φ1 and the delivery inductor magnetic flux
φ2 is zero. As a result, a ground current 15 flowing be-
tween the entry conveyor roller 2 and the ground 4, the
ground current 15 flowing in the material to be heated 1,
and the ground current 15 flowing between the delivery
conveyor roller 3 and the ground 4 are zero. For this
reason, the arc 9 is not formed. That is, arc damage does
not occur on the surface of the entry conveyor roller 2,
the surface of the delivery conveyor roller 3, and the sur-
face of the material to be heated 1, either.
[0025] Next, the control device for induction heating
units will be described with the aid of Figure 3.
[0026] Figure 3 is a block diagram of the control device
for induction heating units in Embodiment 1 of the present
invention.
[0027] In Figure 3, a voltage-fed inverter power source
16 includes a rectifier 17, a smoothing capacitor 18, a
master inverter 19a, and a slave inverter 19b.
[0028] The rectifier 17 has the function of rectifying an
AC power source 20. The smoothing capacitor 18 has
the function of smoothing a DC voltage output from the
rectifier 17. The master inverter 19a and the slave inverter
19b are connected in parallel. The master inverter 19a
and the slave inverter 19b have the function of exerting
a PWM control over the DC voltage smoothed by the
smoothing capacitor 18.
[0029] A voltage-fed matching device 21 includes a
master matching transformer 22a, a master series reso-
nance capacitor 23a, a master current detector 24a, a
master voltage detector 25a, a slave matching transform-
er 22b, a slave series resonance capacitor 23b, a slave
current detector 24b, and a slave voltage detector 25b.
[0030] The master matching transformer 22a is con-
nected between the master inverter 19a and the master
C-shaped heating unit 5. The master series resonance

capacitor 23a is connected between the master matching
transformer 22a and the master C-shaped heating unit
5. The master current detector 24a is connected between
the master series resonance capacitor 23a and the mas-
ter C-shaped heating unit 5. The master voltage detector
25a is connected between the master current detector
24a and the master C-shaped heating unit 5.
[0031] The slave matching transformer 22b is connect-
ed between the slave inverter 19b and the slave C-
shaped heating unit 6. The slave series resonance ca-
pacitor 23b is connected between the slave matching
transformer 22b and the slave C-shaped heating unit 6.
The slave current detector 24b is connected between the
slave series resonance capacitor 23b and the slave C-
shaped heating unit 6. The slave voltage detector 25b is
connected between the slave current detector 24b and
the slave C-shaped heating unit 6.
[0032] In this embodiment, there are provided a master
frequency control circuit (a master frequency control part)
26, a slave frequency control circuit (a slave frequency
control part) 27, a slave current phase control circuit (a
slave current phase control part) 28, a master voltage
control circuit (a master voltage control part) 29, and a
slave voltage control circuit (a slave voltage control part)
30.
[0033] The master frequency control circuit 26 has the
function of setting an operation frequency of the master
inverter 19a by receiving the feedback of a detection val-
ue of the master current detector 24a and a detection
value of the master voltage detector 25a. The slave fre-
quency control circuit 27 has the function of setting an
operation frequency of the master inverter 19a set by the
master frequency control circuit 26 to an operation fre-
quency of the slave inverter 19b. The slave current phase
control circuit 28 has the function of setting the phase of
an output current of the slave inverter 19b by receiving
the feedback of a detection value of the master current
detector 24a and a detection value of the slave current
detector 24b.
[0034] The master voltage control circuit 29 has the
function of setting the pulse width of an output voltage
from the master inverter 19a by receiving an instruction
from the outside and the feedback of a detection value
of the master voltage detector 25a. The slave voltage
control circuit 30 has the function of setting the pulse
width of an output voltage from the slave inverter 19b by
receiving an instruction from the outside and the feed-
back of a detection value of the slave voltage detector
25b.
[0035] Next, operation frequencies of the master in-
verter 19a and the slave inverter 19b will be described
with the aid of Figure 4.
[0036] Figure 4 shows a master-side circuit and a
slave-side circuit which are used in the control device for
induction heating units in Embodiment 1 of the present
invention.
[0037] As shown in Figure 4, an electrostatic capacity
of the master series resonance capacitor 23a is denoted
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by Cm, a load resistance on the master side is denoted
by Rm, and a load inductance is denoted by Lm. In this
case, a resonance frequency Fm0 of the master-side cir-
cuit is expressed by Equation (1) below.
[0038] [Equation 1] 

[0039] As shown in Figure 4, an electrostatic capacity
of the slave series resonance capacitor 23b is denoted
by Cs, a load resistance on the slave side is denoted by
Rs, and a load inductance is denoted by Ls. In this case,
a resonance frequency Fs0 of the slave-side circuit is
expressed by Equation (2) below.
[Equation 2] 

[0040] If the master inverter 19a operates with the res-
onance frequency Fm0, the power factor of the master
inverter 19a is 1. In contrast to this, if the slave inverter
19b operates with the resonance frequency Fs0, the pow-
er factor of the slave inverter 19b is 1.
[0041] However, usually, Fm0 and Fs0 are different.
For this reason, if the master inverter 19a operates with
the resonance frequency Fm0 and the slave inverter 19b
operates with the resonance frequency Fs0, then an ab-
normal mutual inductance phenomenon occurs between
the master C-shaped heating unit 5 and the slave C-
shaped heating unit 6.
[0042] Therefore, the control device of this embodi-
ment synchronizes the operation frequency of the master
inverter 19a with the operation frequency of the slave
inverter 19b.
[0043] Next, a setting procedure for the operation of
the master inverter 19a and the slave inverter 19b will be
described with the aid of Figure 5.
[0044] Figure 5 is an explanatory diagram for the set-
ting procedure for the operation of the master inverter
and slave inverter which are used in the control device
for induction heating units in Embodiment 1 of the present
invention.
[0045] The upper part of Figure 5 shows currents flow-
ing in the master C-shaped heating unit 5 and the slave
C-shaped heating unit 6. The middle part of Figure 5
shows an output voltage from the master inverter 19a.
The lower part of Figure shows an output voltage from
the slave inverter 19b.
[0046] First, the master frequency control circuit 26
sets the operation frequency of the master inverter 19a
to the resonance frequency Fm0 so that the power factor
of the master inverter 19a is equal to 1. That is, as shown
in the upper part and middle part of Figure 5, the operation
frequency of the master inverter 19a is set so that the

phase of an output voltage Vlm from the master inverter
19a is synchronized with the phase of an output current
(a master inductor current lm). As a result, as shown in
the upper part and middle part of Figure 5, the cycle time
of the master-side circuit is set to t0.
[0047] Thereafter, the slave frequency control circuit
27 sets the resonance frequency Fm0 of the master-side
circuit as the operation frequency of the slave inverter
19b. As a result, as shown in the lower part of Figure 5,
the cycle time of the slave-side circuit is also set to t0.
[0048] Thereafter, as shown in the upper part of Figure
5, the slave current phase control circuit 28 synchronized
the phase of an output current (a slave inductor current
Is) from the slave inverter 19b with the phase of an output
current (a master inductor current Im) from the master
inverter 19a. As a result, in the master C-shaped heating
unit 5 and the slave C-shaped heating unit 6, the gener-
ation of a beat current by a mutual induction current is
suppressed. That is, the master C-shaped heating unit
5 and the slave C-shaped heating unit 6 can avoid failures
by the flow of an overcurrent.
[0049] Next, Q-values of the master-side circuit and
slave-side circuit will be described with the aid of Figure 6.
[0050] Figure 6 shows Q-values of the master-side cir-
cuit and slave-side circuit of the control device for induc-
tion heating units in Embodiment 1 of the present inven-
tion.
[0051] As shown in Figure 6, a case where the reso-
nance frequency Fm0 of the master-side circuit deviates
from the resonance frequency F0s of the slave-side cir-
cuit is considered. In this case, an operation frequency
F0 of the master inverter 19a and slave inverter 19b is
set to the resonance frequency Fm0 of the master-side
circuit. In this case, a Q-value Qm0 of the master-side
circuit is a maximum value on a Q-value curve Qm of the
master-side circuit. For this reason, maximum power that
can be applied to the master C-shaped heating unit 5 is
maintained. In contrast to this, a Q-value Qs0 of the slave-
side circuit is not a maximum value on a Q-value curve
Qs of the slave-side circuit. For this reason, maximum
power that can be applied to the slave C-shaped heating
unit 6 decreases.
[0052] According to Embodiment 1 described above,
the phase of the output current from the slave inverter
19b is synchronized with the phase of the output current
from the master inverter 19a. Pulse widths of output volt-
ages from the master inverter 19a and slave inverter 19b
are individually set. For this reason, it is possible to indi-
vidually control amounts of temperature rise in one side
portion and the other side portion of the material to be
heated 1 while preventing the occurrence of the abnormal
mutual induction phenomenon between the two induction
heating units.

Embodiment 2

[0053] Figure 7 is a block diagram of a control device
for induction heating units in Embodiment 2 of the present
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invention. Parts which are the same as those in Embod-
iment 1 or corresponding parts bear identical reference
numerals and are not described herein.
[0054] The control device of Embodiment 2 is such that
a frequency synchronizing capacitor 31, a disconnecting
switch 32, and a slave voltage phase control circuit 33
are added to the control device of Embodiment 1.
[0055] The slave frequency synchronizing capacitor 31
is connected in parallel to the slave series resonance
capacitor 23b between the slave matching transformer
22b and the slave C-shaped heating unit 6. The discon-
necting switch 32 is connected in parallel to the slave
series resonance capacitor 23b and connected in series
to the slave frequency synchronizing capacitor 31. The
slave voltage phase control circuit 33 has the function of
opening and closing the disconnecting switch 32 by re-
ceiving the feedback of the detection value of the slave
current detector 24b and the detection value of the slave
voltage detector 25b.
[0056] Next, the resonance frequency of the slave-side
circuit will be described with the aid of Figure 8.
[0057] Figure 8 is an explanatory diagram for the res-
onance frequency of the control device for induction heat-
ing units in Embodiment 2 of the present invention.
[0058] As shown in Figure 8, an electrostatic capacity
of the slave frequency synchronizing capacitor 31 is de-
noted by Css. In a case where the disconnecting switch
32 is closed, the resonance frequency Fs0 of the slave-
side circuit is expressed by Equation (3) below.
[Equation 3] 

[0059] Next, a setting procedure for operation frequen-
cies of the master inverter 19a and the slave inverter will
be described with the aid of Figure 9.
[0060] Figure 9 corresponds to Figure 5 in Embodi-
ment 2 of the present invention.
[0061] Similarly to Figure 5, in Figure 9 the phase of
the output current from the master inverter 19a is syn-
chronized with the phase of the output current from the
slave inverter 19b. Thereafter, the slave voltage phase
control circuit 33 synchronizes the phase of the output
voltage from the slave inverter 19b with the phase of the
output voltage from the master inverter 19a by opening
and closing the disconnecting switch 32.
[0062] Next, Q-values of the master-side circuit and
slave-side circuit will be described with the aid of Figure
10.
[0063] Figure 10 corresponds to Figure 6 in Embodi-
ment 2 of the present invention.
[0064] As shown in Figure 10, the resonance frequen-
cy Fm0 of the master-side circuit is synchronized with
the resonance frequency Fs0 of the slave-side circuit. In
this case, the Q-value Qm0 of the master-side circuit and
the Q-value Qs0 of the slave-side circuit are maximum

values. For this reason, maximum power that can be ap-
plied to the master C-shaped heating unit 5 and the slave
C-shaped heating unit 6 is maintained.
[0065] According to Embodiment 2 described above,
the phase of the output voltage from the slave inverter
19b is synchronized with the phase of the output voltage
from the master inverter 19a by opening and closing the
disconnecting switch 32. For this reason, it is possible to
prevent a decrease in the heating efficiency of the slave
C-shaped heating unit 6.

Embodiment 3

[0066] Figure 11 is a block diagram of a control device
for induction heating units in Embodiment 3 of the present
invention. Parts which are the same as those in Embod-
iment 2 or corresponding parts bear identical reference
numerals and are not described herein.
[0067] The control device of Embodiment 3 is such that
the disconnecting switch 32 of Embodiment 2 is replaced
with a slave voltage phase control device 34.
[0068] The slave voltage phase control circuit 33 con-
trols a voltage applied to the slave frequency synchro-
nizing capacitor 31 through the use of the slave voltage
phase control device 34. As a result, the phase of the
output voltage from the slave inverter 19b is synchro-
nized with the phase of the output voltage from the master
inverter 19a.
[0069] Next, the resonance frequency of the slave-side
circuit will be described with the aid of Figure 12.
[0070] Figure 12 is an explanatory diagram for the res-
onance frequency of the control device for induction heat-
ing units in Embodiment 3 of the present invention.
[0071] In Figure 12, the resonance frequency Fs0 of
the salve-side circuit changes continuously by controlling
the voltage applied to the slave frequency synchronizing
capacitor 31.
[0072] According to Embodiment 3 described above,
it is possible to control the voltage applied to the slave
frequency synchronizing capacitor 31 through the use of
the slave voltage phase control device 34. For this rea-
son, it is possible to ensure synchronizing the phase of
the output voltage from the slave inverter 19b with the
phase of the output voltage from the master inverter 19a.

Embodiment 4

[0073] Figure 13 is a block diagram of a control device
for induction heating units in Embodiment 4 of the present
invention. Parts which are the same as those in Embod-
iment 2 or corresponding parts bear identical reference
numerals and are not described herein.
[0074] The control device of Embodiment 2 uses the
slave frequency synchronizing capacitor 31. On the other
hand, the control device of Embodiment 4 uses a slave
frequency synchronizing reactor 35.
[0075] The slave frequency synchronizing reactor 35
is connected in series to the slave series resonance ca-
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pacitor 23b and connected in parallel to the slave C-
shaped heating unit 6. The disconnecting switch 32 is
connected in series to the slave series resonance capac-
itor 23b and the slave frequency synchronizing reactor
35 and connected in parallel to the slave C-shaped heat-
ing unit 6. The slave voltage phase control circuit 33 has
the function of synchronizing the phase of the output volt-
age from the slave inverter 19b with the phase of the
output voltage from the master inverter 19a by opening
and closing the disconnecting switch 32.
[0076] Next, the resonance frequency of the slave-side
circuit will be described with the aid of Figure 14.
[0077] Figure 14 corresponds to Figure 8 in Embodi-
ment 4 of the present invention.
[0078] As shown in Figure 14, inductance of the slave
frequency synchronizing reactor 35 is denoted by Lss.
In a case where the disconnecting switch 32 is closed,
the resonance frequency Fs0 of the slave-side circuit is
expressed by Equation (4) below.
[Equation 4] 

[0079] According to Embodiment 4 described above,
as in Embodiment 2, it is possible to prevent a decrease
in the heating efficiency of the slave C-shaped heating
unit 6.

Embodiment 5

[0080] Figure 15 is a block diagram of a control device
for induction heating units in Embodiment 5 of the present
invention. Parts which are the same as those in Embod-
iment 3 or corresponding parts bear identical reference
numerals and are not described herein.
[0081] The control device of Embodiment 3 uses the
slave frequency synchronizing capacitor 31. On the other
hand, the control device of Embodiment 4 uses the slave
frequency synchronizing reactor 35.
[0082] Next, the resonance frequency of the slave-side
circuit will be described with the aid of Figure 16.
[0083] Figure 16 corresponds to Figure 12 in Embod-
iment 5 of the present invention.
[0084] In Figure 16, the resonance frequency Fs0 of
the salve-side circuit changes continuously by controlling
the voltage applied to the slave frequency synchronizing
reactor 35.
[0085] According to Embodiment 5 described above,
it is possible to control the voltage applied to the slave
frequency synchronizing reactor 35 through the use of
the slave voltage phase control device 34. For this rea-
son, it is possible to ensure synchronizing the phase of
an output voltage of the slave inverter 19b with the phase
of the output voltage from the master inverter 19a.

Industrial Applicability

[0086] As described so far, the control device for in-
duction heating units of the present invention can be ap-
plied in individually controlling amounts of temperature
rise in one side portion and the other side portion of a
material to be heated.

Description of symbols

[0087] 1 material to be heated, 2 entry conveyor roller,
3 delivery conveyor roller, 4 ground, 5 master C-shaped
heating unit, 5a master entry C-shaped inductor, 5b mas-
ter delivery C-shaped inductor, 6 slave C-shaped heating
unit, 6a slave entry C-shaped inductor, 6b slave delivery
C-shaped inductor, 7a-7d material current, 8a-8d ground
current, 9 arc, 10 first material loop circuit, 11 second
material loop circuit, 12 ground loop circuit, 13,14 mate-
rial current, 15 ground current, 16 voltage-fed inverter
power source, 17 rectifier, 18 smoothing capacitor, 19a
master inverter, 19b slave inverter, 20 AC power source,
21 voltage-fed matching device, 22a master matching
transformer, 22b slave matching transformer, 23a master
series resonance capacitor, 23b slave series resonance
capacitor, 24a master current detector, 24b slave current
detector, 25a master voltage detector, 25b slave voltage
detector, 26 master frequency control circuit, 27 slave
frequency control circuit, 28 slave current phase control
circuit, 29 master voltage control circuit, 30 slave voltage
control circuit, 31 frequency synchronizing capacitor, 32
disconnecting switch, 33 slave voltage phase control cir-
cuit, 34 slave voltage phase control device, 35 slave fre-
quency synchronizing reactor

Claims

1. A control device for induction heating units, compris-
ing:

a master frequency control part that sets an op-
eration frequency of a master inverter, which
drives a master C-shaped induction heating unit
provided on one side of a material to be heated,
so that a phase of an output voltage and a phase
of an output current from the master inverter are
synchronized;
a slave frequency control part that synchronizes
an operation frequency of a slave inverter, which
drives a slave C-shaped induction heating unit
provided on the other side of the material to be
heated, with the operation frequency of the mas-
ter inverter;
a slave current phase control part that synchro-
nizes a phase of an output current from the slave
inverter with the phase of the output current from
the master inverter;
a master voltage control part that sets a pulse

11 12 



EP 2 890 217 A1

8

5

10

15

20

25

30

35

40

45

50

55

width of the output voltage from the master in-
verter; and
a slave voltage control part that sets a pulse
width of an output voltage from the slave invert-
er.

2. The control device for induction heating units accord-
ing to claim 1, further comprising:

a slave voltage phase control part that synchro-
nizes a phase of the output voltage from the
slave inverter with the phase of the output volt-
age from the master inverter.

3.  The control device for induction heating units ac-
cording to claim 2, further comprising:

a slave series resonance capacitor connected
between the slave C-shaped heating unit and
the slave inverter;
a slave frequency synchronizing capacitor con-
nected in parallel to the slave series resonance
capacitor; and
a disconnecting switch connected in parallel to
the slave series resonance capacitor and con-
nected in series to the slave frequency synchro-
nizing capacitor,
wherein the slave voltage phase control part
synchronizes the phase of the output voltage
from the slave inverter with the phase of the out-
put voltage from the master inverter by opening
and closing the disconnecting switch.

4. The control device for induction heating units accord-
ing to claim 2, further comprising:

a slave series resonance capacitor connected
between the slave C-shaped heating unit and
the slave inverter;
a slave frequency synchronizing capacitor con-
nected in parallel to the slave series resonance
capacitor; and
a slave voltage phase control device connected
in parallel to the slave series resonance capac-
itor and connected in series to the slave frequen-
cy synchronizing capacitor,
wherein the slave voltage phase control part
synchronizes the phase of the output voltage
from the slave inverter with the phase of the out-
put voltage from the master inverter by control-
ling a voltage applied to the slave frequency syn-
chronizing capacitor through the use of the slave
voltage phase control device.

5. The control device for induction heating units accord-
ing to claim 2, further comprising:

a slave series resonance capacitor connected

between the slave C-shaped heating unit and
the slave inverter;
a slave frequency synchronizing reactor con-
nected in series to the slave series resonance
capacitor and connected in parallel to the slave
C-shaped heating unit; and
a disconnecting switch connected in series to
the slave series resonance capacitor and the
slave frequency synchronizing reactor and con-
nected in parallel to the slave C-shaped heating
unit,
wherein the slave voltage phase control part
synchronizes the phase of the output voltage
from the slave inverter with the phase of the out-
put voltage from the master inverter by opening
and closing the disconnecting switch.

6. The control device for induction heating units accord-
ing to claim 2, further comprising:

a slave series resonance capacitor connected
between the slave C-shaped heating unit and
the slave inverter;
a slave frequency synchronizing reactor con-
nected in series to the slave series resonance
capacitor and connected in parallel to the slave
C-shaped heating unit; and
a slave voltage phase control device connected
in series to the slave series resonance capacitor
and the slave frequency synchronizing reactor
and connected in parallel to the slave C-shaped
heating unit,
wherein the slave voltage phase control part
synchronizes the phase of the output voltage
from the slave inverter with the phase of the out-
put voltage from the master inverter by control-
ling a voltage applied to the slave frequency syn-
chronizing reactor through use of the slave volt-
age phase control device.
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