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Expanding the Zero-Voltage Switching Region of a ZVS Tank Inverter

Using a Variable Inductor with Magnetic Fluid

Michiru Hayashi®, Keisuke Kusaka, (Nagaoka University of Technology)

High-frequency inverters are widely used in induction heating systems and wireless power transfer applications. These systems often

experience significant load variations depending on operating conditions, which can lead to hard-switching events and increased switching

losses. To address this issue, ZVS tank inverters have proposed maintaining zero-voltage switching over a wide range of load conditions. By

designing the tank inductance for the most challenging ZVS conditions, ZVS can be achieved across a broader operating range. However,

when the operating point inherently allows ZVS without the tank, the ZVS inductor can introduce unnecessary losses.

In this study, a variable-inductance approach is proposed to adjust the ZVS inductor according to the load condition. By switching the

inductance based on the operating point, the inverter can expand the ZVS range while minimizing unnecessary losses, thereby maintaining

high efficiency under varying load conditions.
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Fig.1. ZVS tank inverter.

N
L td
— s1 S2 s1
> - ’
i Il |1 Times
< 11 I Il
= i .
« S4 11 S3 1S4
= L1 [N
||II ||||Times
11 Il
Ly L1y
5 Ly 1y
3 - (.
o p—
Ly I
K X 1
3 ! |
>

5<
N

-Vin

I

. I

Vin/2 }e-eeer :

I | I

| |

e
-Vin/2 [

Vin/2 Foeeoipereeeenininpe
k\:\ |
T

I
|
Vin/2 |+
|

E;
B v
(€]

Vizvs2, 1Lzvs2 VLizvsl, 1Lzvs]

|
L
L J |
LG T
1 234 5 678

2 [EIREEIEETE
Fig. 2. Circuit operation waveform
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Fig. 3. Current on switching devices at

ZVS operation.
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£ 1 IEHART A=
Table 1. Derivation parameters.
Parameters Symbol Value
Input voltage Vpc 300V
Phase shift angle @ 0 deg
Operation frequency f 13.56MHz
Dead-time ta 10ns
Drain-source capacitor Cis 200 pF
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Fig. 5. Temperature-magnetization characteristics of

magnetic fluid.
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Table 2. Physical properties of magnetic fluid.

Properties Symbol Value

. . . Synthetic
Dispersion medium hydrocarbons
Saturation magnetic flux
density @25°C B.vat 30.0 mT

. . . 1170x10°

Fluid density @25°C P kg/m?
Thermal conductivity 2 0.143 W/(m
@22°C K)
Specific heat Cy 14207/ (kg*K)

Forward magnetic field direction

Coil _
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Fig. 6. Schematics of Variable inductor and its operation.
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Fig. 7. Variable inductor with magnetic fluid.
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Table 3. Experimental parameters.
Parameters Symbol Value
Input voltage Vpc 120V
Phase shift angle a 0 deg
Operation frequency f 13.56MHz
Dead-time ta 10ns
Resonant capacitor Cr 36.58pF
Line inductance L 50nH
. Czysi
Capacitance of Czvs 310nF
Czys2
Gate-Source volt@e[lOV/dlv] I : A |
@ ,,,, N R e ] "W

Taverer voltage[ZOOV/le] (IR S S

ZVS tank current [10A/div] |

20[nsec/div]

X9 I H0.5p.u. Lzvs= 67 nH)
Fig. 9. Output waveforms (0.5p.u. Lzvs= 67 nH).
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Table 4. Generated losses due to variable ZVS tank inverter incorporation

Loss[W]
Ip.u. 0.75p.u 0.5p.u. 0.33p.u. 0.25p.u.
High inductance 104.8 73.1 58.0 46.1 34.4
Low inductance 105.3 76.9 56.2 46.5 28.7
Loss reduction rate[%] 0.52 4.94 0.86 0.86 16.7
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Fig. 10. Conversion loss with changing inductor in ZVS tank.
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