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Harmonic Suppression of the Input Current in Microwave Oven
Using LLC Resonant Inverter

Kyelyong Kang!, Heung-Geun KimT, and Honnyong Cha’

Abstract

This paper proposes a parametric design of an LLC resonant inverter used for a microwave oven. To
improve the harmonic performance of the microwave oven, a current controller with a variable PI gain is
proposed. Due to the recent strengthening of harmonics regulations, inverter control technology for microwave
ovens is now required to satisfy harmonic performance. In an LLC resonant inverter, the voltage gain varies
remarkably depending on the magnetron voltage, output power, and input voltage. To satisfy harmonic
performance, a controller that can maintain operation in the zero-voltage switching (ZVS) region and control
changes in voltage gain is required. The modified design of the LLC resonant inverter ensures ZVS operation
even when the magnetron is heated. Application of the variable current controller improves harmonic control
according to the instantaneous gain curve change. The validity of the proposed power control with a variable
current controller is verified by experiments with a 1200 W microwave oven.

Key words: HFT(High Frequency Transformer), Magnetron, LLC resonant inverter, Variable current controller

LM 2

Ao AWHE o g% ARG HIEE TE

WAE e RE ME D SE §e 28 Alof
= o -

Voltage Transformer)E ©|&3 +% WS w27 o

Al b QoS g S 716 elwE &go] =7}

gol W gew 4Rl o Eael o

AHEA At txﬂﬂ WAste] o]E qrAlEt7] SlEiAl

e T8 7k AS 200095H 4" Aol g
Bl T [R= SRARGIRC ]'_1_. Qo

el 1% I A g
23

P:ﬂ Az QA& 1% A W

HE(Class-E Inverter) 7|9tell &2 L& A A E

i

Of

=
=

grﬁlﬂ

\1

Paper number: TKPE-2018-23-3-10
Print ISSN: 1229-2214  Online ISSN: 2283-6281

T Corresponding author: kimhg@knu.ac.kr, Dept. of
Electrical Eng., Kyungpook National University
Tel: +82-53-950-5605 Fax: +82-53-950-6600

}H&A Control R&D Lab., LG Electronics Inc.

2 School of Energy Eng., Kyungpook National University
Manuscript received Apr. 1, 2018; revised Apr. 4, 2018;
accepted Apr. 25, 2018

& DC AAEE Abgsta, A dskel weh =14
o7 FyE 7PHEE PFM(Pulse Frequency Modulation)
Aol PWM(Pulse Width Modulation) & H32 o=
Alofste] QJEAFE AARZ vt=E= 7IRo] AFEHA
ot gy LLC 213 AuEE 7ite g s A
A Al 9o s ALstr] 93l PWM# PFM
Al Mgl As a3 dARe ZVSE
oy ite] At tE a9l ok A9
AL Aol MAEY|E gty EE nfIYEES Oaﬂx—q.
ofs wIUEE Hgte] WHIEE wlIdE
I ER 9 49 Al wep A% 01‘—:-
| aA Wate] 1235 JAstr] g A7t
7hehE T
7 = AAEAA L QIMEHe 1z oA
M8k 91k LLC 8313 AwE o] stejmle A7
7}&1 Pl ¢|5& Ze= Af Alo7]E Algket) LLC
g QAWE detnE AAl= nfadEEe] 7tEd
HE ZVS 949 w7t 7bssta, 7hE o5 AR
Al o5 = Wstd e 1x3 A
ol AlbE Aloj7]e] AFS 1200W 3}
A RJAA A HAHS Tl 1 BIANS

20

alL
l
g

o]

O 2 R B SE o
tot
2
o>

off
1B

N2 o
i

R

N
==

oN i o @ = r>J
PN

oy e i 2L ox ol fo o
ot o
k)



226

A MGT | |
ay | &
0.54

Filament
337
104

Ml‘
G L
Z M, Voltage gain
R, Effectiveresistive load
_.2 8 7 HVT tum ratio
vy /2 i j'[zRG I, Leakageinductance
Lm Selfinductance
O
(b)
Fig. 1. (a) Structure of LLC resonant inverter for
magnetron. (b) FHA equivalent model of LLC resonant
inverter.
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Fig. 2. Voltage gain of LLC resonant inverter at V|
=218[Vrms], v, x = -44[kV].
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Fig. 3. Waveforms of iput voltage and input current
waveform at 1840[W], v 4 =— 4.4 [k V], initial condition

of magnetron.
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Fig. 4. Voltage gain of LLC resonant inverter at 218[Vrms],
v = —34kV].
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Fig. 5. Waveforms of input voltage and input current at
1840[W] v 4 = -34[kV].
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Fig. 6. Harmonic test EN61000-3-2 Class A result at
magnetron heating condition.
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TABLE 1
LLC RESONANT PARAMETER FOR HARMONIC
SUPPRESSION
Symbol Unit Value
Instant Power P, [VA] 4000
Magnetron Voltage Vi V] 3400 ~ 4400
Turn ratio Z 9.8
Leakage inductance L [«H] 41.37
Self inductance L, |uH] 131
Resonant Capacitor C. [uF] 0.78
Min. Frequency Jain [kHz] 20
Max. Frequency S [kH:z] 70
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Fig. 7. Voltage gain of LLC resonant inverter at V=
218[Vrms], vy =
harmonic suppression.
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Fig. 8 Voltage gain of LLC resonant inverter at V
=218[Vrms], v 4 =~ 34[kV] with modified parameters.
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Fig. 9. Voltage gain of LLC resonant inverter at V|
=290[Vrms] v 4 ;- =-34[kV] with modified parameters.
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Fig. 10. Proposed digital power control block diagram.
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Fig. 11. Input current waveform at 1840W.
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Fig. 12. Harmonic test EN61000-3-2 Class A result.
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