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Digital Power Control of LLC Resonant Inverter for Microwave Oven
Kyelyong Kang!, Heung-Geun KimT, and Honnyong Cha’

Abstract

This paper proposes a digital power control of the LLC resonant half-bridge inverter for high power
microwave oven application. Conventional half-bridge inverter for driving a microwave oven uses a
hardware-based power control method which varies the frequency according to the AC source voltage. In this
case, it is difficult to control the output power according to the variation of the load status of magnetron. The
proposed power control consists of an instantaneous current generator and a current controller. Instantaneous
current generator makes an instantaneous current reference from power command using input voltage
information. Current controller controls input current which has an information of status of magnetron. The
proposed power control does not require any compensation algorithm for the change of the load status of the
magnetron and change of input voltage. The validity of the proposed method for the control of the change of
mput voltage and frequency is verified by both simulation and experiment.

Key words: Digital power control, High frequency transformer, LLC resonant inverter, Magnetron

.M B AHEE o] &3t AAHRIAE I EE Ao 7=

S =2 g8 mE VMY S5 W =9 Ao WY T

Aukz o7 JhAo A AMREE A Ao w9 FHOoE V&S AF HAY HVTE AHEd d9
ER 58 Agws A= AE d4Ad HVITMHigh W8 ZXE w2A diAs] 7tz ok dzd a8 <l
Voltage Transformer)E ©]-&3l HOMJO] F2 AgEn HE 7|Ee F2 4E U dAlE FALE EF 9
ek o] W pxrb dsla, AelsithE Aol WE(Class-E Inverter) 7[WFo® JdrEo] govt nE
dout, A Atel wEh EFFo] wata, w2 S ¥ AAAA ] AEA 1Y IGBTE AHg-aloF &b,
A7) e Y olE o] gste] /93X AojE ty] &Aool va, A Y T& A uafHoR Qd &
o] 293 Ze)7, delo] HA §F 5o FAdel  F HsIh AL WAE ztu AnPll ojg F8E)
Aok mek 28 Aes HAgsy] 93 2ad Ay fJa sk BelA] AHEE o83 o] AtHAT

HolwA AT EY AoF s del @At Aok W o wy 3 3]
1¥ 60Hz Wet71e] EAA 14 2o AbgeA  &sto] $4S%te] 7Fse LLC 3313 st BA] QI
e Fd€o] Zold4E Wely|o TAV FAYAN D, HEA 1Y WY #HAd 5 Fola, A gl
Agn 7t Asets wdel gl ZVS s%o] 7hssithe ol k. ey Fatel w
2 Qg o]So] W] MR Aoist Atk B
o] 9
Paper number: TKPE-2017-22-5-11 =06 28 =T B o = o
Print ISSN: 1229-2214  Online ISSN: 22886281 712l LLC &9 sf2 BefA <IufEe shedol
T Corresponding author: kimhg@knu.ackr, Dept. of 7] Z8 Aol WA RE A At w FHGFE
r%lel.ctiigsgé:ilgéof(%%ggpook National University PRSI WAl Aesla o), 8 g uld) A
VHEA C - § Fu5 W9E AR ok, s Rele] 4
ontrol R&D Lab., LG Electronics Inc. o T wmTlE 2o ) == T °©
“Dept. of Energy Eng., Kyungpook National University Hell ot A2 WAEd | oyuhs dHo] gy E
Manuscript received July 26, 2017; revised Aug. 7, 2017; =R AL B ER Ao]E 9|3 8z

accepted Aug. 29, 2017 !
— & =22 BESIUIN JSEEoR SN vel e TAY 2 Aol 4y



458 AAHAAE LLC 31 F

Stable magnetic field
I Thermal electron

Cathode
(filament)

[11]

=
o719l A&

Fig. 1. Sectional view of a typical magnetron
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Fig. 2. (a) Magnetron characteristic curve
(b) Electrical equivalent circuit
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Fig. 3. Structure of LLC resonant inverter for magnetron.
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Fig. 4. Voltage gain —— of LLC resonant inverter
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according to the frequency.
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Fig. 5. Oscillation period of magnetron.
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Fig. 6. Distortion of the input current at the magnetron
heating status.
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Fig. 7. Proposed digital power control block diagram.
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TABLE 1
MAGNETRON SPECIFICATION : 2M-286, LG

Symbol Unit Value
Filament Voltage Ef V] 3.15
Peak Anode Voltage ebm [kV] 415
Average Output Power |Po [W] 1040
Frequency fo [Mhz] | 2450
TABLE O
PARAMETERS OF SIMULATION AND EXPERIMENT
Parameter Symbol | Unit Value
Maximum power P [W] | Max. 1840
Input voltage v [Vims] | 180 ~ 280
Input frequency F [Hz] 30 ~ 80
Magnetron voltage v, [kv] | 44 ~34
Load (Oscillation Mode) Rom kO] 13
Load (Non Oscillation Mode) Ryom kO 380
Filament resistor Ry [Q) 0.075
Np:Ns:N1 turn [turn] 24:300:1
Primary leakage inductance L., [MH] 16.5
Secondary leakage inductance L, [MH] 30
Magnetizing inductance L [uH] 125
Filament coil inductance Ly [UH] 19
Resonant capacitor Cr1, Crp | [MF] 0.27
High voltage capacitor Co1r Coz | [NF] 8.2
DC capacitor Cyc [WF] 33
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Fig. 11. Waveforms of the input voltage and input current at
1840W.
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Fig. 12. Waveforms of the magnetron parameters (7 # 1y,
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Fig. 13. Input voltage and current waveforms for a
voltage step increase from 220Vrms to 280Vrms.
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