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Design and simulation of Hoo controller for industrial induction

heating power supply
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Abstract: Induction heating has always been a hot topic for scholars domestic and overseas because of its
advantages of environmental protection and high thermal efficiency. The disturbance which exists in the
power and control circuits brings the difficulty of estimating the parameters of electrical components
accurately. The performance of traditional PI controller based on deterministic model is difficult to
improve. Therefore, it is necessary to consider the influence of the disturbance on the induction heating
control system. In this paper, a system state space model with equivalent series resonant load was
established, and the model was decoupled by linearization method. Based on the decoupled model, a double
closed loop PI controller and an improved current inner loop Hoo controller were designed. Finally, the PI
controller and the Hoo controller were simulated under two starting conditions respectively. It is further
confirmed by comparison that the improved system has better anti-interference ability and dynamic
characteristics.
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Fig. 1 Induction heating system
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Fig. 2 Equivalent model of induction heating
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Fig. 3 Double closed loop control flow of rectifier
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Fig. 4 Structural chart of transfer function in current inner loop
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Fig. 5 Structural chart of transfer function of voltage outer loop
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Fig. 6 Standard control block diagram of Hoo control
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Fig. 7 Improved Hoe current inner loop control model
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Fig. 8 Start-up response in two control modes
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Fig. 9 Relation diagram of phase voltage and current on AC side of PI controller under steady state
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Fig. 10 Relation diagram of phase voltage and current on AC side of Hoo controller under steady state
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Fig. 11 DC voltage response of two control modes with inductance perturbation
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Fig. 12 Response diagrams of two control modes with sudden disturbance
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Fig. 13 Steady state response under two control modes with inductance perturbation



58 TR K FFHK % 43 %

5 & &

D BEFEIF BT FE L M PW M % 0 25 0 45 1 a1 e e R AT IR, ASE BT TH R G iy D R b A7 3 461 .

2) X AE R BN IR R G T T AR S8 XU B PT #6245 0 PT 4% 1l 25 78 5 B0k 72 rh 5 il S8 R N 3R
I H S BR 7R G0 L 2 B0 B AN i 5 AR AR AR TR A5 0 T AR AN

3) M4 Hoo & 1 42 1] Jirt $HGT I A 428 1 25 0% F U PN IR0 43 a0 AT T Gk . 6 G JE B R S5 L 38 B R L
RILT B iE Hoo LI N IR P i S8 R 8 TARRE T 5 RGN T IS B s i 16 00 F B RB 5 P14 #% B
ARG B N TE BT R H oo g g 7 SRR A 2R G A P R

Sk

[ 1] Héctor Sarnago, Oscar Lucia, José M. Burdio. Multi-resonant power converter for improved dual-frequency induction
heating[ J]. IEEE Transactions on Power Electronics, 2018, PP(99): 1.

(2] AL, sk, L8, @mBURE IR IERF BRI, W/RER TR, 2015, 20(1): 50-55.

ZHOU Meilan, LI Yanping, WANG Jichang. Design of high frequency induction heating power system[]]. Journal of
Harbin University of Science and Technology, 2015, 20(1): 50-55.(in Chinese)

[ 31 240 BRIl v s fin i A gk (O LY 1S AR R 2013(5) : 26-32.

LI Jingang. Induction heating technology in modern industry[ J]. Application of frequency conversion technology, 2013
(5): 26-32.(in Chinese)

[ 4 ] Pradeep V, Gunabalan R, Sridhar R. A novel power control technique for series resonant inverter-fed induction heating system
with fuzzy-aided digital pulse density modulation scheme[ J]. International Journal of Fuzzy Systems, 2017, 20(2):1-15.

[ 5] Nawaz M, Sagib M A, Kashif S A R, et al. Constrained model predictive control for an induction heating load []].
Transactions of the Institute of Measurement and Control, 2019, 41(1) . 210-218.

[ 6 ] Héctor S, José M B, Oscar L. High-performance and cost-effective ZCS matrix resonant inverter for total active surface
induction heating appliances[ J]. IEEE Transactions on Power Electronics, 2019, 34(1):117-125.

[7 0 JAS5 25 A i 000, 2 7 50 A6 7 Jom A4 vl Y 4R o7 B B R 6 L) ] WA R VB B TR 2% 2% 41, 2014, 19(3) £ 84-88.

ZHOU Meilan, XU Zeqing, LI Yanping. High frequency induction heating power supply phase tracking system[]].
Journal of Harbin University of Science and Technology, 2014,19(3) :84-88.(in Chinese)

[ 81 3Kak3c, 2o, i/, 4. = AR R PWM B 83 B Zh = 2 i ot L) ). A 223k, 2017, 15(5): 123-130.
ZHANG Zhiwen, LI Song, XIE Xiaocheng, et al. Research on predictive power control of three-phase voltage source
PWM rectifier[ ] ]. Journal of Power Supply, 2017, 15(5): 123-130.(in Chinese)

[ 9] Wallace I, Bendre A, Nord J P, et al. A unity-power-factor three-phase PWM SCR rectifier for high-power applications in
the metal industry[J]. IEEE Transactions on Industry Applications, 2002, 38(4) :898-908.

[10] #UweHl, fefd, AR —, %, =AM L8 PWM 0 s dt B F5 il e Rag R A L. R, 2019, 43(6): 2049-2057.
HE Shiming, XIONG Jian, DAI Dayi, et al. Modeling, Control and stability analysis of three-phase voltage-source PWM
rectifier[ J]. Power System Technology, 2019,43(6):2049-2057. (in Chinese)

L1010 #F%, JA e IR i 5 T R 190 B T Ok 5 T F) XL P B D' R I ) 3978 R e K T 58 L0 0. e 14 11, 2017, 40(2) : 446-450.

XU Jun, ZHOU Wenhua, ZHENG Shaolu. Research of grid-connected photovoltaic inverter grid-connected system based on
double closed-loop of grid voltage vector orientation[ J]. Chinese Journal of Electron Devices, 2017,40(2) :446-450.(in Chinese)

[12] FARLT, & KB AR5, FAF YIRS IR B ARTE PWM #5085 b iy i FH [T ]38 B K224, 2010,33(7) : 35-41.

FU Zhihong, DONG Yuxi, ZHU Xuegui. et al. Application of digital phase-locked loop and filtering technique in PWM
rectifier[J]. Journal of Chongqing University, 2010,33(7):35-41.(in Chinese)

[13] Hou Y J, Tian H M, Qu X D, et al. Development of digital control system for medium frequency induction furnaces
[J]. TOP Conference Series: Earth and Environmental Science, 2018, 188.

[147] Szelitzky T, Dulf E H. Hoo control of an induction heating inverter[J]. Intelligent Control System & Computer Science,
2013:235-250.

[15] AV, WAL, B, % KEEE LRI E RS HocoB i [J]. B TH AR, 2019, 34(7):130-139.

HOU Limin, SHEN Hesong, YAN Xin, et al. Hoo robust control of PMSM speed regulation system[ ] ]. Transactions of
China Electrotechnical Society, 2019, 34(7):130-139.(in Chinese)

[16] Rk, B 5 M. 2 T RO O AL 32 0y B e LA H_ oo il [T 1A R 3= 4, 2013,34(9) : 2051-2057.

WU Zhonggiang, XIAO Xuefei, TANG Yachao. Heocontrol of unit plant based on particle swarm optimization algorithm
[J].Chinese Journal of Scientific Instrument, 2013,34(9):2051-2057.(in Chinese)
(%% EERP)



