BHSRE

Control and Decision

ET—BERERN S RAM S BBMARTEEH SR
Vg, XEF, g, RAZDN, X, RBEHE, KUK

FIHIARSL:

Wal, XUEFS, Edgtl, 4. ST —BUE ik i SRR A A R GRS PR A )], F 5 B3R, 2021, 36(12):
2901-2909.

TEZR R View online: https:/doi.org/10.13195/j.kzyjc.2020.0986

TRAT RIS HAN SO

Articles you may be interested in

I Tl L ) S A L el e BE R S ) 531 =0 IR R TR 47 il
Distributed finite—time secondary control for heterogeneous battery energy storage systems in an islanded microgrid

Pl Y. 2021, 36(8): 2034-2041  hitps://doi.org/10.13195/j.kzyjc.2020.0012
e A — B RE IR RO i 41 0C 2R

Multiplicative consistent Pythagorean fuzzy preference relation

P 53R, 2021, 36(4): 1010-1016  https:/doi.org/10.13195/j kzyjc.2019.0967

oA AN TE AL I A2 g AR Lk P i
Time—varying formation nonlinear control of distributed multiple UAVs

PR 5P 2021, 36(10): 2490-2496  https:/doi.ore/10.13195/).kzyjc.2020.0136
A I YHRARFNRAE T 200 R A% o0 21 225 P IRl 4 il

Group attitude coordinated control of multi—spacecraft with directed switching topologies

Pl 53R, 2021, 36(10): 2389-2398  https://doi.org/10.13195/j.kzyjc.2020.0311
325 7 A ik A P R BRI 2 R e IR R g — Bk

Adaptive event—triggered consensus for Markovain jumping multi—agent systems

PRl 5P 2020, 35(11): 2780-2786  https://doi.org/10.13195/).kzyjc.2018.1507


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0986
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0012
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0967
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0136
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0311
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2018.1507

363 5 128 = % 5 xR Vol.36 No.12
20214 12 Control and  Decision Dec. 2021

ET—HMEEZN SRR = /IR MR
ARG EHSM R

o RV NES, FEIES, R, R el s k!

(1. BHE TR FEEIES MM, B 650500; 2. RBHH T K z@é}\I Al ASLIR =,
B 650500; 3. BEEHEI T K% EW MRS HE T ELLK=, B 650093)

O PR AR AR H T 2R R R R BEATL 23 A0 R S EOCR F LN U7 DUIRASHE FE I E A A5 8, TE X
HENURE T E BRI 5T H, 8 e 4 S B S0 e 88 B N 4 2 G5 R 08 0S5 R 23 A 35 ST k. 7 SRS S 48 1 A
b R R AT 2 AR 28 I RO I PR G R B 38 S0 1 B L SR [F B, B it fE e 2
YVBR ) R UR E R T 120 S 2% AR (R s AR AR e, ] (B A X 1 28 RIS R E 5 R0 R FE 3, T RS iR B 38 )
BRI AL B A SR S (9 B . Ak, R — B0 SRR R A B U b 28 DR AS B B, SR 1) 40 AT 13 S M gk AT AR
ATE L. — 5 TS I — S BRI B s (] B 37100 57 5% A (1 e 8 1 ) 2 A BA TSR AIE, 20 G A X 4 2% 1 7 IR
AME B RIE YR AT B 784, 55— 5 T B #E B AR B 5 4R RR SR A IR A il ) 5 B AT PR G AR B, i
BB S D AR AR T A 20T 5. BB T 545 R IOE T AT $e H — S0 53 B 5 7 v S I AR B 1 )
PEIIRAL A2 T AT A R AR .

KRR IO PhIiRE B RS — BB AR

hESES: TP273 MEkPRSEE: A

DOI: 10.13195/j.kzyjc.2020.0986 FFHRE (R IRAR ) #RIRES (OSID):
SIFEN: W, XIEIR, 2R, . BT — BUE B I 2 A S 23 s I #4 R G0 B2 35 S MEARAK (0], 5t 5 ok
%, 2021, 36(12): 2901-2909.

Temperature uniformity optimization of multi-mode stirrer microwave
heating system based on consensus algorithm
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Abstract: The internal heat transfer mode and the random distribution of hot spots of microwave heating make it difficult
to obtain the accurate temperature by conventional measurement. According to the improvement of mechanical design
research, it can be found that the microwave heating system with rotary radiation single-mode stirrers can improve the
uniformity of temperature distribution at present. Based on the single-mode stirrers, it is necessary to explore furtherly
the temperature uniformity and its calculation of microwave heating system with multiple-mode stirrers in this paper. At
the same time, due to the deep coupling of the multiple physical field and the time-varying characteristics of boundary
conditions in the microwave heating system, the focuses have been on how to coordinate the state characteristics of the
mode stirrers and effectively calculate the temperature field to carry out the optimization of temperature uniformity.
The consensus algorithm has been used to describe the state information of the mode stirrers, and the optimal value
of the uniform distribution of the temperature field can be effectively worked out. On the one hand, the time-varying
field boundary conditions of the electromagnetic in heated space are characterized by formation, and the transformation
formation is expressed by the combination of position and state information of mode stirrers. On the other hand, the
finite element model of the temperature is constructed by the optimization problem of mixing integer and continuous
variables, and the optimal solution of the uniform distribution of the temperature field is calculated effectively. The results
of numerical calculation show that the proposed consensus algorithm and its calculation method are feasible, efficient and
accurate to optimize the uniformity of temperature distribution of microwave heating.
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SERIRFEAT T BT, A R AR 3 FTR.

®3 THERE

R R/ em BN/ ©C BBidEas 1 °C A/ °C

0.0 28.40 29.73 35.19
0.2 28.21 29.18 35.38
0.4 26.78 28.15 34.31
0.6 26.66 28.27 33.95
0.8 27.80 29.42 34.60
1.0 28.30 29.89 34.74

H 2% 3 P Kl v R, 2 A AP A A B in 5o
IS ) % A8 THI P 24 P AE 33°C LA, B R T AR
PR AR BN 25 1 2 Sl N A5 3 R WA ST
32t PR 2 A 2P 45 BB i AV BB RT AT 288 v ok



2908 # % 5B kR #36%
VIEST Emerging Technologies, 2007, 82(3): 359-368.
4 @5 '\l@ [6] Jain Deepali, Tang Juming, Liu Frank. Computational

AR — iR 2 2 458 S P A 0 i A
ETHE TV, FE BN — SOk Bk, LT B A
I AR B I0 5R SA S 2 M B IR FE R A 1 2 5 1
Tk 38 VA A T SR X B B i AR gk
AT T B A0 R 43, 75 A AR B 8] 25 K 22 a] B8 37 A5 = 43
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B SR AR B P 3 K R IR A A, 8 X A
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BT AR T E SN # (COV: 0.4532 ~ 0.628 7) 5
B A P A AR I #A (COV: 0.455 1 ~0.578 8). It
Ab, 2o A5 2 B 48 B0 I B % A8 T 3R A 1T 25 R
JE 7E 33.95°C ~ 35.38°C 2 [H], B S iy - % &S Sl
#(26.66°C ~ 28.40°C) 15 51 155 2 43+ 25 0 m £
(28.15°C ~29.89°C). 4 J 32 B, i #& th 1) 2 A X 4
PRI N R AT DLTE A RS0 R 2 S P 1) R B
T O I G 2R
S 2E 3 fk (References)

[1] Bhattacharya M, Punathil L, Basak T. A theoretical
analysis on the effect of containers on the microwave
heating of materials[J]. International Communications in
Heat and Mass Transfer, 2017, 82: 145-153.

[2] Nasrollahzadeh F, Varidi M, Koocheki A. Effect of
microwave and conventional heating on structural,
functional and antioxidant properties of bovine

serum albumin-maltodextrin conjugates through Maillard

reaction[J]. Food Research International, 2017, 100:
289-297.

(31 M, EMAL, FEMRGE, 55, 2 T B A% A fRpoin # i
FERI SR RE T 5759 D). Fi) 5 R 3R, 2019, 34(1):
113-120.

(Yang B, Wang S L, Guo L J, et al. Numerical calculation
of temperature uniformity in microwave heating based
on moving mesh[J]. Control and Decision, 2019, 34(1):

113-120.)
[4] Shi Xin, Li

uniformity evaluation model based on entropy clustering

Jiannan, Xiong Qingyu. Research of

in the microwave heating processes[J]. Neurocomputing,
2016, 173: 562-572.

[S] Geedipalli S S R, Rakesh V, Datta A K. Modeling the
heating uniformity contributed by a rotating turntable

in microwave ovens[J]. Innovative Food Science and

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

evaluation of food carrier designs to improve
heating uniformity in microwave assisted thermal
pasteurization[J]. Innovative Food Science and Emerging

Technologies, 2018, 48: 274-286.
He Jianbo,

radiation structure for microwave heating uniformity

Zhu Huacheng, Hong Tao. A rotary
improvement[J]. Applied Thermal Engineerin, 2018,
141: 648-658.

Tang Zhengming, Liao

Hong Tao, Yinhong.

Frequency-selected method to improve microwave
heating performance[J]. Applied Thermal Engineering,

2018, 131: 642-648.
Ye Jinghua, Lan Junqing, Xia Yuan. An approach

for simulating the microwave heating process with a
slow-rotating sample and a fast-rotating mode stirrer[J].
International Journal of Heat and Mass Transfer, 2019,
140: 440-452.

Wang Yujuan, Song Yongduan. Leader-following control
of high-order multi-agent systems under directed graphs:
Pre-specified finite time approach[J]. Automatica, 2018,
87: 113-120.

Yi Xinlei, Yang Tao, Wu Junfeng, et al. Distributed

event-triggered control for global consensus of
multi-agent systems with input saturation[J]. Automatica,

2019, 100: 1-9.

Wang Gang. Distributed control of higher-order nonlinear
multi-agent systems with unknown non-identical control
directions under general directed graphs[J]. Automatica,
2019, 110: 108559.

Zheng Yuanshi, Zhao Qi, Mao Jingying. Second-order
consensus of hybrid multi-agent systems[J]. Systems &
Control Letters, 2019, 125: 51-58.

Wang Zhu, Wang Dong, Wang Wei. Distributed dynamic
average consensus for nonlinear multi-agent systems in
the presence of external disturbances over a directed
graph[J]. Information Sciences, 2019, 479: 40-54.

Han Tao, Guan Zhi-Hong, Chi Ming. Multi-formation

control of nonlinear leader-following multi-agent

systems[J]. ISA Transactions, 2017, 69: 140-147.

Torres F, Jecko B. Complete FDTD analysis of
microwave heating processes in frequency-dependent
and temperature-dependent media[J]. IEEE Transactional
on Microwave Theory and Techniques, 1997, 45(1):

108-117.
Reza Olfati-Saber,

problems in networks of agents with switching topology

Richard M Murray. Consensus



%12 31

WK F AT B R S A X B0 e R IR LY A AR AL

2909

(18]

[19]

[20]

[21]

(22]

(23]

[24]

and time-delays[J]. IEEE Transactions on Automatic
Control, 2004, 49(9): 1520-1533.

Zheng Yuanshi, Wang Long. Consensus of switched
multiagent systems[J]. IEEE Transactions on circuits and
systems — II: Express Briefs, 2016, 63(3): 314-318.

Wei Ren, Randal W Beard. Distributed consensus
in multi-vehicle cooperative control:  Theory and
applications[M]. Berlin: Springer, 2008: 1-35.

TRIBEE, B TE. SN AEOR A (M), dbst: BT
Tk H hiAt, 1988: 18-19.

(Zhang Z T, Zhang R Q. Fundamentals of microwave
heating technology[M]. Beijing:
Press, 1988: 18-19.)

Ye J, Tao H, Wu Y. Model
a multi-material turntable for microwave processing
materials[J]. Materials 2004, 10(2): 95.

Electronic Industry

stirrer based on

Zhou Jie, Yang Xiaoging, Chu Yue, et al. A novel
algorithm approach for rapid simulated microwave
heating of food moving on a conveyor belt[J]. Journal
of Food Engineering, 2020, 282: 110029.

FRAR, DA, BRI, &5 FE T SVDD 2 I B
(] B iod R R 0 (9], (AR 244, 2017, 38(11):
2752-2761.

(Wang J L, Ma L Y, Qiu K P, et al. Multi-phase batch
process fault detection based on support vector data
description[J]. Chinese Journal of Scientific Instrument
2017, 38(11): 2752-2761.)

W FEk, A, £ 5T PARAFAC2 ) 2 I B
(B B FERT BRI A (7], db st TR 254k BARRL#
Jik, 2019, 46(2): 77-82.

(Cao X, Wang J L, Qiu K P, et al. PARAFAC2-based
phase partition of multiphase batch processes[J]. Journal
of Beijing University of Chemical Technology: Natural
Science, 2019, 46(2): 77-82.)

[25] Mairabito C, Nareyanan A, Erez D, et al. Femlab model
of a couple electromagnetic-thernal boundary value

Problem[R]. Pittsburgh: Carnegie Mellon University,
2006: 1-58.

fEE®EN

MR (1974—), 5, #udx, 4, NRE ISR
PEfil. 28 Be A R e L S 0 A 3C 0 R 5 ) S AT O, E-
mail: ybiaocn@163.com;

MEH(1993-), T, WidkA, NFHih &2 VIR
GO RBUETHE . 2 AR P R4 B I BT 7S, E-mail:
524251500@qq.com;

FEERE (1973—), 5, LRI, AR v il 2 SR
N B 4L, E-mail: 1223342338 @qg.com;

JAZIX (1979-), 5, YHIl, 14, NFHBHDOE SR
SEM %54t 5%, E-mail: zhouliexing@163.com;

A (1995-), F, WiLA, NFREZ WG 5
AT+ BN A TR B SR AR AR TE 0 T S R S B0 42 1 F)
4, E-mail: 2413906421 @qq.com;

B (1996—), 5, WidtE, NShE&ZMIRE
ST 2R B AR B R P ) BT 7T, E-mail: 1373767419@qq.
com;

KA (1994-), L, HWiEAE, WEHEIR L LY
H ATy FE TN B B R A I A AT O
2298139593 @qq.com.

E-mail:

(AR FhE4r)



