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Simulation of Magnetron Control System of 10 kW High Power

JIANG Liang, WANG Jianhua', XIAO Feiran, QIN Daodong
Hubei Key Laboratory of Plasma Chemical and Advanced Materials( Wuhan Institute of Technology) , Wuhan 430074 , China

Abstract: Simulation is the key to stabilize the magnetron microwave power output and design system controller

in the magnetron control system of high power. Firstly, the mathematical model of 10 kW magnetron was estab-

lished by using Simulink/Matlab software based on the experimental data and least-squares method. Then, the

proportion integration differentiation (PID) controller for magnetron control system of high power was designed.

In the simulation process, we set the controller's input as the expected current value of the setting power and set

the feedback signal as the anode current of magnetron, and adjusted the PID parameters by the Ziegler-Nichols

method. Finally, the output power of simulation system reaches the expected value. There is little difference in

results between the long-term practice and the simulation. The PID controller can be properly applied into actual

microwave output control system with the steady performance and simple design process.
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Fig. 2 Mathematical model of magnetron
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Fig. 3 Schematic diagram of microwave power output system with PID controller
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Fig. 4 Diagram of system simulation

10 000
/////”"—-—-—- 10 000
9900
9900}
o 9800 ;
< Z 95500
A A
9700
9700}
9600 9 600
9500 : - 9500 " .
0 5 10 15 0 5 10 15
t/s t/s
B5  ZFSH RN R il 2% B7 HEHHEHE AT ER L 2k
Fig.5 Step response curve of system Fig. 7 Power output curve with magnetic field noise
10100 & 5~ &1 7 0] LA Y 32 i R 40 19 3l 25 10 R
10000 Sy MR T TR L2 AT R Rt B PR
A A AT RS R A IR, EL A T 3 < W A
27 3o o ) 2R 600 B 7S R 1 9 5 A
= 9800 XA T HL A S22 i b oo # ) DL2s g 45 4
- W SEE H AT AT BB ER Y. WA T
PE S 7 e L ok A, w45 A Y T A A R
7000 T 19 0 7 90t B, 0 BT 45 1 R 0 0 15 e A B
9,500 ' s 8.
0 5 10 15
" 33 & R

Elo 35T 2

Fig. 6 Power output curve with electric field noise

7 G o LR 1 B
USRI T PID B 2. R BRI



551 %

5,55 0 10 kW R IR 8 Pl R G i 5 31 499

FZR GEAE A L3 T 30 B 0 T 25 1 il £k g 37
Pk i 2 Rkt th 2R, KRG A — 1D
By /R BHJE R 40, fn i 78 10 s I ik 2% 2l , H B
AESRPTTYERE 1. O 55 801 PID #5458 =
BORAAAE TP 2R Ge i A 00 5 90 56 == 2 0 K
SRR TS 2 1Y PID 45 i 8% S BORAE TE TPt
25 i A B AR AR RN AR AT A, FE AR S
ST ARG A A ) AR IR R T T A R L O B A
19 il 5 2 B RE 0 F A S PR 45 il 38 48 1Y) PID 4 il
T2 7% 5.

4 £ iE

H T 0 52 A8 S B ) 42 1 R A A A v R
S R 5 45 o R X 45 4 B T 00 B R A R S B
H S R T S T R A O RO L RS LA PID
P A8 RS T BRI RS S
SEER A SO ST R B AR X LR LIRSS T A
SO ST P AR AR B R W, BT R R A ) S
HEE. 45 R 3R WG #2248 P ) AR G 0 A AT AR
e (ol I D A B B AR E P I T D 46 R AR A
Lnaishaa ik uR

SE Lk

(1] 20 BT Tl SRl m 44 2% 0 BB 4% 1 & 42 iy Bt
(1. Tl s, 2011(6) : 22-24.
LI F, CHEN X. The system with intelligence control
industrial device of microwave heating [J]. Industrial
heating, 2011(6) : 22-24.

[2]  Ed, Hhokoat. G Ko S8 th K 45 ) BOR BT 58
L] PHAE Tl R 2440, 2012(5) : 379383,
WANG J, MA Y T. Technology for high power

Journal of Xi‘an
technological university,2012(5) : 379-383.

[3] LA e, BER, S RUPRHOE BT
[J]. HLH TR A ,2008,37(10) : 62-64.
CUL S J, WANG J H, QIN D D, et al. Design of

microwave outputl and its control (1.

high-power microwave electrical source [J]. Mechanical
and electrical engineering technology, 2008, 37(10) :
62-64.

(4] Z=oRi TEERAE B IE AR, KRIPRBO B IR e &t
[ HLH TRRH A ,2012,41(12) :45-48.
LI Z C, WANG J H, QIN D D. Design of high-power
microwavesourcelJl Mechanicaland electrical engineering
technology,2012, 41(12):45-48.

[5] Wk, B, TH. b ZRIEAERENLE H R 5o HHR

[12]

[14]

[15]

TR L] TR B TR 224, 2014(6) : 12-15.
YAO J, FENG H T, YU Q. The application of least
method in identification of stochastic control system[]].
Journal of Shenyang ligong university,2014 (6):12-15.
A 3z LU HL B T RO E S R AR SR HL TR E R Y
e —PERAT L) ], BRI 2% B 41 , 2005(7):40-42.
HE L Z. Compliance of Ohm's law and Kirchhoff voltage
law in direct current[J]. Journal of Zhuzhou institute of
technology,2005(7):40-42.
BEi. ol D R RS AR WFSE (D], M FH - B e
K2,2013.
PRE ¥ SLH ZACE OB BT (D] 7422 . Bepa I
fWRE~,2014.
REBL URVRBE  BEBAE 45 R4S 10 i far 23 A0 ). 5
BOG SRR, 2013(2):477-480.
QIU J Q, CHEN H B,TANG C X, et al. Space charge
distribution in magnetrons [J]. High power laser and
particle beams, 2013(2):477-480.
AN SRR . DU Sk PID 45 U vk Rk
AE LRI THEH AR S Ak, 2012(3):19-24.
LI J, QI X H, HAN S T. Four kinds of advanced PID
control methods and comparison of their performance
[J]. Computing technology and automation, 2012 (3):
19-24.
2, . Aot RIS B R L AR 3 el TR B 4
il R Ge )], DT R340, 2013, 35(3) : 79-82.
LI P, WANG X. System of temperature control based
on fuzzy self-tuning proportional integral differential
[J]. Journal of Wuhan institute of technology,2013,35
(3) :79-82.
AL LT PID Bk B e R B 4R R GBI KA
B4, 2014(10):25-27.
WANG H. Design of rotational inverted pendulum
system based on PID algorithm[]]. Popular science &
technology, 2014(10) :25-27.
T o = N 7 W - B U Y B S R
PID ZHIRALLT]. AL 5103 ,2013(3) : 41-44,
LI C X, LI P, CAO J T. Gas separation unit model
identification and PID parameters optimization (7.
Automation and instrumentation, 2013(3): 41-44.
MR A AR, A RO B IR BT ].
HLH T #25E AR ,2008,37(1) :26-27.
XIANG D, WANG J H, QIN D D, et al. Design of
high-power microwave source [J]. Mechanical and
electrical engineering technology,2008,37(1) :26-27.
R ). R IR IR P O A SE (D] i
DR TRER A, 2013.
ALYt R0 -F



