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Active control on microwave heating power based on expert-PID control

LI Rongkun, ZHOU Xinzhi, LEI Yinjie
(School of Electronic and Information Engineering, Sichuan University, Chengdu Sichuan 610065, China)

Abstract: It is difficult to describe the microwave heating procedure with accurate mathematical
modeling since it is nonlinear and time-delayed. The existing microwave power conirol methods generally
adjust and control parameters according to the results identified by the system. Because those methods
feature a long transition time and low stability, a method of expert-Proportion Integration Differentiation
(PID) active control on the source power of microwave is proposed. When 'thermal runaway' is prevented,
the database of experts’ control rules is set up in line with such prior knowledge as dielectric properties
and reflected power of materials. The control rules are in advance stored in the controller, so the problems
of hard real-time control and low accuracy of control in the microwave heating procedure can be solved.
Compared with the classical PID control, the simulation findings show that the expert-PID control saves
about 70% of time taken to reach the state of being stable, improves the efficiency by 89% and increases
the accuracy by 87%.
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Fig.2 Structure of microwave heating Expert-PID control system
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Tablel Trend analysis table of Expert control adjust PID parameter

NO. system state state analysis system output
1 the required oulpgt 1 greater than the debase on the rise of sample temperature U=Py, Py >=Pry,
upper limit value
R the material’s microwave absorption rate is reduced, affecting the rate| according to the sample temperature, reduce
2 the power reflectivity is too large J .
and limits of temperature rise the output
no matter how Ae changes, control system outputs the maximum,
> = >=,
3 e(kye speeds up the response and adjusts the error rapidly U=Pu, Pu>=Pm
the system deviation is increasing, the suddenly increase of e may
4 e(k)Ae(k)>0 cause system differential super saturation, no matter e(k)>0 or e(k)<0, enlarge K, reduce K;,Ky
should curb this trend, in order to avoid overshoot
e, =< | e(k) | <e i
5 2 | (k) | b e(BAe(k)<0 the absolute value of error decreases, the temperature is close to the reduce K, Kq, K0
target temperature, reduce the amount of control
6 e(k)Ae(k)=0 error in the extreme point, reduce the amount of control K, Ki, Kq smaller
7 | e(k) | <e the system error is smaller, using traditional PID control, to avoid reduce K, Ki, and K, takes a medium or
: oscillations near the equilibrium point small value
8 | e(k) | <e¢, easapermissible error | system error is very small, add integral to reduce steady-state error K,=0, K;=0, and K;takes a small value
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Table2 Technical parameters of experimental equipment

f/MHz output/kW size(Lx WxH)/mm® input voltage/V microwave leakage limit/(mW-cm™) cavity material

2450 50(adjustable) 5000%2 000x1 500 380 <1 304 industry stainless steel
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