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Abstract: Proportional solenoid valves are a modulating type that can control the displacement of valves continuously by
means of electromagnetic forces proportional to the solenoid coil current. Because the solenoid-type modulating valves
have the advantages of fast response and compact design over air-operated or motor-operated valves, they have been
gaining acceptance in chemical and power plants to control the flow of fluids such as water, steam, and gas. This paper
deals with the auto tuning of the position controller that can provide the proportional and integral gain automatically
based on the dynamic system identification. The process characteristics of the solenoid valve are estimated with critical
gain and critical period at a stability limit based on implemented relay feedback, and the controller parameters are
determined by the classical Ziegler-Nichols design method. The auto-tuning algorithm was verified with experiments, and
the effects of the operating point at which the relay control is activated as well as the relay amplitude were investigated.
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Table 1 Specification of the flow control solenoids

Data 60W 100W | 400W
Coil resistance[ (2] 256 156 40
Max. current[A] 0.488 0.8 3.1
Stroke[mm] 3 10 30
Disc size[inch] 1 2 4
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Fig. 11 Auto tuning of proportional solenoid valve
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Table 2 Auto tuning result for the operating points

(l‘r)op[v] k(; [A/V] ];[SGC]
1.5 0.07 0.105
2.5 0.04 0.110
35 0.03 0.115
25
Xr,
(Xr)op=1.5V, —— (Xr)op=2.5V, —— (Xr)op=3.5V
2.0
s
5 1.5
X
=
1.0
0.5 . . : : : . . .
0 1 2 3 4 5 6 7 8
Time[sec]

Fig. 13 Step response variation for (z,),,
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