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A Proposal of PID Auto-Tuning for a Class of Unsymmetrical Processes

Kazuhiro MIMURA* and Tetsuo SHIOTSUKI**

In this paper, we propose a new tuning method for PID parameter especially for a class of unsymmetrical
processes. The advent of relay auto-tuning of PID controllers got rid of previous troublesome tuning procedure.
However, when the process is unsymmetrical the ultimate gain and ultimate period obtained are no longer re-
liable since describe functional analysis that assumes sinusoidal input can’t be applied properly. The proposed
method uses pseudo-ultimate gain, pseudo-ultimate period, and heat time ratio obtained from conventional relay
feedback method, which gives better PI parameter for a lamp heater circulator system than conventional tuning
rule. The experimental test result showed proposed rule achieved less overshoot and quicker disturbance recovery.
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Fig.1 Block diagram of a standard relay auto-tuner
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Table 1 Variables in the equation(3)(4) J0000o000O0o0bOOo0O0oooOooOoOooDOooooono
notation | description unit goooooboooooood
Ta temperature at the heater [°C]
bottle inlet and bath outlet
Ty temperature at the heater [°C] =
bottle outlet and bath inlet -a 2 N *
P halogen heater power applied | [W] E
to the chemical 5 15 + *
Table 2 Parameters in the equation(3)(4) :‘- 1 r ¢
et *
notation | description unit = :
\%1 heater bottle volume [m3] ‘3 0.5 )
Vi chemical bath volume [m3] < K
p density of the chemical [kg/m3] E 0
Cp specific heat of the chemical | [J/kgK]
. 0 0.5 1 1.5 2
q flow rate of the chemical [m3 /sec]
o heat loss coefficient [1/sec] Kep (Simulation result)
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Table2O0 O o O000O00000O0COOOOOCOOO —
= 2
gooooOooOoooooooooooooo %‘ 0000
P, - .
a0 = 050 g 15000 -
VbPCp(Tss - T?“) E
000 P.,07T,,07,00000000000000000 £ 10000
@
000000000000 00000000000000 ao = }
2 5000 [ *
oooooO0O0oO0o0oooOoO0O0o000oooO0O000o0oon 3 .
0000000 ao0000000000Fig. 700000 ‘;..’ 0["
00@3),(4)00000000000000000O0O0ODO0OO & 0 5000 10000 15000 20000

ooooooo pyoooooooooooDODOOOOOnO
Tsenfsec] 0000000000000 DOOOOOODODOO
000000 Ljsec] DODO0O00O0ODODOOOODOOOO
0000 (s)oooooooo

q—aoVp

a _ pCp
»(8) (ViVhs?2 4+ (Vi + Vi)gs + aoViq)

1 _
Xi
Tsens + 16

Ls ben

Ve, s+q0C,

PV
>

1
FaoCy s +q00,

1
T+l
temperature
sensor

chemical bath

Fig.7 Whole plant block diagram

oooooooooo0oOoooooooOoOooooooon
goooooooooooooobooOooooooooboOon
gooOCbc1200000000000000O0COO0O0CO
goooooooooooooobooOooooobooboboOoo
00o00b0O00000000000000000Fig. 80

Tep (Simulation result)
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Fig.8 Comparison of pseudo-ultimate gain (a) and pseudo-
ultimate period (b). X-axis shows the simulated result
and Y-axis shows the actual experiment result.
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Table 3 Some test conditions and levels

condition level
set point [°C] 15,35,55,95, 145
chemical bath volume [L] | 20,40, 60

heat loss coefficient [1/sec]
delay time [sec]

5x107°%...5 x 1074
30, 60, 180
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Table 4 Ziegler and Nichols, CHR tuning rule.
Kc: ultimate gain, Tc: ultimate period

tuning rule P I D

Z and N: PI | 0.45Kc | 0.83Tc | 0

Z and N: PID | 0.6Kc | 0.5Tc | 0.125Tc
CHR: PI 0.3Kc | 1.0Tc |0

CHR: PID 0.45Kc | 0.6Tc | 0.1Tc
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Fig. 17 Comparison of proposed method (solid line) and best
PI parameter (dot)
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