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Fig.1 PID parameter tuning model for

object with nonlinearity
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Fig.2 The nonlinearities of saturation,

dead zone, backlash and friction
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Fig.3 Comparison between simulations with

and without saturation nonlinearity
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Tab.1 The optimal PID parameters and performance indices(with saturation nonlinearity )

CGs) AN R AR 26 W WA AR LR T
K, K, K, o/ % t./s K, K, K, o/ % t./s
e/ (s+1) 1.00 0.64 0.30 4.8 3.5 1.10 1.12 0.59 0.20 3.75 4.10
e/ (4s+1) 3.72 0.65 1.56 7.9 5.5 1.20 4.00 0.35 0.10 4.50 7.30
2e7/(s+1) 0.49 0.33 0.10 6.5 4.1 0.55 0.52 0.30 0.12 450 4.00
e/ (s+1) 0.65 0.34 0.30 6.0 6.6 1.10 0.64 0.34 0.30 3.50 5.30
e /[(s+1)(0.5s+1)] 0.90 0.49 0.40 4.5 4.2 1.10 1.00 0.46 0.35 3.90 4.60
e*/[(4s+1)(0.5s+1)] 1.40 0.37 0.10 7.5 10.0 1.15 1.48 0.28 0.10 7.80 17.90
e ™ /[(s+1)(0.5s+1)] 1.30 0.75 0.30 6.5 4.2 1.10 1.50 0.67 0.30 6.90 6.90
2e”/[(2s+1)(0.5s+1)] 0.55 0.22 0.20 6.5 7.2 1.10 0.65 0.22 0.20 430 4.68
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Tab.2 The optimal PID parameters and performance indices(with dead-zone nonlinearity)

Cs) ANa7 B X AR 2R 1 A BE X ALkt
K, K, K, o/ % t./s Ky K; K, o/ % t./s
e/ (s+1) 1.00 0.64 0.30 4.2 3.16 1.04 0.87 0.26 4.8 3.60
e/ (4s+1) 3.72 0.65 1.56 7.5 5.18 3.95 0.94 1.61 7.5 5.30
2~/ (s+1) 0.49 0.33 0.14 4.7 3.82 0.51 0.41 0.14 4.6 5.67
e/ (s+1) 0.55 0.33 0.30 5.5 9.70 0.55 0.39 0.30 5.2 10.40
e /[(s+1)(0.5s+1)] 1.00 0.50 0.40 7.5 5.30 1.10 0.63 0.36 5.0 5.10
e /[(4s+1)(0.5s+1)] 1.50 0.37 0.10 6.5 8.90 1.70 0.50 0.15 5.7 7.10
e /[(s+1)(0.5s+1)] 1.30 0.75 0.30 6.2 4.20 1.40 1.00 0.25 5.7 4.30
2¢/[(2s+1)(0.5s+1)] 0.68 0.20 0.20 6.1 5.80 0.90 0.42 0.40 6.5 6.20
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Tab.3 The optimal PID parameters and performance indices(with backlash nonlinearity)

Cs) AN ] B AR 2 v i A ) B Al 2 Pk
K, K, K, o/ % t./s Ky K K, o/ % t./s
e/ (s+1) 1.00 0.64 0.30 4.4 3.18 0.75 0.40 0.30 4.5 3.42
e/ (4s+1) 3.72 0.65 1.56 7.5 5.50 1.65 0.26 0.01 4.1 4.70
2~/ (s+1) 0.49 0.33 0.10 5.5 3.91 0.22 0.01 0.03 6.3 4.30
e/ (s+1) 0.55 0.32 0.28 7.1 7.20 0.58 0.20 0.21 5.6 7.70
e /[(s+1)(0.5s+1)] 0.90 0.48 0.40 3.2 4.15 0.65 0.23 0.20 54 6.10
e /[(4s+1)(0.5s+1)] 1.57 0.35 0.10 3.8 6.42 2.50 0.50 0.30 4.7 6.22
e /[(s+1)(0.55+1)] 1.30 0.72 0.26 4.5 3.14 0.80 0.36 0.20 4.0 3.54
2e*/[(2s+1)(0.55+1)] 0.50 0.24 1.25 5.7 7.80 0.23 0.03 0.33 5.5 6.20
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Tab.4 The optimal PID parameters and performance indices(with friction nonlinearity)

Cs) Analf FE AR M A EEAR AR Lk
K, K, K, o/ % t./s K, K, K, o/ % t./s
e/ (s+1) 1.00 0.64 0.30 3.9 3.2 0.48 0.06 0.10 9.5 7.9
e/ (4s+1) 3.82 0.65 1.38 7.5 5.7 1.50 0.10 0.10 8.1 17.6
e %/ (s+1) 0.89 1.00 0.20 4.1 3.3 0.90 0.25 0.21 9.5 7.5
e/ (s+1) 0.55 0.36 0.30 8.6 9.1 0.28 0.02 0.03 10.5 7.1
e /[(s+1)(0.5s+1)] 1.00 0.50 0.40 7.5 5.2 0.47 0.06 0.15 14.1 14.1
e /[(4s+1)(0.5s+1)] 1.57 0.37 0.10 6.5 8.9 1.00 0.05 0.07 8.1 20.1
e /[(s+1)(s+1)] 0.80 0.37 0.10 5.5 6.7 0.39 0.06 0.10 13.5 20.1
e ™ /[(s+1)(0.5s+1)] 1.30 0.75 0.30 6.2 4.2 0.39 0.10 0.07 11.0 14.5
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Tuning of PID controller parameters for system
with common nonlinearity
XING Qing-qing, HAO Ji-fei, BAI Wen-bao
( China University of Mining and Technology , Xuzhou 221008 , China )

Abstract: Common nonlinearities existed in real systems usually bad effect on system performances. The

tuning rules of PID ( Proportional Integration Differential ) controller parameters are studied for the con-

trolled object with and without common nonlinearity.

Four common nonlinearities are considered : satura-

tion ,dead zone,backlash and friction. Experiential formula together with manual tuning is applied in Mat-

lab simulation. Results show the effectiveness of PID control. The comparison of PID parameters for sys-

tems with and without common nonlinearities show that, the proportional and integral coefficients make

main contribution, while the differential coefficient just improves the system response speed.

Key words: PID controller; parameter tuning; common nonlinearity



