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Modeling of fuzzy control in sheet deep drawing

ZHU Wei, DONG Xiang-huai, ZHANG Zhi-liang
(National Die&Mould CAD Engineer Research Center, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract: To deal with the undesirable dynamic response and the low steady-state precision of the hydraulic control in
sheet-deep drawing, a fuzzy control model is built based on fuzzy adaptive PID adjustment rules. The look-up table for
optimal control parameters is generated from MATLAB Toolbox. Two load profiles of variable blank holder force (VBHF)
in real tests are applied for testing the real-time effect of VBHF. Experimental results show that when the input signal is a
constant VBHEF, the over-shoot under this fuzzy control of adaptive PID controller is less than 4.25% of the set-point value,
in comparison with the 21.24% with no PID controller and the 31.07% with conventional PID controller. The regulation
height and the regulation time are reduced to 5 mm and 0.24 s respectively. When the input signal is a U mode of VBHF,
the over-shoot is decrease by 5% from the value when no PID is applied, and the regulation height also decreased by 1 mm.
These demonstrate that the proposed fuzzy model effectively improves the dynamic response and raises the steady-state

precision of the VBHF system.
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1 5|5 (Introduction)
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2 L U R AR 2 ) 28 /Y 3L (Estab-
lishment of fuzzy controller for proportional
overflow valve)

2.1 W E & 48 19 41 Bi(Constitution of hydraulic

system)
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Fig. 1 Structure of deep drawing machine
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Fig. 2 Oil control of hydraulic pressure system
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2.2 KM% ] 2% 1 B T (Design of fuzzy con-
troller)
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Fig. 3 Self-adaptive fuzzy PID controller

BEE N AL EeMlecld K i th & BAK,, AK;

FAK BRI 50 -
e,ec, AKy, AK;, AKq :
{NB,NM,NS,0,PS,PM, PB}.
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FEARBEL: e [-10, 10], ec: [-5, 51, AKp: [-0.3,
0.3], AK;: [0.06, 0.06], AKq4: [-3, 3];

BEWIE I e [-3, 3], ec: [-3, 3], AK,: [-0.3,
0.3], AK;: [-0.06, 0.06], AKq4: [-3, 31;

1N, BOE AN SEI A GRS 0 A
e ec, Ky, Ki, Kqg = {5, —4,-3,-2,-1,0,1,2,3,4,5};
DU AH S F A P53 A

K.=3+10=0.3,Ke =3+ 5= 0.6,
Kup = 1;Kui = ]-7Kud = 1;

FHOR A S L B R iR Lo,

A1 e ec, Kq, Ky K8 38 8 B #AL K

Table 1 Discrete membership table of e, ec, K4, K}, and K;
e
€c Kp K; Kq
-3 2 -1 0 1 2 3 -03 -02 -01 0 01 02 03 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

NB 1 05 0 O O O O 1 05 0 O O 0 o0 1 0.5 0 0 0 0 0
NM 0 1 05 0 O 0 0 0 1 050 0 0 O 0 1 05 0 O 0 0
NS 0 05 1 05 0 0 O 0 05 1 050 0 O 0 0.5 1 05 0 0 0
0 0 0 05 1 05 0 O 0 0 05 1 05 0 O 0 0 05 1 05 0 0
PS 0 0 0 051 05 0 0 0 0 051 05 0 0 0 0 05 1 05 0
PM 0 O 0 0 05 1 0 0 0 0 0 051 0 0 0 0 0 05 1 0
PB 0 O 0O 0 O 05 1 0 0 0O 0 0 051 0 0 0 0 0 05 1
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2.3 BOR IR ) FE B 5 HE B (Forming and
reasoning of fuzzy control rules)
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Table 2 Initial fuzzy control table of K, Kj, Kq

e

ec Kp K; K4

NB NM NS O PS PM PB NB NM NS O PS PM PB NB NM NS 0 PS PM PB
NB PB PB PM PM PS PS O NB NB NB NM NM 0 0 PS PS O 0 0 PB PB
NM PB PB PM PM PS O 0 NB NB NM NM NS O 0 NS NS NS NS 0O PS PM
NS PM PM PM PS O NS NM NM NM NS NS O PS PS NB NB NM NS 0 PS PM
0 PM PS PS O NS NM NM NM NS NS 0 PS PS PM NB NM NM NS 0O PS PM
PS PS PS O NS NS NM NM NS NS O PS PS PM PM NB NM NS NS O PS PS
PM 0 0 NS NM NM NM NB 0 0 PS PM PM PB PB NM NS NS NS O PS PS
PB 0 NS NS NM NM NB NB 0 0 PS PM PB PB PB PS O 0 0 0 PB PB

3 SEHI B P 5 (Simulation study of real ap-
plication)
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Fig. 4 Simulink simulation model

7 L AN Wt U A S E A R LR P
CAR S BN A, 30 BGE B i R UL I 3
A M R R AR ARG . B 22 BUm xR B )
RORHEA TR A LUAE, S 4 LR

D) REBWLN 7KK, WIS/, ETHE
R AR KUK, Rl R G0 A BOK 1k
A, AT TR OR, R ARG, (RSB
€ LAE.

2) RZERMEANE T KoK, SN B E
Koo/, JSONAR, ETVE AR 1 Kool /S, 225 2
KPR, A 458 1Y I TR AR, 7 F N 2 AN AR
& LAE.

3) LU R R 1R LU A8 DAL 1 B PR 490 4 AT

SIMPR ARG W NI RE, g BTN TR], (i K2
SR B A, il AR G0 1IN T ARG M B
AR, (A7) 06 {28 O 189 O B4 DR (18 4 Y i 2,
DR 1Hb =24 i S DA 2 4 v 20 28 W) 1 3 P2, SR P
RE WM 025, 5 LA IR FH R K B 1 EE 451
ISERIPINS

4) R N KG I BB IR T A R g8 BT
NN TEF ST (E B AN U N Watd o A B2 ST T
KEGHIPIRME, MRS AR RE.

5) S R K ) EEA PR T3 2 gk )
i, (H IR ETHIN R, A 2R Geath A BRI 1]
AR SRR TR E AR RS e A 1R, (HAH EE
15 Ko MR AR E A A AT S SR TR Ko 1



H1H

RN OB RLR RO 38 SRR Pl A5 125

WE T TR, 10 K 1 B A5 PR mT T3
M s _E 3R 25 AN S HOM 2 40 . 1) 46 FH AR,

i R BB EMER )G, &84 N
MM A G

K=0.1, K¢=0.6, K,p=0.9, K=1,

K4a=0.92, K 0=0.4, K;9=0.0, K4o=1.0.
X —HBSEE T, 28 BARS) AN th 20
KIS, AN 2 UL RS K, K, Kqf722 4k
HH%%ZZEIQEI@WF)T/%

1.2F 1

AN
N

0.8

(@)

0.6
0.4

0.2

| | | | | | | | |
C’O 0.05 0.1 0.15 0.2 025 03 035 04 045 0.5

t/'s
K5 MATLAB{ ELACRKE
Fig. 5 Effect of simulation in MATLAB
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4 SEBISEK T (Real application study)
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Table 3 Fuzzy control table of K,, K , Kq

e

ec Kp K; Kq
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 3-2-10 1 23
-30303 02 02 O 0.01 —-0.02 —0.05 —-0.05 —0.04 —0.03 —0.02 0 0 1 -1 -2 -2 =2 —-11
-20303 02 01 01 0 -001 —0.05 —0.05 —0.04 —0.03 —0.02 0 0 1 -1 -2 -2 -2-10
-10202 02 01 0 -01 -01 -005 -004 —0.02 —002 0 002002 0 -1 -2 -2 -1 -1 0
0 0202 01 0 -01 —-02 -02 -0.04 —0.04 —0.02 0 0.02 004 005 0 0 -1 0 -1 -10
10101 0 -01-01 -02 —-02 -004 —0.02 0 002 002004 005 0 0 0 0 0 00O
2010 -01-02-02 —-02 -03 0 0 003 002 004 005005 2 0 1 1 1 13
30 0 -02-02-02 -03 -03 0 0 002 004 004 005005 3 2 2 2 1 13
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Fig. 8 Application effects of fuzzy PID controller

(131.07%, HACR# 6 R ik B8 2 R A 1R 1 by
IR FE RO/, A 5 mmAe A, 1 B[R] B
40.24 s, R EN AT REAFR AR B B K s
Tfﬁ i—'l &Eﬁélﬂjﬁfﬁﬁﬂ 1 28 A U B (oM —4 -6 i),
SRR 13 B AU G0 I8 (D) T . BRI ) R
2%\ B’Jﬂij(tﬁid\? SE [ 42 0 YA (1 10%,
KBRS I B iR S B L N2 mmAc A W
JCPID#E il I, FL g5 K P 5 414,67 %, T 15 hi iR
=3 mmAi A
5 4Z5WiE (Conclusion)
KRR B 1E N PID R 5 7 2k 2 IRz

R BB ok R R N s 3 A R 2R R 4,
FR A B ARV 5 7 T R DY PROASORY) 7 th A AR S e

S5 LUEIH: SR RO 4 o 7 vk T DA B i R G
ZJJUﬂﬁfﬁﬁﬁiﬁi}%%ﬁiﬂﬁﬁ?E‘JT’E‘FEJ, ik B
LT

S L#k (References):

[1] SANTOS M, DEXTER A L. Control of a cryogenic process using a
fuzzy PID scheduler[J]. Control Engineering Practice, 2002, 10(10):
1147 - 1152.

MANUKID P, CHAROEN N. K; nematics control of a pneumatic
system by hybrid fuzzy PID[J]. Mechatronics, 2001, 11(8): 1001 —
1023.

RODRIGO M A, SECO A, FERRER ], et al. Nonlinear control of an
activated sludge aeration process: use of fuzzy techniques for tuning
PID controllers[J]. ISA Trans , 1999, 38(3): 231 — 241.

GHOSHAL S P. Optimizations of PID gains by particle swarm op-
timizations in fuzzy based automatic generation control[J]. Electric
Power Systems Research, 2004, 72(3): 203 — 212.

LU lJialiang, CHEN Guangrong, YING Hao. Predictive fuzzy PID
control: theory, design and simulation[J].
2001, 137(1-4): 157 - 187.

(2]

Information Sciences,

(F#%1310)



