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Mechanical Energy Saving of Thermal Shrinkage Packaging Machine
Based on Fuzzy Smith Control

XUAN Jian-ju, LI Yan
(Xuchang Electric Vocational College, Xuchang 461000, China)

ABSTRACT: The work aims to improve the stability of thermal shrinkage packaging machine in mechanical energy sav-
ing control and optimize the control performance of the controller more efficiently. On the basis of fully studying the
ARM Cortex-M3 core controller LPC1500, the hardware of the mechanical energy saving controller of the thermal
shrinkage packaging machine was developed with embedded environment, including A/D acquisition module, information
acquisition module and drive execution module, etc. In combination with the advantages of fuzzy Smith in feedback reg-
ulation, the energy saving control performance was improved, and then the mathematical model of the constraint parame-
ters of the controller for the mechanical energy saving control was established to conduct in-depth research on mechanical
energy saving. The experimental test results showed that, the performance of the predictor designed by fuzzy Smith
was better, the energy saving control reliability of the thermal shrinkage packaging machine was high, and the energy
consumption of the packaging machine could be reduced. The strategy adopted in the control of thermal shrinkage pack-
aging machine has the advantages of optimizing the energy saving effect and has a broad market application prospect.
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Fig.1 Functional structure of the control system
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Fig.2 AD acquisition circuit
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Fig.3 Frequency domain response of A/D module
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Fig.4 Servo motor driver circuit

2 Smith

TEALENLA MU RESZ il , B e 2B AR S R



- 216 - £, %% T 2019 4 8 A
Ber AR Ok, SR 5 SR R iR 25 647 65 16 R LT RE 1 19 152 22 759 1 R O R =X

i, X RERITERERET R, LOAEIRMI H 0. T o (1) 2w ()t 2 -
T AL HIL A T 2 A 3 B A M A AR i, R ITA el — shiTo 0)~ sn ow;

A g, AL 8 R ECN -
Y(s) _G¢ (s)Gy(s)e™™ W
R(s) 1+G(s)G(s)
S5 G AT AR TE AR 15 22 T T A0 R A O 12k
Frgul i, 19 iz a il d i BUR L RN
Ls
S
TESRAE R R, LR 6,0, a,0,6, %X
JUAS, BEEE, IR ) 2 R SR AEATR 2 P, T
LAETIFR )T T BB 2 A DL T R R e
Y (s)

R(s) -

G (5)Go (8)e™™

14 G (5)Gpy (3) + G (5)(Gy (8)e™™ = Gpy (5)e ™)

3 3 M — ARG 2 A Pl RE RO R R, R
XL HILAE T RES ) 77 Th0 ) D BEE g HEA T I, o
R RARN K =AK K, , HiAK >0, &
BB ET LR n, 20 SINGE, 5
A DSBS 7 T 59 249 o2 Bk 1 7 BT, R
T 2 0 PR AR AR T — MR I B R AR
2.2

38 17 I 5T AR 2 i B A Smith =61 HLS, FIH
R Smith St I8 5 >R 3E 47 6 B ML Y HLA Y BE 45
1ol Xt S AT, f9HE Smith $5 ] 7 R
mr:

oE

W(n+1)=W(n)—naW+aAW(n) 4)

TEIBCRH X L3 365 (4 254 FIIMEL, #4400 46 ) a4
FERDLANEE X, Xpoon Xy, PRI wy
Wy ... Wy s SRIEHEFT IR MERYINAL, Jf HLXEE A
AT AN BT BRI R i S A MEUS) ) i RE A B A T dR 24
HZ RN -

E_ 23 vk E

SR ILURTEIE 0 ©)

25, il AR RS A PID BB, Jf H7E
WPEFR Y b SC I A B AE 5, BRREAS TR E ) R4
FE, Horb, 0 BRI RS & RGN W B AGH TRRE  :

OE 1 &

= (9% ©

47 5 ) 2 R4 = ) I A I B
ARSI, SRR e A AR P SR B ZEH A
S AFESERGE S . (B RIF A v (K) e R, L SRR
P B HL A — A BRI, R 4

3)

F T A S AR EESE SN, IR, T A Smith
S AR A e s/ I il i O RE ALV FE , S BRALAR 1Y fiE
P, 3B Input/Ouput BEAY, HLAR Y4
TAZER LI 5,

R(s)
+

Gs)

H(s)

5 Jailil e RLARE 0 AL/ H A
Fig.5 Input/output model of control rule
TER 5 1, Gy (s)e ™ BE IS HEMIETES
BERIFIERG Gy (s) S Pl 28 0 BRI 19222 1 B3k 3t
Y(s) 5 e SRl A 0 B e O R L Y B
B AERE RIS IORIR b IR G, (5) =Gy (s) . t, =7
I, AT LA 3 Sh 2 BRER 1 s BT RN -
H(s)+Y(s)=G,(s)U(s) (8)
EEGEREN ol U0k SO EP SN Sy iU R i
PREL -

1.7¢73% 0.59¢72"*
Gii(s) G (s) _| 7s+1 8s+1 ©)
Gy (s) Gnl(s) —0.6e 72 1.5¢7%

10s+1 9s+1
K (8, Fihlas a0 s A R T LA G, () K
SEP A R T, DT E gakD 2F BE HE TH RE Y
Hiv,

3

3.1

B 1 il A BB BB 0 B R O 12 4z
[0 % kR RPIE S P W R DR DA N AS WL ST R ] B o
AR L T A PRI, RT AL SR AR JE 8 0.03 s,
B Smith P A% A2 5 H W0 0.35 5. 13 B4 il 2
P i 2 A A4 i fph A5 IR AR DL 1

1
Tab.1 Control rule triggered by output interface
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Fig.7 Control convergence curve comparison
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Fig.8 Comparison of power costs
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