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Implementation of Control Rule PID in Gravure Printing Machine

PENG Yan
(Weinan Normal University, Weinan 714000, China)

ABSTRACT: The aim of this study was to improve the PID control system of the printer based on the implementation of
PID algorithm of the multi—loop circuit of the PLC industrial controller. A multi-loop control system for tension and
velocity was introduced by PLC program based on the tension control system of gravure printing machine from Shaanxi
Beiren Printing Co. Ltd., then the method of trial and error was adopted to adjust parameters of the PID controller in loops
based on traditional PID and digital PID principles and the verification test of the algorithm was conducted on the gravure
printer. The velocity loop test showed that the motor reached the set value in a rapid manner at 500 r/min and returned to
stable status in about 6 s in external disturbance. The tension ring test showed that the set PID parameters can fulfill different
task requirements of winding in 4 stages when the rolling diameter was 92~800 mm. The operation velocity was 100~200
m/min at normal conditions and the roller could be quickly adjusted to vertical position when external disturbance occurred.
Multistage PID control and methods of parameter setting can satisfy requirements of domestic gravure machines. However,
when the rolling diameter exceeds 800 mm or the linear velocity is greater than 200 m/min, PID controller would deteriorate
the system performance, which fails to fulfill the production requirements of the high—efficient and high—speed gravure
printer. Therefore, continuous improvement is needed for the tension control scheme.
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setting of PID parameter

UTAEAE, iy TR B Toll i % FE XM AR BV 3E 5 ) R oR A0 , D PG AL N EDRRIALAR A BR 22 w2

Wis B HEA: 2014-12-22
EEWH : I A bl a8 5 5 5 10 H (14TSXK07)
EE R HE(1984—) , L BRPG TG A1 T P IRV ~A B UM , B SR 55 7 i A SRR L A sl




132 fl % TR

20154F9 H

] NI VTR BRI 8 A 7 T R, A7 B 2R B MTED
WLEAE B 112250, %) 51 3F H A M ER AL &+
A A SRR TR e 1 H R, & 58 B4 700~1300
mm . E[LRll 3 B2 7] 35 200 m/min 09 TR ER R 545 . 9K
2 T2 TU st 0 R 15 & A2 0 L 1222 )R FH L B 1 Stk
(1) 7 ALK sl Z e, ek R | B i R
JEE 358 o (AR AL, T HE R G R FH 2 9 PID S
o BKH B XZ AR T ALK IR RS e R T
PLC b 97 il 4 0 22 A 2R [m] % %) PID B34 S8, B 7
XTERIAIL L Y PID 42 il i A 04 7 etk , ORIE M ERAIL I
sk I RS R AT SR T .

1 EFPLCHEFPIDEE

A7) (Proporiton ) —F1 43 (Integral ) —f#{ 73 (differen—
tial) P, AR PID £, S48 n0 Tolk 4 il 5k,
HARGUELBRED(s) :

DGs) = k(145 4 k) (1)

Ak, kil o 53 00RO AB1) R G FE o3 FR AR
PLC /R BT a1, SR 22 53 SR BG4 ) 350 1k R A7
B, B RS PID 34 & U i Ak
Au(k)=u(k)—u(k-1)=Ae(k)+Be(k-1)+Ce(k-2)
(2)
2k

S kd d
A4 =k (1 +kiT+7) , B=k(1 +7) ,

€ = k(") | THRGIE R RRRN.

R RE LT B0 SRR B 825 R B i
SR, ELIED A0/, 05T o T R
RS L AV, AR 2 R S 0 T A, B
EIBLe P A RS B PLC BT

2 ETPIDHKNIEH RS

B pa Ik N ENRIATLAE A BR 2 7 A 77 1 i g K 2ok
4Bk N ER A, BcE GEE 5] a5
WO, 2% P8 1y K 4a il R R B R . 3k B DA
Bk F1 i R G MR PID F il s , 7k Sy d s o
B UL 1, 5K FE i R 50 ol N A 3R SR RS IR K T
G5 2 R B 2H I, PN 2R B8 Ui 2k 728 At
WAL, SMZ 5K I Y . R R T8 ASR 55K )
TSR PID IS

AT Y IS0 S 3 2l AL A 45 R

s

S o i

b3) g all]

Eioag ol

B METHLCE K RS0
Fig.1 Diagram of winding tension system in gravure printing ma—

chine

JBERSE , SEPR s B A5 T 4 B PID A5 R AI5K T
YAy v 5 ik T A R A SR P
i, 3K 0 45 5 (52 5K I PATER S A o 9k T R 4
HFEG , h T gsfrd B B AW, R5H
A AR AR S

3 PIDS¥EERIKIELE

3.1 PIDS#EE

P28 S50 TR )y O R I A
(o3 U 4 1 RN B N, i 2R 4 e TR — R
BLRAE X GAR T2 A TE P B 1 4 1l [ 6 v
RSB TR . JEAETHLEY KR H IR T A
R BRI v BAR PR320 28 14k, k F kXS R 58
PERERIRE AR a2 IR, B R G &, ,
kA ko 80, BN O 1k o Had R vl LRSS S SE H
B RS B A A BRI A TR, B R AR
ik

1) W R kB o AR R AU R AR &
B0, SR 4l He il 85 k, W/INEI KA1, WS R 42
AT N7, L 28 50 2 7 o0 e L IR R .
JETER R R AR 3 R o345 1

2) POy BBk B o Y4l He s RN BB Tl 2 45
BRI, AR ER (8 & /N TR, A2k
B TLIK , B2 2208 Nl AL A R R 1k

3) 5 P1SCER JRAEAT SRR AN B4 1l R, Il fin A
VER i ki /N B, R Z R EE RSN
AR TR R Bk

4) WIR(HREER) SH0EE . e IR e T,
WL B A N A, PO FE ANIRST P BR B 5 0, 5 Aok
AT A R M (BN Uikl B A2 AR 4k ) |, 78
AR B0 Bk g R R S L R T
gy 4 BRI B ECRE B ] RCRHE S, 2



H36% 174 43 IMTEHL PID 3 1508

133

FIEIE 44357 3R PID 244

5) IS HCEE . MR EIRIAL TS 1T B B
ALFE R LR 5K T HE ST s | BRI A D) e B . B R
BLALTK T o0 1 4 Blb Al . EExH B TR B
R OREa= N 535 ) A E Pl b (= B oo oty P el | = B 1 B
1 PID 4 2 , RS L) PR P o kg8

H FiEfT i B PSR AR, TR AR
L R G, S E R PID B8 BAAAN KISL, H% 1&
AP JEL 85 X5 1 PR 2 P 22 R 45 A4 1) A8 Ak i A 2 AR
K R g 542 M 90~800 mm 43+ Ky o X Ji]
B TR B IR AAE, 568 0E 14 PID
S MR T A XIEE , T EHTEOE 141 PID

BESRE M 45 R

BE XK 7 WU AT i R G5, 43 AT 30 UE SR 5
fBCSE LS PR AN AZ 5K ) RS2, X R AEA T PID SC K,
VO L 4 e (B BR BT, R [EB AR B 52
INHERAE— W E N AE G RGEHL B 5 XT3k 750
FR5K 7 EE ST s | BRI )40 i AR A IO 24 1T 4 4
A BATRY B IR, 5Kk ) 245 (B BB A, AR5
JEBRAARZ ] R B AR R 58 .

T IASLEG R BH < 7E 500 v/min FYTEOC T, ERALAR
POE BN, SN S RS, KA 2 6 s AL
FORT I AT IR s SR I RS 3R B 92~
800 mm I}, T34 5 (1) PID S EURENS T 12 4 4B Be e
BURARRAT S5 BoR , IE #1817 R G217 3 A 100~
200 m/min, H R G HBAMR TP RE AR PRE o 2R
A= R R BN AR

3.2

4 H5iE

SR HH PLC 2 P S B 3 Ak Sy )81 28 00 50k, O
BB M BRI B PID S 8. 1E
MTRRERRIAIL b SE6, SERG 2 SRR M - IS B2 1 92~
800 mm 315 [B] N 22 b B ALIZ 173 BE #E 100~200 m/min
B, % PID # il 5 22 S0 2 BeA% Tl 2 BRI ML 311
JInel S B R AU} ) A A 55 K 5K T R AL
ST, GRS IR HLIE SR Ty il o (HJ& Yis 7l
1 200 m/min B4 KT 800 mm i, 43 B (1) PID 244
B Sl RGO A IR . B A TR TS A
SRANTE FH T 2208 v M 1 I R ) 358 4%, i Bk —
A Ak

SE k-

(1]

2]

(3]

4]

6]

8]

[10]

[11]

[12]

F B MRRER ALK ) 2 B GE B9 WEFE (D], iDL« iU
TK22,2010.

XIAO Chao. Study Tension Control System of Gravure Print—
ing Machine[D]. Wuhan: Wuhan University of Technology,
2010.

7 5 58 2R B R R G ML. AL AT 35 AR R
#t,2007.

HE Ke-zhong, LI Wei. The Computer Control System[M].
Beijing: Tsinghua University Press,2007.

L. BT R ER AL A5 98 1 (M. Jbat A Tl
HiRkE:, 2007

WANG Su-hua. Use and Regulation of Modern Gravure Print—
ing Machine[M]. Beijing: Chemical Industry Press, 2007.
INERK. & T ARENRI LK S I FE ). A2 T AR, 2008,
29(3):90—92.

SUN Yu—qiu. Research on Tension Control of web fed Print—
ing Machine[J]. Packaging Engineering, 2008, 29 (3) : 90—
92.

GPARL W R, Jbat iR R, 2010.

JIN Yi-hui. Process Control[M]. Beijing: Tsinghua University
Press, 2010.

MUHAMMAD 7, GANESHTHANGARAJ P. Web Tension
Regulation of Multi—span roll-to-roll System using Integrat—
ed active Dancer and Load Cells for Printed Electronics Ap—
plications[J]. Chinese Journal of Mechanical Engineering,
2014,27(2):229—239.

TRAN T T, CHOI K H. A Backstepping—based Control
Algorithm for Multi-span Roll-to—roll web System[J]. The
International of Advanced Manufacturing Technology, 2014,
70(1-4): 45—61.

CHOI K H, THANH T, TRAN, et al. Back—stepping Control—
ler Based Web Tension Control for Roll-to—roll Web Printed
Electronics System[]]. Journal of Advanced Mechanical De—
sign,2011,5(1):7—21.

PONNIAH G,ZUBAIR M. Fuzzy Decoupling to Reduce Prop—
agation of Tension Disturbances in Roll-to—roll System[]].
The International of Advanced Manufacturing Technology,
2014,71:153—163

TRAN T T, CHOI K H. Web Tension and Velocity Control of
Two—span Roll-to-roll System for Printed Electronics[J]. J
Adv Mech Des Syst,2011,5(4) :329—346.

SONG S H, SUL S K. Design and Control of Multi-span
Tension Simulator[J]. IEEE Ind Appl, 2000, 36 (2) : 640—
648.

CHOI K H, TRAN T T. A Precise Control Algorithm for Sin—
gle—span Roll-to-roll web System using the Back-stepping

(F3% 138 )



138 TR 201549 1

2005,26(6) :121—123. [10] SR E I EE. AHHE PRI T Sk G I i e 4y ik ot
[4] KUMAR M, VRAT P, SHANKAR R. A Fuzzy Programming R iE2ES5EH,2012,21(1):220—225.

Approach for Vendor Selection Problem in a Supply Chain[J]. WU Jian, CAO Qing—wei. A Method for Choosing Green Sup—

Production Economics,2006,101:273—285. pier under Decision-Making[J]. Operations Research and
[5] 2, K iEHs. 2T MATLAB &35 (HURE 8 F1)Z R 0B Management Science,2012,21(1) :220—225.

PR R R ATE()). A2 T4, 2010,31(9) : 117—121. [11] MENDOZA A, JOSE A V. Modeling Actual Transportation

LUO Ru—xue, ZHANG Wu-yi. Rough Sets and AHP Re- Costs in Supplier Selection and Order Quantity Allocation

search on Supplier Selection Based on MATLABIJ]. Packag— Decisions|J]. Operational Research,2013,13:5—25.

ing Engineering,2010,31(9): 117—121. [12] ALIABADI D E, KAAZEMI A, POURGHANNAD B. A
[6] CHEN Zhi—ping, YANG Wei. An MAGDM Based on Con-— Two—level GA to Solve an Integrated Multi—item Supplier Se—

strained FAHP and FTOPSIS and Its Application to Supplier lection Model[J]. Applied Mathematics and Computation,

Selection[J]. Mathematical and Computer Modelling, 2011, 2013,219:7600—7615.

54:2802—2815. [13] DURSUN M, KARSAK E E. A QFD-based Fuzzy MCDM
[71 DOGAN I, AYDIN N. Combining Bayesian Networks and To— Approach for Supplier Selection[J]. Applied Mathematical

tal Cost of Ownership Method for Supplier Selection Analysis Modelling,2013,37:5864—5875.

[J]. Computers & Industrial Engineering, 2011, 61: 1072—  [14] CHOUDHARY D, SHANKAR R. A Goal Programming Model

1085. for Joint Decision Making of Inventory Lot-size, Supplier
[8] LIAO C N,KAO H P. An Integrated Fuzzy TOPSIS and MC— Selection and Carrier Selection|J]. Computer & Industrial

GP Approach to Supplier Selection in Supply Chain Manage— Engineering,2014,71:1—9.

ment[J]. Expert Systems with Applications,2011,38:10803—  [15] KARSAK E E, DURSUN M. An Integrated Supplier Selection

10811. Methodology Incorporating QFD and DEA With Imprecise
[9] LI Lei, ZELDA B. Incorporating Uncertainty into a Supplier Data[J]]. Expert Systems with Applications, 2014, 41: 6995—

Selection Problem[J]. International Journal of Production Eco—

nomics,2012,134:344—356.

7004.

AVEANEA LA EAN A Eat Al lal Cat Fallal at Faltal Cat Fal L al Cat Fal L al Cat Fal L at Cat Fal L at Fat Fal L at Fat Fal L at Fat Fal L at Fat Fal L at Fat Fal L at Fal Fal L at Fat Fal Fat Fal Fal Fal Fal Fal Fal Fal Fal fal Fal Fal falt Fal Fal

(L% 1337W)

[13]

[14]

Controller[C)// TEEE International Symposium on Industrial
Electronics ISIE,2009:1709—1714.

LIU Shan—hui, MEI Xue-song. A Decoupling Control Algo—
rithm for Unwinding Tension System based on Active Distur—
bance Rejection Control[J]. Mathematical Problems in Engi—
neering,2013(13):18.

KANG C G, LEE B J. Stability Analysis for Design Parameters

[

n,

xR

PR IR IR AL

[15]

CAZAN LA LA LA LA E At LAt YAt Fal L atlat Al Lat tat lal Fal tat talt L al Lat Lot Al Fal Fat alt L al L at Lot Al L at Fat al Fal L at Lalt Fal Lat Lat Al Fal Fat Lal Fal Lat Lal Fal Fal Lat Yal Yal tat Yy

MiJE) YR

I N N N N N N NN N N N N N N N N N N N N N N N N NN N NN NN NN NN NN NN NN NN NN N NN NN

of a Roll-to—roll Printing machine[C]// International Confer—
ence on Control, Automation and Systems, 2007.

HYUNKYOO K, REINHARD R B. Mathematical Modeling
and Simulations for Machine Directional Register in Hybrid
roll—to—roll Printing Systems|J]. International Journal of Pre—
15 (10)

cision Engineering and Manufacturing, 2014,

2109—2116.

mvn'i‘.«iwrm'wnﬂ‘



