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Tension Control in Web Transport System
using Direct Self-tuning Regulator

ABSTRACT
The purpose of this paper is to study the tension control in a web transport system. Direct self-tuning
regulator method was applied to tension controller and variable-gain PID control algorithm was applied
to web speed controller. The designed controllers compensated for the time-varying parameters and
tracked reference tension in process speed changing. The simulation shows that direct STR tension
controller improves tension control performance in comparison with other controilers.

1 M= press9} 22 press Bl AR Z HEE o]£ ¥ o
ST aAe A2 wEe Haz s Aolrle A7
= & A & & HNA=
3 FAA A2 AN BH QAT LE oo e T AN A
4 mRIbAe A AAsE Bokld BE s
’ O1E B} & A|Ad o 2o &Y FHojg ¢
BAY dio] HE Yok o So], ¥ Ldcold 4 | H& Aagols BEe #Y Hojg ¢

q ZHEH A7 STR(direct self-
tuning regulator)¥ < )&% 7 AHoj7lE HAR

AHE A

rolling)A] A &3 2o K7 dosH, Y&, A
olB T e ¢ xr Y olF Aok nE EA

tlo

om, 2% daE SR oFAII AW
wgsy) 9aM BAe g Fx7 Bas AT I e
i g} i MSD(master speed drive) A oj7]2 7M¥ol5
FARE A7) AT YPore hARE ol T (variable-gain) PID #|oj7] & A A 3A
B - ] - = =2 AR .
dotaEas 98 ANGE WA JJmcer ol gy sTRye zase dAusE 233 o

o 9AE WA olaHE 9 FYL Aojst

P24 Jooper arme] ZHEE WIAA AL Ao
w Al =50 g & E7)(synchronous) €&
e aold] o] &3 Walo] glo
= % A (electro-rheological
GA oo olg3te AT gure Ay

minimal control
synthesis ¢ 2Zt7] H o] Z{magnetic tape)°ll
Hel A e B o Yeung” 5 A
A o} (fuzzy contro)E ©]&3d 7l= M(wire) AR
n&o2 7hg wel FY Aol /I AFE
REIS A=

g w=gAAE I Qud A

B3]
ol-jl

=

N

A FTAA, 12

-236-

Al o] /8 48} (reparameterization) 22X 71FE B2

Yol Aolwso] #ale] HARNEE ok ol
smed Adusse 4y =dHe EAEG ®

do] 29 A E FHaststeE ot
Eg, 7biel5 PID Aloi7le 71€ PID Aol7)9

o) SgkgaimEol Axwel Wehe] we wyH:
Aol o Zh¥olE PID AodrlE NFE SE 4

Mol s} Ao W FolE BEY VY A%
< Yeuac

1]

Edl =l

=1
(=]

2. MAH mE

21 ANz" A8

1

o

A AgE AE AxdlA 2 279

o



SHAl A8t olFA7I7] HE 842 AXME F
Al e EYEDN ZAE U F AH 1—4
AgQl sdolE BE ol4L base WE) ¥

o] ol43lA Hed, o] base BEL 1x press
- 8ol A AAHM mErolE PBET 23 press
2 X2 o)A ddh WEY AW sk vE
3 YA FFE vdehlle A9 FHES
& ato] ot WA Foh Eg
T &A7 ol& ] uat & W
ol mE B4 RHES U £E
g} oolEg & w4 € #4 EHES9 ®¥ge
2d &AA7E WwstE AW Al 2"(time-
virying system)& ¥A3A HEZ oY ANES
B3l Rdygg stodof g Zt E9E dAF
2 FEE A Aoy AAY AHA AR
» ade A2 A WAL TS Axde L8
2 2dys 372 g

329 Figle I UAYH
ERaui=3

AR

N m!a o 9 m —loh

> M

.
[

45 Azde T4

T2

Base Film # A

Unwinder Winder

Fig. 1 Schematic diagram of the system
22 2z 2dd e AR i3 Y vd

g A I AE 2 SAES Axse AH
dA d¥Y A£HA FAHE XA Hed, o
$ ol% Azgelde FY ANE A% ol4sty
%83 28 tei} QE}.[S]B]

4 sdol e AAC ¥ FE Bde gy g
e o] W},

<’

L, t;;: Vn(EnAn—tn)_ Vn—-l (En—lAn—l_ tn—l) (D

23 2Ae &£xd dg 33 2d
2219 AF g A &= § FHRe #A

gele B3 PYHozrY e o] T
%E}.[SJIS]

A
Lo
A
n

av,
dt

I =—BV,+R:(Ty—T,)+R,KU, (2

-237-

o] AN Eele oy slEe FASNY a4

g 9
5o d@ 84 2de ge o

]n Vn=R%z(tn+l_tn)+RnKUn (3)

24 N2YY £F B4

Al="E BEASIE €5 HA4L 41),3)€ 9
£3l b3 2ol el # 9o
J. Vu=R.(t—t,)~ R,KU, ey

L t=Vi(E\A—t)—-V,(EA,~t) (5)
L =R (- 1)+ R KU, (6)
L2 i2= Vw(EZAZ‘ tz)— Vl (E1A1_ t1) (7)
Jo Vu=R:(t,— t,)+ R, KU, (8

3. HoZ| MA

EZY S vd 2 #AA RUHEQ Azt wE HH3
Z 3l A" mde] WIsleg ZPEZREH
Zg Jot Azl9 FAHL Aojslr] Y md
H3lE 23 & AL Ao Alx"o] W3t} o
o} e Az®e A Aojg Y3)M FH STR
Ao71 & AAstm, LA ol4 &% AoE Y3l
A base ¥& AA B, F MSD(master speed
drive)dll= 7} ¢]5 PID Aloj7| & A A}
Feedback St A9 FHE Z g9 £EX

Jdate) As ez 7Aze e FEES 7 Aol
o ofs) &3 FEHojok BT F A E A
WA Aol FHEE Fig2eh g,

Ty v, T2 Vw
Base Iﬂm A A «
and MSD Winder

f

variable~gain

Direct STR

PID T
Tirer Virer Toret

Fig.2 Controller for the tension control system



31 E9E #Y Aoi7|

54 Add datel 44 2Y4E Taylr 34 A

el st d¥EE Y AL g 2o

714, Ty: 229 Z¥
Vo: 53 AZANe 24 &5
Ty: &4 Azeidel 249 28

A(4), O=FY 48 U, &8 T3 dA4

& g3 Zol 7 £ Ut}
T, = g;((S)) Vils) + (G;Z((“g Us) (10)
W4, Geo = AT,
Gos) = %QRuK
Gols) = & + —II%O-S + LE—I%:%I&)—R%,

webd 4 T,% EYE Ao 9% nAS
BUE G o

B!

(ElAl - Tu)

T FK

(E,A,— TOR:
JuLy

T\(s)= (11)

Vy

ULs)
r .

L+2 s+

g9 29g o4 ABANN) AEYRHoL X
date e 2o
Ti(D = 53Ty (D + 5, T (t— D)+ roue () + e (t—1)  (12)

°‘1 7] ’\1, uu/( t) + A mil uu/(t— 1) + Ami2 uu,(t— 2) = uu(t)
T‘/( t) + Q1) le( t— 1) + A m12 Tl/( t— 2) = Tl( t)

4714 & AFEL Axdel £hol I3 AW 5
4e AT olg o] Az wEFE] W
ot AYAA FAL Aciss] ARME 2 u%

£ AN 2o AjUEE
o,

A7 sl ob B

-238-

A A12)eAM gaAe ALEL RLS(recursive
least square) ¥R E A3 FAH3M, FHE A
FEZ 4Y A A3 E THEY,

nu D+ rnu -1 =Ru )~ 5 T(D— 5 Ti(t—1) (13)

A7, Ti=AA(D)=1Tg=1+4am+am,
deg A, = dy—1
U : A oI ¢ E(control input)
U.(9) : % Y& (command input)

32 AHE FEA

EYE Alol7) HA & ez FE 9 7
AE Aol 4o BAE Ui o33 Foh

(EpAp— Top)

Jwls RuK

(E,Ay— TR,
Julo

Tos)= Ufs) (14)

Yy

L, s+

S+

A (18 o4 AXANAY ArPPHes FY
3 e g

To(D =T 3() + 5 T oL t— 1) + roue £ ) + ryu, Lt—1) (15)

NN, w D)+ Qugy Ul t— 1) + @t {t—2) = u, (D

A HA5)ANA Ao AFES RLS ¢udsa

A8 #4se, #48 AFEE v 2o UY
Aol AZTE wEL

oD+ rrut—1) = Ru,(8) — 5 To(— 5 To(¢—1) (15)
017]}‘1, nzA;Am(l)= ?2\0=1+d"‘21+d,,,22
degA,=d;,—1
U(®) : Ale] Y (control input)
U, : 9% 43 (command input)

3.3 MSD(Master Speed Drive) #ol7) A4
Base 9&& AA3Ee e 249 =& VIE

A Mo} wet F&gs Fx8n P FHoz Ao
3l7) $1%F MSD(master speed drive)® Al§H i



ojof tigt stwelx
A et
A @AM T\ Ty7F 2oz 7HAsks

Vi(s)= K U,(s) (16)
) = (Kp+ % +Kp) els)

e(s) = Vlm/—- VI(S)

o 9, detq ALRSE BASHY e 2.

VI(S) . bl82+b28+b3 (17)
Virds) alsz+azs+a3
A71M, e =Ji+R KK,
d2=R1KKD
03=R1KK1
blleKKD
b2=R1KK}:
b3=R1KK1
A4 Ae 24 N2de JuiEs B4 34
s'+2w,s+ob=0 & ¥ AU & FIA e
5 2.
_ 2w,
Kr="RK
2
Wy
K="RE
I S )
Kp="p K
4. Al Z8olM
~lgdeide AP STR Alelr], 7bd o5

(variable-gain) PID #o]7], PID Aloj7|& 7] H]
ngozH AHY STR Ao}r], 7} o] 5(variable-
gain) PID A71e] As 84S 244 AFIH4Y

=2

PID o7& 953 o] A

-239-

Zzte] AgIME S5 ﬂl’ﬂ°ﬂ wet £w7b 9
e FROIE P, 9P FE L, FE FH
Aol ZEEsE QFQE_?&&D{ A& NFAdE
del F¥e 2n Yotm APsAn
a7 olEdAleY 7|E £E AHL ol Fig3d
Zo
=33
(m/s)
] . D m
' Section I : Acceleration
1 Section II : Constant velocity
Section III : Deceleration
0 3 5 8 Time(Sec)

Fig.3 Velocity Trajectory of the Film
41 7} Aloj71e} AE vla

411, 271 ZedAM e Zt Alo]rle AF ¥

Fig4~Fig 9% Al=% Z7]< & Aoj7]g} AR
#e MdAstd PID, 7H¥elE PID A7l AH
STR Aloj7]19] A% & v@dted vebuisid

Fig42%d #¥ Ti2 A3 STR % 714 9%
PID #loir], 28]z PID Aloj7) 2% & QHKFE
glol & 03x ool EF A =gsa. 3
A STR Ao7|dAe] eHFEE 2719 mi/ids
FA g dojvte Relth

Figh, Figh2 944 £% 9 <&
T8 ¥slolt}, eWEE AR STR A7)zt 7
2 A oy &£x9 WA 2= Aor|y &%
2 ol Hale tE A oz g dojue
RAoltd, A, 71 o]5 PID Aoj7|dM = <Fztel
A% @ibo] AR

FRrel el 22
ME

Fig.7~Fig.9€ 7 Alol71e gt A= T29 A3}
ojtt. & =FHA PID A|oj7]7} <zb %% Nee B
AR A STR Aloj71¢ vusia 2 ol gl

ot
412. A =9 WHg F 7} Aoy YT wla

Fig.10~Fig.15¥ &% #AZd we deidel 34
S AR Fo Z Aojrie] del wE ZAH Ty, Te
o RzE Jetdd, olv, EHEF AAZ vA
3 #Ade] HEEA FHol Ax¥ JHEA A F



ge) 4% 2.
Fig.10& 7144 33 Tio Wse vedth PID
A71E GE A WA LHges
27 AT Ao BEZY FUE ok

4 STR Ale}7lsh 7h¥elS PID #o}7)9) *3%01

F5% 2 4 9o
Figll, Figl2t 9% $& 2 @& 7049 %

=
T

g Ti9 wglolr, PID Ajol7]= o o W
sle} A AE el FE3A FHT ThEeE
PID Aloj7le 32 A, 2AFH STR Ayl B
o Z onFEE Holy o7 @A EX FHd
FAF . =3 F7he] A4 e LxE
Fig.13& 7F5A 28 Teo wWatelt}. zhzhe] A o]
17 vl A%S B4 28y, 4% &= ¥
TEFAAN FH Tp9 W3 Figl4, Fig.l590A
B 4 gl%e] PID A7l & Z9 FEel W
ol glx, A ddl & Aol 4HeA R
7ol E PID Aolr] =3 wE AZte] 73R
Zatn Ao WF o] AU
A3t Ueld AAY PID AoA7le A"
WAzlol) AR HElr] o) FHe Wyt A
2 5 g T3 7PHelE Aoriz A~de]
HAzlol] wel ZHze] Alo] o] Fgh(gain)g EAAMA
ANxdel WHEE FEIHAY, LAY olF £E9
Walel Alad AEge g8 Wgde wE
A diAstA] Z
FolA dAZ FFH STR HE ol &3 A
%°] HEsx o WEE I FFIHH A
FAE WEgE JeldI 05% oA
o FHIA

L‘0

N

2= 0

il

m\o

3}
i

om

il

=3
=]
il

= 4

g

Joox N

5!
3

A AP STRES ¢ ol A2Hd
Aol Hgsld AAYIE HANAE,
9] PID o719} 7bAel5 PID Aol 7t
o RAeE Husgn.
ZrZhe]l A g o Aae &5 W¥sle o
o] 2FXo] 7129 PID #lo]7le 71HelS PID A

Al

ol &

o 71e wHlafA AR Aol ““}?:- F¥& 2ych A
AHog wxd wg Jeg RHoAR, Z £
M P oA 2YEE 2 #Eé’ 0% £07] 9
g d77F dasig.

249 olFE&EE AE AT MSDY JhHol=S
Aoj7] AAl Alage HatE F FFATH

-240-

T

il
Ao
o

1. Yokoyama, E. Nagasawa, M and Mori,
"Precision tension control system for VCR usion
moving tape guide actuator’, IEFEE Trans.
Industrial Electronic Eng., Vol. 113, No. 10, pp.
1170-1176, 1993.

2. John E. Ludwicki and Raman Unnikrishnan,
"Automatic control of unwind tension in film
finishing applications”, IECON, pp.774-779, 1995.

3. Masanori Shioya, Naoharu Yoshitani and
Takatsugu Ueyama, "Noninteracting control with
disturbance compensation and application to

tension-looper control for hot strip mill”, JECON,
pp229-234, 1995.

4. HsE, A7, 9E, AAH, “ER Hela 7
7€ °l&¥ TF FH A, #3FYFFIA

A13d 8%, pp 102-111, 1996.

5. KN Reid, K.H. Shin, K.C. Lin,
control of longitudinal tension in a web transport
system”, AMD Vol149, Web Handling, ASME,
pp. 87-100, 1992.

6. D.P. Stoten and M.G. dye, “The application of
minimal control synthesis to web tension and
transport control”, IECON, pp. 2019-2023, 1993.

7. MF. Yeung and A.H. Falkner and S. Gergely,
"The control of textile filament
winding”, Journal of Mechatronics, 1995.

8. D.P.D Whitworth, "Tension variations in pliable
material in production machinery”, Applied
Mathematical Modeling, Vol. 7, ppl69-196, 1983.

"Variable~gain

tension in

9. A714, AL, “U&A WE 24 9% FH A
2do) Ao B, z‘fli‘fg’%]-ajifﬁl FA g

3] =#% ppbs4-589, 1995.



Tension Variation of T1 (N)
N
N
i
!
[}

1 —_

= Direct STR
= == Variable-gain PID
-.~-- PID

0 0.5

1*ig.4 Comparison

1 1.5 2 25 3
Time(sec)

with each controller in tension

srariation of T in acceleration

Y

3 -
2.8
2.&a
24
2.

ZBQ';-*’

1.8
164
14
1 .z*t
1

Iension Variation of T1 (N)

——— Direct STR
=~ = Variable-gain PID ]
. PID 1

5 5.5

6 6.5 7

. 7.5 8
Time(sec)

Fig.5 Comparison with each controller in tension
variation of T in constant velocity

3 :
24
24
24
23

- —

18
14
14
17
1

TSUSIun Variaon ol 11 (V)

- .-

— Direct STR 1
=== Varable-gain PID
PID

—.

3 3.5

4 4.5 5
Time(sec)

F.g.6 Comparison with each controller in tension

variation of T: in deceleration

-241-

s

3 —r
2.8
28
24
2.x

2y~

1.8
1.9
1.4
1.2

1 —

Tension Variation of T2 (N)

— Direct STR
~ -~ Variable-gain PID
-.~ PID

0 0.5

Fig.7 Comparison
variation of T2 in

1 1.5 2
Time(sec)
with each controller in tension

acceleration

25 3

Tension Variation of T2 (N)

~— Direct STR
= == Variable-gain PID
PID

3 3.5

Fig.8 Cdmparison
variation of T2 in

LY

4 4.5 5
Time(sec)

with each controller in tension
constant velocity

3
28
2q
24

*+

o

19
1§
14
13

1

Tension Variation of T2 (N)

~— Direct STR
=== Variable-gain PID
-.-. PD

.

5 5.5

Fig.9 Comparison

6 6.5 7
Time(sec)

with each controller in tension

75 8

variation of T2 in deceleration



Tension Variation T1 (N)

—— Direct STR
=== Variable-gain PID
-.-. PID

—

:1 1.5 2 25 3
Time(sec)

Fig.10 Comparison with each controller in tension

variation of Ti
changed

in acceleration for parameter

3 - - —
)
2. ‘ N r. 1
Z [ [ l
-— 2. an } ! it -
- foa ' ' PR MY
LT S L S A U
= 2. i ' ; ' ' ' MRS
] ‘ N : [ / A ! Y
= 2 S e L -~y 4
N 1 i 1 .
i ] " ; l.' ‘ I .’ "
s v A Lol ]
g 1. \ l ' i vl b
2 A ' ; Vo
1. Yo vy v~ Direct STR
1. s LS ~ == Variable-gain PID
> -.- PID
1 ——
3 3.5 4 4.5 5
Time(sec)

Fig.11 Comparison with each controller in tension

variation of Ti in constant velocity for parameter

changed

n

3 T
2.8
24
24
2.2 A

2
L
18
1.4
1.2

Tension Variation T1 (N)

~— Direct STR
=~ = Variable-gain PID
PID

—_— I

'

6 6.5 7

Time(sec)

7.5

Fig.12 Comparison with each controller in tension

variation of Ti
changed

in deceleration for parameter

-242-

-

3 v
2.8
2.&
24
2.7

2

1.8
1.6
1.4
1

Tension Variation of T2 (N)

+4
-4

1

— Direct STR
~ == Variable-gain PID
PiD

0 0.5

1 1.5

Time(sec)

2 2.5 3

Fig.13 Comparison with each controller in tension

variation of T2
changed

in acceleration for parameter

3 v T
2‘8r “ "
_ O ' ]
Zz 2§ ro Pt f’l
- - . [} 1 -
Y S .
- ' . ; . : ' RS
g 2.2 N "y ; \“- , ' '.l ' 4
A O S R W AN NS TN PP
s N N T I
FRRE: N R AR Lo ]
2 Ny oy [ L T
2 1g Lo [ L
K] F v
1.4+ ' ; Y ) ~— Direct STR +
L [ ‘s’ === Variable-gain PID
L
1.2 L -.-. PID
1
3 3.5 4.5 5

Fig.14 Comparison
variation of Ty in

4
Time(sec)
with each controller in tension
constant velocity for parameter

changed
3 — - Y
2.8r . i‘~\
i V-
= 2.4’ N . " 1
.01 oy
N 2.4 ' .‘ : o N
5 AN RS
PN Co Fa
:ﬁ‘; ; N X /’." NN
(>% -’\ /'_' ‘ I, A-'/ L4
[ A A T
o . 1 -
] Y
(] v —_—
[ Direct STR ]
- == Variable-gain PID
-.- PID 1
1 .
5 55 6 6.5 7 75 8
Time(sec)

Fig.15 Comparison
variation of T
changed

with each controller in tension
in deceleration for parameter



