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Design of Tension Control System in a Textile Process
based on Microprocessor
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Abstract Up to now, various continuous-processing systems are used in many industrial applications such as
textile machines, paper-making machines, printing machines, and so on. In these applications, the tension forced
on the products in the control volume can be changed according to the velocity difference between the feeding
roll and the delivery roll. Specially, the tension variation generated by the velocity difference, or the inertial
effect can decreases the quality of the products in the textile process. In this paper, the tension control problem
in a circular knitting machine system is treated to cope with these problems. Firstly, the tension relationship in
the winding mechanism of general continuous-processing systems is modeled. Next, to effectively drive the
feeding and delivery rolls in the circular knitting machine system, a new tension control method is presented by
considering the inertia compensation and the velocity difference between the feeding roll and the delivery roll.
Through the experimental works, it is shown that the proposed tension control method can be used to improve
the performance of tension control in the control volume of the given circular knitting machine system.

Key words : Circular Knitting Machine, Tension Control, Winding Mechanism

1. ME
AEPE YA L Mol el HE7] 15 Aol A AA

ALE ARE o), 7B Aol AgHoR A AL LT A9 B WEel AT 2R ﬂﬁ 23
Q Mo} % g, sjat vhgo] o)fofAch oje} o] o] H3E 7}7:1271] ek oA ol A4 FHA
gi_/,_v\_g-}o} LAHO MO Xﬂ VAR E ol B = E}oohﬂ. = EH S| A=) 7H1:H7<—lo Lz Ao} WMu} ],ng_ )
ool S-8ET otk hREe] ALY Aol By AUZ WA $25 Uzt AHom SAHFEA FA
Z7Hcontrol volume) LfollAle] AL AAEA L=)5
= Zlo] Faslth BE o] 3L AEL YAk HF
FHoR Zuj AFS] YT B0 2 JFL 0l

‘aojetm Ax-gekat
"WAAR : o35 (hjyeo@daciin.ac.kr)

1381



Fitet7| &3 =g A AI8Y Al6E, 2007

Ak w2tA 7H=ell 7HAl= R3kE FYstA Aojst
© BYA0] Al e #3 dFe 1Y, 187t
7HA9 2AE BAsHE 2obollA B2 WA digol
Ha ok

FEE Aofsty] At PP 2E A& FEALH
A o2 He] A7IE SEAR 184§ AF1Y
&= 71Eee 2L nE Eof dist] ¢ = <
M3 50 Ozt HAHoE 7|2EEE M Y
Ad E8e AR FES RISk W] glthi).
ol{d WL ER(daw)AolEti st obAm AlA7L

= 37 2ele] ool gol ARHR it WA
2 2 Y 54 % ATH.212 A Bolet &
g FAE ARSSH 337 AloE sk AU,
W EL 2A9] o] whet §9] Y7} 7HAE £ 9
T 722 Hof 97] HiEel I At kg T =R
&Y B9 AEE F £ Gle 715 T B,
AT el tiFf o whE 3L HojAwt 7=
Eo] -9 B3, WA AERO] A =gE
B A 7heE T3k Zote, g A4zl FAl:
28317] o2} ©3ol 3ot Wolfermann[3,4} ~”IE
LB SR 1 RAERE 23t Aojsh=
AlA 2 Ao S A o] WA PR
AAste] Aol siFshs Mg AROR st Y
Foll 7RI gl REARTE Aid AeEne) o
S wAs AF7IE Tk Yoltk 1y o)
HollMe B8 2 w40 Zakd 249 SdASs7t
drHo s dig 2 grolal o) uhet HsinE %
g 33k A7 Aol odm, gt Rge] 9
= &Alol ashe Aol E7ksdich tiRie A4 7
& N=R2 AY A7 Ll (span)9] 3t A=A
Hobd B AEw Aolg £ 4 9l APk &
8 =7 AT 3 oA ojsto] Y WE U
AT gAYl A71A Aok ol2iF F¢ WF7] 75
BA O ARIE AL AR B Aol M-S o
o7l= 59 A7 WARTHS6).

ol BAIE ddsl7] Asl, 2 =Rode &Y
0 A e SR BAEHE TNe R & A
of W& AN 7, AdE FHL ol g3t A A&
ol Z+ AE71e SR BYEALE T3t 4
AL glol FAFelA Al g 23] Aol
= &S Hol, Aojrle] SHEAS M 12
I Y-S o] At A Yo 58PS &
Nbitg

T =2 1L 180M 2 =29 A7 8% A
7o 5% € B Aoz rlasta, 23l 2

Ao} AlsgolAe] 2kd meae AR, 35lA
Aoket AEAle] 71ME ARtk 28 43l A
B e FEs AgATE AN F ol gt 58
e AEdith dXgoR sHolq AEL Bk

2. 53 MOIAAM 2518 mUy

21 B&BH AlAde| 45 U T 2Y
2 EYE(feeding rol)T} 7 E(delivery
rol)& E33E A4 Alade T9 13} o] vehd
4+ Qe Eoh, e 44718 BN AgAzel
T4 7MY AeAEY gEende I8 1 22 A
£34E Bt olFoxrt

B Ao He HRE 7S Y%t 9433 Al2g9
& 9 A9 ndg oh2d 72 7PgsEte] 7ledith

9k o

it

(1) A48T Selollen) Aololi= slmely B4l
s et

@ d%E0) SHE FYsn YA, WL T4
¥ A=z Hk

(3) 337K control volume)oll 4 45-8e] e B
27 pEse) Q.

@) TATZNA 9B AP PFEIFoIA Wa}
97 gt

Control Volume

!

- L »
M
TPy T2 P2 T3 P3
) — AE
Vi } v,
d8 1. 298 9 AES Ze d53H A2d

HeBol 37 Suot A A7t WAZ )
Slsted WA Al B2k el PaBe] BPuste
7laste, et Zo) ushd 4 9ic.

L
% p,(1,t) A, (L) di= AV () —AV,(t) ()
0

o714, A (ellA Av(peAV (De 44 BEA

1382



uto]ARZZAAE 7IRtez T AREolAe] AAle] AR AA

ox

o

&
k]

o
ot

T

2
o

AE Aeshd, oha Zo] Yuhd 4 Slch

A, (t)
d( A5 )

I Ay | Ay (t) dp, (t)

Al(t> A20

= p(t) vy (8)+ ——

PR, YT Ay
m(t) AZ(t)

A—Qo—pg(t) A, ”Uz(t)}

E3h 38 BE WEHe A2 o Hyes 7

e DL PUL TS RS ET S
BAZH A,

A, (t)

= 1—¢ (), 4
Al() ! ) ()
A,(t)

= 1—e,(t 5
A, €, (t) (5)

9T RAY el BF EX gEEe Hage)
DA HE a(= Ay A)E BT, A @st
18 NGl HsH, et Ze BANE 2L 5

dp, (t)

— P2 (t)

Lac[(l —e,(t) M]@

dt
—€ (t))v1 t)+ =z

o O = e (o)

A7IM 1,(H% T,(9)

o3t g o 24

o rlr

Lx[(l— f2 ) ——

®

Ao 4 O AT WEe W 2
$2 Ushts 46718 34 4989 3E4E 3
E4%, 33YY U IR0 WAS A Q)
Aol 4ot mER 2 4 9k

1o

A
“;.p‘
>,
)
2
a
fu
s
5
10

=}
H
i
Y
(E,
off
e
i)
kl

(1) A7kl W2 HFEe Y niglel Wy
p (D = p,(H €3
(2) FAFT oA 59 Azt .

m(H=0, x=1
(3) AgEe] WY . AY w4 ¥y .
file)=f,le)= AEk

(F: 89 ¥E(Young's Modulus), A : H|ld<p)

olzizt 2AIEHE SetulelE olshd, MatE
NN FREE, WELE, TR

|
1
481 5ue o83 2ol ek 4 9ok

1383



At 7|28t =22 Agd A6z, 2007

d Zt(t) _ ( AE—LTQ(t) ) o )_(AE__Tl(t)) v, (£)

ZRos FFYeol S, TIS=ol i 2
el Woke HYAOT WSS ¢ £ AT, ¥R
Swol Hhet 3] wsks WA 4420l T
s FHYY wet BYBE AT 4 Stk 59, 4
2 AHFTANE FHTRIN 492l e
e QY A5 Rol S Fasich meby
4 100z Re FRPIIN 4420 4L e
A f A3 AAAE BT gAlo] Bk ope
FIEEL PEEES HES Aols] Folok Be U
& olek oleidt AnE AvtaoR BUEH BUSS
YT A4FY N2dol FUsHA B8 4 Aok

2.2 ZUE Hoj712] &Y B nd
durH o Mt Sl AlAYe] =7t F738)
HiHE Eeart Safor dich oju B o3 &
540l %2 WA Hnk 53] Hi3AeAe 382
Y& AR Aojstr| 93te] AHE] ite) A
B35t olFolAo} sh=tl, AES] BPEHez U3}
o 7hGolut G FEEA0] AAEE ditol
LA 4 Uk ol2fd AABALL HiE FHA
A AE2ol THiAE AeE FEAIE 2t
7] W2 A2 Fhol A2kt 4L vlA 5= ek
mEb BHEALE AHE) B Eo2H HRBe 7
ArolAe] Feg Boh Aoz Hojd ok
BHE FEREAA 2 A AHE A2 #
B( ]2 T3 o] uehd 4 Qlok

JZe = ']m2 + ']rQZZQe + ‘]roll3e

=7 +N12J +N12 Droll22J
— Ym2 N2 roll2 N2 D7'oll3 roll3

an

7NN S a0t B 2EH A TN, 0. 2
Jrousets 227 28 B3 31 Eof 93 WA AYE
75 BE vAe 9L vehdck ®3L J 09
Jrouse 242 23 B3} 3 S WAL el the
T} Zh

Tnz= gy (Do) 12)
Proli2T™Weoi12

']7‘0112= 392 (DTOZIZ)4 (13)
ProlizT™Wyroy

Trous= gDy’ (19

283 4 (12) ~ DA Pras Prouz B Prouse
2zt & QA UsE YL, w,,,

€ A7 8ol 2949 dololn, Dy, Dy B

a1}
Wyoip =

W o1
Dyt 22 370 4989 $8 B9 373 et
wiek.

HHE 2 HEE dAHA FASH st A8l
Me #E0l 238 £=8 HH3| £F=F Ao
3= Aol g7dnt ojnf 73 £=7t Frske 73t
W FH43] Fashes P it folA =gt

EAo gt Faol 2A vehtr] wiEe) olE ¢
&S BAshs Aol dasi

ol

3. Merst Ao 71y

r

3.1 Mz=2 =Ho W

71&) AFA el gt Ao Wye2E £
I AUEQ S BT Fpole FAFIM B
gAlo|7} oHYA 4= Aok EF A7) ALY &Y
Al AR Aol EBET AdES] W) s e
A9 Aozt E ¥ we o doH, AR E
ofdo] 23t Gl sl A7 HA GA "ok

TebA, B =2olAe ol2d 93 s ¢
sto] 17 20} o] EPEN AHE o] S=R0 A
BAE 133 A28 Aol we AAsta ok

i

ref  + D2

vi(0),ref +

a8 2, fxxieh BYELS LT FHA o] EF=

1384



ESEEELRRER NS P

F3RONAG Ao 2" HA

O

3.2 OO 2T 2 MME ol
AA™ M7
7129 B7] AojAage dREe] 7o) sheg)
SEEER R R G ER Rt EE DERE
Hgo] Folatx gk webA, B ERoINL taket 4
FEAAAE 47 8T 4 UES vlolA2ZIAN
o183 T7Y| Ao 2RL WAy Aoz

g0l

I

_g_ = =2
ARE40] A vl 9ol "R = olof 3l |
HE axEgolnoR Hig 4 7] R 4433
o RS PN & Aot
M/C Model
&Kanitting %ﬁm
type 20|
Tension Command PWM
oro132 + Pl
EEI g R T moio e @
[KI2S] Current Feedback
SE)| e
Velocity feedback

Start/Stop/Inch state Operation
method

M/CS,
poed ‘{ Inverter

13 3. volagzagqag ute s ¢ 3

o)A 28

4, M ¥ Aot 2N
AYE 27 4o} o] Bay] WA HojAAES
94 0 Al 7129 R Aolel oJg HRAo]
W SEAS} PABAS TeiT W Ao}
HlLste] AWAG 7HE EUE mH9 7)E
= WAl el 2UE BES Fgs As1AL 9
- Zi3iel Sgsison, /i Pl Gl o
4§ B} 54 77kl DC melo] Helk ¥t
A8 BEY S0} g AL 2t
28 75 Belol AR v e 2
e Ao A ARk A
shelsleit
wRolA vel7lge] AL vholARERAAE
5] B0CIOGKC 20015, B2 T /1719 &
i) RS4852 AuIhetn, AH B4R Aoiol
o] g 42 Hojar ‘ﬂzs— | Agsgich & 7
Tl AtmelAbe] 89C528 AMESIAT ER, of2) 7]
dlolEiLt AFRIE ey WAl g EAY S s
LCDE Aehsted rbol wE ALgASo] 47 ot 2

lI

f

m{o

L N o B ook Jl-> m[o
‘E: “;‘i-; ox,
JIN
g\l

r{-ﬂ ol o 2 m?l-: rj:_,
i
n o ok
ol
oo
ok
mlo

A

oL ﬂJm
mlo

O | 1A
_\'l
JN

+ EZ 3tsict. SSR 71ehe 7+ 7)o} ON/OFF Hl=
ot AF gl mel SSRY} RelayR o] g3,
HA QYHRE 2 Photo-couplerS AHE3te] Ao} 2]
o A7 AHew A

A% 4, 37 A 3 AEEA

4.1 Moo I3t B

oA, BER gt 2T e o
el A4 wol AEET Atk 78 59 @
£ 2UsT 1720 S5 WAL et 674 A,
c 01 gAY g5sHE 71T,
Foll oJgt LWL WS T
59 (by 19 59 (@)% 2o o]

A &= Ao e BHE 75 B 22 AA A
F oyt gd e g 33 3t AAtEe b
Ehdich

ANAo g 13 5 (a9 A, B, C oML Ay
S AyskAlt 1 99 kel A A of
7} o1 AA T ASE AT F Uk ol B F
A2 778 ko) LA} vl 2 ke A

F Alojgrez Fug A o)t E7MsEE vtk

E
820
2 0 Feeding roll
<
= g
2 el
20 Delivery roll
2 < 7 <
0 1 { | f \ |
, A
- <= 1=
A 8 ¢

time[sec]

@

1385



A7 el = Al A8d A6, 2007

3.0 frowmmc .o Nt . .ok
[A) A : : :

RO SR ST

2.5 + ‘ i i ko ok
IKaf] oL’ L R
b € Fo
time [sec]

®)

38 5. AFAld gt FHAle} HEAD
@ S 448 £=44,
b)) 2HE 5 2E9 U4 AR
A4 39

3370

4.2 SERIQ BAEAS TS FARO|
sz

oz sy Ardeld EYSH AW
o &9} Ty SHL FRTNY AAUT) 2
F2 v7 Bk tebd, £ =Boie 19 29} 2ol
Aol BRES TAse] olT VAL BASIA 3
et

a9 69 (= BASH AUBY 4= WAL v
Wiok 29 69 (b SEASH BB TelS Fg
o thet HUE 75 mee] B2 A4 4 o 7
HEoR 24T TN AL ek, Zat
Hoz PR AAHY BAS AR, 4B
FRolt el o5l PAHE ST dENe
&=} wAsteiehe Aukdel 4Y S4o] gAe
2 AolEE e AL & Uk ol Ae =
Aot By S4E BT 2NE BuHEth 53, 447
IHCTZDANAE P72} o] Bl Uede 2
S Qe olHd WA T4l Y Jarel o 2
2832 uidith wetA, A&TTINN S} THRALS
AF8 mEsFolok T & 4 vk

520 Feeding roll
8 oft
2
Delivery roll
20 ;; ] \7 [ T
0 'v ! N ‘. J
A 8 (o
time[sec]

(@)

E “Compensated curent
3.0 frrmd T ‘ — 3
(L S : : ; : : *
‘acumitension
TN : Pt T
2.5 frobuigiaebs ' monemiefyn®
Kafl § “ww?: : ARG Mol
R g T -
time{sec]

®
33 6. &x=atet YRGS T FA dd2
@ ST 429 =44,
b AHE FEE AA AR 37
AA 24

5. 28

B =Rl H4EA0IN AEET gl B 7
Nagg gao s FHTNNY A5 E BY
312, sfolaRERANE Nto 2 & EYUET 7
7] SEAjol BHEHE TeiF A2e A 7]
& AN B¢, APHoR Aore Yo B8
Zoieic. g0l SH] AAwe Hxoh 1S
2 slzgee g ARsh Wl diat dret
& TS oA WsTloleh BA gAY v
LA Atich)E AEL2 Helsh] 9% 477t wa
3}t

i o of

gnl
[e]
=
[
=
[e]
=
4

2 ox rE
A

A

iz

Hn2s

ror

[1] K.H.Shin, "Distributed Control of Tension in Multi-span
Web Transport System," Ph.D. thesis, Oklahoma State
Univ., 2003.

[2] N.A.Ebler, R.Amason, "Tension Control : Dancer Rolls
or Load Cells," [EEE Trans. on Industry Applications
vol. 29, no. 4, pp.727-739, 1993.

[3] W.Wolfermann and D.Schroeder, "New De- centralized
Control in Processing Machines with Continuous
Moving Webs," Proc. of Int Conf of Web
Handling@WEB2), pp.96-116, 1993.

[4] W. Wolfermann, "Sensorless Tension Control of Webs,"
Proc. of Int. Conf. of Web Handling (IWEB4), pp. 1-22,
1997.

[5] E.Yokoyama, M.Nagasawa and Mori, "Precision Tension
Control System for VCR using Moving Tape Guide

1386



ufo]ZEZINAME 7Hke R

o

gt

HGBHANY AeAe] Al2e 47

Actuator”, [EEE Trans. Industrial Electronic Eng., vol.
113, no. 10, pp. 1170-1176, 1993.

[6] T. Sakamoto and Y. Fujino, "Modeling and Analysis of
A Web tension Control System," Proc. of IEEE Int.
Symposium on Industrial Electronics, pp.358-362, 1995.

O] &| ZF(Hee-Joo Yeo) [(H2|H]

« 19889 29 . FMkiEtw Az}
8t (Feih

+ 1990 29 : FekiEtm Az}
Fea (FE4 4D

+ 19979 29 . BhefiEtn AR}
BeINF A

+ 19974 39 ~ BA ;- AR
o AR-FEE fag

<FTplEok> : ZEJA 0], MAE|A, Sensor-Based ZEA|
o, T FRE A A9 Ao, YH|ri=r| A"

1387



