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ABSTRACT

Control System Design of Wrapping Process Using

Multiple Sensors

Song, Jae Keun
Advisor : Prof. Ko, Nak Yong, Ph. D.

Graduate School of Chosun University

This paper describes the design and implementation of a wrapping process
using multiple sensors. The wrapper wraps a product of cylindrical shape such
as rolled and wrap it with quality which guarantees safe protection of the
wrapped product against ware and time over long period of transportation and
storage. Also, it is required to avoid the damage of the product during the
wrapping process and to provide safe and convenient human machine interface.

To meet these requirements, the wrapping process includes many kinds of
sensors. The sensors are encoders, proximity switch, photo electric sensors,
and tension meters. These sensors are included in the parts of head, ring lifter,
top sheet feeder, conveyor, and load stabilizer of the machine. The controller
detects the status of the wrapping process and the material to be wrapped
through sensors and controls the overall process. The developed process wraps
the material faster and produces better wrapping quality than the previous

wrapping machines.
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To describe the above, this paper consists of the following chapters. The
chapter 1 introduces the wrapping process. Chapter 2 describes and analyzes
previous wrapping machine. Chapter 3 proposes and details the improved
wrapping process which uses sensors for intelligent operation. Chapter 4
discusses the control flow of the process. This chapter shows how the sensor
data are used for control of the process. Chapter 5 concludes the paper with

discussions on the developed wrapping process and further research topics.
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o A&sA EEZF 3AE s vk ey & Fol HFo] BolAud
Roller7t 8 Asto] 271 A A ¢k CamAtol o] A7t 7H4 747k Zeiell A A A &)
A7 WMol AdEES HEWA Fobx RE7E AX A A 2ZA HHW A
F zko] 0o 71A E}h. o]l Ampere MeterE o] §3to] AHE =Ast 9l
7F B A AF #Y 50%0]st = 2~3% A= wWEEZA W Controllerd] 2%
S Rt} Controllerol A+ 1 A& E wrol A 7|A12] F2& A A A7] 3L Buzzer
< E9A 3t deE gt

Sy

;ﬂet.mrk 42 Title:

Film Cutting Feedback

T53
T5:3 S aoT M5.0
|| - PR |
1 5 1 4 |
sETHzs TV EI ...
..—R ECD[—. ..

Fig 3-1-19. Film Cutting Error Feedback Program
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A24. RING LIFTER

head, 252871, 25837 59 Hul =2 ringel

2. ENCODER

7 Me

AFEHe gz 2E J]A7F micro processE WAl 1 A WE 9
digitald} = o] 7} gtk E3] A9 -89 NC, robot, servo motor, OA 7]7] 5<&
71719 7hs s AAY S5 AFe] AEsta 1 ARE FE 5ol feedbackst”]

AN A 282 rotary encoderE ®ol AbE38Fal 31t} rotary encoderdt 3] 7 9]

I dxs A7149 AZ(pulse)Z WEsto] FHet= AAE T

- A WMEANCREMENTAL)Y ROTARY ENCODER

W aAsh FHLA Aol T4 dEe] deld Qi AAEYES D&
EE AAF F AAFS AAA/E Lol T3} mi A Ty L 53
artel os) AFE WD, o] AN HFHY Fzoh P AFE
WA, o] A/NET HYAY N2 FHNZE AA I} pulse®
Aok AauEge) E4L 90°0 AR Hd AYI BY aea A9
Qe zgow T4 Ut

- 4&EFE(ABSOLUTE)E ROTARY ENCODER
3l d & (shaft)e] 0°A AL 7|+ 2 360°8 AT H&E=Z $Tsta, 1 2y
Ztz vk} 914 75 d A71% ¢ txd" 2= (BCD, BINARY, GRAY)E A A 8} o
3] A F(shaft) o] I AAX (A1)l wet AAE gAY 3= FYHes 3 4
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O s A% HE8 FH ottt mEbA 3] A S (shaft)e] 3] 2bwol e =9 g
o A7 A Q4 M E WMIHX gorz FHd st R go] F
27 ¢S Bk olyzgl A7) A QA noisedl = HE Aol EA ot}
wray T A% STaF
PDA = &P
43T 5 j’“{i

(PDA 2XY)

\’\ — ]
v =
= @S ) f

N\ 2w mEs

Photo
o 2
b - Diocde
L3 e e L H| i
§ sl ® |2 Hanbe

Hgl,:}—oou A
® f-{ ¥ i|¢Hﬁ~4L|¢H;|¢}_O‘U B
i Elw ouTz

@"’"# = Mgm: §|-¢
-—O +V

)] Je—aze -—Qov
~ B <O Shield

Lfe—za =

Fig 3-2-1. Incremental Encoder Fig 3-2-2. Absolute Encoder

o #d &9

- 35 (RESOLUTION)
28y dFZu e AFZEVE 13]dets 58 9 5= pulseTE 2T 02
e 2ey dade] Ffele dade] yiel e S8EY 5 T8 A
o, JEFE ZHY dafs £ 2 FATH

- 7' EA(STARTING TORQUE)

A gEe AAES NAAEY BT Aade) Y2 wHy duHom
T BEds 7|TEART Ao

- Ad &9 F34(MAXIMUM RESPONSE FREQUENCY)

ZHe dafrt A71d ez &9 7hed 127 Ao 9 pulse 5 Tk,
ZY7NA Aol AFE Alol= A Fste B A HAd sdeE A" Hy
sHFIE = (AU HAF/60) X w6l

A, B%(Incremental Rotary Encoder).
A3 B =925 9)dak7E 90°&2 o] Fo] %l Digitaltl 2 3] AW
Wity A As ol
- Z¥(Incremental Rotary Encoder).

13]dell 1748 =85+ Adaen dyddse

rok

.
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- BCD CODE(Binary Coded Decimal code).

1030 124 & 235 4x2] (dbit) 2 EAIeh= 23038 100 S AR ST o] &
712 10314 12k ol 8-4-2-1 olghe 7FeAlE o 7t AFsE v @&

o] Fto]l 1074} #Zolx 7] wjZol thF7] 9 A== 2] Controller ¥ Counter
3| 2o F= A HT

- Binary code

gAd AdzAged old 7Hd 712 AQ =2 03 19 =grte s Zau
FA2 BdsE Zs o)t}

- Gray Code

9] ZEE 23 Binary)Z =9 A2 S B EsH7] H3 HEAAR Z=E d o]
B w3t Al 1789 M EBiORE Hststes =3} st & F(Erron)2 S 43}

g A= oft

rl

ol

BCD T

Jox 1el0l (Grayl R E | 28 (Binaryl 25 5 1

r ook ol ot v 23 ofigt a0 | p¥ DR o150 ( 53 a2 51 o0
0 00 000 Q0.0 D0 0 0 R DR
1 00 00 0 oo 00O 0o 01
2 0.0 01 0 010 0000 0o 10
3 000 0 0001 0000 |0O0
4 g 0 1 0 00100 0oo0o0oo0 0 00
5 00111 00140 W I R I e o 1
B g 0 9 00110 0 olo1 10
p 0 01 00111 (O I T D111
8 0110 0 0 (0ODODO|1TO0ODO
g 0110 0 1 1 0 o0 100
] o1 11 0 1 o |0 0 000
11 01110 0 011 0o o1 0.0 01
2 01010 0 1 00 0001 0010

Table 3-2-1. Digital Code

_20_



3. D/A CONVERTER

A A3 digital 22149 H]EE analog o= W3 AA FE= AL T} 237
Gol A4 7 Aeel AL 1 ER 0%o] EADE 19 £A oW Aele) ¥
AE AR 7hibe Aol 1 23149 A7), F oG R ol & F 9t wet
A D/A g2 72t 2tE] FAE 7Hbste 2ol & 4 ) o9 B2 234
ol vl st Ade EE€st= 7t 32 FA A 3 Alge] AF o] &3]
AgET 7 9wl Fojl ARe) §u vale A%e FEo)e) 2 wo
A ojzir)
R It
‘ bV, O—wa—
A 2R
b ¥ v ) V. o—w—e
! o Ve
R - 2R
1\ ——
Vo 0w @ s O
R - R
2R r : ’
bV 20 R
b, Vs o—m—l—l
2B Vo
b, V,
2H
Fig 3-2-3. Alth2] & 714F 3] =2 Fig 3-2-4. FAA3Y 714 32

4 T+ 2 g8

7F. &

brake motor?] =0l Fig 3-2-59} #©o| sprockets A2 &}¢] chaing Z oA 3
Lol = ring AAE Aot 2@ 5 AEF 4] AAIG g g FF
o = ring AA 9 2L FA9 plateES 43| Z4olE =t} brake motors AF-& g
o 2M Hao ringe] FEkA & A& A AL = UA Ao,

L3 plate® A Ao 2 M motor’t 1 Y% ringel FeshA @A g,
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U 28

- Encoder?®] &

7 A

Fig 3-2-5. Chain¥ Ring® 1

o

ARAe 2P0z o 7 %olE sodele] Adatn A4e 7] 934 Rotary
EncoderEs A& 3t} Noiseo &y A aAdto=z s dAA gro] AHAE=
AL A 37] 935k Absoluted Rotary EncoderZ Ag3kth. 18] 11 Data*d 3}
Aol QFE HA23A 77 Yete] Gray CodeE AF&3%th, 2 A2 thE Digital
CodeZ AF&3HH cpuel W& A2 Aol Error7lF A2 4 dthd & S9of 704 8
2 go]z of 0111—1000 v}# =d Z&stH F3kel 011004 11115 2] datas ¢
of So ofE WADT

Hetwork 3 Title: H :IEBtml; 1: Ticle: B

Im.-'s CONVERTING Iﬂl‘?ﬂ@l?ﬁ@nm

TIMNITIAL
BIT' 1.5 M101.6 M101. 5 IL.7 H101.7
/1 141 | F——1}+—  f {
I1.5 ﬂﬂl}ﬂ
p———/ )
fletwork 2 : Ticle:
10,6 CONVERTING
Wetwork 4 : Title: o . -
|m1—m:fmm
"THNTTIAL
BIT™ I1.6 M101.7 M101.6
"TMITIAL [ I /
BIT" Il L M.'I.Dl 5 M1G1.4 |fr| |-')I| || 1
f t {— I1.6 M101.7
L[{l mnl 5 | | | I
3 ]

Fig 3-2-6. Gray — Binary
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A =23 A7171= 4A &) binary codeE o] 85}
ks bitE WlaLste]l dojf7] wiEolth g AR Yok 9l cpuEs = gray code
S binary® W33 F= AL A Fo Fig 3-2-62 8H]E Y gray codeZE
binary= W3 A]7]= Z2 3ot} 9o} 22 logics WHEdto] FojulH o} g
71 bite] gray codegt® binary code® W3 A7 £t} Tz aPeo] A= 7
ettt A9l bitek vkl 2 A3 E ojw g A EH addressol A A AA B
W =5E Aot

Hetwork 9: Title:

gray codet A} °]

EINARY DATL MOVING

"LIFTING U
P END" MOME
| 1
14 EN  ENO

ME10l —{IN OUT 7102

Fig 3-2-7. ¥3¥ Data Move

Fig 3-2-63 #o] 11.0 ~ 11.7 7}A] 8bitd #H<S ZZ 49 bite} H nLs}o]
M101.0 ~ M101.77}A1 9] A E % addresseol A &3l Fig 3-2-73 o] MW102
9] addressol °]% A7]1W "l MWI1029 %S encodere] A A gho] =t}

Hetwork 10 : Title:

ENCORDER DATL COUNTER "1™ SET

"LIFTING U
F END” MOVE
| | EN ENO

10—IN OUT -l 04

Fig 3-2-8. 1A % %=7]3 =239
absolute encoderE A4 3 wol = cw, ccwH &g &elstojof dio}, Weks &
e okt 278t Al wf A9 ftom 27| AEA G ftow %73 A
2 A AA S| oF &7] W o]t} Fig 3-2-99F 22 A9+ ring HA4E S ¥ o=

A A8k countat= 1002 A Al thA] 23 ringo]l 314+ = encoder]
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E°] count & E3I FoJETE Solth o7 A countdkol & encoder”t

He Eole 5
drts s A=AE HEd YEdF = Feolth. MWI104=  countglo] U,

count@tol WE AAF programe thS 3 2t

Hetwork 11: Title:

ENCORDEE DATA COUNTEE ADD

"LIFTING U
P END" CMP < CMP == Hioo.o ADD_|
| A f ol
11 1P} EN ENO
Mu134—IN1 255 —IM1 Myl04—IHN1 - OUT -Mwi04
Mml0z — INZ Mwloz —{INZ 1 —INZ

Fig 3-2-9. Count#t "+"914F Program

ﬂet.wurk 12: Title:

ENCODER DATA COUNTER SUEB

"LIFTING U
P END" CMP <1 CMP == Hi00. 1 sUB_|
| fot
/1 VRS U
Muloz —{INL 0—Inl Myl0a—INL - OUT —mwin4
M1 —INZ M0z — IN2 1 —{INz

Fig 3-2-10. Countdt “-"92} Program
ringo] FHHol $AHA &S uwf o]d Fy dA ;S vl st A kol
A encoderdt2 Asdtal Aok Aolv, 1w A A Fho] “255"7F W count

#s 1% F7HA 2l Fig 3-2-99 programo] ©] & YE W= Z2 9ot} vh

= o] gk A g vl sto] A gho] A b encoderdt> etstal 9l
th= lojth, 2wl @A kel “07¢] =W count#t> 14 7HA AT Fig 3-2-109]

T7F B

program®] o] AL YEUE T2 1otk M100.0o] v M100.1S #H<
AaAd w14 Aty g8 ZdE w2 Aol cpurt AR A st 1R
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:Hetwnrk 13;: Title: Hetwork 14 : Title:
DATA MOVE ENCORDER DATA CONTROL SUE (1)

"LIFTING U "LIFTING T

B END” MOWE F EN|D| SUBI

|/ EN EMO}— 11 EN  EMO
dm ot
miloz—IN  OUT|-mmis4 ol HMiLpe
Moz —IN2

Hetwork 15 : Title: Hetwork 16 : Title:

ENCORDER, DATA CONTROL MUL (1) ENCORDER DATA CONTROL SUB (2]
"LIFTING I "LIFTING D
N END™ hUL_| OWN END™ SUB|
| | EN  ENOL————————— | | EN ENO
milo4—INL - OUT —mil08 milos <INl OUT|-myilo
AR miL0s —{IHZ

Fig 3-2-11. &4 Ring % %
Tt = #2 ringe @A ¢ A o]t} binary ¥ 3 program¥ countit Ak
A YxE F3t7] YT program? sFibolth. Fig 3-2-113
S MW134ol] A A3}z, 8bito] 7] W&ol 2569 A] encoder &
A g WA MWI106e] A3 gkch, 38 countgkoll 256 w3kl MWI108e A 74
3t MWI108e A MW1062 Wl ¥ ringel AA| $1* #¢S +8 4 Ut}
A = g ghel &eith AA T kA B oz A

A AA gE R A AR SEel W A ol
1

o4t Program
2 A
program< ring?| 4
1

A

7o) encoder & A

gol AA
43 = Veem

A% e 7olen

2 gl A SEA o uis x5 WA oju g addressel AFAIA 1 addresswk
olat= W& 7t ringe] st e] AA A stvh A= G A FAHS e
Aotk REAAME o] §sto] 27 A A S Zollla amo] ghs 7195k v
EF AAAHAA 2GS e gk

K
N
)



ol zotd Zlojw, mglW Fold Aot} o]y g Hr= ACTHHE =efolB S
o] g3to] ZFWHAZITh. cpuol A 8bitd signals d/a converter® X Wil D/A
converter| A 71 k& analog@t o & Bl Y-S ACTIHE Eefo]lHE Bl
th aglEhd BE £58 2569 A 2 AT o vk AAl AAe FE E %

& AJAE Aolsiof st7] ol HA @S 1~2%= AP Thitd

H9ol 34 &%+ 60Hz7F maximume]th. 22 H th5 2ol oJsfA] “256/60 =
4.2666..." 1Hz%3 4.2674 =7 ®t}. vl d e Zo] 500mmeta stal o] 131 3}
= d2le AR 5%, 183 50HzY =9 100mmE détds ka7t
AatAt HA e BEo A & Wi S0HzZ A0 50% A= AAA &
HW 25HzZ S AAIZIY 5 1Hz 7P HWd 2% 4 =] FA & FEo] ¥
=

ol
Mo

f
o
o
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ﬁ 4 &M (Active Surface)

> (TWRIRISD )
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5| 2 (Integrated)
| 2 (Amplifier)
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Fig 3-3-6 4. Sheet Feeder Part II
Fig 3-3-62 top sheet feeder?] AA Al A =olt} 719 O HAA F33 &2
Holth AC 7FH & =gfo] B E o] 8319 soft start$} soft stop= & 5 UAl s
o @9 2H7F AEetd RE S A o] Sl sprockete] &2 oAl HedH @
9] chaine] 7] HAE o] F A AT @9 cable chaing ©]43}9 cable?} airs

25 HI AT, 2832 @OF-F proximity switchE A X slo] o]% 9 oF &
AE Fed U ®2 top sheetE FHE AdGoly. #2d9 45 EaAH
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Ul ®9 AU = top sheets 2 o5 O EHEZ HAAE o|FAA top
sheetE " A =t} Fig 3-3-62 A A Fig 3-3-73 o] Az =),

Fig 3-3-7. Sheet Feeder Part I

v g8
AMA el AT AP g 71A9 HE(limit),owl s & =hel] g 22

(feedback), s 25 o) 2] ¢ A Z(error detect)5 o] thE A olgt & = gt} ¢

A s g %ol Fig 3-3-6 71e] @®°] $ Al limit G ] AAE HA =

°F top sheet® BAHE vl ®< A7} top sheets F A A drtH

o
i}

oejE & Folof gt ol o] #FFE proximity switchE o] §3dfo] =3

=

= K
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weseRoLLfprogersanl !
e o \‘__——’—_{f—
> : -
i b v

Fig 3-3-8. Top Sheet Head Part 1

Fig 3-3-8¢4 @co] top sheeto]t}. F 7l 2] bearing®] AZ ¥ free rollero] <ol

el Q7] WEel el A ZolF Al HW top sheets A Fol Atk @0

s e HE " BAE AR s @9 FEd proximity

switchE A A8t} & @9 roller’} 3 A< u] pulse signale] on/offE HtE=E 4=

UA AA Y Fig 3-3-45 ¥l d Refolegl & ¢ v o] BFES AXT o=

g A SEAIZES A SHFusE aedtelok Ptk cpud H A A
of FFAZold JHAFA T oW signals LolEY F UE Ha

Hett) o & Eo] YHAITFO] 10mselHl Ims9 signale] Eojud JHAX =

WolEol A Rk $HFHSE vhAbA o] T Fig 3-3-89) FelEe AA o

ol AME A T

Fig 3-3-9. Top Sheet Head Part II
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Hetwork 2 : Title:

TOP SHEET ROTATION COUNT

M40. 5 I5.0 MLS0. 5 ADD_|
{r} EN  ENOD

mrl60— IN1 00T —Mu160

1INz
il‘e‘i;\:w;;:‘lz‘é 1 Title:
TOP SHEET COUNTER ERREOR
M40. 5 CMP 2= M41.1

10— INL

Mr1g0 —{IN2

Fig 3-3-10. Top Sheet Error Detect Program

Fig 3-3-10914 M405% ©o]4$%EH 9 running feedbackol]l w3+ addresso]™
15.0& counterd & proximity switcho]tl. M405¢ 15.09] ZHdeo] ono] = uj
M15055 &3 1 pulse?r HulAl "ot 718 oluf MWI160¢] e+ addressol 15
gstel thA] MWI1600l A4S gtk 5 olF REZF A5 sd o AAME A &
A = dvttt 2 FE Hoko] roller7t 2 ¥ 3 A=A E countstAl Ak 1
HH A7) A Abdel] AAE H W FHASEA oF top sheet7t A o2 HAH A
AAE S Feo a9la 2 s 10012 HA S w M40.57F one] o
Ue W MWI60ol = kol 10Eu ZAY AXS AFode= M4llelehs=
addressE onAlZIth M41.12 ot 525 887 93 addresselvh. M41.1¢9]
on Hojofyk th5 F Aol o] FolAH YA S A FLol WF o] F

Aeto] oeE G
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