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) ) Rounded
o Time Code Process Time .
Process Step Criteria (MM:SS:FF) (MM:SS:FF) Process Time
1SS 1SS (s)
Closing Worker touches the template. 00;35;26 00:03:08 5
Template Worker removes his/her hand from the template after closing it. 00;39;04
. Worker lifts the template. 00;43;15
Mounting 00:15;20 16
Template Worker removes his/her hand from the template after transferring and 00:59:05 T
mounting it to the pattern former.
Immediately after the previous step. 00;59;05
00;01;08 1
Operating Worker removes his/her hand from the PRESS button after pressing it. 01;00;13
Pattern Former Worker puts his/her finger on the START button of the pattern former. 01;04;17
00;01;05 1
Worker removes his/her hand from the START button after pressing it. 01;05;22
Immediately after the previous step 01;05:22
Template 00:15;20 16
Withdraw Worker opens the template after withdrawing and transferring it 01:21:12 e
from the pattern former.
Opening Immediately after the previous step 01:;21;12 00:02:00 )
Template Worker removes his/her hand from the template after opening it. 01:;23:;21
Total 00;39;10 39
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2.2 Q7715 A9

AN AMEE Sl dHyy rdy AEuEEl FR7F

‘jo“'ﬂo}ﬂ o, olE X#ste wRle] AAsr]ele of#wo] Ut
webd AA HeE fEl, " AN Awd sEHEzm g AQEHER
MES 7o 2 Q776+ 4otz sl

dy JAlolA Awst dExs 2P Unicorn UAS-H700-D
(2% 2.7, 1% 2.8)= 7F=2 2255 mm, AlZ 2000 mm, A-&8 &3 0]
ol HU7HA Y =ol= 825 mmeoltl. AejHt(control panel) 9
AYoz AC 220VE AH&stH, 3 ZeEAst 7E 3% 7571+
0.6 MPa?ql 45377} Alo¥ts F3l Fw¥dth. PRESS HEH
START ®Eo] A3t AEE t]A~Z 9| (control display) & %2
Bl %] (capacitive touch) W&o =2 3& Fof F2X ¢y &rjegto =
ZPREA ASete] AREETE HEER AR E AEECE Y
A o) A Vse AdetA et

A4y AAlA ATt AEREH AMES
71 - FA - AL - FAZE =28 (2" 2.9, =
MEZe] 7t2 W9 770~1025 mm, A2 W= 630~770mm, 7
M= 1.8~3.2 mmoO|t},
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Pattern Former

Control Panel |
<§—@ AC 220V

by Prve Tyve

]
]
]
]
l
1 ]
Control Display Sewing 2-Axis CNC Unit !
Unit !
]
]
i ! ) |
]
PRESS START Pneumatic Mounting | !
Button Button Presser Part 1
]
o T _____________ T _________________________________________________________ | <a— Signal
~&—— Pneumatic
Y P
ine
Worker ~-— Power
a% 2.8 HHE¥EY 22 Unicorn UAS—H700-D o}7] &l A
1
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I9 29 oF 3% HEEH FAH| AHEEHE A H

(d)

¥ 22 AleHES AE AL

. Size Weight Material Thickness (mm)
ase

(mm X mm) (N) Top Bottom Top Bottom
(a) 770X630 12.0£0.1 PVC PVC 0.9 0.9
(b) 805 X700 21.4%+0.1 PC PC 1.6 1.6
(c) 880%X670 18.8%0.1 PC PVC 1.6 0.9
(d 1025X775 19.2%0.1 PVC PVC 0.9 0.9
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= 7ls, (B) AREY FHRF FHes Ve, (4) HEEMEZRE
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JEEME 717 fEliAeE sl"aEne]  PRESS A& s}
START #l&& Fofof 3dt=dl, dA st 22 oF s}
ATE Furs F glovz A2 X w2l PRESS HEY
START HWEE FEv Jles ZHoF ok =3k sz
Al Eslo]l FZE A, AHaxH A BAZ SGRE0=A a3
T Ae AA TsE ok st

A 2Ee A oF AAZRE T AsE FuRsS &
ool e T ANFE wom Ao AAHE Hz 3EnF
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Category Function and Performance
Align sewing templates of any size in the mounting direction.
—  Size range of sewing templates:
[770 mm, 1025 mm] X [630 mm, 770 mm]

— Operation time < 10 s
Open a sewing template.
— 3s = operation time < 5 s
Close a sewing template.
— 3s = operation time < 5 s
Mount a sewing template to the mounting part of the pattern
former.

Motion — Operation distance to the mounting part = 770 mm
— 3s = operation time < 8 s
Press the PRESS and START buttons of the pattern former.
— Button type of the controller: capacitive touch
— Operation time = 3 seconds
Withdraw a sewing template from the pattern former.
— Operation distance from the mounting part of the pattern

former = 770 mm

— 3 s = operation time =< 8 s
The system does not interfere with the operation of the pattern
former.
One cycle operation time of the system = 39 s
Weight of a sewing template = 22 .0 N

Force Weight of a sewing template top plate < 11 .0 N
The system does not cause buckling or fracture to a sewing
template during operation.
The system can communicate with a worker or an external
system.
Repeat the cycle when the system receives an operation signal
from a worker or an external system.

Signal Detect whether a sewing template is mounted on the mounting

part of the pattern former.
Detect whether the pattern former completes the operation.
- Detection candidate:

Power source current of the pattern former,

Pressure of the pneumatic presser

Energy Source

Utilize the same electric power source with the pattern former
- Voltage of the electric power source = AC 220V
Utilize the same pneumatic source with the pattern former

—  Pressure of the pneumatic source = 0.5 MPa

26 2 tf| 8



<—(0) 0.6 MPa
Pattern Former
<—(0) AC220V

System To Be Designed

Button Press Operation Completion
Function Detection Function

i (1) Sewing Template Alignment Function :
i i
] 1
] 1
] 1
| . . . . i
E (2) Sewing Template Opening & Closing Function i 0.6 MPa
] 1
: ! AC 220V
1 1
| [
| [
| (3) Sewing Template Mounting Function 0
i o
| P
E (4) Sewing Template Withdrawing Function i i
: -
] ] 1
] [} 1
CTTTTTTTTTTTTTTTTTTTTTCT ; '} """"""""""""" S
External Communication Function i
]
]
R B : -4— Signal
~4—— Pneumatic
Line
Worker or External System ~-— Power

I 210 AAE 29715 o9 A

+ ] 5 -1
27 N = - TH



iy Q
g R
4 = O a,
Q
© 0 s §
Q 'z Q0O
% Q =
bz EP
m M -L.Im. .m
W Q)] M (75)] > -
ﬁ ﬁ OLI
/ ",-----:Vo .......................... T A
o TTTTTTTTTT o] m
= i |
== _ L ®
H N u )
m (@
Y

2~ (workspace) £}

B2 9 g A o]
o 5A B3

OW ‘H.A

a9 2.11 9

28



A3 ATHEH A5 FE 9 WA SAF AT

A Fost @75l Wl AAS AEHER s 4E L A
ZRF (9 3D AeRER AEY 279k HEEr 2de] AdES
F#HsY, 72 1180 mm, Al 1000 mm, HEdlo] Fo]=
Fo7kA1 8] ol 82bmmE AAHUAY (I¥H 3.2). MY EAFS
EEn FAA AFRER tdFe A & Assstr] fE,
HE5S deEn Az o] A J4dst= Jd EE (alignment
module), H1Z3 S oJg= 7H EE (opening & closing module),
HESS dEEzr e FReAY sidEHERY Whglskes wiA]
Y& (placement module) & ®A3kaL ok (11 3.3).

20F2 A Erel EE AG glo] sEER ke 9|
FHE Fsstd, AREME ZRFAA AT F =S AR
AEE tAZyolo ZYE T & (contact module) & 2}t &gt
ZHPEo] ZAPAfol QF A|AHY HF ANTE FaHES £ QIEE F
&4l E¥ (external communication module)<& FH|3IIt EEE2
Aol71E &S HAEE HA(control box)E ZHFE shdte] sk
Atk (29 3.4).

29 M L1



Sewing Template
Opening & Closing
Module

Sewing Template
Placement
Module

Sewing Template
Alignment
Module

a9 31 ATRE A AE 9 A ERE
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Sewing Template J

Placement
Module

8 8

Sewing Template
Alignment
Module

Sewing Template —
Opening & Closing
Module

E
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Control Box

33

Control Display
Contact Module

External Communication
Module



3.1 AeHER ¥4 EE

B ‘jo“_%kﬁ] ot

: 71 $18 1-A7% Al
HAYZF(1-DOF centering mechanism)& 483ttt dd &
HZgy HJ=sl= A4 Yl (alignment unit), 34 TFEHd A
D E (stepper motor), 34 Y3 A€y REES dAsE A4 F

Z = (magnetic fuse rod) & A% v} (29 3.5).

N &L flo o X

3.1.1 1-A7% AEE HAYSE

1SS

WA o2 1-2Hr% AEE wAYSE FeitEe o9 A"
ARgEoh ey sl E el A ‘:]F—Ert AeeERe] 277 &
T AYY ] AEZ I (stroke) T3 Aok R T AEZH

J2 oz Fsste ke Ad™E AREEioF st vl A

|02 AYYE dAYSES FdstuA, 3ld TR 4E F
AAxg  Eefoldd A=A wWAYF(slider crank  mechanism)
Agsto] AlE Y WAUSTS Fdse AE T A T
AA WEFo R 3ldstd gFel X FdE fHlol A4d FHo=E
oA, A4d 74l Atole] Q= AewERe] FF wdFoer FJHdHn
(1% 3.5).

AHE WAYUEFY Id FEiFEc I 4% Aozt &olst
2HE BEHE AYsigiow, AFedA fA & & 3= NEMA
A~HY 2H T £9 E3(holding torque) 7} 74 & &

AR (G 3.D).

% o
Ao

=

¥ 3.1 AleH

il

gAY BE AHY RE ARY

Holding Detent
Step Angle Number of
Frame . Torque Torque
) Phase
(mN - m) (mN - m)
NEMA 23 1.8 2 3000 100

1 S ] =
34 M Z-THT



Alignment Unit

Stepper Motor

(Centering Mechanism)

Magnetic Fuse Rod

Initial Position
Switch
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3.1.2 AA = &

9 1-ARE AEY AAUFOR TR =79
ggsr) AL, BERS FHF wk v 9E3
cHy mEle] 84 AR AR 2Pk Ak 27] 473
Alo] £ou AE EThd ojdrth AgHoR FHL )
Fglomz, oW 2719 ARUEI] ERE FoldeE 2]
ME glo] 9B FAste /5L F/ksa sk

A 15 THS A 9d AN 2H wHE adse

LR

sl

(< T = A )
oX, et ot Mgl

A
=171

mlo (A

ZE(rod) ol A4 F*=(magnetic fuse)E F7FstAt (19 3.6). A4
T2 A (magnet), AX ¥ HFstE S22 ZE(hex bolt), A4
=

T2 AT Al ZE U epEEs Fole Yol & &#fo]E(linear
ball slider) ® FA %] vt A4 F=9 Ase AAy &7 BEQ]
ZEow AAHW, FEnTt Ak Qo] =z

teld A §2F BEEVE EEjEdA] dF aAddo] Afwol
T AA s

jﬁ -z n:loi'
ol

Magnet
:‘;“ F tensile > F magnet .
Linear
Ball Slider
Hex Bolt

I¥ 3.6 AH = 2=

36 S B8 i)



3.2 AFEER ¥ =

et

ATHAER JE REd AesHEE 43S 5028 95351 S 91
g J)=s dgsit) Ay RES E FE55A DC 2EH (DC motor,
¥ 3.2)8 7ol Ed(gear train), A#S FH+= AF 189 (vacuum

gripper), 7H¥ FE5F9 Wy aY¥E ddsk= 3 (rotating
arm) &2 A Eo] ity (9 3.7, 1%

Ay 28¥es AEE dba Y ifo
WY (vacuum solenoid valve), !
Ay g AlA (vacuum pressure sensor) @t Ao Qv (¥

3.9).

3
YA 3/2 Y EYxol=

H X (vacuum pump, ¥ 3.3),

DC EH7I #Zsstr 44 AlF A JAF 1837 AERER
Aol AEek, A7 Eelwols Wuel AF W2 ABete] PEY
B AF gEom ol gur AP gy ANE B 299
a2 W el 94 gk olskm dskE, DC REZ}
WFow WA ARPPEUL At A WH g8 A3}
QoA Eolew DC EH7ZF &eFstdA AedEdles di IF
AL} 45 Pl

® 32 AEHER /¥ 28 DC BY AR
Max. Eff. Max. Eff. Stall
Voltage Gear
) Speed Torque Torque
W) Ratio
(rpm) (kgf - cm) (kgf - cm)
DC 12 1/516 10.6 103.2 16

Max. Negative Positive
Voltage
W) Flow Rate Pressure Pressure
(L/min) (kPa) (kPa)
DC 12 9 =70 90

¥ b [ _17
37 S - :'_'.I H



Vacuum Gripper

Initial Position
Switch

\

a3 3.7 A

BuE

38

Rotating Arm

/

\

Gear Train

DC Motor

g e BE



- Output Gear (Driven Gear)

Nboriven = 40
- Idler Gear
Input Gear (Driving Gear)
NDn‘ving = 20

39 " ;ﬁ



V1|7_T\ T V2|7_T\ T

r =

+24V © |
R2
+12V o—‘
RI T
V1 E/__}* V2 E/j*
PLL [P |
0v o ® ® * ®

I" 3.9 AFHEY JpH REl] AV-a 2 NEE

40 . iﬂ :‘i 1_'_” l‘fj]r W



AEeHdE5 iz Red AePE3s duxyz do Azt A,
HEEIHERE ®HEHES Reele 7|les gdetth WA BRES
HZ53 H=sk= wlx {4 (placement unit), ®1x F4% kot
A3 F<9+ Z# A (pneumatic press), Bl ﬁlol"i‘od DC =¥ (&
348 5 2= (ball screw), AMEHZZ iy BE 3 HAFHo| et
A3t ~EH Y (stopper unit) &2 FA =] it} (29 3.10).

T TEAe AEYH fYS HAEE dA g A3 5/2
Zerol= WHol AFAFHe Qlow (19 3.11, I¥  3.12),
HExH el FUst I Ao ZHE 0.6 MPal &5 3715 d52 =t}

¥ 3.4 AEHEE ] 25 DC FE AR
Voltage Rated Speed Rated Torque Start Torque
V) (rpm) (kgf - cm) (kgf - cm)
DC 12 3000 0.6 3.3
41 X ] ‘ 1



DC Motor

End Positon
Switch

[ Stopper Unit

Pneumatic Press

I¥ 3.10 AsHEY WA e

42

Ball Screw

LM Guide
Block

Initial Position
Switch

Placement Unit



ov

+24V 0———
R3
vt

S

a% 3.11 A

43



+24V 0——

W

ov

*—

S

V4 |7'|§1&v vl <

a3 3.12 A

44



3. é -r\l
3_ v—-L_I N0 4
]

3
5, 119 3.1
.15).

(a)

(a) A& Je
A E ‘rr)\.lig el
(b)) !
S A S
=
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e — =
@ e
o e T«
(b) O (e) :

w4
(

I% 3.14 5 291A 7k =9,

o=

= =

HFER, () *F =,

A8 52894 (d) OHP 2 &
e) 78 Holx 71 =9, (¢) & &4

¥ 3.5 OHP A3 & Hol:Zo oA 7hy

)

7}

2915 (a) OHP €& 7}2%9, (b) 7+g Ho|=

’

Red Blue Green Black
Laser Type CO2 CO2 CO2 Fiber
Power High Low Middle -
Engrave hard Engrave soft
. ) . Cut copper
Purpose Cut OHP film hinge on OHP  hinge on OHP .
ape
film film P
=
46 -":lx_i kl- ] i



Seperate
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Reverse

(©)

Fold
Attach

(d)

I9 3.15 AF 29 AR B
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START

i

Initialization

count=1

Operation
Signal

NO

O

Y

Fabric
Placement

‘YES

NO

Closing
Template

\

Mounting
Template

Touching
PRESS Button

Y

Touching
START Button

Sewing
Complete

YES

Yo

Withdrawing
Template

NO

count = count + 1

a9% 3.16 #Es <y
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AeBER 2AF dd 2 vjx FHEe FQ FEiEE A
Adsty Frrstaak stk AFS AAST A, FFe dY
ZHAET AAT dF A|AHY ALY HesS nHst e AEE
AEEZS "z AZedyg (23 4.1, % 4.1). A5 AL
AeRAERE A7) 7= 770 mm, A= 700 mmeo]n], |EZ3 5o
=9 AR Qkztel IV JFE 420 mm, ME 265 mmeo|tl RE
AFEEE AES Yoz ZREY Aes Adsts Aol o)A ol
Aol HolE 9 4 i HIERS gdoer A4S Adstaxt
skaith

- 770 -

420

-~
S 0 R
o { 1
~ v | |
O | ! 1
N !

alid

X

I

>
ofo
R
of
et
S
)

39 41 ALDES A% 4D 9 A Y d
(@) ABHE AL A AAE, b) LB AR

® 41 s AP ATHER AL

Size Weight Material Thickness (mm)
(mm > mm) N Top Bottom Top Bottom
770x700 13.2%0.1 PC PC 1.0 1.0
e ]
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4.1 AEHER WA 2E IF 4
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oL

T
s
W
é
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td
sty
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ol
i
2
e
[
&Y
il
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= :I A = RN

2 AR PWM oldEa AFE WA BE 4% Su%

2USGEA B 2ARE BT AW, FF S5 BBES A%
o) A% 2gol A WAHE AL BERAY (17 4.2).

WA BE AF SEe] e 2 235 A% JES setes] ),

(photo interrupter) & A&l & A7 A £EE =Hs% 1,
Wzl e 7FE S A (accelerometer) & A|Aste] 2
SA4stdtt (29 4.3). d"lolH 43> National Instrument DAQ
USB-6211% ol&stl o, AEY wolEx 10 kHzZ A4 k3
AeER glo]l wix] BEo] AFdte 4%, PWM olg21 A3
196 A AN A= 714557 HA7F ¥ local optimum©] YERRE O
(149 4.5(@@), 9E32% A wix EEo] FEstes Afole 221
A& A local optimum®] WEFST (2™ 4.5(h)). & AIFA
gol A dALFE & Ad7 FHol FoxE=E, Hjx EE
2y Al B3 AR BAstE Es HAE 7] fE AeHER
glo] Wzl EEo] s wol= PWM ofd® 1 ATE 1960 %,
Bz 7 25 yos= A5 2212 AF7|Z St

51 &
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1857 RPM
1170 RPM
450 RPM

151

o

05

|
0
<

(9) uoneis|@ooy

2 14 16

1

10

Time (s)
(a)

1825 RPM
1118 RPM
431 RPM

1571

1 1
- © o 0
o 2

(9) uoneis|g20y

18

6

1

4

1

2

1

10

Time (s)
(b)

=
2

(a) WA
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End Point y
Switch 4

Encoder Disc
+ Photo Interrupter

Al
Power T |

Signal

Supply (0 0)(o o) Acquisiti.on
00 000 Device

a8 4.3 AERZ"

~,  Accelerometer

Initial Point
Switch

Computer

s - i)



2000

1800

1600

N
N
o
o

1200

1000

Average RPM (/min)

[e2]
o
o

(2]
o
o

400

—&— no Template + Forward Direction

—#—no Template + Backward Direction
with Template + Forward Direction

—A&— with Template + Backward Direction

1 1 1 1 1 1 1 |

200
80

18

16 -

14 r

Driving Time (s)
o

100

120 140 160 180 200 220 240 260
PWM Analogue Input

(a)

—&— no Template + Forward Direction

—#— no Template + Backward Direction
with Template + Forward Direction

—A&— with Template + Backward Direction

Area that satisfies
the requirement

8 ________________________________________
)
)
6F !
[}
ar i
[}

2 1 1 ! 1 1 1 1 1 1 ]
80 100 120 140 160 180 200 220 240 260
PWM Analogue Input
J9 4.4 AFTHZR WA EE 55 PWM 90 &
(@) & 237 3 59 (b) FF AIRE

54 7 ;ﬂ =2



0.7

RMS Acceleration (G)
o o o o o
N w e [6)] [o)]

©
N

+ no Template + Forward Direction
—— no Template + Backward Direction

Approx. Local
Optimum

| | 1 1 | 1 1 | |

80 100 120 140 160 180 200 220 240 260

0.7

© I o o
w ~ o o

RMS Acceleration (G)

©
()

0.1

PWM Analogue Input

(a)

—&— with Template + Forward Direction
—4&— with Template + Backward Direction

Approx. Local
Optimum

| M L 1 | 1 I | |

80 100 120 140 160 180 200 220 240 260

PWM Analogue Input

(b)

2% 45 ARHEY wH ZE TEF PWM 9l B 1% s,



9 #E ARk ARk #4]

AR SRS 4E
OJHE R FER
FoRE A #d

. Rounded
Process Time .
Process Step (s) Process Time
S
(s)
Template
. 6.167 6
Alignment
Openin
pemng 7.533 8
Template
Closing
3.233 3
Template
Template
. 5.167 5
Alignment
Mounting
7.167 7
Template
Touching
2.133 2
Button
Template
. 11.667 12
Withdraw
Total 43.067 43
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Abstract

Development of Sewing Template
Automatic Alignment
and Placement Platform
for Unmanned Garment Factory

Tae Hwan Kim
Department of Mechanical Engineering

The Graduate School

Seoul National University

In this paper, in order to approach the automation problem by
integrating automation technology to the production process that is
operating in the current garment factory, a platform for unmanned
automation of the work of handling sewing templates in the pattern
former process is developed. The platform for automatic alignment
and placement of sewing templates operates in a state located in
front of the pattern former without any assembly with the pattern
former, and automatically performs template alignment, opening and
closing, and placement in the pattern former process. An additional
module is added so that operation signals can be exchanged with the
pattern former and external systems. In the case of the sewing
template alignment module, a 1 —-DOF adaptive centering mechanism
is applied to arrange sewing templates of arbitrary sizes. Through
the experiment, the behavioral characteristics of each main driving
part are checked, and the feasibility of realizing process automation

is reviewed by comparing the time required for the process of the
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automation system with the workers working in the pattern former

process.

Keywords : Unmanned Garment Factory, Automation, Sewing
template, Pattern former, Magnetic fuse, Adaptive centering

mechanism, Film switch
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