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With the advent of the 4th industrial revolution, manufacturing companies are facing unpredictable market
changes such as sharp fluctuations in product demand and frequent launches of new products. In order to
respond to this changes, order-based manufacturing companies are striving to make the manufacturing system
reconfigurable and flexible. Traditional manufacturing systems are required to replace main equipment and
reorganize production lines when a new product is to be released, and it incurs cost and time to produce the
dedicated tools for new products. Therefore, it is necessary to fabricate a flexible jig tool that can be quickly
reconfigured to cope with various products in different shapes. In this paper, as a part of constructing a
reconfigurable and flexible assembly of smart factory, the flexible jig which can be applied universally to the
production of various vehicle door trims in different shapes is proposed. Also, on a trial basis, it is applied to the
reconfigurable and flexible assembly lines of smart factory for verifying the responsiveness of the reconfigurable
jig tools to product changes.
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Figure 1. Effects of Market Changes on Manufacturing Systems Over Time(Abdi ez al., 2004)
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Figure 2. Automobile Manufacturing Jig
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Figure 3. Door-trim

Figure 4. Dedicated Jig for Door-Trim Assembly



A Flexible Jig for Reconfigurable and Flexible Assembly of Smart Factory 105

2.4 7143 A

HAE AT 9 A e QF oz Hokd W4
722 7R 2Y5E 240 fA B8 5 YES 1
QA

0]

PN
B AHrEA WA= A Lotk b’ e HEE
AA sz Aol 7heste, A4t AlF W Al B A1 wA
g0l 7€ A8 A wAH ATEG g2 WA e ALt

A AstE BAE T Ak

As 2k Az A dedt vke 2ol AFES Ak ¢
3l ﬁliﬁw W3 = 3ol Al A 18 wAEl ok gt o]
23 A S sl Ask7] fal 2 i AlEe 271U A
o rﬂ~o} £ 7HH 2Ho| 7hed A1 fFUlE AbE Al
% th(Ahn, 1998). 3tA% S 71&-8 A H Do) = 71A
FAE wet g FAE S2 oAU o2 /e AFT
AAE MAA 7= WHOE A 15 7HAAN7)7] w2, B3
& FE 7= Aol A &3] dle T4 o] T

3. 7PHY A2 AA % 712 E

2 ZAollMe & =2oA Altehs 7haE A8 Fxs #
& A, S22 gl dato] Al 7]t

3.1 7P A 19 725 25 U9

B =74 Aljkshe 7HHE A e AA) wlo] 2 W(Base
plate) 3} T 7 2] 243 (Adjustment pin), -5 Driving plate),
T-5{Driving part) 2 74 ¥ ™ <Table 1> &3t 2 4S9
gk H&-S A Folth <Figure S>E 7MHE A 84F
o] Ag=olH, <Figure 6> 7PAE A 719) = o 7}
249 gAY NG

7HAE A O O] 243 Fol& 245t A Al FH
A gee A1 dHe 34E AREA W EAZ Utk
webA ZHolu FAE o] F= g 340 RolEF A
7} 7bssith. RolER Y 4o gtao] 2RSS Fo|7t
A5 A8 =(Pin head)7} =AEHF} 9L/ HH, AlE
BA 4EE st 7RSS o] 8k Bol/ =AW =MW
< 1o BN A A S FAT 5 AT <Figure
7> 7HHE A 71 9o ol Efo] AXH T ol

P

Table 1. Features of Flexible Jig Components

Name Features

The base plate which the different components of

Base plate a flexible jig are placed.
Adjustment Dlstnbutedv and arranged standlng on the ba.se plate,
in part and the adjustment pin part consists of a adjustment
pmp pin that can be moved up and down.
.. Arranged in a state of being separated from the top
Driving .
plate on the base plate and composed of a penetration

hole through each adjustment pin can pass.

Figure 5. A Flexible Jig(Noh et al., 2019)

Figure 6. Exploded-View of a Flexible Jig(Noh et al., 2019)

Figure 7. Door-Trim on a Flexible Jig(Noh et al., 2019)
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Figure 9. Adjustment of a Flexible Jig(Noh et al., 2019)
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Figure 10. Process of Fixing Adjustment Pin(Noh et /., 2019)

Figure 11. Moving Process of Driving Plates(Noh et al., 2019)
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Table 2. Description of Flexible Jig Operation
No Name Description
! p There is no restraint between the adjustment pin and the driving plate without the door trim on a flexible
repare

jig, and the pin is free to move up and down by the elasticity of the spring.

2 | Calibrati
alibration height of the adjustment pin is adjusted.

The door trim is mounted on the flexible jig that the pin head and the door trim are in contact and the

3 Fixation

A state in which the movement of the adjustment pin is restricted by the frictional force of the brake cap
between the adjustment pin and the driving plate by adjusting the driving part of the flexible jig.

4 Release

The door trim is not mounted on the flexible jig, the driving plates return to their original position by
adjusting the adjustment part, and the restraint between the control pin and the driving plate is released.
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Flgure 15 Reconfigurable Smart Assembly Line

Figure 14. Rear Side of Door-Trim(Model E)
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Table 3. Problems and Solutions of Flexible Jig

109

Part Problem Solution
If the material is hard or sharp, damage to the door trim non-hard elastic material of pin head.
occurs.

Pin head | Depending on the size and shape of the pin head, if it touches| Select shape after comparing structural analysis with rotating
the curved surface of the door trim, the door trim cannot| pin head and fixed pin head that can respond to the curved
be mounted and the control pin is bent, causing a brake. | part of the door trim.

. Each door trim model has a variety of areas and locations | Extracting the mounting area and location of various door
Adjustment . .. . . . . . .
pin to be mounted on the variable jig, so an adjustment pin must| trim models to derive the optimal number and location of

be positioned so that multiple models can be mounted.

common control pins.

Table 4. Strength and Weakness of Each Material

Material Strength Weakness
o Strone durabili ® Damage to door trim caused by hard material
ABS o Low %:ost Rl ® When producing by 3D printing, errors occur due to
. the stacked structure, making it impossible to produce
® Fasy to produce the desired shape consistent pin heads
® More flexible than ABS
® Due to weak durability, pin head damage occurs when
P * R 1 t than TPE . .
Ve casonable cost than . the door trim is placed several times
® Can produce more consistent shape than ABS
o Elasticity like rubber
TPE ® Durable with thermoplastic ® Higher cost than ABS and PVC(make to order)

® Can produce consistent shape

Table 5. Condition for Structural Analysis of Jig

Name Material Elastic modulus
Pin head TPE 2,800MPa
Adjustment pin
Adjustment pin part
Driving plate Aluminum 72,000MPa
Upper plate
Array plate
Base plate Acryl 3,000MPa
Breaking cap TPE 25Mpa
Figure 16. Rotary(left) and Fixed(right) Pin Head Constant of spring | K = 0.0018(kg/mm) 0.02(N/mm)
Q) Hel= FY 235t 5 A &4 st ddstglon, 9% A eo] 4§ EolEY e HHEE
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Figure 18. Capture Screen of Structural Analysis Using Rotary Pin Head(1)
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Figure 19. Capture Screen of Structural Analysis Using Rotary Pin Head(2)
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Table 6. 3D Model of Door-Trims
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Figure 22. Cross-Section View of Model A

Figure 23. Simplified Cross-Section View of Model C
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Figure 24. Integrated Cross-Section View of Five Models
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Figure 25. Optimized Cross-Section View for Five Door-Trims
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Figure 26. A Flexible Jig(Prototype)

Figure 28. A Flexible Jig with Model B
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Figure 29. A Flexible Jig(Side)
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Figure 31. A/S Line of Door-Trim Assembly Plant
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Table 6. Comparison between Dedicated and Reconfigurable Assembly Lines

Line Number of pfoducible Number of qoor-trim Required number of jig| Investment cost of jig
door-trim production (rate) (rate)
Dedicated assembly line 5 5 307(%) 131(%)
Reconfigurable assembly line 00 100(%) 100(%)
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