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Improvement of Form-joining Process with the Aid of
Adhesive for Joining of a Sheet Metal Pair

C.G. Jung', T.J. Kim', D.Y. Yang",

Abstract

A new form-joining process with the aid of an adhesive is proposed in which an epoxy adhesive is
applied to a sheet metal pair, and before it cures the pair is clinched to cause the geometric constraint in
the form of a protrusion. In order to reduce the forming load and the height of protrusions, a new die
and punch set with a very small clearance was devised to reduce the depth of drawing and the forming
Joad. Taguchi method was employed to find the optimal values of design parameters. To implement each
case of the orthogonal array, the fimte element method was used. The experiments showed that on the
tensile-shear test, the bonding strength of the new form-joining process with an epoxy adhesive is
approximately the same as that of the resistance spot welding; and in comparison with the other two
form-joining processes with an epoxy adhesive, the height of protrusions was reduced by more than 65

percent and the forming load by 50 percent
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Fig. 1 (a) Drawing stage Fig. 2 (b) Squeezing stage
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Fig. 2 Primary dimension of the joining section
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0. e, Design parameter
" ‘ A | Stroke of squeezing punch
B| Depth of drawing punch
C| Width of drawing punch
D| Width of projecting part
E| Round of drawing punch
F
G
H

Radius of squeezing punch
Angle of squeezing punch
Stroke of squeezing punch

Fig. 3 Design parameter for L1g orthogonal array

Table 1 Level of design parameters

1 2 3
A [mm] 1 1.3 X
B [mm] 1 1.2 1.5
C [mm] 1 1.5 1.7
D [mm] 0.7 1 1.2
E [mm] 0.2 0.5 0.7
F [mm] 0.27 03 0.33
G [degree] 20 30 40
H_ [mm] 1.3 1.5 17
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Table 2 Material properties

Young's modulus (E) 221.37 GPa
Poisson's ratio (V) 0.3
Friction coefficient |
. . .145
(without lubricant) 0.1459
Friction co?fﬁcient 2 0.026
{between adhesive and metal)
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Fig. 4 Effect of parameters
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Fig. 5 Procedure of form-joining with the aid of
adhesive
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Fig. 6 (a) The result of finite element analysis

Fig. 6 (b) Cross section of form-joining with the aid
of adhesive
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Table 3 Comparison of peak load

Peak load

Form joining 2.76 kN

Form-joining Wlfh the aid of 4.20 kN
adhesive

oo Feje 59 gdo] F2 B4sgey o
&g ol837] WE AR Adyto] wl- gkobx]
xg—g;}:—. HAto 2 E‘ﬂq.

4959 g2 4L 7€ JAH AgeHel 17
mm WHe EFH7L s Aol wiEte, AT o
48 J2-4Y FAHNME 06 mme] Fe EERE
At ol HAYAF Al HALE o83l =24 2
aA 471 "otk

71ES 71AH Afol 80 - 120 kN 4¥HaFo] I

wE 2L

My

8% WA AtE T 67 kNS 4¥ ez s
4¥ol 7hssttt ol HFA Y Atgoz JlEEy T
&5 A ANAE LR AF =S M+ W)
dEoltt.

5. 8 E

2 =24 e 8% H-4Y 3P ui
| 7189 FRLEUE olgate] A7 B A on
A A2 Y4493 Fdn 2 AnE v)
Fahglc

A9g ol &8 AFATRA YA oA 7]
59 2l oA ol oIsd ads
HAWS F ARAES] F28 YL )
e 9ne 29 wAsl eavel W% 9
19 AN 23 YEEAY 4E F 9S Blg

X

ki
[

—_

D

rN

mI

Lo
=

mlo a2
o £ o

g

38
.—\1

) A FAlA toleh A9 FEojdart Fo

a—ri 7188 FE5e BT %’4??} =299

FE 9 F ANer o T FA-HYTHL
T TAHE EFFE 7€ AR v
3 65%01 88 5L Ad 50% 7HA F2AHh

3 AL HEZY AHNE o1& HA-HYTHL
ARG A= 40% B =AU

1

O

HA1EE

(1) S.J. Muraski, 1990, "American autos in the clinch”,
Machine Design, April 12, pp.48-50

(2) &35, dad, 45, AcE, Ade, 2001, 2

@ #oje JAE HEFRY AFAE M &
& A7, L EAgEUE =84
pp.29~32.

(3) A3HE, FEA, d5d AEE, 2003 "HE 49
BE o8& T3 wHte AY, FFANIES
3] FAgE3] =23, ppl3l~135.

(4) FEFEE, 1980 "AEF olgy IF A A

HH” KS B 0851

e o]:]

- 124 -



