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The Effect of Bonding Method on Mechanical
Properties of Transforming Induced Plasticity Steel for
Automotive Body

Jiyoun Park

Department of Materials Engineering
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Korea Maritime and Ocean University

Abstract

Advanced High Strength Steel(AHSS), such as Dual Phase(DP) steel and
Transformation Induced Plasticity(TRIP) Steel, was developed to improve a
fuel efficiency and a safety for passengers. The automobile industry
required development of new bonding method because AHSS has poor
weldability. Weld-bond was developed and is being used on automotive
assembly line. Weld-bond was carried out by adhesive bonding followed
resistance spot welding. In this study, 1180 TRIP steel of 1.2mm thickness
were prepared by resistance spot welding, adhesive bonding and Weld-bond
processes. Tensile shear properties and fatigue properties of the joints

were evaluated and were analyzed by tensile shear test and fatigue test.

Vi



Nugget diameters of resistance spot welding and nugget diameter of
Weld-bond were produced with 4.0mm, 5.0mm, 6.0mm and 7.0mm,
respectively, when tensile shear test performed. Tensile shear strength of
resistance spot welding is increased as the nugget diameter increases. The
failure mode of 4.0mm and 5.0mm are interfacial fracture and plug
fracture respectively and tear fracture is occurred over 6.0mm nugget
diameter while tensile shear test is performed. Tensile shear strength of
adhesive bonding is higher than resistance spot welding. The failure mode
of adhesive bonding is cohesive fracture because the thickness of adhesive
layer is very thin. Tensile shear strength of Weld-bond is increased as the
nugget diameter increases. The failure mode of adhesive layer of
Weld-bond is similar to that of adhesive bonding and the failure mode of

weld nugget of Weld-bond is similar to that of resistance spot welding.

Nugget diameter of resistance spot welding was produced with 6.0mm
and nugget diameter of Weld-bond were produced with 4.0mm and 6.0mm
respectively when fatigue test performed. The endurance limit of adhesive
bonding is much higher than resistance spot welding but lower than 4.0mm
nugget diameter of Weld-bond. The endurance limit of adhesive bonding is

similar to that of 6.0mm nugget diameter of Weld-bond.
KEY WORDS: TRIP steel WHElf7144 7, Weld-bond € =E=; Resistance spot

welding A& -84, Adhesive bonding % =Al 3k Tensile shear strength <177
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Table 1 Chemical composition of tested steel

Elements C Si Mn P S Cu Ni Cr

wt,% 0.167 | 1.657 | 2.251 | 0.018 | 0.003 | 0.027 | 0.013 | 0.464

Elements Mo Al Ti \% /r N O /n

wt.% 0.002 | 0.097 | 0.024 | 0.003 | <0.001 | 0.0025 | 0.0147 | 0.002

e
25 mm
(@)
N | 100 mm | tah
\
© y /77 12 mm
[
Adhesive/lz—#
25 mm
(b)
| 100 mm } tab
&
M Weld nugget—&0 %1‘2 mm
( L /’

Adhesive — F —
25 mm

(©

Fig. 4 Schematic diagram of bonding method, (a) Resistance spot welding
(b) Adhesive bonding (c) Weld-bond.
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Table 2 Spot welding condition of Weld-bond and resistance spot welding

Squeeze time

Electrode Weld
Nugget [cycle] Weld Hold
Diameter Tip Current Time Time
; Force | Weld Spot (AC)
[mm] Diameter , [cycle] | [cycle]
[kN] | -bond | welding | [kA]
[mm]
4.0 4
50 6 2.94 58 14
: 225 75 : 20
6.0 5 3.50 5-7 15-9-15
7.0 4.00 5-8.2
HEAAE G502 A3t HEgS F 99 Weld-bondE A& 7459 <l

AADEN S vlmaly] sk H2A A APAL zﬂzro}oan} A2 A
o AHEE HEA 9} FY = Weld-bondol] AHEE A} ELstH, M &
A% Weld-bonds} 5U3kA A &3t%ch

Weld-bond®] A7 7+7t 4.0mme} 60mm7} za T2 AdHe Agsle W=
NEe AAAT. AF ol me Aduel A5 NeEE Fig 49 UE
W ARAAFH T ST
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Fig. 5 Tensile test machine (Instron 4469).
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TENSILE FATIGUE TEST M/C
I 10 tf. Capacity

Fig. 6 Hydraulic servo fatigue test machine (KDMT-320-5).
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Fig. 7 Cross-section of Weld-bond,
(@ 4.0mm (b) 5.0mm (c) 6.0mm (d) 7.0mm.
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Fig. 8 Maximum tensile shear load of resistance spot welding by nugget diameter.
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Fig. 10 Fracture mode of resistance spot welding by nugget diameter during
tensile shear test, (a) 4.0mm (b) 5.0mm (c) 6.0mm (d) 7.0mm.
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Fig. 11 Load-Displacement curve of adhesive bonding.
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Fig. 13 Fracture mode of adhesive bonding during tensile shear test.
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Fig. 15 Load-Displacement curve of Weld-bond by nugget diameter.
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Fig. 19 Fatigue property of adhesive bonding.

Fig. 20 Fracture mode of adhesive bonding during fatigue test.
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Fig. 21 Fatigue property of Weld-bond at 4.0mm.

Fig. 22 Fracture mode of Weld-bond at 4.0mm.
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