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Effect of strength of steel sheets on tensile shear strength and failure mode of dissimilar joint of spot welds™
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by OKADA Tohru ~ , UEDA Hideki , MATSUDA Kazuki
MIYAZAKI Yasunobu', YASUYAMA Masanori . and FUJII Hidetoshi"

Advanced high strength steel sheet (AHSS) is widely used in the automotive body for weight reduction and the improvement of crash
performance. In general, weldability and formability of steel sheet tends to decline as steel strength increases. Hot stamping is a technique that
achieves both formability and strength of steel sheet, and TS1500 MPa class hot stamped steel sheet is applied to many vehicle models. On the
other hand, since the joint strength characteristics of the spot weld are dominated by the melt-solidified zone and weld heat affected zone, there is
a concern that performance of spot welded joints will decline as steel strength increases. In other words, in order to further expand the application
of AHSS, it is very important to have knowledge about the characteristics of spot welded joints. In this report, we investigated the TSS of the
TS1500MPa class hot stamped steel sheet, focusing on the characteristics of tensile shear joints. Then, we compared the joint strength and
failure position of the same kind material joints and the dissimilar material joints with the TS1500 MPa class hot stamped steel sheet in case of
the plug failure. As a result, it was found that TSS of dissimilar material joints depend on base metal strength on lower strength steel side.
However, fracture occurred on the TS1500 MPa class hot stamped steel side except for joints with large difference of base metal strength. The
mechanism is thought that the effect of strain concentration at the edge of nugget on the TS1500 MPa class hot stamped steel side due to the

increase of rotational deformation around the nugget.
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Table 1 Mechanical properties of materials

A7z, WEFRoOH b IED - EMTH 5. M o FEhk
FRF AR % Table 1 \RT.  [RGREEAGH O MK AR AR 1.0
~2.0mm OPEEAM & FV-TEHI L 72, 1500 HS $iAR & A1 T4
270 ~ 980 SR % T A At 72 vk EEAGHL O E F AR X, AR
1.2mm DOALEAT & F W CEMIL L 72,

ARERR IR Fig. 1R T 5IIRE AR % H w7z
JIS 7 3136 Ti&, HEIZIG U CREF RSB E SN T 5
DRI T 2 et id 7 <, SAGREOREIIIEZERE ST
T, F72, @ERIIERE R ICHE S Tv 2 H0E I
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D, WL TSS I BT T RER N TE IR 0 B Rt 2
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RO TSS ZHEE W HE 2 el b IR E I T D, Lal,
INLOMEIRIEIEALEDESE, 79 7Heaiits LT
B, FHEBR LT WEEEZEHKICB VT, ffir ORE
WXL TSI 0 Ai & i 2 7o &2 2 5 4 2 &L v,
AW T, RS ESHLIC BV TR TR o 8 %2 [
iR L, RREBA O TFRENRE L KT L 2 E
HEZ, @ToREIZBWT, WMEBHIEIERIE 1.2mm 0@
WHIETH 5 30mm —E & L7,

Ay FAZ Y THMIE, 900TC T4 5B L 7214, TN
PREERE 1 0 CEMRGINC X W BEANR L. 2%, BILA
F=NV%Tavy F7TIAMIIVBRELT, BHEICELZ.

2.2 BEERH4

wECIE, 2B 7 —IEXO BRI AR Y N EE
WE RV, FEMmI2E, M 16mm, LSS 6mm, G
WiRAO D R—A T VT ARD 7 0 LiEREH W Z0
MBS % Table 2 1273, BURICIS UChES, #@7E
B 2 b8/ mEERE, F7 Y ME3, 4, 5, 55/t
(t: HE (mm)) A HHNDE X IIZ, 4.0~ 10.0kA DFHPHT

Grade TS (MPa) YS (MPa) EL (%)
270 steel 354.4 249.4 40.9 100mm
440 steel 470.0 327.7 35.1 / % ra
590 steel 635.0 4204 27.1 e & 7 7
780 steel 831.9 501.3 227 ' — /- 30mm
980 steel 1015.2 705.0 18.0 K/%&/
1500HS steel 1585.5 1144.6 8.9 Fig.1 Schematic diagram of tensile shear joint
Table 2 Welding conditions
Thickness (mm) Force (kN) Welding time (s) Welding current (kA) Holding time (s)
1.0 2.94 0.23 4.0—7.0
1.2 2.94 0.27 4.0 —10.0
1.4 343 0.30 4.5—28.0
1.6 3.43 0.33 45—8.0 017
1.8 3.92 0.37 45—9.0
2.0 3.92 0.40 45—9.0
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Fig.2 FEM mesh division of spot weld
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Fig.6 Relationship between base metal strength and TSS

Fig.7 Relationship nugget diameter and TSS on 590 steel and
1500 HS steel

Table 3 Failure mode in nugget diameter 5v/t

Grade Thickness (mm)
1.0 1.2 1.4 1.6 1.8 2.0
440 steel Plug Plug Plug Plug Plug Plug
590 steel Plug Plug Plug Plug Plug Plug
780 steel Plug Plug Plug Interfacial Interfacial Interfacial
980 steel Plug Plug Interfacial Interfacial Interfacial Interfacial
1500 HS steel Interfacial Interfacial Interfacial Interfacial Interfacial Interfacial
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Fig.8 Comparison of TSS and failure mode between same kind
material joints and dissimilar material joints
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Fig.10 Exterior images of same kind material joint
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Fig.12 Pattern diagram of rotational deformation around spot weld

Necking

v

Tension axis

(a) Nugget diameter : 4v/t

(b) Nugget diameter : 5yt

Fig.11 Cross section images of same kind material joint of 590 steel
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Fig.13 Pattern diagram of rotational moment

Fig. 14

Fractography of same kind material joint of 1500 HS steel on nugget edge
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