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Abstract

The demand for collision safety and fuel economy of automobiles is increasing more than ever.
To cope with this movement, the application of advanced high strength steel (AHSS) sheets to
automobiles is rapidly expanding. Therefore, research works for resistance spot welding (RSW),
laser welding and adhesive technology to AHSS are summarized. Peel strength of spot welded joint
of AHSS is considered to be predominated by toughness of weld. To improve the peel strength,
suppressing the solidification segregation of nugget and facilitating the tempering martensite in
weld are important. Strength characteristics of dissimilar strength steel joint, spot welded tailored
blanks and single sided spot welding are also discussed. As for laser welding, characteristics of
tensile shear strength and L-shaped joint tensile strength for various kinds of steel are discussed
and dependence of solidification crackability on chemical composition is summarized. And also
strength characteristics of adhesive joints are mentioned. Static strength depends on yield load of
steel and fatigue strength is constant regardless of steel strength.
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(a) Cross tension test
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Cross tension test (a) and partial plug fracture in high
strength steel spot welded joint in this test (b)

(b) Partial plug fracture
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Relationship between hardness and maximum temperature
at heat treatment'®
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Schematic diagram of spot welded L-shaped joint'®

Distribution

(a) At displacement of Imm  (b) At displacement of 5mm
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Relationship between portion of fracture occurrence and

solidification segregation in nugget of unloaded specimens

at halfway of tensile test'®
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Temperature change at nugget edge due to post heating'

DT EF Ay MRS BT B RO %L, £
72 829 |Z7R$ & A I2EV CTS A5 572,

WA BV X > COMFIREIZZILT 5. HE 1.6
mm @ TS780MPa & CR Stz FHv>"CT 170C x20min D2k
MLPRAS LTS 125-2 5B h A L7z RO ITIRT L9112,
FIBEITT 2 F 7y FO/NERFMIZB AT LTS Y& %
LI EPHENPO LI, BHIZ L 5> THT Y PO E A
DIPIET L2 s, BREINTTH 7y FOHED
MEL7-bDEEZ 5N,

BETIRICBWTREBAICE — T o= %S85
ZEDTENLTE CTS DFPHEOLNLIET THLS,
TUZDWTUEBIERIZTA LEEL filii/zwv 2,

(5) 77y b OBIEE A

Ty S OBFEER A A S L 72 2, fEEM 1 TS1470

10 0.2 mass%C steel
x Thickness 1.4 mm
8 5™ Nugget dia. 5Vt (5.9mm)
’2 b
T
0 x
E
O 4R
X % %
2 R L T T L L e L T T
1 1 1 1 1

0
0 20 40 60 80 100 120
Hold time (cycle at 50Hz)

8 CTS OEBIRFFREIREM 20
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Sheet thickness Analytically recommended conditions Experimental appropriate conditions
(mm) z(s) Lot (8) = 0.25 %7 Lyos (5) Lost! Lyeta Leoot(5) Lyost (5) Lo/ L e

2.0 0.42 0.12 0.20 Around 0.9 0.12 0.20 0.9

1.6 0.30 0.08 0.12 Around 0.9 0.08 0.12 0.9

1.4 0.24 0.06 0.08 Around 0.9 0.04 0.08 0.9

Lo Cool time, ¢,,.: Post-heat time, /,,,: Post-heat current, /,,,,: Welding current
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Pre-crack tip position and direction of CT test specimens?*

40
€ vy
%35 R
&) AA
’}h 30 A
% A o
Q o0
g 25 —A
) L0
5 LIV S 4
8 20
(O]
5 L 2
[
&

10

A B C D E

12 45y FADBIEMEE 22
Fracture toughness at several points in nugget2¥
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Hardness distribution in spot weld?>
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Maximum stress and total elongation in tensile test2®

Sheet thickness : 1.6 mm B Tempered 1.5 GPa steel
Solid : Base metal fracture | | A Tempered 1.8 GPa steel
Open : HAZ fracture @ 980MPa-1.8 GPa steel
@ Quenched 1.5 GPa steel
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Hardness ratio of
softened HAZ to Base metal (%)

16 HAZ 81LE E BT U DRI 29
Effect of hardness ratio of softened HAZ to base metal on
fracture elongation in tensile test2®
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Die-quench Shot blasting*

@ Spot welding
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* Only for uncoated steel
(a) Conventional assembly process
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Spot welding Heatlng Die-quench Shot blasting*

» Fa

* Only for uncoated steel
(b) Spot welding tailored blank process
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Comparison between conventional assembly process (a)

and spot welding tailored blank process (b)2”
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@ Conventional spot welded joint

121 m Spot welding TB joint
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Nugget diameter
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Comparison of spot welded joint CTS between conventional
process and tailored blank process?”
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O:Conventional spot welds
@ :Spot welding TB 1470MPa HS @ - L
25 p————laT-@ A:980MPa steel 5\t -7
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10 5‘3'--- ----------- = 1 7 - - -
[ Open : Interfacial failure
05 F— Sheet thickness: 1.2mm Gray : Partial plug failure
F Nugget diameter: 4.7mm Solid : Plug failure
00 . i 1 0 L il L L L L
104 10% 108 107 108 1.0 12 14 16 18 20 22 24

Cycles to failure

19 XK MEE: TB M FOEFIARE 29
Fatigue strength of spot welded joint in spot welding
tailored blank?®
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Evaluation of effective current by equivalent circuit
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Dependence of nugget diameter on distance to already
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Single welding | Multipoint welding
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side
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Nugget formation difference between welding method and
already welded point3"
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Dependence of TSS of laser welded lap joint on base
metal tensile strength3¥
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Regression analysis of TSS by product of width and
hardness of weld bead®®
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Dependence of TSS of laser welded lap joint on welding
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Dependence of LTS of laser welded lap joint on base
metal tensile strength3¥
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Dependence of LTS on welding position3¥
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Dependence of LTS on welding direction®®
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Change of laser lap weldability due to HS treatment®®
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Dependence of solidification crackability at laser welding
of sheet edge on carbon contents®
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Dependence of adhesive joint TSS on yield load of steel
sheet3
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Appearance of adhesive joint after tensile test®®
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Fatigue strength of adhesive joints3?
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