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Experimental Analysis of Fatigue Strength
in Spot-Welded Joints of Car Body

Jung-Han Kim, Hee You, Young-Jin Yum, Young-Woo Chu, and Seok-Jae Chu
Dept. of Mechanical Engineering

<Abstract>

The fatigue behaviour of spot-welded joints of a car body, in which fatigue fracture
occurs by various external dynamic loads, is characterized by performing fatigue tests.
SPCC, SPRC35, and SAPH38P steels are selected which constitute the car body.
Welding conditions and combinations of steels and thicknesses are chosen to reproduce
those of a real car body and various tensile-shear and cross-tension spot-welded
specimens are manufactured. Both static tests and fatigue tests are carried out, and the
database of spot-weld strength is constructed.
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Fig. 1 Configuration of the spot-welded specimens
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Table 1 Material properies of SPCC, SPRC35 and SAPH38P

Material properties
Material Yield Ultimate Young's Elongation
strength strength modulus %)
(kgf/mm®) (kgf/mm®) (GPa)
SPCC 16.6 219 193 53.6
SPRC35 238 34.2 204 40.1
SAPH38P 28.3 384 198 4.1

Table 2 The kinds of spot-welded specimens for sheet steels

Matenal (Thicknéss)

Spot-welded specimen

(Tensile-shear, Cross-tension)

SPCC (1 mm)
SPRC35 (1 mm)

SPCC 1.0/SPCC 1.0

SPRC 1.0/SPRC 1.0

SPCC 1.0/SPRC 1/0

SPCC (1.4 mm)

SPRC35 (14 mm)

SPCC 1.4/SPCC 14

SPRC 1.4/SPRC 1.4

SPCC (1.0 mm)

SAPH38P (2.0 mm)

SPRC35 (1.0 mm)

SAPH 2.0/SAPH 20

SPCC 1.0/SAPH 20

WIiINjojnisajwRQjjNnl—

SPRC 1.0/SAPH 2.0

Table 3. Welding conditions for various spot-welded joints

Electrode| Weld Weld Weld

Spot-welded joint { diameter | current time force
(mm) (kA) (cycles) | (kgf)

1 | SPCC 1.0/SPCC 1.0 6 10.0 10 210
2 | SPRC 1.0/SPRC 1.0 6 9.0 12 230
3 | SPCC 1.0/SPRC 1.0 6 9.0 11 210
4 | SPCC 14/SPCC 14 6 108 14 270
5 | SPRC 1.4/SPRC 14 6 9.8 16 300
6 |SAPH 2.0/SAPH 20 6 125 20 340
7 |SPCC 1.0/SAPH 20 6 105 15 250
‘8 |SPRC 1.0/SAPH 20 6 10.0 . 16 250

|
~J
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Table 298] d&7}2 A8 AHEA dis] FHY JFF-H AldH} HA-AF A HE <3
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Aol ekt T HuPon FHFAM HEE dIol AFHIUE WY dFL
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Tgo] 22 AR ZFHo2HE Yzlo] 4 AAZ 717 HE Bokog 243 "ol
UtAY e yAd Bz el oy HHEZ Hdie 93y SR =(HAZ
failure mode)7} WISttt SAPH 20 FEAHAA AW Fk(interface failure mode)o)
dojt AL F7 20 mme] TS Al#el|A AR sidke] A3y 93 AA WAAA w
22 WAHG mmE 2 A7 WFel Feg dddnd SPCC 1.0 $3AH Y mde g9g3n
oflA Fdol HE A ULl fFo] s Aol Axg 7in Hrusto 2 (RaRoR)
A= HAle]l §% g HERYGoz 4As] dolxwuA HEFHow v 4
& YEha itk SPRC 10 AlH9] sldo s dggiola gdo] & dlg A SPCC
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Fig. 2 Load-displacement curve for various tensile-shear specimens
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AR #3992 TS T4

(a) SPCC 1.0/SPCC 1.0

(b) SPRC 1.0/SPRC 1.0

(c)

(d) SPCC 1.4/SPCC 14

(g) SPRC 1.0/SAPH

Fig. 3 Fracture appearance for the static tensile-shear test
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Table 4. The static test results of the spot-welded specimens

Fracture load (kgf)
Spot-welded joint Tensile-shear | Cross-tension
specimen specimen

1 SPCC 1.0/SPCC 1.0 638" 527
2 | SPRC 1.0/SPRC 1.0 681 574
3 | SPCC 1.0/SPRC 1.0 603 520
4 SPCC 1.4/SPCC 14 779 780°
5 | SPRC 1.4/SPRC 14 632°
6 | SAPH 2.0/SAPH 2.0 1350 1520
7 | SPCC 1.0/SAPH 2.0 720 625
8 | SPRC 1.0/SAPH 2.0 784 676

32 A4 AA-A%F A ¥

CT ABEY 3l5-HY J2YEEL Fig. 49 AF A S Table 49 Vel ot AA 7
o A7% wBRE AR TS A¥s 2ol &HRA e Jom‘:wr 9% ez U
Be RS ¢ 4 Ut E£@ SPCC 10/SPRC 10 AEE TS Agn 2& gioz
SPCC 10, SPRC 1.0 &8 AHET ZFEry ¢ Wdta gu &”‘1 SPCC 1.0o1A =44
St 1 99 RE AWML TS Aol 29el gt AnE Yec

Apel e Fig 5 eIt Ao BE BB AR FLo|
w2 QAsd AEHow ¥% gdeA Urel MERFeR f4s Wojx vriw
A Sess 999y gdurerl $E4e8 wAsgr. 8 SPRC 10 AHE ¥ 7
ol A% AGerol FLol WAL, SPCC 10 A B T Fyo] e
8 W SPRC 10 A8 GHdsie Tel A 7o M4 2Eo] ohd WMUE 2Rl E
WAl F9)e d9gRrl BolAe @gol BT :a shgro] WAjely] Aol A&
el oz vARRE B AEFRAY fole s ARkl G A &

EE 5 CT A¥ 5§9 s4ugol Hasge), 1 @4 SPRC AWMt} SPCC

ABAA B FEe] ebie
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Fig. 4 Load-displacement curve for various cross-tension specimens
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(e) SPRC 1.4/SPRC 14

— ) »~

(b) SPRC 1.0/SPRC 1.0 (f) SAPH 2.0/SAPH 2.0

(¢) SPCC 1.0/SPRC 1.0 (g) SPCC 1.0/SAPH 2.0

(d) SPCC 1.4/SPCC 1.4 (h) SPRC 1.0/SAPH 2.0

Fig. 5 Fracture appearance for the static cross—tension test
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Fig. 6 Load range-fatigue life curve for the tensile-shear specimens
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Fig. 7 Fracture appearance of the tensile~shear fatigue test
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Fig. 7 Fracture appearance of the tensile-shear fatigue test(continued)
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Fig. 8 Load range-fatigue life curve for the cross-tension specimens
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Fig. 9 Fracture appearance of the cross-tension fatigue test
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Fig. 9 Fracture appearance of the cross-tension fatigue test{continued)
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