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Effect of Pre-Fatigue on Impact Tensile Properties of Welded Butt Joint for Vehicles

Hiroshi TSUDA*, Masashi DAIMARUYA™ and Hidetoshi KOBAYASHI***

In recent vehicle manufacturer, the tailored blanking technique using high tensile strength steels begins to be
adopted to reduce the weight of automotive bodies without any decreases of their stiffness. Therefore, it is important to
storage of the fundamental data concerning the technique. In this research, the effect of pre-fatigue on the impact tensile
properties of the welded butt joint of high strength steel plates was investigated by means of the split Hopkinson bar
method for tensile test. It was found that the effect of pre-fatigue on the tensile strength of welded joints is quite small if
the applied stress in pre-fatigue is less than the apparent yield stress of joints. However, the joint specimens of high
strength steel subjected to high cycle pre-fatigue showed lager elongation than the virgin specimens. This may be caused
by the increase of hardness due to pre-fatigue observed in the weld zone of the joints.

Key Ward: Impact tensile strength, Pre-fatigue, Split Hopkinson bar, Welded joint, Sheet specimen, Vehicles.
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Table I Chemical composition of specimen materials.

Chemical composition, wt(%)
C Si Mn P S

HR270 0.05 0.00 0.23 0.01 0.011
HR590 0.09 0.42 1.53 0.01  0.002
HR780 0.05 0.20 1.30 0.01  0.001

Table II Welding conditions

Material HR270 HR590 HR780
Welding wire YGW15 YGW23 YGW23
Welding current 120 A

Arc voltage 20V

Welding speed 45 cm/min.

Shield gas Ar 80 % + CO, 20 %
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Fig.1 Specimens used (a) for fatigue test and
(b) for impact tension tests.
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Table III Tensile properties and fatigue limit

Oy OB S OFat
MPa) (MPa) % (MPa)

W. Joint* 264 350 26.4 180

HRso0 B-Metal 530 640 281 380
W.Joint* 567 654 182 210

HR780 B-Mel 720 799 204 530
W.Joint* 677 760 88 150

* Stresses were obtaine d by deviding by corss-sectional area of smooth part.

Materials

23 EFABRUOTFTEFOME

W HT B S N FIES O AT 50, ERE 5 B (5
#t SERVO PET, 50kN) % T, 20Hz DIEFEEIR D iR
DEERD AR 5N R=0) 25X TEELZ. H51
7= S-N Hb#R % Fig.2 1IZRd. HL, HFHBRK OBHME
13, Table LI & [FIERICREM SO WA THEERICERL 72
i 2 W TWa, BMERBAITT X T TEO R AT
T, BRI, HR270 D 2~3 D7 — A Z&RKRE, W
TN RE & BMOEFRAHE OB BT S i L 7z
B D JEHBREE Opy (Table TZER) 13, MEIOBIEED®
EDOREIIDECTELS B2 TWEYN, BEKTOREY
FREE L, EEERICBI2IEERNRAENDN, 0T
NOMEE 200 MPa RijfE Dl %R 7=.

FIEH Z AW T DRI TT Onax OBTTRIED 2 ) 13,
KA1 70N TRUFMOBRRISTZ, @Y1 7V TIE
5 FREE (Table 1) 2 H*%2 & L C, Table IV IZ/R TS JHE

400 - :
s (a) HR270
& m
= 3009 >
bé N
—

JRS) (4] SETRSSSSRS SN/ M ) >
R
*E O Base metal

] O Welded joint
g 10— ¢ prefat. (BM)
= Vv prefat. (WJ)

0 1 i
800 :
g (b) HR590
g “
S 600 Q-
5 M- 7
: NP

o) N S
4 400 . v .
g Q\D S
R e = R

joint i
= V  prefat. (BM)
Vv prefat. (WJ)
0 1
800 :
O :
= A \ (8 (c) HR780
[a W v \\ VeV ‘(Q
= 600 e

. LR ;

g N
© 400 {

g R
2 N O
: O Base metal E'] (e 0
£ 200 B Welded joint |-ewm
= V  prefat. (BM) R —— Cr
Vv prefat. (WJ)
0
(S (O (R (N

Number of cycle

Fig.2 Results of fatigue tests for three base metals and
butt welded joints.
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Table IV Pre-fatigue conditions

Low cycle High cycle

Materials Omax "30 Mg Omax M3 Mg
(MPa) x103 x103 (MPa) x103 x103
B. Metal 270 40 80 220 450 900
HR270
W. Joint* 270 36 72 220 75 150

HR590 B-Metal 550 14 28 400 420 840
W.Joint* 550 6.9 13.8 230 187.5 375

B. Metal 670 8 16 550 185 37
HR780 W.Joint* 670 1.1 22 180 120 240

* Stresses were obtaine d by deviding by corss-sectional area of smooth part.
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Fig.3 Schematic diagram of Hopkinson bar setup
for impact tensile test.
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Fig.5 Stress-strain curves obtained from static tension
tests for three base metals with pre-fatigue.
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Fig.6 Stress-strain curves obtained from static tension
tests for butt welded joints with pre-fatigue.
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Fig.7 Stress-strain curves obtained from impact tension
tests for three base metals with pre-fatigue.
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Fig.8 Stress-strain curves obtained from impact tension
tests for butt welded joint with pre-fatigue.
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Fig.10 Effect of pre-fatigue on static tensile strength, (a) &
(b),and fracture strain, (c) & (d), of three base metals
and butt welded joints.

Fig.11 Effect of pre-fatigue on impact tensile strength, (a) &
(b), and fracture strain, (c¢) & (d), of three base metals
and butt welded joints.
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T OBERMEICKIITES 1 7L - @Y1 7 VP
D FET, BH5IRRBRER - HRIERHBE RV TN
IZBNWTHIRERD LSRN

(2) HR780 M DBRM DN, T OZEIITEA
ERFIRWAS, HR780 Tl T, My 2L
% % 2 TR, R - EERE BV ThICB N
TH, ULMED2~3FEFERENVHUTZRT.
HR590 # Tid, B - EHHTF W T IUTBNTD TS
DN KIFTHEII/NS . HR270 M T, FHEHIC
BT D ARSI D EMOBERIEN KO RENET 1 7))L
FTHEF OB/, WOFREL WA T 2HEMZERT.

(3) BEMT O S HMAICKITTET A I FEFO
EEY, EIRIETIIEEE O WER I, HR780 41
TIIAEFEBD, HR590 M TREMEBOMEEZ LF X 5.
YA 7))V At & 52 172 HR780 M D #kF TIE, T
WIS LR, MOOEMZERBWZREO—D EHEE
T&E5.

RIRIZ, APFRIEAXF A, WM LERS K
R¥ &ETHD SNHEFMFLORRLDO—HTHD, B
FREALE N FEBRITH A TEWZHNE, HumE I IEH O
BEXRLET.
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