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Effect of Pre-Fatigue on Impact Tensile Properties of Laser Welded
Butt Joint of High Strength Steel Plates

Hiroshi TSUDA", Masashi DAIMARUYA™"
Hidetoshi KOBAYASHI"** and, Yoshihiko SUNAYAMA™***

In this research, the effect of pre-fatigue on the impact tensile properties of the laser welded butt joint of high
strength steel plates of HRS90 and HR780 were investigated by split Hopkinson bar apparatus. Quasi-static tensile tests
were also performed to examine the effect of strain rate on the strength and the elongation. It was found that the effect of
pre-fatigue on the tensile strength of welded butt joints is quite small if the applied stress in the pre-fatigue is less than
the apparent yield stress of the welded butt joints. In the results of impact tensile tests for the welded butt joint of
HR780 steel, however, the fracture strain of the specimens subjected to high cycle pre-fatigue was smaller than that of
the virgin specimens. This may be caused by interaction of a number of cracks introduced by pre-fatigue with high strain

rate.

Key Words: Impact tension, Pre-fatigue, Hopkinson bar, Laser welded butt joint, High strength steel.
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Table 1 Chemical composition of specimen materials.

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

HR590 0.09 0.42 1.53 0.01  0.002
HR780 0.05 0.20 1.30 0.01  0.001

Table 2 Welding conditions of laser welding.

Laser type YAG Laser
Laser power 3 kW
Wave length 1.06 um
Spot diameter 0.6 mm
Welding speed 1.8 m/min.
Shield gas & flow Ar, 14 [/min.

20 Unit : mm

i 30 ‘ 30 30

Fig.1 Laser welded butt joint specimen.
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Fig.3 Distribution of Vicker's hardness measured on side of
welded joint specimens.

Table 3 Tensile properties and fatigue limit.

Oy op 320 OFat
(MPa) (MPa) % (MPa)

B. Metal 540 668 314 380
LW. Joint* 540 656 21.1 274

B.Metal 720 806 236 530
HR780 [ w joint* 720 772 102 361

Materials

HR590

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

DE 2ARDMBHR A HWTERML 72, o/ E X
CIREEET O BRI oy, BRI os, 1 rIBHEE 20
mm DO 5,0 D 2 KDiERF D3 % Table 3 1278
. OHL, AERTICBL T, AT L BT wIE
i 2 720, FATERIE ARG - OFARIRREICIZ
BWEEZONDD, RIMTAERER D54 L HRIC,
fHE b, (i 2 RS ChR L 222 I e L, il
O E R % BT O TR S TRL M2 0 AL L
7o, oL, PEFEMNES LB ICOWTY, i
BIIRIREE L DDz, FELE R Stk cnl iR
RN 7z,

2-4 EHEBRRUOTFEIONES

PRI B L O VIR O M5, SRS SR
(B SERVO PET, 50 kN) % H\>T, 20 Hz O IEZHR
DFRY BIERAM (5O R=0) 2 5 A THMEL 2. &
NIRRT © S-Nh#R 2, Bk 12 e L 2Rt
B IO~ 7 BEERTF O S-N Hifl & ff¢ T Figd 1oR” T,
HL, MEFRERF OIS EIE, Table 3 & [EREIC R
O WA THEEMICRL 2E2 w3, RIMEEBR
T RCE TR IR T L, TEEEARR A1,
T bl hRo HAZ 0> & SRTEE LI L 72
L — A — BT D ITIE Ora (Table 3 1) 13X,
HR590 # & h ¥ HR780 M insEi &, MEMEIC R % &,
WIS FOAD OISR, L —Y—RERTF, <7
BEMRT Lo Tw5, £/, BER'" 7k 9 1g,

PEITRRIE 13 PR D TPRICIKFE L, TR RLIGAIE,
2 VPR TFIC B W TR RENRE { W I 528,
ZDFETH VRERTL DL — =BT O 5,
FEHREIZE RS, ThoDl edrs, L—¥—iEE
T D FEHIREOREICRELFSL, )y bOK
SVERETHE I LD S,

FIHIRG DRG] Omax (BITIRIFD 2 ) 1%, KA
7V TR RFEM ORI %, &Y A 7V CIEEITIRE
(Table 3) Z# H4 & LT, Table 4 IZR$IGHEZERA L
7o, F, TEFOBEVELE AL, FEHOSZLL
ROVICEBIT DWW B LB Nf 2 SEHELE LT, n/Nf =
60 % (nep EFCHR) LB XHICREL 7. o D&M
b, LRV EEOKTERT, BRLEEYEIT

800

(a) HR590
R O Laser welded joint
Mol b - Base metal
;«? 600 N ——— MAG welded joint| .
SN’
OE ‘\:~ m} “-_~
400 |- \
g \ N
& N
N\
‘E N _1 ] =
. Y H
S 200 Em e e —
=
V  Pre-fatigue point
0 11 IIIIII 1 IIIIIII' 1 ;IIIIII 1 IIIIII
10° 10* 10° 10° 107
Number of cycle, N
800
(b) HR780
\ \:'_. O Laser welded joint
—_ N e [ Base metal
QCE 00 \ ——— MAG welded joint
o
N
=S h

(I} N SR P R Feecinekdaiddiis —

j} N\
£ N m]
[ N\
400 | N v
o N (i
[ N\
32 N
@ \
N\
% 200 <
= N s e
V¥V Pre-fatigue point
0 1 IIIIIIII 1 IIIIIII' 1 IIIIII 1 IIIIII
10° 10* 10° 10° 107

Number of cycle, N

Fig.4 Results of fatigue tests for two base metals and
welded butt joints.

Table 4 Pre-fatigue conditions.

Low cycle High cycle
Materials Omax 60  Omax /60

(MPa)  x10°  (MPa)  x10°
HR590 W. Joint* 550 14 290 300
HR780 W. Joint* 670 12 380 200

* Stresses were obtained by deviding by corss-sectional area of smooth part.
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Fig.5 Sprit Hopkinson bar setup for impact tensile test.
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Fig.6 Stress-strain curves of base metal and welded butt
joints from static tension tests for HR590 and HR780.
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Fig.7 Dynamic stress-strain curves of base metal and
welded butt joint of HR590 and HR780.
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