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Abstract

Flash butt welding is applied in many industries. New technology was developed recently for joining
billets which called "EBROS (Endless Bar Rolling System)". After reheating billets in furnace, two billets
were joined using flash butt welding. The objective of this study was to investigate the effect of alloying
elements on mechanical properties of flash butt welded zone of hot rolled steel bar. The tensile properties
on welded zone of Fe-Mn steel and Fe-Mn-V steel were dropped as compared with non-welded zone.
Fe-Mn-Nb steel was opposed to the former. It was found that the white band at the welded zone had high
ferrite volume fraction and large ferrite grain size. The vertical white band between flash butt welded
billets was transformed into an arrowhead it of steel bar. According to this band, softening has been
appeared. There was a interesting phenomenon with HAZ of Fe-Mn-Nb Steel, 40nm scale of particles were
observed and hardness of HAZ was higher than non-welded zone.

Key Words : Flash butt welding, Billet, Endless bar rolling system, Reinforcing steel bar, White band
Rolling System) AZFHeo] 19970 dE NKK3JAL
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Table 1 Chemical composition(wt%) of steels used
C Si Mn P S Cu \Y Nb N H
Fe-Mn 0.275 0.12 0.67 0.020 0.023 0.19 0.002 0.001 75ppm | 2.8ppm
Fe-Mn-V 0.279 0.12 0.68 0.020 0.017 0.14 0.047 0.001 72ppm | 2.1ppm

Fe-Mn-Nb 0.270 0.12 0.70 0.021

0.028 0.17 0.001 0.055 T4ppm | 1.1ppm

Welding interface

(a)

ﬁSDmm

150mmI

10mi

(b) 50cm
+——
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Rolling direction
50cm

+——
C KNP RN S R A }§ 32mm

+

480m

2

Fig. 1 Test specimen extraction from steel bar (a) Joining two billet (b) Specimen numbering from

steel bar
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Fig. 2 Tensile strength and yield strength with
position of test specimens in Fe-Mn steels
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Fig. 3 Tensile strength and yield strength with
position of test specimens in Fe-Mn-V
steels
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Fig. 4 Tensile strength and yield strength with
position of test specimens in Fe-Mn-Nb
steels
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(b) Fe—Mn—V (#4 and #5)

(c) Fe=Mn—Nb (#6) 2em

Fig. 5 Cross section of tensile test specimen with the fusion zone (white band)

(a)
’ \ ‘ //Welding interface

Billet Billet

Rolling direction

Fig. 6 Schemetic diagram for the change of the welded zone shape by EBROS process (a) flashing (b)
upsetting (¢) deburring (d) roughing milling (e) middle milling (f) Steel bar after finishing milling
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Fig. 7 Microctructures of Fe-Mn steel (a)
White band (#5)

[ 20 ]

Fig. 8 Microctructures of Fe-Mn-V steel (a) Non welded zone(#1) (b) HAZ 1(#6) (c-1) HAZ 2(#4) (c-2)

White band (#4)

Fig. 9 Microctructures of Fe-Mn-Nb steel (a) Non welded zone(#1) (b) HAZ 1(#7) (c-1) HAZ 2(#6) (c-2)

White band (#6)

o] R} vlwahA, A Hi=(c-2) & FHEelE AYH
of 7Pt zdista, AAEE wof thE JdI g
3 FEERANE HAZ 1(b)2 NWZe R ALl FAL
3lal, HAZ 2(c-1)& HAZ 13 2¢ 459 wido]
gAE] wet widEo] A kx, thah AHsH
xata Sl Zlo| ApolHeltt,

NAAE} v A FRBAE Ftabr] flsid,

goo] mA Al diste] Bt} FFHoZ Hrte
BT} Table 2& 37%9] 7+ x99 Hgo]

H 2719 AAET tEe] 2t 499 B A
&, FRAE B /S vwd Zlolt.
Fig. 7~Fig. 994 HAZ13} HAZ29 4 wjdo]
23, FefolEe A7) 9 AHEo] g AL Fig.
107} Zo] HAZ27} €324 222 71g9d g,
HAZlo] 49L% 1050CHT} 97 2o exg 71
H Aol7] wjFolt}t. o]e} Zo] QIAIEHA wEhA
Az o] tE2r] Wi A: 9 ATk tE
AoZ Atz

Fe-Mn7del 5¥ Al@H& #elo]|Ee] 77} A,

=)

i

288

AREE Eo} SR
HAZ 2% g=o] 7] widel =7t @& Ao

A7pE. 59 AR dol AAske 48 AlERt 6
W AR NWZs Hlastel sjgelE A7)/ ozt

=
o

—
'S
o

O

I

11010 ARUPSVSPES NPIPREPRPIPE, Sy UL, WU - —

Solution temp. of NbC

Temperature C

—

o

o

(=]
I

Rolling t .
r— Solution temp. of WC, VN ofting temp
0

Position of test specimen

Fig 10 Schemetic for temperature distribution
near weld after flash butt welding
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Table 2 Relationship among grain size, ferrite volume fraction, hardness and yield strength

100nm

Fe-Mn Fe-Mn-V Fe-Mn-Nb

#1 #6 #5 #1 #6 #4 #1 #7 #6
NWZ | HAZ 1 | HAZ 2| WB NWZ | HAZ 1 | HAZ 2 WB NWZ | HAZ 1 | HAZ 2 WB
Grain size (m) 104 10.7 10.8 18.8 8.7 9.8 10.1 14.2 10.1 9.8 8.9 15.5
AGS (GsxViwz) +0.3 +0.4 +8.4 +1.1 +1.4 +5.5 -0.3 -1.2 +5.4
Volume fraction (%) | 67.3 | 71.3 69.0 93.2 65.4 68.4 72.5 89.8 66.8 69.0 68.3 82.7
AVE (Vx-Viwz) +4.0 +1.7 | +17.0 +3.0 +7.1 | +24.4 +2.2 +1.5 | +15.9
Hardness (Hv) 190.1| 185.8 | 184.7 | 169.7 | 228.4 | 218.5 | 202.6 | 173.6 | 197.9 | 218.1 | 222.1 | 189.1
AHv  (Hvx-Vvnwz) -4.3 -5.4 -20.4 -9.9 -25.8 | -b5.2 +20.2 | +23.2 | -8.8

Y.S.(MPa) 343 323 317 419 414 406 371 379 397

AY.S.(MPa) -20 -26 -5 -13 +8 +26

T.S.(MPa) 512 503 495 565 562 560 529 533 550

AT.S.(MPa) -15 -17 -3 -5 +4 +21

Counts Fe

Elmt Element Atomic

4000 % %

SK 0.43 0.45

VK 6.27 1043

MnK 075 0.73

FeK 9255  88.40

Fe Total 100.00  100.00

2000 H
vV Fe
s

Energy (Ka)

Fig. 11 TEM structure and result of EDS analysis for VX(X: C, N) precipitates at HAZ 2 area in

Fe-Mn-V steel
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Fig. 12 TEM structure and result of EDS analysis for NbX(X: C N) prec1p1tates at HAZ 2 area in

Fe-Mn-Nb steel
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