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Hot-rolled Steel Sheet with Excellent Flash Weldability for

Automobile Wheel Rim Use

Nobuyuki YAMAUGHI, Kazutoshi KUNISHIGE, Takao TAKA, and Noriaki NAGAO

Synopsis:

As for the steels for wheel rim, CC killed steel will be more prevalent instead of rimmed steel in

accordance with the increase of CC ratio in steel production.

In addition, from the point of weight

reduction of cars, high strength steels are tried to put into practice. As far as wheel rim is concerned,

flash weldability is very important as well as formability of steels.
In this report, flash weldability of CC killed steel, HSLA (High Strength Low Alloy) and DP (Pual

Phase) steels are investigated.

In flash welding of CC killed steel, control of Al content, in addition

to Si and Mn contents, is found to be required in order to avoid the formation of Si-Mn-Al oxide.
On the other hand, coiling temperature is important in high strength steels, especially DP steels, in
order to prevent softening of weld heat affected zone.
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Table 1. Flash welding conditions.
Flashing ) Initia]jt,igfi, 8.727
voltage Final stage 5.5
Flashing time (s) 2, 4, 8
Flashing distance (mm) 6, 12
Upset distance (mm) 2.5~7.5

Upset current 0
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Fig. 1. Evaluating method of defect percentage
on the weld line.
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Table 2. Chemical composition (wt%)and tensile properties of steels used.

Thick . ) TS YP El

Seel () c St Mn F s Al Ggt/mme) (kgt/mm?) ()
A 3.2 0.08 <0.01 0.28 0.008 0.006 - 36.4 23.6 44.4
B 2.6 0.05 <0.01 0.28 0.007 0.005 — 37.0 26.0 - 43.5
(¢} 3.2 0.05 0.01 0.14 0.012 0.008 0.065 39.7 31.2 39.0
D 3.2 0.08 0.01 0.32 0.010 0.006 0.062 37.8 25.4 45.0
E 3.2 0.07 0.03 0.30 0.014 0.006 0.040 38.4 25.9 41.0
F 3.2 0.04 <0.01 0.19 0.009 0.005 0.022 33.4 22.9 50.0
G 2.6 0.05 0.01 0.15 0.015 0.008 0.040 38.2 28.2 41.0
H 2.6 0.07 0.05 0.34 0.010 0.010 0.036 37.9 27.5 44.0
I 2.6 0.13 0.12 0.82 0.015 0.004 0.023 47.2 33.1 37.0

{a) Defect on the weld line,

Photo. 1.

(b) Defect caused by inclusion
Appearance of typical defects in the bending test.

— 296 —



=¥

Ty BEROENIT RS - - ) A FRBIERIK 1423

Flashing distance  6mm
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Fig. 2. Effect of flashing time on the defect
percentage in the various CC killed steels.
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Fig. 3. Effect of flashing time on ‘the defect
percentage in the rimmed steels.
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Photo. 2. Characteristic X-ray image of fracture surface on the weld line by EPMA.,

(b)

Smm
| S |

(a) Plate edge of flashing
(b) Vertical section of the above (a)

Photo. 3. Appearance of melting surface in the
flashing stage.
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Fig. 4. Effect of Al content on the defect
percentage in the CC killed steels.
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Fig. 5. Effect of upset distance on the defect
percentage in high strength and mild steels.
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Photo. 4. Appearance of failure in fabrication of
a high strength steel wheel rim (a) and localized
necking in weld heat affected zone (b), respec—
tively.
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Table 3. Chemical compositions of high strength steels (wt%) used for the study of failures occurring

in the weld heat affected zone.

Steel (o] Si Mn P S Al N Nb Remarks
A 0.08 0.10 1.62 0.019 0.002 0.038 0.0042 — DP steel
B 0.09 0.13 1.31 0.016 0.002 0.020 0.0040 0.03 HSLA steel
(¢ 0.08 0.48 1.83 0.003 0.005 0.049 0.0061 — Laboratory test steel

A : Coiled at about 200°C at hot-strip mills
B : Coiled at about 600°C at hot-strip mills

C : Simulated-coiled at various temperature from 600°C to room temp.

Table 4. Flash welding conditions.

Flashing ) Initial stage 8.2
voltage Final stage 5.5
Flashing time (s) 8
Flashing distance {mm) 12
Upset distance (mm) 4
0

Upset current

Welded steel sheet size
2.9t% 200 wXImm or 3.5tx 150 wX Imm

Table 5. Mechanical properties of DP and HSLA
steels.

DP steel HSLA steel
TS (kgf/mm?) 61.8 55.0
YP (kgf/mm?) 42.2 43.9
YR 0.68 0.80
El (9) 28.4 25.8
YPE (9) 0.0 0.4
Thickmess (mm) 2.9 2.9
(JIS 13 B)
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Fig. 6. Comparison of DP and HSLA steels in

hardness distribution before tensile test and in

thickness distribution after tensile strain.
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Fig. 7. Effect of coiling temperature on tensile

strength (TS) and yield ratio (YR) in the as-

rolled condition (a) and on elongation (EI) in

flash welded condition (b).

weid Interface

Photo. 5. Change of fracture position with coiling
temperature in flash welded joint tensile test,
figures showing coiling temperature.
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Fig. 8. Change of hardness distribution across a
flash weld interface with coiling temperature.
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Fig. 9. Time-temperature curves obtained at each
portion during flash welding process.
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Fig. 10. Effect of tempering temperature on the
ferrite-pearlitic steel coiled at various temper-
ature, containing 0.089,C, 0.159%Si, 0.46%Mn,
0.049%Al1 and 0.00429;N.
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TS ¥ KRBT E .

SEBE, Fig. 6 o 600°C % XH v o HSLA &% L8
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ELEFTicEBbhs HAZ OB CRHIME gL
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TREW LB EBRENB, nds, <444 MR DP
AR L D BRI TV D CTRIEMED B 51, 4 LARF)
ThRZE VW EBbh 3,

4. &

CC o VERPRENIME A A — - V) AEAT 3
LRCHMBERD 7 5, v BENY, BEERVTE
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MERTYEHTHLUTDERS Y TH B,

(1) V) 2 lRCRAET BB IEY, W7
D DETFET HEN L BEREECRETLEHR (B
LAy F V7)) WRHIXHB.

(2) U AVEHSSCC*1 FE~ORBCKEE LT
B BEINR, BEPCERETHENT, T OEEIZ
Ty 7y PR HBLE ST E4HE 5T 5
(81, Mn, Al) ROEHTH 5.

(3) BtYHohTh, HICRIEL k30 EaAY
BT5 AloBtsThy, Al EEEYERT S &
WL CCxn FEDHA — A+ ) A~NDOEAITTTEE S
£5.

(4) BERIBAORA -1 - ) a~OBEBEELTH
BlisnEliug, EREAUACHEBEREERTALS
FyFVIERTHD, TOWHIE Acy EH~# 600°C
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(5) = oikfbix, HSLA TR bhigu 2t DP
WMTHEZBCED LS, L L, 300°C L) EoBER%E X
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