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Development of Hot-Rolled High-Strength Steel Sheets for Wheel Rim Use
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Synopsis :

Formability of flash-butt welded joints in various types of steel sheets has been
investigated, and based on the results of this investigation, hot-rolled high-strength
steel sheets for wheel rim use have been developed. Formability in stretch-flanging is
closely related to changes in hardness and microstructure at the weld. Dual phase steels
soften at the heat affected zone, and fracture at a portion in the forming process. Solid
solution hardened steels do not soften, but result in high production cost of the steels.
Precipitation hardened steels do not soften, only when their newly-proposed carbon
equivalent, Caq (FBW) , is raised in proportion to their tensile strength. It is concluded,
therefore, that the precipitation hardened steel with a higher carbon equivalent is the
best material of all. Formability in bending is affected by the Mn/Si ratio and S content.
Contorolling the Mn/Si ratio within the range of 4 to 23 and lowering the S content are

effective to suppress penetrator cracking and hook cracking, respecitively.

(c)JFE Steel Corporation, 2003

AINIROR—UnbEETEET,




R =) 2B BRE S sR T SRR OO B

Development of Hot-Rolled High-Strength Steel Sheets for Wheel Rim Use

% B E
Masatoshi Shinozaki
mofE B o

Toshiyuki Kato

Synopsis:

® &

A I ®

EL**

Hirashi Hashimoto

****#

Toshio Irie

Formability of {lash-butt welded joints in various types of steel sheets has been investigated, and based on the

results of this investigation, hot-rolled high-strength steel sheets for wheel rim use have been developed.

Formability in stretch-flanging is ¢losely related tochanges in hardness and microstructure at the weld. Dual

phase steels soften at the heat affected zone, and fracture at a portion in the forming process. Solid solution

hardened steels do not soften, but result in high production cost of the steels. Precipitation hardened steels do not

solten, only when their newly-proposed carbon equivalent, Cgyy (FBW), is raised in proportion to their tensile

strength. It is concluded, therefore, that the precipitation hardened steel with a higher carbon equivalent is the

best material of all.

Formability in bending is affected by the Mn/Si ratic and S content, Controlling the Mn/Si ratio within the

range of 4 to 23 and lowering the S content are effective to suppress penetrator cracking and hook cracking,

respectively.
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Fig. 2 Basic steps in flash-butt welding
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Fig. 1 Manufacturing process of wheel rim
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Fig. 3 Diagram in flash-butt welding
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Table 2 Conditions of flash-butt welding

Size of specimen 1 50 X 90mm®

Secondary voltage 4.8V
Curve of platen travel Parabola
Flash- off 13mm
Flashing time 4.0s
Upsetting current time 0.2s

Upsetting forece Exerted by compressed air

Upset distance 5 mm
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Table 1 Chemical composition of steels used (wt%)

c Si Mn P S Al Cr Nb, Ti, V Mo B
0,04 0.02 0.2 0.02 0.001 0.001 0.03 Tr Tr Tr
~0.15 ~1.1 ~25 ’ ~ .02 ~0.06 ~1.0 ~0.06 ~0.2 ~0.005
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Fig. 4 Method of side-bend testing
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Fig. 5 Method of bending test and defects in
welded joint
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1.44%Mn-0.044%Nb, TS : 61 kgf/mm?)
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Photo. 6 Appearance of penetrator crack

— 54 —



Vol. 14 No. 4

oA L 1) AR B R SR T S 00 1 459

Photo. 7 Cross section of penetrator erack
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and Mn/Si
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Fig. 11 Effect of S content on hook cracking ratio
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Table 3 Chemical composition and hardness at weld interface of steels used for mutliple regression calculation
Chemical compositions {wt%)

Steel Hy
C S Mn Cr Nb v Ti Mo B
1 0.08 0.02 0.26 0.03 - — — - — 110
2 0,08 0.02 0.30 0.03 — — — — — 140
3 0.07 1.01 1.75 0.03 b — — — 255
4 0.09 0.30 LK 0.03 — — — - — 225
5 0.67 0.52 1.78 0.03 — — — — 210
6 0.07 0.53 1.55 (.03 — — — — — 204

7 0.10 0.04 1.51 ¢.50 - — — -~ - 215 |
8 0.10 0.22 1.99 1.02 — — — — — 295
9 0.10 0.98 1.98 0.03 0.09 — — — — 274
10 0.10 .20 1.50 0.03 0.04 — — — — 214
11 0.10 0.99 1.52 0.03 — — 0.11 — — 258
12 0,04 0.04 1.07 0.03 — - 0.05 — - 152
13 0.05 0.04 1.26 0.03 - — 0.06 — - 166
14 0.05 0.55 1.25 0.03 — . 0.06 — — 215
15 0.10 0.21 1.00 0.03 0.04 — — - 183
16 0.10 0.03 0.48 0.03 - 0.10 — - - 169
17 0.09 0.05 1.10 0.03 0.01 — 0.05 -— — 210
18 0.07 0.04 1.15 0.03 0.01 — 0.05 — patiy
19 0.08 0.05 1.07 0.03 0.01 — 0.05 — — 180
20 0.10 0.35 1.44 0.03 0.04 0.05 — — - 241
21 0.10 0.97 1.00 0.03 — — - .19 — 215
22 0.1¢ 0.04 1.4% 0.03 - - - - 0.004 219
23 0.07 0.50 1.50 0.03 — - - — 0.005 200
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BHY, TRL5OMlA) AHMEHCEL T3
ZEAEERE NS, Tk o EL HICEDTNT
BE AN HERIIERN ) ARTET 4 o T
LRELHERIZ LN I ENELEEINT S,

6. &

Table 4 Chemical compositions in hot rolled high-strength steel sheets produced for wheel rim use

Crade Chemical compositions {wt%) c., [FUBW] -
C Si Mn P s Al Nb fwe) Mn/Si
55kgf/mm? 0.10 0.15 1.39 0.017 0.001 0.045 0.035 0.388 9
60kgl/mm? 013 0.16 1.38 0.015 0.001 0.043 0.046 0.403 9

Table 5 Mechanical properties of sheets and welded joints in hot rolled high-strength steel sheets produced for

wheel rim use

. Tensile properties*
Grade Th;ckn)ess Specimen SEl (%)
o YS (egf/mm?) | TS (kef/mm?) Ei (%)
Sheet 48 57 29 44
5bkgf/mm? 2.6
Welded joint 47 58 24 31
Sheet 56 64 2% 40
60kgf/mm? 2.6
Welded joint 55 63 22 30

+ JIS No.5 Specimen

.
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