JFE $i#k No. 9
(2005 4E 8 H) p.30-35

SiREEE E B ERHE
High Performance Steel Tubes for Automotive Parts
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Abstract:

JFE Steel has newly developed two kinds of steel tubes having excellent fatigue endurance for automotive suspension parts.
The tube employed to torsion beam has an excellent combination of fatigue endurance, hydro-formability and delayed fracture
resistance. These properties can be obtained by the low C (less than 0.3%) based chemistry and the high precision controlled
rolling and cooling technique in hot rolling. Further developed steel tube for stabilizer exhibits also excellent fatigue endurance
induced from its high 7value (more than 1.5) property. This excellent crystallographic characteristics can be obtained by the
warm reducing in the “HISTORY” process and contribute to improve the fatigue life by suppressing the wall thickness
reduction during bending applications. Moreover, JFE Steel has been promoting the application of steel tube to automotive
suspension parts, with not only newly developed steel tubes mentioned above, but also with the analysis of the formability of
high strength tube in rotary draw bending process and the development of the related new rotary bending method without

both mandrel and wiper.
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- HISTORY tubes
- Electric resistance welded tubes
with excellent formability
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Forming process

- Evaluation of formed tubes
- Non-destructive inspection
- Finite element analysis

- Tube hydroforming
- Tube-forming process
- Data base of tube formability,

Fig.1 Schematic description of correlated development items
for tube applications to automotive structural parts
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Photo 1 Optical micrographs of heat treated specimens for
torsion fatigue test ((a) Ferrite and martensite; TS =
920 MPa, (b) Martensite; TS = 1 380 MPa, (c) Ferrite
and pearlite; TS = 540 MPa)
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Fig.2 Fatigue endurance (S-N) curves of high tensile steels
under completely reversed torsion
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Table 1 Charpy impact properties and delayed fracture

resistance
Charpy impact properties r)éz%:gffcgracture
HV10 -
VE, (U /sz) VTrs (°C) Time to fracture
431 113 —100 >240
454 103 — 80 >240

HV10: Vickers hardness obtained using a 10 kgf force
VE,: Charpy absorbed energy at 0°C
vTrs: Charpy fracture appearance transition temperature
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Fatigue endurance

Quenching distortion
resistance
- Low C (<0.3)

- Low C,, (<0.6)

Hardenability

Toughness Formability

Delayed fracture
resistance

C,,: Carbon equivalent; C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14(JIS)

Fig.3 Concept of developed steel tube for torsion beam

Photo 2 Rear axle to which the developed steel tube for
torsion beam is applied
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Table 2 Typical properties of developed steel tube for quench type torsion beam

Formability, : Quenching

El (%) Hardenability* | Fatgue 1%¥?§$’ Paintability | Arc weldability | Defayed fracture | gigiortion

(JIS 12A) endurance virs esistance resistance
26 —=30 Good —80 Good Good No fracture Good

El: Elongation, *Critical cooling rate from 950°C (°C/s), **Four-point bending test in 1 N HCI
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Table 3 Tensile properties of STKM 15 A (JIS 12A, 3.2 mm

thickness)
YS TS uEl total El B
(MPa) | (MPa) | (%) (%)
HISTORY tube 532 | 638 | 179 | 309 | 152
Conventional ERW
steel tube 515 614 13.7 26.9 0.89

YS: Yielding stress, TS: Tensile strength, uEl: Uniform elongation,
total El: Total elongation, r: Lankford value
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Steel grade: STKM 15 A Bending angle: 90°
Size: 63.5 mm¢ X 3.2 mm¢ Without back-boost
Bending radius: R130 mm
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Fig.4 Maximum reduction of thickness in stretch-bending test
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Photo 3 HISTORY tube application to automotive stabilizer
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Fig.5 Comparison of fatigue property between HISTORY tube
and conventional ERW steel tube
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Fig.6 Schematic illustration of tube rotary draw bending
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Specimen E is TS780 MPa grade HISTORY tube, which is compared
by that of conventional electric resistance welded steel pipe type C.

Fig.7 Wall thickness distribution of high tensile steel tubes in
rotary draw bending
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Table 4 Tensile properties of steel tubes for rotary draw bending (OD63.5 X #3.2 mm)

Pines YS TS El n-value
P (MPa) (MPa) (%) (e=5-15%)
A As rolled pipe 515 614 27 0.11
ERW steel pipes B Heat treated at 900°C 384 581 31 0.20
C Heat treated at 900°C 576 711 21 <0.10
D The same material as A and B 532 638 31 0.20
HISTORY pipes
E The same material as C 565 796 25 <0.10
YS: Yielding stress, TS: Tensile strength, El: Elongation
JFE ##t No.9 (200548 H) — 34 —
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(a) Rotary draw bending (b) New bending method

Photo 4 Shapes of bent tubes (Tube size: ¢70 X 2.6 mm,
780 MPa grade ERW steel tube)
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