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Abstract: Hot forming using boron steel is currently used for manufacturing low-weight automobile body parts, and a
high tensile strength of about 1,500 MPa is obtained after hot forming. However, a high fatigue life is a more important
factor than high strength when it is used for automobile suspension parts. A tubular torsion beam axle (TTBA) is one of
these suspension parts, and this research deals with the fatigue characteristic of TTBA using hot forming. The low
cyclic fatigue life of boron steel is investigated according to the cooling method. In addition, a structural and fatigue
analysis of TTBA is performed to predict the fatigue life. The stress concentration that occurs in the tubular torsion
beam is found, and the longest fatigue life occurs when rapid cooling is utilized in the TTBA fabrication.
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Table 1 Chemical compositions of boron steel (wt. %)

Elements| C Si Mn P S B Fe

Contents| 0.24 | 0.22 | 1.19 | 0.01 [0.002(0.002| Bal.
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Table 2 The results of tensile test

Tensile Yield Eloneation
Condition strength strength (5)
(MPa) (MPa) ’
Air cooling 824 591 14
Oil cooling 1,098 877 10
Water cooling 1,622 1,296 9
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Fig. 1 Engineering stress - strain curves according to
cooling methods
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Table 3 Fatigue properties according to cooling methods

& c oy b K' n'
Al.r 0.72 | -0.63 [ 1,959 |-0.15[{2,606| 0.32
cooling
0Oil
. 10 -1.09 | 3,777 | -0.17 | 2,844 | 0.24
cooling
Water |6 618 | -0.61 | 7,084 | -0.23 [9,015 | 0.41
cooling
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Fig. 2 Strain amplitude vs reversals to failure according
to cooling methods
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Fig. 3 Finite element model and boundary condition of
tubular torsion beam axle for structural simulation
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Fig. 4 Stress distribution of tubular torsion beam axle
after structural simulation
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Table 4 Fatigue life after fatigue simulation

DP590 A1.r 01.1 Wat.er
cooling | cooling | cooling
Fatigue
Life 147,000 | 154,000 | 155,000 | 859,000
(Cycles)

- / Fatigue fracture area

a@,

!

Fig. 5 Fatigue life distribution of tubular torsion beam
axle which has Air cooling fatigue properties
after fatigue simulation
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(b) Lower die

Fig. 6 Dies for hot forming
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Fig. 7 Prototype of tubular torsion beam and hardness
distribution at the cross section of the center of
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Fig. 8 Prototype of tubular torsion beam axle
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