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The Variations of Tensile and Fatigue Properties
in the Hydroforming Process

Chung-Seog Oh*, Soon-Gue Kwon" and Byung-1k Choi™

ABSTRACT

Hydroforming is a cost-effective way of shaping malleable metals such as steel into lightweight, structurally stiff and
strong pieces. With the increased use of the hydroformed components in automotive and aerospace industries, it is
important to know the variations of the mechanical properties in the hydroforming process for the safe and durable
design purposes. The principal goal of this paper is to suggest a procedure to evaluate the variations of tensile and
fatigue properties before and after a hydroforming process. A miniature specimen, which is 0.2 mm thick and 2.3 mm
wide, is devised and tested to measure local mechanical properties. The effects of specimen size, defects, surface
roughness, and hydroforming on the tensile and fatigue behaviors are discussed.
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715349 R =stress ratio
R, = average surface roughness

6  =displacement/stroke
e  =engincering strain 1. B
§  =engineering stress
S, = stress amplitude slol=2 XY 7]% (hydroforming technology) <
(Syo2 = 0.2 % offset yield strength & B4 (ube)t} BA (shee)yS YA [Ee F
Sy = ultimate tensile strength 3 (die)d]l AT F AT (hydrostatic pressure)
b  =Basquin’s exponent & Qe fslE Mo wEE Bt JMEW
E  =Young’s modulus 9 ot ? o] shFHEE A, 7HE, ZH
N = number of cycles to failure o FFo] &o] 8 FHE AEAA A H
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Fig. 2 Standard tensile specimen [unit: mm]

150

Fig. 3 Standard fatigue specimen [unit: mm]
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Fig. 4 Miniature specimen orientation and machining
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Fig. 5 Miniature specimen [unit: mm]
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Fig. 6 A pair of hydroformed side members
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A% Ao oig JF E H2 AgE A
£250 N, 250 mm £%F¢] HAE 3 (electrodynamic) ]
¥ 7] (Model; MTS Tytron 250, Fig. 8) A}&3I31th,

Fig. 8 An electrodynamic test system
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Fig. 9 A pair of clamping grips and a two-axis
translational stage
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Fig. 10 A typical stress-strain-displacement curve for a
standard specimen (PM)
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Fig. 11 A typical stress-strain-displacement curve for a
miniature specimen (PM; coarse machining)
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Fig. 12 A typical stress-strain-displacement curve for a
miniature specimen (PM; fine machining)
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Fig. 13 A typical stress-strain-displacement curve for a
miniature specimen {HF; coarse machining)
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Table 1 Mechanical properties comparison among 4
types of specimens

Property (Sy)o2 Su No. of
Specimen [MPa] [MPa] Specimen
Standard | 346 +3 492+ 4 5
PM Minil | 368+24 | 514212 6
Mini2 | 365%5 518+ 12 3
HF | Minil | 377452 | 41677 5
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Fig. 14 Stress-life curves

Fig. 15 Coarsely (top) and finely (bottom) machined
miniature specimens

Fig. 16 Microstructures of two miniature specimens
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