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Application of Damage Criterion in Strech Forming of Tailor Rolled Blank
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School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: The fracture behavior of tailor rolled blank is different from that of the blank with same thickness

because of its non-uniformity in cross section. To study the fracture behavior of tailor rolled blank, we built a

constitutive equation between damage variable and strain by a combination of uniaxial tensile tests and repeated

loading experiments. The established constitutive relationship was embedded in the Abaqus software for tensile

simulation experiments. The results suggest a nonlinear relationship between damage variable and strain. The

damage variable increases faster with increasing strain during early stage but slower during later stage. The

fracture position and stress-displacement curve obtained by finite element simulation is well consistent with

experimental results, which verifies the accuracy of the damage criterion.
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Fig. 1  Cross section of tailor rolled blank along

direction of stretch

a ‘Mo

100 D

6.25

250

30 ) 110
X E— ——

b

30

12.5

B2 ZERRAHERT(BA:mm):
() EXFEXR~THEE, (b)TERX
Fig. 2 Specimen sizes of tailor rolled blank (unit:mm) :

(a)thin and thick zones in the same size, (b) transition zone
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Tab. 1 Mechanical property parameters of tailor rolled blank
AR A7 [ / GPa JEIRIRIE / MPa HTHIIRJE / MPa BEfLIE 4L AL R EL/ MPa WK /% JHk L
WX 202 398 473 0.28 975 16.7 0.84
X 198 240 312 0.25 703 7 0.76
JEIX 198 486 530 0.26 1033 16.3 091
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Fig. 3  Stretching results of tailor rolled blank in

different zones
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Fig. 4 True stress-strain curves of

tailor rolled blank in different zones
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Tab.2 Results of loading and unloading of tailor rolled

blank in different zones
KOst e Lk ek
WEER HURER

NS Wi
X A B E,/ GPa D.

WX 017 202 0.22 0.93 0.98
JEX0.105 198 0.19 0.74 0.94
X 0.043 198 0.23 0.81 0.92
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Fig.5 Relationships between elastic modulus and strain of specimens in different zones: (a) thin zone, (b) thick zone, (¢) transition

zone ; Relationships between damage and strain of specimens in different zones: (d) thin zone, (e) thick zone, (f) transition zone
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Fig. 6 Finite element model of uniaxial tensile specimen
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Fig. 7  Strain distribution contours of

uniaxial tensile specimen
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Fig. 8 Curves of experimental and simulated
stress-displacement
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