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Fractal on hot deformed microstructure of Ti-15-3 alloy

LI Ping, XUE Ke-min

(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: On the basis of Matlab software, the image treatment and fractal analysis by box counting program were
developed. The systematic fractal analysis of TEM images of Ti-15-3 alloy after compression deformation at different
temperatures, strains and strain rates were conducted. The results show that the hot deformed microstructures of Ti-15-3
alloy have the characteristic of fractal and can be described quantitatively by fractal dimension. The fractal dimension
decreases with increasing temperature and increases with increasing strain and strain rate. Furthermore, with increasing
flow stress, the fractal dimension of corresponding microstructure increases. The fractal dimension reveals the degree of

dynamic softening during hot deformation and the magnitude of deformation resistance. With decreasing fractal

dimension, the softening degree increases and the deformation resistance decreases.
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Fig.3  Fractal dimension of microstructure at different

magnifications
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Fig.4 Effects of deformation parameters on fractal dimension
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Fig.5 TEM images of Ti-15-3 alloy deformed at different
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Fig.6 Relationship between fractal dimension and flow stress

of Ti-15-3 alloy during hot deformation

FIXALGEN . 2BV A R AL R i e o i
M5, SRR IEIT R SChr i X sl
M MR 2 P RO D RE R 73 AT 3R A1 T —Ffra]
REMI AT T B (EARTERIZE, RN 7 2Bl
FHI S TEUEROAN A, AH I TEAE R AR A A 3
HAFIHT o

D) [ SMASHEA R L, A AR
AU, 2R W] Ti-15-3 & e HIBPEAR T B4 230 58

A AR AUE K 73 TR AL, 7T LRI S
RF%%%%W%ﬁﬂﬁﬁﬁﬁiﬁﬁ

2) AT TS BO0 I R Wi S A 4 SR 1T 52
Hor A AETTRARTE I, B AR A
LY ZuE S PNV &2 4] T e B i
YERIG K

3) VAN MR, FAL B IR 173 T
iR QIR N

hS

REFERENCES

[11  PYUN S I, RHEE C K. An investigation of fractal characteristics
of mesoporous carbon electrodes with various pore structures[J].
Electrochimcia Acta, 2004, 49(24): 4171-4180.

[2] RIBEIRO M F, HOROVISTIZ A L, JESUINO G A, HEIN O,
ABBADE P, CRNKOVIC J. Fractal analysis of eroded surfaces
by digital image processing[J]. Materials Letters, 2002, 56(4):
512-517.

[3] KUSIAK J, KUZIAK R. Modeling of microstructure and
mechanical properties of steel using the artificial neural
network[J]. Journal of Materials Processing Technology, 2002,
127: 115-121.

[4] AHMED H, WELLS M A, MAIJER D M, HOWES B J,
WINDEN M R. Modelling of microstructure evolution during
hot rolling of AA5083 using an internal state variable approach
integrated into an FE model[J]. Mater Sci Eng A, 2005, 390:
278-290.

[5] RAFAEL C. On the variation of grain size and fractal dimension
in an austenitic stainless steel[J]. Materials characterization,
2001, 46(5): 353—358.

[6] WAN F Y, YUAN Z D. Recognition and classification of
metallography via fractional dimension[C]// Proceeding of the
4th World Congress on Intelligent Control and Automation.
Shanghai: East China University of Science and Technology
Press, 2002: 10—14.

[71  3ET 0, FERE ARSI A AR AE[T]. HUAR T
kL 2003, 27(4): 2426
GONG Ning-feng, WANG Yin-pei. The fractal characters of
non-metal inclusions[J]. Materials for Mechanical Engineering,
2003, 27(4): 24-26.

[8] EENEE, BR 2, FhmEN]. BROGHRERILIIEAITN]. Bk

—W 51T, 2003, 39(3): 129-132.
WANG Yin-pei, CHEN Jin, SUN Xiao-ming. Investigation on
the fractal dimension of pearlite spheroidization[J]. Physical
Testing and Chemical Analysis, Part A: Physical Testing, 2003,
39(3): 129-132.

91 % °F, skiZe, EFRE, SN KEEBE X EG I TR R



1024

hEA SR R

2009 ¥ 6 A

[10]

[11]

[12]

SRR AT, RACKEEER, 2006, 27(1): 57-59.

LI Ping, ZHANG Ting-an, WANG Bing-hong, DOU Zhi-he.
Grey level threshold used to extract fractal characteristic
parameter of surface topography Journal of
Northeastern University, 2006, 27(1): 57-59.

Wy, ERL EEEZaEIROEIT. UM R R,
2006, 26(1): 11-15.

CAO Li, SHI

image[J].

Zhong-ke. Studying to metal image
segmentation[J]. Journal of Aeronautical Materials, 2006, 26(1):
11-15.

KUZNETSOV P V, PANIN V E, SCHREIBER J. Fractal
dimension as a characteristic of deformation stages of austenite
stainless steel under tensile load[J]. Theoretical and Applied
Fracture Mechanics, 2001, 35(2): 171-177.

AR, WAOE, W B OOSCE IR S S5

[13]

[14]

[15]

TR PR E AR, 2004, 33(1): 19-24.

PENG Rui-dong, XIE He-ping, JU Yang. Computation method
of fractal dimension for 2-D digital image[J]. Journal of China
University of Mining & Technology, 2004, 33(1): 19-24.
LOPEZ F M, VILCHEZ M A C, ALVAREZ R H. An improved
method to estimate the fractal dimension of physical fractals
based on the Hausdorff definition[J]. Physica A, 2001, 298(3/4):
387-399.

ZAISER M, BAY K, HAHNER P. Fractal analysis of
deformation-induced dislocation patterns[J]. Acta Materialia,
1999, 47(8): 2463—2476.

HAHNER P, ZAISER M. Dislocation dynamics and work
hardening of fractal dislocation cell structure[J]. Mater Sci Eng

A, 1999, 272: 443—454.

(4RI FTHRLD)



