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Measurement of dynamic damaged materials by white light axial chromatic aberration
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Abstract: The feasibility of morphologic measurement for Dynamic Damaged Materials by the white light axial chromatic
aberration method was explored, and the internal dynamic damage of materials was characterized and quantized

precisely. First, the surface profile measurement technique based on white light axial chromatic aberration was used to
measure the cross section of samples recovered softly from dynamic impact experiments. Then, the cross section

image and 3D surface topography were obtained by reconstruction of the test data. Finally, based on the test data, a
new method to calculate the damage of samples was established and the damage curve of the samples was
calculated. The results indicate that the axial chromatic aberration measurement can measure a wide range cross
section of the sample(6.9 mm x9.999 mm) without disconnection and can receive a clearly three dimensional
morphology of the sample cross section. The resolution of the damage curve can be improved to 3 m. It means that
the white light axial chromatic aberration method used to measure the dynamic damage sample is effectively. It can
implement a continuous measurements with large scale and high precision and show its characteristics in smaller
operation, simpler calculation and higher resolution.

Keywords: White light interferometry suface profile measurement Axial Chromatic Aberration Dynamic Material
Damage quantitative analysis

WA H i 2013-04-22 {5 [6] H 3 2013-06-24 5 24 g % 4 H i 2013-12-25

FYSICE
R v o TR TR R R I
MIEH

YE# i o(1986-), 5, WA, Wwitd, 200841t nuRl TR 3k A 224, 5 N bR Bl 281405 77 10 P 7T o
{£#% Email: 361145894@qqg.com

5% 3L
[17] 4% msEip EiERgE [J] - f24dt e, 2004, 34 (4): 529-560. YU M H. Advances in strength theories for

materials under complex stress state in the 20th century [J] . Advances in Mechanics, 2004, 34 (4): 529-560.(in
Chinese) [2] BAZANT Z P,CHEN E P. Scaling of structual failure [J] . Applied Mechanics Reviews, 1997, 50(10):593-
627. [3] BRKAME, Fflid:, Dfpar, . Wiskahamzd [I] e Sppik, 1987, 7 (1): 27-33. CHEN D N, WANG D SH, MA S H,
et al.. Two kinds of dynamic fracture [J] . Explosion and Shock Waves, 1987, 7 (1):27-33.(in Chinese) [4] HOPKINSON
B. A method of measuring the pressure produced in the detonation of high explosives or by the impact of bullets [J] .
Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences, 1914, 89(612):411-413. [5]
BREAD B R, MADER C L, VENABLE D. Technique for the determination of dynamic-tensile-strength characteristics [J] .
Journal of Applied Physics, 1967, 38(8): 3271-3275. [6] DAVISON L,STEVENS A L. Continum measures of spall damage
[J] . Journal of Applied Physics, 1972, 43 (3): 988-994. [7] WILLIAMS C, LOVE B. Dynamic failure of materials: a
review [R] . Army Research Lab Aberdeen Probing Ground Md Weapons and Materials Research Directorate , No. ARL-
TR-5275, 2010, 1-35. [8] CURRAN D R, SEAMAN L,SHOCKEY D A. Dynamic failure of solids [J] . Physics Reports, 1987,
147 (5&6): 253-388. [9] MEYERS M A,AIMONE C T. Dynamic fracture (spalling) of metals [J] . Progress in Materials
Science, 1983, 28: 1-96. [10] KANEL G I. Spall fracture: methodological aspects, mechanisms and governing factors
[J] . International Journal of Fracture, 2010, 163 (1-2): 173-191. [11] SEAMAN L, CURRAN D R,CREWDSON R C.



Transformation of observed crack traces on a section to true crack density for fracture calculations [J] . Journal of
Applied Physics, 1978, 49 (10): 5221-5229. [12] KONDROKHINA I N, PODURETS A M, IGNATOVA O N, et al.. Space
distribution of damage at early stage of spall fracture in copper [C] . ECF19, Kazan, Russia, 2013: 1-12. [13] BELAK
J, CAZAMIAS J, FIVEL M, et al.. Microstructural origins of dynamic fracture in ductile metals [R] . Lawrence Livermore
National Laboratory, San Francisco, USA, 2004, No. UCRL-TR-202447. [147] BONTAZ-CARION J,PELLEGRINI Y. X-ray
microtomography analysis of dynamic damage in tantalum [J] . Advanced Engineering, 2006, 8 (6): 480-486. [15] %§
%25 AR B G R AR R B A A I e i [9] BRI T K224, 2008, 30 (8): 23-26. QIML, HE H L. Statistic
analysis of damage distribution in ductile metals under dynamic impact [J] . Journal of Wuhan University of Technology,
2008, 30 (8): 23-26. (in Chinese) [16] DUAN F, QI M L,HE H L. Damage distribution of high purity aluminum under the
impact loading [J] . Advanced Materials Research, 2011, 160-162: 1001-1005. [17] D/N%, mve i, M5, 2. N EOGdt
AT A R RS [J] ke ks TR, 2011, 19 (1): 17-22. MA X J, GAO D ZH, YANG M SH, et al.. Measurement of
thickness of metal thin film by using chromatic confocal spectral technology [J] . Opt. Precision Eng., 2011, 19 (1): 17-
22.(in Chinese) [187 skLLigt, A KL, % BT COBRH T UNTI (3] Sty K% TR, 2004, 12(6): 560-565.
ZHANG Y M, JING W C, ZHANG H X, et al.. Computerized white light scanning interferometer and the application [J] .
Opt. Precision Eng., 2004, 12 (6): 560-565. (in Chinese) [19] s, Mtk 4 itk 4 AR &R IBHIM I [I] St
ks T, 2011, 19 (4): 828-835. WANG SH ZH, XIE T B, CHANG S P. Combined profilometer for ultra-precision
surface topography [J] . Opt. Precision Eng., 2011, 19 (4): 828-835. (in Chinese) [207] %k, 4x4, Sbde, 2. T
TR I A J HoF e (3] -oe 56 11k, 2012, 49:08006. TU L, YU J, FAN ZH W, et al.. Parallel confocal
microscopic detection technique and its research progress [J] . Laser & Optoelectronics Progress, 2012, 49: 08006. (in
Chinese) [217] g, Sl A1 ST 0% (0 2 Ml B8 R LR B & (3] XS HR Stk igas, 2006(10):4-5.  WANG J,
HONG H T, ZOU ZH H. Measurement of roughness surface using optical chromatic sensor [J] . Instrument Technique
and Sensor, 2006(10):4-5. (in Chinese) [227 CHRISTOR P, AIKO R, KLAUS K, et al.. Diffractive elements for chromatic
confocal sensors [J] . Dgao Proceedings, 2005: 106-107. [23] THISSELL W R. Experimental quantitative damage
measurements and void growth model predictions in the spallation of tantalum [J] . 2000, 505: 451-454. [247] fj3:2%.
Al AR b A R ED AR I AT gy [D] -ty sy B Tk %%, 2007. QI M L. Critical Behavior in Dynamic Tensile Fracture
of High Purity Aluminum [D] . Wuhan:Wuhan University of Technology, 2007. (in Chinese) [25] TAKAHASHI J,SUITO H.
Evaluation of the accuracy of the three dimensional size distribution estimated from the Schwartz-Saltykov method

[J] . Metallurgical and Materials Transactions A, 2003, 34A: 171-181.

ES RPN Ve
1. HKSCSAR MRS SRENN LS UG R Gt RO AT D] S TR, 2009,17(2): 314-320

Copyright by g2z T2



