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Technology of Visualization and Evaluation of Microscopic Fracture

Behavior Inside Fiber Reinforced Plastic Composite Material for
Implementation for MBD/ MBR

AR AT B Rt EHE MET L BEY BB BAT

Chikara Kawamura  Takuya Takahashi ~ Hirosuke Sumida  Tetsuya Sugiyama Masato Ueda

Kl BB B EY =k BB BEA B-T ME B/ "

Satoru Yoneyama Akira Todoroki Toshiaki Miyanaga Kenji Nishida Tomohiro Yokozeki

Ba &
on
Ryo Higuchi

BREDOI-HOERHRELL, ARREDCT-OHOERLLMREN LOMIIZBBEMKICH T IR HRE
THD, ZORRICIFBEZRMIE T THRIMEEROEFNEETH D, MERMOERICIE, BHREENS
Ny IF v 2 LT, SHERNBEMBERNIBETH D, YVATIE, TDORDDAF—T - LT, MHH
Hh 5 EMBEIF £ TEHLLETITS Model Based Development/Model Based Research (MBD/MBR) D&% i
HTED, WHENBRRERODETIIICEDEATWVNS, EDEHIZ, ETIVERILET D7D DHBENRIETRD
AR - FHEREMANETH D,

A TIE, BEABRELICHEVNIRDIBRTI 2EEMEZEMIC, MENARKOAEL - FHERMZEEL -
EHEBN T B0 AIHRILICIE SPring-8 OIS E AWz CTIRIREIRBE D In-situ RBREBZBAADLE, BEE
MWNSBMETH > TH, BEBEOEFEB ZRRAREARMZEBR L /o, FMEICIEHECHIEDRMRZER
L 7 Digital Volume Correlation (DVC) ZF\, MEIORBE TEDH-ERE% EETM BB 2 EE L 1=

Abstract

Achieving both weight reduction of vehicles for low fuel consumption and improvement of crash safety
performance for human life protection is a major task in car development. Innovation of material technology as
well as structural technology is important to achieve such a task. Innovation in material technology requires
efficient and effective technological development that is backcasted from vehicle functions. As an enabler,
Mazda is building Model Based Development/Model Based Research (MBD/MBR) that handle the process
from material development to vehicle development on the desk, working on modeling microscopic phenomena.
We need techniques for visualizing and evaluating microscopic phenomena to verify the model.

In this paper, we will introduce an example of constructing a visualization and evaluation technology for
microscopic phenomena using composite materials, which are highly expected to reduce the weight of the
vehicle body. For visualization, we combined CT using synchrotron radiation with our original in-situ test
equipment, and constructed a technology that can observe the deformation behavior of the loading even for
materials with a small density difference. For the evaluation, we used a Digital Volume Correlation (DVC), which
utilizes the characteristic points of fibers and resins, and constructed a technology that can quantitatively

evaluate the amount of deformation including the inside of the material.
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Fig. 1 Vision of Model Based Design and Research
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Fig. 2 Stress State under a Bending Frame
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Fig. 3 Microscopic Behavior that Determines
Compression Strength
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Table 1 Detail of Test Condition and Resulting Image

Projected X-ray  Imaging X-ray
CT CT
Energy (keV) 15 10
Exposure Time 0.1 0.4
(sec)
Deforcus (mm) 20 2
Image !{esolutlon 325 87
(nm/pixel)
The Number of 2048 X2048 X 2048 X2048 X
Pixels (pixel) 2048 1148
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Projected x-ray micro CT
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Fig. 6 Measurement Methods of Projected and
Imaging X-ray Micro CT
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Fig. 7 Evaluation of Compression Strength in a
Simulated In-situ Test Equipment
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Fig. 8 Comparison of Compressive Strength between
JIS K7018 Type A1 and In-situ Test Equipment
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Fig. 10 3D Image before and after Maximum Force
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Fig. 11 Measurement Results on Fiber Direction after
Maximum Force is Generated
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Fig. 12 Measurement Methods of Displacement
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