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Development of Microscopic Damage Model for Impact Failure Simulation of Polymeric Components
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ABSTRACT

For simulating the final failure of the component
made by polymeric materials based on the microscopic
material properties, the craze density-based softening law
was proposed phenomelogically. The microscopic
experiment was conducted while the craze nucleation,
growth and fibril failure were simulated with the coarse
grained molecular dynamics model. The impact failure
test was also conducted on the actual automotive part.
The deceleration time history and damage zone
development were compared with those obtained by the
finite element (FE) analysis. As a result, the usefulness
of the constitutive equations with microscopic material
properties was validated.
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Fig. 1 Schematic illustration of compact tension test
specimen
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Fig. 2 Photograph of tensile stage and specimen in
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Fig. 3 Photograph of crack tip during tensile test
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Fig. 4 Photograph of bumper face impact test
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Fig. 5 Coarse molecular dynamics model

25
! ! —Test at 4 mm/min
20 |- oo Ao
| | — Test at 0.5 mm/min
Zf e S N\
o : i
g | |
S10p------ A TN T
Ty
O L L L L
0 0.01 0.02 0.03 0.04 0.05

Displacement (mm)

Fig. 6 Load displacement histories of crack tip
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Fig. 7 Photograph of crack tip during tensile loading
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Fig. 8 Load displacement histories of bulk model
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Fig. 9 Simulated deformation of crack tip in coarse
molecular dynamics model
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Fig. 10 Schematic explanation of softening factor and
craze density
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Fig. 11 Finite element model of bumper face
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Fig. 12 Deceleration time histories of bumper face test

Fig. 13 Deformation of bumper face
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distribution of bumper face

5. &8

AR LIV T OBEBRRELIEHMT 2 X 7 1 A — )L O EL
NTGRA—RERBLTHBIRS D, IT/BAT—)ILTD
FEREMBUC T FEN A ETIVEROVT, 7 LA AR, K
B, 747 V)kizETY V7L, BRI B L TR
LRIz BigamciE R L. £ LT, ARLRIZEAd % C
ETEESDETIVERREL, #f L)L TOmERLE
AT L7z, 2 OREER, FBih L)L TOIER & iR
WROV—EZRL, ATEOAMEDHRE N,

BE

(1) Keuerleber, M., Eyerer, P.: High-Speed Tensile Testing
of Polymers and its Aplication to an Instrument Panel,
Roell Amsler Symposium(2002)

(2) Baljon, A. R. C., Robbins, M. O.: Energy Dissipation

During Rupture of Adhesive Bonds, Science, Vol.271,
p.482-484(1996)

(3) Baljon, A. R. C., Robbins, M. O.: Simulation of Crazing in
Polymer Glasses: Effect of Chain Length and Surface
Tension, Macromolecules, Vol.34, No.12, p.4200-4209
(2001)

(4) Rottler, J., Barsky, S., Robbins, M. O.: Cracks and Crazes:
On calculating the Macroscopic Fracture Energy of
Glassy Polymers from Molecular Simulations, Phys. Rev.
Lett. Vol.89, No.14, p.148304-1-148301-4(2002)

(5) Rottler, J., Robbins, M. O.: Jamming under Tension in
Polymer Crazes, Phys. Rev. Lett. Vol.89, No.19, p.195501-
1-195501-4(2002)

(6) Rottler, J., Robbins, M. O.: Growth, Microstructure and
Failure of Crazes in Glassy Polymers, Phys. Rev. E.,
Vol.68, No.1, p.011801-1-011801-18(2003)

(7) Boyce, M. C., Parks, D. M., Argon, A. S.: Large Inelastic
Deformation of Glassy Polymers. Part I: Rate Dependent
Constitutive Model, Mech. Mater., Vol.7, No.1, p.15-33
(1988)

(8) Arruda, E. M., Boyce, M. C.: Evolution of Plastic
Anisotropy in Amorphous Polymers During Finite
Straining, Int. J. Plast., Vol.9, No.6, p.697-720(1993)

(9) Wu, P. D., Van der Giessen, E.: On Improved Network
Models for Rubber Elasticity and Their Applications to
Orientation Hardening in Glassy Polymers, J. Mech. Phys.
Solids, Vol.41, No.3, p.427-456(1993)

(10) A R, /IRE—, SiESR, HE—-2 RS0
KYAMERZE RIS 288, I eETY ey
Ral—yarvEE L, OFREEKFECHRT 2
MO IEHLME),  HABC A 25 R ATR, Vol 68,
No0.668, p.674-681(2002)

QD # ERST, IME—, BIEERN, SE—Z KU <D
KRR TERENC RIS 28, JIPNETY VT Ly
Ral—yaryEE2W, WhANCED SR RETIV
LT DFEMMRNT), HARIR A5 CH AfR, Vol.6s,
No.668, p.682-689(2002)

(12) /MG —, EHKRT, B2 7 LA XOMEE, 1H
Wz B R UTe R < Ol THIE 7TV K ORER
Ralb—Yary, HAEWAZ®R AR, Vol.70,
No0.694, p.810-817(2004)

(13) HIES, WEREA, I, &2 IERIERY
SATH T 2L LRI KT 7 L1 XDEE, KE
FBILET VRS TP 22 L—a >, HE
BRI 2 205 17 [T ) SR T 2 Al R AR, p.129-130
(2004)

(14) witdtr, &MER, ®EIE—, (ARG BRI
Wil COIFE « OF RBERAFEEEIICONT 1 -

— 112 —



BIEEBMOEERIEY S 1L — 3 VDIcHDHIRIBHEE T IVOREHE

ERfE R D#E%X, Honda R&D Technical Review, Vol. 16,
No.1, p.165-172

(15) Mae, H.: Fracture simulation of elastomer blended
polypropylene based on elastoviscoplastic constitutive
equation with craze and tensile softening law, J. Phys.
IV, Vol.134, p.1215-1223(2006)

(16) COGNAC User’s Manual Version 4.2.4(2005)

(17) http://octa.jp

(18) Mae, H.: Analysis on Mechanical Behavior of
Polypropylene by Coarse-Grained Molecular Dynamics
Model, Proceedings of the 13th International Conference
on Deformation, Yield and Fracture of Polymers, p.497-
500(2006)

(19) Mae, H., Kishimoto, K.: Modeling and Simulation of
Impact Failure Characteristic of Polypropylene by
Elastoviscoplastic Constitutive Law, J. Solid Mechanics
and Materials Engineering, Vol.1, No.1, p.35-46(2007)

mE =0

— 113 —





