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Application of Plastics CAE: Focusing on

Impact Analysis

Sumitomo Chemical Co., Ltd.
Plastics Technical Center
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Yasuhito Niwa
Tai SHIMASAKI

To review recent topics on impact analysis in the field of plastics, this report outlines the application trends and

analysis techniques followed by an explanation of the characteristic physical properties of resins which may be the

key points for their practical application. First we introduce how we predict yield stress under a wide range of tem-

peratures and strain rates. Second, for the elastic-plastic model, we explain that it may be appropriate to consider

dependence of yield stress on stress state and volume increase due to craze generation. Finally, we show how

fracture behavior depends on temperature and strain rate.
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(b) Impact testing machine

PEEEM  Experimental facilities for Plastics CAE

Plastics CAE
(Product/Material design and product performance evaluation)

< CAE for Polymer Design > < CAE for Product Design >

Structure & Physical Performance &
Composition properties Processability
of Materials of Materials of Products

* CAE: Computer Aided Engineering
CAO: Computer Aided Optimization

BT Plastics CAE system
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BEEEN  Tensile testing results: Relationship
between nominal stress and nominal strain
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BEE  Dependence of yield nominal stress on
temperature and nominal strain rate

@ FEtREM:

S APk 2 0 258 5 A% £\ won Mises? R 55
THiZ. SEPPEIORIRIG I A ERKIEIZSE EMAFE L 2
ZEEFHLTC, DROEIITEREIN TS (W
IR DE AL mBERIC S 2 Z 5 LK) . von
MisesDFEIRGAME, PIBRN TN AR H 72 0 DE A
WrEATILF—DRAEBA 2B EH/LTEHO.,

30

KIEDADPMEH L TOBIRETIIWEIZFER L v &
ZEibhTwa,

%{(O—xx - ny)2+ (Uyy - Gzz)2+ (Gzz - Uxx)2+6 (":iy + Tf/z + Tix)} 2 Oﬁ

)

ZCo 3RERIB T Opn 0y O AZTERRIETT D F K
v T Ty Tl 3R ARSI O KK % KT,

LA Lans, SIEEHE 6l - — 855k - kg
BROEAWZ E DISSTIREEDE W TRIRG A 5 e
5 [R5 270, EIKRTEICRFE LA
Vwvon MisesDFEIR G % B 720 TR E 235
TIEHCGERH 5,

ZZTHOE T, WMEET LA N=2IZL AN S
&, BIEAMRIOBME SRR 2 TE 272 IEMEICRILTE
% &5z il o5k il KO AMiZE &0
RISTTIRAE % B JE U /- M e e tRithf 2 2 3¢ & 264
BEFLDNEH M b, ZOMBETFLTIE. B
RELETRET B2 V4 XI2EHEN5K4 RO %
BERTED, KA FRRLET L LEREMEMNT 5L L8
KIS HAME T35, WiEZ28UR7 Y VI, BRE% 4
A=V E LT, EEADORKE LTERTE S,

0y

@ \UERT Y VB XU X — VB

I ORT V) v AN D 129, 5l
DRSO HEEA FEEAR: ) LB R
BHBAOETEAR (BEEAR: er) OBRRAE BIGIFENTHI
E L7 (Fig. 5) o REWBBIZEREIKRLIZRT VYV
W (~der/des, Fig. 512 %\ BIHZ A5 & F U 7-1iH)
FREMERIC A 5 2l & BN B TE L < /ha <
Kotz, ZhiE, 7TV 2 ILI$MHEE:  (Digital Image
Correlation Method ; DICM) "TOMHITE 54D & [6l%k D
B TH 72 Fig. 5TIIEANKEL LSBT,
K7V VD LR AR SNz, 23k &

o 005 N
- ! Sy
= N A, 0.1m/s
L -0.10 <0
[ \
- \
v \ O.meo/%)
5 -015
> \
2]
=]
<
& -020 | \
Slope: -0.42
-0.25 L ‘

0.0 0.5 1.0
Longitudinal true strain

Parallel part length of the specimen: 57mm

BEEME  Relationship between transverse true
strain and longitudinal true strain

EFRIEZE 2011-1I



ARk, SEVER 7V ¥ O EREERAFEZ N XN &
MWIRIE Xz,

VIR TR TV VIAVNES L BB BIRIE, 2L AR
DRAE LD DB AT U272, iRBRF O RRIA Y
MLz (FThbblEhrdE Db Aro7z) Ttk
THELZEDEEZENEY),

YR 7 v IE, GIRRERIC B 5. MR AGE
JE DB AN MBS IO ST (60) LBIHRA D
oy (&) DWIZAB AR UG (~¢y/é) & LUTE
Fxhapy, ZZcE oMk cor7y vike
DEBNINEEZ I,

PEROBEMEE T TIE, EHEE I ARAZ %
REL T, MUERT Y VIAE0SETEILENE o7
2, BHEMPRHIME AR 7V VAN E w0 S B A
BRLEADINEDEEZEZOLNS,

&= VRBIZOWTIE, MIROZETEIZL 72
AR, 2SR L7284 FOREICHY 5 &
RELT, BTOXS ICHE L7z, Fig.6ICHW\ T, |
FHARO BT ABICERDFE M A 72882, 5k mis
P A O RAT DEFEASIZE 57235, BATD
HRESIEARA F OIS, % &Lz, KA FOREEH
& U 7206 o, & MORHEAIRIC B & R 56 o, D BRI
Q) RX&xs,

F=0,x8=0,x(S-S,) ®)

HeB LT L AT 5 L BRAKOERILZLL
LI, & A — U BB RN 5 AV = IO 1
VR HOT, (9 AW THITE 2,

d=1-04/0,=1-(5-S,)/S=1-1/A+AV/Vy) )

51, YR TV VI HED < BT O£l
MOAX—VHBOEEHE TSI LIZLD, F A —
VBEBOE L BN EAOBRENGS Z LN TE 2,

Tensile Direction
F=04xS=0yx (S-S

A -

! /
l Sy
v ~ 5

Cross-section

BGEEM  stress of damaged material

S

FRIEZE 2011-I

TIAFy JCAEBMDER —ERERZH/OIC—

(3) W)

K Fa L v Rt AW RRER TR A8
DM E A & EAEE OBIHR AL BHUEPI T 7
(Fig. 7)o T ZC. MRS % il 5 5 IE 2 HHIKA
~FEIKD & LIRS OZEIRRE &7 2 2 A, BliGR
BB O — 8 O B8R (v v ) &
B TS5 Z & TE 72 (Table 1),

100 —— Break under uniform deformation (A)

— Break immediately after start of necking (B)
—— Break under propagation of necking (C)

—— Break at the shoulder part of the specimen (D)

Strain at break

-30°C

01 L L L L J
0.01 0.1 1 10 100 1000

Strain rate (s!)
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1IN Break behavior of the specimen at tensile

testing
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D & &TEICIT > T&E 72 19904 RIE T A Tl
SEABPHE L 2 Wi TOMET AT 572, 2 DK%, T
FOF =R Y) THEE IS LU TH#E+ BE T E 5 Tk
AWz, BiEEa v o -2 OWRENMERr 722 &
EHD. WPAEEAZERE LT o7z, F
AL NLTOE#R5Z &N TEL (Fig.9) .

Plastics part

Free Motion
Headform

2000 —
—— Analysis (CAO)

—— Analysis (Manual)
—— Experiment

Acceleration (m/s?)

0 0.01
Time (s)

BEEEEN  Example of simulation of impact test for rib
box parts
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MiHDEEE DN —ET D LXITRE Lz, ZOHE
1220V TiE, CAOH A4 % Z & T, HEWIZFT
HTENTEDL, BRIITIE. IR b
FO SR A L U, GHMBIRIL. FERRE R & fig
A5 SR 0D T 8 5 — e ] Pkl oD ] — BR8] C oD DI i 25 oD
TROREREME S U, FHEB RO RN & e B RRENAE
BAERD Db a5 720 Ak, Rt 7 LTy 2
LAINEALL T T H % Response Surface Method & )
h~R— 2 DModified Method of Feasible Directions?#H
AdbEEHN,

CAOFHIZ DN TIE, B THFNTEOEHMET &
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72, BRI R T 2 Rk b A ) 7o
YL Y & IO 728 R A2 DN T & T i /5
et &m0, 2R CORAEMERIZ DOV TR IER
%M B AER A 1472,

(2) WA — A e i iy 2 Ay

VR — RSB AR IZ DWW TR, WIRA D AR (R
FILRZAZ VT 4 VIS F%) O TFikR, =73y
ZHN=D () JEFHEER O M i 4 17 - 72

OB ZHOWAIFEORERE LTl Eh T s 2
g vF 4 vy FiE, MG IE D T 4 v LR
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JERR A, ¥ FERIC e — by — LR g3
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t— b= LREBATSEGEOE — ¥ — Ui
JEITHIY T B RS AT 2R VT 4 Vo8 F
D T ikBR DM 54T > 72 & T A, FER L [FRE,
t— b Y= AR 2R & 572 (Fig. 10)

BEEEIN  Example of drop impact analysis for the
standing-pouch

IT7Ny T EPENT B TH DT /Ny 7 H N —
13T 4 774V EMHEN 2 TEIROENE S d D, ©
TNy ZIEBEZIET 4 7 T4 VA L A — DBE
AL . TT Ny 7 AN —IHEIRIZ BT L IR
IZBEEE AR L 2 WERE T H 5 Z EhMF & Lz, (K
WmTO (RAR) JEPAGRER O M AT & R A 7=

IR OAS K 2 WFPRECIZSEIRA (Table 1) Of#
S8 A% e ek | AR O T 7 S8 ERRAR LS XD %
WATOELEERFNE AT D T EHHEL W,

BRI D 7 4 5 F 4 v ZICHW = (6) R
S5 TN B 728, FEIRIB T DE A IRATE %
F TR S AT 2 (Fig. 11 (@) . ZDJith
U L & ICEGICRET 2720, KO R
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(a) Dependence of nominal yield stress on nominal strain rate
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(b) Dependence of nominal strain at break on nominal strain rate

IEEEEN  Determination of failure characteristics

D B[] — Y4k P85 98 S DKL 0 8 D i 2 0D IR 1] — ik 9 5 K]
T T3 LE L., EEUE TOMEM A FHWT
AFROBEWTTE ADE AEERAFE % HEE L7z (Fig. 11
(b))
RIRPEREIZED B 2 FHOMEHZDOWT, kL
7T B A D EAMERAFNE T — &4 & AFREAD» S H
EAMHY OIS L T, =73y 7 A3 —
O (M) BRI EH U7z, MtbAT A
DF Z MZIRIZ T, RBRIRE 2-35C & Ul
Efro7z TA, KIRMREICH D MBIOA, =73y
7' HIN—DFEBBTRELL 72 (Fig. 12) .

Blown off Properly opened
door door

(a) with poor material (b) with good material

properties properties
IEEEEE  Airbag cover deployment test analysis
result
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(3) BVAVEE FIOLREEE A FORh SR
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IEPEEN  Schematic diagram of CAE analysis model
for the falling weight impact test
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BEEEIE  Comparison of experimental result and
CAE predictions for the falling weight
impact test
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