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Tablel-1 Classification of synthetic polymer material.

Use

Type

’Thermoplastic

Plastics <

_ Thermosetting

Polyethylene, Polypropylene, Polystyrene

Polyvinyl chloride, Nylon, etc.

Phenolic resin, Melamine resin, Epoxy resin, etc.

Natural rubber, Styrene-butadiene rubber

Rubber Butadiene rubber, Isoprene rubber, Nitrile rubber
Chloroprene rubber, Acrylic rubber, etc.
Nylon fiber, Acrylic fiber, Polyester fiber

Fiber

Aramid fiber, Polyethylene fiber, etc.

Paint, Print-ink

Unsaturated polyester, Epoxy-ester paints, etc.

Adhesive

Emulsion type, Aqueous-solution type, etc.
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Fig.1-2 Thermal decomposition characteristics of the chemical foaming agent.
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Table2-1 Molding conditions (Visualization of cell generation mechanism).

Resin temperature [TC] 200

Injection speed [mm/s] 10.0

Back pressure [MPa] 20.0

Mold temperature [*C] 50.0

Cooling time [s] 20.0
Supplying pressure of CO, [MPa] 7.0, 15.0
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Fig.2-1 Supplying process of CO,.
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Fig.2-2 Cavity shape and observation area.
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Fig.2-3 Visualization mold.
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Fig.2-4 Visualization of cell generation mechanism
(CO2 15.0MPa — Supercritical, Gate).
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Fig.2-5 Visualization of cell generation mechanism
(CO; 7.0MPa and CO; 15.0MPa, Pattern diagram).
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Fig.2-6 Resin temperature in the mold (polypropylene).
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Fig.2-7 Peak resin temperature in the mold (Polypropylene).
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Fig.2-8 Cell generation mechanism (Polypropylene,
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Fig.2-9 Evaluation of solubility.
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Fig.2-10 Evaluation of impregnation characteristics (Polypropylene).
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Fig.2-11 Relationship between filling time and resin temperature in the mold
(Polypropylene).
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Fig.2-12 Resin pressure in the mold
(Polypropylene, Resin pressure drop after completion of filling).
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Fig.2-14 Generation of non-uniform foam structure (Polystyrene).
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Table2-2 Molding conditions (Polystyrene).

Resin temperature [°C] 220

Injection speed [mm/s] 20.0
Back pressure [MPa] 6.0 14.0

Mold temperature [°C] 50.0

Cooling time [s] 30.0
Supplying pressure of CO, [MPa] 7.0 15.0
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Fig.2-15 Resin temperature in the mold (Polystyrene).
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Fig.2-16 Peak resin temperature in the mold (Polystyrene).
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Fig.2-17 Cell generation mechanism (Polystyrene,
Fine cell in “Area (D, Change of nozzle pressure at injection).
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Fig.2-18 Evaluation of impregnation characteristics (Polystyrene).
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Fig.2-19 Resin pressure in the mold
(Polystyrene, Resin pressure drop after completion of filling).
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Fig.2-20 Viscosity (Polypropylene, Polystyrene)
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Fig.3-1 Crushing fine cells by overfilling and generation of coarse cells
(Generation mechanism of “Area ©@).
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Table3-1 Molding conditions
(Uniforming of the foam structure, Supercritical —“Area D).

Resin temperature [TC] 200
Injection speed [mm/s] 10.0
Back pressure [MPa] 16.0

Mold temperature [*C] 50.0
Cooling time [s] 20.0
Supplying pressure of CO, [MPa] 15.0
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Fig.3-4 Back pressure and supply position of CO,.
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Fig.3-5 Molded article and the foam structure - Polypropylene
(Uniforming of the foam structure, Supercritical —“Area (D).
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Fig.3-7 Molded article and the foam structure - Polystyrene
(Uniforming of the foam structure, Supercritical —“Area D).
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B, HMAEDEOBEROER[LIE 32 8iicik L. 22T, HiNE
WIEWC BT B HFZEIC OV, AR DIk, S A AR TR AT B S R R
CBITDOARMBM D WFEZE#HE2 L I 2 — b+ 52 & CTHMEMERNEZEH
L, ZOADMEEZERBICHIEL TWD. ZHO N3, SMMEWIEC
RN D [RALRAKAFE R R AR IKFE 2 e+ 252 LT, BT I v
7 A DWEEMEIZ RIETHMOEZEIZOVWTHRIFTLTWS. LaL, S5
T BT bt D BELAR ) 72 BEAR Rr ME T NS 6F LT, AT R 152 6 S L7 WF g
o RN e /A

AW T, HHBEEELZCH LEEZER-RGEO TR FEOBEL AR D
TEEHAME L, HHEIEIE S O B AR 22 B R M TS k3 D Sl AT A
WioZ S ame Lic, £9, FMAEMEZEMA L, BuEoBERmm 2R
JEHEOTHOBEEN L MMERE TR L. , BRI S S fER L 72 3
BRIV AR L, SliRMER A2 FEh L, PRI RSB R 2 i L 7.
T, BAMBO-HEBEZHDLEOTELIREABEAEK 15D X HIcEHEIC
EFETNMEL, Ay Va2l ETOLE, BRERELPH AP RE D Z L h
b, XVEAICERPREBEMELZ RO D FiEE LT, R EARER T
HHEEAND LY. KoT, AHFETIE, HHEEEF SO XL~
MaBEL, BT FEOMELRAALL L2 ANE L, SRETEAT
Sfc. £, BB EK@PMIBEET 5B O MERZEMAEWIEIZELY T
ML, SIRABOFERMMR LTRSS LT, BEEOBERTANZKHT S
EMNTEWEOZ Y ERFI L., 612, PHILEREABOMMEEREZ S &

, EREOBRIZEWNY 7 2 HF 5 5 8 a0 o dh 367 EIS xS 5 20L& il
AT TP L7z, PRI RE 3AHMTRABROEMERL LIRS L2 LT, &

WA XD I WIBR 2N W b DI IRARE U 72 5 HY 58 70 B b o 1% B R 7
WZxt T D EMATEWIE DO Y2 MF L.
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HhFE FEIEIZ T 72T T b DRERRAFIE T

4-2 FHMNEYE

BHIE & KT NIRMET D2 RIEEOERM RIS N L OT oMK EZ FRIL, 5
PERZFHT2BRICEANLEEMAEDEIO W TR T 5. Eih/EmiE
I Eshelby?lc L » CREB & h, Zo#EHmZ b LISk - HF N, EEMEO
ELLA) Ze Bt Ar e R T Y v) 255 FiEa 8 &, WMBEMEHEE E T
PR L7z, 22T, BUEEOERMNZIE N EOTHOEKREZELS 2D
Hb o7 Fa—F %4 LM EwEO T E21T o772 99,

REJE R 2R ONEN R ZL GEN TV LIEAGMEITE N T, It
EMIZEDEANERET 2720, K 4-1 DL IFEHOT Al NFEET D
MM TEDZ LEZTMA CTHRDE, BMFR, TEDF O EOT HOD
Rz hEnX (4-1), X (4-2) X H KRBT D, ok, CVITRM,
C'EINEM OISR (FET Y L) THY, ERIRELCHLDLF—
Thd. FLRAFEIERENLM: B, |- MEBMEE%RT L. £72, O
FEEHETHY, R (4-2) TBT2),BEHINZOTRTHD. EEE
REE BB 2 BN ER T OIS N & OFHOBKIIR (4-2) TRB
SNDN, TOREEREBEE LR ONED % L EOFMI/EY) TE & #H
zx5E, X (4-2) 1FKX (4-3) DEXHIICRBTED.

(g)y = CM{E}M (4-1)
(o), = Cle)y = C{{e)p + (V)3 (4-2)
(o), = C'{e)y + (W)} = CH{eh + (¥ — ()1 (4-3)

LED XD R &S WM FIEREMAMEWIETH Y, ()3

M H O FEAME 2 RFET 2 7O I B A S E A O A (Eigen-strain) TH 5%
O, BAOTARIZAFICHER WG, NEICISDEZEbRVWER (Flx
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I, BVOP A, MEOTAE) LERSA TS M. 20k 5 ICE M ED
B, REBEREWREEE R ONTEW %, M LR CHEREE RS, N
WCEAOT %2 H T 2 HEEICE 82 TEMRIE 152 B E L Tl [
HAOTHZRD, BERORIENEOTHOBEBEZES FETHD . K 4-2
CEMAEDEOBER, K 43124 A —YHERT .

2T, EAOCTALGEOTAHAOENKS ZBERT T 5728, Eshelby I

EoT, HENEOTHG),EEEOTHE),OBHEIR (4-4) O X5 IE

FENTW5. Eshelby I, 4-4 O X HICEBEKORM OFIT, DL &
b L1 O FE R O R B e A E 2 RO N EM OFEIR Q W FEL TR Y,
ZOREMEIITEEE SR CT—EDOIRT s MEHLTWAHA, KX (4-4)
THERIND LD, NEWOHEBQFOOTHIT—HTHDLZ L ZFEH L
7= (4-4) I2BWT, SIEMEY T O Eshelby 7 > VL L IEIER, AFE
WO CEEEL) ERMORT Y U HICEFEL, TORE SITIHKMFELR
WEBTHD. 2B, NEDOBRIIHEIEREZIFRKEKE LTV P,
UboZEens, EEMEOBEHRM RIS EOTHOBEBEEZEL DI,

LM EMIE T, BEEMAC KXo THASINTNIEDOEAOT Hie) %
RKwpZehbvEERs, X (4-3) LK (4-4) 06, SLeN7ZOT Zdly),

ZWHETH LN (4-5) OXHITRY, TEMOBEAOT H ()X, X (4-6)
TERIND. £, MEBTORFTNZRIEIER (4-7) OXHThD. 72
B, X (4-5) KOKX (4-7) BT 11, ABOHBEAT VYLV THDH.
T, BAMEB OB EIEICET 5 RN REAN T Ly, EAEM
Bt ERB 7287 & O H 2K (4-8), I (4-9) O L 5 ITEFE Y TiE
L. ¥, X (4-1) X (4-2) o, BEHEZOT I (4-100 0 K9

WHRBHTE D, B, cLEIERORIENEOCTAHATHY, fIINEHD
BHEETHDL. X (4-6) ~X (4-8), KX (4-10) 25, (o)L Vo), NTE

VWOEAOT ey 2iHET DL, X (4-11) 0oL BRI TFELNL. &
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> T, N (4-12) D L 51, ERREHEET v a2t ER T,
X (4-11) 1T (4-13) D L HIEKBLS 4, Eshelby D7 YV LV SHHE X H 1
L, BAEME (BE) oBE#RMRISNEOTHAOBEKREES 2 &N TE
%

(Y =S() (4-4)

C'{{ehyy + S(eh} = CM{{edy + (S — D)} (4-5)
(e ={CY = (CY = NS} H(CY = CDH(CM) o)y (4-6)
(o) = oy + CY(S — e, (4-7)
g =flo)+(1—fHo)u (4-8)
£=fled+ (1 — f)lehy (4-9)
£ = (CM) Yo, + FS(e*), (4-10)
E=[CY"—(C"=CDHS—f(S-DN™

X [CM— (1 - —-chHs|c"1a (4-11)

Cr=[C"—(C"-CDH{S—f(S—-DN™

X[CY —(1—- " —-chHs|e™—1 (4-12)
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(4-13)

S
Il
£y
et

4-3 FOEDE %R TR

AREFIECTIX, FHBEERE L ZIEH L2 E/M GO0 TR TFEOHMEEZITO 2
EEHME L, TOEBRMN BB EREZ TR 5 BHICE A LS M Wik
DU ERF Lo, 22 ClE, EMAEDIEIC KV REEOERB RIS
EOTHOMBE TRIL, MERZEM L., &OICHEMMNTEDIEDO XYM
FRET o720, BIERBREEK L, THERGERRBRAERL L.
IIT, REMOEAREEIL, BT e ATk o TEA S, B EE
Wb REREELLGZTEBY, BlUMELr EEMICHMT L2 ENEHEETH
H. 5T, B TR R EMAEDIEOH R TH o0 5 K 51T, BiuiiE,
FFICKWEAFEOEEMIERRBEOERM 2 EMSEELZ T T 5 ETEE
Thod. TITARBETIE, REMOREHEE LS LT, BREocinE R E
FERMALE. [RIBEART, BBREBOKMASEICIEBNT, [BA LD D HE
BEEEOWEMEOL (LT, miEk) »oBH L. vk, miEkE,
Vg oW B2 I EL A 2 fE L, BEGAEY 7 F (=22) ko TH
L7z, 22T, ZomEEEIcESSKEERRORE M FIEIZ O TR
T2, £7, M450L 92 —~REKE adMNFHRIZ, [iLDOETT VB NE
LTWDERETD. 0k, [IWDET VL, BERKKE TS5, X451
2WITET N ERS>TWVDLN, ARITRITE (BESa) "HD3RILET IV
Thsn. X 4-5 (a) IV FEIZEKEA 1M, K 4-5 (b) TREH 8 [, X
4-5 (c) IX&yan 27 zhZznN#EL TS, 22T, [dEAFE L mig
oBIZIZ“® 2B HEET D, 2EVWEORICHMENRLEFED LS 7
LONHDLOTIE RN EE 2T, ZOWEEZK 4-5Z/RLEZET IVEHEA
L, & (BR{R) oW A L EBEYV Ol SHHLEZ., K45 (@) LD
SRR L EETAET 25681080V T, KiaD Wi A & K5
Vaolidk, I (4-14) &K (4-15) oL HlcRESND.
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A, = — (4-14)

3 3
4
Vo =om (E) = (4-15)

FARIC, X 4-5 (b)) DXL FERICKE@WN 8HANET L2HAEITBIT 5K
T OW g Ay & B Vi, X (4-16) &KX (4-17) o Xk HrIichk b,

2 2
T fa Ta
A, =4X 1(5) = (4-16)
3 3
4 a Ta
V, =8 X 3T (1) = (4-17)

52, ¥ 45 (¢) DEXHYIEFHIZKED 21 ARNET L2HEICBT 5
KA O W FE A &R Veoix, X (4-18) £ (4-19) o L H iz 5.

2 2
mia T
Ac =0 x I(E) = (4-18)
3 3
4 a mTa
If; = ZTXEH(E) = (4-19)

= T =—==—/—=—-q (4-20)

4. Prediction of mechanical properties for practical realization 90



FA T FE IV 75 S T T i OB b FF 1 T

ZIT, BAOHBA{CBILIRBOMHBEEARBOLERD D L, K
(4-20) XS5, ok, M FAO—dOR I aldl i L. Liedo
T, X (4-20) IR LIEHEPTWEAR L EHELEOMICHFET DHETH
5LEZOND. LLEOFIET, BXMFICBTLREAEOREEALREL ERE
fbLizé 2 A, CO,NBERRDEMT, MM KianERT 2 HKO T —
LHIE 21T > TR IE d1E 25.8% Ch o 7. Fiz, CO, WHEE R O FM4 T, &
DR EWRIAB AT 2 RO TH — bl 21T > 72l dh 3 14.6% ThH -
7.

X 4-6 |2, AWFICITIT D4 I TARIE 5 O B REE TRl O A R T
ATET CIk R MANEDEOERNLE b &I, MMFEEEHE Y 7 b =T
DIGIMAT-MF (e-Xstream engineering) ZfiH L, @B o BEHB 7206 7 & O
THOEGE TR L CHMERZEM L., BBEEEHFE Y 7 by =27
DIGIMAT-MF (X Z i A fE ik D Bl & < — R & L, BHiE & I 15 W O B R vk
RNMTEDORIAEGEEEANNFMEETHZ LT, BEMBOIEHEOTHOD
R EBEROICTHERER Y 7 b =T ThoD. AFETIE, EHRIERO R
WEEZRLIZET AR A MICS R ELZ T TWA25E64 T L, ¥
JBOEBRKZIENEOTHOMGEE PRI L. PP OBAME L L CEE,
BERLORT Y o Ea®RAL, "7V U mix04 L7, &5, PPOA
F4E L LT, BEIL 0.90g/cm® & L, BEMESRITIE CO, 2R L AR WSk o
b D (Solid JE AL, BIRMBRTEAD 2N L. £k, HAMEL
L TR B 7o e SR AL IR 00 B LAY 72 B A RS 1 & Al N FE IR I K 0 T
THICHTzoT, WMit7 1+ 7 —EONEWOEMFFEESLTINE T E, Bk,
FLIE A A AN SR LTHO SR T B ULas L, AP IR H ¥
ARG E LTEY, BiELE KIEMIRIET 2B EEIE —FEOBEAME &
LTEZADLND. TOLONEWERIEE L, T OMMRFIEIX 0 IR <
b0 e L, EraomAbEL T RnboE L., &6, PO KX I
EBEET, TORBKRIZIT AT AR WERZRREKERE L.

LEDoFRRER E AT D 72w, FIRSREBRA £ L. SI8RABIEL, n
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¥E 3 LLT, 4-7 T/ LT ARIE AL O R IE 22 6 100mmx20mm D ¢ O %
BoHL, AFEEF L FN—=/N—TEREL THRAE O ORE T FE
L7, RBriL, THERBRKE (£ — N2 T 7 AG-1, BHEEF) #MHHL T,
— B IRRBRICERA SN2 oA E (Fryy ) TRBAZEEL, &
BOEEE Smm/min TEME L. OF &E, OFTHYF — Y 2R BR o PRIz
DA TR ZAT o 72, F72, COp ML TS (Solid i &)
IZOWNWTh, BEBIEIERENLTWRWE L, RFICHEEREZRD. 22
T, O TH—LHIE AT 7ZlRIE ML, M 3-2 2O ERTE 5 X 9T,
BOREVKEANERERIIHOMLTWD., £ 2T, BRI NEES 5 HE
O THE —ALHIE 21T o T2 B & AR, OFT A7 — Y TR R AR %
A0 TIERLS, SIEMEBICANTIREREREZRADND X5, ZELE

(RICHIZR) EBOFTAHRES R 20 L TRBE2iTo72. E7z,
SEIR @ TH —LHIEH 24T > 2R TEMICBI L TIE, n¥x 8 & L TRHBREITH-
7.

4-8 1T, WO 72 e A3 AE RS % s D T AL &2 AT o 72 OB SIS o
WTC, HRMFOMMEREZRT. 72, K492, BOREWKEMHEKT D
TR @ TH —LHIEH 21T > 2R TE M IC D W T, RO HEREZRT. o,
4 4-8, X 4-91TH VT, BEEHIISMATEE, MM T EMER[MPa]TH v, Solid
RSB FE TR L. 610, HAEMBO—fMEEZXDLZ LN TE DHE
J& &M E B 2, K (4-21) (R T HMAY R A R TR A g o MR A&
e Lz, ok, X (4-21) 2BWT, KOOSR COZEEET, Cran
g OMMER, f: JaEaE, CVPPOMMEETH S.

Cfcam = Ccf +cM (1 _fj (4-21)

X 4-8 72 5, IO TH —ALHI 21T > T2 BOB IO W T, FEfi S EWIE
OEmEZ b LICEBEBOHERELE TR LG, E6llzEMH LEEEICH
N, RBRERERE2 2RI enmghrole. —77, M4-9056,
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@ TH—ALHIE 24T > 2R TE IO W T, SR E A RE 14.6% L E
sl Tk, 227, 4-10 (2, FHIEOQ TH — (LBl 21T > 72 BB i IS
ST, BIRMREICB T 2B ol (4504 25379, 2k, K 4-10
IZBWNWT, BHRIZENMGFORY A TE&EFTTH D5 (2 #RE O BEHE T 30mm) . 6
S @ T — AL HIE % 4T > 72 B S S O W T, T8 o B R T & S A A £E
WEC X0 TR 555, 4-10 BT 2R bEERREVWEEXLND
AT, DEVWEEAfMTIORWEAREzERILTILEN DD LB T,
ZZ T, dBAICBNT, BEHRTHENLEM, DE 0 EMEEZHIY T
FATIChH - 2EHORIAEHELHETET DL 225%ThHh 7. Z i,
BN 2 BUD AT T2 AT & 72 2 #uBH O 1 CREBr N E U7 8 Sk, 6 St
ODRBIICBNT, [WEFELZ2EEBLLEZTEYTH L. £z, K497
L7z “EIM” %1%, lEEa b L, SMAEDIEIC X RIEEomER
FTHLERERTHD. K4-900, HIKO TH—LHI#H 21T > 72 i
DWW, fEHIBO TH —ALfl# 21T o 72 BB L & Rk, FAM I fEWiE O H R
bLliZRBEOMMERLTHULELA, BallzEM LchailclkxT, &
BRAE R L Bifle —HZ2R_T 2 &R 0oz,

T, FHEEEEEICE, FLETHLRRZ LI, CO,ZREAIL L
THEM L7 B 0 E 0, ALFREAZEN LIk s RBIEERH L.
4-1102, b REEIC LV B OB RO RagE L  R3. ik, M
AR ey, {EFEREEAE LT, AU AL EE25C (KFfbpk T.3%)
EHEHAL, BUAORAEZZASERND, £ 41 OKRELMETIT - K
Bl BonllEhoRaEEchs. RIETIE, 27 Xy 7 liBiEE
EHLTEY, Zhid@iEZze&RICREm LIC®E, B THRE LTLEL T &
A&, EOWERCL > TREOAR, REZRTFIETHD . —BKHIC,
ILFHIETHIEZ1T 9 &, CO 2 3yafl & L THM LB EIEIC T~
T, Bons2KW@EHEROHHANENVE SNLTWND., 4-11 b b, (k¥
FIWEIZ L > THLATEERMFOREHICENT, JAEHFEEEET D
L, BB LERBHOBEGEN DR LOWMBD LTS 40% % B 2, KA
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GHEBENLEBZ N ER Do Tz,

lbz b &ic, SOk Ok D% &M Tl — (Ll 21T - 72 B i &
[FERIT, & RMEDOMIE I T 2 FIAE O BMERZ EMAEDIEIT LD TH
L, BIBRRBOMR g Lz, X 4-1212, X 4-8 XK 4-9 TR LR
ol [EEAREBEEOMEREROMGKE AT, Bk, MEIxEE s
F, I REEOHERTH D, M4-1200, JPEAEREZI LD L,
EMIEIEC L D HEEOMMEREL TR 5IHZ0, FIEORARH D
TEBGMoT. RIAER RN 20%~30% & D i VR, HMAEYIE
R PHIL 2R EOBERT, sl REBROR R E RIFR—FEZRT DI
L, [RIEAENLZVERLETIE, WMEOMKBICERRNHD Z LBHALNE
ol RIAEOWMEREZ TR T HICHZY, BEELRAZ T TFEOE A
FPHIE, RET TR FR G 2L BT T v 2 U 72 S AR AT o R
AEEERTELRT L. 20X, KWEAERNEZL D E, THRRLE S
TR ORE RICERDH H201F, KWEAERPLLRDITHEY, [ LZE
KB LEZEZON, SIRFTAOMEEZZTLHZLICK > TERT HBEICAET
HREELEOHMAERICLE 2 b EHAIND. JWEEENRELL D,
JIMBNEL D2 T, [BLRWOHBERN /NS 20, BERICL DR
FAtOFHREZ VST RDEZLNS. FEMMTEWETIE, BIETH
LHEMERIE (MEW) OMBERIZIZEL TV bO0, KidFE L OMA
ERIEEEL TRV, UEDZ b, [IBEEERBZVWEE, SMAE
MBI LD PRILEERRESIERBROMBEICERRI D DD, TTEHTH D
KB EOMEFEHICE 2O THY, FEMNEWIETIE, KIAFE L O A
ERIZEBL W RANnWED Thd EHAENS.

4-4 ) IEHFITH2REROBITFREICHT 5ELLTF

ATETCU, SN EWIEIC L0 BHIE & KIEBNIRIET 2R8I E O MER % T
L7, 22T, PHLERBREBOMMEREZ S LI, X 4-13 DL H 7Y
TERTLORMBEBELEEES (AX U EEET) OoMFREICRT 5%
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oz TR L. No X —50 8 8 HEICS ERE RSS2 255,
JTRMRA, a—F —%DEMRBRO LD, S50, HBEEENIX
fEHREICL > TRRLZN, AL THESHT, Al v, BEHEOE
ERAELLD., Lo THHEBEMEELDERLINDZOIZIE, ST T 5
EROTRREENERELERD., £EZTARMIETIE, V7 2HT 20000l
TREZZTTNL2ZLE2MEL, MERITICI VBT EICKTD2EMD
THIZITo72. 61T, IRl L E ML, TRIKRELE OLEKRIZIDHE
KrRATTHMFEOZAE LR L, £, Al TIIxEE A L%
B OFMERDOBEBRICONVWTHRETZIT o7, 22 TlxREE AR & S &
(2%t D I il DAL O BIFRIZ O W TRF AT 5 .

& MR AT I, WEXEMNT Y 7 b =7 ANSYS15.0 2 H L, X 4-14 ® Xk 5
IR TV CEM Lz, X 4-14 IR LT T V1, K 4-13 TR LTE
RIEG O U4 €TV TH Y, BHREIT 17,820, Hi 2L 24,098 TH 5. 7z,
4-15 12, frEEMFEMEREHEZRT. K415 0 L H 12, FAfFROANIE
B (Mo 10.0mm) &€ 7 IS8 S8, Afis B IXRE, W
KM eamR s Lic. SR Mo BEEElE 100mm & U, i B, X 4-15
PR @ AT (3R 12 420N OffEZAEH S, A% U8 ORI
%, Solid fkZMOMMEREZEH L. £, Bl OEBEIEICIX, AiHl
ERIER D FETHEMAEDIEICLY TR LR EaEoMERZEH L.
4-16 12, WEEMT CHONTEERRZ R, AKIZBNT Y FlaDEMNE
th U R B )T B B S D ZE AL & L C Rl &2 AT o 72

3 AHE P RBR T, TTRERBREE UH-100kN (EEBERT) 2@ A L, RABE
FE 5mm/min T%E i L 7= . 4-17 12, KA EHF L i wEIC 3T 5
OEN OB E O, WEMTOM®RLE 3 AiTFRBROMELRT. 2o,
B IR <a & AR, Mt P RIS T ORIBERDOEMN TH 5. 4-17
B, HIFRBROMRIZONT, KIEEHEERND 0%DFMEN D 30.9%0 F A4
T, BN -HRELS RS LL, KIEERED 30.9%0 5 5 &1
2 ed L, BUNNSLSBRDIMBEMR AL, 22T, 4-18 12, &
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CHERLAXUVBORLORGEZRT. AK»G, [IBEAEN LD L,
AFxFVEDELDRELRDZENIND. RIBEAT OB, [ E A RN
36.7% & 41.4% DKM TIX, a7 Ny ZJRERHEZHRELL. Z0aT7 Ny
JBERFH &, @ A~OBIEOREN T T LCBEENL, @A £ T
DM THD. [IBEHFED 36.7%E 41.4%D KM TIX, a7 3y 7 &)l
2 &M v v N 0.5mm S 1.0mm BELZLSHFELTEY, KIENEK
FELIETCLEY, RUREELL. 20D, [IBEHEDN 36.7% & 41.4%
DEMETIE, a7y 7 BEREZREL, [WBERLLTHETHETO
MIZAFUEEARSE, NV 2B LR 6kBEEITo7%. 20 X951,
a7 Ny JEBIERHEZFEETDHIIET, EELTWVRVEAFLD L AX U)E
WERT DN ELS R, BRELTAFUVBOERANPRKRELS o bHE
Zbhb. LER-T, 4-18 O L H 12, [N BHRBLZORIMETIE, =
TRy 7 BIERHERET DL TAFUEBOELNRE LS LY, tiFfiiE
WXL TER LIS K olclcd, BB/ holc bR TN D.
2T, MEEMAT TIX, —RAVICAREATAS R & SRR R ORREDY 10.0%LL T
ThhlE, +Ho R TPHFEIEHNATRETOGLEINTWNSD. 4-17 56,
Solid i JE it (RIA & A 1% 0%) &0, Kida A EH 20%~30%D 54T
%, HEMToMRE 3 RIMITRBOBRNBRG R —HERmT & 00ho
o, EHIT, [IEHEN 30.9%D F A TiE, MR L R ROBREN
9.96% Th o7-. Z DR RNDL, REMIZIRD X0 i W I 58 TR dn 0
BEMRFPE TS X LT, MY 72 /AT 5EME WD —FITiEd 5,
FRATHRE R & ERFE RO —H 2 MR TE 7. o, KWEHEAEFEN 309% L0 b
Z WA T, EE AT ORE R & ZRHERORED 10.0%E D b REL< D,
THFEOEHIINETH L Z LB 0o, KIEH RN L VKM TR
FEREEMBERICERRS L2001, KIAEAEERELL R ER[BHL L2
D, [IWFELTOMAEFERAEEZSLT I RDEZ20D. 61T, EMEY
B L0 Bafg otz P58, <af EOoMAEERZEREL TR
Wiz, KB A BN L DR THATRER L EMFBERICERP DL EEZD

4. Prediction of mechanical properties for practical realization 96



FA T FE IV 75 S T T i OB b FF 1 T

nNo. UbkozZ tnd, <Y 728+ 2880 FEICHT D
Bz TRIT 2I2H720, KyaE A LD 30.9%H(% T, WMELRLZTHF
HBIZRAR S D ZERHLNERoT. EHIT, COZREAELTHEMAL
oS BRI TlE, KPR ORERE TR 2T o286, [aE A RN
20%~30% & 720, ERBEZHLZY 72T 5 HO T mEICKT D
BN TRTHCH7D, MELZRALZ TR FEIFDICEMAAMETH D &
BExbihd.

=N
(S ]

&

ATFAZ B W T, FIaM s o 8 — (LIS & o TH S 7 S RV ROE & o
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Fig.4-1 Addition of heterogeneous inclusions.
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Fig.4-2 Conceptual diagram of the Equivalent inclusion method.
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Fig.4-3 Schematic view of the Equivalent inclusion method.
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Fig.4-4 Tensor of Eshelby.
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Fig.4-5 Calculation of volume fraction.
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Injection foam molded article

Quantification of volume fraction of cell

Prediction of Young’s modulus

<€—— Equivalent inclusion method
(Foam layer)

Structural analysis
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Application to product

Fig.4-6 Flow of analysis.
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Fig.4-8 Predicted results and measured results of tension test

(Young’s modulus of foam layer, Area®).
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Fig.4-9 Predicted results and measured results of tension test

(Young’s modulus of foam layer, Area®).
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Fig.4-10 Samples after tension test.
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Fig.4-11 Foam structure (Chemical foaming method).
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Table4-1 Molding conditions (Chemical foaming method).

Resin temperature [TC] 200
Mold temperature [1C] 30
Cooling time [sec] 50
Core back [mm] 1.5
Foaming agent [wt%] 1.0,1.5,2.0,25
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Fig.4-12 Relationship between volume fraction of cell and Young’s modulus

(Foam layer).
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Fig.4-13 Cavity shape (Ribs, Structural analysis).
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Elements : 17,820
Nodes :24,098

Skin layer

Foam layer

Fig.4-14 Structural analysis model
(Volume fraction of cell : 36.7%, 1/4 model).
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Fig.4-15 Load conditions and restraint conditions (1/4 model).
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Fig.4-16 Deformation diagram of the structural analysis model and

Y-direction displacement (Volume fraction of cell : 36.7%).
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Fig.4-17 Relationship between volume fraction of cell and displacement
of molded article (Comparing of the structural analysis results

with the 3-point bending test results).
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Fig.4-18 Relationship between volume fraction of cell

and thickness of skin layer.
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