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Fig. 1.3-3  Distribution of fiber orientation in in-plane and out-of-plane.
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Homogeneous

Fig. 1.3-4 Difference between modeling the characteristics of thickness direction as a homogeneous body

and heterogeneous body.
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Fig. 2.1-1 Analysis condition of the frame under bending force.
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(a) Bending moment characteristics.

18



Bending

moment -

Plasric strain
0.00000

0.00375
0.00750
0.01125
l 0.01500
0.01875
0.02250
0.02625

0.03000 Buckling

(b) Deformation at maximum moment.

Fig. 2.1-2 Relationship between bending moment and deformation behavior.
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Fig.2.1-3  Analysis condition of the frame under torsional load.
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(a) Torsional moment characteristics.
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(b) Deformation at maximum moment.

Fig. 2.1-4 Relationship between torsional moment and deformation behavior.
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RIE L7z, REBR A OfkR LB S f % Table 2.1-1 12, FEBRIRILA Fig. 2.1-5 (TR” 7.

Table 2.1-1 Test piece spec and molding condition.

Test condition

Test speed 0.03rad/min
Force control Forced displacement
Jig
Material SS400
Thickness 15mm
Test Piece
Material of outer frame TS980MPa
Thickness of outer frame 1.2mm
Material of inner frame TS980MPa
Thickness of inner frame 1.4mm
Pich of spot welding 50mm
Nugget diameter of spot welding @e6mm
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Fig. 2.1-5 Test condition.
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Fig. 2.1-6  Analysis condition of the frame under torsional moment.
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Fig. 2.1-7 Analysis condition of the frame under torsional moment.
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Fig. 2.1-8 Analysis condition of the frame under torsional moment.
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Fig.2.1-9  Cross-sectional shape and design factor.

26



87mm

78.5mm

4

Forced displacemen

Rjgid parts "

v/

4

Rigid parts
P b

|
Forced displacement

v/

Rigid parts / »

240mm

(il

Section A-A

Rigid parts

Isometric

Fig.2.1-10 Analysis condition of the frame under bending load for optimization.
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Fig.2.1-11 Analysis condition of the frame under torsional load for optimization.
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Fig.2.1-12  Optimization flow.
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Fig.2.1-13 Design area of vehicle application.

Cross section
X

.|Cross section
Y i

- ;:: ; - .‘F : 'l' . .:. .
. ® '.-..-‘l-' y . :.a.n :.: ) -
. * »+ .*|Cross sectionf” .
TR Base Tee o

- I. h -...' :

‘i - - - 1 '. *
I I‘ - . . ..‘ "

; -

1.10E+04
1.70E+04

1.90E+04 2.10E+04 230E+04 2.50E+04 2.70E+04
Bending strength [N * m]

Fig. 2.1-14 Optimization results for actual vehicle application.
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Fig. 2.1-15 Design area of vehicle application.
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Fig. 2.1-16 Transition of cross-sectional shape on Pareto line in constraint R-140.
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Fig. 2.1-17 Edge stress and buckling behavior of each cross section under bending at unenlarged cross

section.
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Fig.2.1-18 Max shear stress and buckling behavior of each cross section under torsion at unenlarged cross

section.
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Fig.2.1-19 Cross section transitions on Pareto line under constraint R140.
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Fig.2.1-20 Edge stress and buckling behavior of each cross section under bending at constraint R140.
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Fig.2.1-20 Max shear stress and buckling behavior of each cross section under bending at constraint

R140.
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AT D Y U v RERORED S, 20T 2 YV TREND 3 RIEOMHERL [ %15 5 [50]. =
DELAT Y VG, WEORESIT 2 FJ5m & LCEANY Mk, EOHRICES LTV 5k
HEOFEF A2 R L LTEAMEESS. COFAEEFEAR7 MV TER SN RFEMNRZ,
WEEREAT O > = VR ONWEIZHEE L, 2D OfkHERL M 2~ FEfsMH 2155 . Z o FimfaH 5
N7 M OBRAEERRE L LTHES. RIS, Yo VEZEOH A LE MAICLIVRESH
LEROIEMEM L, FHEABHORT FAORTAERRA L L TEDS. ThERETOY = /VER

DEFEGY KA MRITATH Z LT, FhdhOmEMNI5m & AUE T N 31T 2 Bl /4 & Bl B 05310 & 7
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BLUTMEERITET V2155,

1.Molding analysis
Calculate fiber orientation tensor

3
Me
161
Ae, |

Orientation Orientation

Angle (3D)  Strength(3D)
. . a1 QA2 Q43 11 0 0

, aj; = [a21 azz a23]_’ 0 A Of;[en ez e5]

TAzeg

& d3zq1 a4z dzz 0 0 13
2.Mapping _ _ _ o
A Project orientation ellipsoid to
Solid mesh of shell mesh of structure analysis
molding analysis o— " » and calculate orientation angle
and strength (2D)
Shell mesh of

6:Orientation angle (2D)

e q:Orientation strength (2D)

3.Structure analysis
Calculate composite material properties for each integration point

"0, Isotropic Isotropic elastic
R . elastic and viscoplastic
\_L__‘_.-—' 2
Fiber orientation Fiber properties Resin properties

Orthotropic elastic

and viscoplastic @

Composite

¢

" Force

N

Structure

Fig.2.2-1 Process of co-analysis for injection molded composite.
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O.1.2.1 BEt ORMEDORE

BEMITIRIGRMEDBL AT & 0 Bl D iR 7e EO R GMEIZT TR <, JEPREEIC K - TR -
G - W DA T = XL EDDT-, FEAREFEE & W RIEOIR ) 3 St DRI S LB L2 5.

Z D=, LS-Dyna TN 554, MATS4, 58,157,215261,262 %% W5 DR R TH S
[511[52][53]. A ENZE, #kHE & RAFRIE DO WD & A O Kt % THIATEEZR: MAT215 Z vy, B
FEE LIS TVIRREBIC K 0 MDA T2 2 L 2 RBLT 5. KET MITEESHWMED T HIZ Mori-
Tanaka €7 /L& HW TV 5 [54]. EAEM OFEIIE T & O AT, K@), )DL I ITERSN,

MMES AR O ITHESE, ML BIEDIS I L OTRITHMEND. IRZFITRHREZRLTEY,

Composite |T#AH4, Fiber [ LflfE, Matrix (3R 2777

gComposite — ® gFiber o (1 _ (P) gMatrix (4)

gtomposite _ ® ghiber 4 (1 — (P) gMatrix (5)

Erpr VB BB AL, fiHE S BHIE OIS ESEBOT RO RERITR6)/(T)DE Y EEE N

2.
gFiber — B_agMatrix (6)
gFiber — po sMatrix (7)

LTV VBIEAMES a4 T AT Y0 C 2V, K(@B), 9), IOITTFTE I

EFRSND.
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—Fiber _ SFiber gFiber (8)

g = g
B? = GFiber pe ~Matrix (9)
cMatrix — (SMatrix) -1 (10)

[.1.2.2 BEHOHEE L BroESR
AEHVZ MAT215 (2RI ORRIR &85, R OWMEOSEMW 2RI L T\ 5. BHiE0#EEIC

DUWTIFEHEOT A« BHEZEALZS U 7ZRIPEIR T % % & L 72 Damage Initiation and Evolution
Model[5SS]1HW B TWA. LTFICET VOMELEFIRT 5.
F A= RF X =4 D ZEBANLRANNIRT L DICH A=V LGOI BIR M E £

i, BEICHEVENEZERTESE5.

0<D<1

c=(1-D)é (11)
D OHMERITIEMELNT uy, Z2EA L, RI2)DHITERE SN D, w, DEEFRIBIELNL wlBlET D &
DIE1 &0, WEWrHE S NERSHIBRINS.
. uP
f
up (IR D LS ICERSIND. HERAENRT A =2 opZBAL, wp 1 LLEIC/ DR, FHE

REE | LIEOT 2 ¢ P10 u, BER SN,

(13)

upz{() Cl)D<1

lép Wp >1
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REOHEZRD D wp TN DEY EFR S, FISTREBIZI T 2BIEOF B g, DRFNDSER

FIMOFT B PplZEIET DL wpld 1 720, BEMMBEHESND.

P deb
o= 5 (14)
0

€p

B R IEVE O 7 e2p (ZF(15) L (O)WTRTIE Y, IS0 38 ¢ mBIER S, ISRBIC K-> TR

ROMWOT Ha2REEEL 5. g 13 FIE p ZHHYIE ) p TERLIZBDTHS.
P _ P .
ep = &p(M, €P) (15)

n=-p/q (16)
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O.1.3 HERMOHRR L R SM:

WOERATIC O DB B3 5728, ERORBRA 280 L, #EEBREZ1TS. H
WD SR D R TE S A & ARk % Table 2.2-1 (233, AW ClX, MEHERC M O RIEMEIZ L 292
DRBLE, ZOFERPEEMNTEE I KT T HELZRAET 22 ERENTHS. 20w, ik
TRHEZ X D20 E~D RN EE MBI N L T\ 5. o7, HEhELE O EEN H DR
(EBISE AR O HC, BRES AR5 <, SAEO BB E PEE L N S BLE D D, THEWE A

U7 2 RERM & L, REMHEE 40wt% 5 A L TV 5 Polyplastics #1540 PAIT-CF40[56] & FV 7=

Table.2.2-1 Test piece spec and molding condition

Equipment TOYO MACHINERY & METAL CO.,LTD. Si-180-6
Material PA9T-CF40

Fiber length after molding 700 1« m

Temperature (Mold, Resin) 168°C, 315C

Injection condition (Speed, time) S50mm/sec, 1.14sec

Keeping Pressure 150MPa

Cavity size 150 X 150 X 3mm

I.1.4 B OBEHERS 7 D FHHI

AR OU Y M UNLEEZRET D720, FROMHERLAFERE AFT L. IEROBIZE T~ A
71 X #k CT DFH % O TZFHBIAZ W [ST][58][59]. £ D%a, B3 U W OR L ZEAICE
T OMAERL M OEL PG T 5 L&D, TOEE, U0 UAEICE T SN OEE2 A&
LYW T D00, BBAHONT Y X0, CT 46 EHGAHE T 58 IC 1T MR A L
FTOONHENREEL <725, DT, AW TIIRETAI 2RI~ o 7 7 X#R CT 2 v
THRIEFT MDA E TERHIL 5, FRHZ Z LR « v —H#Rig[60][61]Z V2D Z & T, Fhratk
OFERL A OFER B 72, ZHUTEKY, 478 X CT TRV H ULAEIC B T 2 EmE
DEALD, 72 E TV DO LR ATREZRIBICT 2 2 & T, 1550 5 KT 22 MHERL [ 5t
DEEPERLZ DY) H LALEICRIT DM 2 HEEREC L, E7 VORECHERGEICRIT 5%

A AHEIC LT,
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M.14.1 Z/R - v—#gIck 5, ERNRERFROBRE

HHRTEE A O X VR « v —8RBICI, 58O OITHm SR S D [62] %2 v iz, JREL

T, MHEORAEREFTND.

Sample

I

% Fig2.2-2 1T . X MROSEAMG 215 2 BRI R RS 1 2 5% 1T 0,45,90,-45 &£ S HIF T35 2 &
o
i

Detector
wW| MWMIl

Multi-slit Bit phase grid Amplitude grid

X-ray

-

Fig.2.2-2  Principle of Talvo-Low interference measurement.

CHIAE T2 EOF I NS 2 FFOMIRDS, W Omi o7t R R S L &, KT ORE
TE D% & S TLBIZB N T, 187 O IR U723 E i N Bl S d # LV REh R
&, X BONIERTNCEE DAY » E RO T ABE L, AU > &l LeSouss A+t s
AT20—RE2MNTNWD. ZhOOMRICEY, BEGPECDAEICHE 2 O ZEET
HZLETRAETDHET LR[63]0 5, MEONEMEELZ RS L. 2R - m— Rz Lo
LHBIILLTO=>TH 5. —DITHERD X #EH & REOWEIZ L 25 X BROWIRIZ X0 #i):
AW G, 5 BIIWEIZ L D X BRO AT EEIC K0 #5700 2 /A BeEL MG CTRGHER O mE
DI FIZHE LTS EFb D, =20iF, MHEICLD XBOEITHIZ LG S 1550 AH
R C, HEOEI R EAMHT 201l LT D EEbN T\, SRIOFHHEITIE 0,45,90,-45
J D T8 BE A D/ HGEL NG (2 F5 1) 2 M 5 2 FH O CRIRERC 17048 2 15572 il o0 SR AT 7 e 4R

DAEMEZ TR D72, WG L 0 AR RY el B 2 T L T D fiHERC ) 8 2 E BRI E
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FT DDA D /I BELIREE 2 AR T

DF(0) = exp —[ag + a; - cos(2(6 + ¢))] (17)

ap\TH > TV OV EEGRE, a (IBELRE DR GMEZ, 0 13T AL, o IXEEROMMERC A4 %z

Y SR FALRGIIANDZEA L, &N TRIEPEAWT a, ar, ¢ 2K, ¢ ZilHERLH

L, BRIMERT a ZBlmE S L TERLL.
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FROeHkHE B 2 B8RS CoR L 7o R % Fig.2.2-3 (R, BB RSl 3B 3 m <, ROl &:28  <
RoTWD I ENGnD. RBRATIY HUATREZR P RERERE & le~D &, WiEEA=R1Em<, ¥
PENRRRDZ LR TFREND. INLIIMHETMICBOTHLRENRRLEEZOND 2D, Wt

SN SRS LT

Flow direction

150mm

—_
s
—~
&N
Q
e
o
G
o
g
=}
. —
-
|5)
e
-
A

High relative fiber content

150mm

Direction of 90deg (TD)

 m—

Fig.2.2-3 Relative fiber contents in a plate.
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WIZ, REFIAN I U 7Bl 2 A, Blmf a7 —a % Tx L2 % Fig.2.2-4(a)
(2, B0 U723 OSATEICEE S T 2 2 A2 b O % Fig.2.2-4 (b)/R 3. Fig.2.2-4(a)/>
O, RO SR L SAIEOBEENE <, MOLELGFMICBWCERENZEL L TWDZ &Ry
5. MD I ORER T THiE, Fig22-4b)Didbv, U1 H UAEE AE4HAFAICRS 2 & T,
Pl EDRR LA D EOoND Z N BESND. —FHT, MO L TR TIEIEEOZERTD
72<, TD HmORBH TIIOY M LALEZ E T HMICZEZ T, RAEZRE RS 2 &3

LWZ ENEEEIND.

90 O Gate

/ Flow direction
/ 90° / 1 \

High orientation
strength area

iR B NN

o
L
.=,
=
Gy
o
=
S
B
Q
o
5
@)
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Flow direction
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Gt
@]
g
]
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]
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Reference point A :
(unit mm)

(b)
Fig.2.2-4 Distribution of fiber orientation angle and strength of orientation averaged in the plate thickness

direction.
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Bl 2 X 0 EERIZEHN T 5720, B OFERE & [Fl—O#iPH & 725 Areal 775 Area5 O
HPHAZ RIS, MBI LDOH T —a L X e RITHGEINEIT 72, HBEOERICE T 5, WE
FHIANZ SR U T fAERS 718 O BHEE 2 SR T fE & Fig.2.2-5 1O d . FEHEL LT, RO/
M OBE 2R LT b D& BEOFERTRT. 2IICx L, Area 1, Area 5 132 < Of#ED 0 FEIC
FLIa LTS OISk L, Area 3 |3 +45 % TOHPH THAMERCAI A 2304 L TR Y, FAEAMEN

LMY, Fig22-4 T 00N RETH D Z L PHERTE .

0.10
0.09
0.08
0.07
0.06
0.05 —All area
0.04
0.03
0.02
0.01
0.00

Frequency probability]-]

-90 -60 -30 0 30 60 90
Averaged fiber orientation angle[deg]

Fig.2.2-5 Frequency distribution of averaged fiber orientation angle in each evaluation area.
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M.142 <4270 X CTIZLD, MERNIMHMEE R EHROBIS

ZVIR « B — g TIIRE G OFRITER G D IND 72D, RIE T M OFRHMERL D 7340 % 5
ficEpn. £2Z2TCTvA 7 v X#CT ZHWT, JRFTHY 22 MHERL A 2 51 L7z, BSR4
Table.2.2-2 (Z/”7". FHMSEEI IR OB OFATE L LRI 2 TV D, R LR EBR %
HRIT, Table.2.2-3 ([T HRAFITT 3D GOWEE L, 2 ELOEGAB 21TV, FFHBICI T 5k

HMEA AT L L7z, 3D & & Ak L= il D18 % Fig.2.2-6 12”7,

Table.2.2-2 Measurement conditions of micro x-ray CT

Equipment Yamato Scientific Co., Ltd. TDM1000H-II(2K)

Sample area Area3,4,5
Sample size 3.4 X 3.4 X 3.4mm

Table.2.2-3  Condition of image analysis

3D analysis soft TRI/3D-VOL-FCS64
Fiber mesurement soft TRI/3D-FBR-DT
Image processing binarization
Number of area divisions
Thickness direction 10 (0.313x3.4mm)
In plane direction 1(3.4x3.4mm)

B 'B

Section A-A Section B-B

Section C-C

(a-1) CT image of center (a-2) Binarized image of center
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Section B-B " Section A-A - | Sectionﬁ_B—B

Section C-C : B Sectibn C—C

(b-1) CT image of intermidiate (b-2) Binarized image of intermidiate

1

Section B-B ] _ - qutiéil _B_—.BM

N\

Section C-C Sééﬁon C—C

(c-1) CT image of outside (c-2) Binarized image of outside

Fig.2.2-6  CT Image and binarized image of fiber.

WEHFRE O A &, WEBELITOWHE C 24 M8k Chbii L TH 5 &, Center X° Intermidiate
OWiE C I MD FAIZEE L7235 S, Wil A X TD FRichiim L TRy, A% & a7 EThH
MIANEDDZ NG5, —J7, Outside 1T A,C & HIZ MD FIAICELM L TW 5 Z & D3R
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TE5.

I oo 2 Eb LT-f#MED 3D 1§ 2651, #fERlm T Y vz R 7o, HERL R T > Y L Ay
® Ay % MD FEOBLAE & LR L7RERA Fig2.2-7 R d. FHI#iPHIX Fig.2.2-4 & [Rl—Th
%. Areal,2,3ZfH¥4 95, Outside, Intermediate, Center @ 3 sUTRHN L7=. fEME Y, REHH
WCBWTEMEIZZLTEY, a7 BIos LAV EIEEmENE <, Center (25 L Outside 13
BRI TRMENBW I E 2R TE L. BELZOVTIZ AR - n—HREFHRL BEHL T

BY, ZULHRLEBZZD.

0.5
_ 045 | _
< </
o) =
2 04 |
L
=
.2
E(ws-
= - -
.g -=-intermediate
© 03¢ -=-outside

center
025 | 1 | 1 |
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Thickness [mm]

Fig.2.2-7 Orientation tensor from image analysis of micro x-ray CT.

FVIR s m—Rig L~ A 71 X # CT OFHHIFERN D, BIEOREIG I L, MY
HMUAEZIRS Z LT, RUBIBREI S THY 226, MHMERLMEDRRDMIENE LD A
ABEfFlz. —HT, WBAREZERS &, BIROFEN T RIIXE M E ORRZEIT W=D, 90

ETT R OYEE RS L RBR T, RRLEMETORRANERZ EPRESND.

53



O.1.43 HEHER O ORERR

EFTNAVEBT L AT, MHERLM DIAMCHHER b IEICHF ST 25 Z L MM b Tu 5 [64][65].
ZDTD, FEITRR O N THAER PR E < 2T 258121%, BIME & FERICHHER 0010
RO EET )V ETRIT OLENHTLS D, 207D, {0 H LAEIZET 2%k
HERDODARIZOWT LR Liz. AEIET /L TORIUIMIVESIREE 72 & O J1FRMEDO (L E 4 2
DT ENEMIOD, ROHHEE EWIEICTE ST 2R A2 EE Lok SMEFHHHERE 2 VT
At L7z, £80 H LALEIC BT DR OO MIT~ A 7 v X # CT IZ K D F7-#iitD 3D %
KFGAZERALIRIC TR O TV D, FFHAINEIZ 1T 2R SR PHMHER 2 RO 7ok R % Fig.2.2-

8 IZ/™T .

0.8
goq
< =06
@gﬂ 0.5
g 8
2 04
10 ]
gﬂé 03
8,
< 0.2
i¥]
Z 0.1
0

Center Intermidiate Outside

Fig.2.2-8 Difference of fiber length depending on cutting position.

Center |Z%F L, 0.1lmm 27 Intermidiate & Outside D F P BHER IXEWRER & o720, k=

BB LTI BRWVE EDORE R 0o MITR bR o e, Ubdb, 4RO

ET VTR S MIIBERE LW L L L.
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0.1.5 B[ - FANREOTRE
O.1.51 BB YA X & 258~ DR ERGE
BEM D X D 7258 LB I KR & < MEDR B SN OM BT, RBRA OFEREOmfEE K& <
B2 LT, BRBFERONTY XS 2008~ THH[66][67]. ZiLiL, FEAIBOHEFLA
K& D Z & CRMOGFIERENELS 2D TH L. LvL, AR TR 2O R
OB ER R TET LR BLETH Y, FEAOmBENRRE WS, R DENEZ S AT
B 2 D 27 3 5. Z DT, RO D K& ERYMHEICE 2 DB A Gk LTz,
FEAEE R O/ S 723 BR T 1X ASTM D 1822 Type L & V7=, REAEOERE 2 K& < & - 7= Bk
R, RS0 0 U Al i TR E 2D K I KEH L7z, EnEhoRBR Rk &)
LS A Fig2.2-9 (T3, 0 EEHMEBRA ORESE &~ A 7 1 X #t CT OFHABALIZE —E A7
& L7z, ABRSAEIL Table 2.2-4 12, 0 B M E 90 FEJ7 M5 aR M4 5[ 9RREE O FHAKE R 2

Fig.2.2-10 |2/~ 7.

Cutout angle
Odeg 45deg 90deg

A

= 3.18mm ; -

= Intermidiat Gafgside

N !

w 1

A Cfef i
o2 termidiate
5 ; i
g Z Outsid | "Center Endsid
3 .
F

=

=

D

=

o

Fig.2.2-9  Conditions for cutting out test pieces from a flat plate.
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Table.2.2-4 Test condition of tensile test

Equipment Shimadzu corporation AG-50TB

Strain rate 0.01[1/s]
Gauge length 2.1mm
Direction 0,45,90deg
30,000 mASTM
25.000 Original
5
E. 20,000
2
= 15,000
o]
o
=
10,000
5,000
0
Odeg 90deg
(a) Modulus
350 mASTM
300 Original

[\=]
L
e

150

100

Tensile strength [MPa]
o
jan]
S

50

Odeg 90deg

(b) Strength
Fig.2.2-10  Effect of test piece size about tensile test.
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T TR IR R & /MEZ R, BEERICOWTIZ 0 EHEE 90 EH L iT, R
DR KR E N Original DFBIEL HOE PRWVFER &g o72. REICOWTIE, 0 MmN
TUX Original D HFNIEH DI/ EL, FHEBEWFERE o7, LLEND, ASTMD 1822
Type L Z HHWWTH 3T Y XL L 10%FRE T 5 —7F5, Original 3R T Tl 90 FEH 0] D 58 EE 2K <
ROV A 08HDLZ Engnole. Ubnd, AR CIEFLAHEESN /NS <, Rty

MRS TEHLEEZLND ASTMD 1822 Type L 5 Z & & L=,

O.1.52 Bl A &BLM B ) U7 B iR E D BS

Bl K DR D Z(L A ET NV CRBLT 5700, BMEORLR LI THMEZESET 203
WD, ZAR o —HRGRHERE~A 70 X#RCT OFHURERN S, TD FANZHREBR A o) L
MEZIRD Z & T, BlmEORR LR A T2 5 iAdA%E 2 Td. Fig22-11 1280 H UADE &

Wt DBISR 2T

400.

- ’ €__.:E'_'.Outsid.,

)
]
<

200.

Nominal stress [MPa]
=
e

0.00 0.01 0.02 0.03
Nominal strain [-]

(a) Relationship between cut out position and properties on Odeg tensile test.

57



400.

=)
= 300. |
2 ' o 0
% 500 =
Té A /_
£ - e
Z
100. |

e

0. 1 1 1 1 1
0.00 0.01 0.02 0.03

Nominal strain [-]

(b) Relationship between cut out position and properties on 90deg tensile test.
Fig.2.2-11 Experimental results of tensile strength in ASTM and Original specimen
at 0 © and 90° of cut angle.

Fig.2.2-11 \ZR 9380, 0 R MOGRFFMEZITI D M UALEIC KD AMRICER 2D 2 &R0 5.
ARSI Outside 2> S0 0 H U 72 3B R IX IR SR, 38 & bICE <, R RES D Center 12
FEAAZHONT, WIPELBREMET L TWD. ZHIEZ AR - m— RGO RO~ A 7 7 X # CT
OFERN G, BB TIE ERMENS WO EBEZ 6ND. —F, 90 FEHMOBMERITE Y H
LAZEIC L0 RE T, ZUR - m—4REBHEERN S, WMEIFRICIH W TIALE R R - T
b, BMEOER DI ERbroTEY, 90 EHMREBRAIZEY H UALEC K DELRE O

EPNSWeDEZZbRD.
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O.1.53 HEKFHEDORG

— R B HEA T, BRI SHE S T, IO AR X o TRRRERE
MR EN AT 5. Z DT, BINRBREMIT SR LT 2561, 0T HEERAEEH
FHET KT 5 2 ENNE LD, ZDT2, %5 L35 PAIT-CF40 O O F i FE (R A7
BRI CTHUSG L7z, RBRSME% Table.2.2-5 I3, RBRHIZNA Frva v MRBREEZ O
TWDH, WEICTECHHREZ 52 -0b, ~y R L CGRBRA I EZ N DS & 72
STW5. 207, LT LHHWOREEENH T DIXR 57220, 3B ORIMEC5REE 23 &
JAUE, EENCED ETICHE SN = VX —RIIHINT 5 720, A OFREBRGEE ) LT3
BRORBAE IR T T 2. 22T, EEOOTHHEEZI, T v 7 D b EER O H

EERIE LD, FHEEO A~y ROBEEND EEOOTHEEZRDRB L.

Table.2.2-5 Measurement conditions of high speed test

Equipment Shimadzu corporation HITS-T10
Gauge size 8 X3.18 X3mm

Cut out angle  0,90deg

Gauge length  2.1mm

Pitch of chack 8mm

Strain rate 0.02, 0.6, 1, 2 [1/s]

0 FEHME 90 FEHmo s iERERICEBIT D, OTAHEIC XK 2519 EDE( % Fig.2.2-12 2R
4. K7 oy MINI ORBEREEH S, 2 2 TIIE Y H U EORELZRNT D720, iR

BLIa 2N UT LU Area2,3,4 OiBRAE RO e PRI T - 7=,
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O 1l 1 1 L1 1111l Ll
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(a) Odeg tensile test
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(b) 90deg tensile test

Fig.2.2-12  Strain rate dependency.
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0 L 90 1M & BICOT AR Ko THRABIRMEIIE(L Lig o7z, SRS L L
AMEHIH T T2 ORRED 270 ETH Y, —fKAY72 PA6 72 £ XV & IEF IS EAWER M 2 & 03
BINTWD. FFEORMEIEFICIB W TIHEURE S @V E WD T &0, R HL R A3 B
T5LEZRDE, OFTHBERFEEDNRNZ ENBZ O 5. TROOLRMBIIED O Zs K
FHIFEWEEBZ DD, F7z, S HERIT WH0% TH Y, SFHEMBESGH & LTiT ERIC
. BLENS, BMBIEO OF Al EERAMEMELS, S AR mnw I &icky, EEMD
OFTHHEARFENE o T2 EEEND. LLEND, SRR ET 2D PAIT-CF40 (LT 28

RN/ NS W2, MEFET LV ETIEEEB LW L L L.
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0.1.6 EMEFEORS
I.1.6.1 FEREABRTFEORE

JEMERBR T AR O 2 PR 2 Z L L <, JEEINGI A BE LIk x AR AR
ENTWVB[68][69]. AFFFEICEH VT, Fig2.2-13 (23T =Dk BRI CRHMli 21T~ 72. ¥Ib
HUAZE IS ERBR & Rl — & U, B FEOLBMREHIIE, MHERLM 232 E LTV 2 AP RER 3
ROFERRE R 2 T2, Type-A 1B B O JEMERBR LIS Td 5 JIS_K7172 - ~X— A & L, Type-
B 13513ERBR i L [F— ik TH 5 ASTM D 1822 Type L DikBR A IR A FATHEE CTF v v 7 L7-.
Type-C (ZRF i OB 2 MR T D720, AT U 7 24Kk Lo, HAMVETR & HRT 516

HBHEMWTHEME L=, Type-B DF ¥ v 7T = "=V LV a1 v FERWZElED S 0%

Wiz
Type A Type B Type C
Test piece Force Test piece Force Test piece Force

Boundary
condition

Constraining jig \ Constraining jig
Gauge size 10x10x3mm 8x3.18x3mm 42x28x3mm
Test speed 0.Imm/s 0.08mm/s 0.Imm/s
Gauge length 2.1mm 2.1mm 42mm
Odeg strength 236MPa 282MPa 275.5MPa
90deg strength - 219MPa 214.8MPa

Fig.2.2-13 Method of compression test and results.
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KB FIE DRFRIS T E S O T RO BfRZ Z 4 Fig.2.2-14 127”7, £72, Type-A & Type-
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Fig.2.2-14  Stress strain curve.
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0.1.62 ERA &EFEICIE U EMRIEEORS

3.6.1 [ZTRIE L72ikBR B2 H W EME R 2 S+ 5. SFAlZR(F % Table 2.2-6 IZ7"9". MD J7
[0 D EAFRAPEOFHAIR R &, SRBRA 0 UAZE ORfR % Fig.2.2-15 (TR $. SIsERBRFEIRRIC, Al
A FE A3V Outside O FEPESR « FEMEIRE 23 & <, BL A OARVY Center [F5HMER « FEAE 58 MRV,
—J7C, GRS T 5 & EMETEMER & EREIR A & b IS, BV LACEIC K 20 ZE k&
ITNENWZ ERGND. ZIUIFIIREEMICBIT 2 BEREO ZNRER EZE 2 oD, — KIS
51 BRAKIET I 35 1 2 R AL s 03 HE SR 1 30 1 2 IR 22 5 DR SRR 2 L Ebi TV A [71].
ZHUCKIL, v—B (721 EH[73] 51X, JEREREOMEMT O ST FEJEIC LV Bl R Z S
&L, RMEEDEAMBEDNESGHM OREZIRET D LER T, ZD%, JEMIEKRFOBLS
HELZ LTINS, WAL R HEEEEOE 2 F T —EBr b0k chs. Bk
D, SIRMEWTASAE ISR T 2 D1zt L, EMEETII R BIRICER T 5 & E 2 b, Bl
SR K DEITBIRBED TN FENREmN xRS e B2 o5, BLEND, BIRRM

KO BEEITTADP, B XY EMERENEEIT 2 2 & 2R T 7.

Table.2.2-6 Conditions for compression test
Equipment Shimadzu corporation AG-50TB
Gauge size 8X3.18 X3mm
Cut out angle  0,90deg
Gauge length  2.1mm
Pitch of chack 8mm
Test speed 0.08mm/s
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Fig.2.2-15 Relationship between cut out position and properties on 0deg compression test.
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FERE BEICTHRG Lo~ A 7 2 Xff CT OFHARE R A ik L7e b O % Fig.2.2-17 IZ~7. FBR
TIIRERFE LV bHBRET I~ 0.3mm FEE NS A o 7 i i b ERA B @ <, BIBARAT
FEREBAAAEL TS, Center 75 Outside (21T <IE EELM S FVVER HRBITE T
%. 727201, TD HOELFEIZOWTIE, ~A 7 17 X CT OFHRER L0 b Ig T o 7553

1K < PRI 2 M1 2wl L7z

1.E+04
310°C
—325°C
o —340°C
Q 1.E+03
<
A
Z
8 1.E+02
2
=
1.E+01
1.E+01 1.E+02 1.LE+03 1.LE+04 1.E+05

Shear Rate [1/sec]

Fig.2.2-16 Pressure dependence of viscosity.

Table.2.2-7 Molding analysis condition

Analysis solver Moldex-3D
Temperature (Mold, Resin) 168°C, 315°C
Mesh size (In plane,Out of plane) 1.0mm, 0.1mm
Injection condition(Speed, time)  50mm/sec, 1.14sec
Keeping pressure 150MPa
Plate size 150 X150 X 3mm
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Fig.2.2-17 Comparison of experimental of micro x-ray CT and molding analytical results.
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Fig.2.2-18 Material model correlation procedure considering the fiber orientation strength of the material

test pieces.
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f Forced displacement
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_~Node used to calculate strain
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- Mesh size : 0.4mm
Mesh type : Quad shell / Fully integrated shell
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>

Fig.2.2-19 Structural analysis model assuming tensile test.
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Fig.2.2-20 Material parameter of MAT215.
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Fig.2.2-21 Material parameter of MAT157[4].
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Fig.2.2-22 Results of confirmation of the material test.
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Fig.2.2-23 Condition of 3point bending test.
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Fig.2.2-24 Results of three-point bending test at plate.
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Fig.2.2-25 Verification of analysis accuracy.

Table.2.2-8 Analysis error at 3 points bending.

Cutout arca Previous model (MAT157) New model (MAT215)

Angle | Position | Maximum force | Braking Disp | Maximum force ;| Braking Disp

oo, Centor 24.7% 20.5% 4.7% 3.4%
& Outside ] ) 5.4% 2.8%
90deg Centor 33.2% -20.8% -1.3% -3.4%

FENTREEE DS 1A B L7 R 2 03 272, IR F OIS T D 5340 Z i3 % . Fig.2.2-26 IZHE

TIOR3y K10 s DR R TS & /MBS T D534
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Fig.2.2-26 Comparison results of edge stress on Odeg. three point bending at generate maximum force.
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Fig.2.2-27 Shape of specimen.
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Fig.2.2-29 Distribution of fiber orientation angle and strength of orientation averaged in thickness

direction.
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Fig.2.2-30  Frequency distribution of fiber orientation angle in each evaluation area.
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Table.2.2-9 Measurement conditions of micro x-ray CT.
Measuring equipment ~ Yamato Scientific Co., Ltd. TDM1000H-I1(2K)
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Fig.2.2-31 Orientation tensor from image analysis of micro x-ray CT.
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Table.2.2-10 Conditions for three-point bending test.

Equipment YONEKURA CATY2010S
Test environment 23£2C

Radius of indenter / supporter R50/R25

Pitch of supporter 220mm

Test speed Smm/min

(a) (b) (c)

Compression damage

Tension fracture

(b)

Force [kN]

(a)

1t  (©)

0lAAllllAllAl.lllA.lellj.AAlAll.A
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Displacement [mm]

Fig.2.2-32  Force-displacement curve of three point bending test.
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Table.2.2-11 Molding analysis condition.

Analysis solver Moldex-3D
Temperature (Mold, Resin) 170deg, 320deg
Mesh size (In plane, Out of plane)  2.5mm, 0.26mm
Injection condition(Speed, Time) 30mmy/sec, 1.7sec

Keeping pressure 80MPa
Gate position End face of the web
—e— EXP-MD A,
—— EXP-TD A,,
0.8 &— CAE-MD A,
_ CAE-TD A,,
< 07
s
5 06 |t
=
S 05
8
g 0.4
03
0.2
0.0 0.5 1.0 1.5 2.0 25 3.0

Thickness [mm]

Fig.2.2-33 Comparison of experimental of micro x-ray CT and molding analytical results.
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Table.2.2-12 Structure analysis condition.

Analysis solver LS-Dyna

Indenter speed 300mm/sec

Indenter control Forced displacement
Mesh size 2.0mm

Radius of indenter / supporter ~ R50/ R25
Material of indenter / supporter  Rigid body
Pitch of supporter 220mm

Forced displacement
(100mm/sec) ‘

Mesh size : 2.0mm

Thickness : 3.0~3.4mm

Mesh type : Quad shell / Fully integrated shell
Integrating points in the thickness direction:10

Fig.2.2-34 Analysis model of three-point bending test.

90



8
—EXP
Tr —CAE MATI57
6 | | —CAEMAT215
Z s
E 4
3
2
1
0
0 1 2 3 4 5 6

Displacement [mm]

Fig.2.2-35 Comparison of predicted results of force displacement curve of MAT157 and MAT215.

MAT157 TliE 1.7mm ZN0RE TR R & OFEfhICAE D IREN2S A L Cnd . MAT215 THEEGD
FAEENREIN A L TV D0, BTN SR R EEICIT R & BB W=, STE

9%, Fe KA BEAE & AN O THIME & % DRRZE% Table 2.2-13 IZ/R7.

Table.2.2-13 Comparison of predicted results of maximum force and braking displacement of MAT157

and MAT215.

Maximum force Braking Disp

Value Error Value Error

Previous model (MAT157)| 5.06kN! -28.4%| 3.5mm; -30.3%
New model (MAT215) 7.32kN|  3.5%| 4.8mm{ -3.4%

MAT215 |38 KAnf BB & AT ZEAL & B ITHEATRR 21X 4% LN TH 5 D3 L, MAT157 DK
fof BEAE D FRATRR 7215-28.4%, TN O FNTRAZE1E-303% & 72 o 7=, A RIOME &2\ T
1, ERFIED MAT157 LV b, $2RF1EO MAT215 O J7 3 B 28 L ERE O Tk B | 2B A

WD & AR TE . IR RO T HRE 2T 5720, RARMEIEAER OERHIER
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Fig.2.2-36 Distribution of maximum and minimum principal stresses of three point bending test by

MAT157.
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Fig.2.2-37 Distribution of maximum and minimum principal stresses of three point bending test by

MAT157.
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Fig.2.2-38 Distribution of maximum and minimum principal stresses of three point bending test by

MAT215.
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