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Fig.1.1 World energy consumption (a) by source and (b) by use .
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Fig.1.2 Approximate values for energy consumed at each phase of life-cycle of products ™.
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Fig.1.3 Vehicle weight vs fuel consumption of family car in Japan 2.
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Fig.1.4 Estimated weight ratio of each component of present steel vehicle.

100%

80%

60%

40%

20%

0%

Cumulative weight ratio [%]



Roof panel

Front roof rail
Rear roof rail
Roof reinforcement
Trunk rid

Upper back panel
Hood

Side panel

Front body
Under body

Rear end panel
Front fender
Front door

Rear door

SISISISISIOICINISIGIGIBIOLS)

Fig.1.5 Body structure 2,

Fig.1.6 (a) Front suspension and (b) rear suspension ™71,
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Fig.1.7 Example for body structure and its cross sections 7.
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(a)

Fig.1.8 Example for front sub-frame and rear sub-frame with their cross sections "),
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Fig.1.9 Side impact safety by absorbing side collision energy.

Fig.1.10 (a) Main longitudinal members for absorbing a frontal collision™*® and (b) comparison of
FEM simulation and experimental collision test %2
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Fig.1.12 (a) Multi-body dynamic model with structural element, (b) simulation results of body
deformation during slalom maneuver and (c) test results ™,
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Fig.1.14 ULSAB model and structural parts %!,
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Fig.1.15 Developed high-strength steel and applied parts
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Fig.1.16 (a) Hydroforming for side rail and (b) Talored blank for side body
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Figure 0-3: FSV BEV Steel Types
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2, WEM O T T L— A~OERIC L HEELOERF (Fig.l2l(h) bH v, TE/HE
M OBELICHIKL TWD. L Ladb, INLIEELESEHRESY 7 A~OHMIZE L%
STNHDHLFEETHD. BRbIRy 7 ROIFZORIEEETHY, mAEFEEREDOEBIZIT,
FUARIEREE LD EEZZ LN THNDD, SEIFEHI D & MIBRBAE LT <, B
e Lb & AR 2 & 2R WRIBAAE D RABD A3 LU & S hh T 5 1%,

2 TRV NETAI =T ALY SHICHRNARETH LD, BEIRIZR A LT WA ED
MEZA THY, X MY - BUEHIGT 2R ASEEN TV D, BFEAEL LT, =
YUURNIUVAI vy a YAV ICRIAWLND Z ERD D, I, FH T T
SO E WS T EAT 5, T =0 550 &8s X 5 I REAEICITM
R EITIR SN D.

RNIVIEBEBOFTIIT A IS SN R LA HIBREME L E 2, 5% b RIEHFO S &
BIZE o C, SRR o = TR NERD KT D Z LICRb B 2ND.

Bending Die Bending Dic
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Die \ ]
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e ,
‘T' SH Die

{a) Draw Beding

Clamping Die Pressure Die

(b) Compression Bending

Workpicce
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LS £
i B
PEEES—————
/ - ~
X ( ’ ) (7 | ;" l)l(' ‘.
Lol / Workpiece

(¢} Roll Bending
Jending Dic

v'.‘ e

v:lmnj)ing

Workpiece Die

(e) Streteh Bending

(d) Press Bending
Bending Die
Y 1
4 ,,— 7
M {

Workpiece

(f) Push-through Bending

Fig.1.19 Forming patterns of various shapes made from aluminum alloy 3/,
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Usage amount of plastics

Fig.1.20 Hybrid space frame of steel and aluminum alloy

Fig.1.21 Front hood, door panel and sub-fram

75

in a car [kg]

g

(Alu) casting
/']l"h S = (Alu) profile

4&@1&,, =2 (Alu) plate
Ql'\) 1% = (Steel)piate

[1-36]

o [1-36][1-37]

OOt
_BRY) ey

197‘) 1977 1980 1983 1986 1989 1992 1997 2001

Fig.1.22 Trend of applicable ratio of plastics ™.
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1.1.23 #EMHOT7 7o—F

7T AT L, Figl.22 (R X DI, HEEEM ~OwE A RS EL kT TR,
Bk a2 RS DERA DR > TWD . KRS, ZAETIAMEDOEWAR Y Fa e L (PP) D
RIERBENLD. BT, BEHEMAROBEE~OEROBE V0D, TTAF v 7 KK
WZRIFED T T AF v 70T L, B EE Nz 58BN EDLND L HIZRY, BT
°Uv—7m4&WiM6&ﬁﬁ@Héﬂéi5’&oT%t R ~—T78aA{bo X
Fex B D0, MHEEMEZ T LSS50 T L0 2 BIEFIC 0SS FERTERTHD.
Z OMEMMEO BN R b EERON, BIEE =T A h~—0REm#EEHoa L ha—LT
HHMEHIEL, ek TFETR—RALRDTTAF v 7 OWEE LSS D058, MEHR
FEPITHOI TV,

DX DR A BRBIEDBRR SN, HHSNTETWAHHFT, HEHE~DORE LT,
ERIPE - EINERNE - Ko 2 N THAHRY Fa L UoROMEIRER Shoo b H ]
%K,A/A~km,i7XF7%%%747~ Lok En=EERY e LR
WHND XD TE. Fl2IE, MEREICEND &S T8O PP 27 EIlc, B L
RTETEN I DRy 8D PP 2 A% & %/F% v TFHEEETER L, BRBRETH Y i
5Y, RRIBHEERIE « MHEERIEREICEEN D R S— BT ST B

1.1.2.4 fi#RLESMBOT TO0—F

FROXIIZ, FTAF 7 BROHRIZZOAMIIG L THR SN TE . £, —#6,
FIMHEIZ &> Tk S, SHMIPICE W EE SR D8 IR A TE TS, Ll
RING, BIEZDLDIXEDFHETH L0, BT VI GRICHBEICES A OND
(2L, IR & ToREBURE D @ OB T I . fHERIA L S5 - T, RS 1mm
LIFOENS D THIE, HHAEN ERRIETH D - OMHES ARITIM S, &EE - &
AIPE(L D EIRITIR L TR <7220, LIed»> T, HEREO —Hi L LT =722 IR
SNTETFWD OO, TRIINIEMCEEREER Y, jux HEIZ O DEIE DD 720
i T D720, HREIRO KR 72 BRI ITER L2,

ZZTHESTTERZIB O TV D ON, ERe e O RAHE R OfkiEsR{t 77 2F > 7 (FRP)
Thd. BHFEERANDG, L— 0 7 —OmkBIE, RFBERME & B bR 2 2
BAEMEHIBA STV, AIBICRRIN 00572, BEHEIZIIARME THDL EEINT
T L ANRTIE, —RBEAOBEAIZ AT 72BN E B AIC R > TE TV DL Bl X1 Fig.1.23
2RI L9 7, ?&ﬁﬁflﬁfﬁﬁﬂa Z 7= RTM (Resin Transfer Molding) & 9 BLE2NBHRE S
TWa., ZoRET e ATIE, EMRE, ik, 2L T, BIREALT, FLALRRL
L ESED, EWo kg, MAEENICHLDMMEND DT, & TRICND T ZHIE T
& B gz BHEOTEARE 2 E D T, WEREL LT HM bR EEND XL D
2725 CT&E T2, TOX D RMERR CTIE, B bMERIE OB L4 % il b3 DM BB b
FRFEITCTED BTN .
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Fig.1.23 Resin transfer molding process 7!,

Infra-Aad
Healed Oven

Composite 531 157 b) Transfer l L_ﬁ___j l

[EEEEERE
|

a) Heating

¥ 4 4 % dPressure
(200bar)

= S = — Gm
[ x_hﬁ]
Shear Edge

o) Flow

d) Consolidation / Cooling

S
a) Part removal

Fig.1.24 Hot flow compression molding schematic 2.

—J5, THEO XM )7L LT, SMC (Sheet Molding Compound) <° GMT (Glass Mat
Thermoplastics) 72 EORENEBIEHEND LI/ -oT&E 2. ZibiE, Figl2d (T4 X9
2, UINTBHER S DBREDORE I Z R ST EEREAMAO L T ¥ MTEATEIRED BTG
BIiRY— & IR —F =R ETMAL, @RIIHEL T, YVARBIZL > TaloFx v v
TAIS U R EEET 2 HETH L. B LERRICIRS T, Ebonbnd b, B
K FE O H A W EVAT BRI IC Bl L 72 B & L CHE B ST 5 AA-adliadn-as)
Fig.1.25 [Z7R” 9 K 918, HtkiER DL EIC S, AROBIER WO ND Z D 5. 127121,
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ST E LTHWT, KVRMEDH S T L Rz s 2 L nTE 5,
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Fig.1.25 Consolidation techniques for continuous fiber materials !,
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Fig.1.26 Schematic of E-LFT production process ¢!,
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Fig.1.27 Application examples for vehicle structural parts by glass LFT 471,

F7o, KVEMRRERIESTZOOMELE LT, Ei#RONL Y & HWT- S HRE
REMEHSINTWD., ZORIBIETHE, 2 X NEEOBLENO T 7 AL PP ZHW
ONBAFEN E LTI BA SN TR EIAN8]Rig 1 27 |\ RT X572, N7 RTRRT
EVa— AR ENREOERFITHD.
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1.1.3 ik RIBHRIEEEM K SBEELADTEEM & RE

PLE, SHZRATE L9118, BERIEORT R ED EmEzR LE S & LT, Hx
MBI ZE D B Z R TREINBRENS B SN TE Y, 4% bBREEIIME L T <
CRBTED. TORBBROFTIE, WRDIMEITH-TYH, ZONREMNRIIFRET
& MRS - REE - THEEREME A ) B S0, MOEtOMHE A HI L TRELEKY, 7o,
Kax bk AR A 7T A L, HDLWNE, —RINLIC K > TS REEHTET 5, 28, &5
REOMTHMZHEEL TN ZEREETHD Eond.

SR D RHERAHER DIRIL T T AT v 7 b HLRMEO—>TH Y, RUVEIEREH & &
G a AN, LW AR E S TERAT 4 T EE2 BT H L, SRS TIEN 2
RINTWD., LnLRns, Wb 28K EDN T T ABHEDSS, e m o eI
HWT0GPa LTI =T AW THY, BRSO3 hr—/lZ Lo TRKRHEO MR
FELIZE LTH, HME - RECTT VI = AL EOMRRIZEI TE 2. 512, —
FOIH T2 < TN N FETEEZE T2 L5 ITHMER 7 v X A2 imicilE S TW 5
&, BIRZRENAPEIZE T E TR 22D, T Az AW - Rii#ERL 77 25~ 7 1%
TV 2 — VMO X5 ITEMER IR A —RE CRIE Lo e &, o, JIEAMES THAE
ITHEREe EITB L WM I3 L CORBER MBI E 2 5.

ZOXICEXDE, WHERILEA MBI O TR EL O FIAR D R @O O D R FEHELS
FHULT T AF v 7 ThHEFEA KD, RIEMHMEIL, £ OMHETT M OBRMERNS — KAV b
® (ZZTIXPAN RA4FET) T230GPa fRE S LIZZNLLEH Y, WNT & LTI
WHEZBLE L COL D ARREMMEZ M C& 5. 85I, BED 1.8g/om® fE L IR <,
REMBLERES & A ORINEZ KT D72 DICHRESE 2 % 3 FICEL Lc s LT, Skiipikt X
DR TEXHHREMNRHS. 2F V0, AT 4 XREY OFEREERMICEHTE, 21 b
ERLEROEWVEMEEORERN B B2 Rl RIAL O H HRPENE, REMGHEE AV
WHERILEAMEICH D L E 2 5. AETIT, mﬁ@%%M77x%/ﬁ®ﬁ%ﬁ & H
LT, HARREEEM O R 2 kT 2B rTEEMEIC DWW TR 5. 7272 L, ﬂﬁﬁ
PRHEZ~ N v 7 2L LEEGAOEA O HE ik&%_owfi WHTFEL <l

1131 8=lkRToIvIL

IRFEMHMESR(L 77 AF 7 (CFRP) OEEALRT oy Ve EDF X F %, Figl28 (TR
T XD RPZET L — AR B O & LTRSS, Fig.l.28 TiX, #lxiE, SME 1
W 50mm, JEX Imm OSSO 727 L— A%t LC, CFRP 8l hze 7 L— AW
Wz &5 FhidE bR 50% % ER TE5nE R LTS, ZZTHRIZ, CFRP X, ¥ KU
v 7 A 0.9g/em® R Y Tu v L AR, MFEARTEE AR VE &2 50%0 b O &iEHA T 5
CERET D, 7D &, AL 1.35g/cm® & A2 0 i 5 A MR 1T A RIS XV 9 110GPa
EHRIEESND. Fig.1.28 DFEPIZ, (AR CFRP fl 7 L — A DFHRL 7 L — 2T 5 k38
T A—HDOEREZHFT D, Figl28 LV, HEET L — AOHETIE L di PRI 2 gkimil — L
— L ERIZEICL, 20, BEEE 121275120, WEEZSM 7 L —20 29 fFLTHIERW
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ZEBHHD
MR =R 1/2

F1

i

ZDOWf, H2E 7 L— AORFTHHOFE5HMER Ec & 7TTGPa L i
ZIERK TE 5. CFRP Ok J7m =N 110GPa TH D = L b, HEhk

AX n‘l"dAﬂ i%?l_l'

PRAPHTHTAIRD TRICE - T, BEFEZERO LB LAGROND 2 ENRREND.

Steel hollowbeam CFRP hollowbeam Ratio to Steel
ElasticModulus(E) E; = 200GPa E.= 77GPa (v0.5) 1/2.6
QOutside size (h) " h 1
Volume (Veet) Vv 2.9V 2.9
Second moment of h4— (h = 2t) ht=(h—2-2.9t} 2.6/1
= = le = =203000 '
area (h=50, t=1) s 12 78500 ¢ 12 (=203000/78500)
Flexural stiffness Esls = E_l (=1/2.6%E;*2.6/1%L) 1
Load (P) 1
Deformation
same flexural
(6ecP/El)
performance
Density (p) 1/5.8
Weight (W) 7.8V 1.35%2.9V 1/2

Fig.1.28 Weight reduction design for equal stiffness of structural member by CFRP.
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Fig.1.29 Estimated weight reduction effect by CFRP.
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BENZHINTWD, 2F D, EROEMIPERFHIR > THREZBRT4X, CFRP ot
TEEA T, SRR L CHE D ORFRT vy vl bH D EEXDH. T ERHRE LT,
Fig.l.4 TR L7IEHEETM RS, EERIEBROEWIEIL, AT B, 7rr &I THX
NRevay, RTARVE, BV a— VA £ CFRP BUZE i x THEZ R I
i, Fig.1.29 |23 & Hig, FENEEHLE 1200kg OFHHL A 300kg UL E#ELS 475 2 LT
L. TAIEEXMNAT o THENR LGSRV RICED2ENRH L2 AR 5.

1132CAEICE BBERFTENFEAN X LBEHOHL &

FPRINEZ A OM B 23T, BB X FREORBLAGOND Z L2350y
Mmool Lovl, LLIETHHALZ L)1, HEIEOLZENE - FEEOMMERIE, Dl b
B - EBITEEMSE - IAERRIESND Z LIC L > THID THEITE H720, LT
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HIZR WK 7 L — S5O MNTRIMED % AR Ay 712 LTz, MBS 5L R 1 ]I - 72
BTULew., EEICE, P EETRGxons 2 83k, BEEOa—F U Ik
TN EE b IND 5 L, #ATHOMIME S SRR RE B2 52 5. S bIT, HEFE
W OB IE R EN D D720, FREEMELZFRFNCTRT 2 0ENHTL 5. HEL
EVECTANEIZ B3 2 E M EMERR T, RIMERREH L 0 S HICBEAGAA T, SR 0M B i Ik
EA—N—LEHEREEH OBR L RTNIER LRV, 2oVt EHERICEP - T %
Bex %@, avbta—F Ty Ialb—3i gy UTEWEEECTTRI LTRSS IEME 2 17
EEEDH L EBIT, Rl - IBIREZHT RGN 5729, A Tix CAE (Computer Aided
Engineering) £ 2 fEMAIZBAFSICEL D AN DA T8 7o > TE TV D

AU a—HIZEDHEAE— R - HEENNEFE L A EL TEEES, BEIERAT—VIC
ﬁfécmﬂ%Wﬁwmiﬁﬁﬁé&ﬁmmL k%<%5bf%t&%z%hfné“ﬂ
F7m, LR TR PEMEICET S Y I 2 L—3 g U E, AMEET LA CAE Hiiffic
f%ﬁbfﬁﬁbﬁwm%%m%ﬁk%%%ﬁ&&®Lﬁ%ﬁ%ﬁw,$ﬁ£w®@@ﬁ%
Z¥Ialb—yar L) S 2HMGBREBME T AR b T2,

ZOEDITKEFET VA NI D CAE BT, HEEEAM BEARORFHI BN TH RWITHEL
TW5. HMEERT, TOFRBERE TG T A N OB 20 K LIS L2 O E
%@Mﬂ%ﬁ%imTN%%®fkb AR BT A MC K> TIWE R L OMERE 2 £
AEL 22T TR BV, BEORE, U EGEN LoD, S 5R5E MRl S B
fbx BT 25 L, GE&m%%wtﬁtﬁm#h%®Wﬁﬂ%%® Bibnz tix%
V. BILZE, M OMRERRINERE &2 G 256, MEO O Bl B A 7 & DR BE S
T A — X F FEREEEBRIC X > TR L, 4% Cowper-Symonds 272 & CERAL L 72 BT v
%, =t CAD THERL LS IRE T LV ORRERICHI 0 4T T, MM OERMITHR %
v Ea—& ECRET AP 295 LT, BERLIEREIC AT 2 BT R o — T — D
BERGET 2 2 ENTE, WM OFERRIEREZ @O 57200, L0 &tEfERfES - IkE
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&AM, ’@i5ﬁﬁﬁ%ﬁyi1V~93V%%%k%Lmﬁ&m% BRAb B2 &
—7y e LTEHGAICL )OS HEHBEN ER > TEX2E00 THD. MHERIbESH B
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B3, CAE, Z Z CIETICAHRERMHT (FEA : Finite Element Analysis), % FVTHEMEA
ZE3ETRL LD T2 &, EHMOEBEOMBEICKH LT, BEEEFETLZ2NENON0
DM EHFEREEICIERT 20T, TOMAGDLRIZE U THEET VR #7252 L3
Sx D, —HIAOM T b, MELOMIRZBET 2 BRGNS S biFET 2 5%,
—ODOOMEFET LT, Loy ZIRCINSEM 2k %8h 2 Tl T X 5 X 9 Zeit— 7 7 ikimix
REMSLIN TRV, S5, PHBEOKIEZIL, ZORRSTEMENE T VREICZ 2 M
EEEBLRTNIRSRVD, ERES I 2L —Ya VOREBKIEEZTAICLTh, £b%
b ERINAGF O VT B DT AN S 72 b DO E I 0D LWEERH 5. Hilx1T,
FRP (XA T ANZIZIZ & A ERb S 20 2Dls, BRHBECHNEEEN A U702 LT
FHLTIIRELSEbNTEY, BELL RN ZRNTREN G E 2> TRAVNERT 5 Z
CIEHEWRNWEEZ DD, ZORPFTNRBEORERF %~ 7 0 72 ZER CIEfRIZIE 2
HZEEFNRDELW. X T, ZORANREEIZHAT DIy 78 A =013
2 L= a Y PENTH DL EEBZ LN OERED LN THD L0 ZoxF 1%
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Fig.1.31 Manufacturing process of thermoplastic prepreg by belt press with resin film{*©°,
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Fig.1.34 Types of carbon fiber and polypropylene for improving interfacial strengtht®!,
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