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2017 Cellulose Nanofiber Performance Evaluation Work Outsource Project
(Proving, Evaluation, and Verification for Introduction of CNF Materials for Social Implementation -
Automotive Field)
Report

Summary

1. Aim of the project

In the automotive field, applications (materials and parts) were proposed for utilizing the properties of
cellulose nanofiber (CNF) and a thorough evaluation was conducted of the full process from material to
automotive final product for resin materials that use or are composites with CNF with the aim of reducing

carbon dioxide emissions by improving energy efficiency through reducing the weights of parts and products.

2. Summary and system of implementation of project

The project was performed by members in a system of nine groups corresponding to the following: (1)
providing CNF composite materials and clarifying constants, (2) molding processability evaluation, (3)
prototyping and evaluation of structure element models, (4) prototyping and evaluation of small parts, (5)
prototyping and evaluation of large parts, (6) mounting and evaluation of reduced-weight parts in actual
vehicles, (7) evaluation of vehicle concept for vehicle implementation, (8) evaluation of CO, reduction effect,
and (9) information management related to project promotion. There were 21 participating institutions as
follows.
Participating institutions: Kyoto University, Japan Environmental Management Association for Industry,
Kyoto Municipal Institute of Industrial Technology and Culture, Kanazawa Institute of Technology, Nagoya
Institute of Technology, Akita Prefectural University, SHOWA MARUTSUTSU Co., Ltd., RISHO KOGYO
Co., Ltd., INOAC CORPORATION, KYORAKU Co., Ltd., SANWA KAKO Co., Ltd., DaikyoNishikawa
Corporation, Maxell, Ltd., SAEILO JAPAN, INC., DENSO CORPORATION, TOYOTA BOSHOKU
CORPORATION, TOYOTA TECHNOCRAFT Co., Ltd., AISIN SEIKI Co., Ltd., THE UNIVERSITY OF
TOKYO, and National Institute of Advanced Industrial Science and Technology.

3. Project details
3.1 Molding of CNF materials, evaluation of material constants, and provision of CNF materials

The required quantity of composite material formed by mixing modified CNF into resin was supplied to
each participating institution. The resins were polyethylene (PE), polypropylene (PP), polyamide 6 (nylon 6,
PA6), polyacetal (POM), and polycarbonate (PC). The amount of CNF added was 5 to 30 wt%, and the
optimal composition was evaluated by indicating the physical properties values that need investigation for
automotive materials, such as mechanical strength. Sunshine weathering tests were conducted, and it was
shown for the first time that degradation by light and moisture is suppressed.

Furthermore, the results of evaluating CNF100% plate-shaped molds and CNF pipe highlighted that
there was a possibility of developing CNF for automotive applications, and we moved onto the stage of

evaluating structural element models and molding processability.



3.2 Molding processability evaluation of CNF material

CNF composite materials are able to produce a fine foam by injection foam molding, and it was found
that this increases the bending elastic modulus in particular. Since this is expected to further reduce the weight
for automotive applications, molding was performed using molds for specific parts. Molding of the vertical
parts of a trunk lid was performed using PA6-CNF10%, and a weight reduction of over 10% was confirmed.
Furthermore, it was found that CNF100% plate can be formed by the process of dewatering and applying heat
and pressure to an aqueous dispersion, and the horizontal parts of a trunk lid were molded using this
technology. This was used to perform parts substitution in a Toyota 86.

Furthermore, it was found that the side impact strength of PA6-CNF elements can be increased by
plating, and since this is also possible with foam elements, it was shown that the weight can be decreased by

around 20%.

3.3 Prototyping and performance evaluation of CNF structural element models

CNF paperboard was fabricated with a bending strength on the same level as aluminum by selecting
CNF paper that is suitable for pipes, boards, and paper cores, and cementing that paper by using adhesive.
Furthermore, this highlighted the idea that the backbone structure of a vehicle can be fabricated by a

combination of aluminum pipe with CNF paper.

3.4 Prototyping and evaluation of CNF small parts

Prototype evaluation was conducted of the following automobile parts: (1) air conditioning parts, (2)
interior trim parts, and (3) engine-related parts. For (1), an air conditioning case was test manufactured using
PE-CNF5%. A normally shaped part was obtained by increasing the number of gates. The foam molded part
reduced the weight by 7%. For (2), door trim was test manufactured using PP-CNF10%. Since the bending
elastic modulus is 1.7 times that of PP, the part thickness could be reduced by slightly less than 20%, and it
was calculated that the weight reduction effect over an entire vehicle would be approximately 13%. The
amount of VOCs that were emitted increased, which showed that measures to reduce this are needed. For (3),
an intake manifold was test manufactured using PA6-CNF15%. A weight reduction of 13% compared to the
conventional GF30% and a smooth surface were found. However, it was also found that an increase in impact

resistance is needed. Further performance evaluation will be conducted in the future.

3.5 Prototyping and evaluation of CNF large parts

An engine hood (bonnet) for a Toyota 86 was test manufactured using the resin transfer molding (RTM)
process to impregnate CNF sheet with epoxy resin. A weight reduction of around 30% compared to the
conventional part was found. This verified for the first time that the RTM process is also a method for

creating large parts even when using CNF.

3.6 Mounting and performance evaluation of CNF reduced-weight parts in actual vehicles
It is planned to check the weight reduction effect of replacing the engine hood and trunk lid in a Toyota

86 with CNF composite material, and at the current stage, each of the parts has been completed. As a



preliminary stage, a weight of 120 kg, which is equivalent to the weight reduction (approximately 10%) if
nanocellulose vehicle (NCV) were adopted in the current model Toyota 86 (weight 1,270 kg), and the
difference in fuel consumption was checked. It was found that the fuel consumption decreased by 20% when

the weight was decreased by approximately 10%.

3.7 Evaluation of vehicle concept for CNF vehicle implementation
The 3D design of the final prototype vehicle that is being investigated for manufacturing next fiscal year

or later was completed. This is planned to be incorporated into specific design diagrams next fiscal year.

3.8 Evaluation and verification of CO, reduction effect of products utilizing CNF for social implementation
The idea for the process that contributes to setting development goals came from calculating the LCCO2
emissions and getting feedback after receiving the information provided by the consortium members about
the material structure, molding method, element weight, and baseline information for each element. For the
production of the raw material pulp that is expected to have a large effect in particular, a simulation model
that includes the upstream processes was investigated, and estimates were made of CNF manufacturing raw

material units from raw material procurement to chemical modification.

3.9 Information management related to project promotion and overall evaluation of CNF materials and parts

A project operation promotion committee was established and progress management was performed for
smooth management of the project. Furthermore, plenary conferences were held periodically for all members
of the participating institutions to come together to share information.

Publicity activities were performed with the aim of spreading the word through education about this
project, such as through displays at exhibitions and talks at symposia. In particular, the strengths were
advertised through exhibiting the actual parts and giving talks at the EcoPro 2017 Exhibition (December 7 to
9, 2017) and Nanocellulose Symposium 2018 (February 27, 2018).

Draft plans for introducing CNF into the market in the future were created based on the progress of these

activities.

Project period

April 1, 2017 to March 31, 2018

Vi
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Rz, WSS, BMEIIZ THEAROZRENERSND, (A) (B) &b CNF OEMER T
10 ~% 100nm TH D, RTM FKIEDGAE, 18 16mm, ES 50mm OFIRO CNF & —h&27 4 AT
FEETHMENHDHIZD, CNF > —k (B) 220\ CiE, HEHEE 7 ot A A T&5L9 CNF v —h
Z 16mm & IZRFERAY v 2 —CUIWT L=t $RILT-,

Fz 1.1-2 BHLT= CNF o —F

CNFi&$ BIERERIEIS S (MPa) [BIERERIBOTH (%) Emm) |BEE (g/m2)

CNF¥—F (A) |EEY AR 103 4.0 0.031 46
EAAR 49.5 8.2

CNF¥—F+ (B) |5EY AR 52.9 2.1 0.041 26
EAHM 22 3.7

1.1.2 CNF M Bt B EEGEAT
(1) R 29 4B ICHRAEL 74 E -CNF A4 BF O 5 B 3T A

F 113 12K 29 A= FEIZHR L L 72 PA6-CNF, 331 U8 PP-CNF 184 1K 5 FE 1)1 FE A 5% 2k
28 AEFEICHRBEL 7R, BE O =—MEIROW LR L ORT, EEMEIO CNF /I 10% &0
Wi L L 7=, PA6-CNF [ZBAL T, CNF OFRHEOOFEFE SFH BN E W RIE CH D 1 iR SR IZ OV T,
Wk 29 AR FEICHR L L 7B BHE 4.32GPa TH Y F-pk 28 4 FEFE LA KL 4.29 GPa L[RIFRE TH L, =
LR RO BT 9kg /hour EF S0% AL TWD, Fi2, (RA~DFLHEITEME L) oyhI o
SREDPEDIXS S EDVNEL T2 > TVD, PP/CNF [ZOWTiE, BT HPESR)Y 2.30GPa 2> 2.72GPa LK)
18%IEIMLTWD, TR, SIIRFMERGHINL Ty, BEEAREEHLICERLZSE, Bk
{BIZ D72 E IS ID, FTo, FR 28 FEE T~ AZ— Ny F D CNF & A D 30% Tho7273,
FERE 29 L 50%12720 . A SR O A BHE CAIRIBMLIZIGE . MABIEO S A RN EDS
ZLINTED, ZORER. SRELSNOMEDOHIHN RS20, BB E O EIZ ORI EN RS
s,

= 1.1-3 BELLT-#1E5 /CNF Ry DR EWMEE O

e CNF&3EHE Ay BHFSRE | BhIFREMESR (BI5REE | SIERMMEE | MFR (g .
(A4 yF8Y3E) (MPa) (GPa) (MPa) (GPa)  |/10min.) "
PA6=—} 103 2.53 49.2 2.68 18
o RK, FEBHERM
PA6-CNF o |PeFMEZEECNF HETER 145 4.29 104 4.52 12
R -
10% FEX)
vy v R R
H2o% RKR, REHERKH (7Y 2—Fik, BE. EH, HE
- |PeFMEZEECNF ISVERIIC: ) 144 4.32 100 4.71 3.1 |® w&ymmgE 6kg/h—9keg/h
REMR _ (50%UP)
(F=X) Ao o
ZRE LTRSS 4.3GPaRH,
PP=—F} 52.0 1.95 30.9 2.11 41.0
ENPMC (¥
H28EE e TRE—Ny FE
PP6-CNF s ASAZEECNF avevys (%) 57.3 2.3 44.6 2.51 5.9 CNF30% DRI
10% (E%PMC)
EXPMC () 2R & =8y FOCNFEHEEH50%
H29%EE AL ()
ASA NF g . . . . Ly bick
- SAZEC - 60.4 2.72 41.8 2.65 247 |o~L 4 b ey, SESEREOE
(E%PMC) FAfBRE TR AT AL




(2) PAG-CNF HLAHTEIOBRE IR EOME

TG > CNF OFfFEIE D M B3 X, EAMEIOREE, HIERIEEINL, SREaI AR 5 g
EAIT D703 D, Yok 29 FEE IR L7 A8 CNF 1. J5EFELCNUKP (Nadelholz Unbleached
Kraft Pulp) EJITNAETER ARG SV T AR N2, AT PEER MR AT Cldoa R EHEHEL | SIS

DI CTHIEEIE N m W ETREIND N~ LT % ]
BHELCT 2 F MALZEME CNF 23 EL T (K 29 4R
30kg AAfE) ., ZORR~Y/,ULT CNF % PA6 LA LT,
1.1-1 {Z CNF @ PA6 WIZI3 1T DAkHED 7y Botk iE O
LEEART, AVEYOEZILIT /L -VVITifS
TWHEE R HIND, ZOIIZHBUREBA BT E T
MERB LI BIEEDEEREDAL Ry REMEEZ
BAMEI O EREALEZIANEL GRIEZMVIELT-, IR
<YL CNF %4l i U725 B B 0 3 FE ) P % 3%
L1-4 (2R3, H P HMESRDY 4.73GPa, 51 R M SN
525MPa 720, # 1.1-3 1277 L7z, NUKP i f] PA6-
CNF10% o i (7 33 432 GPa, 5l

SRIEMESR 4. 71MPa &L CENE L

1.1-1 CNF D EuikEE

MR —)L/IN—[L£ 50 4 m

& 1.1-4 FEY/N LTS PA6-CNF10% )54 FE Wi ST 4

94%. 11.1% ¥ ML7-, FREL 4~

wi/oNF | onemamm | 707 it (PAG/CNFL0%)

169U TIY, M= ST 2R | | s s BYEE | GUNER [HRE | TRER [ W (0
FIL7= CNF Z At g 8l o5 = 1o - . (e | (GPe) | e | (GPa) | jiomn)
UNIE % A RION RAVAL 13- A NSO VIV F;AE'SSF ij?l;;igﬁcﬁﬁm ”Z:S”” 150 | 473 | 116 | 5.25 | 3.25
ZERHIETES, Allz| M
(3) PP6-CNF &K IO MR ML F R

ALY RA=T = ToH~FH 700 (K)
IZTHEMIZLVIERIL7- CNF 3R {L PP #4 K} 2 31 80T —
ML, SCHS T EE B ERLD TR i & D L AT - ;z: || = o snaecaran
oo STWOAIELTPLA (RUALEE) ZMALE. 2 5
LRy FeEry (AARYTm (k) § wol-
MAO4A) LHBILT, ~FHorIun (Bk) T 30 -
O AR B PP-CNF10% () Je ONHUHR i E 3 20
AR Ze AT A IR = /37 R PP-CNF10% (PLA 1: | L
i) 1%, B2 R RO RE T o 1 2 3 4 5 6 7 8

DHd A (96

RN N REE N M B LT, LLZens, I8
dh CRER T EEHARF IR AT) EEME S (%
PrIBVELE ) TIEBEERBY, S %O
KEDMETHD,

1.1-2 CNF 381t PP # ¥ BITEAFTHHINILIE
RIS ERA T ERTERSKRROIT
HEREFDIE N - VT HEEX



(4) BHEMELD /N — )V TORIE L OVBER

BHIE -CNF M B OD > E M OBIRE 7 NV—72 O~r%)L (KR) NELL WD, ZOHMD
BAFEIZIBWTIE, BkAx T TATF v I ~OBEMD > X E R CEXLA[RENHY . ZNETHIIL TS
PA6~ N 7 AL DI EHZ DN TORF DU ETH D, T2 TREM DM THHRY B —R R —
N T7oVa=RN)L - TE T AF LU EESGRT A (PC-ABS) @ CNF B EMEEZRIEL, ~7&
v (BR) (R MEL, (ERBEME 2 1.1-5 173, PL2010 1Z{RE MR AYF 7 L —R D PC-ABS M KT
BHY, CNF AT HZ L2k #hiF =R 1870 — 3210MPa, #H I 50 % 66.9 — 87.2MPa £ Tl L L7,
PL2010 (FH > &} Y CNF BNz k0 RE<tErsm L7z,

= 1.1-5 Tl () ~IRHLT- CNF 381k PC-ABS #E iR &4

Sample .. Aexural test{ MPa) krod imiact anerey (kd/m 2)
Composition
number Modulus Strength 2T75J-N 55J-R
PL2MO  |PL201O 1870 669 55.18 MNB
PCa1 PL2010 /(PL201 08 AcNBEP=T0/30 =66/33 3210 872 548 335
PL2Z0AO A 3 | PL2OO-Au% 5980 96.5 45 61 MB
PEI Aok |PL2010/(PL201 OB/ AcNBKP=70/30 26631 - du & 6810 91.3 4.02 126

(5) itf it Lom e A L OREAM

IR ISR AR O BT ORKIC D  SREED AL T D, Il -CNF OE A EHIHL T ¥y
AV THBEERBRZATV Y, SRBRETR ORIV Ll 2 2 LI I LD E BAFHEZAT > 72,
1) MiHERABR AT

Yo A MHERRO B D AR LT S e l/RlERREwm £ 1 /it (W)

L% 113 12T, BIEFH LT E R RE E f)z

CEABROW R BRI 350~ 420 ko

PR (RIS REs) o Aot B S g =

PABIAC TRV, A E 0 R BRI 2

1400 BRI E L7z, ZAUE A AR D T2 IR & g i

D1HE3S 7 AGICHYET 5, HicH >N TE R gy o A
HfE AT 523, 60 73 DHH 12 4y TGS B (nm)

Nz ClRIFC K AR 7=, 1.1-3 o v UMHERABRD B S AR

2) VoAU MiMERER A% O E

PA6 =—N. PA6-CNF10%. BLOPP =—h, PP-CNF10%® 4 FEIEDOFBHZ DT, ik ER A,
MHEERBREE (1400 FRE) o fhiFRER . 91ERBR, 710 Yy MR AT -7, KR (%) 2K 1.1-1
TEHEL,

MHEAERAIDE — HEEABREDE
i L ER R D fE

IERE (%) = = 1.1-1

RO FHRIE ., KR (%) 2% 1.1-6 |2 4 FEHOMEIZ IR U, KB 1X. PA6, PP &%
=—MMEIBICEE R T ONF 285 LT B OIEH DMEV, ZOM AL PP DIEFHINTEE THH, Flz L, dh
FIREEIZDOUVNT PP =—NE 76 % DRI ThH 503, PP-CNF10%13 38%., 7=, Ml M=% PP =—



= 1.1-6 MHERRERRTE DO#IEE /OCNF EEME DEELE
PA6 ——.PA6-CNF RHIFXER (E£). PP ——K.PP6-CNF HAFEER (L),
IREER (F) DFER BIEREER () DFER

M 54% DIKEETHD
A, PP-CNF10% (1% 13%
DIKIERTHD, T4/

HRERAT ERBE THREERAT THRRRE
T Ly 2 i (\ (‘ H ¥ v 4 1400857 H ¥ v 4 1400850
PR EUBR O R LA WRE BREE | @MURE GRS BAE  BUREE | mORE  mUHES
N AR N — (MPa) (Gpa) (MPa) (Gpa) (MPa) (Gpa) (MPa) (Gpa)
DA e LA MLz, [F EEE %) EEE (%) EEE (%) BEAE (%)
Kk O 7 & s LTz, PP PA6 103 - 36.5 PP 65.4 — 15.4
==t 2.53 i 0.79 ==} 2.39 — 1.09
=—RNIT AV ME A 65% 69% 76% 54%
> SRR
. PAG- 126 > 59.9 PP- 76 > 472
WZBAL T 50% DK T CNF10% 313 . 181 CNF10% 3.65 . 3.16
. 52% 51% 38% 13%
& 5 73, PP-CNF10 % %
e FRERBA TRRBRE WHREBA THRRRE
27 % O IK B R TH 5, #3340 4 > 140085R #3314 > 1400850
) L FRAE  BIRMIEE | SIRAE  GIREEE AR SRR | GIRAE  GIRMEE
CNF &+ /L~ )L CHEE (MPa)  (Gpa) (MPa) @pa) MPa)  (Gpa) (MP2)  (Gpa)
Syt S (5 EHE (%) EEE (%) EHE (%) EHE (%)
FTHILICLY, K (DD PAG 492 = 354 PP 4138 - 8.02
\ INY 2 N =t 2.68 — 0.98 ==t 2.55 - 0.98
VIEIKST) 1I2&k Bk D 28% 63% 80% 61%
WMHIEnasLfzmoT6hn PAG- | 936 > 63.9 PP- 87 > 387
CNF10% 452 - 2.15 CNF10% 3.86 - 428
2. ZOENEIAG =R 30% | 42% 20% | -11%

LDOfEINE, Atk O
ThHN, HEVHELOMAMEEZ BB LR EHIZRBW T, £z, VA7V EETHIZ THIEFICH
F7e 5 ChHHENZ D,

1.1.3 3D 7'V #—H CNF # £t F o R #

A7 7MIBWT, CNF 2 L7 B @B a2 AW fE s (a7 M —) Z21E52E8
D= 2DINTHD, 127120, TR COEREL DRI DT &R A BT ZD1 XA NG THEL W, 2T,
KR -CNF 58 B2 VT 3D Vo #—IC kD HEVEE S ORI ARt E BT 7 V—7" 3 D4
TR LERTFEINBREHEZIT o7, TOMPER 1.1-7 1TEEDT, FrTHIAZ VN 3D BUBI,
G — CNF A EHZ BT, CNF OE A HM 20 ~ 30%DEKEMEIL I T& 5720, FEHITE
SREE DB AL A CED ATREME NN DD, IRFEFEIL, B —CNF EE M B a2 Wz 3D U2 —I28%
RIERIEAATO T E CTh D,

%= 1.1-7 #iIE—CNF #EE&H#HE D 3D T) o 3—MEADBEAMRAE

EDYAPZI)) FAEL-B
V% BE RELLER SEOBE REORR
[EE] (FrTEdE)
= ~ pr—yrrry w 5 _ = ~ U3E A
S BR b 7474V F GBE & |shyFqaKU= T4 55XV FELED D PP-CNFTT4 54> |
D 1.75mm®PLA) Z8&REL | (%) 3% F G B S
TR BT 3, (ERBBER) KAV (A TS, R

BiEEHER (PA6) TREWR
BL. L—Y—TH&Em. %

#k) 7PARZ b

BEEBRIESR.

PA6-CNFODSCEHEIIC & V) BAMHRERR

(AR e BRBEEOENLE)

PA6-CNFO#3{t (REMETIOum

BE) TIEE,
CNFoEmEFERL (~30%) Wk
—EREL.

R HEER, (EREBTRIT)
F4 B EED EMEL
FTHEREEDO~NY FE3XR
BEEST HE+ |TRICBESE, BT |zx - 58 )
3Dk %, (RPFRFAR)

BHEIEDmEAOKETY
v 2 —%B8lER
(1.5 x 2.5mAZEX ST

PA6-CNF. PP-CNFCRR,ATRENME
REHMKIE,




1.2 CNF ARV DER KR UEHE (FIE TE#HASH)

CNF100%., 33X CNF 20 &ED7 =/ — /VEE CUE LIZHCIRBIBARZAERIL . E oo dliiFoiE
Hi T AR SR B L O KR A JIS-K6911 (B LAERIAE 7 T AT v 7 — kR 5 15) (ZHE W CRIHML 7=,
F. BB ST S<HEEEN MR BR ) SD CNF B TR DI B 22 B 525 LTz,

—J7, BB 5 SR CE DR D CNF100% #1255 3 RIT R IEAR D RLE S %
AL, ZOFEICESENZ 86 (MaxHEE (Bk) ) DN 53— Eifiad CNF100% # O E
R CRIELT,

1. CNF100%, 7=/—/L -CNF A& HIRAIER O /ERL
CNF HOR R TEAR ORBR A ES 139X T3.0mme L TRIEL 72, CNF100% R T 1%, TR 4y
10% D53 CNF 2AZU—ZFTED~E  (340x340 im) T RAIEL. BiADH% ., IMBVINERZL T
TERIL 72,
7 x/—/V -CNF B EBCIRAIEIRIL, 5y 10% D CNF KOG AT —Lb) — AT = ) — LA
Wik, BRIEAROD CNF [EE 0 HE TR & 5 05 20% (27220 I FOIRA L., FTEDHEICHKIEH .,
oK U CTMBVINE B I ORI 7=,

2. CNF AR D 1) T
2-1. gl sREE, dh R

JIS-K6911@%§%&)#W£ CHSE, FRAHEORBR A ZBCRAOE ARSIV L TERL, 725,
RERTIE, EAEBRE COMAEZEEL., IE£IZ 237C /50% T 48 FELL EREL CTOBIERIL Ta,

[EE:3.0mm g : 10 mm £ :100mm

RERL, BERYEITRA — 77 AG-5kKNX &V, SORFERRE 48 mm, FABREE 1.5 mn / 43 CTHE
MEL7z, ORIFFREEDFERIZE 1.2-1 12, HFHPEROFERIZE 1.2-2 (222t (RE), 7238,
FERIT AT n=6 OFHIfEZRL TS,

il 5REE J OV SRR 1T 5% DT =/ — VI IR IR NI CNF100% FBAR LR AL 7=/ —
JVRHIR DRI BN L AR AUERFE DMK L QO 27~ LT,



2-2. WK RHIE
JIS-K6911 [ZHeoD%, B &2 TR ~-HEICUI I UA/ERI LU 7=, 2k, BBk ORTLELX 2-1 THE[E

FRICEREL 7=,

180 15
160 L I
.. 140 L = r
é"ﬁ 120 % 10 :
2 100 | Q I
gé( 80 'l*-'—-l [
*~ 60 - % 5
ﬁ 40 + ﬁ. :
20 - :
0 0
0 5 10 20 0 5 10 20
Tx/—ILEIEEEE (%) Jr/—IEEEEE (%)
B 1.2-1 BHIFIEEDHER B 1.2-2 BAIFEMEERDOHER

W ARALER L, 23°C /50% DEREE T CRiAKIZ 24 BERTIRIE L 72, A5 R IEX 1.2-3 12779, CNF BB IK
DOWKZFIX, 7=/ — VRO & A EOBEINENIRE IR T L,

2-3. PCEEER MR
HRIE ) e SRR BB PEAE 1S . ASTM-E399 (Z D& FE L 7=, B ~HEK OIIRIE FreoEh,

EX:30mm 0§ :10mm K& :50mm *

40mm

G OB F R A Y TNV F =T POUREEANIAL, IIVVONZRLLTTHBAR
(a) ZAF5 U7z, SORFEIEME 40 nm, 3RBUEFE 10 mm / /3 1S CREABRE ML, AR ff B DAk
gEEIMEE (K,) ZRHUC, fRIER 1.2-4 189, CNF RIGAROREEINEIRITY =/ — VIR & A
A 10% £TIE 4.5 LRWMEE R LT,

30 5.0
25 Sé 40
E\,? 2 § 3.0
ﬁi e o 2.0
= 10 % '
s 10
i *

0 0.0

0 5 10 20 0 5 10 20

Jr/—LEIEEAE (%) TJr/—ILBIEEEE (%)

1.2-3 /KEDHER 1.2-4 WIEFHHHEBRDOER
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3. CNF100% DOR7> 27 33 /3—DiAlE

HEh MR O LS 7088k (LT 7.85) % CNF BB (FLE 1.5) CTE#TEIE, AESmE L7z
Bt CHHE S TH 50% FEE OB B CED, £ TIOHMEERTH72HIT, 3 kIt CNF
KBRS IARZ R A E LT,

BEFHETHAHNEX R DT 7y REXMREL THREL, MM KO CFRP A HWAHZ LT,
CNF100% 75725 KELID 3 IRTTAIAARDBRIEIZE LT (M 1.2-5 ),

CFRP %! R

1.2-5 CNF100% KE! 3 TRk fizik

4. FLDLIRFFE OB

ARAEFEIT, CNF100% BOROB AR LN CNF m& A 07 =/ — VIR G R E L, £ )5
Bra L7z,

KGR B SIS T& 5 B B HAMRE A 1C CNF100% FIE %20 i T A HEME AR 4720, b
A4 86 DT 7/ 3—% CNF100% A CRIELT=,

5. WEEDOTE

CNF100% FRIEAR IS L OV =/ — L HTHE & CNF O G B i D WP O B B A A7 M0 R I it AP e &
DAl St 95,

KILD 3 YRIT CNF IR OVERISAFE O fiii b A HED | Bk 72 KA ORIEZHED TS,
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1.3 CNF /TR KR UEHE (XE4BAMAE., BAT708 Uk &4)

CNF /SA 7\l LT B 5 A D38 E LR 21T o7, B B E A & U CILsRE O Mk M - it
PENEETHY, ZIHDEEE CNF A FIH - 570, B b OS2 R E LT, KROHE
BHRNTBALLT VD, BRI D3R ITITL, BRAFK I Lo TEMBELIRFLZ A 7203 g T R e L
TLEI=®, #A T ONF > — B HEESRAL,

1. BEEANZHONT

W OMKE TIL, FFEROBER PR H<hBEASITWD, FEFEEIIFFE 2 VT
AT EVERL T, OV ERIEMRIX RS, BEABANDEE T, SEETO TG K&/ MR R
MARETod Tz, Lo, BEVEEM HEE R SOOBLR TR, KM - TEWEDMRW 20 | I
LTV, BB EEMICEL-#EERCREL, Ui 20ERHD, MAKME - INEMEZ BRI 5L,
B AL OHEE R DMERICH T DAL, K ROBEEA LR R OFAG AT 572, KRB b 425 7
IIAM OEEE TEHINTEY, KR THDHIENHEFE REE FI LFEROBAT HIEDN ATREEE 2 HLD,
F72. CNF LRI B—RROMEEHEEAICHWSZE T, KBMBAEICIDEELE 2L, At
M= A TOFIHIT -7,

2. FEEHRTORAR

SRATVER O ERAERIL . Mt — ALK BB L35 I T 2 A0 A TR LT,
TR DERL )5 1k

CNF ¥ —MIHEEHI SUTEM L v — RE A L R A Z IO ERS, Z0 BIZ#7-72 CNF > —
NeEi, BEAEAZ®BAMA L, CNF U —he b, ZOEEEBEVIRL-%., 7V ACTINEL 72N DR
frsE, #AESED,

LT, CNF o — R REE Al FEMEFE REE A CORBEIRA/ERL . T RERa1T-
Too BN T—AIHFERIVGIRE, HERIBICKERoTODA, AKREE LA AN HE
oA RIS TIIWAR, BB o —2R0FEE R IRV L 757,

F1.3-1 EEFRBERBROH FHEBRER

CNF ¥ —h EHE
. KRB 7z . .
@%%‘J k —;%;QE;'{JK Iﬁ ‘[Z/fti%—x E’Eb ?Tﬁ Elﬂ: %
B (g/em?) 1.35 1.46 1.38 1.18
R AME (N) 92.4 40.4 43.7 20.1
78R (MPa) 118 145 125 70
Hi T B (MPa) 9,862 12,701 10,558 9,304
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3. CNF /AT OVERIE i 35 R

PRATERUGIEE L TE, ROEIHITD,
FEC R A Al o —2X

TR R A T ZE v o — 2% CNF o —MIBA L, /ROMMIEERZRVZHRIC, e
ROMEITEEDTD, ZOEELTEDREATRDLETIDIRL, ¥ESED,

KRB M E B A

W E I ERLEFIL, 2%, MEASH TR LEE 5,

HFREBROFERZ K 1.3-2 177, ONF U —RFeHWAHZET, #iTsR B L dh P v R I
NREFRE LTS TNDA, BB CEROINT IR E T 2 L0720 RVIREE Ch o7, TR
FRIZ L A CIEMESETERY, ZORRY —RMNal L0 EITHEEL TWATZD, BREN L7263 25
ND, AT DA, RRICHEIENENT DL, ROk R LA Al O A, Bl
{EREDIMBUNC LT, AT WEBIIRAEL TWDIKGDEFE T HZE T — M TIRBRHIFIBEA R AL, TR
ERTOHERKER>TWDHEEZBND,

% 1.3-2 CNF /7D HIFRERFER
¥ CNF > —hOFE R 5 A]. FEHK. 7ATfET—2508| 1

CNF > —h A
. KR EEEA 25 . . (5%)
B b2 5 e FEE % HEESR TR
N (mm) 7.9 7.9 6 12 6
s (mm) 9.4 9.3 10 15 8
T 58 (MPa) 50 33 81 18 189
HH T MESR (MPa) 4,841 3,237 4,731 404 51,479

4. FANAT OIFRE R ITEDRET

CNF A 7L T, FAONSAT S HEBEEMEL T A TS REMERH D720, A3 7 DL
1otz A AT OERFEIFII AT ERTTHDD, ATEOREE AT D, CNF v —hak&o
T BLBRZ A SA T BT D e, O — MR HICOSINDE 1350, ERIFIBEEL TWhbZedibinoTz,
(1% 1.3-1)

AT DA T & T2E T T CONF & — "B E O 52N TTRETHLN, A7 TlE, AL
ST DD T3 EIRY | ZDOFERIE ) DFFER o D3eE AR &7y, JEMFBEAFEAEL TLES
TWD, ST I A AT OIZI DB M FEEE L Z L9 W2 A, T TR TR DV TRR
L=,

WE ., AT HEOEEGRET DL, RBEDOEET D, CNF o —NIRHER OFRRHIANZEA L 72
WIS T, R IHE DS B EE LS DITB IRV BRM AN ZE A L7 leoTLED, EDT=D, WD
K BRIFITLL 2o TLE), ZIT, 7SAT OB IEL . WA DIMANZ 5> THEEEL TVl
JOZE ATz (K132 ),
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X 1.3-1 f/\(TDERE%|8

100C S

jJD%)\t& /\c/r7°

13-2 AT DEE (REINSHMEIN)

R IR I SRR CRRE A MR LT 82 A, AT OBREE IR 72> TS, Iy 2810 H
U CHEEREL CRIET D&, @ COMITIRED 47MPa, WIEINZVCOERIF R 7Y 150MPa &2
EBRRLNTZ, LinL, WERINEAD FIECIE, HofielIC R (24 RFRILL L) #ZEL, A7 1ERL
THIZH > TIERNRII L2 > TND,

5. H.ATO CNF o —RMERE O Gt

ARG AL MERE B AN XM AR E « THEWEICENTWEN, KODBRENPRELR->TW5, HAT
CNF ¥ — e BLLZENTEIUT, KPICEDERFBEAIMZ D2 LN ATHEE B 2 Biv, CNF & — M Bl
et EE Al BATRoRL . FANTRSZEE AL

FIETE (kR 2otz - RER O M CITdiT Mg 20% EH L, FEELES, ohZE
TTHROIRED RWEERDMGHIL, BME(LIEREE 4 CNF & — M@ LIzl CoBE A AL
77
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% 2 E CNF #¥ 0 Rz 0 T4 5T

21 CNF PO MIEDOFHE (REXZE, (i) RETHEREMAZER)

CIETERUIB LN -CNF A B OMEE, WREMERE O EZS LI, FEIZB TS
IR 7 m B AD SR Z R IAT I TR THE 2 DS TRIEL IS8T R R DRl 2 5
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HIEH H BT LDPE LDPE HDPE HDPE

(CNF0%) (CNF8%) (CNF0%) (CNF8%)
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flrr % 145 150 130 157
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* SHEZEMEIZ OV TE LDPE «+ HDPE X—ADH, DO THEN A HLD,

R GRS L, BT OB TER0,

LDPE T 116°C * HDPE T 127°CTd %, fHL. JEMFIRAEIX CNF O ECTH25,
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TEL, FEIIRAEZ CT A% v CEIEL, MR ILEL CRIEBR B L O E OB L ZAT W ILRTA— S —
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1191

Wl Valve Gate 1
[_] Part-1[NCV TEST-Fiber] 9923 [ valve Gate 2
B Hot Runner [NCV TEST-Fiber] T O valveGate 3
< 1 & [] valve Gate 4
P }9 794§ Valve Gate 4
;‘ E e Valve Gate 1
2 soef
) S 5955 Valve Gate 3]
[V ]
téo E Valve Gate 2 "
2\ S 3977 ;
\ © E "
\\\ o] 198 Clamping Force
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5.0 x 10!
100
-5x10*

243
236

2.6-4 A7/ NIRRT RE X 2.6-5 HUlMRE DB
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CNF =R =R =R DR GO —DIIPIRIZ I F L SFREME T I 2F ThD, FIZITCNF ~—r—
R—RZKIZ3 BIRELTRL<E, M mEI IR D T%REICETR T35, Ziuc >0k, 7
NEREEID EDELRICE ST IETEDIEN D o7, B~ DORRELT, RESTHIZG] >
15HE. IMPa FREEDFHN )T, N— " —H OB HBESE D FE ThD, ZHIZOWTL, HORT 1—
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CNF AT OREHMHEL T, 70— 4 L, 71— AOERITITIRE O = Rour)7e N
IABELIND, ME TIE =R LAl Z &3 L2, CNF AT ORELTT LIS
TERV, TONRATOMEREFAA1T 72, CNF > —hOEEXOHITE 0 FEEZRAL, FHEL
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(30~120%C) D 10°/°C - 18.2 18.0 18.3 18.0
TRENE MFR g/10min 60 40 25 18 12

2. R7HRLETEIR T ORI DR

CNF Fic & 2 10wt% 0> PP/CNF 44 K} 28 4 T o 5+ H Bk
ZfE (MFR 9 25g/10min B E) &7z L TWAIEND, =
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CNF Bl A28 10wt% D PP/CNF #8236t #M3R23 PP O 1.7 512 35720
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5 4.2-2 MREFHEEEBR TRVLVR 7 M) LAEBRA DR

IK#E SUERIAR &3 (wt%) HRIE(mm)
1 PPHER G PP=100 2.3
2 CNF10%Be&am PP/CNF=90/10 1.9

(1) fIZeaER
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— 5. MEHEDBLIN G AN RDTREE « BMER - BOIBIER O Z(IE PA6-GF30% J0b/ha<, B
DSV EO T2 B O Z VR E DI LERN IR CED, CERERIE i D2 VKR I X] 4.3-5
Z )

F IR O R A (X 4.3-6) K08 H G 88 RBRR LS RMROMRME D A Dk S 72 -
TS, AR Tl S ORIHEIR BB 23 8 3R LB 72> Tl IRENAE R OB EERIZ LD
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EBFRE ) A RELZ,

FIABHER BT DBAEDO B RO [l L BIE DE B MEZSIBIZ M ECEAULHRE -
BMERO B A m BRI CED,

62



3+ 4.3-2 PA6-CNF15% D #HAF M EIMFER (LotC)
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ELTE, =Py 7 —RICHVHI D D REDS LB THY . ZhROFERIZNETHDM, FiRFEIRkIZ T
XTI NTA U EFRT T, Flo, EERE, FHLNREOEREMA D100 T U MEICKHL T, &l
PESE CNF S pk & g O3 1 R O JE AL TR O mRItEE @iz, B FHE T, Sk
DOHAEFEE ORIVERELR N FIRE THHEB 2D, o, BITHEMRELL T, HMTEZITR, HAN=
VOV T —RIZEBELI BRSO H A=V i/ NRICT AZENRB T o TS, miRE 3 E T RN
FAETHD, WEITENDLZELNLERD, TDTD, AREITHRE O CNF MR E L > THD,
Fo, EBERIERH G R AE LTS A BEEO TR M MR 5720 M O
RBECTHD, M 141G TEDHDN, SEIOV L RAyFHERO# T kA R L7z, 8O CNF i
ML, FIAMRICL 2086 L, SURIZ0 w8l < a7e

Moim, BITBERBEOBEPLLANEE ZTWND, Eim, ‘
R IED D, 8% C BT B L5 REe—FIERABR T, & —
R DML %R DN — AR VS TIE AT L TH, B X 5.1-14 FE
W OMEFChHZEN ol

772, BPEEICIE, X5.1-13 DIBRERFHIOR LI B ECax eV S TRHEL M ETHY, T
BIZOWTOfENT, WRHMBEITR>TLD, CNF IASEALLTWHETHY, BEERKO T —RT
TN EIID, BV AT AR KREEZDVEMNSE X TENRITIULRBR, IANI DWW TR
S B PERE I A T AR AL O J7 11 & AT BEME A D . HEE T BT LN EHE L Eb b, KFCiE CNF #
MA—=H—DXFED T ENIFETHD, U EEREEOFREEL-,
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52 CNF #¥ORIMEFEMSSM. BIRE—FFTME (ERTEKXF)

CNF [ ZFHM B, HiHORMEENET —2FZEALEETHD, ZHLEF, MEtORSIEE
PRI 95 F B e LT, BB A L~ TITORBMER I 23D, 7272, W CEOMBIETER
WIAHY, A lEl, CNF Z V2 RTM RIER B RE i Bh A A L7z, A SR, AT iR s 3%
LW KON R A Z R L, 2 O RERMER AT & IR AR A7 00 [ VXN — TR # 5R HI A3 Bl 373
HIEN DT, KD, FEx OIRETFHIL I PRERD RN 2 1 PR A B CE5LE
ZBN5D. A%IE, ZORRE — IR R ORI S AR A T E Th D,

*ji W OBLELZBIL TiE, BRI OARREIZ DUV T, B4R E O Y SR Bl L2 Ic Lo~ u ]

FHEEFBME (TEM) ([ZROI70BIRZOMRE%T, SFEIL, RROT Ay FSp Lk
ﬁﬁ@v&m /udIgE - #E#EZ% . SEM, FIB/SIM, XU TEM IZLV1TV Y, CNF #&, KD
~7uRR BT ERC L M IE AU, FEM OREEFT (e A2 —LDFHERE) DO
AR S ZCBIL T, FIB I1 L OIS RN | 7R BlE3 s C&leiole, 4% I/ubh—

IZEVELNDIANEI T ZHWT, SEM (F7213 FIB/SIM) BELUTEM B2 1TH LNV ETHHE
BEohbd,

A. MEtO BRHIEEEME
1. FEBrE

RTM FRIEV L RA Y F AR VIR EMZGV ML, EE 50mm, §F 6.4mm, £ 1.6mm OEHHEE
WITIN L U7z, EhARE MR IR A AN v 7 Z4E 88 RSA- A V2. BRBRIREE 1T 7=25 ~ 200°C
OFPAT, BRI FEEL £0.01Hz ~ 10Hz O IEFZHIZED 0.06% D EOT AIRIEEZ ML, FEx DR
FEIZHRIT DI IERE tan 6 BLOMFHEIELRE E™ 2 5ReD72,

2. MRBLOEEL

RICTERE tan 6 LIREORLR (JHHE A1Hz) 21X 52-1 1277, ZHLD, tan 6 IFIRED EHLE

BITHRL, 130CEFTE—2ER0, 20%, KTFT5, Zhdh, ZoRmMIHERHLBRED TS
AR T 130°CIE R IC2 b L HEES LD, I it tRdt E7 IR EEOBMR (B % f~1Hz) %4 5.2-2
R
0.18 R R
0.18 + e f=1Hz EL-: 9.4 + eeses, .
w 014 F ;: 92 | . f=1Hz
5§ ome; . 2 90| .
) g';g I . 2 88 | .
g YU 3 i *eees
@ 006 | . 5 8¢ * o,
S o0a | ...° . ° 84 | %
0.02 - esgeastee®® * ....'o.... g 82
0 . | . . O] 8.0 | | | |
50 100 150 200 250 50 100 150 200 250

Temperature [°C]

52-1 {BKIE$#E tan § SBEDMRZR (=1Hz2)
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Temperature [°C]

52-2 BTEEMEREE SEEDRER(F1Hz)



Y, B OIHREDO ERLEBITIKRTL, 130°CEEIVEBITL T T 5,

BARE CEHAILT- tan & EXPERFR] ¢ (=1/) OBRE 5.2-3 OLEMNTRT. FIREIZHITS tan 6
2B RE R L AT BIL CRD 7~ AX — i & X 3 OA RN R, RO 1T 8
HCHOMH —REBEIN T 0, () 2K 52-4 15T, THED, 1 KOELIR~AZ— iz K
DTEWTELZEND, tan & ORFEAFMELIR LKA FIEO MNTIXRE — IR EEHR R U 235235,

03 % WW A% E 2
40 ka5 @50 “.;E 0 .
n t;g I'G/g ‘gg [ To=25°C (=] To=25°C
X85 90 w9 o -2
w 02 100 -105 -110 +a
- o115 m120 a125 | | 5 4 T
§ 130 %135 @140 f s
o145 2150 w155 . 2
k4 160 165 4170 , w -6 AH; = 113K]/mol
@ 175 180 <185 =
2 01 190 195 200 g = -8
s 3 s
i k - 2 0
3 = bt g a2t
0 ) . %
. g -14 ¢
& g | AH, = 527Kk] /mol
@ .
©.1) . . | £ -18 L L L L L L L
2 0 2 2 0 2 4 6 8 10 12 14 16 18 = 34 32 30 28 26 24 22 20
log f[min] log f[min] Temperature 1/T > 10 [K]
5.2-3 1BKIEHE tan 6 DY RA—HAHR 5.2-4 Wfdl —REBEBEF

BAMMETEHILIZ B ERIERER ¢ (=1/)) DOBfRZR 52-5 DEMANC RS, FIREICBTDE
(ZXL T 52-4 D ay, (T) ZEALTHENCBEIL, BVICEZRDES L ITHEEICH FATBEIL TK
D2 E O~ AZ— iz 5.2-5 OAANRT, kD, 1| KOWOLI R~ AF— i RkoObn5Z
ED, E ORFRURIFME IR EREIEORICIE tan 6 ERICHEM — IR BRI KAZ 5, X 5.2-6 (12
(THEN T2 AT B R ChOIREBBIN T b, (T) 277,

9.6 £ 0.30
e | ‘\% = e
: % . Tp=25°C Q 025  T,=25C .
o N"f\. ! g * -
o 92 > i o .
o A +25 =30 435 L 5 0.20 - /
@ 90 | Mim 40 x45 50 = N . .
o - % +55 +60 65 © 0.15 + . .
E g +70 w75 480 pe . + .t
3 88 - 85 x00 w05 = .
2 h +100 105 -110 R o 010
Eoss | - +115 w120 125 g, E 7
PR el ' Eooosy
(% ) i 160 <165 <170 g—
a2 <175 180 -185 ] 0 e2
) 190 195 -200 =
8.0 L -0.05 n . ! L
4 2 0 2 2 0 2 4 6 8 10 12 14 16 18 20 60 100 140 180 290
log ¢[min] log ¢ [min] Temperature T[°C]
- " s y = =
52-5 RTRUEIERE E' DR E—HhiR 52-6 REBBRTF
3. BOYIZ

U RAY TSIV REM OREHPEZRBNZFIA L7z, BB PEFR AT IS LR 36 L ONR R A7
IR Z DORFRAFE LR AR O BNCIX R — IR B S RN T2 2 3 otz, 2k, flix
OWE TR FHRELD BINC BT 2 /1 PRI A HEE CTEHEB 2 0ND, 4 %IT, O —E
BEHUR R OBREE T3 558 M2 RT3 5 7 E Th b,

ZE3CHK)
1) B ¥, PHELZ, HER(ET T ATy OmANE, HSLHR (2017)
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B. T O#IER
1. RTM 3 R AT SV REM O~ 7072 R8I 1. SEM B2

ZITIE VU RAYF SRV REM QWi O~ 7 272 R RS2 SEM THT o T5 i RIS OV TR D,
1%, Wi OIRfERD SEM B Tho, K, EMIAREMIZHIRL T\, BEFO FEIcE,
At LB DNOR—TF A IRa NI AMEEABIZEND, EHIEL. CNFROMEKEE 2 HND0, KR
CNF fM BP0 Ee D L7 @R DT hT AN A U —IZ G T 5 L9 7ea R AMI LN, 2
AUE, SEM 813, ZIREFIZLDH DT, FEL TEREDMIMZ KR LRI DTH EE b5, ETo,
FIAMANTIE, VIELEDNDMERANK O H LR AN B S D,

e
s
)

Ve B o
5.2-7

5.2-8
F7-. RfEFROWE SEM B [X 5.2-8 12T, ZOEAEY. [X5.2-7 LEBEIC, FYITBEIN-DN,
CNF fMf 72 E Do "I AN R BN72h 7=,

2. BURAYF RV REM QWi ~ 7 /e REBISE 2 - FIB/SIM #8142

ZZCIE, U RA YT RV E R OWIEIZ OV T, FIB/SIM 12k
~ ORI AT ST R HOW TR NS, X 52-9 13, Wi DIk
BEO FIB/SIM 4 Tho, X, ERAREANIKHEL TS, 1O
ERITIE, ONF M, NA 7 — BROWEE b ofE a2 AICH]
By R ANEARD I L TODER D39 25, ZORERD D, FIB/SIM
BT, B TOEWICEDHARE O N ARNNENDZED 01D, )
X 5.2-9
3. YURAY T VR OWi i O/ e A IEBI %S . TEM #l52

EEF O Wi TEM H O 3RO /ERLT 2 E Tl <~ 7= FIB I LICE0TT > CTET-, SIM BEIE T,
SR ERRER S TLKDOAHDT=D, BERINHIVUETEE 1 m FLE
FTIHIOMET 2L TED, —F7, TEM A7 AERICIx, il
BINBHEIY, EX01 ~02um ETHSTHLERDHD, ZD720,
KA HIRVGEIR E TOME T IE, FBDOZD722 L ORE TR #EC,
RS 5~ 10pm BRFTHD, 4 BNL, REfFaHHrm TEM
AR AICERIL, B8l ZOMEEK 5.2-10 (25T,
. HOAZ =D 1 pm IS5, ZOmEIE, TR .
O ELE DI, B HRIEHTE H1 halo R —r O ARBIRSND 5.2-10
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ZEDD, HDOIEEERM (CNF #H, BiiERE) LBxbh5,

4. IRELAHROEDALA

VAR A72 3512 FIB N LAIZ X HWr TEM sEHERLITIE, Y 7123615 % ONF #ibf &3 A2 —
72 & &0 F I ORI EBIZI IR AN H D EMN AL 72, AL, E4 O TEM FEE T,
TATELRTATZIZESD TEM AU T OVERIAZ R B L2 L1025, ZOIIICU TERL - K fE O sk
BHFWT, 1) SIM BBIZ3C8Y TEM B2 3 ~&E T (CNF # &Aoo & — /e d) OFFE, 2)
TEM HI#EFGiEOfIZ, B F#ETE (TED)., &% f##E TEM (HRTEM) {5, BXUERT TEM
(STEM) / = /LF 45808 X #orHr (EDS) ZOFFL T, 3BT OFEMle ks s OBl - oira11-
T, Fo, FHERBRAIT T2 OB - 58T - FHAATV, RBRRHCNEI CRZ 7284 (77
AXOEWE, WM, ZERERRRE) OffEHED TV,

72



% 6% CNFEZEMRmOEMES - Haell

6.1 CO2HBED-ODEMDEEIL HIZDFHEIREE (FFFTH /077X E&1E. €R
TEXE)

MEHES i, ORI TIERHIRS R, SO TERHMR RO aig a2, BE(ky o —rar
ATV, bEZ 86 RUMEHAER M (R rob, Mo 7) R BEERELI,

D 86 B> Fwh, FFLoEE B EEORR
6.2 THREAAT 1A oy hERTL Yy RIZANT, BB ET D4 MM DRSS, 4 H5k

DEEZFHRELE, (Fe6.1-1, #6.1-2)

£ 6.1-1 RoRryrTI—FEEBIEHE

RETR

No Bir i vE | wmE® | K= B2 @ BEXENE

@ |2-krPos 1397000 | mm2 | SN 1 15 2,006 1 2,006

@ |7—rrv7 1450000 | mm2 | S 1 15 2175 1 2175

® |o7s 20918021 | mm3 | e | - 0.1 2,092 1 2,002

@ |FyrTL—FA 14456 | mm3 | SO - 79 114 1 114

® |7vrIL—FB 16326 | mm3 | S - 79 129 2 258

® |2+51h- 17262 | mm3 | S - 79 136 1 136
&5t 6,871

6.1-1 Ry bR RER
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x61-2 MSUUVFEERRE

1B

No 27 RER wE | mE0 | wE 5 By | EEXESE
orfki&

@ | PHH—IRILIUPR 492319 | mmz | NI 2 15 1,477 1 1,477
2 |PHH—/XRILILWR) 324901 | mm2 | A 20 13 929 1 929
3 |rvr—r=zu 686,647 |mm2| CFRP | 088 15 206 1 006
@ |FvrIL—FC 7386 | mm3| S - 79 58 2 117
5 |FvrIL—FD 7386 | mm3| S - 79 58 2 117
© |FvhkIL—FE 8072 | mm3 | S - 79 64 1 64

@ |TL—k 3300 | mm3 | SO0 - 79 26 2 52
BER 636000 | mm3 |/\v&1K|2 103 655 655

(=E1] 4317

6.1-2 FSU91)yRER IR
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6.2 CNF SBmEARBEEFORE (FME2TU/957M4%AE&41)

h=4 86 I CNF Hh D ARG E AR ETL ., S AEIC LB G - G RE 7 v —7"2, 3, 4,
507 4—K w277, F7-. AUTOMOTIVE CIRCLE [Z& 0L T H 8 R &S AR Ok B b 3 i s WA+
7 R 8 Hh ) A Rk S A B A L L7,

OZIVESANVESN 36

VRl 28 FEEORFEAE RN, BEEEED 6.5kg ~ Tkg FLE Lo oG A Ma L=,

TIREEOHLHNEE (CFRP ) ARy hEMIPEA RIS T H AR & E725 L7 MO MUEC Rt
EARET LTz, Fio, Edhomd, T BEEEEAHINT 5720, ONF R TR +—Lar &t
KA F LTSS LT,

ffi 5178 CAE 7 /LC, MENIRD BB AR 228 BRSO IZ DWW T, Tl CFRP #Y
Ry T hE CNF AR Ry M LW i fif A A LT BR OB T B4t b L=, (K 6.2.3) R Ay
FHETELTWIHE 2 IRE— A MIHIL7Z28, CNF10% Ty 7 ROMES B B 3 (SFLE L2 D120,
CNF RE DY 7 %% 15GPa FRE £ T LI A0 EN B LHEBbd,

INHOFERIZHOWTIL, F—T"2, 3. 4. 5 ~T4—K X077,

CNF//}7 t=1mm

1%
A
&
*
74
2
74=hat
7 1 0.05~0.1 CNEF//17 t=1mm
6.2-1 RyFIhT—F 6.2-2 R FwhT—Fifiis
CFRP & (TR A) CNF # (NCV )
#MHE: CFRP YV% % E=50 (GPa) #E: CONF10% Y72 E=5 (GPa)

6.2-3 7R oy SR TE ELER
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@r7 7V NG

FRK 28 RO AR ET OV =7 O EDO LN, BIIERENT 7V RIE CNF iR OB I L
L7 Ny IFIAR G E AL LTz, A R RSB OB DR 1P B IS N T 0 7 D% A 2 A
Fa—=vHU (B OFEEELE, oM, MU 27Uy R EEIZOWTE, Yo7 EB0MED &N
FIBTE (BR) O CNF100% DY —hCHiEELTZ, b oomy s ORA L — W B 2z >
ORMAEED DS CFRP ThaZ 77 /777 M UELT., ZHDDOERM 134 TR OGS FI O R R4
BEINAFT Y ) 0T TN CHEHEEToT,

CNF100% t= 2mm

“

CFRPt=0.9mm PA X% PP+CNF10%
My b t=2.2mm
~%5{d% t=6mm

6.2-4 rS291) YR 6.2-5 FSUH)yRIEE

© A B A E (R D B AR5 2 B AT BA 8 Bh i B i ek & 2 B e (b
AUTOMOTIVE CIRCLE |Z 3517} % HLREE Al £ 5]
< H AUDI A8 ([ZBITDEEHEM (&8 - BigT—7—R~74U7 /L) thid

Aluminum

=l Magnesium
p : .
Steel 4 it el 24-5‘ k1 Carbon

e
%‘:— 3 Extraaion matesisls . 1ot maserial ﬁ
18 Sheek matarisly ﬁ el I Caron material

3 Cavt e sl

29 different miaterials in total

6.2-6 T—5—KTT1TILIEE

Tarsional stiffness Lightweight index
+ 24 %
pa +12 %
Current AB Hext AB Current AB Mext AB

6.2-7 #FIBEAERIER LA - BEEK
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6.3 CNF &G DAt 1T T DRET ERBBHFTME (2T /057MEH=4)

RS2 86 DBUTHEAL O EHLT CNF b o>, baX 86 ~OfAFH T HiffiamaiL, iz, RIELI CNF
flanZha s 86 I RBHE L CRHIIRREZA T,

@ CNF # s ORI HIT O
~=2 86 DIATHR Sh DM EH Offi e i 1522 %512 LT CNF #ldn A i it L, TERDBIEER A
[FIRR SRR T8 57 1AL S ORI A DAVORRIT, SRS DA IRER 2 HUAT T 7=,
BUTEERDOIMEES B ICL TODTI20 . MAHTERIEL BT R AR THY, B 51T ih O 2D I RE
ThD,

%= 6.3-1 HEAERTE

Ry AR

REH(TC) BIBU4E . B (KIT, TC)
(EE RTM i) > P>
FIZ IR 5 (TC) BISE . Ff (DNC. FIS. TC))
(ST EZETVR) > —>
=i . 814 55 (TC)
BT 3EE . EMmAEAT 5

G
Y |40 ) AL 4;75.3_3;!1!%(&” ]
i .-(\f-‘ e L
| s e A
i
S — T B T
»«T = ‘ " il

6.3-2 R ryhT7—RH#II R

T
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L
il

6.3-3 rS9) YRR

QHL Ml EFTREAG I LD B AL RO RER
CNF & H5 L= B o B b A FE M 9572912, 86 sBRE (HLE 1,270 ke) (2 f&alfEE
B RO EALRFEY (] 10%) 0)7;% 120 kg%%ﬁu@@%*ﬁ D—E LA TOBREHE &0
PR LTz, Fio, T[RRI CHEEZ . BRE LS OB ECIRObREE LT,
- AT = EBYERE T — Z Ev*fJ:HL:I—X*#F (B2 —FU=A va—hF—F%Fvh) ITT
—EN—R (46.2sec) & HZZLL Tl 20 JE TOAEITIZTHEL,
- RS BT — 21X ECU TR &2/,
SGETNPERED M5 7208 B DR E FHIE — R LI R D BT — o LI E S T HE M,

B3 Ahx5 TR E 18m2 >0 — £ 5HBIEERA

6.3-4 FET/NFI—2
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(R 2R)

% 63-2 ETHRBER (SvT24L4)

1A 120kgiE 0 IS 120kgi&hl

Lap| Time(Sec) | Time{Sec) Lap | Time{Sec) | Time(Sec)
1 4812 47 33 11 46.06 46.22
2 46.43 47 33 12 46.32 46.14
3 46.83 45.66 13 46.35 46.29
4 4673 4617 14 4553 46.59
5 4558 46.42 15 46.31 46.07
6 46.20 45.86 16 45.41 46.42
7 45 89 46 .57 17 46 66 46 56
8 4519 4583 18 46.28 4578
9 46.39 46.18 19 46.14 46 .56
10 45.90 46.12 20 46.22 46.34

% 6.3-3 ETHEBHER BRE)
ZEARE 120kgiB N0
EHRA L 46.23s 46.32s
#EITIEEE(GPS) 17,436m 17,448m
1E A MHEE(ECU) 251 3.0L
HEaE 6.97 L/km | 5.82 L/km

# 633 OFERNOREITHE T 5L, S EIOSKMETITEEN 120kg (1 F5) ®ERH2ET, BREHE
DS 20%55 DB LT,

% 6.3-4 ETHEBRER 3—%1b) #ITEEAEE L)

Edia Dz 2% +120kg by, 3
N LR h X
ETAMAEEEED EoM A0
HRES EE TEE
EzatEE(Eo iYL o rry i
E IR TR
PRRERT M 63-5 TR
P N ERECEAA TS Ao D2E L)

—DiEE B

— @TZE+120kg

207,

MFHER (deg)

,,,,,,,,,

EFTAEARELE —)rad/s)

10 15 20 5 30 \15 40 a5 50 %, 55 50 65 70 75 80 as S0 o5

I OEESEETEE

X 6.3-6 EITHEHER 3—Z1k)
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A=AIc 2T —
N —| HBNLEE (m/s2) | — DB 1 70kg

I WY 1 W W
// /f \\ E
RN i

Ao (/52
=]

¢ —| -/ (deg) |
[-AF=A 25
=y 2
10
e EhED
-2
10 - B LAk M hiRL LT v

‘ A=Ak~ (deg/s) = % EEG

5
/ i
H
P
i T -

Tfn N AT W]

ALY W “J\f W

' N T w ! ERE
-1.5 —

s 138 140 142 184

he

[ 5 T S Y |

time[s]

X 6.3-7 EfTHEBRER (EMEE. O—I/ILZEL)

6.3-6 DFE RS, HEH)S 120kg BHVORMETIZI—HIHDISEDEIL, N RAEER R KEL o
720, NURAD 2 EOINAL TWHZEDN D, £z, X 6.3-7 DFERDNDIX, m—/ /LA T HEE R
WERFEO T RRLFE R LUI- B ARV ERIEED BB HF MR TXT,

Fo. ETRHMEO—EREL T, T uy VMR EERICH I A& IR 52 8T, RE LISMTH #iit
LEMENRT BT 52T, EIRL SRR RIS 2R FIC 073D F A RERL TR,
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¥ 7%E CNFEHMEE(CETIETEEL DM

71 XA EEOEMBEEZORFDO-HDOERIN EEEHF DOBAFEL
cE2T5/95T8 (3%)

IAA (International Automobil-Ausstellung) TOHL -t N —F WA F i 45
<Ay —T AR >

c ~YRZUT VYA BT LED TOMN- [/ SRV CORBARIR E TOSLARET A

« ZUV s SEARIZ USSR, AREER, TIATF v VT A

c 2NN — = WY ARIE =T U TCOZE S T A

« K7 Rekar w7 v —d AN BE, jtﬁ'aﬁ ACOAL 737k

cTUE—=IT— 3TV A (WAT) 2, @EIT—IE=Ta s A

c PREESRIL D ZE Tl 0)7475(/%%5&

V=T TR I T T T 2 A BT O KT A S8

< NS HEREER CTOAT TUZUUN, KR G 1L

- SR EEGRAL Y — N T — B SR

- A=V AR T A R

« FBME : BV DAA—V BT IAF v IO = IMAC A A

< M AV EEARIT SR E O I T LED TOY AN 24K

BMW VOLKSWAGEN
\Mision Dynamics CONCEPT = IDBUZZ

CONCEPT

711 BRI A—h—a T h—TFT A
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72 EAFEOEMEERVHEAF FEMTOKRE (2797957 &. €R
TEXF)

AECTRIEE OB ML, HR - SiaEt. AT EIREERFIL oo, RKRIEREOR &L B ZE
RRETLT,

FERIEREOFE AR, 2—ATORETEE—F—Ta—RORTENEENLIFLEEL THE
BEMET LIz, HERER AL D CNF ARIZ DWW TIA A EE OFR ih B I OFG R e KRS E T, RO
IR FHI RS E 2,

®72-1 TEREEAG ()

No | & ¥R BRAE

@ | BIIERNERK BEER+YIIL—LA

@ | 7avkhYIiLbyT BT v/ A\—RT—

@ | Byh—E& CNF R O

@ | 7avrzO7 CNF N=H LS ILIERE

® |IL—THAFL—IL &E+CNF o —hTHisRLIZU T4 —R
® |IL—TYTF—R BAET v/ S—RT—

X721 ERERBREE (F)

82



74 AR A T T A K0S =Y BRI R A R LT,

RI122NZESEER BE) (10 BRFAER)

No. B4 (R) EE KEFEMM™2) | L(mm) W(mm) H(mm)
1 T—KT7943 1 946990 1100 1190
2 Fr oz &3 — EAEA 809280 809280 | 610 610
3 Fr_SIDE_FIN 1 351020 530 740 110
4 Fr CTR_LIP 1 280570 600 590 50
5 Fr UL (Nvrs—) |1 259380 700 1300 200
6 Fr LED ERE 150 20 470
7 H/Lamp EB&1 80 380 40
8 7T 03— ERE&1 983580 1260 720
R7IL—L4 ERE&1 1260 720
9 F7AF— A& 983580 1260 720
10 HBARDA4UR E6%&1 30340 320 180
11 HYARDA k2 EE&A 312150 1140 310
12 AR —ILE 1 1172000 1170 1250 110
13 =2 1 930550 1080 910 80
15 INYIRT AR 1 1217000 1370 850 160
16 INYIRTIL— L 1 1370 850 160
17 IW—THARL—IL |1 3140 1340 450
18 QTR /SR JL EA& 283330 1540 450
19 RrIT 4 — EA&A 1137000 1700 740
20 Rr /32 /8— 1 1179000 650 1840 640
21 Rr 732 78—LWR 1 614040 330 1470 260
22 RravESYT A& 110 180 240
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18
19

15

7.2-2 SNEIRZER BE) (10 ARHER)
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