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All-Solid-State Batteries with Thick Electrode Configurations

I AT B Bl © RE EE
Yuki Kato Shinya Shiotani Keisuke Morita

g5

KB TlF, BT 600 um OEEEZFL, BETH= 157 mAh cm-2 D, EERSE2EFRUF UL
AAVEIVDOERICHITUEBFICOVWTEHIEYT 3. X T, 2 DOELDIHMEZEAFREHEICFERAL,
AFVEEEHNINEREEICEDLSBMRZDEESTH, RRUKE. Tk, B2 ER7—IHD, [EH
EICET2EERFEEREEREZENCHE L. BHENCIVEREICSZ ZFECDVTH, EEN
[CHHh LT

Abstract

This article describes the preparation of thick electrode all-solid-state lithium-ion cells in which a
large geometric capacity of 15.7 mAh cm-2 was achieved at room temperature using a 600 um-thick
cathode layer. The effect of ionic conductivity on the discharge performance was then examined using
two different materials for the solid electrolyte. Furthermore, important morphological information
regarding the tortuosity factor was electrochemically extracted from the capacity-current data. The
effect of tortuosity on cell performance was also quantitatively discussed.
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Analysis of Structural Phase Transition of Storage Battery Carbon Negative Electrodes Using
Synchrotron Radiation and Neutrons

aR Fa
Shigeharu Takagi
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Abstract

This study used synchrotron radiation and neutron diffraction to carry out operando structural
analysis of carbon (graphite) negative electrodes of storage batteries during the charge/discharge
process. Low-temperature operando measurement using synchrotron radiation diffraction and
neutron diffraction was enabled by the development of a new single-cell measurement tool capable
of temperature control. When dQ/dV analysis was performed in accordance with the diffraction
pattern, it was found that, at low-temperature, high-rate discharge, structural phase transition of the
graphite (i.e., stage structure changes) is inhibited and that transition in multiple phases is facilitated.
As a result, it was inferred that this structural transition affects battery low-temperature performance
and high-rate discharge performance. In addition, X-ray diffraction (the fundamental parameter
method) was used to analyze the crystallite size distribution and quantify the carbon structure, thereby
identifying the relationship with battery performance. Furthermore, analysis of the effects on phase
transition due to the crystallinity of graphite during charge and discharge found that the multi-phase
transition phenomena differed due to the crystallinity of the graphite. This analysis also identified
the graphite crystallinity and structural phase transition during charge and discharge, as well as the
relationship between these parameters and battery performance.

0K FgddeEdR, TFER, X#EE, Fundamental Parameterit, 93774, BEFH4X

fe. Fle, BEBRFREROAO—RVEICEKY, B
TEBEICEENE U D T EMEE, Dh > TERE

1 &

il

BREMEOENZRETED D, BEHLOD
IOBAFELL, ERFMENL, SRFTMERM
G ENBEBEINTVS. INOSOEEEZ-D L
SEDeHIC, BEMKEFERDUF O LB
ANZXLBAENRATHY, BRERICSVTS
RSV R (operando) THEEBEZIREZRND
ENEBETHD. BENELUKRIC, ZORIEHE
ERZRRITT 2ENSG Y, BECOS KU
TEFICERTREFREREISBRORAEZED TE

*SSERBIFR N N — 88 2 MRHTTER

TovoTa Technical Review Vol. 65 Aug. 2019

8, BEMKREBOH—RUYHEDES(LEESD
T, EHMBEICREZESZ 20— UYEE U
TIE, LigiszZEL, D—RroiatcEs
UTEZED TET

S, FHTERREEE (-10CH 5 50T E=E
THIET) DORFEZETL, WEHEFS LT
BT D operando H&EBATICHI Lz W@ ZF1
TERRBEERDEL, U—MILDEE, H—RY
DIEEMEDEVIC L DIBEBOERZHSNICT S
CEEHEBE. IBIC, XA (Fundamental
Parameterix ©, LIFFP&E) ZBEVWTHSTFY

19



20

A X (BLUZDHT) ODEELZTV, UFDLA
A 7 VKR MRS DREIRERIT Uz ©.

Flo, LEEOBITERNS, BHEREREDSKIU
BERMEBIERENDTEZHETL, KPEBEHLHD
MRIBFEICIRIL DI Z B D TRENT .

2 RERAE
2.1 (ERICHITBEEBEN (PEFERICS
B RS Y RGERET)

P FEHTAIEICEVTIE, TMEEERFI
ISR REsY J-PARC/MLF BLO9 [CEEBINTL
ZSPICAKE (18R x#AHL, QANYT
(LTI 2 AECRHEZIT .

E1 TOF (Time of Flight) Bich{4FEIFEE
(SPICA)

SO, BTILONEREICIE, KRREFZESE
7L PCTFE (Poly Chloro Tri Fluoro Ethylene)
ZRWEe., NICKY, EXREREHRRZERTE
e, TRICNYITTOY REEE (ERE
72%) SEBTENTREERRY, S/NLEEO@EIC
KBDRFRPMEFOHTT—5 DEYRICAIIUTE.

=M (5T 74 ) FRAZELZERL, 8

BHLEICEMURT ST 74 MBEZESE, Wil
Li ZAL), BERIC Tmol/L D LiPFe BRI E 1z
EC/EMC = 3/7 (vol%) ZRWT, Bt 4B
BEtIL) ZERURE.

BE)UE, =R RT) IZEWVWT2YATILDH]
nE (I—-yvJng) =470, CC (0.10) -CV
(0.05V) [CTFE (LiFEA) Z1To1c%,RT £ 0C
[CHWNT, 0.05C [CTHE (Li BBl I Z1T 5
fo. ©5IC, FRYEBROFIKEHENS dQ/AV i
fRERSD, dQ/dV E—T EDOWIDER Z1T > 1.

22 (EERUBL—MYREICSIT D IEERBEN
(FEIEEERIC KB 74 RS 2 REERER)
RETHHEEITAEICBWVTIE, [EZFHEBELER
{BIBEEBFMEIFE (RISING2)] W'FrEd 2 KH
RETHEREER SPring-8 M BL28XU ZEWTAIE %
7ot

EBBLECEMURI ST 74 MRZE(ER, XIHE Li
ERWCEEILEERE U, BFERIC Tmol/L D
LiPFe ZBfR S Bz EC/EMC = 3/7 (vol%) ZR WY,
BV EER UK.

BE O ETSBROIRILF—F 25 keV &
L, T&otiétas (Rigaku & PILATUS 300K-W)
ZRWE.

SO, ZXRITEHERICIE PILATUS 300K-W %=
AL, AXSEZ830mm (CERELRE. TNICL
Y, BETEAESHEDIIAE, BESRREDD
FEBIISE2ZENTREESRY, TTT74 bD
(002) =7 (E&£BHE—7) LIAESHIE X
RO —9 DEUEICARII LT,

BE)UERTICEVWT 2 U4 7)LOFHLE (T—
JVINE) ZTL, CC (0.1C) -CV (0.05V)
[CTHE (LiEA) Z1To/c%,RT &£ 0CICBNWT,
0.2C[CTHWE (LifHE) RILEFZIToz. &5
[C, AMEBEROFKEHENS dQ/AV HIRZK
&, dQ/dV E—J OO Z{T o1z, Fie,
RT [CHWT, 1CICTHE (Li BBl RILERTZ1T >
fc

23 A—RUVEEDES(L L TithEaE & DR
(X #REHRIC K DFERTF Y 1 X3 T DEET)
FPEZRAWT, TFIFBA—RY (F35T7
Ah) DEBRFTAX (BROUZDHM) DEMN
w{Iofe. =Ry (FZT74K) FRARLO6
eGR4 BEAV.

FPEEIF, BRFTAXEAETFEHCHRKT S,
ZOT 7 A VIR E NG XHRD emission profile
[C&2TOT7AIVEIRIC, EBEFE(RU v ME
AHESREDRAERS) OTOT 7 AL ZEHA
ATHRXEOFNI DY =2 -3k
1TV, BRFTA XOBFEHD/INSXA—IZHE
bTBHET, WNHERDPMEFICTELTDI L
T, BRFTARXDDHINSA—IZEBLT BT
ENTEDHETHSD. XEEITAER, CuKa
(0.154nm) Z=BRWTITo I,

LFEOEFIFGA—RY (IZT7A4b) Z&
WEMEE L, =%k (NMCO) MRz EREYE



TG - PIEFIC K 2 BB MR EBDISEIREBHENT

cLTaq4vEIL (Tbt) ZERL, ShoE
SREREPE L — bR ERMEOFHDZ1T o 12

BoNERNS, A—IRY (TST7AH) ¥
T BithERE S DRSO Z1T o TC.

24 A-RVBE (BRI DEWVICKDTN
BIFOBEZ D EDEN

GERMOBLRRA (RASH) SERUD 2
EVERB (AERH) 2AL), LREERBICH
0 20 40 60 80 100
BLi([CTEEIL (PILZZZR— b)) ZEH 2542 (= Lifgss)
U, CNETERBOREEENTIC K2 TFTHEHD I o -
operando BT E(T~T. MELLEIETSBOT B3 L s COPIEF RS —
ZILE—[F 25 keV TV, TRTHEEE (UA
788 PILATUS 100K) =Lz, FMEBEED 5SRO dQ/AV R ZR 4 IR
AV ELBEOFILISIR— IS, FIE ¥, Stage 2 DEEICHRVT, RT & 0CICHH248
DRMBEAICTI—Y Y I NBET o1, FiE EBICEVD BB ENRBS N F, dQ/
DRE, RIMEBERICTCEHTZIT O, dV EEDETEFEMEIFD operando #&3&HRATH TIBE
THBTENERTEL.
3 EBRBIUER 20,000
——0°C 0.05CH+Et
3.1 (ERICSI ZIBEMBHEA (PEHEFEFICK —— —RT 0.05CHtRt
BANRS Y RIBEHRIT) ®
SOME U EREEEEER 2 [CRT. O £ 10000
ESHEBEEICKY, EENSEEE COREHE =
NETREE RS T 3
%’ 5,000 w
L L&

0.00 0.10 0.20 0.30 0.40 0.50 0.60
TBIVEE (V)

4 LiEEHEREICHITS dQ/dV B

hEFET/INY - DOE— T DB ZEIT O ICiER
DO—flZE, B5ICRY. ¥Ya)d— - E—-INS
FNEBABTRENZPEFOR/NI —2(CDNT
b, RFICE—INBTER.

-

2 BELDEFOAREHENGE

RTICHBIFD, 5774 hEEOKER (Lif
BiEE) ODUFORBERER 3 ICRY. LB
BIET, LiCe (d1E: 3.7AAHRE) NS LIC, (d1fE:
35AAHE) #RT, C (d1E : 3.35A i) ~Z&
b9 BEFHEBICERTE, 75774 hOEE
% (RT—VELL) ERECHERTER

TovoTa Technical Review Vol. 65 Aug. 2019 21



1.0x10

8.0x10°

6.0x10°- StHEfE

4.0x10°

2.0x10°

PEFEHRE (a.u.)

0.0

310 315 410
diE (A)
K5 hEEFEIF/INY—>DE—THEE (—fl)

Li BREEBIZC S LT SOC (State of Charge)
5% BOHHEFEHT/INY — 2 DE— T HBEET,
E—U0BERBRERZAVTHOEERER AN LS
Z, B6,7CRY.RTICBVTIE, B—4ETAT—
VBENBITTZDICH LT, 0CICAVTIEZHE
TORT—IBEBITHELDENDh ST,

FEEDRREKY, BEDEVICKZIEEGEIREE(C
DWT, KNEEEMICT operando t&EBITEITR
B ENMESRTEL.

mStage 2 W Stage 3 m Stage 4 m Stage 4 to Higher Stage ® Graphite  Stage 1
-r g 5 —
15 1

|

E—OBE®EE (%)

00 90 80 70 60 50 40 30 20 10
95. 85 75 65 55 45 35 25 15 5

<SOC(%)>

6 LilEhBEIE TOEHFIREE (RT 0.05C)

E—J@EEER (%)

95 85 75 65 55 45 35 25 15 5
<SOC(%)>

7 Li BBhEE TOEHFIREE (0C 0.05C)

BLEDS, EETIEFHER (LEREER) 8L
CEZHETOBEEGBRRENEL, TORKMEETO
BHERECREEN T CENHETE.

3.2 (EKENUBL—MEEICSHIF B IEEGBE@T
(MEIHEIFIC KBRSV RIGSEHET)
SORFEUEBHESEEZRS ICRT. D
ERFENERICK Y, EEH SERFE COEES M
N agEE .

8 B UGB RERIEAE

RTIEHTD, 02CICBIFBDTST 74 hal@
DNER (LiBREEBEE) OMsTEOifER%=E9
(g, LilEBEBIET, LiCe (26 :7.7° f5k)
PS5 LiC; (8.1° ffiE) #RT, C (85° fhF)
LT DIRFHREICHRIRTE, IST74 D
1BE S R CHER T =1,

15x103

74 76 78 80 82 84 86 88
26 (°)

9 Li RBHERE TOREEEH/NF—> (RT 0.2C)



TS - At FIC K 2 BB IRGAREMDBSIHER ST

Li BREEBIRICHB VT, SOC 5% BDME O
INT—=CDWVT, EFEIFTOEMNE & BERIC
EP—I 98TV, E—0BERERERV\THEOHE
REEFFANHERE, B 10, 11(TR9. WEBL—
hZ 0.2CEULEHEICEVNTH, RTICBWTIE
B—ETRAT—IBENBITITHDICHWLT, 0C
[CBVTIEZBETDORAT—IBSBITHELD &
o -ore.

MW Stage 2 M Stage 3 M Stage 4 to Higher Stage

B Graphite Stage 1

E—omEE (%)

10 LiXBHEETOBREFIARE (RT 0.2C)

W Stage 2 M Stage 3 M Stage 4 to Higher Stage M Graphite Stage 1
131112[7]11{ N4
Sl
o | | 3
9\/ l’ 38 57 :i ‘
N [ ] ‘11 '3,2 B
@ 1l
| L
i fi 4 | Stio
Q 877 89 88 E B i
y il
AJ 1R B
5 ' gE
’ n 2'7 28 L N B
2 9 9
100 90 80 70 60 50 40 30 20 10 0
95 85 75 65 55 45 35 25 15 5
<SOC(%)>
11 Li BB TOEHEFIARE (0C 0.20)

RTOI1CICBIFDTZT774 hEBDKNER
(Li BiBEsE) oOREeortaRz, B 12 ([CR7.
LiCip (2 6 :8.1° f31) DEFHICEL, 0.2C&
1C DEVITREBINTC.

Tovota Technical Review Vol. 65 Aug. 2019

/

2,000

1,500

bR ()

1,000

500

0
7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8

26 ()

12 LiBREBERETORSEEIF/NT —> RT 10)

SR /NY — > DE— I D e E T 2 TR D
—flZE, 13T, HHEBOENFEZ 0.55
(1CIZH 2B ELTHaMZEITL, 3
LT — - =T EFENZETREIND G
FINI—=(ICBVNTH, BFICE—TINBECE.

=RAE
(EB5265R  0.59)

XirorsaE (a.u.)

7.8 8.0 8.2 8.4 8.6 8.8
26 ()

13 MEEEIRNT—>DE—T 78 (—H5l)

RT D 1C TO LI HBBERZEICHWVT, INFTE

FI#kIC, SOC 5% BOMESOFT/NY - DE—
I BTV, E—UEREZRAVWTHEOHFIARE

EIANEERZ, 14 (19, 0.2C [CHWTIE,
FIFE—MTAT—IBENBITIDIDICHUT,
1CICBVTIEFZETORAT—IBEBRITIHELD S
ZEMDh .

FEEDEREKY, BREL— M OREDELICK
DAEERRIREEIC DT, AREBRAICT operando
BISENTZ{TA D ENHESR CET.

23



24

BStage 2 M Stage 3 M Stage 4 to Higher Stage

B Graphite Stage 1

E—JmEE (%)

95 85 75 65 55 45 35 25 15 5
<SOC(%)>

14 Li BHEHEECTOEEFIAE RT 10

MUENS, EESKIUEL— T, MER (L
HEDERE) (CHBVWTEABTORT—IBERITIG:
U, TORGFMEBSIUTEL— S TOEMIEEC
FEENETENHEETEI.

3.3  A—-RVIBEDEEILEEiMEREE DREF
(X #RO1FIC & BfEETF T 1 XD T DERT)
FPEZRHWVT, h—RYVOEBEFHA X (BEL
OZDH*) OfFEFTZT o>z, XRD /N9—h'5,
FPEZRBVWTHRTY 1 oM DEIT 21T o i
RO—H%Z, E15I(CRT. FABEESTEBEEDE
B (RE) WL, BREFGEIEGRZSE. 0D
STERCHIDRBETTA X0MO@EIEREZ, X
16 [CRY9. 3774 bDELDEICDOVT, #&
BFUA XD zRIFICEHITCE/.

1,000,000
900,000
800,000 | [._wﬁ ?éﬁ% J
700,000 I =
600,000
500,000
400,000
300,000
200,000
100000 | 4
0

-100,000
493 543 59.3 643 69.3

@E (cps)

15 A—RYOXREF/NT—>

0.10 |
—2H(102) —2H(004) —3R(104)
0.08 —2H(103) —3R(015) —2H(104)
0.06
1
&
0.04
0.02
0.00 -
0 50 100 150 200 250

#wREFT42 A
16 95774 NOEEFYA X0

B[S, IST74 D (102) DEEFIAX
niE, BHOERFECDRREZERANCKERE,
17 [Z7"9. 0C 0.5CFE#D 0C 0.5C D7
IWEITOHBEE (EWEVBEESICHIT DL
B58) 7, BEFMELLTRULE. 95774 b
D (102) DERFIAX (BRUZDOHH) HUI
SLRBEE, DEFENE LT DI ENRESN
le. &le, IST74 0D (102) DEEFTAX
Nte, BHOEL— MIEREREEDBERICD
WCTH, BROBRABESNE. I5T7A4 D
(102) ORBEFYA XD, LiEARBZER
I3 LIIAMZERLTCVDEEZ SN D.

150

u’.'.' 0,

120 "0...
.E 90 ‘e
£
iy 60
Kol

30

0

0 10 20 30 40 50 60 70 80 90 100
BEFTAZ (A)

—&— No.15 —@—No0.21 —@— No0.22 No.1 =—@—No.2
~—&—No.3 —e—No4 —e—No./ -—8— No.8 —8—No.18

17 BREFYAX (9 CEHEEMEIEORR

LEDOBRELY, H—RY (FZ5T7A4b) O
BTTA X (BLUZDHNT) Z@TITBILET,
BHOEREFIMEY, BL— MR BREZEREECTE
UMD DD LEEZSND.



PGS - PIEFICK

SBE MR RTDIBSIHERIS AT

34 A-RVEE (BEME) DEWNICKITH
EIFOIBEIRB\DZEDRRT

EREOEVEN A EEREOEWVER B 7= A
WC, RRERDOEGEDERZRAN/C. FTNERH
ROk Li REHEIETO dQ/dV iRz,
18 [C7RT. Stage 2LIEICHWNT, HE&EM (&
FIARX) OEBDHABBICT, HEBIHEWVLD S
B EREBENE.

8,000
< 7,000
)

20 6,000
<
< 5.000
£
= 4,000
>
3 3,000
G 2.000

5 HEA
1,000

0.00 0.10 0.20 0.30 0.40
BILEBE (V)

18 LiBEEBIZEIC ST dQ/dV HhfR

IO, BREEOEVERE A SEREDEWN
A BZRAWVT, RESXOFICKYBEEREZ
BITUICRRE, 19, 20(CR9. T TIF,
Stage 3 ~N\BIT9 D@7 EMICEENT UTC. Stage
INBITTDROBED, GRE BRFTAX)
DEWVICKWUERD ZCEMDD »fc. B 19 (CRE
Na&351C, BREEODELERAGY 3L — -
P—IRE 5N, $HEICT Stage 3NBITT 2D
(CXH LT, BREDEVEHR B IF Stage 3 D%
TERRECAVTYalLd— - E—THERTET,
FEFE—MBCTHEBNELD DD ST,

(— Lifise
)

7.8 8.0 8.2 8.4 86 8.8
26 ()

19 Stage 3 BITBEIRICHFT S X RO
NI—2 E#EA BRFICAX X

TovoTa Technical Review Vol. 65 Aug. 2019

e
B3 650 \
S 600 A
1 550 '\
= \
—~ 500 7
> 450 "
\(‘i 7
400 /
t AN
# 350 ;
A
300 , «%
\!
250 «
200 4
| )
150 T =T T T 1
7.8 8.0 8.2 8.4 8.6 8.8
26 ()

20 Stage 3 BITEIEEICH(FD X #ROH
NY—> (GEB, BE&FTAX

DI EDERENS, h—RY (IST774 ) O
RHEZELTD @R FTAXZNELTD) Z&
T, TvIVHOEBEPEFRBEOEKRICKY, BE
BEENSSERY, LREENE L, B—HET
DBITHBHEFRDEHTET D.

4 o
(1) BEABRS SOPETENC LS, BB

HICHBITD dQ/AV BT H Z HTE)R TD operando
BisEEN (-10CHh5 50CETHIETD) ZOBEIC
Uiz

(2) WREF=RICLEN, BU—HMFEL—KIC
R, SHETOBTAELPTVC EATh .

(3) B—mMY (TST74b) DFEREN, K
e L — MUEBREICEET S xS
[cUfe.

(4) A=K (T2 T74hL) ORERENER
&, RNBEHEOHEGLBARGY, CORRD, K
BEPEERNEHFCREZNIFITEEIONZE
MRISA A ZZLZESHICU, FRTEORFEE
FHEEE U

SEIF, BONCRIEEH ZE(ORESEMME
DOR¥EZB1ET.
E%IC AMRIEEIMEFRFEEAFT IRV
- EERITHROHEIEEE NEDO) O (&5
*‘Jm?-a,m%ﬁ{tﬁ&%ﬂ#ﬁm%ﬁ% (RISING2) ] I
BVWTESNIEHRTH Y, BREMDERITEL
&9 2.

25



26

WEE3m

(1) BAREBED  SHMEEICEEESZ D N—IN
VYIMEDBRREE S in-situ fESRBEREITICK D
MEEMm EXA D ZXLHE. 5 58 OB HEIRE
wEEsE. 2017, 1BO2

(2) BREBIEN  BEEERICEB TS T 74 b
BROA RS RGN, 5559 OSitETH
sEBEESE. 2018, 2E14

(3) M. Yonemura et al. : Development of
SPICA, New Dedicated Neutron Powder
Diffractometer for Battery Studies. J. Phys.
Conf. Ser. Vol. 502, 2014

(4) BAREBED  PUFOIFICLBZTST7A b
EBOA NS MEGHEN. 2018 F8RLE
MEBASHEEEE. 2018, 1E04

(5) T.Ida et al. : Diffraction Peak Profiles from
Spherical Crystallites with Lognormal Size
Distribution. J. Appl. Cryst. Vol. 36, 2003,
pp. 1107 - 1115

(6) BAREBED : A—RVOBEFT A XDHD
BT & IR EEENDRE. 55 45 DREM
HEEEEESE. 2018, 1A06

H=E

=R b



i EYIEEAFERICH TS LiFePO, IEMD B A2 STH

Self-Forming Interface of LiFePO, Cathode in Sulfide All-Solid-State Battery
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Abstract

All-solid-state batteries (ASSBs) are regarded as a promising next-generation storage battery with
a high energy density that cannot be surpassed by conventional lithium-ion batteries. Cathode
material design is an important factor in achieving a high energy density. Since resistance layers form
due to side reactions at the interface between the cathode active material and solid electrolyte in
sulfide ASSBs, the active materials adopted in these batteries are generally coated with a buffer layer
comprising an oxide or the like. This research applied lithium iron phosphate (LiIFePO,), which is
already adopted in conventional lithium-ion batteries, to an ASSB. A new phenomenon was discovered
in which a stable and low-resistance phase self-formed at the interface between the LiFePO, active
material and sulfide solid electrolyte. As a result, an ASSB that exhibits the theoretical capacity of the
LiFePO, active material was successfully achieved without a coating layer.
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BBHELT, h—RYT7A4/N—RD VGCF
(h—m>+/T7+4/)N—) Z&FEEL 1010 ;1
TEGL, ERaHEIE U IMITIEFFIVEED
FOL (LisTisO) ZAWVWY), BUBEKERE,
VGCF7Z 30 : 20 : 1 DHFEBETESGL, ARL

fz. LigTisO12 Y, &ZEIC 1.5 V vs. Li/Lit TENE
TREEENEIT DD, FEBEILLE24 &
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v U—9B8, WEBO=BE&E%x87 2TMNED
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EAENTOLRBWICBENLSY, hy hF J8E%E
0OV (1.6 Vvs. Li/LIT) ETHRFTHRELIEBDIE,
HIATILDFRRETCHRESTEN LF U, LiFePO4
DIFFRE (#9170 mAh/g) ETEEYT DIERNER
KVENke. —A, 0.7V (2.3 Vs, Li/LiY) ThHwy
AT UIRBSF, BREBYAJILTEEN M
—ATHY, 0.5V (2.1 Vs, Li/LIT) TlEF—EKX
TN e, AL DEINLTOKIEETH
Iz,

MEBEDAY FTH0 VOFRKERIEZER
21CRY9. RAD1, 2 A4 TILTlEHBHKAE
<, BT, MEBTIE LiIFePO4s DEREN (3.4 V
vs. LI/LiT) EARELREED 2.6 V vs. Li/LiT HEIC
WETS h—HHIRULE. F0%, 3, 45471
EHRMEBZERDE, WEEFELTENBRIC LR
U, 9B\ <Eore.
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LT 2IRREEAND S, FTASHOMEE
STEM-EDS (JEOL JEM-ARM200F, e E
200 kV) TEEBRSVICTEINET 2.
BHY RFTOV T, 294 7)LFKE LI EME
DOHHER%Z, B4(TRT. ELDHAADF T
&, LiFePO4 KIF LRIt BEHEREDRE T,
LiIFePO4 IF (a) DHMAIIC, BTHEDFEEEL
TEIEBERES (b) PEELTLE. ZORAE
[Tl BICHBWEBEZBDERINC. SBE
MADTEIFN S, Fe & SHBmEHIN,
LiFePO4 $1F NS Fe AEMABRRED(CIE L TL
BTENTEEINE. COBBELSOETFHRD
WIS —VERBTDE, REET 267 A (R,
216 AE), 1.77 AR (TN 2EHFSHEN
FeS (\H&) Y FeS; (II/58) DOHEICH K
Ufe (R4ET). TNICKY, FREOTEY A
)T, REICFLHITERSNTVS &N
fe. TNiE, FEGEETLIFePO, & BAEmE
EERMULTVWB T EEEKT 2. FitsDA 4>
T8 (0 ion < 107 mS/cm) FEWVWT EH S,
C ORIGERYOFH LN EEYE  BRE R
DEFICEELEEZBNS.
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O
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atm. %
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20

5 10 15

Energy (keV)
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FFEELTWE. INICKY, 454 0)VBIEEIC
FREYE BREFAOEAME T LD, i
LEXHREBBEZ O V F T30k T ETAISH
DRIGHEE, ZEUITREEN G 3.
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5 FEHME 20 YA JIL#ED LiFePO, IEARERE

RIS, A5MD2004 7))V EFTHERIICOVT,
LiFePO4 /Tt BE AR ERESFRBEDEE 7 5FM(C
AN, BELOFREZESBERTERE U BF-STEM
%, EDS TROMIERZ, K6 I(IRT. FINER
DOFEPRAEEE KB LT, 20 A J)LED LiFePOy
KT EBEREREOFEIC, BESH~ 10 nm OFE
HEAER SN TW e COEMBIFEICIHFEETHY,
EDS [CKRDBFATTRDITN S, LiFePO4 HiFAED
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Fe W"EIASBREBON MBI UEEIC, Fe iRIT T
KEBHREIL UTCIRRETE S IcBTHDHEEAS
n».

atm. %
10 Fe: 12.2
0: 59.6
ﬂ Fe|P: 16.2
s;S S: 6.7

’,JJ |\ Fe
OO 2.0 40 630 8.0 10.0

atm. %
Fe: 5.7
J P 0O: 61.8
| SI‘ P: 13.3

FelS: 15.1
Nl\/‘s | I
OO 20 40 6.0 8.0 10.0

keV%

i atm. %
'C‘) PS Fe: 0.8
\ Si

O: 49.7
P: 15.0

'”‘ S: 245
1 a—

00" 20740 66 80 0.0
(keV)

6 LiFePO,/ F{LMEAERERE
(a) FTH=EET (b) 20 1 T )LEg
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3.3  BREICKLDIETIVREOENR

MBAHY A TO0V TEIL&HNERT 2 XA
“RX L, BOUVICERCNIEREDREERZ
{EZEWICBAET Bco, LIFePOs BEZEFE >
MitYBEGFSEHEERL, RIATDILICULL.
LiFePO4 BiEIE, Pt LICR/ VY IHBETIER
L7z 500 nm BT DH D% 600°CETHER L, X
RO#T (XRD) CrERBeZEaR Uk, FRUER.
LiIFePO,BEEFRE U, /N —FBIC Lis-
P,Ss-Lil RIFREBEARBREE, WWICIK Li-InZH
Wrz.

F9, LiIFePO4BREXR InLi ZFEWZEBHT,
AU IRILIVXY NU—=FERELE (B
7). EERAEEER RIDYA J)ILDORTAIE
3|1, Ty vl 2.4 V vs. Li/LIT fHEICE—D
AHIR L, %(D?é@*j/(?)bt%éﬁb*i%—bfc (=
7@). CO—TJ1F B2DEERAETT, 2
4 2)VBICHIR U, 2.6 vs. Li/Lit dlch) ORE
PSS =TT BEERS5ND. Fle, TDE—
JEFRIC, 1.85 V vs. Li/LIT hEICNSRE—D
HHIRL, YA 2IbEERDE, E—TJME[FIEE
ZELIEWVD, BRLlDhE<Boe (B7 @). E
1 ICRULEFEREY A 7)UEHETE, 05V (2.1
V vs. Li/LiT) UTFDAY b4 TJEEDHBSICTA
TIVICKDBEEBNMRRETTCVDIENS, D
1.85 V vs. Li/LIT fhEDE—7 [CHR T DIRITR I
B, BB THAMEHEDBELUICEEZOND.
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T tMEBAFEEMICHITS LiFePO, IEMD B2 AFRE

SHBRIAVN=YavRhMEEDEHRSINTL
200 Lif4 A UHhEASNZRINETHETH BN,
IVN—=Y 3 VRINET LN DEET D12, o]
WTHD. DT EHS, 1.85 V vs. Li/LiTFHF
DE—ZJFIN—V a3 VITEVWRIEDREET, &
TIB &R > TUVEi s DR UTc S HERIS NS,

FeS + 2Li"+ 2e- — Li FeS,
2.3V vs. Li/Li*) = (1)
FeS +S +2Li* + 2" — Li,FeS,
(1.7~2.1 V vs. LI/Li*) ~ (2)
Li FeS +2Li" + 2¢ —’Fe+2L1 S
(1.6 V vs. Li/Li*) wweeeeees (3)
FeS +2Li" +2¢ — Fe +2S +LiS
(175 V vs. LLi*) = (4)

RIS, LiFePO4 B/ TILYEHEREFRED
X RN CRIE (XAS) Z{Tofc. EHENEE
¥, 0.1CHIDERZE 0.8 uAcm? TEERD
FTHE (1.6 - 4.1 Vvs. Li/LiT) Z{Tolc%%, 1B
BEZE/IN\U—9IDORNL, EEE E4FER
BEOFAZEMBZEN UL, BEESCIE, REERG
TEY (Total electron vield) ZfERUTz.

FRESFEICSIFD U (P) D L IRINGETRE (S)
D K IRRIHD X R AHEEE (XANES) AT
NL 7, 8ICRT. PO LEKWNIFTIE, 40cyc
®BlCa/cEP—THN 05575 0.95 [CIBRLTH
Y, N, BGRE\BeP T, UVEBOPZDhiDE
Utz PO4 WEEDBED PO, UEfAE O T UTE,
BEENMEZ D&, DFY, OV VEEDAY
UVBEOBRENMNDBWVENRICELLIEC &7
BExLTWVWS 10, —7A, SOKRNHENLSIEF, 40
YA T)VRICSOs A A VICHKT D 2478 eV &,
SO [CHIGT B 2482 eV E— I e <IBN .
INnicky), FEEBOMEMIE, xLiO-(100-x)
PzO5-Li250y (X < 67, Y = 3~ 4) CD”Z?:_CE—C??’EZT
N2IERETHDENREINE. COEMBICIF,
Fe B EUSENTLRRWVWTEICHNAT, HEL
SB{EREBTHREBE UCRAEICFRELTLWS I ED
SRET, LiIFePOys ETF{EMEHRBDIEZERILE
#7215 ZIE->TVDZHDEZSZAHND.

Fiz, LibO-P,Os RDIERERGLIiA 7 VE
MZHU, &5IC, LSOs® LSO, ZEBET 2
E, AT VGEENGLET DI ENHRSESINTUL
20D Uleh'» T, A4 7)LZEBS & (ICERD
T 2D, THESEIERTDIEICNA, &S
NEFREBEMBD LiAF 2 EEMIEELEI &I
PDHEERLTWVBEEZ SN S.
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3.4  LiFePO, IEMEFREIDRILHEEE &
PEDERZFTEDHDE, B9 DEAKICTRT

KOBBRNMRETCVNDEEZAOND. RO

AJILTIEF, FTERIC, LiFePO4WIFFRENS Fe

AF N BERBRERICS|IEFE SN, LiFePOy

/STEYBEFRERBEFRE T (5) [T LDIHME

FRINVERCUT, T EBSRDENEZENT 5.
LiFePO, + Li,PS, — (5/3)Li* - (5/3)e

— (1/2)Li,P,O, + (1/6)Li,SO, + (2/3)FeS
+(1/3)FeS, + (1/2)P S,

BEBTIE, COFEEBAD LiIFePO4 KW BIK
WIRT VY v LT LIiA AV ERRTDDT, BEE
*%”'*'*Ewaﬁ% LTERLiAF I, TibikDmg

BAUTEBATCNS. TSICBEZ FFBHE, 1.85
v vs. Li/LITfHET, EIMBEBR2MESET D
BEINd. DA ZEEVRLTWVSE, DL
fc Fe A F VIGEARERBEPICHEL, CNICED
2> T, BEE LIFePO, DBAIETLET 3.

B ICIE, Fe h ik T 7z xLinO-(100-x)P2Os-
Li,SOy (X € 67,y = 3~4) THREINZH~ 10
nm DEMEN LiIFePO4 RIFDXRAEICER TN D.

31



COFEENBEEET, LiA 4 /BN H B,
CNLLED LiFePOy EMEMEFEBREDIEZE R
Ivellils 5. CORINE, BREREYDIERET
FEEFEVDDTHY, LIFePO4ZEUHET D
RUTP A VRHECTHDEERASND.
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4 TIU
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Development of Test Methodology for Internal Short-Circuits Caused by Foreign Matter
in Lithium-lon Batteries
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Abstract

This article describes a safety test methodology that assumes the occurrence of an internal short-
circuit in a lithium-ion battery installed in an electrified vehicle. For lithium-ion batteries, the ability
to properly test states arising from short-circuits generated by foreign matter inside the battery is
extremely important. In previous internal short-circuit test methods, the battery was disassembled,
minute metal particles inserted inside the battery, and pressure applied to generate an internal short-
circuit. This test could not be carried out without a high level of specialist knowledge and technology.
Therefore, a simpler methodology was developed that generates small short circuits inside the battery
by an external mechanical means, thereby eliminating the need to disassemble the battery. Efforts are
currently under way to incorporate this methodology into global standards.
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Development of Lithium-lon Cells and Battery Pack for Redesigned Camry HV
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Abstract

The redesigned Camry HV that was launched in 2017 features a wide range of newly developed
components. This development aimed to maximize the performance of the Toyota Hybrid System
(THS 1) installed in the redesigned Prius, which was the first vehicle based on the Toyota New Global
Architecture for hybrid vehicles (HV-TNGA). The lithium-ion cells and battery pack used in the
redesigned Camry HV were reduced in size and weight while maintaining high performance and safety.
This article describes the technology of these lithium-ion cells and battery pack.
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Introduction to the Toyota Fuel Cell System (TFCS)
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Abstract

Kl sFL~
Mikio Kizaki

In December 2014, Toyota Motor Corporation launched the Mirai, a pioneering first step toward the
general sale of fuel cell vehicles (FCVs). This was accomplished through the adoption of the newly
developed Toyota Fuel Cell System (TFCS). The TFCS further enhances the established advantages
of an FCV and substantially reduces the cost of the FC system, which had been a major challenge for

FCV commercialization.
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Abstract

Greatly enhancing the performance and reducing the size and cost of the fuel cell (FC) stack is
an important part of measures aimed at facilitating the widespread adoption of fuel cell vehicles
(FCVs). The new FC stack installed in the Mirai, the pioneering mass-production FCV that was
launched in December 2014, adopted an innovative cell flow-field structure and electrodes to realize
the world’ s first humidifier-less system. Compared to the previous FC stack, these innovations
improved performance by increasing current density by a factor of 2.4, and reduced size and weight
by decreasing the external volume of the stack by 42%. As a result, this FC stack achieved a power
density of 3.1 kW/L and 2.0 kW/kg, one of the highest in the world. These figures are more than twice
as high as the previous model and allowed the FC stack to be installed under the floor of a sedan-
type FCV. Furthermore, the durability of the electrodes was improved by a factor of 3 compared to
the previous stack, and the reliability of the FC stack against impacts, water exposure, and corrosion
was ensured. The cost of the FC stack was also greatly reduced by simplifying the stack tightening
structure, cutting the amount of platinum (Pt) in the electrocatalyst by 72%. and replacing the gold (Au)
plating of the separator surface treatment with a newly developed carbon nano-coating.
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The High- Pressure Hydrogen Storage System for the Mirai FCV

T & W B B HEE*
Masaaki Kondo Akira Yamashita Sogo Goto
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Nobuyuki Ogami Tomoyoshi Kobayashi  Hirokazu Otsubo
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MEXEEEEERUE. BEEEOES, 970 CFRP (Carbon Fiber Reinforced Plastic) &Ed
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ETMEEEMINMAEEMIIS B, KBRAT—Y 3V EDBERBICHIIGU, KEFEESRE 3 9iEE
CEBULEBINSEVRIENERERIRL, AV VENHOFEEEREFETER.

Abstract

This article describes the high-pressure hydrogen storage system developed for the Mirai fuel cell
vehicle (FCV). This new storage system was designed with two different shaped tanks to hold the
necessary guantity of hydrogen without sacrificing interior space in a sedan-type vehicle. As a weight
reduction measure, the amount of carbon fiber was reduced by designing tanks with an innovative
laminated carbon fiber reinforced plastic (CFRP) structure and bosses, resulting in class-leading
lightness (weight effectiveness: 5.7 wt%). The storage system also features newly developed valves,
pressure regulator, receptacle (hydrogen inlet), and piping., which enabled the vehicle to acqguire
certification under the newly established international standards for compressed hydrogen vehicle
fuel devices. Since these standards involve exposing the tanks to a localized fire test, both drop and
fire resistance requirements were satisfied without increasing the external volume of the tanks by
combining the impact energy absorbing tank protector with a fire-resistant material. The storage
system is also compatible with standards for communicating between FCVs and hydrogen refueling
stations. As a result, a high filling efficiency was achieved while reducing the hydrogen refueling time
to approximately 3 minutes, roughly the same level of convenience as a gasoline-powered vehicle.
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Development of Fuel Cell System for New FC Bus
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Abstract

This article describes the fuel cell (FC) system adopted by the Sora, a new FC route bus developed
after the Mirai FCV. Since an FC route bus has a greater frequency of high motor output than a
conventional FCV, use of the FCV system in an FC bus results in larger electric potential fluctuations
and causes a substantial reduction in power after a lifetime durability test. Therefore, for the Sora,
the battery output rate was increased and a system and control adopted that reduces the electric
potential fluctuations of the FC. This configuration and control enables the new FC bus to satisfy
requirements for both durability and dynamic performance. Additionally, if sufficient power cannot
be provided from the batteries due to a low state of charge (SOC) or the like, the system ensures the
required dynamic performance by temporarily operating the FC at an operation point with a large
potential fluctuation range to boost output. The durability of the FC system in the Sora, including this
control, was verified in durability tests. These tests confirmed that the FC system achieved both the
required durability and dynamic performance.
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Utilization of Production Line Information to Improve Productivity
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Abstract

As the automotive industry faces a period of transformation, it is desirable to start up engine
production lines smoothly and using a minimum of resources. However, it takes time for these lines
to reach production targets. Ultilizing information from engine machining lines, the causes of these
production delays were identified as cutting tool replacement work, equipment malfunctions, and
cutting tool abnormalities. This article outlines how these causes were identified and addressed by
increasing the efficiency of cutting tool replacement work, managing signs of possible equipment
malfunction, and establishing a system to identify the mechanism of cutting tool abnormalities. It also
describes the results of these initiatives.
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Factor Analysis of Engine Start Vibration Variations Using Artificial Intelligence
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Abstract

Factor analysis of engine start vibration variations has been carried out by multivariate analysis or by
analyzing phenomena based on vibration theory. However, with engine control unit (ECU) values related
to excitation forces expanding massively, these methods have reached their useful timits. Therefore,
this research focused on machine learning, which is capable of reproducing the complex relationship
between muiltiple variables, and applied a decision tree that quantifies the contribution ratio of each

factor. Subsequently, the validity of factor analysis using the developed model was verified.
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Development of Solid Electrodeposition Method as an Environmentally
Friendly Surface Treatment
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Abstract

Surface treatments such as plating and physical vapor deposition (PVD) are capable of satisfying
various functional requirements at a reasonable cost, and are therefore indispensable parts of the
vehicle manufacturing process. However, these treatments are not suitable for partial film formation,
and have the fundamental issue of requiring a cumbersome masking step. Consequently, a stamping
method capable of forming films only on necessary locations using electrodeposition was proposed
based on the application of polymer solid electrolyte membranes used in fuel cells. To ensure rapid
film formation using this method, electrode reactions and ion transfer phenomena were anatyzed
using electrochemical measurement methods, and structural analysis was applied to the electrolyte
membrane. As a result, the oxidation reaction rate at the anode was identified as the rate-determining
process. In addition, by improving the anode material, the developed method achieved the same film
formation speed as electroplating.
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Abstract

Wide-bandgap (WBG) power devices are being developed for application in future generations
of environmentally friendly vehicles. However, since the heat density of WBG power devices is
approximately four times higher than conventional silicon devices, a new cooling structure is required.
This research has proposed a cooling mechanism embedded in the device called a chip-scale cooler.
This cooler, which contains minute lateral flow paths, was then fabricated and evaluated. Additionally,
to further enhance cooling performance, a jet impingement cooler was designed through the
application of topology optimization methodology. Simulations confirmed that this design achieved
the targeted heat transfer coefficient of 184 kW/m2K.
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The Plug-In Hybrid System for the New Prius PHV

Ml B FMEH FE* REFFS  TRAE
Shinji Ichikawa Takashi Murata Shigeki Kinomura
BR IRE =4F Eth™

Michinobu Suzuki

1 FUSHIC

HEITUDZAPHY DTS TAINATUw Ry
AT LlE, RNy UNIVOESBMEE (BE - 1
B) OFERE, EVETHEOKEOLICKSES
HORBEBIEL, BEULE. XBTIE, EIXK
BILTZDOBLREMENZRDONTST AN
ATy RYRATLEBNTD.

2 EBEE

1Y RT LERZETRTY.

V==

ERE R/ N\v T U
E—9/ xR —9

SV RFPIAN

1 TSTAUNATUY RYRAT A

ToIVE, FERTUDRERL 2ZR-FXE &S
FUTHY, BPRIF 40%ZEERLTND.
EEgRNYTFUYIT AR, NyFUe/LEz"
BT 178095 )L, NvFUBSERIBALLLT
2120 88KWhEXTHELEIEDIET, EVH
HEEV ETERO EICKES<ERMUR. Fie, #
FICNYyTFUREBYRFLAZHERL, EEFICH
NwF RERERICEDS, BV IEEEREFURL.
NS URTIRIE, EVETECIYTRU—F
ZEHEAT—9ELTHATS, Fa7ILE—F
RSATUATFLAEFREICFERLUE. INITEKY,
E—YCMAT, YR —9ERSRICHET S

M ND—ho— A= N — - RGTES
*2 S — W= H N~ EHV BihERETER
BIND— b —VAVIS— EHV LTI v R
) — N~ H IS — 551 ERES - EHV ERERE
*S SEERTTBESE H /ST — BF BRI

155

[sHTH

tovota Technical Review Vol. 65 Aug. 2019

Tatsuya Miyoshi

Z&ET, EVHENOXIBE EZRIELTNWS.

Bas(E, EEEND—FNA ADOEAICKDE
BE&EE, FHREARICLDRA vFUTEKE
HICT, FTEEBMEEZEBIBND 5% N[ LES
B, BBOLICERMURE. F/c, DCEEREDE
ReE, 1 —DORE--X(THHULE.
V—S—HFBIVAT LIF, BERO/NBEEHERY
[FBHTET, VATLEREERL, BREAENY T
UNDEMERGFTEZERIR U, 8, ER
BEMCYV - —HBBHESER, IEEEBA
BICERBANY T UERBTDET, V—5—F
BYATLOMEEL ESE, HARLUERKTEV
BB 0. 1kmaDIRIF—ERBIT D ENTEE
ol * oy el

3 FEH
BT DX PHY OFBEFETER 1 ICRT.
®1 FETUIXPHY OFEHET
FREIPHV |BEY PHV

EV B8 (JCO8) (km) 68.2 26.4

EV &EE (km/h) 135 100
& (km/L) 37.2 31.6

B& (km/kWh) 10.54 8.74

CNETICERUE PHY B TEOSNEE
ETT—I KUK, EV BEEICHT D EV A/V—
R (MSETIEMICHT D EV ETERMOEE) L4,
BRI LT, FHETFLUDZPHV (G EV BB =K
23B EVHHEMNI18EBICTDIET, 1—Y—
DB EV AN—F%, BRI 280N 0% ET
D EDEFIND.

PHVIFEVEFTZER LD ENTED L RE
DEWVWHV ETHTEDR, BV ETOMGEEEE
ERICTDIHENGL, BLREBHEZEIRTSE
B. HATUDIPHV &, CTNETRITHICE
WERIBIHEEZRIRTH 2/, AEMHMNENT DT
CICLVEBRBEEERICEMT 2 I EZFT 2.

97




98

% 68 CIEFE&

==

I=E #XE

AVIRA—=IVE—IZRHWIERTERA DA TvIITVN
wllfiEl 1 K B W it DERZE

Research into Ride Comfort by Unsprung Negative Skyhook Damper Control Using In-Wheel Motors

1 FAHLE

BEEDORA —/VRICRESAE—IZBH U
AViRA—=)LE—9 (IWM) EHNEEINTVS.
BEAIRI LB TED o8, EmEENEREDME £
BEETED. LA ULEH'S, [FRTEEDENIC
&b, BEHNRRICERLD D 4 ~ 8Hz HOERSH'E
it93. ZCTT, IWM DEREIAFIEICEKY, ZD
REZEEBSE2AEZERST U, ZORBR, N
TO L TIREIDIBREBVCHIET D ET, FD
BEEDRNICHIRTEDCEEHR UK.

2 AR

2.1 ERTERAA Ty I INHIEE

MERFIENEE ULTRENRBDDIC, RAA TV D
SV NNHIER S D, HHEHRINY > IV THREKRE
WY, ZOMRIE 1 ~ 2Hz D(F R L HEIRBERET
WICROSNTHY, 4~ 8HzIEFIBEHLRWVIEDY MY,
HEOEBENDOHETETELLTULES.

ZIT, ZTOBEENEULDIRREBTLUIEET
%, FRTOLENREICHA U D EE U
TWB T EEEEEDE. FNEEFIC, FRT
DEFREICHALCEDHESEZ DI ET, 4~
SHz BRI AR E2HEEEEZRELE. &
1 DEZEMETIVERWNT, BEANICKHT 28
FOEMHAIREZSE UIcER, REEHEE
BODEBEHEICEVWCIRICHRNTH D EN
R (H2).

AHEIEF, FRT
ZEDRERHIOD
FUINCAAA T
JF B EITHBET
B32EHH5, IFRT
WARA TV ITIT

173
(Exela)

T | BORSRY |
Nl canta LTz, {DTVNT |
‘AP T !

1 BZEEETI

N SSERTRRRE N IV — oS v —BIFER

BsLL MR KBl ®R™
Etsuo Katsuyama Ayana Omae
M— R RR
45
----- il L
. —— GERAE (AT V)

40 AN = RCo Z e

35

B LETILREDS 4 > (dB)

30}
PRENHY KNG (TR
R 100 o 100
E \
IS
S 100 100

iR (Hz)
2 BEMOICKZEFEDOLETILEER

2.2 AVKA—IVE—IEDEH

IWM DERENC K EUD T AR Y 3V RID
EFBEmsZSF<FRET 2L, BERICHILET
HHERENFEED CEBICHETES. BMDEREP
EEEETCERL, O—)b, EvF, EFEEIC
AHEHZBE Y B 12O DEERHVEEREN S Fur, Fu
Foi, Forl&, 1 DLDICEHTED.
Fy

F.\;fi'
F,

xrl

F,

xrr

T, co [FHIEVRRARE, 0, [FREmMEEEIR T
A, vy, vy, v: [FIFRT EFREOELGE, BI&E,
FE, elFyTF & ETORIHEHRETHD.

NZ 48 IWMEICBERISIET, sTEE
EtRICRE(CHNTH, BLORIREEDAFEIRS 1
BT ENHERTE.

—{v,+(1-e) v, +ev. }
2y |-{-v,+(-e)v,+ev.}
T tanf, | v,+(1-e) v, + ev.

-v,+ (1-e) v, +ev,

3 {IU

RENPRICRERU D EIRBEDRE Z RV K
W DRIENEZERFE V. UARY Y 3 VHlEEE
ZENT 2R, IWM OEFRENIAHIEICK ) Z
NzERR L.



5 68 OIEFEHKIMRE

pay==]

g =

BRI 00— /N LR TIREC LT
FL—YT5y RNILT Y — il

New Laser-Clad Valve Seat Technology Enabling High-Speed Combustion and Global Production

B R
Hironori Aoyama

1 FU®IC

Kt peldt=ORETE(ICAlS, BEEOIT IV
(CIEFRIBRAE@ LAKOSNTVS. — AT, &
DRLTZEKRT B, SLEINMHREDRRMBA
DUENDD. TNZTNOEVEKDS, HRES
KEDHMEE TN EZRT L, [ERAG]
ZEHE U/ IY Y VB ZERFE U

2 FHFEDHEWV

EaRMAGEE, EGR (Exhaust Gas Recirculation)
FRFRDILKICK Y, BEMERL R TEEDERZ
OgEIC g . Fc, EGREEDBRUVHEEEICH
WTH, /YvIREICLDEHEA LD HREFTES.
SRR ZTIREIC T DIcHIC(F, MEZRADELNE
EZE®H2dnENGY, AVUYTIVIVTRIV
TIVRODERNEN THD. —HT, IVTILFED
FERIFRURAEDIER N B 2, ZOmILICE
FRSRHYE o 1.

AEHETE, BOWIVTIVRERE, HRT D%
SUEMEROmIIZEE L, L—RAI VI VETHR
AEnTWeb—t 273y RNILTY—K~ (LCVS)
EERAUIEERETIC K, RaM— MEIRDEHIC
FrvLvIUR (B1). MAT, HREBEITVY

1 LCVS ZiRA LTcIRSR— MERE

ND— b —V A VIS — ERBIRE

2 IND—NU—h VIS — 55 2 R ETED
*3 SERNTRRFE D /ST — 5 1 MRIEATER

* Rt SRR

Tovota Technical Review Vol. 65 Aug. 2019

2L S & #E
Natsuki Sugiyama Kohei Yanaka
05 S RE E™
Yuuki Kamo Tadashi Oshima

VICLCVS ZEAIBICHIEY, OBLOEER
EULTERDEG/NAF LTI/ —I)L\DOXRE SR
HRCOFERREICHE TCEDBNEMAMEET
22 &, @7O0-N - KIRIESEZTIAEE T D
EEREFEODENE ULk,

3 R bvTISAOEMERETIR—

NEH

VI Ny RONILITHBET DEAIICE,
BEMEEIRITDEHICNILTY— N EEEN DR
BH®D. KL HSHUHHELILIEY Y ITRD
HREHEERZEEA UER U T W e (Y — MF
FICHELTREDEREDEHRN S/N\EETET,
EBHUCRSR— MMEREREZRL SN, REZER
KRNRERICELL CENTERD - (E2).

FaFme - LCVS
NEHE (RETEEED L)
_EBEMEE Cealdml) 3

v\’w_—l—‘ ;g

FERER * [EAS/— b
)\ L

1 S =
TR— b VRS
TREDE : ;

ZFIT, =I5y REZRWVT, MEFEHE
EEI DG RETILZVU Iy REICE
BEARYERT2EMZZTRB L. TOHEMTICK
W, NILT7Y— kOB ERTIEEE TR Y, BLSR
REZHFUICFFTRRERRECHERLLLEAT
BT ENTEZEREGTHR—b (R MU—MR—
N) DFRETHTIRES B oTe. &HBIC, R— MNTFED
AO—FPICTwIERIFDEDNTEDLSICE

=g

|

99



Y, SIRERBESE Y VTV EIIHICED LD
([CTE>fe. CORMBIBKIR—HITRLOT, HF
b POSADOEKME (9T)LH 2.9, RER
#0.49) =EM LI (B3).

0.65

iR or3%
. JEAY— o mafit
06 @~
T 055 50
B 0.49 [-2d
B -
0.45
0.4
10 15 2.0 25 2.9 35

PN AON 5 1A =

B3 RKR— MERELLER

4 LCVS HeilirF

4.1 SELBEREHTHE LY — Mg

LCVS FHa®(ClF, BRRGICLIEEEEERE
TCTOMAMREIFTRL, LY./ —ILSEMREIC
FBDEBEVDIEUWERIRIE N CTOMA D KD
5N%. IIAT, ZILZEMEDOBEEY, R
IRONMILICHEBRHWHIEDRQBR DUNENGD.
CNOSDEKRKFEZEmIET2HIC, HEETDICTEE
FHZNS5 T 2BENFEOHS BIESHEBORE
MER-Sf. U—TREEY SV S TERREOS
B - BREBRE CEENTFEE—DSEdFEEL
TTRBOBEZER U,

BERID Cu-Fe REEIC, RIBPTD Fe DiE
EZENSED Mo ZR/INT DT ET, ZHKED
B (L1+12) HHIRETD (M4). CORSEF]
U, MR~ U T ZhADMREFEMEEERTD
DEZTIREIC UTe Cu-Fe-Mo-Ni-Si D 5 TRE®
EHHREUE. KEERICEKY, FLCVS DEXRE
HDERZTIEEE LTWS.

R

o
2,000 +—gp——=
P (1673K

1,800 {-f

AT
= YRUTRE
Y1600 X - | EERTFICOE

E%( 1,400 -

1200 - Hec(C Vo B9, s
Pe-i i ' ——Cu-Ni-Si (fifh.
+yFe)tui L. @ A 1 :

1000 ik i e e s, i)
800 My fec(Cu)+ y(Fe)tLavesy TR T
0102030405060 70 80 90 5/ Fe-Mo-Si,
Fe (mass %) S %bc (T EEFEE)

Cu-Fe-6%MoIRHERISTE
4 LCVS D& SE5%E

100

4.2  KIFEEEETIREIC U EES T

LCVS (&, BRRB7ILIEMICSRRREES
ZEBEEZEARY UERT D), BEMH AR BICE
RUSL, ZORMENE UV EDEEEENSE
AD—BBTHZ TO/NFRIEEEICFRESN TLIE.
MERD LCVS NI TIF, BHBIAFREFTTD
L—HE—LvaEmRits / JIVAZEEL, &
RBRBEBESIEBDET, NIRE—TEICULTH
BZEITD. ZDIesh, KYBRADBIIFERHED
KBEUEZEIBL. ZCT, #i7 >y RIETE, &%
ETHFRO/NEMENTIRERFEAR L — S =R
U, =% -3k - V=)L RAORE—EKTHIET
T2EE / )V KD FTFENDRFE = B F
Lfc. TNUCKY, YUvgAw RicwuTcL—t
E—LfllZzOESE2REY TAERATE (K
5), {ERLLTHEHEIRILF—1/5MUTF, BEAR—
AV 3UTERRL, KREBEEZTREES UTe

5 #MISv RTEDOHEREREY ROKRF

5 F&H

BETURERTHI/NAF LY /—)LICHLTH
BULEREMZET 2HEEL, SMETONZ ME
[CEBNICHM DEZRFAET 2 ET, SR FRIMI
NOERZETREE Ule, UL—Y05y RNILTY—
hEZERFE LS. FEINICK 2T, MELREZER
B (CEoleim— MERZEREL, MRy
FURILDENE 40% 1B & T 60kW/L DE
RICKRE<EBUL.

il 2017 ERXVRMAT Y I VEEICES
N, FRagERHEO8mZBIE U T FREH
ULCWKFETHD.

KX (&, TELARAHHLDEE CTHD.
BUURHED SRS 7 O—/V)VEEZTIREIC
Uie#siL—5 05w RNILT Y — L1, BEE
#fir. Vol. 72, No. 7, 2018, P.10- 11



% 68 MEHEKITEE HiF*xE

Y—bE-IVRIVIND Y R 7EER U
BEENRA 2 F—DEER AT

Mass Production Development of Vehicle Shell Inner Parts Applying Sheet Molding Compounds
ALl e JeAs  =BR RZE BEZ”X

Hiroshi Urayama

1T &%-BW

CO BFHEHIEIICHIT, EMBEtZEES
TRRTDELERIEETHD. wEMHERLEE
(CFRP) (&, #P7ILZZH(CHALEE - W%
e, ARBAZHESN TV SEIEMETSH
5. AFFETIE, B3R b - SEEEDEEFTED
Carbon-Sheet Molding Compounds (C-SMC)
[CEBL, PS54 YN\A4T Uy RE (PHV) T,
HREERED/\v I R7ZBE UK.

2 MEERE

C-SMC (&, —EfifER(ICH v b UTeRERMAE
ER—XAMROBIEPICS VI LD UIEHET
Hd. TNERTUAL, BEELE CFRP £135.
SEEMICNA D, C-SMC OBR{LIFEZREE
mEUBEWVN2DICERELRE (B1). EGELEA
DREE, SRREOEIESHZRE, < O5ICHREA]
DFRZITole. INSORELTS(ICEKY, BIEE
Bl CMpee e 9 DB bR ZRRFE U T,

BREYA 1L (5)

(E?ﬂiﬁ‘ BAFERH

1 SEEMHEE

B2 NvJR7HEREE
3 GhmiBEERs

NI R7DRERIE, A>T —8H18IE C-SMC,
POY—FEMRY IOV VZRAL, &KUY

1 SEEIRRARE A /N — 5B 1 APRHITED

*2 MS Company MS B RRAERED

*3 MS Company BR J2/Y7 b+ SUV &#&{L=E

4 SEERNTRRFE A > )V — FAEED

*® TOYOTA DAIHATSU ENGINEERING & MANUFACTURING CO., LTD.

TovoTa Technical Review Vol. 65 Aug. 2019

Tatsuo Kitamura
=25 IR
Yoshihiro lwano

Yoshiyuki Adachi

Big B
Motoki Baba

74—R R/F) VAD#EEE U (B2). fEkK
DERB/N\v I R7REFEDRE B4 ZHERT 2/
CFRP [CKDEAUHEIBHZHRAL, #ifs/ =)Lz
R/F & UTERUZ. CFRP BLOEICIFEER
BERIZIRAL, ERNEEGICIdIET, a0
R7EIMEZERUC. A VT —88IEREERD 5 8
RE—FE L, BmmizElRLe. BEEOX b
DIERICARINL, BESNY I R7PZERRUL.

4 SEEEMEREFE

TERBMIEFEEPDDOFHEENTIETH oI
1, BEFTICEEMEEMEE AL, SEMNRENIC
mEUfc. ZOIEHEZR I CRYT. (1) BB
BHAvI—T, BRERKICEDETHEEZH Y b
bt.@)%?UZH,Mﬂ®ﬂm®ﬁkt%%
BRHEUZEOMRY b THRx (4) "&plFlFE, T
RIJIVHNETH %@E@/\%HDI (5) BRSRHEFTIE,
NYRUVITEBICHBERCETC, BEHODR
i, BEANDTzY MERDEUZEITOI.

fgjgg@ghﬁ‘u)ﬁfai1'éiﬁaiﬁ@fx4gg§u‘pgg)saéﬁ

- .ﬁ—:-4 - N vw—> > 4

L]
am*imv

3 CFRPH#EENYIRTPAVF—
7yteyITUIRE

5 F&o

ML X - BED=AI—FOEMMFEFEICLY,
FE 5,000 6/ET, HREREEDORHE/NY IR
PEAFE UL, BRED7ZILZ/INY I RPHT,
A0%DREILEER LI, TNE, STJ27U—
T—RORT7NRIVE, SUT=IRPDAVF—
IN2IVICHERALIEZET, MEONREICEITTE
—SEBHHUICEERD.

101




5 68 OBEEEHRINRE HiREE

BRAE - e hzes ot cliis g
RGO NI YYD

Development of Highly Fuel Efficient and High Power Engine Adopting New Combustion Concept

e

Masashi Hakariya

1 FE&HIC

FEROIXIVF - RIBRIEZRARL, URAT14F
TVt DRBICHEIFTTEE Y T + —DENSIEE)
{EPEDIRD, ZTOBERICHWVNT, ABEREE, K
BRRBE T U —VURBEISERR UL TE
RSV, Fe—A7T, 1—H—DHFZEBAD
[fun-to-drive] Z=EIET 2 (ClF, BWLWHIMEED
FREADMNEN DY, SHFZNSEMIISE:
WA DBL HVU VI VIV EREUR.

2 FHFEDIEL

AIVIVIF MIIBEEBEAERNSIREL
TL2E@ERREMESS(OELTED &L K
W, BFF/N\ATUw RIVIY EFEORRENE
40% &, TOP 5 AMESI1HERE 60kW/L DEIL
EREFEEEEUE ®1). Fie, ERAOEBM -
SEUEZRBUN—-RATIVIVELT, BEXEE
MEBEL, TFEIEFREBRARMNZDORT VY
IWERBKRICSIEHED KD, TVIVDORMEEK
—Egtctr (B2).

100555 Avsusrzooy
3 90HOr3IY aVRYYIFIWIVIY
=

oftit  NATUYRIVIY e
E R A I el g Lo —
o= : ;

70 :
PO

A7 <
PR
0% 40 o X

20 I Currejm Prius
32 34 36 38 40 42 44
RAHEGIE (%)

E1 tEHAEHEsRN Y REEIR

MDD L=V hHVINZ—F3EH/VD UV RT LABEEDS
2 ND— N —UAVINZ— T RS

¥ NIYEHEREFEE LYY — (PE) BRS

* IND—bhL—vAVNZ— N0 — N —VESEEER

** CV Company CVZ

102

AEsE FH &g * wHF AT

Tadashi Toda Mitsuto Saka
& Z£5h* IRE FE

Takahiro Kawashima Kunihiko Sakata

. EGRQ—?%QE
el it (S/BLE=1.2)
ey LT
BRI — b

- bboo—)LEgkE

DT DY NEE [t
CHETHEAD
IVUVELER

- BERL o
s ab » T/MERfS IR
(3R13HV14) e (P-PEIEUP)

BEREIYOvR
cE—RIYR=IXV

( ——— AESHIRAT L
(EHWP+EFT—F)

B2 FEHI

3 KinDOARE

—MRWIC, PU—RFITDBERICHDEAPERE
HAOMEEZ, —EBsLVRITTTImILEE eI,
SUM./ vF I ESEGR (Exhaust Gas
Recirculation) ’C, {E UAGEZIEDBNR
FOERNEEERD. SLNEREDIERT DAL
EEY D, 8V @Rt VT—IR—h~
ERIRDEH, EXERELTCOVIAMO—-T1EL
fe. REISAZRBEREL, SOICRTAICE, &
ELIVIVTHDICHENST, L—HI75v RN
W7 V—bZEFERURE. EROR—MEENU—R
FITSA VD HRELHET DR— MERETHTIRE
By, RIVIVOHEBREZSONSHITZETE
Lz (B3, 4).



4 2 2.5
STV (-)

4 IR — tEE

Fle, EXMVIBERKIE, BS5ICRIKIIC,
WMBFvET A ZEILETDIET, ERITEICSIT
SEADINBEZSEMRL T ORI E.

wos

g7tk
~

360 270 100957 G
9352277l (deg. BIDC)

o

)

BLATEEE (M/s)

w IS

=y
=)

BLTORE (/s)
T =

40 20 0
25977 (deg BTDC)

5 ERbVIEEAAREBELNES HER

AEES - YATAICDOVLWTHABICEEL, 5
[EfEHALIC R B/ vV OB EIHIT B
O, TVIVEGHICKERTIOREFETE2S
U —9—MRUTZRAURE. BIEEECDHE
BU, RYFINEUEDED, BEBEOLUVYRT
LA TOEABKRERE, RSO
ZR-fe. 15, YUY RICBVTIE, B8
([CR D BVHRABICEDINITRIBES, Tt —
I—Ivoy NOFUIERZEREEL 20% KR Tt
B ET, EDK1/2 DREBTHRMGERNZ
R 20%@ L8 (B6). EKEEH S,/ v
FUIOUEEULELTE, EFEREESSITEL
THEHBTENTER.

6 DF—9—IvIv MEELBGERLER

TovotAa Technical Review Vol. 65 Aug. 2019

4 FEDR

EIRIAGERAMT DE(E CF M 7 A T LA
K, BRI VIVEHRUT, EOEGH SE0E
FCREITE>TABICHEEZTm LT, T
IVICBVTEEHA 15TkW (A 60kW/L)
EERURE (B7). MBICOWVWTH, BARME
40%EERT DEEBIC, LEREICE"Y #=E
BEU, NATUw RETIEENER 41 % EER U
Tz (®8).

260

—~ 240
&

Z 220

S 200 7

+ 180 | /

160

16 24 32 40 48 56 64
IVIVmEE# (x100rpm)

7 IVIVHARENMVIA-T

AN IFIVTITY.

INAT U R

20— —
800 1,200 1,600 2,000 2,400 2,800 3,200
IrIVEOER#(rpm)

8 BMETYTHR

2,400 2800 3,200
TIVOEH (rpm)

5 F&&H

INFCTHRNTCECRIFMZEB UHRIRAT
BTET, R MY FPUNIVDERAENERE H M
BEZER L, FIYORERAAVU VI VIVITE
IHhUWMEEN ZRIR UL,

St RKIVIVERYYIC, BERER
T AT I N B TNGA (Toyota New Global
Architecture) A EFB LI VY YU —
AZIBRBETDFTETHD. MEHOITEFIER
Z—XICHABIEHIC, ZLTI—H—DrIC.

103

et I

Ml =R



BEiEEiliz 2017 £FFKX

REERES BFEERERE

EITRD A VL REEICS T BILEBENERFEDHER

Research into Power Transfer Analysis Methodology for Dynamic Wireless Charging

BIA  FEA M T RE*
Masato Maemura

AN OZE %1
WA EiE

Kimitoshi Tsuji Tomokiyo Suzuki

ohA WIS Sy ZFEE ™ L e

Tsuyoshi Nakamura Yasunao Yoshizaki

1 FUSHIC

BEEOENICE, MEERHDES, REDH
H-BEORSE, ZUTEmHEBOSTEWVS 3
DOEXEERFEN D, BRERELT, NvTUR
E0BICRRRBEOREREDFERANEICRHEFES
NTW3. Kl EVBHSHKEITDETIIL
TRICETFHBIREIRILF—FERSTEND, BIDT
TO—FICLD “ETPIAVLUIEE" [CKY,
EFEDENENZF v LI THD

SO, JAIVISRUEERICK HRET ST Z
WD A PLUBEICBNT, MBEOREEIEZ
TREBEURLKYYPIVICKIETD, “1D-CAE” D
BERZRWCEIRFEZRBN T 2.

2 FEENTOBE

KIRATLOBEFE, B1ISRUBY T, SAE
D J2954 THERMED SNDWREIRBEEH .
85kHz DEREKRER, HIRAIVTVY, DA ¥
LABHEERAIAI, RBEROERES (AC—~DC
ZiE), EHOESETOBMICEDE, Buk.

RIS, BRETIVEO OB EERERT

1. ERBIAIERET UL

2. BHSRERTICKDBEE LBGREDERI

RS (®2)

3. BHEEDEWROBET UL

4. ETEAELROBHETTILE

5. FHTPUAVLVABEBY AT LOET VL (K3, 4)

1 BLU 2 [FBREERIEICKD 3 RITTBUHSTTER
iz, 3~5(& 1D-CAEZ, ZTNENALI.

1BH, FREHCAWZETIVIE, MBD BEEAD
EHZERL, BE(ESEE VHDL-AMS ZHWTCER
WU, SN - IR ZESS UL,

MRFRIEE I —S- TJOVT 4 TER

2 SERINBRR N VN — SOV 1T MBESR

*3 SEMERITBRFE N /N — SRS LR

* SR INBRRE N /ST — EFEIEY AT LREREE
WSO —~—VAYINZ— INT— b — BB EEE

104

Kensuke Kamichi

VF17

srs ||=E3AL

ol O

5 l - .gg‘ A, l
T

T T

B1 ETROAVLUREEDVRATLAA=T

4
1 35000 1

Moving x directiopessiin. s Bﬂzzzﬁh
- .y S ] e
Q. 200001 £ e
X 3 150001 / o
EF 100004
smog

0.+t .
0 50 100 150 200 250 300 350 400 450

ZEIAIVEBE(mm)

M2 I4)VBEEWASfT 3 HEEHER mirex®n)

ETHOEBBEP(W)

EEOBHE(mMm)

4 T4 RENFDZEES 2 oot ta LiEEE)
3 BbUIC

WSRORELIRCTHD, 1V TS SBEMEDHEE
BRAFE T, ERNICEIETESIFTFEZE[NU
Je. YATLOBRERZ 1 RTETIVICENT
ST ElCKY, BHOEOBOFERFRIEECED
BWROBEFECOVT, BNERBEOBEFRZ
BRCEDLDICIRDTEND, S, BEHEM
A VI TIVAICERABTED, BAWEERIRT
BICHDHEFERENRENDHET 2HENEZ S
N3y, 5IEHEREPCTHD.



BEjEREiis 2017 SF5EAXSFiEEs EBSamEaRExRE
RO D b EFIEERTIC KB E & Fun to Drive M/iL

New Combustion and Powertrain Control Concepts for Achieving both Fun-to-Drive Dynamic
Performance and Better Fuel Economy

SH

1 FANE

IRILFETEFIUT ¢ PHIKBBROBREZ{EA
DInE LT, BEERIYIVICE, BBOSS
BRBakLs, SEOHRAZRHENOBERN KD S
N. HEBEMOSVERBEETZENT BcH, &
rEEE—DBEEL, SULEV30/EURO6C #3H)
([ES, BEMYSERD, PR A0% LS
60kW/L B EZZEIR UL, TNGA (Toyota New
Global Architecture) 2.5L TYVZBFEULC.

2 BEIVETH

TNGA I VIVTlE, TNETERICERAL
EEARIVERELTVD. BRENEREERE
([CIF38 VBRSNS L, BARDER 40% W' RIRTIRE/REL
NBEEEZRE L. NG, RREEEBNT 21K
KEEYIBEBEICKY, BELLK FHTERIE
ZEB U, COEREHFEZREVT, BERXERDE
BEULE, BTICRIHRICKY, bU—FRATD
BRICHD2aVAYRELHENBEEZMIITS, &
WERIRBREEERIR U, &, MERESXOZEE
[CKV), BEUERE PNERZOIIEET.

Dl & PRl EBHE g8
P
|

1 TNGAIVIVHERE

M RND— U= AVINZ— EIEE/ND UV RT LFED
2 ND—h—VhHV/ISZ— § 2 EE)SD MUY AT LFE
BNT— o=V AVINZ— INT— b — VBB EEE

TovoTa Technical Review Vol. 65 Aug. 2019

== R XiE BEA*
Takashi Yoshida

g F
Shigeru Itabashi

SL-IE A
Tsuyoshi Takahashi
o ER R OR—

Masaaki Yamaguchi  Eiji Murase

3 SREMEEERER

B 2(C, REESEERZRY. BRIANDEE
([CKY, FERARRICH U TKRBICREEREN @ LU
TWB T ENHERSNE. Fle, ERBEICKY,
BRGNS Y FMIEISN, /v IheEL, CAS0
DERTREE R . R, BY Y TIVEICHI &
BUWEDOE Nz L0 4aEn ERZEJF o NI

Taketo Nagasaki

ST

S =
5 T 2000 (rpm) P AT NE21 @°,
& BMEP: 0.2 MPa 8 s EUTNI28 o ©
gg 20—} 2 soffuiuEd ks O
: g 23 ® -7 =
=~ 48 Z 2 , ﬁ
o 2 *
10 3 10% €
e i) 20 2 ° °s M0 15 20 25 30 35
A7 (mm)/ EFAAE (msec) 10-90% #R4EFFAN (degCA)
042
| | g T 85 6000 rom WO
-~ ‘ i _E§ A°'12—9>7;bttz.s
~ 0.08 1 + - - \Looa — 5721
% /\ |
#Hoo4 m A
5 I /1 \: iom N
0 P e
- [}
-40 20 ° 20 40 60 -40 -20 [ 20 40 60
25>0M (ATDC) O5>0M (deg.ATDC)

X2 Eoaf () 28 (B) MIRESER
4 FLH

s SRAEENR—Z(C, BEXABENOREL, &5
BN 40% & A1 60kW/L ORI Z TJEE &
Lic.

 AIEEMI NS T I —&, DIBKLUPFIDIERE
ZHEEBEL, SULEV30/EURO6C FBHlICEm L fe.

s HEETICBLWTHEY DBEERZEERL, &8
HIOE&E4EEES Fun to drive Z@IZUTe.

TEREFIL TNGA
BERNFEI5K% = BERHEA0%
=
e ) "z YvEEs om)
teta (kw/L) 54 60
SR PZEV/ULEV SULEV30
% EENEGEE [

smEERE | <3| | ”

= 1 &

105



BEiE#iis 2017 £FEX

RFMEER BFFEEREKRE

CVT NI b/ A ZREFR A BEIC KD XA DX LER

Analysis of CVT Belt Noise Mechanism by Measuring Vibration Source

7 N BRE B” EHEH ZEE© =8 Hm—r
Jiro Hayashi Tadashi Morimoto ~ Yasunori Takeda Yuichi Miwa

1T FANE

CVT (Continuously Variable Transmission)
BEHEOFRMEOLEICEST, NIUh /A XIFKE
DHEARETHDD, 1Bk, /A XHEEAHDZXL
BN R+ THolefc, RERCHDIMETR
IADIRANERNAFTCY, 12w M —ATOHT
RN ETHofc. KARTIE, S AXREANZ
ALDBAB LY, /ARXCHES5THIRET— %
BIROREREERZREY T 7 v 22 7 U I
ZIT2EEDIC, CAE FTHRBE DRI ZED,
JAXMRERFE O bO—7 « VLD CVT
MREA LB L URRAG - EROERHFRELZE
BwELT.

2 AREOAE

JAZRREANZALELT, N DY —TC
BHADBICFHEE T 258H N Y —T ZIRE)S H,
FNHV T, T—ANEGEEL, BHEEHIHEE
TR ENTNH>TVBY, /A RCHFEDFL
V=7, Vv IJDRBE—RHEKBEIETH o1z
(®1). 22T, EEZRIPOBRY/IRE)ZFAE
EPRRETETAI T Mz LU (B2). #AE
g, LY URILIZRAIMEIET DT ET, o —
ANV ICEECNIEAMREZ TS B,

REFEARER D

R gt S

PR

.t#ﬁ_# TN
| ¥
1
|

|

1

|

! |

I SN S el

i I~ Ll s 4: G U o G &( > ""))
I [T — RE ol 7 7 NRED & —IREN irLif=

! HFiE Lok AFE ; LSk 5

! {REH i N lk—y—f
|| o il || moms

I " I

i (2)875m  (b)TEESM (@]:::[5 ;

Tt i o i i i e s il

1T NI/ AZXREXAZXLDIRER

SO — N —h v = — EHAIETER
2ND— =V AVINZ— XD — N U=V TV VS
BT —KNU— DI — & 3 BEf - EHV SRETER

106

Y—TJIREIDHRETIRES U, EErAmlE, ¥—
TBREDOY v I hENMVIEHET 22 LT, Bifh
JVIETCIERER U TREEZ T o 1oy \DEZ )
Z, MLOZEE)E U TRHTRES L.

ErUmiLs

—3Z ‘
YO BENEYY
(a)Eh 5 EIiRENE

(b) mEs S EHRENSTE

B2 MEULY—TIREEHAY AT A

¥ UETRAIEIZAWNT, /A4 XICHES5DEL
REIT— RZBTUIRR, v D hIIFE—RZ
3V —THHEaREN ) A XADEERTHD &
ZHISH TR (B 3).

¥—JHAERSE— N

P Ly
deB e R=0.898

>— 7R (dB)

= R=0.182 g

10dB

T — 4R </ Z) (dB)

(@) /A RE Y —TIRBIDIFR
3 Y—TREIE— FEETER

3 {IU

RIFFEIC KLY, A RXREEXAAZXLZRAL
/A RMEREM EIC@F a5t & TOlREE Le. &
512, AAZXALICETE, Yv 7 MITE—R%E
BIRORER, S|MERZRIY 77 vy 7Y sHilEA
ZHEIITDEEDIC, CAE TTFRAURIREIE—R
HEAIEBL—HITBEEERLIE. NSO
fiic, MEIJOY NO—T« VI EIELTWVL



BEE#iis 2017 FEMZE

RFERER BFFEERERE

SRV aVIEHIFTRETEFAFE

Improved Prediction Methodology for Tooth Root Strain in Transmission

=1 I 12 gBH =E
Toshiaki Tsuda
= i
Tomoyuki Hirota

EH

1 [FE&HIC

hNOVAZwYaVORETHE, EHEMLEREE
SLZEMILS BB D ICERAEAANERATNTLS.
WEDRETEETAICEWVTIE, wBATUNDEE
DNREVHEEZRRDOEE (AP SAAUN) &
BERFATRECLENEETHS.

KARTE, RXPUVTEDREXFRDET IV
bZWET D EICKY, AT SAAY bEtTT

—  MULIAS
Bl ~7UYT | e
B : #riEaan | T N\ p s
L RIL NG =

1 BEREDREXHNZZL

2 FETETIVOESE

RNPUVT, NIV, ®WElE, SATSA AV
NDEENKENT ENRERNICHD >TWVDH,
TERIFETIVEDEMICED IS, BFEERETILE
BWTWe, &X&EITIE, TN SEMERDEET
EZFHRICBIET2IET, SRV SAAY NER
ERLBIRL, mtEZHRERLK FATZEEB
189, 9, M2ICMITLDIC, FHBERED
EREDEMREZBIREUCETIVEBELE. O
EFIENSVRAZ VY I VOLBETIVICERT
d&, SHEREEMENL TEHENTERLEWL S
BREY, StECEENHIHYUBED V- ED
H£U%. SO0 YITEFIVEFEEEERTZZ &
T, INSOBEEZDR L.

MND—=N—VhVISZ— 8T — b U—V TV LR
2 ND— KN —rhv)S=— sHRIETER

Tovota Technical Review Vol. 65 Aug. 2019

EA ER
Miho Horiuchi

Bl el *

Takanori Nukata

W B+

Tetsuya Yamaguchi  Mitsuharu Sekiyama

rSYRZ vy avREKETIL

2 FHBETILOEE

3 BhET VORISR

MFARDZEUZ®ET SIS, hSVAZY
VI3 VERVWTEEXFROEM EWTEZSHA
U, BITIEREDHE - RifZzTo/c (B3, 4).
ZORER, MFEZBEAT D TFARBENE L
IR EZERL, HFEDRIM =R LT

[ifaw5@$%ﬁﬁn

= - o | @ FEE 7
= - & | O @5!%?& ] &
g 4
- ol g ;0-‘ oo BT
s : BIlZ={
BRI FEROZE SAIZEAL

3 HEEFFROEMDLLER

A R
AR R =1
S ]‘_IE [ 7__;—_"_'_“;_ LD /0|
( A L
EF— " nloa |
Jmff ERlETE
WITIE
K4 HETEDLE
4 LTIV

KIFEICKY, SREREITEFTAN TS
Bolc. S#IF, AFEERAVWDZEICELST, b
SRy aVOBEELICER UL

107

b =il

[



Back Number Index

TOYOTA

Technical
Review

(Faz 7otk U¥a—]
2007 17

223
LY 2DSE

vol.55 No.2

Vol.55 No0.2 oo7#)
BE VIV RORE

Vol.57 No.1 oi0%)
BE TJUDR

TOYOTA

Technical

Vol.56 No.1 oos#)
SE BB - IxILF—

oS

T().YOTA
Technical

Vol.57 No0.2 2o11%)
IS RHRBhEZFDER

TOYOTA

Technical

[CEPRCES TRV

Vol.56 No0.2 2009x)
1S T2 ITS

TC?YOTA
Technical
REVIEW

=3 228

HHHEMIC AR LT

» EZAIhE

Vol.58 No.1 (2012)
155  BFRIRE!



TOYOTA ;’ 3 TOYOTA TOYOTA

Technical
Rewew

Technical Techmcol

Review
29

< voL. 59

Vol.59 o134 Vol.60 o145 Vol.61 o154
WEEE A ERN e \D—-rv—V & MIRAI

F2RHEITS - BEEGLXE

% TOYOTA
Technlcol

Vol.62 20169 Vol.63 o175 Vol.64 o015
BE TJUDX PhE - Friinpa S & TNGA/ND—~L—V

Effi 1 1,944 er:1.800m)

¥ WYMRBRFTLUCHDEY. Effi: 3,024 (414 : 2,800M)

FH5eor: (3R A—Ltt  Tel: (03) 3233-0641

https://www.ohmsha.co.jp/magazine/partners_magazine.htm




o® o RERKY o® o

WLDH TOYOTA Technical Review ZCEFWCIEERICHINEDTIVET. TIRE
65 E@EE 235 SZEHBEBITUKT .

SONT—<IF, [FEROEBMRNM ~RAEEDEEEM] TY. TONALUWEERIC TR
LK RE > IEMEBOH G, BRIV EEDHZELTLEE2IEHITELESHIER U LIFFT.

HEFFIK Y, BEEZEFF 100 FIC—EOAREERRICEAULLEEDONTVET. GAFA
EEEETDBHNOEX T EBEREY, A9— 7P v PEFEFNDBILENREITZE >N
VFv—HBEBEFXRRICBAL, HROBFHERFMHEAETLEVBEISNEIDIELTVF
g, EMICEET ZEHTVAIL, KENMND ZEV, PED NEV (CET 2RHIHE, SED
RENDBUSZIEITRIN T, BHEETEHRULIEETZEI>TOLET.

N39S, BONEITDINTERL, £EDNIEHIDBEREORIVERE LIFENS, £
EUF A AVINZ—([CEFNEDBES5ELTVFT.

KEF, [FRY HH&DY, S ~ETSHEDUF U BIUOEDUD TTIR ZUDE
WCTHBE, ZCICRFRRE—I—Ya—([CHEULUINIIDEXBEEE [EV-30] DIBMTE
BERHUFURL. ZE&RE 43km/h, —FEEITIERE 165km, ZUTKICRDE MG [F0EA
-BREM] TUk. Ffe, 41VN—=9—, Fvyr—Iv—, DC/DC IVN-9—%—&K1{tL,
PCU&EULTEHELEDIF, D [EV-30] MERFIIEDTETY. FRHDED W [CREFSEIEE
ERETRHUEPCUDRENCZICHYZF
Lic.

S%D, FEDETADBRICIITD KD,
FEDOREICBHTEFVIET. SHEBHTE
FOEEEFT LD, BEUVEBL EIFET.

(FEITA LK)

TovoTA Technical Review Vol. 65

© 2019 TOYOTA MOTOR CORPORATION, Printed in Japan
(BEWEH)
17 B ~IYEEEHARH
BRFESTIRED
T 471-8572 EBHESHM NI SE1
(0565) 28-2121 (ftzR)
T A OKN #H—
L] & #HAath3agIvIrsSaX
hITIEER EHBUR—bPE IR B
B Rl FF EMERIMRS
T 470-1196 ZXFE0FMRETAN 7 it
¥ 5t ot HAsi L%t
(03)3233-0641 (KK
https://www.ohmsha.co.jp

¥ T 2019%8H23H

FRIGBERZERLTCVET.



[F/ERT, SRR

BERARE. HIROE(ICBNT 2 A>TUEIERER

2018 1 B31H EARRRUIFME R/NPRE
H=AWEEZDBNZILA DS

([CTR®

e R5h



TOYOTA

Technical
Review

(F35-79=A-LEa—]

2D19/8 g HASH A—Ltt
var.65 235 Ml 1,944 (A<141,800MH)



	表紙

	目次（日本語）

	目次（英語）

	【巻頭言】「自動車会社」から「モビリティカンパニー」ヘ ～変革を支える「電動化」技術～ 

	【特集】将来の電池技術 ～燃料電池と蓄電池

	【特集】厚膜電極構造をもつ全固体電池

	【特集】放射光・中性子による蓄電池炭素負極の構造相転移解析

	【特集】硫化物全固体電池におけるLiFePO4正極の自己形成界面

	【特集】リチウムイオン電池の異物内部短絡試験手法開発

	【特集】新型カムリHV用リチウムイオンセルとバッテリパック開発

	【特集】トヨタフューエルセルシステ
ム"TFCS"の紹介 
	【特集】高性能・低コストFCスタックの開発

	【特集】MIRAIのための高圧水素貯蔵システム開発

	【特集】新型燃料電池バスのFCシステム開発

	【論文/解説】生産性向上を狙ったライン内情報活用

	【論文/解説】人工知能を活用したエンジン起動時振動ばらつき要因解析

	【論文/解説】環境調和型表面処理「固相電析法」の開発

	【論文/解説】冷却機構内蔵パワーデバイスの研究

	【受賞技術概要】容積とCO2排出を大幅に削減する塗装ラインの開発

	【受賞技術概要】新型プリウスPHVのプラグインハイブリッドシステム

	【受賞技術概要】インホイールモータを用いたばね下逆スカイフックダンパ制御による乗り心地の研究

	【受賞技術概要】高速燃焼とグローバル生産を可能にした新レーザクラッドバルブシート技術

	【受賞技術概要】シートモールドコンパウンド材料を適用した自動車外板インナーの量産製品開発

	【受賞技術概要】低燃費・高出力を高次元で両立させた新燃料コンセプトエンジン

	【受賞技術概要】走行中ワイヤレス給電における伝送電力解析手法の研究

	【受賞技術概要】新燃料コンセプトと制御技術による燃費とFun to Driveの両立

	【受賞技術概要】CVTベルトノイズ発生源視える化によるメカニズム解析

	【受賞技術概要】トランスミッションにおける歯元歪予測手法

	Back Number Index

	編集後記




