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Fig. [1-1]. Global demand growth and Substance Features of transmission (Adoption

trend in the world) -®
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The role of the drive is
becoming increasingly
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Fig. [1-2]. Trends in CO2 emission regulations ‘-’
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Fig. [1-3]. Make automatic transmissions driving performance of the vehicle
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| DCT Started
in 2003

/ v Japanese manufactures take a
by measure part
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é (STEP)AT 4 AT with torque convertor® * 10AT
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AMT Sybaru 360 auto-clutchs ===« =c=soeeceece. Suzuki ALTO
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MT gasoline engine and MT
Motorization o
\ |
Trend Fuel economy ll'egulaﬁons

Fig. [1-4]. Trend and Features of transmission (History)
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—{ Manual Transmission: MT ‘

There are 3 pedals, one
of which is the clutch —{ Automobilization of MT: AMT ‘

pedal handled by left
foot. There is also a

Actuator which manages to change

g : speed 1s added to manual

% shift kno_b handled by {ransmission

= hand. It is necessary to /‘

2 handle clutch pedal and

E shift knobs when the —{ Step Automatic Transmissﬁ: AT ‘
car starts or change Select change speed ratio in several
speeds steps by using gears

T Auttimaﬁc
Transmission: AT

Continuously Variable(_/_

There are 2 pedals and Transmission: CVT \‘ | , ?'-..r%,
d IS

a manual lever Change speed change ratio

handled by hand. It is continuously (not step by step) by
not necessary to use using continuously variable

left hand or left foot function such as V belt syetem

when the car moves —{ Double Clutch Transmission: DCT
forward.

There are two sets of clutches; one
for steps of even number and the
other for steps of odd number

Fig. [1-5]. Substance Features of transmission (kinds and types)
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PIO- Device

Function

@ Starting

2 F/R Change

(3 Gearbox

Reduction
Gears

@

(B Diff Gear
® Qil Pump
@ Valve Cont.

Computer

Function to start a car;
torque convertor, clutch

Function to change the

mode from/to back/forward (3)Gear

Change function, such as
planetary gear function,
parallel axis gear, metal belt,
chain

Function to reverse engine
rotation and connect engine
and tire

Mechanism to split power to
tires

Pump to distribute oil for
lubrication and oil pressure

Distribute oil for gear
change control

Computer to control best
gear chance based on the
input from engine and tires

1.3.1 BEELOEREHNEESRAT LA

®Computer
Unit
@Valve Cont. ®0il Pump
/
@Starting

box

Engine/motor
Torque

Vehicle
Driving
Force

Fig. [1-6]. Transmission structure
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<Series HEV> <Parallel HEV>

::::j | HEV-1 :
*® e Generator . HEV2 —
000+ ooo}[g N

E Tnansmwsmn

MG [ - HEVS . ﬁc
D_

(2 J_}
i .O.H }
% Tra ﬂSmliSan H I'EnSMISS[Dn
ﬂ
GEAR

\

—‘ Same as EV )— M

=

L.ll_ -

Fig. [1-7]. The motor position is in front of or behind the transmission. Generally, closer
tothetire, the power is transmitted more directly, and the transmission efficiency

is increased

72, R[-21F 2017 FEKEH 0 DEBIC T > ¥ v fF & O Hlfi o e 45 (IR oW ¢
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WLz, eV, EAFSEIC L BRI 287 L 5 2 2 REmAEICK T 5
B MBEY AT AOFERICB I 2EXOE EFICEMRT 200 THS.
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Table [1-2]. World trends of electric power: EV shift announcements from around

the world

Country Announce about EV spread

(Region)

England 2040 or later, banned the sale of gasoline and diesel vehicles (EV policies
after 2030)

France Aiming at termination of sale of gasoline cars and diesel-powered vehicles by
2040

Germany Partisan of the Bundesrat's 2030 petrol and diesel sales ban expressed

Norway By 2025, aiming at termination of sale of gasoline cars and diesel-powered

Netherlands | By 2025, aiming at termination of sale of gasoline cars and diesel-powered

India 30% of EV vehicles traveling the country by 2030

United States | Requiring production of vehicles do not emit exhaust gases, such as EV by a
of America percentage(From 2018 HV is exempt, tighter percentage per year)

(California)

China From 2019, EV sales 10% duty with automakers. The year 2020 is 12 percent.
New energy legislation vehicle (NEV)

1.4 XBROMESIHEBW
INOHERMNS, EEREZMA LHENIZEHEOE & 20— N LD S 3058

FOTL—LTU—7 BRET LI LICLY, WHARICUE 2 Rl 7T 88 72 W B AFF 70 4 1

DIED FIZHOWTHFE L TE 7.

1) BARSERICEBWTC, BAEOEENTHEE SN T-ERN D ORFEE= L v b
oY= VTR, MROEMERIGEWO Z EIIARFRERTHDL Z &
O, WENODOT L= ZAN—0PHRfEND. 20D, BERAAL ORI %
Mz, B, NAHEBIBE S, B AR 5 & S T R o E O H M EIN A
MEFEY, £FH7 T —F (KRG CLWETrEADAL /) XR— 3
v ERAT.

2) WHEMEEE THBLOEM 2 KT, BESRLRY LT LLREFER B LRVE
RN BT IE 2 HEME S 2 T O DI BINTIE Y 7' 0 —F k7. WEZET —~ 13
IE O AEMENT B L HIET R 2 T & L CE=—X (%) L
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L YN Practice: Application to
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Conclusion

Fig. [1-8]. Composition of basic research papers for collaboration in vehicle power

transmission.
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Fig. [2-1]. Trends in 2-pedal vehicle & transmission technology
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Fig. [2-2]. Fuel consumption regulation and wider ratio of transmission
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Fig. [2-3]. Trends in downsizing of engines and CAN net work
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Fig. [2-4]. Target of CVT integration
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Fig. [2-5]. New Concurrent Style: Transforming the Development & Product Process
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Fig. [2-6]. Development period comparison graph based on old and new systems
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Fig.[2-7]. Advance development steps and management of new generation products.
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Fig. [2-8]. Lead time concept from a development perspective of New Transmission.
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Fig. [2-9]. Trend of New Car Assessment Program in Japan, USA and Europe (NCAP) .
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Fig. [2-10]. Auxiliary transmission for compact size(2-12)
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Fig. [2-11]. Downsizing of Pulleys and Assurance of groove depth and contact width on
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Fig. [2-12]. Shift Control of Low, Middle, High: New CVT concept (2-12)
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Fig. [2-13]. Innovations in control system technology (2-12)
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Fig. [2-14]. Main cross section (2-12)
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Fig. [2-15]. New belt and new chain (2-12)
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Fig. [2-16]. Key technical features of CVT New belt (2-12)
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Fig. [2-17]. New chain specification (2-12)
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Table [2-1].Specifications of new CVT (comparison between new and current)

<Up to 180 Nm> <Up to 380 Nm>
Existing CVT |New smaller [Difference|Existing CVT [New Middle |Difference

Overall length 354.7 323.3 -9% 386 356 -8%
Weight(kg Wet) 72.8 62.5 -14% 103.5 98.5 -5%
Distance between
156 147 -6% 178 173 -3%

Pulley Shafts
Ratio Coverrage 6 7.3 +22% 54 6.3 +17%

Ratio Coverrage Ratio Coverrage

8.0 8.0

| New Smalle 1

Yo - / 7.0 New Middle
._ —‘/_/___, - LE\XW g
“ ‘ ¢ = f_ﬁF'
oS — -9 50
o !

150 170 164 s0 0 »0 400 18 70 160 150 300 = 00
Distance between 50 Okerall Dst between " Lo:r. ;arl.llmm]
Pulley Shafts(mm) su Ldngth{mm) Pilley Spafts(mm) "
. .
. 80 . 8
%0 %0
100 h 100 '
¢
Weight(kg Wet) Weight(kg Wet)

Fig. [2-18]. Comparison of current and new CVT transmissions for small and medium-sized vehicles
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RIS, Hiii=— X O FEHEIEE TR 7 e L 2 2ahn, HotiEai
BITLHEENZNE WV FFRERFD. 70, EFEOMET AT LD EFLOERIC
KO MPRIERF ¥ BT — 2 a O AE, BVARITH T DMAME & W o TR ED T
ELTRBYIEFESEBLOLMRE 10 L L TGHL WA EEZLND. FTH,
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Fig. [3-1]. Flow of hydraulic oil control improves drivability of vehicle
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Fig. [3-2]. Experimental device of bubble view of oil injection, nozzle and filter system setup
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Input motor

Fig. [3-3]. Hydraulic input / output analysis dynamometer
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Table [3-1]. Test Conditions

Speed change Speed range
Creep 0-5 km/h
Launch 0-10 km/h

Low speed acceleration 10-40 km/h

Mid speed acceleration 40-70 km/h

High speed acceleration 70 - km/h

De-acceleration --

3.4 MEBLUEER
3.4.1 P RanARILHER

X[3-4112 3 D F7e BRI T D Rl ORI K OVTa AR & o BER
ZHIRT D HMED WTRORBREIITIBW TS 100, 177, 300 wm 3T O KLk AR
IZBWT, ZORIEERBERREL Lo TWNDH I ENHERTES. 2%, KEEEH
WIEREHZ Ko T, A VO RLWIMB OFIHOE N, R TTRADE, AL
BIOT 4 VAR OE VAR RIE O BRE ORI G 2 5 B8 & & BN
P FIRE CTH D Z Lol BEMICIIR L TERB IO 7 s VA EXEER
L7eEBRE Y, 100 38 X177 pm O EAY/N S 7250812 W T, 7 4 V2 O]
BRBESCKA L T7OWMBEEZEBT 22 LICL-T, ZOREBHEEHDEEL 2
EMARETH D & DH A Z 5T, F72 300 u m I DRIAED K E 72 KIS DN T,
SIAZMEL, nBESE 5 2 &0, ZOKIAREHAICHEN TH D & DA R,
DFE D, ARBH R ORFHZ L 0 15 S 7o KIaFAEE (Science) & WD Z LT &
T, RIWRIERRZL EALLRIAMREIRIE & W o 72l &8 O FHEE T (Technology) 73
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‘Joiztnwz b, ZofIEEREAWD Z LIk Tk zm LSz, &%
IPMET AT LOBAFE (Development) N FAIEEE 72 5.

{Distribution of bubble particle size>  (Reduction & Uniform control®
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oil scraping
amount etc.
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0 43

Fig. [3-4]. Observing the generated air bubbles, leads to the crushing and combination of

air bubbles and reduction of amount of oil scraping
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Fig. [3-5]. Discharge comparison by pump type and bubble content rate
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Vehicle Speed

Speed transition by gear change
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Fig. [3-6]. Time-lapse waveform of target speed and actual speed at intermediate
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Fig. [3-7]. Shifting evaluation at the time of running
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K323 FEHDO CVT Zl = » M I 1T D &l 8 C 0 28 dURR I O BRI #S 5 %
AT R, HEBEODEERA 4 BRABEEE TORMMAREZ R LTS, BRI
L7z 3O CVT A=y ML, A—DO 77—V BLIO~V MNEREZEAT 56
OO, ZORFMARN R D, BAERMITE 1 RS F 2 #HRiIcB W ThO B
IR 2 BRI NI — R OB L OMET S AR OHFELEAZ1T-> T
W5, FE 2 MRAGE 3 HRICBNTITHIE T LT Y XADRE L AT TV
L. REV, MESATLORE LIZK > TH 2 ATITREME, FEM®ES X
OBOR S COFHGAY, 2 1 HRToZNICHRM ELEEZ ERHERTED. Zh
(X, ARl IR & o THMEGEERm EL, 2O/ REFRGE MM b
LEMRTHDEEXD. £E 2 RN OE I A TORMEOE(LICER TS &,
HRETINEE 3 X OBOR I 2 @ G CoRME b EL7e 2 &R HRTE 203,
Z o0 EWIEE 1AL SH 2 R TOZITE N E Do Tz,

Table [3-2]. Overall speed change performance evaluation

(Numerical values: experimental and simulation values)

Speed change base Ist Gen| 2nd Gen| 3rd Gen
value

Creep G 4. 30 4. 45 4. 50 4. 50

Launch G 4. 30 4. 20 4. 50 4. 60

Intermediate
Acceleration 1
[ntermediate
Acceleration 2

lntermedigte 430 4 30 4. 50 4. 60
Acceleration 3

Deceleration G 4.30 4.30 4.60 4.70

4.30 4. 40 4.50 4.50

4. 30 4. 30 4. 60 4.10
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I D DORBEHiZ~N—2 & L, EEOFEICHHE LZHE TOLERHE bIT - 7.
B[3-812Z DRl 2 md. KV, SEBIFEEDOEERRBIED A B L aEAlhifRs R
ERIERIT, B 1R OH 3RO TR E L7 2 L B3R TE 5.

Evaluation: Reference wvalue
5.00
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4.70
4.60
4.50
4.40

430 ____________________________________ B_a_s_e___
4.20
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4.00

Control
change

Vane pump
adopted

Smal |
improvement

Comprehensive Speed Change Evaluation

(Evaluation points)

1st Gen 2nd Gen 3rd Gen

Transmission generation

Fig. [3-8]. Transition evaluation of overall speed change evaluation of vehicle equipped

with automatic transmission

3.5 EE
INETORKRLY, =—X (EFGEHMEOM L) & —X QR cyaofE) &
=X — IS LR WER RGBT\ T Y, FEBEiE Ik T o W B) BT 22 D Bl R 23,
BRI CORBRBICAER T Z Enmainne. BEMIZIL, P iass sl
LOHE & Z O & v 5 Bl (Science & Technology) T hi 5 A% F B D 245 55 1
BA%E &\ 9 SRl (Development & Production) (2% % i@fe % Al L L, @ LrEmr
ZEDHMEEA LN L. —F, FEAEMTES LY — XL IEHMlo=—XL D
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FUCIZBR7Z 0 BFET D 2 & D, AR CoR 4, ISHATERNES
IRTE TS 5 LB D RS T & T2

AWFIE T, FREMTORRELICHAICIERT5ICEEL, Kia0E A REE £
SEEGEITBT MO ET ML EITo 72, KH[B39INCET LD BARpIE L
THER 7TOHNRLEEATIDLE OBAKRB IR L EAXR L ORAREZRT. 2
DIRIZE B XIAORFE L WMES AT L OGNV ERMR L 2 ET Vb T 5 2
CNZ KT, BB B DT 2 — IS 1T 2 HT &R (Technical data)
DD, BB T v AOFIICALET D, 2=y h A=AV AT A A= BF
165 F T RE 72 BT AR (Technical seeds) ~& H#HESH L ENAREL 25

palsy

<Characteristic curve of hydraulic  <Characteristic curve of sound vibration

device efficiency> level>

“ Compression performance 'Sound - vibration level
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N a fluctuation and Suppression
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Fig. [3-9]. Bubble suppression affects hydraulics and vibrations improving pipelines and

increasing efficiency and stability of hydraulics

HARAZ X, RUFTEIC K-> THEL R, KIaOEMRE, Blidibia, [iRs B2 ErE A 7
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TOERTTERAMREL Ty ET—varvlifloso 7o —ay ha—A\ LT
BBELE LI _— v A A VR T OB~ O FRE 1Y BEREE otz &5
2, N=r XA A NIRRT IINERRE O HREN S, ZOMPREEMN L TF
KOG EELIZED2MET NA AT 2T AR O BELE HAEOMT <. R
(CHEISEME DR EAS, fERE D OBBORESCE M A v — M L2 B9 #Hilo =
v NOFERBUIEDLZ L L D.

ZORRICE ORI A N R E LTEEDDLZ EIL T, FENLIGHE T,
PHYE 7 v A E O RBEIE 2B 2 2N 1 K o TR S 1L % B FLBERT 28 D pli R
, ZIMERLATIAETELZLIIRDEBZB2OND.

3. 6#E
AP CTIE, WERENIZE T 2XIEO L & v D BRI L > TR

AN, BB OIRE MR BV ) == A ERE O < iR & Al e

L, JFEH (Science & Technology) & il (Development & Production) & V9 i

&7 1 AEE O RFEE THB ST IEO MR 2 AT 5 HiEmICOWTHREL,

LLF Ol i 2 1572

(1) =—X (HEEHEIHEO[ L) Lo —X GEPRIEOHEIE & A% —I12% s L
ARG EICB W TS, FEBPEE T OB MO, Bk TR,
FABICAHTH D Z RSN,

(2) JRERM (Science & Technology) THF D ILTz AR & Hiffi kR (Technology seeds)
LLTELDDILILE-T, HE T AMEORBERBIZET 22 MEFICL -
THERL SN D BB EEAEF RO R 2, SIMBFB B THATE L2 LITRDEE R
bihvd.

BEXH
(3-1) FRFWER, KA B BYHL O L IO\ C-IRF P (A PEEBUR R B B HRE-, A8

HFMAHEERE GIA 7 4 — 7 Li#EHE (2017)
(3-2) IHHLE R, EFHEOBUIR EAZORE, &1, p.218-221(2000)
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(3-3) MEARMEZ:, BRI — AARD BB B E R LR O h-, PAHE,
p.294-307(2003)
(3-4) MR PE A PEE BN BR B2 SR B AT IR B + R~ HEHEE AR, AR YO S S T 22 (2014)
(B-5) gk, av Ly b= y=7 Y 7OR, BFITEML, p.43-47(2017)
(3-6) H—Z EFHEHEIC B b al a2 —va VICET 2 B, kA
N— g U 2014 FAERKSHEEEFLE, p.947-947(2014)
(3-7) HARTBLAEE - SR ZHL - N FHAL,FE S O3 W EEICBT 2 HIFv R A b
(ZBAS % KA SR, H A= 305, Vol.82, No.833, (DOI: 10. 1299/trans
jsmel7-00371), p.4-7 (2017)
(3-8) ASHFIEAN BB HEMT @B v ¥ — ELEIEENC O\ T OF RIS,
(2014)
(3-9) Takashi . SHIBAYAMA, Benefit of shifting without clutch engagement and
disengagement, TMC-paper China-SAE, p.22-27 (2013)
(3-10) HUEH 2, WG, fraseth, HpE b RiaEofEICL5F v BT —
Toa v OFHEE, AR L BLE T S TGN U, p.74-77(2017)

(B-11) SFARMEMS, MEZHCV T A, X127 7V IR, p.107-108(2004)

(3-12) [ FH = e, M 3 i O 78, NS AEEE AN B AR L=l b 42(10), p. 807-
810, 1993-10-20(1993)

(3-13) Sayako SAKAMA, Yutaka TANAKA, Hiroyuki GOTO: Mathematical Model for
Bulk Modulus of Hydraulic Oil Containing Air Bubbles, Mechanical Engineering
Journal, Vol. 2, No. 7, 17-00347, (2017)
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4.1 #%

ARETIE, BEIEHEOTZEIC T 2 EFESESINE BN, HEOREHEEICHED S -
DOIFEHERE T L — LT — 7 DEA, BILV, BHMEEOHIEE DN OMIER-EN D,
BRSNS D T —~ RO RER EZRET L. ZOOD 2O T L— 4
U— 7 BWEL, TORMEERRE LT

HEHED T A vy va VAT AOSE T, KA b AT & THEO
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HEhHPESE CIRHE T = — A DOSZRCOREEME, £72, AENERR &R~
DL RIGHIFEY Y — A DBRSL AR, AR B R D B2 1T D 2=
ROHATND VT, BBEOHEEIERDZ < BEFT 2 RFECK LT, ZEk
BIfF L EFEAFE LN TRY “2 ) AEESHICREN TS, il LRt sEii
[THkE L C A7 & PE i i |2 T D 2 BRI F ATV D RO TEHERS
X, TOMEREERETL2OMEHE THDH T, EERMIO=—X30FT L HAIC
TR L SN2 Z LD, AFEIREIC Y 1 v = 7 N ORIHIFPEESR 6 0 A5EY =
VA MIEDLODRENEL D ERMLRTNG @9,

LU, R Cxg e 32 ABEHAB I BE S AT L080%, &R n o HaE e
[CEDLET, BHOBENFEL, RESCAFEEENE T 5 — X & REimIcEk
5 =— ANEEICEN DEEE R 0w, B RIZEB T 5 =— X & S
EERFEOD, HRT —~ERMT 2LEND L. £, EHROBEIIZLT L HFIE
D—E L 72 WS R ENFIET D720, T HEEORE & 70Es L OEEIT 5729012
1T, EB IO TOMESLENO—HEMY, MBI HEIEEHEET 5720 D1 H)
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AX—LBNHEEEZ BND.

LLEZESE 2, BRICIE, B8 DS L7 ASEE A B Bhd i @ se
YHA—OTRY ey MNEEE L CEEEY AT AERO BB LT 282014 4£-2017
) UV BBITT IS0 HA LIRS O T —~ BT L — AT — 7 O
2007 L— LT —7|ZOWT, BBAFFEICSIN LIRS X OO RRE B E E Y
FHEEZITV, 7L —AU—7 OMEETE L.

4.2 FEORMEHERET HAORESH
4.2.1 BEFEICET RRIEE

TOUEORENAEWVCHE#ET S Z EICXVRETAREE - BEIREREIEA L,
BB ME A fEOR IS KON S8 2 IS IR S-S BARTRIE BN L T 5. BUF ORFEN
AT LB ZMESE D Z LI X0, FHTSRE OB 2 Szl n T T
DR E AT ZE RN TH S V. 2O, BRERENC I B OB gE
BRE D 2121%, M OERERIR 2 RN FITT D ADOWHE ~ % ¥ 2 v S EE R
B Z Ll s, FHEfEEIC L - T, ERT —%, W, T AR EOERE
7RI TR, A v 7 TROMERORE R E &SI A EWmES “0 12 kv,
AN ERSEEDIE BT &0 9 BN b I SN D.

LUy s, AEFFE TR L 32 BB BT, Bl AHAk, HRifikuE, REEmg
DT R, LNoBEBRICEBWNT, £ A—ARA— T RIMMA OB T 2E X
BEABEL WD YD RENDD. O, ZOEENRR DML TOWEICER
FoMEFLRD, WMELE LR HEIROREN R INTITHEDL LT, BEFEHH
WIRNE VY BURICEN TV DD TIZRWM EHEE SRS, SF 1, BB EECE
F D EEMEIY, BRI K o TR DHIIEBRIE O D F Rk A, 8 R A
VARV AY ML, BARER T RE T HEFE AR L, SEEENE DD
BT HZETHDHEEZD.

VL EORGUE R LY, Bip 5 RECRIINSHE T L IR FEEICH L, —BEOH
HDHHEAF — DEMRT D2 ENNETH D LB X, v 3T A v MR L RIEB Ot
TL—AU =7 Wb T 2 ENMETH DL EEXT.
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4.3 AR T O RABEDIRE L FLEDRE
4.3.1 R TOEXBEDOARIL

B[4-1NZ = BA%E 7 v AR, BRIE Y AT A B ORI 7 v & AE DR E
ERERER L O 2", BRI L > TH et X L& T HH6E - KENCZ D2 L
D EBbnsh, L@EsfEs L TR 2.

Vehicle Unit System Element .
) Academia
maker maker maker maker
Vehicle System Basic Functional Principle
performance | performance technology site phenomenon
Efﬁciel.lcy Belt/Chain Gear
Fuel Transmission |||~ Machine loss technology
economy efficiency ' Flu_1d loss Gear Mechatronics
+ Shift loss - Electronics
+ Heat loss Clutch * Marterials///
Hydraulic : - Fluid
cvabili : O1l pump i .
Drivability /|| Mechatronics engineering
*running evaluation Vibration forc j| - Tribology///
. comering _ - Resonance 01l B :
*stopping Noise and * Propagation pressure ’ Me<_:ha111_cal
vibration - Frequency control engmneering

Fig. [4-1]. Required performance and technical area by level

(X [4- 1] ORERE % Hf A — A1 2> & FHFIRIC B D FEE IS IO IR~ S

(DH#HH A — 7 1%, HfE L COMBSH 2 MERE B 2 52 &9 5 . B g aEikic

WORD B DRI E L@ TH Y, T 2 TIEAIE L CGEEREEZ T R TR

T 5. BIEEY AT AN E UCEIRMEIC B 2 5 2 2 RIS 1 XA M RE (2R

ESLEFIEOHES) THDH. HiA — DT ZOEREE == MRIFE A —TITHR

T5.

Q== MBI T IA ¥ ThDH2=y MA—HX, BNEEI=y FORBEEZEY
T 5. BURME & SR & DR & RO A ITIERER 5] 2 TR (A7 5) <ol
FOBRIND, ZOBET 5 AT A EETY 2 — /UEESER I IS MERRME 2 9 fF L,
VAT DA =TT D,

BV AT LA =TI, REE R DV AT LERO WD . HlfH AT LEICE T Dl
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HIBHIE RS, MEEE SN OGRSV BB L, A — VIR T 5.
(DFEREE A —H1E, Ex OBEROFRFEATH . AANKRLTRT Ty Fip & HRO B
mCh 5. BB, FEMHOMLERIGCTT AT 17 (K% (st E2 45t
T5.
(N7 7 I7 TIEMREEZFET 5. B¥E=— X EREE ToHff S AL Tz S 21 & LT
JeE LTHEmT 5.
B 1 TIE, 7Hh 7 I 7T K D RRHIE O JRERAFSEAS, s O EEA PR b~ & DR
ZHRL TN D.

4.3.2 FELUEE & DFE LR

BB HRESE TR\ T REEE DMEEUE £ 2 B SERERTZE CUT, B PEEA A T D EARAT
FoR G & L COIEE DR DHEE S LTI Y, PIREEEI 70 BRI SR C OBRBEMFSE (2017
EBRLR) MBS BFRFSE T OREIEM O WA TE (2014 EBRAR) 1Z0ERD & O R F451
ELTHETFOND Y NS EIFAA TR L T D DL, HMELE T b D H
PEREDM ETH S . K 2 17T K 5 ISR O BABE RS2 I 1T DB 7 m 2 D
REEE, PR (B A — ) ~PURREERI RN (Fl 2 — 1) ~IRBESRERARZE (7
TIT) VTN LI o T D, T, MBS ERENCR T AR T e AD
REEIZ BT S BHEIERE (W A — ) ~AEkEr (B A — ) ~FRM - JREERFITS%
(THFIT) Th5H.

DX D ITHERI B B LOME P BFIC B W TR, TORB T vt R, HifA —
HETHTIT (KF - TR 03 —xt— TR AT 2 HME%E L s> Tk
D, A=A D=—XLT AT ITHET D —ANEES ST DME L 785, MA
T, B ZIEPE B H Ao B AN IC B L Tk B &, 707 2 7 Tl % o
HRORFEDOWERBREZ A L TR Y, e o R OMERRIC E D K S IT KBS 1
L& THARETH .

—75, Kl4-2lTRd k91T, EHEONMY MOENEED AT LA TORE T 0 & A4
WX, ATENC TR KD Il & B IE E TR T BB TR S LS. LanL,
Hf = — R EE B S N DB RS AT A~ ORI, B 5 %0 [
RS S B BRI £ 5. 2O LT, M EEZFET AT AT I T BIA
BRORPUCH Y, THT I T THIMEEY AT L L) 2=y MEREMK L L TOHIZE
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BRI K2 R, RIS O FRHIRATIEE LS > ThW. 207w, Bk

EY AT AO GBI W TE, A = D=—X T T IT AT LY —
R LT T T OIEENMLEL D EEZXDBND.

“~_ R&D e . System :
_process Vehicle Unit (Module) Element Academia
Field ™~ Vehicle System Basic Functional Principle
© ~~._| performance |performance technology site phenomenon
*Transmission 1o O Q O O
Vehicle
manufacture Tire 1 Tire 2 Tire 3
*Engine C
«Material g
aeria < Vehicle manuf@ O ;@
'Eleclr;mic Tire 1
devices

Fig. [4-2]. Comparison of development process structure between transmission and other

technical fields
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Table [4-1]. Structure of activity framework for task

Category Task Activity framework

Business environment |- How to proceed ,
‘Management method

- Difference in technical level | | Planning &

Devel Understandine the struct technical
/ - pr - Understanding the structure
evelopment process : g management
- Sharing values for each
company L
intr . - Scope of commonization
Joint research : Research theme
- Common research creation :
] excavation
- Excavation procedure

4.4.2 FENHEETL—LT—Y

TEEMEE Y L — LU —7 T, HEWIESEEIC Sl 5 RO RT: - A IErserkBaic
XL, WERFTEIC T D BR%E T 1 AN L L O L 2D, BFTERCR & Ol
EOHLAZHREE L. BEEENIC W T, O ILEERSLETH 5 & il
R DB X Ji72 E DA - WERLETH L “Y LFEbN TN 5.

AWFZETIL, B4-8NTRIHRIC, BBNITESZEIc k) D82, FHasie, FHlk X
OMWFIERRFE D 8 DIZ M LT, £ B@NEFEici T 2EIRE L, AN, )
B, FATECPE I & ORI ER IS O 4 BeBSIZ /A LTz, B BSIC BT DT 2 LU R ISR T

£, BRIV TIE, BHEREEDICE > T, EYE L VIE=—XEB L0V
—ADOMHEITS . 7o, FHEREEDICE - T, EFEOET = 7 MO HEER
Exdtf L, BEIEEIC L > T, IR0, LA Z A
THLEBICHEEGEDL Z AR L. BRIV T, MHERTREIEENC XL > T
W7 —~ ORI ZATV, FHERETEENC X - T, T —~ DR & HFFEDO i % 1
i L, BENSENC L - THIET — v BIORE, VY — A0S E2iTH) 2L L L.
SATELE T, WIZEBRRIEENC K- THIEZ AT L, SHESRIETEENC X > THFERRCR @
PRI~ 72 & ORI 217V, EEIEENC &> TZ Ol 21T 5. FHlEPEIC
WL, EENEENC Ko T, WIERCR 2 W BRI O SR E 21T > 72,
WTNOBRFZIHE W TS, BHEE T, HHERREEENR L OFH B ETE E) T O gk
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Fig. [4-3]. Activities of planning, technical management and research
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£ 7 STEP1 TRd FRTVEREPEIZHB VT, SINEAEOE L OFET —~ & it
R LT, P (RS ER L) 12Xk T, SIS TEMAGBOBERN R 5 7
— A DM &AL EATV, HERT—~ONEEZBIL L. 20k, 7—~RH0NH
SR FERERF IR 4 72 D DIl & R BT - 7.

W STEP2 T/ di#BRERpE <k, STEP1 (2 CTHEK LIZWHFET —~ ORI -
BRIMEZFHMI L, 7 —~ I CRET L2HB oMM AT o2,
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RIZB T A ESTERMHELL Lz, 2K > T2 ED DIEFZ RO 5721 T <,
WFSERREM D EE DS O SOE B & Bk L 7.
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Table [4-2]. Collaborative basic research search method
Input * Discussion » Output Notes
<STEP 1> |Blind Objective edit Research term Unification of
Advance collection | Separation of Terminology
preparation R&D
<STEP2> | lmprove Objective of Agreement to Undesirable
Improvement | matters annoyances mprove matters | effects
Request Assortment of
priority
<STEP 3> | Agreed Challenges of Priority and Connection of
Importance | improved | vertical reason for challenges
matter relationship umprovement
Target value
<STEP 4> | Priority Measurement of | First index Measurement
Indicators of | reason results and gap | (value about allowance of
achievement vehicle) first index
< STEP 5> | Hierarchy | Quantitative Target and basis | Occurrence of
Target value | of Qualitative nnprovement reaction
setting mproving | Research Opportunities
matter value(academia) | Benchmarking
Persistence Best practice

4.5 BT L—LT—Y DX L
4.5.1 FHli o RE

ST 2 SDOWEE) 7 L— LU — 27 12 » TIEEh A2 3201 L 7-. 20313 8 85 H &)
IMEEZRT AT L (P T A via ryBLOERE, EEEEEL ISR, flE 2T
L) OFEHRFEBLOHEETHY, MM EE L LTW5. SIEfEE 32 40D
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WA K[4-3[lT" 7. I OW, WEPEFEEIIEICEEORREIT 19 £ THD.
ZIMEIL2 D7 L—L U —7 OREFERERFITHDRNPLTRIML WD, £z, ¥
SN 2 A X ERE NI T DRI R R D HERSN L 72, A5, RG22 1% 30
%, PEFEEIREIIRRE X 19 ARG Loz, SIMFIIEERT TORNRZR L, 4
WIEFEDO NEITIE 22 > TR DM CTORE & LT 5.

Table [4-3]. Breakdown of participants in activity framework

Organization Total |Experienced |Inexperienced
Vehicle manufacturer 12 6 6
Unit manufacturer 8 5 3
Element parts manufacturer 4 2 2
Society neutral engineer 2 2 0
University 6 4 2

Total 32 19 13

4.5.2 ¥l A%

2ODIEE T L— LT — 27 DEECHONT, BLTFOBLE DB IR LEIXEY
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Fig. [4-4]. Evaluation comparison before and after activity
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styles: Germany follows the integral type; Japan follows the modular type (combination).
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- Continuous
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- Cooperation needs seeds

* Basic engineering
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- Driver acquisition

Fig. [5-5]. Framework of recycling and spiral up development process suitable for Japanese

environment.
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5.5.1 BBHAERT—<OHRIEFIE

IOk g TR, BRERINETL—ATU— 7 AW TERE S N8 SisE
VAT AIBITHATRL =g DT —<E RO BEEOBHIEBNTS.
ZoagRL—Ya Uk, BBEA =N, 2=y b A—T1, AT, FRRE,
EFEO R DMEEEOSMEIZ L - T Thbh b, EK[5-111%, T —~ DI
LN T —~ORE, BIEREE TOEM L FNEA T . Step 1 O T HE i B[S
TlE, BINEEORESCHET —~ &£ D, HET —~ ONEZ RBINICHEE S
H. LT, BEOT—~&ME Ty =l NROEBFRICHET DMNEND 5 )
EODEPRETDH. Step2 TIE, EH SN T —~ ORELME & RELEZ BT L,
KT -~ CHETHHEE AT 5. Step3 TI, ESNLT—~OEEMHL T
Rl —a VORERICET M S RERNTE SN D, ZO/RE, HRERED
NEF R E D, BT —~DD7MN 0 BB/ 5. Stepd TlE, 2 7R L — 3
VOB EEFEPHALNIIN, ZNHIETXTOSMEICHAEIND. &#
I, Step7 TIX, WFERRDERM - EMHEMNL BEELZRET .

Table [5-1]. Process flow from finding the theme of collaborative research and setting goals

Input * Discussion “ Output Notes
<STEP 1> |Blind Objective edit Research term Unification of
Advance collection | Separation of Terminology

preparation R&D
<STEP 2> |Improve Objective of Agreement to Undesirable
Improvement | matters annoyances improve matters | effects
Request Assortment of
priority
<STEP 3> | Agreed Challenges of Priority and Connection of
Importance |iumproved | vertical reason for challenges
matter relationship umprovement
Target value
<STEP 4> | Priority Measurement of | First index Measurement
Indicators of | reason results and gap (value about allowance of
achievement vehicle) first index
< STEP 5> |Hierarchy | Quantitative Target and basis | Occurrence of
Target value | of Qualitative improvement reaction
setting improving | Research Opportunities
matter value(academia) | Benchmarking
Persistence Best practice

5.5.2 HiFESn R EAMR D ARILH

OB arTIE, BERINTE T L —LAT—7 DOF 2 OEEOEBEOHE &
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HEEBE L. LavL, ZAbDORREEITMED X7 LAORMGIZHE S 2. K
FEVFIE DR 215 3T 7201, WFFED AR (A7 VI AE DB & 3AF S 55 R (N
TNOHIBEE) DS N0 At L, BEFEOE B cRBmE LItE L
TWo. £/, TOMRLHABITIEN T2 HEBRFL TS, K[5-7)1E, FEEN
ITole HikimDERBI Z 7. BFRICE T 2 ERNRMRERAT 572012, £h
51 Technology seeds & 152 72 OIZET ML SN 5.

Seeds e
) Resources to
2 2 Infrastructure/ I Ex/;_)\?nncnt l Analysis next stage researc
E 3 Means \$/ ) —
o @ J J——
- =
5.2 ime S
o B .'/
U s Il' ; f \
i B L p | . research result
Research Deliverables 1
/data
= Needs ) . /Physical formula
% g | Element design - - —‘ Element evaluation fm.dd:ﬁ
Q‘ S
= =
= =2
= 9 \ " ‘ i Deliverables 2
g = System design -T== | System evaluation } (technology)
g5 2 ‘ Experiment observation
8‘ = p Measurement
E "E:I’ | Product concept ] —————— | Product evaluation 1 Device creation
O - . ) | |

Fig. [5-6]. Connecting process corporate needs and joint basic research seeds.
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<Distribution of bubble particle size>
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Fig. [5-7]. Acquisition modeling of technical knowledge (Technology seeds) by modeling

pulsation

ppressionV

< Characteristic curve of sound vibration level™>

<Technology seeds>

I

for oil pressure control from basic experiment of air bubble generation in oil
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5.6 aSRL— a3 DFMLEEM

TOkv7TarTiE, BRESNETL—ATU—27 O 3 FKHOKREOEBEOH %
AT L. TV =AU =708 3 OKREIE LT, aTARL—Ya VORRITERED
RICHEAEShET. 2ok r v arTlE, BEEMHOIEZEEO @ HEAE O B
BT D ARTNAREOEBNMAOERICOWTHAT L. ZoflTlx, a7RL
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TOMER ZIZEBEOMERE O DI AL RIS, LarL, H[5-8)ITxR
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DERIAEERERIIRN— R 7L bEmnZ ERMbN TS, A THPRIEDE
AROBBIC LY, FR2EBDROM ERYHFETED. 202 LT, [iAREDKE
MR R A TG L, Hr8 CVT OMERIEICB T2 ¥ 7 R 7oKL LTR—r
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AT R 71RO X—V R T 28R LT.
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Fig. [5-8]. Graph of change in the amount of discharge due to a change in the content of

bubbles in 0il (10% <— 20%) in a hydraulic pump (vane pump and gear pump)

BA[5-911%, BHREHARHMERITIAL 72 CVT ORAERIZRFNZ <Y, T bDREND
N=U R T 2T 2720 T, mofdiz B L2 =7 EF 2755,
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<{Demonstration experiment of hydraulic control
improvement using a bench tester>

\ | Bench tester
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Fig. [5-9]. Applied research to analyze the technical data of basic research and investment

of knowledge in vehicle development by the creation of technology seeds.
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17 ThD. ZMEOBMEICET 2FHERROENEEZLDL L, V7T A LFR
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b) Effectiveness

3¢ for cooperation
P =&=Car maker

—o=Supplyer

. =o=Academia
| c) Effectiveness of

theme finding === Base

d) Efectiveness for
facility...

Fig. [5-10]. Evaluation score of interviews.
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Fig. [5-11]. Technical Management and Research Activity Overview: Details of each step in
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the four stages of activity.
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Product (company) Academic Government
(University (Supervisory Office)
/ Research Institute)

Corporate policy University standing
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: 4
Profit plan .

Responsible
government office

National strategy

I *Research result
sPaper presentation
+Academic growth

| S : !

Development Vianagement National strategy
(Want to do) and growth

ALLALCCA LaACLLILS / Sl aloeoy /

Department policy

Fig. [6-1]. Industry-academia-government perspectives and technical management
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1500 | OO | | ;E%J“‘
Vehicle System specification Element Phenomenon
Required
Vehicle System Basic Functional =
performance T S " ==p- >
FrPower )
Transmissio transmission - Fluid
Fuel 3 Qil pum; Engi i
R L\ [ : Machine loss pump ngineering
T\ |/ efficiency | | . Fluidloss — - Tribology
/ \ . - Mechanical
{ - Shift I p
Drivability VI 'Helat |::: Oil pressure engineering
=>running Overall (N I control - Mechanical
. N =bending speed change "l" I." +# Hydraulic materials
Technical area =stopping _evaluation /|t hriecl;a(ronics B i "Exs
e N N elt/Chain ~
\ .Vibration technology
' \\ . {1\ force —— - }Iech:{trfmics
\[|  Noise and j_;l - Resonance J - Electronics
'I‘-I vibration / - Propagation Gear - Nanotechnology
‘a:-l —— - Material S ~material
A / substitution -L -
1 Others T -safety ratio Clutch
- Frequency

A group of companies that compete at each level and do not share interests are required to
collaborate from a single perspective of vehicles.

Fig. [6-2]. Architecture of structural hierarchy in power transmission systems
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Fig. [6-3]. Transmission V-shape process in vehicle development

6.3.3 VFR% IO tRXR&MBDERADESE

Bl A — B, V7T A4 ~EREROIRRIC L VB EREZRRT D, 2l
PEV, 37T A ¥ TITHEARBRFE ATV, BIRICHE L S D RN Z b,
I - BERE RIS L o TITRBEOMISE & FICF R ZGE T 5. RO R E A AT
FCIEBASEIC BT DR B R O E R B R O IR P A R 5 . TR BRI
B R & LT Technical data & DR &3228, T TIIEER THRIEICMT 2 A
725 CAE & LTI KL 0 MEREZ L 2 R 3 5. 24T X Y Technology seeds
NEFEIEDL T —ANRRZT 6N D, BARRICIIRRFHTE R A3 AT 272 3DCAD
EIEA LY I 2 —vavETARDY, ZOT7T—X 20 iAA AR EEIC
P LRI TIEIC AMIZ X 2 BB O RGRUEICEN S, 25 L7 MBD #F
RN L= IEBR R ED STV D, K[6-4)13EN IR EEE OB 7 1t 2128
THOMBD BB RREGMHZRL TS,

100



marketing

car manufacturer
research

||Iiiiiiiﬁlll
Vehicle test

transmission

Vehicle design
technical requirements

transmission design

-~ —-——- T i = i
request Tirel supplier des!gn _
- gmﬂ
functional * Factional
design <« --- TireN supplier » verification

Components
verification

Components
design

‘\\“-“ ________________________________________________________________________________________________ --")/"
]1 30CAD/CAE /0 AM

[ MBD (Mode!| based desien) ]

‘ Basic research

Fig. [6-4]. V-process of transmission and range of MBD in vehicle development
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Fig.[6-5]. Model distribution linking vehicle development and basic research
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Fig .[6-6]. Drive system architecture model : Unit model to unit model linkage
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Fig .[6-7]. Advantages of introducing MBD
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*Date of establishment:2018/04
*President :( HONDA Co., Ltd. Executive Officer, Ikuo Takeishi, Technical Research Institute, Ltd.)

*Union members:  [11 companies, 1 organization]
Isuzu Co., Ltd./ Suzuki Co., Ltd./ SUBARU Co., Ltd./ Daihatsu Co., Ltd.
/ Toyota Motor Co., Ltd. / Nissan Motor Co., Ltd. / Honda Technical
Research Institute / Mazda Motor Corporation/ Mitsubishi Motors
Co.,Ltd. / Aisin AW Co., Ltd. / Jatco Co., Ltd. / Kokusai Industrial Power Co.,
Ltd. Joint Technical Research Institute

*Project expenses : 260 millionyen in fiscal year 30

*Business Overview: Fundamental research on transmission efficiency, sound vibration,
weight reduction technology, and electrification of automotive power
transmission systems.

Fig. [7-1]. Overview of the Automotive Power Transmission Technology Research

Association
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Purpose of the establishmentof the union <Researchand Development Issues>
DThe inside of the transmission of the caris a loss of

Elucidate principles ‘ power transmission due to friction such as gears.

—‘ Joint Technical Research ‘

4‘ Accumulate data & share ‘

—‘ Network of transmission research ‘

| Direction of practical use | memp  Direction of power from the
engine motor

=== | ocation of machine loss and

fluid Ioss{e,xample]}_f, . i L.
t\llechanical loss and fluid loss ‘ (@ Power transmission efficiency of automotive transmissions

(3) Current power transmission efficiency is limited to about

85% (when running in WLTC mode)

‘Simulationdevelopment{Model} ‘ e e
A A
EEARO F <SEETR>
Rl H%EFRI3
| Time of commercialization | s0% | S MERGETR.
pE
‘ «¥EIb-23>
i
— ‘Use the product development ‘ 80% s
I35 !
T0%

Fig. [7-2]. Purpose of the activity, how to proceed, issues, (example)
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- Automotive Power Transmission Technology Research Association [—

Role Extract research topics that form a common basis from the needs of union members.
Entrust research to joint research destinations and conduct progress management.
Research results will be accumulated and managed in a way that can be used for the
product development of union members.

<unions>

Isuzu Co., Ltd./ Suzuki Co., Ltd./ SUBARU/ Daihatsu Co., Ltd./ Toyota Motor Corporation/ Nissan Motor Co., Ltd. /
Honda Technical Research Institute / Mazda Motor Corporation / Mitsubishi Motors Co., Ltd. / Aisin A. Dabru
Co., Ltd. / litco Co., Ltd. / Jatco Industrial Research Institute

<Research>
Joint research and measurement technology / *Model strategy

v

Mechanical friction /% Fluid control and 1 Fluid friction ; N I
an_d T_hermal Researc_h on fluid - Stydy on the ) Elsgf:gﬂg%gy
Principles Research force principle principle of heat Study of
principles
N 7

Fig. [7-3]. Research and development system (overall project)

~—1 Joint research ~\

Perform research themes commissioned by the Role Skill Group and
present research results in physical formulas and models.

The role of each hub university is to become a leader university in each research area,
and to expand and foster industry-academia-academia collaboration.

Hub University: Hub University: Hub University:
Tokyo University of Science | | Yokohama National University Chiba Institute of Technology

Doshisha University Hosei University Kobe University
Kyushu Institute of Technology
Muroran Institute of Technology

Tottori University XI:rer;ﬂI; no university

# studying  transmission
itself at a university in
Japan.

\ J

Fig. [7-4]. R&D systems: Trust University and Hub University
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1.3MERFED B

CNETOBEEEII ORI FIETIIRRE 2V IC X2 MilkElE 714 &
TT— PNEERERSTND. ZOREIE, KB - 22 8 - 58N OIXAAT
b5, M5 TRTLEIC, YIalb—a e AT DEN L WES ORISR
DA Z R L TS, IHFEBIRAERZE L, AEKBELD, BBEA L — Rom E~min
IMENHY, FHICHE LIFB ZHEE L T <. b, WEBLG 2RI TN
1T, MEBRICEEE 52 5T A= DEGENDINLY, YRR HRHTE
HEIITRD. VAT COMRE TR AIRE L 70D Z & TRZ B HEA
ERHCHRR Y B CE LR Z R, BABKEOM EIZ X VB A E— K@
EANEBREBIEN - TP L. FT2I1EE, MBDIZ L 0 &GRS CHI B 28 2 D BRI
BRY LBRNWE S ITWHBIRZRGT L T DTHD.

<Traditional development <Improving development
methods> accuracy and speed>
o Trial and error optimization in + Target setting (improvement of development
each hierarchy accuracy) from vehicle to component by utilizing
; research results for transmission performance
+ Often reworked and requires prediction

time, cost, and effort

Stop the vehicle performance in one shot
(improvement of development speed)

: Model simulation
* One-through'

T/M U il ’ '
supplier . il
'fn’ :un")-p#/b ¢ Experimen 'J,n’ J,QP':,H L /'
supplier2 supplier2” :
Design Design Experiment

Y

Fig. [7-5]. Purpose of research and development to improve the accuracy and speed of product

development
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1.4 ARFARRNE HERARD FLHI

MR T —~ OB 2% % &, “TAE)3 2 58 bk 0 H2 il oo 1l & & B O BILR iR
7 2B\, S ERIC L2 =) VX — RO L, MEBIR L L THIITE
LHEOCTHREODORBEHEOEMAZ LI E L THRLTWD. ZhEK[7-6]D
Stribeck curve THET . PERBLGMI T O TR RIT, RFPICHIT DE~DOTHE
D Z ERATREE 22, — 07, AREICRT ARG T, B - BRELOY
HBBIIWE L B A DR NT A= OFHEZW LN TH I & T, HES~DZE
LR G~D e e L TR ENS.

(1)For example, in the research theme "Elucidation of the relationship
between the  amount of lubricating oil and friction of the contact
portion of each part to be sliding"

(2)We will conduct basic research to clarify the change in energy loss due
to component friction as a physical phenomenon.

(3)The resulting results, during product development, to clarify the
contribution of design parameters that affect the physical phenomenon of
the product.

Field Field

Mechanical Losses Hydrodynamic Losses

! ! Stirring system :Bush.journal.clutch/brake.
— o el

Boundary Iubrication!_ t Syrrchro 5

| -
Iling beari "
ing }rearlng—_ )

[t/Chain rEE."..

— N

Fluidiubricationsy”

|
drodyﬁnamic
n |

Coefficient of friction

0.001

Viscosity-7 x Speed-v

Load per unit widthP

Fig. [7-6]. Research and Development: Elucidation of the relationship between the amount of
lubricating oil and friction at the contact part of each sliding part

(Stribeck curve for Power Transmission example).
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1.5 IRRARAE : BIHEESRTLOERFH O ERARFTTCORBLETIVEE

AR REIIE, HERIC LT L b B Lo BRI A Y D R L ORF 04
BETEIRY. ZOXIRBEICEBTLBUENERLIHEKTH-TH, EROFM
THIVZHM RIS E T 2 Z &L THRIE TOMRICHT D Z LR AREL 725
TW5. ZHA BT, SFIFUFZEEA I 2 20T 58 O i S (I B M 0 27 5 J5E)
ZRTUAI v a UEMOMNSE - BIRBIIER T2 Z EAEEE R D, K[7-71TIE
REEILOBEIED B Y o R EZ RO e b il LT b 2 R ILIK[7-8] T
RTVFET o RACBTAWHEALET L THY, L Kk&ha=y NE—-HBD,
NI UAI vy a UVRIKERIRE LTEET VCHAAT Z L2k, EitE - R
DOPERE TN BT JERCR & L THUS RS . JREWIEORR L LTOET L, H
PRI E CIEACE 2 HETT v, £ LT, K79 TIEARGRLOERTH 587
(RIS £ Bl & SRR < 2 DOET ADOET AMRBOEZ HIZLY
FEFRTIHERATED Y I ab—a VET VK ) s & fABRE2 B Z LI
L0, REIFELAEY—NEm LS5 EREBHOHDO EMfFIND.

Vehicle
development

Practical
design

Applied
research

Basic \

,,,,,,,,,,,,, ,,,,,,,,,,,,,,.,,,,,,‘,4__V_,"_V{,,,,,,,,,,,, = -
research ek

/ i l7 - B
) .

\
Principle 2
P Academia
research -

Academia Company

~

Fig. [7-7]. MBD is a tool that connects industry and academia where needs and seeds are

different.
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marketing

car manufacturer

research

Yehicle design 1

technical requirements

o ] transmission
transmission design

request *=--="Tirel supplier ~* des!gr_l _
: - verification :
functional ‘ Factional

design < --. TireN supplier = werification

Components
verification

Components
design

Test piece

30CAD/CAE/TAM

[ MBD (Mode| based desien) ]

Fig. [7-8]. V-process of transmission and range of MBD in vehicle development

Layer

‘OO Lol ORI,

Elucidation mparison Elucidation Elucidation of

Miodel resolution. o ortion lucidation  of loss for of thi characteristics
D/Tin enti ol T/M with each T/M mecllanism  caused by loss.
vehicle loss dffferent component. fof lofls.

Mechanical friction &

Research & Thermal research.

Fngineering

Fluid friction &
Thermal research.

Individual Collaborat Fluid control.
ive
research

company
development

Model distribution Electrification.

Fig. [7-9]. Research and Development: Utilizing the results of research and development for

product development
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RimDOBHITHRRD K oI, Hifi B 2 EEE IR 2 B SR 7200
RNREIHEE S 2T D ORIV TIE, 16K, AMEEICI T 2 FEF B Tic s
THEF—xt—b L < IXFEEHAN KR LT M 7 O = MEBR KT
HY, LRy, BEMIZBONTLT LHAIESCHEN K L WEEREoREN
ST L WA IEIEENTIZ & A ETThbit T BB D Zn & v ) Bk A
FLTWe., MAT, #Hlfi=— X & JEMEFIE & O BIMRNEHN Tide v B B8 @)
THRERAEREIR I, FERHBAFTE X 0 15 O 7o SERER I RE I © D R R & i AL AR
PERE & OBRITAREIZERIE T Ty, T HEZ S 72012, o, Bk
D L7322 2 FR DS BRI 78 & Mk O LS E 3~ 5 72 012, B R ZE 0 B <0 il R
WHHR &5 O RACTEL A~ OB L U CEE ATHE T & 2 AT I K Dt o
AT LEWwLCER., T LTCZoHEY 2T 2% BRME+ 5 Y — 1L LTMBDE
MIZ XV EFFIEE RO ~DOERAETT VX NVT —F TRBEEEZERT D
TN O E B2 D, R PEEE ORIAREZFER IC BV T “SURIAWASE2.0”
EERFTD, R FROTEE 2 %M LHEET 5.

&E
(7-1) FRWEPERE PEXEBOR D H B HE017) RIS A BIHE B sEY AT LG EHTF
FERLE D RKIZOWT | [HBHEEREEFTRE GIA 7 14— 7 LikiEE]

(7-2) <https://www.meti.go.jp/policy/tech_promotion/kenkyuu/kenkyuuindex. html

(2019 4 8 A 28 HT 7 & R).

(7-3) #RPFPEZES, SURIAWASE2.1 - MBD &7 /LB ERIZIZ DWW T, HENEERNESE
7k — 7 LiwiE sk

(7-4) Shibayama, Takashi (2014) “ Benefit of shifting without clutch engagement and
disengagement” [ TMC/China-SAE] ,p.22-27.

(7-5) Nakatsuka, Terry and Aoyama, Akihiro (2014)“JATCQO’s mission towards 2020- The roles
and functional advantages of CVT and characteristics in technological evolution of
transmission in the past and present” [ 13th International CTI Symposium Berlin Germany J,

p-9-12.
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BB ICONWTEE 2D TED, R s, hED] ~OREREELFO
B R BRI, BT v 2A0LME, EBETRO IR, PR D X T LD
BHAL, FRLTHRER, MEMNE RPEOEEBEOKYE (FHER) REND,
PESRTHE I K D HFSERR IS 1T — O PE S IR IA L TV, AT TR OE A
— FOERNG, FIFENLT LH B LARWETEEE LR rl iR - iR 2 18T 7
MEDREZ RS, FEERICLDMROAIEZRR L TE 2. Z OFEF B EFEPIE 0
HEHE S AT DREDIHNBE T AT LORR BT, H W DHEEDOEMBATE « F7EDIE

WZHEETLHbDEEZ, SBORBREELZERD.

B B HE 2 O BT s B W T, IR I TR T L b FIE S — BT, 72,
HEOFT R 3 2% - IFEEEIC W TIERIZ, B o B TR oI R IRRY 22 668 T
DEMTBAFESCHI IR L TIEEINZ < BT b d 2 &, EEICHIT 54 & I
DIEICBW T o Tnd. —F, HiOERITE T ETHEE RS, £
L CHUS D oL T 70 EZARE A~ D RR R IR & 72 o TN D L Fo S [E] 7 B g duk C i 5L
DOERZHEFL COZIIHR DA ) RX—v a2 — R LT A2XLERH D, FEH
EOBLZ Y T 58Ig 2 2 E CTHRAL, BFhzmd TS BERH D, K
TEET I T 0 2BV TR 7 0 AN L EE TRERL S 5 By BFic B
TR BT 2 & BT B I W e D B I8 & By 7 — 2 THE+ 2 X< MBD Y —/Lic &
HEEEEBEN A TH D EBEZXBND. EEMEOLEFIIABHEEELICRS LV EE
26D, Tihbb, EXTHHELTEZDLZ LI, HT7ETmLLLIIC, itk
LAY —LDA ) X—=a Vg, N— Kb Y7 h~OfMIiifEs 7 b, FIEHAEY
A ADOMRBZRILR, B L 70 2 R EE OBEIER, Fi-/e NMTHELR - B RO 24
PN, EEHLY T IAVICELIREEFTOLEMETH 5 HFfHE T 21T, C
(Connectivity) H#HHD Y F H /AL : ToT 15 & OEEEZE(L, A(Autonomous) [ B E s fE5
DEPK, S(Shared & Service) HDOF|HERER T —E X & L COMERE, E(Electric)#H O ®) /)
FoEE. & FHi, CASE EFHINTWAHHNEE TH 5. Z OWIEIZHEN D UEAT 58
T H7-0IiX, MRERDOZL 2 RFT 2 KT - AR OIEH 2 iz &
BRI FER L, REOMERCIEEO ALY — KT v Ao N 5 &0 ) A%
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