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Table 1-1  Worldwide Movement of Automobile Selling Restrictions at Each Country (-2
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Fig.2-5 Vehicle Model (Diesel Truck)
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Cd : Z25ARIUREL [, g+ L [m/s?]
;BT R [m?]
ro B AR [m] i BOREIRGE L
i BEHEOXT I (X7 @ n=Ist, 2nd, 3rd, * * )

B, REER, AN VIRPURESICE L TR, BHEEEERO 54 —Y L ERE
(hZ w2, NR) HEERERT 77T 5] COTHOLNDMHEEHH Lz, RRiHIEWT
X, BEFFD 7 T v FHEAIZL AV ERITIEHL TV D

ARHEET VORGEIZIEL, 3R 2-1 1T 7 BEX 7 %A 2 72 iR E & (GVW : Gross Vehicle
Weight) 25,000kg D7 ¢ —E/L T v 7 Z85E L, Bl EREHECR S (GUR R 5l 5 & 17,000kg :
HL{A 10,000kg + FEfr CEFE#D 7,000kg) TRHARZ1T o7z, EBRICHEEWZ v v ¥ 1 FF
A =4 ETHRERHEE R L ORI T A3 BRIV B 5 JE0S E— R GEMIIE, 3 mTid %)
HETLIZBROBE®E, 7 hRF = P T UAI v v g VEEOHEERORERS KA, G
RS & LK 2-6 12T,

JEO5 &— RO —ERy 2Rt 2, KEGET LVOMLFRIIEEOREMEHR TETWD
FEHFFOHFRITIZZRDN DT NICERO LNL0N, ZHUEZ 7y TRV OFEIC L 5EE L
EZbiLD,

Table 2-1 Vehicle Specification (Diesel Track)

Vehicle weight 16,995 kg

Transmission | 7MT(11.472,6.854,3.753
ansmissio 2.275,1.623,1.256,1.000)

Final gear ratio | 2.312
Tire size 265/70 R19.5
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Fig.2-6 Validation of Vehicle Model (Diesel Track)
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Table 2-2  Vehicle Specification (Plug-in Hybrid Bus)

Vehicle weight 12,130 kg

Max. load weight | 3,465kg
Passengers 63

Height X Width 3.285%2.490m
Tire size 275/70R22.5
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Fig.2-8 Validation of Vehicle Model (Plug-in Hybrid Bus : EV Drive Mode)
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Fig.2-9 Field Survey of Driving Performances for Hybrid Track (GWV=8,000kg) ¢ 7)

Table 2-3 External View and Specification of Small-Duty Hybrid Track

Vehicle weight 3,080 kg
Max. load weight 2,000 kg
Height X Width 2.290%x2.180m

Tire radius 0.3607 m
1st 5.979
o |2nd 3.434
® | 3rd 1.862
S | 4th 1,207
O 1 sin 1.000
6th 0.759

Final gear ratio 4.555
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Fig.2-11 Image of Evaluation Index for Small-Duty Hybrid Truck
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| Battery size : Large Battery Size : Small
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Inverter

@ ®

Inverter

Assist Regeneration ASS|st <:| Regeneration
at Drive Axle from Drive Axle at Engine from Drive Axle
(a) Conventional Hybrid System (b) New Type of Hybrid System

Fig.2-13 Technical Approach to Problem-Solving
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Table 2-4 Improvement Effect of Fuel Economy by Adopting High-Efficiency Engine

and Electrical Auxiliary Machine (13. 14,1516, 17)
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Downsizing 6 ~
Electrical Supercharger 5~10

Electrical Intake/Exhaust Valve
+High Expansion Ratio Engine

5.5

Power-steering:3~5%
Electrical Accessories Air-conditioner : 1~2%
Water-pump : 2%
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T I T B RS B 25,000kg DR EREEEY) R T v 7 OREREE R 2 . BEFO R HREEEY
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3.1. BESH

3.1.1. R—REM|

ARG CHET S ML, (BT D +2EI v ay (128) 12k oMY ER
REFA ] O—RERROBES — T HAER—AHEH & L CRE Lz, #lihoa £ 3-1
2, ESME (f A=) 2 3-1ITRT,

Table 3-1 Test Vehicle Specification

Gross vehicle weight | 25,000 kg

Engine 11L (279kW/380ps)
Transmission 12 gear (AMT)
Final gear ratio 3.181

Fig.3-1  External View of Test Vehicle (Image)
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Fig.3-2 In-City Mode (JEO5)
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Fig.3-3 Intercity Mode
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3.2. MEHBRERZFO VLT

3.2.1. BiE

KFFETHR LT HNAT Y v RAT LAOMEEK 3-4 [Z-d, NTLANATY v R
HREBRHA L, =y r 77 yF, EBEAESE—¥%, FTUAIvvary, 747
TFLUUXYNANXT A T4 EICERET D,

Air .
Fresh air
cleaner Exhaust gas

Turbocharger

eSC Battery

Fig.3-4 New Type of Hybrid System
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Fig.3-5 Approach of Improvement of Fuel Efficiency
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Fig.3-6 Target Torque of New Type of Hybrid System
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331 MEREI VDY (B HASUY)
HHENAT Y » RUAT ADHEEH T = DL, MMEREE oot Aoy r) %
iR L 95, £2C, Tit@, @%BE LIZBRICHEH TR = ¥ v ZfMiat LTz,
ORARTHOREIZHG LTz P U BRBRENT A —EBLm P Thd I &
QFEBDOHDFEIEEET 4 —ENTZ LV THDLI &
INOOEFICHEAT 2 Y E LT, R32ITFTHRE4TL O/NMFRET U
(DE5, UD +7 v 7 2#l) Z@EEL7C2Y, =P ONBIXZK 3712, =2 o agdh
2 3-8 |G, g E 7 158kW/2500rpm. fx i /L2 628Nm/1400rpm A 36/4E4 5, HE
H 2 SUBEE S O L0 SRk 22 SEPEH T 2R (R 2 MRS I2@EE LT,
ARG & T D EORB IS 7 > 7 13, JEK&E 11L O KPexE= v (DELL, UD
N7 w7 28 ZE#HLTHD,

Table 3-2 Engine Specification®2 %

DE11 | DE7 DE5
Type 4 cycle / Direct Injection / Intercooler turbocharger
Cylinder 6 6 4
Bore X Stroke 123 x152 mm 110x 123 mm 110X 123 mm
Compression ratio 16.0 17.5 17.5
Displacement 10,836 cc 7,013 cc 4,675 cc
Max. Torque 1,716 Nm /1,200 rpm | 883 Nm /1,400 rpm | 628 Nm /1,400 rpm
Max. Power 279 kW /1,800 rpm 206 kW /2,500 rpm | 158 kW /2,500 rpm

Fig.3-7 External View of Engine (Left Side : DE11, Right Side : DE5) ¢
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Fig.3-9 Comparison of Engine Friction (Baseline : DE11=1.0)
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Fig.3-10 Layout of DE5 Mounted Electrical Supercharger

(Electrical Supercharge: Operating)
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Fig.3-11 Torque Performance at Combination Electrical Supercharger and Motor (120kW)
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Fig.3-12 Effect of Final Gear Ratio (JEO5, Half Load)
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Fig.3-13 Operation of Best Fuel Consumption Curve®®
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Table 4-1 Comparison of Variable Turbo Charging System “-")
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Fig.4-2 Characteristic of Electrical 2stageTurbo Charging System ¢
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Fig.4-3 Layout of Electrical 2stageTurbo Charging System
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Fig.4-4 External View of Electrical 2stageTurbo Charging System
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Fig.4-5 Conventional Intake Pipe
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Fig.4-6 External View of Test Engine
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Table 4-2 Specification of Test Engine

Engine Model NO4C-TA (HINO)
Type 4-cy|in§er Intercpoler-
turbo diesel engine
Fuel JIS#2 gas oil
Injection system Common-rail
Devices Cooled EGR, DPNR
Bore X stroke 104 x 118 mm
Displacement 4,009 cc
Compression ratio| 18.0

Max. power

110 kW / 3,000 rpm

Max. torque

392 Nm /1,600 rpm

PERE AL OEN A KRB A — R TF v —V ¥ T 4 —B LT K47 IR T L9 10K

77 110kW / 3,000rpm,  #¢i F/LV2 392Nm / 1,600rpm % F&4E4 %, EBUIC, mililo/ VK
T Z I SN A HEMPEH T ARG P Th B, F—RF v —T vk, WL/
AN B =N T A T AERBERY —RTF v —V ¥ ThH D,

HEHI T AR AT & Uik, 7 —/L K EGR, A[Z /) XL X —HRTF ¥ — X NOx WBE T
fil i (NSR) &7 4 —BANRT 4 F 2L — b7 404 (DPF) W5 OHREZ 7> DPNR (Diesel

Particulate NOx Reduction) > A7 AZ45#H L T\ 5,
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Fig.4-7 Torque and Power at Test Engine
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ARFEBRIT, WL BBREMIETT O VR F & A, K 4-8 £ T8 /3 (DC-95,
BIREEE) 1, W) 155kW, BRE)H| ) 110kW / 2,000-6,000rpm Z %475,

. MEIDE!

Fig.4-8 Engine Test Bed System (Left Side : Dynamometer, Right Side : Test Engine)

=

HoRIEA_ MEXA-

e

(a) Exhaust-gas (b) Opacimeter
Measurement System

Fig.4-9 Exhaust-Gas Measurement System
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Fig.4-10 Full Load Torque Result before/after Modified Intake Pipe
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Fig.4-11 Full Load Torque vs. Electricity Consumption of eSC
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Fig.4-12 Full Load Torque of 2-Stage Turbocharger System with eSC
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Fig.4-13 Transient Response of 2-Stage Turbocharger System with eSC
(eSC Assist On = Always On)
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Fig.4-14 Transient Response of 2-Stage Turbocharger System with eSC
(eSC Assist On = Accelerator On)
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Fig.4-15 Transient Response at Acceleration Opening with/without eSC
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Fig.4-16 JEOS Mode

ZORFOEmEMEE LT, AR DU A BB L TCWAIN NSy (Fa he, H
FrE B ER) ZRBRIRE L Uiz, BElETE £ 4-3 [O8d, CHEEEE 2,870kg T, &K

FE#E 3,000kg Z FIRE & T HHI Th 5,

Table 4-3 Test Vehicle Specification

Vehicle weight 2,870kg

Max.load weight 3,000 kg

Height x Width 2.265%x2.180m

Tire radius 0.3775m
1st 5.979
2nd 3.434

o)

© | 3rd 1.862

3 | 4th 1.297

)
5th 1.000
6th 0.774

Final gearratio 4.625
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Fig.4-17 Operation Mode at Test Engine
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Fig.4-18 Engine Performance with/without eSC driving JEO5
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Fig.4-20 Emission Characteristics Operating High Boost + EGR (1,000rpm, 100Nm)
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Fig.4-21 Cylinder Pressure and Rate of Heat Release (1,000rpm, 100Nm)
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Fig.4-22 Engine Performance before/after Modified Intake Pipe (JE05)
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Fig.4-23 Emission Characteristics with eSC + EGR (JE05)
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Fig.4-24 Emission Characteristics at Changing EGR Valve Opening
(From Osec to 100sec at JEO5)
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Fig.4-25 Hybrid Motor Power driving Small Parallel Hybrid Truck
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Fig.4-27 Engine Performance by Operating Engine(DE5) + eSC
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Fig.4-28 Demand Compressor Characteristics on Engine(DE5) + eSC (Steady Driving)
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BS5E HFAXNATVY FORTLEBRREMREY
FS v OBRHEERGEDR GrERE)

B4 T CRDI-EBEIRGEIC L 2 U U RERERE O bV 7 HI0 L BEhERED H BT — &
2 & B MV T HINEMAG DR TANA TV v R AT AEEHERBEEY 7 > 7 OB
BHHE R OUHE R AL LG Lo, HLEBEOE, kA7 v K FT v 7 OFHtIH
VW5 41% HILS (Hardware In the Loop Simulator) s Fik% -,

51. SHEEE S L UEEMY

51.1. FHEEE

NAT Yy RET v 7 OPEH T A BRENEEROFERIZ HILS %2 W25 H1EMR, 2007 4 3
A X EEZmEmREORES TEHRE 281 5B L0 282 5 THAIN., EHEN
NQAYA) (5-1)O

by PC Phase of
I:IDriving Mode | = { Urban Driving Mode Conversion
Distribution by Ministry of Land, ] *Interurban Driving Mode
Infrastructure, Transport and Speed vs. Time
Tourism (MILT), Japan A 4

Conversion Program

Input Vehicle
- Determine gear-shift position <

Specification

by Engine =Calculate engine speed and torque
Engine Speed and Engine Torque vs. Time
Fuel Consumption - -
M P W’i Engine Operating Mode | *************************
ap Phase of
o — 235 Calculation o,
° D @ D
g 1000 \ Sors e o fuel economy
< ARG ?:0 W
S = . N : =
BE 2l N g
R N g gy
S s| 2%
o w 2
N Time (s)
Engine Speed T
g[rpm'? v e Emission
| Fuel Consumption |= 2 Fcli) Stand-alone engine test
start

*Before simulation, perform
operation tests to create a fuel |
consumption map

Fuel Economy |

—
Emission

Fig.5-1 Conceptual Diagram of Simulation Method (Heavy-Duty Truck) ¢-2

T, WRKT =BT v OBRENEERICBE L UL, I 2 b—va ik 3%
WHTAZ L CHEOBRBIEERAZEH LTS, YIalb—rariElid, X 51 1357
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Ko, BT 0 s T MIHMEGRECE AT D LT XY TR EHE ) ORI DD E
TE— K&, (R Lz U rEisg) BLO R by ) OGNk D =
VUM — RICEH L, POV RUFTERAILER L= D VBEER (v
By b)) OBEHEE R~ v 7 (2P OREEEE LU My s OB DR L REREE RO
BIfRAZ R LI b D) &b &Il RO BNTETE— FaET LI HE OREHH T R & 5 5k
BHT2b0TH L, i A TRARKEFEZ P F A FTEFA—FZ ETHEL, —

YV UVBRIC I DV EZRIT o TV D,

RIZ, HILS ABRIE DB & X 5-2 (R g6, 1kT 4 —E T v 7 OPRHT A - KK
HE SRR GIECH WD BT 0 75 5 Z THILS 70 77 L] ICEESHMA IO THY |
HILS [CHEMF A AT D2 &Ik TR &R O TRSNTIETE— FE, [HF
Mz vumiEg) BIW LYY Ly ) OB TORENTET v ¥V IEIRE —
RICEMT D, =0 P ARERMZ RO TRIT, TOREM & [FERD 7 1E TN T 2 2 IE T
LD ThHD, BEHEERIZEL UL, "7V v NEMICERT 5 0 OBE#% O
EHEE R~ v T E RN Vo R_ROFIC TR LTZIREETH D, TDO~ vy T EHANT,
EATE— FCET LICGE OBREBRN T R 23R L TR 2,
byPC _____________________________________________________________________ | Lst. STEP

— _ | *Urban Driving Mode HILS
Driving Mode | = {-Interurban Driving Mode :

Hybrid system power = Engine
power + Motor power
NZ

Engine power is calculated by

Speedvs. Time

HILS program. -
\ 4 Input Ve'hlcle'
~| Simulated driving by HILS &« | Specification :
P i ™ 11 y
il |P Virtual Testi ‘\i| :
by . : : rogram (Virtual Testing) P L___EE_U_'ﬁ_CEJ____,: ]

Fuel Consumption )
Map Wb{ EnglneOperatlng Mode | 2nd. STEP

23 i Fuel Economy
R 2E b bk e | e
\<v \ | Simulation
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& 8

Method
Time (s)

[rpm] | | h 4 =] Emission

Fuel Consumption |= > Fcli) Stand-alone engine test

1
1 =
% ’ . ! +
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"""""""""""""""""""""""""""""""""""""" Emission
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[Nm]

Computing

0 2000 2500

Fig.5-2 Conceptual Diagram of HILS Method (Heavy-Duty Hybrid Truck) ¢4
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¥ 5-3 12, HILS RERIEICHW 2 3BRdEE & 2 O %2 "7, ~NA TV RhT v 7D
e, T Y CAMSHIEEEE G ONA 7Yy Rilffir Yy ZICk o TREESND Z & h
B, MERRFICITEREDO= Y ECU, "M 7Y v K ECU 275, ZhE A7y R
Bl OAFIEE T VAL G DY, mEFHREAEEE (DSP) 2 HWHEEZ1T5 2 LT, &
17— REET LIEGE OB FEL a2 0 Va—2 ETHRIT 2,

ECU [real unit]

Operation &
HCU [real unit] Measurement Model - I/0 Real system
1 dberetnnrrnrannrnsannnrcapacrecrnanciratncttanncaatnnnsnsannnanans 4.
ost Digital signal
- Interface “pC processor
DSP | Interface

Driver model

Acceleration
& Braklng

500 1000 1500 2000
11111

HEV model

g

e =
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- Engine (Torque map)

- MG (Torque & Electric-power cons. map)

- RESS (Internal resistance, Open-circuit voltage)

Vehide Speed (km/h)
8 23 3

3

oS

Fuel pomp

) - Vehicle mass - Transmission efficiency Reference vehicle speed
(real unit] - Inertia - Gear ratio (JEOS driving cycle)

Fig.5-3 Conceptual Diagram of HILS Test Machine ¢

ZIZTLHILSADANA T Uy RETZ /UL, BLFD (1) ~ (4) 2RI/ S TnDE9,
1) TVSVETIL

TV UETIVOMENEK 54 (R, =Py MVIIRSE, 77 RVBIE - 30E
FERSMEEREREE KT ML~y TN DDA NV ERINT S, =Y
VRBELIE MY EAZ—E ML BIRT DDA SIS VS EERET
Do BRELIE MY oy D BEERAEIEE — A o b 2 b [EERHEE 2R E T 5, % ECU H»
O [FHEAHIAEER & 72 1 X EHEH R ER RN & - T 551, = ¥ T /VNEO PID il IR RE
EO DU EERE ST 5, Eo. T A RVEMEEE R, FREEHAANIC L o THE ]
BETHD, 7=y a3 OFF £T2ITRELD v F ONESEDOANZ L > THEIET 5,
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O +
Response
Torque ) model O
demand < torque

(JL » Enginefriction

Speed
» Exhaust brake
L
O *
ctrl

Fig.5-4 Internal Combustion Engine Model Diagram

TV, UV VBRI T L2 b0 L L, ZAbiTnThb YU
EoBETHY, v~ v 72 ML TET/MEEIND, PR T L—FiF, B34y /4 7l
o~y MESERIT0 L 1 0oEGIESZHEA L THIET 2 Z &N TE 5, ZDET /I,
—E MV M TV TET MEENDAZ = E—Z2 b B DbD LT D, =P id il
HEFICL > THhEhB I MEREESRD LD LT 5,

MV DI ERVIGEET ME, 2 DO—RETNVEHMA L TET MEINDE D ET
5, 1 FEBO—WRIF, IZIFEENR NV OSNH ERD 2XRE L, RO XD ITEEOH)
HRFE A2 RBLT D,

Mice 1 = _%(Mice,l — Mice des1(Wice ))
ice 1 (5-1)

ZIZT:

Micey : 7 7 A FEIRY= 2 FL 2 [Nm],

Miceaest = 7 7 A NEIRYT > 2 V8RR L2 [Nm],

Tied | 77 A NTU DL MVIINEDRER [s].

Wice : T2V [rad/s]

2 FADO—UGRIT, Z—RF ¥ =V v —DRBLOBREDILL LRV 255 & L, RO
F oz, K IREOEFEAZRBLT 5,

1
Mice 2= - (Mice,z - Mice ,desz(wice))

Tice 2 (wice ) (5—2)

(Y
(Y
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Micep : A —E)iJ= ¥ hL7 [Nm],
Mcc,dcsz A QF@JE/J;V?VE* T*/I/ﬁ[Nm]\

Tiep : AT —T P ML T IREDRERAFRFELL [s]

R AR E S & B D BRI 72 V7 pEEO S BNEHE O L LTy v sh
Do BTV Y MV M FRAUZEVEHET LD LT 5,
Mice = Mice1 + Mice 2 (5-3)
TV ET MIAIRRICAE S 2B FETADBEZ BB, Tk a—/L RAZ— |
DHEEORE LEREEE TOT U DU RBE2ERTIEOIHEHATEZ &N TE S,
Tice o = MAX (Tice toss heatup = f (Pice toss )» Tice oit ot ) (5-4)
ZZ 7T,
Ticeoil : ICE DA A WAREE [K]. Picetoss : ICE DI TJHEI [W],
Ticeoitheatp © (T—/L ) A% — MRED ICE DA A MRE [K].

Ticeoithor & 18T DREMEIEIL S ICI1T D ICE DA A VIRE [K]

ZOETNTIEIRENEE ~ v 7 LR~ v TOVWT BRI TE vz, HERHEE O
1%]23 & L/T Picc,loss:(a)ichMcc) %Fﬁb\éo Egiﬁ Ticc,oil,hcatup:f(Picc,loss> L: ct U N Ej}*%%éih O)iﬁﬁ;
fEZAT5 2 LN TE D,

TV AL M EITEHERB E NS bDE L, ENEARL—T (74— K7 %
U—F) fEZIZPIay br—FilkoTHI SN D, MDDz hr—F2o0 T, it
B D VI, FTEOWRR MY ETEHED I T 7% 7 B V7 ONWTT
H IV, TAUINT A—F Maesiype (2L > TEIRT DD LT 5, Pl bue—7 3k &
HHDET 5,

Mice ges = K, (a)ref — wice) + K; X f(a)ref — Wice )dt (5-5)

ZIT,

Ko HiEay hr—SOHHIFA v K M= k=S O v

TV MV TEROESICHIRESND b DO LT D,
Mice,des = Mmax (wice) (5-6)
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T,
Moax : [BIHREHE OBIELE L TOHRK FL2 [Nm]

TV UETIVIE, BT — b LA BB R EEMEAR Je b BB DO LT D,

(2) BEBRETIL

BEEET VOMEXK A 5-5 (TR d, EEEZNTA—ZLE LT, BB ML ESELS
[FIESE IR T2 ML~y TR L OB E )~ > 7% A L, £ ECU 26 AJ) Shvi- Bk
N7 R EZ I CHN 2B E 72 I3HE T2 & L blc, WERENZREET 5, S8 L
7 YEEIX. AT/ BlIAEOYPEE SRS T D,

O L0
1+Ts
Torque torque
demand
> Drive power Drive/
Consumption Regeneration |-
O map switch
Speed
. L *
> regenerative / —»O
power g
i current
Consumption
map
voltage

Fig.5-5 Motor/Generator Model Diagram

EHROBIIEEL, — KR L LTEFULSRE b ET 5,
1
Mem = __(Mem - Mem,des)
7 (5-7)
ZZT,

Men - FEEVE BV 2 [Nm], Memaes : FTEOEEK b7 [Nm], o : BEWEOREE

%@ﬂ%%f/;(?-&ﬂjjj Pel,em ﬁ\ %@J*%%S‘EE Wem~ %@ ]‘/1/7 Mem, %J:U%é%\ (DC) /\‘XEE
JEL~L u OFE LTy B 7 EandbDET 5, 2 DO~ v 7 IREnLhIE &
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A M ITHBIZOWTERIND DO LT D,
Pel,em = f(Mem'wem:u) (5-8)

BRI Y AT DA N 12, KU LVERT 56D LT 5,
M em (‘)em

n =
e P el,em (5-9)

IS AT DE imlE. RRICEVHET L2 LD LT 5,

— Pel,em
u (5-10)

lem

HIHAK Posen ICHES & EBIE T Lo CHMABNFET V52 B, Tk
WD X DNRSE T ZEBL 2D AT H 2 ENTE 5,

Ploss,em = Felem — Mem Wem (5-11)
. 1
Tem = (Ploss,em - (Tem - Tem,cool )/Rem,th)
Tem ,heat (5'12)
ZZ T,

Tem : %@]*&V}?A{EE [K]\ Tem,heat - %iﬂ%‘%@?ﬂg%ﬁliﬁﬁ‘éﬁﬂ@% [J/K]\
Temcool © FRENE S AT AOHAMEAE K],
Remu © FEENE & Z OHHEARO B OBESHT [K/W]

BEME Y A7 SF, MR DT ERE SN D b L L ZhEhikd & 512V
—7 (V4 —=F7xU—=F) arbtu—FL@FPIlar ta—JIlL-oTHIEIS D,
Mem,des = Kp (wref - wice) + K; X f(wref - wem)dt (5-13)
ZZ T,

K : JREEa Y hr—F DG A | Ko WAy hr—F OfS A v

BEIE ML 713, ROXDICHIRESND D LET D,
Mmin (wem) = Mem,des = Mmax (wem) (5-14)
ZZ T,
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Muine Minax : Eiﬁﬁgo)&%ﬁ& bf@%/J‘%i(ﬁ%k ]*/1/7‘7‘)7°[Nm]

BIEET VT, &NT— b LA AEPEICEIT REEEAR Jn b BB D ET D,

(3) BEBEEET I
=y TIVKFEMSY FU LA A EMEHR LAy T VET U, K 5-6 1[DRT LD
(CHALB LT v U H A2 HWZRIUTESS b D LT 5,

R MWW

Fig.5-6 Representation Diagram for Battery

Ny 7 VEEZ RAEWET b0 ET D,
u

= e~ R Xi—upc (5-15)
=77 L.
d = ! X +1x'
dt ‘B¢ T T Rxc T MReT T (5-16)

BAEIRSFEIE e, #KPL Ro. R BLIOWERE CI1X, WIhb vy T U OEEO T R LFIREE
EORGFRARER L, v vy TNOT =T MEEEH L TET /MEI D b D LT 5, HEHT R,
RBLOHERE CITIL. BROFAKGEERE IR LD ET 5,

FEIREIL, 77— 3hEE 100% EE L, BERERICL > TRIET 2, Ny 7 U OBk
BT & NS, REREBIZE > TEET 5720, TAEREBREBICHT D~ 70D
B2 (1X5-7),
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SOC Open circuit
voltage " o+
_>O

current
voltage

Resistance —[>
*

A

Fig.5-7 Resistor Based Battery Model Diagram

N7 U FEERRE SOC 1X, WA TERSND LD LT D,
t i
S0C = 50C(0) — j ———————dt
o 3600 x CAP (5-17)

T T,
SOC(0) : 7 A FBAIRIRFIZIS T D FREOHMIRRE, CAP : /N7 VR E [Ah]

23 B

EROENLEEA L TAY T U ORESREET 22 LNTE 5,
Ny FYUEF L > TESFEF ARG 2 DL, “HAEAT L LR TS, F7-,
wRITL D, B X7 LOBEG LRBEOET Y L 7N EHEN D,

-2 ) ) 1 2
Pioss pat = Rip X 1“+ R X ig" = Ry, Xi“+ EquC (5-18)

HABRRIFTBAT XL FICEHE I, RATRIND LD ITy T VIREICRELE KIET,

1
Tbat = (Ploss,bat - (Tbat - Tbat,cool )/Rbat,th)
That ,heat (5-19)
ZZ T,
Tbat : N “/5: U {HEIE}_E [K]\ Tbat,heat : N \‘/5: U ?ﬂgiﬁliﬁ‘a—éfﬂﬁ% [J/K]\

Tbat,cool : N P4 5: U %\fﬂﬁﬁg{ﬁg [K]\ Rbat,th : /N ‘75: U k ‘/%il]{}:ﬁﬁgo)ﬁﬁﬁo)ﬁj&?ﬁﬁ [K/W]

(4) Ef - BBRETIL
EATHRPIET v, A - N7 VB I OEIRA 2 7 v FE=T AR S, £1T

BEHEFRET 2L LbIC, VBT VB ICEIERET LV E DM T My O EZITV,

I
R Z A SE D,

78



F58 HARNATYY FURTLEEBREHBEY 5 v/ OBRMEEERRENR GIERE)

OH]E 7L

Uy Y () ORERETVIIEMEE LTRBENDbDOLT D, ZOET /ML, e
FVx¥ 7 MM BIRTL—F b NOHEEEZFHETH O L L, 830 btk LUz
SEIE T, AREFEZBEICAND D LT 5, BN A 5-8 1277,

Total inertia, L
Incl mass
Torque
device wheel
speed
e s )
@) i ) > velocity
Torque - o 1/s =D =()
brake »| - —>| /
i B position
1/s —DO

Aerodynamics

A

Rolling resistance

d

Gravitationload |« Slope (time)

Fig.5-8 Chassis (Vehicle) Model Diagram

‘%B@J I\/l/ﬁ Mdrive L:;ﬁ‘ﬁ LTF%%—%j V‘—ﬂ? ]\/1/7 Miicibrake 753\1@)%?6 %mk—gﬁéo 7V—5?
NI T I Faz—2F, ROLIZ—KRELTETMLIND LD LT D,

Mpric prake = — % (Mfric brake — Mpric_brake des) (5-20)
ZZ T,
Miic brake : FEEE 7 L —F% F L7 [Nm]. Miic brakedes : ZREEEET L —2F F L7 [Nm].
0 BB L—XT7 7 F 2z —XORFMINETER [s]

QFETEITET IV
/ﬂi\%lzib }‘/I/& fi\ %?\*ﬁﬁi Maem\ %ﬁiﬁ\ D *ﬁﬁi Mmll %‘ ;U@Ea*ﬁﬁ Mgmv D }‘/1/7 & ﬁ@f#
HbDEL, ZOMEELTOME NI BROESFTERXIZHE > TRDO LD,
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Jtot Wwheel = Marive _Mfric,brake — Mgero — Moy — Mgrav (5-21)
ZZT,
Jiot : {ﬁ%iﬁ/\oy_ I\ I//]) :/'IE\UI\ [kgm ]\ @ wheel - _\]—/ll ‘—/l/lﬁliﬁﬁl] }_E [rad/sz]

B O BIEME Jo 1 E SRR & municre B L OVST — LA v a v R—3x v b OEMEE
MW TKRICEVEET 2D LT 5,
Jeot = Muyehicle X Tuneet + Jpowertrain + Jwheel (5-22)
ZZT,
Myehicle © PR HLE B [Kkg) « Jpowertrain : 8/ N7 — K LA [AREIEME [kgm?],
Juheel @ TRA =L D EHRIEMEkg/m?]. Fwneel : Z A Y ENFI AR 1R [m]

$E Vvehicle li\ D/_(t LR A _/I/Eiﬁ r wwhccli) c]:()\g/l, %@E’j Elé‘?% rwhcclz))gik&b
HHDET D,

Uyehicle = Wwheel X Twheel (5-23)

ZEEWEIL b2 iE, RAUCEVHET LI LD LT 5,
Faero = 0.5 X pg X Carag X Apront X Vienicle X Twheel (5-24)
ZZ 7T,
pa i ZBXEE [kg/m’]. Cang @ ZZXIHURER,
Agon + BEMTATEIBEL A [M*], Viehicle + HLHE[m/s]
HR23 0 HELR KOS, AU EVERET 2 b D& T 5,
Mot = frou X Myenicte X g X €0S(Aroga) X Tneel (5-25)
Myray = Myepicte X g X SIN(Qroaq ) X Twheel (5-26)
ZZ T,
Sron @ BEDY O IRBUREL, g B [M/S?]. aroad : 1B B AEL [rad]
QZEFEET Vv

TV MV BB NV SEEEBICIT A0, KGR, B OB LD
BHEBOBEMEE—A L FPLHEFMESND M7 ZFET D, 2O ML & HlDE
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ITIHL., HEE, 24 VB LOHEEIOEEE— A bR 580 L7 06 HEl O
WE AR D, ZEHEMEA Sl S RSN D FL 2R, BEEETAND Y T o F
A b —7 L XYOLEDHRICL > TR SN, SYEREICEET—XA 2 MR TEIND,

Accelerator pedal ratio,
Vehicle speed Brake pedal ratio

O PID controller —PO

4

Transmission status
(input speed/torque, actual gear)

Clutch pedal ratio,

O—> Desired gear
Gear selector > AT/MT switch
O——
Drivetrain status
(connected) Clutch
actuator

Fig.5-9 Transmission Model Diagram

T 7 L OIS 2 5-9 1TRT, BT T Mid, RAUTHED, FFEDF VI rear
EHTOHEMM LY E L TEESNDI LD ET D,

wtr,in = wtr,out X rqear (5—27)

EHEET VNOT XTOEKIL, M 7#HEAE LTERS N, FENFYICET 2EE
EHEMGEDRZB L CEEINDI LD ET D, EHICEFEKRTT VIR bo L1
5o

M — {Min X réear X ngear' fOT Min é 0
out Min X 7':geatr /ngear ’ fOT Min >0 (5_28)

EXYR Y 7 AMEME, BEIRARFVERIEKFET b0l L, RACK DV EERESND,

— 2
]gear out — ]gear Jin X 7’:gear + ]gear ,out (5_29)

@OFBFEE XY ET L
1O HR LOEELRREZ AT 2 KBEES Y2 kUit TRAT LD L T5,

Wrgout = Wrgin/Trg (5-30)
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FYHRII I IZHEELEAR L, ROXDIBENRZB U TEET LI DL TS,
Mout = Min X N5 (0fg,in Min) X Trg (5-31)
LT, BEMREFEBIOC M OEKE L Ty P TRIATLIENTE D,
WD XD IZHKBOFEES Y OEMEEZED DB D LT 5,
Jour = Jin X175 +Jzg (5-32)

&7y FETIV

TV SEEER O Ty FEMEA SR L BElE (BEEET,) - ATy buy
7 MNEHRHEE, = P DA My 2R S, BEE O AT S D v EBINRE L,
BEREZEL s 7y FEHEMEICLV A Ty ho v 7 MERHEZFHE T 5, B %A X
5-10 127,

Maximum
¥

UEEmIEE UTTEIO J Torque Limit <Decision> Transmission
ClutchSli T
Clutch Stroke utch Slip orque

___________________________________________________________________

AngularVelocity :

Input-shaft (w,) Difference of

! 1
! 1
| !
|
| . !
i Angular Velocity : Rotational |
i Engine (w,) Speed Torque(Tq) |
N% i
|
! Stiffness: Clutch(C) — calculateof i
! . T Torque |
i i A CoE e s . [Torque(Tq)] >= [Torque Limit] = = *Slip Drive !
l Clutch(k) [Torque(Tq)] < [Torque Limit] - - - Direct Drive ;

____________________________________________________________________

Fig.5-10 Clutch Model Flow

77 v FETME UFD 3 DOENEBRE A > T—RY 7 v F 7 L— M5 AT b
NI HZIRTTFT—MUsET LD ET D

1) BHEIE

2) AV v TEME

3) PHEWE

X 5-111%. 7T vFETF LD 70 —XERT,
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w;

Tin (\ _]1 I I JZ A TOUt

\

Fig.5-11  Clutch Model Diagram
7Ty FETMI RO (E) EH TR TERINLIBD LT D,
Jea1@e1 = Mg — Mg (5-33)

Jer2Wer2 = Mo — Moz oue (5-34)

77 v FDORY v TEWEOIBE TROBBRPERSND,

My = ug X Mcl,maxtorque X tanh(c X (w1 — w3)) (5-35)
t
w1 = Wy |t=0 + fO (Mcll,in (t) - Mcl (t)) dt (5-36)
ZZ T,

Mcl,maxtorquc : 7 ? 7?:7%ﬁ Lffﬁééﬂé%j{ ]\/1/7 [Nm]\
ua : 0 & 107 Z v FEENHENE B, ¢ : WEHBRBAEK tanh(.. ) DOFREEEH

o1~y DIREZENRIEME slipime 2 FEID . 23227 T » F XY NALE DR BIE pedalimi
BZHE. 7Ty FIIA) v R TIEARLS R0, BIREE (0 v ZikEE) T— KL AR S
N5,

7 Z v FORENER X OMHEEDEE T, LTFTOMEREH I LD LT 5,
a) 7 7 v FEREME

My =0 (5-37)
b) 7 7 v FPHENME
Mazoue = Mot (5-38)

0T FRENT 7 Farz—2F, —IRKFKLLTRASND D LT D,
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1
Uy = —— X (ucl — Upedal )
T (5-39)

ZZT,
U110 & 1D 7y FT I Fax—FE, u:0L1D7 T v FRENVNLE,

T 7Ty FREER [s]

® ~VY au R—=FEFT)L
fv 7 aR_R—=21%, FEREROEIZ 2B CTA XTI —F IR TR A — b

B ED X — R A =V ANEN ) BRET DR TEETH D, EETEHAD by
o N—=XF, AV w7 E— FEEICRBWT M7 G2 RAE ST D, R %K 5-12 12K

B

O "_L —»@—b 1/s =O
speed

Torquein

Yy

Torque ratio

/ | Speed ratio *
— p » map * » O

: *
Torque out

Feedback
speed

Fig.5-12 Torque Converter Model Diagram

V7 o "—=21F AU T EAED 2 SOEET = —XIZE->TAT) b7 &)

MNIIRET DD ET D,
MV7 aR_R=RET ML, RO (G24y) EBEFRXE> TERINHI D LT 5,
(5-40)

Ip Xw, = My, — M,
Je X we = My — Mgy, (5-41)

ZZ7T:
Jp 1 W T EMekgm?], Ji ¥ — BB MEkgm?], w, @ A2 7 EIESHE [rad/s]

Wt . &HE\VEiﬁEE[rad/S]\ Mn . j\jj ]‘/I/&[Nm]\ Mout . H:Iljj }‘/V&[Nm]\

My : N7 FvZ [Nm], My : Z—E /b2 [Nm]
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R T M7 id, ROLIICHELOBEKE LTy BTSN bD LT 5,
My, = foump (We/w,) X (wp/wref)z (5-42)
ZZT,
Orer © FEUE > B VI [rad/s].
foump 1 T IEY Y BV T HE 0 lCBIT 2 HELL (0/o,) OBEHEL Ty BT
ENDHRT RV [Nm]

WRIZEDR T IV OHEEE L TH—E L MV BRRESIND D ET D,
My = famp (W¢/wp) X M, (5-43)
T,
Samp 1 HELE (w/w,) DBEKE LT~ B 7 S5 b7 HEE

PHEMEDERE T, LTORBRAEH SN bD LT 5,

Moue = My, — My 1955 (Wp) (5-44)
Wy = Wp (5-45)
ZZ T,

Mc,loss THY JE— F‘L:%U—é I\/I/7T§\5‘%[Nm]

AV T T 2—=RLHT7 =2—=ADYIVERITT 7 v F T LI bDLTS, RY v T
FED O ABE~OBATER T, 5-L2BDROIIIBEESNDI D ET D,

Mp = fpump (wt/wp) X (wp/wref)z
+ up, X Mlu,maxtorque X tanh(c X (wp - a)t)) (5-46)

T,
Mumaxtorque © 7 7 v T ZI LTZI KR MV 752 [Nm], uw: 0 & 1 O Z v FEEHENE =
c @ WEHHREASK tanh(...) DIREEESE

W wp— o DRFBEE slipim % TRV, 2307 79 F T 7 F 22— 2 PREFENE wim
BZDHE, 77y FIFRAY v ARETIE RN ERR I, 2y ZREE (BIREE) LAk S
noboET5,

By 7Ty TEET 7 Far—2 1, —RFLELTERIAINDI D LTS,
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1
Uy = ——X (ulu _u)
T (5-47)

ZZ T,
uy: 0 & 10Oy I 77T I Fax—FAE,
u: 0 1OEa Yy 77 v 7T 7 Fax—FE, n: KEK [s]

5.1.2. StEEH

RETEAT O HFRNA TV v RO AT AEHREHEY N7 v 7 (HWfREE 25,000kg)
X RNTVLAVERDONAT YV Y RET v 7 ThDH, 73T — b LA URERE, K 5-13 1273 T8
Wit rt 7T + —Er =Y es Ty FOREMBBHEDRE X6 N T A Iy vy
DRI D D, N—AL LIEEROREREEY T v 7 OEWFE LR 5-1 177,

L1
M/G
Clutch

L |

Fig.5-13 Hybrid Powertrain Layout of New Type Hybrid System

Table 5-1 Vehicle Specification (Conventional Heavy-duty Truck)

Vehicle Mass 8,765 kg
Max. Load Mass | 15,530 kg
Height x Width 2.934%x2.490m
Tire (radius) 0.473m
1st 6.304
o 2nd 4170
c | 3rd 2.393
§ 4th 1.456
5th 1.000
6th 0.752
7th 0.604
Final Gear Ratio | 5.102(DE)
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BUETIRS L TW D RIBBEEY 7 v 7 (CGEMiREE 25,000kg) (X, #F5&E LIL OF 1 —
YooY (DELL, f& K bV 1,846Nm/1,200rpm) ZH5#E LT\ 5, FHHRANA 7V v K
VAT MEREEHEEY R T v 7 1%, IERORIEHEEY T v 7 HOPRE 1IL =0 20
LPFRE 4TL = (DES) ~Z U YA XzlTH, o, Bl A 7V v RV AT A
BEHERHED N7 v 713, FRENL = DU ER%ED NV BRET DL Y, =P
B oA RN T S Fv o ik, BEhREHE (eSC) CHEMEKE)HEE)E—4 (Motor)
(X VA BRI kW o EENEfGHE 2 AN, 7Yy R AT A2 (DES)
(ZHEH L 72BR D bV Z TR D 4.3 TROTZTFRIEZ D, R 5 Mr 7 X HEEkE) I E
BE—FTHIZEE L, ZhOEEHL, =Yy, BENRGHR L OHEErE) HE
FT—HF D VI FEER 5-14 1R

®Engine(DE5) = max. 624Nm/1400rpm
@ Engine(DES) + FEH##EHE(eSC) = max. 733Nm/1,200rpm

@ Engine(DES) + FE#ENH 5 H4(eSC) + Motor = max.1,839Nm/1,200rpm

2000

: ! DE5+eSC+Motor
1800 [/ 700 S

1600 1~ e R -
1 : AL :
§ Y |
1--- = ’-— ' e
1400 / | Engine(DE11) \“
1200 T4 ----------
1000 ”””””

800 1

Engine Torque [Nm]

600 1

400 1

200 1

0 ; ; s ;
500 1000 1500 2000 2500 3000

Engine Speed [rpm]
Fig.5-14 Torque Performance of New Type Hybrid System
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5.2. HIARKXNATY Y FORTFLOHBEE ZDBE

2.0 THATZEY | =2 VAT B SR OEN 2 B FES D, A= v o
BHEZ R ORHEZ X 5-15 1ZR T, =2 VUV EEEEICIHBWTHE— MLV 215556, RERY
BRNENERDEPFIET D, EOREREATERN [ O U s <ho, X
OGRS ZAUTEE T D, —F7 . BEHEE OB 2 0L, 1,500rpm D4 far iR (77
ETHZERHERTE D, 2T, AVATALATIE, =Y (DES) O Y&
MR AR LA BT RIS U TERSE L 2 L L LT,

800 T
£ 600 N
Q T
: 1
S 400 - e R
P ;
©
= :
()} 200 +--------- ! 1 . . e
c ! .| Optimalengine !
t i : operation line :
0 | ; ’. ’.
500 1000 1500 2000 2500 3000

Engine Speed [rpm]

Fig.5-15 Optimal Engine Operation Line of Test Engine (DE5)

BITRNAT Yy RART— b LA OREITEOBEIZ DWW T 5-16 2 W TR 2,
FCOWTIE, 542 TER5,
QM ELT b3 =2 (DES) +EEnEiEHE (eSC) | WIZH D55
UV EIEH L, BERERED BN — 2 IS UCHEEIT I,
ZORE T D U RBENRERR IS T DU 2B S8 RN R R 2 <,
QHEI AT V7B T2 (DES) +EEhEiGHE (eSC) | UL EDGE
v HEENEGHE ORAMIKRED L2, ks HEE T — 2 245 L,
NV T VA NEIT,
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2000

DES5+eSC+Motor
1800 - ‘

1600 1
1400 1
1200 1
1000 1

800 1

Engine Torque [Nm]

600

400 1

o
1 .
.t

200 +----n , Optimal engine

! operation line

0 [Engln 1 : :

500 1000 1500 2000 2500 3000
Engine Speed [rpm]

Fig.5-16 Operating Method of New Type of Hybrid System

53. TV URESFERMBBOER

ik > (DES) Ol RR Lo VL 2R XG40 EFHE L,
Z 2T, NN Ty R Ty 7 R LR E W 2SR L, RSB R O BER)
REMGE LT,

53.1. N1 Ty FERETILOBE

HILS THEEES DA 7' » RE (ARE) (X, fiRO/NANA T Y o R T w7 &4l
HLc, £ZC, TRO/NINAT Y v T 97O AT7 Yy NlilZET VLT 512H
720 REZERBEMIITDRAT 23 ¥ U F A FTERA =2 EZHNT, ETROEMIGERE
HhH U7z, B L72EME D A 7Y > Nl 258 L, HILS (& TIAREH 2 M558 L7,

(1) BtEAEM

HAEM L LT M S-17 IR/ IS T Y v KR T w7 (b7 g S BEERL 2010
G AT RIIPE T A RHE S ) &2 7z, SRR RCR T 2,000k, 6 3T & i X 72 AMT
22 #4EE  (Automated Manual Transmission) 72 HRD B ThH D, /XT LA 7 U » FHK
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EX 4 KRfGiA v H— =T =R T =X MNT =BV (PFRE 3L), Hf
EXEHEENE— % LEBIHO Y FU AL ANy T U 2R LTV D
PR E ] 2217 o BN E) B — & OBRENR I AR AE T D720, BB ANy 7 ) 2=
v MIZEWR 7T 1 —7 (701930, B A —F & A LV AV VA YR ZHfHT, BREVH AN > 7
VIZHAD T 2825+ L7z,

Test Vehicle (Hybrid Truck) Vehicle Specification
New Long Term Regulation Vehicle Vehicle Mass 3,080 kg
(Product Year 2010) ) Max. Load Mass | 2,000 kg
[Battery Unit] - -
Y - eme Height X Width 2290 %2180 mm
Tire (radius) 3607 mm
1st 5.979
o 2nd 3.434
8| 3rd 1.862
T | 4th 1.297
Q
© 1 sth 1.000
6th 0.759
— Final Ratio 4.555
(Ammeter)
<AMT: Automated Manual
Transmission >
Battery Motor Engine
Lithium-ion Battery Permanent magnet 4-cylinder Intercooler-turbo Diesel Engine
Synchronous Motor (Displacement: 3L)
Capacity Max. Power Max. Power
1.9kW (5.5Ah) 29kW / 1,000rpm 110kW / 2,800rpm
Max. Torque Max. Torque
274Nm / 0~1,000rpm 375Nm /1,600~2,800rpm )

Fig.5-17 Test Vehicle (Conventional Light-Duty Hybrid Truck)

(2) EEEOETHERER

HHNAEITE— RO JES E— F T, ilHlz o v v ¥ A FEA—F ETEITSE A
7 U RHIEERAZ BTG L, fERO—fFlE LT, JE0S T — FBHAGE % — LB O HH & #iifif
SRENVHEEIT— 2 O AN IE ) %2 FRINTK LT 5-18 (R4, HLglbikdEh i EEiE— 4 o
ERNE AT i) M, ANZEA GEE) MIZ2rRd, ZofRIE, JE0S T— REITRmE
ETERED/Ny 7 U =RV FIZAE e (ASOC=0) DFERTH D,

B, 7 FARY Y g B KO HEERE) H EE T — & O I OBFR 2 P U725 R .
TATH O HhBREN BT T— X 12X D7 VA MIE@IMEE L v 7 MRV v 2V TERIETE,
[ A RFIXIBGE 7 2 /L off IR & HUHE 15km/h £ CHIET L—F 21T > TV 5H 2 LR o0

>72,
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< 60 [ JEO5

D TN _
> i o
"§ 05w Vefu;pje_veloaty_____?__ \motoring 30 %.
O 15 R 15 2
(@]
3 0 0o
< 8
e -15 ©
> . HEVmoiiorpower/ absorbin >§
' ‘ S 30

20 40 60 80 100 ¥

Time [s]

Fig.5-18 Hybrid Motor Power of Test Hybrid Truck Driving JEO5

(3) (REBEmMDESE

INRIANAT Y KT w7 DT — kLA v ORERE, lEICK 5-19 17T, 8T L
N TV FERTHSH, Tr Vv L EMEBAEDET— 2 OMIZY 7 v F A 2T
HY . WOEEAERNCITT L VU OBEEIRR (22T L—F) FHRTE. L %< o
ETXVERBIFTED VAT L THD,

1
M/G
Clutch
]

Fig.5-19 Powertrain Layout of Test Hybrid Truck

ZORIZRT LA T v RUAT LOBREIET VA& HILS ICHEEE L, = 20 Bl
EXE BB T —%, 7L —F%0flHle=y MZOWTHLET /ML L (K520 28,

NS AR A T T L CHEBL LU S B ARARE W (AR T Y v KT v )
T, JE05 E— FEETI T, M2 521 1IZ7R7,

AR ETTRHI, 74 RV 7 A~y 7RI, 7 7 2V off KEIZ 7 T~ F % 8] 0 B34
T U BRI, FAr TR MR EDMTAD Z L AR LT,
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Vehicle Model

Engine Model . -

D0 REB®

GVW 4,135k

M/G
Engine
Clutch

Motor : Torque Assist

Brake : Regeneration at
Collaboration

(Separate of Engine and Motor)

Clutch : Off at Accelerator Off ]
Engine : Idling Stop ]

100 i T 100
S rete Ope/:wng Vehicle Speed X
&l o9&
DIES 2w
<|E i
= =l3
2
NIE
Siz
g3
=y o) M/G Torque /Vi _________________
W= R}' -------
-300 Shift Posi.
2000 -
Qe
2 —
'g S 1000 +-----g4--YF-W\F---V-F---------
ool ©
S| 8 4
0 h Fuel (‘n:nc =
500 550 600 650
Time [s]
Fig.5-21 Vehicle Performance of Model Vehicle (Simulation)

(4) RIBERMOREL

WRETDOT A R 7 ANy 7 77y FUEEL, 7 b—F@RL, brr 7R
N FEDOBTEFIENZ SV TREEZAT - 7o, IR ORI O = > 2 Rl L O EH
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EXENVHEBT— 2D N7 %, AMEREH O ¥ VX A FTEA—FETHOIE LT FEE &
el LT 5-22 1273, = PV REREICE H I 5 & B I

C 525, MEREED = > 3 o [BRE SO T80

WIRHZ S D DR & A

HIEDT T A R v VRS O[T —E LT,

Fo, BHEERENHBEEI T — X OBE RN IICEETDHE, 2HL L —EEFTICBWTERY
AULDHH0O0, BRULREEOFEEFAZFIHTX/, 25 L0, HILS |2 THEEE L 72 (AR
I, EEMYOET G N7 EEMR LT,

w o ©
o O O

Vehicle Speed
[km/h]

o

150

o

-150

M/G Torque
[Nm]

-300
0

| — Real — Sim. \M

Veh/cle Speed

L : = f
il |‘ . ShiftPosi.

B N T

(Sim.)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Time [s]

100 200 300 400 500

Engine Speed  Position [-]
[rpom]

Fig.5-22 Model Vehicle (Simulation) vs. Actual Vehicle (Real)

5.3.2. EEREH

Bk 53.1 @@V . HILS THIINUANAL TV R Ty 7O A 7V v RElEZFB L
TARAEE C, RHEMYOETHRBRNMTAD Z 2R LIz, ©£2C, HILS #H\WT, =

DU R L T Y AEiE XY

(1) ETE2—2

AT/ — 21, TJE0S — K 8 X 80kmv/h IKIH ETIZ A
T — ) Thb,

(2) ElmEH

B OHNEDTEEAT > 72,

eI DREWT AL 2 F R L 72

PARE X, RPN T 7 (EWRES : 7,950kg) Zi8E L, PREHEREE (5,870kg)
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I CEBREITo T, BHlRETE R 52 1R T, =Y, 470 BRI 4 K[fEA v A —0—TF
H—RF ¥ —V v T 4 —ELrz= P (DE5S) THVH, £ 52 IZr-T#@YHxKH
158kW/2,500rpm. fix K~/ 2 628Nm/1,400rpm % 36445,

Table 5-2 Vehicle Specification (Medium-Duty Truck)

Vehicle weight 3,790kg
Full load capacity | 4,050kg
Height x Width 2.465%2.230m
Tire radius 0.4030m
1st 6.574
2nd 3.831
3]
© | 3rd 2.274
S | 4th 1.385
o
5th 1.000
6th 0.729
Final gear ratio 4.333

B E BT — & 1. TR 30kW D (YZ901-MI, VERREMARD) 28 L=, #5#
L7~ iR E B E T — & O ca R 5310, hry (W) A2 X 5-23 1577,
AlElk, HEEREHEST— X O T ALIZ Y- | BEREREZITV., M7~ v 7%

HE~ y 7HEERG LI,

Table 5-3 Motor/Generator Specification

Type

Permanent magnet
synchronous motor

Max. power

117.5 kW / 3,300 rpm

Max. torque

340 Nm /0 - 3,300 rpm

Max. speed

7,500 rpm
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BREDFH N > 7 Ui, TN ANA 7Y » KT o 7 BN E#9 5 2.0kW (7.5Ah) Z4EE L
770 BRENH N T U DT ARIZYS =D . Ny T U OEEIRRE (SOC) (ZxId 2 BHiEE
WEHEPLZ BB LTz~ v 72 Bt LT, MBHAEIC LD FREITIT- TR,

600 3 5 5 150
400 - 1100
‘| 200 - ‘50 =
3 3
’5 [e}
2| -200 - 50 o
-400 - +-100
-600 | 5 5 -150
0 2000 4000 6000 8000

Motor speed [rpm]

Fig.5-23 Motor/Generator Torque and Power

(3) /N4 T FHIfEAE

TV URIEFRIR LIS T U U R BB ST 572, K524 1R T K D I EEhERE) H]
BENE— X2 C, TR L OEIAEZFEMTIZAT O HilE % Bk L7z,
OFETER b7 B VUi £ VIRV & X ¢ [0 < Tgmemana < Tgmesn)]

Tq(Engine) = Tq(Best) (5-48)
Tq(Motor) = Tq(Best) - Tq(Demand) (5-49)
@iE{Tg* /1/7 z))i///ﬁﬁ fj%lﬁﬂ#‘?{; D I_Jl/\& % [TQ(BeSt)<Tq(Demand)< Tq(Max)]

TQ(Enginc) = TCI(Bcst) (5-50)
TQ(Motor) = TCI(Dcmand) - TCI(Bcst) (5-5 1)
Z Z T,

TCI(Dcmand) %{Tg;‘k ]\/1/7 (:‘/X?A ]\/1/7) [Nm]\
TCI(Engmc) %K@JI/// I\/l/y[Nm] TQ(Motor) %ﬁiﬁ'ﬂ:ﬂiﬁ%‘—f’ l\/l/7[Nm}

Tqmesy : T2 ¥ 2 Al iR £ b2 [Nm]. Tgmmay @ 28 F V27 [Nm]

B ZE, HAEST h L2 2% 1,000rpm T 400Nm B RBRIZIE, =2 TR R iR
D V7 200Nm ZRAE ST, RET D MLV B EEREHEIT— X D7 VA MIE VD,
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—J5, BLEEST bV 2 A 1,000rpm T 100Nm S4B 2Bf T, — 2 ¥ i@ gh R iR Lo kv
27 200Nm %342 &8, 2o 72 100Nm O b /L7 Z BHiErE BT — 2 I L W B SE S,

700 - T
600 |-~ -

500 - -,

400
300 -+ N\ - - consumption c;urve

200

Engine Torque [Nm]

100

500 1000 1500 2000 2500
Engine Speed [rpm]

Fig.5-24 Hybrid Logic by Operated Best Fuel Consumption Curve

K ZEH L72FRANS 7 U o KT v 7 (BRIRFEANAL T U v RET v 7)) DET
T HERD bV 7 FEARI A K 5-25 1273, JEO5 B— REEESTH Y, X BB TEE, Bk
Ty MV TEITEEEKENHERIT— X O VT ZEERINICK L TRT,

— Diesel Truck

— Conventional HEV
3 — High Efficiency HEV
C%J_E 100
% E 50
— 0 [
S 500

-250 -g)—'
S 500 o0 g
gg 250 1 }Assist
': zZ 0 1
L2 = 250 Gene
S -500 -rator
1400 1500 1600 1700 1800 1900

Time [s]

Fig.5-25 Engine Performance at Each Truck
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s Rl & LT, R a8l 27 —EBLV T v 7 (ERFPRINT v ) &
531 TET/MELTEHIRANA 7Y » RSN 7V v R Ty 7 (PR 7Y
NhZv7) Thd, ZORMBFERANLTY v Ty 7%, #E 65km/h LL EIT72 5 & Hifil
BN BT — IR D7 VA REITORWEIEE 2o THEY | R N T > 7 LRk,
TV URMTETEIT ), K525 IORTHAERIRANAL TV v R R T v 7 L @ghRpR o
7Yy RETZ v 7%, JE0S E— RETHIZ TNy 7T V=R LFIENAE R (ASOC=0) Dk
BETHD,

TR TRTEDRFANAL T Y v R RT w7 O P BB EEREIT IS U 7 5o 224 #h
R ETHEIEL TWD, fERFE LT v 7 RAABHFERINA 7 U » R R Ty ZIZHA M7 O3
N . TD M EBIEITNES L o TND I EBGNnD, mEhERE AL T
v R N7 v 7 OHEMEKEHEIT—X O ML ZICERT D &, BUlRHCEIA 2 BG9 5 720
T <, ETHR nEH) 2B T HIEMIICHEEST VA N EITo TWDERTF R0 %,
5.3.3. RER#ER
HILS THEE L @Rt 7Y » R M7 v 7 TIE0S £— REEfiME— REZETL
7zo X15-26 (Z1%, JEOS &— RAEfTH (ASOC=0) O v U Eliisfie vy TRaIhbd Ty
VUBES A A R T, BIENZIERER T N T 7 ARBAFRIANAS T ) y R T v T %, K
FANZITRER PR N T > 7 L @hRFRANL T Y v K NT v 7 OBEGH %77,

| ® Diesel Truck ® Conventional HEV | | ® Diesel Truck @ High Efficiency HEV |

700 ; ; ; ; 700 T T ‘ T

600 I AP T —— i ,,,,,,, : ,,,,,,,,, 600 [-------o3 T~ ; ________ ; _________
Z 5000 ‘ | | £ 500 R A\
[ . [ 3 Fuel-consumption
g 400| AN . g 400 /- e Cune
L L VY ‘ S BN ' | |
5 300, AN A— 5 3005 QB A
2 200 #3 - S R S 2 200 4 S

100 [~ 438 o 100 £ ﬁ

: N o VI

000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
Engine Speed[rpm] Engine Speed[rpm]

Fig.5-26 Engine Operating Range (JE05)

0
500
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BARPRANA TV K NT v 713, BmEET V7 ZBEfIlcT o b Bk ) 8 £
— S ETHRLIZZ NG, Z o P UVEIESMITIERT R N T v 7 O D CEIES M LY
AR MV RNAEAET Do —H . @IFRPEANAL T Y » R T v 7iE, KPR Rz
g LI T DU R S D L OMEEZ RS L TR Y. ZoflEE D 2= Y DEE
RIS 0 A L TN D Z e b,

4 527 (R EE— FICB L Ch, JEOS & — RAETTR & FERIZ, mhRhil g 7Y
> B hZ o ZIXFICHE#EFEMR LI TEBI L T\ 5, =0 O VENEEIRD = O L AREIR
fICTHER L CO LB, = VU @ARER CEIER S L7207 7 A T X7 A ikl
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Fig.5-27 Engine Operating Range (Intercity Mode)
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Table 5-4 Fuel Economy by Medium-Duty Truck

JEOS Intercity Highway
Diesel Truck 7.50 8.62
Conventional HEV 8.41 1
High Efficiency HEV 9.15 9.07
[km/L]

Table 5-5 Improvement of Fuel Efficiency (vs. Conventional Medium-Duty Truck)

JEOS Intercity Highway

Conventional HEV 12.2 0

High Efficiency HEV 22.6 4.9
[%]

UbEXy, = Vo il b T DU AR S5 mhEP ANl T Y v KT
v 71, BEHEE ROUGEITNRN TH L Z L3 nhoTc, £2 T ZOHIEGIEZ e
DFTANA TV v RURT LABEHEHEEEY b7 v 7 OREGIECENT5 2L & L,

54. HARXNA TV Y FORTLDETIVIEE

IR NAT Yy RURAT AF, ORI i BRE) BB £ — X 2LV [EA Lo x L ¥
ZEREN N > 7 VICHTE L. i V7 DSNEEE 72 5 ETRIZ I W TN ) BRED 28 vl RE 72 FE
AT CHBMERI 2 7 S A R L, RoTe Ny T U = 3 L X CTHIBIAYIZ BEERE) H B E T —
ZEMHT 26D THD, £I T, 512 THRELZHIANA TV v R AT AR A
B b7 > 27 A HILS THEEE L. RENHE RUGENR 2 MET LT,

5.4.1. ElgH

BHANA TV FURAT AEHEHEMEEY ~ 7 v 7013, Bk L72Hi T RoNA 70 > R
U— ML A URHEDEY | ERRIEBEEY 7 v 7 O E 1IL = P U bHExE 4.7L —
VIOUNKIBIZE D YA XT L, m VBT A RENRET D ML i, EENE
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DEE, K 5-6 (TR T LD NT v 7 NAREE A —=DHEAEDPIIIERRFE 21T > TV D R
ENAT Yy RET v 7T o= vr, HiERE)HERE— % B LOBEIH N> 7
U DFETCTENEBEN BRTT 20 T NA TV v RURAT LAEREREED T v 7 OFE
IR DRE LR IE LT,

Table 5-6  Specification of Manufacture’s Heavy-Duty Hybrid Truck vs. New Type HEV ¢-7:8.9)

Manufacture A | Manufacture B New Type HEV
Engine oL 13L =[Downsizing]= 4.7L
Motor / Generator 100kW 120kW =[Equal]= 105kW
Battery 30kWh (~15kWh) =[Downsizing]= 10kWh
(Flr‘:li'ro'f\/(;?:;ftf‘rgte) 12% 10% [study point]

<vs. Conventional Track (Driving Intercity Highway) >

BHANAT Y FUAT MMEREEHEY L7 v 71203, = V3R E 470 ek
NV 7 624Nm/1,400rpm) ZH:HT 5, RIE L7 X~ gs 7Y v RRXU—hK LA D LY
e (X5-16) TR L72i@ 0 FEEREBGFED MLV 7 BIGHIRIZ X 0 K L2 733Nm/1,200rpm
L7 %, HERE 1IL OFRK M2 IS LARET D A7 2 OW T HEhEEE ] Ef# e —~ T
VY, AT AR TR L2 1,839Nm/1,2000pm 255 S5, FOES, ek SfhBRE) H &
B — 23, ARITERE T 30kW TH 523, ARFHIIBWT 3.5 FICHWERSE, ERHT
105kW. # K /v 2 1,190Nm Z 549 2 FuhSRE I EBEe— & & L TRE L7z, BEEH Ny
7 VIZBE L TiE, il NS 7Ty R T v 7 BMEHT 5 1.9kW (5.5Ah) DU F U LA F
Yy T U & S EICHEINE . 10kW (37.5Ah) OFEME L TET MEEITS T2,

5.4.2. FiAR/NA T v FHIEAE
TV UV EIENRIMR E T VU R EIR ST D 2 LT, RENHE RN RIBIZLEETE D
ZLE SIICTHRLTWD, BETT 28R NA 7Y v RURT MMERHREREEY F 7 >
CBALTH, = OFam Rl 2 FMmp s 3 561 & L, BUTIC, filfEE
DFE & TR T D,
QHEHIMEVEE T bRV a v 148 <[X 5-28 B>
HOREMEOFE, BICHEBOFEE - AFIEOHENZSWNETETZIT> T D, TORRIEHE
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HEXENH BT — 2 I LD RA T R VTR SN2, T2 C, Y7 hARY Y aryn 14

DOEEARF T, BBV EERE — 2 2L 2D P T U R P EBEBIICHIET 52 L & T 5,
<HMAETT bV 7 A5, ONm~FEENEAGEEAT = > 2 DR L #HFANO S

[0 < Tgmemana) < TqEs+esc)) >
X 5-28 /AN /R . = VUi E T2y VU R EIRSE D, TOBEOE
HHEREN FH EE T — X X, BEST VA N EEBIZIT O

TQ(Enginc) = TCI(Bcst) (5-52)
Tq(Motor) = Tq(Best) - Tq(Demand) ,for [O < Tq(Demand) < Tq(Best)] (5‘53)
Tqotory = Tqmemand) - Tqmesy > for [ Tqmesyy < Tqmemand) < Tq(pEs+esc)) (5-54)

<HWELT by o Ay, EEhEfeEA T O DRR VT LD b REWVEE ¢

[TQ!DE5+CSC)< TQ Dcmand[] >
% 5-28 AN RTIEY . BENEBE T 2 132 FL Y (DE5S+eSC) (2 TBHEI1
boe RIETD bV ZHEEREHEIHET—XIZLD T VA NEITH,
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Fig.5-28 Control Approach of New Type HEV (Shift Position : 15 — 4" Speed)
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TqEnginey = TqDEs+esC) (5-55)
Tgnotoy = Tq(Demand) - Tq(DE5+esC) (5-56)
ZZ T,

TCI(Dcmand) : iE??g;k ]\/1/7 (‘.‘/X?A ]\/1/7) [Nm]\
Tq(Engine) : ‘%‘B@JIT/T‘/\T/ }\/lxﬁ[Nm]\ Tq(Motor) : %B@J%@J%M& }‘/V&[Nm}\
Tq(Best) : I‘/“/‘/%iﬁ&‘j}%ﬁjﬂf@i@ ]\/I/y[Nm]\

TqmEs+esc) © BENBAGHEIT = ¥ v DAL R L7 [Nm]

QBB EWOE (7 FRY T g :5-73H) <X 5-29 B8 >
HOEN @O IX, FICHEE O3EHE - (Z1EOBEEN DR WEEETTE2ITo TV D, Z DR,

HERERE) HE T — X I L A AT RV FREHES T D72, 22T, Y7 ARV arn
5-7 O TENARE Y, BfhERENHEE T — X 2 EmAIER L, BEEITHI L LT 5,
<HWAEIT bV 7 A, ONm~T > P Ui R ih#R o kv 7 &N OB 4

[O < Tg(Demand) < Tq{Best)] >

4 5-29 72 EANR @Y | =2 VU REDRIR E T Y AR SE S, TOBRD
HEhERE BB T — 21, BEEIT O,
TqEngng = Tqmesy (5-57)
Tqomotory = Tqesty — Tq(Demand) (5-58)
<HEEAT bV D, =Y s~ DK bV 7 AN O A

[ Tg®est < Tqmemand, < Tqmrs)] >

4 5-29 A5 BN R Y | BENEGHEM =Y i3 o D U BIR T ORK My (DES)
CTHEET 5, £ OBROHEERE I EEE— 21X, BEET I,
Tq(Enginey = TqEs) (5-59)
Tqmowon = TqoEs) — TqDemand) (5-60)
<HMET VI, 2D ORK MV FHN~ BN T O DR Ly

FPHANDOEHZE : [Tgoes) < Tqmemand) < Tqmestesc)] >
5-29 /& FANZ /R 98 Y | EBENRBEEA = o O X EENEAAHE 2 B S - RO KK b
V7 (DE5+eSC) CTHBH#IT 5, Z OO HEIEREHERT— 213, BEEZITI.

TqEnginey = TqDEs+esC) (5-61)

Tqotoy = TqmES+esc) — TqDemand) (5-62)
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Fig.5-29 Control Approach of New Type HEV (Shift Position : 5" — 7" Speed)
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<HLWELT by 2 Ay, EENEfeEA T O DRR VT LD S REVEE

[ TgmEstesc) < Tqmemana)] >
5-29 45 AN R 8@ Y . EEhESGHEA = P 13K RV Y (DES+eSC) (2 CRE3
Do NETD 7%, HHEEREHEET— 22KV 7 A M EIT O,

TqEnginey = TqDEs+esC) (5-63)
Tqgmotoy = Tqemand) - TG(DES+eSC) (5-64)
Z Z T,

Tqmemandy : EITER hv7 (A7 A FV7) [Nm],

TqEngine) : BRE) T > 2 BV 7 [Nm], Tqovown @ BRENEENE— % h/L2 [Nm},
Tqmesy : T2 ¥ 2 A= i _ £ kL2 [Nm].,

Tqors) : T2 Y OEAM bV 27 [Nm].

TqmEs+esc) : mEBENEIGIEIT = ¥ OB M F /L7 [Nm]

5.4.3. ETILEE
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Fig.5-30 Engine Torque Model
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T oY aANERR (DES) 1TV, Map ch3 IZEENEGHEZ 15 L7 REEIC 1T 2 1Elx
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Fig.5-31 Fuel Consumption Model
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Fig.5-32 Electrical Supercharger Model
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(3) BEBANNYTVINEZETIL <K 5-33~K 5-34>
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Fig.5-33 Diagram of Battery Balance
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Fig.5-34 Battery Model
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Fig.5-35 Hybrid System Performance of New Type of Heavy-Duty Hybrid Truck
(JEO5 Mode, Half Load)
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Fig.5-36 Hybrid System Performance of New Type of Heavy-Duty Hybrid Truck
(Intercity Mode, Half Load)
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Fig.5-37 Engine Operating Range of New Type of Heavy-Duty Hybrid Truck
(JEO5 Mode, Half Load)
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Fig.5-38 Engine Operating Range of New Type of Heavy-Duty Hybrid Truck
(Intercity Mode, Half Load)
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BT 572012, TOFEBHB ML L TENLLOTHD, 22T, = VU EfEEEN =
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(3) NYTUIRILENG VRO

AEE T, BEEH ANy 7 ) DXV FE2NT o ASHET, K539 1C—flE LT, HAK
NA TV AT AEHEEBEEY 7 » 7 BNEH T — R&ET LIZBEOBREN N > 7
U @ SOCIZxtT % = o 36 L OHEERE) H BB € — & O SR OHER 4 757,

EXEY N> 7 U D SOC 2MEW R (IFR oo i) 1, Sl H B 8h e — & | & 2 Rl
IRFEHE 21TV, ZOBREEhRAE A WIS A 1T o, — 07, BEIH N> 7 U @ SOC 73
BVEE (BFPORER) (X, @ b7 BER ST HEENRGHEZ i3, HihEkE) BT
— X TT VA RNT D,
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Fig.5-39 Battery Performance of New Type of Heavy-Duty Hybrid Truck
(Intercity Mode, Half Load)
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? SOC 1% 52.2%~60.0% T 5, —JF. FHRNA TV v RUAT MEREEHED N7 >
7 OEEEHR N> 7 U O SOC 1% 52.9%~60.2%Td o7z, xBI, THEHEETIRFO ETTRRMATE ~
1000 N W TIE, RS 7V v RV RT ASHRERHEY N7 v 7 OB H Y 7
VRO RIEDMEABORFE#EY A 7V v KT v 7 L0 LR, DF 0 246, it
EATREOFSRNA TV v R AT MR EREY -7 v 7 OBREIH Y 7 U D ASOC D
MEA/NSNWZ &b, EIlAKIZH L THAFITHD EEZ BRD,

Wi — RETRICIS W T, (RO REBESEYW A 7V v F b7 v 7 (TElEE) i E
BE—XICLD I T VA MIEITATONT, =0 UM TEITET ) 2Enb, A
T U EMER LRV, WICHHRANA TV > BT AEHERREEYD b7 v 71280 T,
SOC 1% 47.7%~64.9% & JEO5 E— FEITRFL D b ZDIENARE <2503, ARIERGE L7 BiE)
M8y 7 U 458 10kWh TOBREHH N » 7 U AEFRRBUC IO Tid, —fRINZREEBIH N> 7 U
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Fig.5-40 Battery Balance of New Type of Heavy-Duty Hybrid Truck (Half Load)
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T, ST IPHERERICS T 2UENRE . £ SSITLHBERICBIT 28EDIRE RT.
ARDRHEHEE Y NA 7Y v R T v 7 1E (RO REMEY 7 » 7 12~ JE0S £— R
T, MHllEICEIOTH 24%0dE, #iifE— N2 oW TiE, HiliEHESH T — X2k 5
AT NZ LD, IEROREMEYD N7 > 7 LREOEE R L, Thbia ik
Lica oo U — ROBREREERIL, BEEEICE O T 15%D0%ETH 72, RIS, ¥
ANA TV RURAT DEREHEMEY ~ 7 > 715, (ERREMEY ~ 7 > 7 12, JE0S
— R CRElEIC X 5T 52%., T — FTK 29%DBERNERWHELZ /R L, 2234
VE— ROBBHEE RIIREEEICL ST 4%0dETH - 72,

Table 5-7  Improvement Rate of Fuel Economy (Half Load)

Fuel Economy of
(vs. DE11) JEOS Intercity Highway ||Heavy Duty Vehicle
DE11+Motor 24.5 0.0 15.8
New Type HEV 52.1 29.3 43.9

(%]

Table 5-8  Improvement Rate of Fuel Economy (Full Load)

Fuel Economy of
(vs. DE11) JEOS Intercity Highway ||Heavy Duty Vehicle
DE11+Motor 23.8 0.0 14.8
New Type HEV 52.1 28.5 43.2

(%]

RZIZ, KT v I RABERA =D RHE L WL EEEEYM N 7V v RN T v 7 D=
vV, HENERENHERT — & B LOBREN N T U OfhkRES K OMAEHN B SR g R 2 R
CTENL | £ 5-91TR T, T ORTOPRENEE RSGERIT, mdEITR OPRENE R D tE%)
RERLTNDHR, HHIZBWTERT 2 E1TE— RIZR 2> T 5,

BHANAT Yy R AT MMEHREREY b7 v 72T, &difE— FTH 29%
DIRERHE R SE LR L, A3 IET 2 REEBEEM AN 7Y v R T v 7 (K 5-6 )
EHHE LT I5%REDYGEL R LT, 7o, ZOROT ¥ OB AN Y 7 U &/ME L
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Ty, Hilje U TR U BIEEm EEOERA ML 20, m=ERHE bR TE 5,

Table 5-9 Improvement Rate of Fuel Economy and Hybrid Powertrain Specification

of Each Vehicle Manufactures ©¢7:8 9)

Manufacture A | Manufacture B New Type HEV
Engine 9L 13L =[Downsizing]= 4.7L
Motor / Generator 100kW 120kW =[Equal]= 105kW
Battery 30kWh (~15kWh) =[Downsizing]= 10kWh
Fuel Economy 12% 10% 29%
(improvement rate)

<vs. Conventional Track (Driving Intercity Highway) >

FREHREBRE D BT ANA TV FURT MEREIRREEY F T v 713, BREREE R
SEEICRN DY | RIATESRRVEDHER TE D 2 L0 T,
WRELIET, EEICU AT Aatgi L, ERICKDMGEEZT O,

56. ¥&&H

BENEAEIEIC X D=0 P U AREIRRED bV 7 HN & BEERE BB — X2 K D Mo B
INEAAB DRI RNA TV v RV AT AEHEREED -7 > 7 OBREHE &R RO E
DNEEPLLETHF Lz, ZOEE. AARSLEKMIZEBNT, N7V v KT v 7 OREHEE R
BLOPEH A 23 BRICHW 5 HILS (Hardware In the Loop Simulator) 5% vy, #Hi55
NAT Yy RURATLAORIHI Yy 7 BREE LT, Hocmiaz Ul FIZE & DT,

O =V UENFIHR E T U AR ST DA T U R, BREHE R RS
IR THD Z LBy otz, 2T, ZOHIHa Y v 7 et o RISy 1
77Uy RNT v ZIZHH L,

@ HROFME, FIEOBEERSZVTETHET AT O B, EEiEKE HER T — & I L D E4
TARLXFOEERN LoD, HMEBHEEE— 21285 Lo T v R AR
CRIAT DM E Uiz, —J, Hl O, AFIEOMEEND IV EHET 21T S BE, =
HER TN B — 2 12 K D EIAE T RVF OB 2 Tow | BB 2 B
(ZERE) S DI & LT,
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.
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FARNAT Yy FORTLAEBBERD
SEHRET{

F6E

AETH T ANAT Y v FUAT AIEENEGEHEIC L E a7 Ly PEREE R Tz,
BRIZ & DR Ay 7o B B Aa i A B L7,

6.1. FIEEHBHEIZOLT

PNEZRIT o T IBAEHE BT — % DT &2 £ 6-1 1T, I AKEIEEE DC230V. & &l

¥ 70,000rpm, AT BB BT — & O H ) 3kwi/65,000rpm TdH 5,

Table 6-1 eSC (electrical Supercharger) Specification

Motor Mechanism

4hole-6Slot Permanent-Magnet Motor

Supply Power DC Max.230V
Inverter Type IGBT

Motor Max. Speed 70,000rpm
Motor Rated Speed 65,000rpm
Motor Min. Speed 6,000rpm

Motor Rated Power (Torque)

2.5kW@65,000rpm (0.37Nm)

Motor Max. Power (Torque)

3.0kW@65,000rpm (0.44Nm)

Motor Max. Temperature (Stator)

180°C

Motor Cooling Type

Air Cooling

Axle Bearing Mechanism

Ball Type with Grease

Compressor Impeller

d65mm

Alloyed Magnesium

Compression Ratio (Rated)

1.34

Flow Volume (Rated)

0.0733kg/sec

Weight

3.4kg
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6-1 IZEENRBEOAEZ X 62 IZHBH I Wb a7 Ly oA o R_RIEOINE %
/:I:.

Yo A T DL 65mm T, \lEsFE L DR T D0 v /2 vy A5 THRIELT,

Compressor Mator

Stand for photography

Fig.6-1 External View of eSC

Fig.6-2 External View of Compressor Impeller
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6-3 [CHEENRFIR DT AT A ZR Y, MEBEOMIEEIE A = Z G | @i
RS T — 2 ITBRENHEE S E S OMETH D, ZOA A A=F I H 12 % EEhil
D R T A "=y FOIELZ 6-4 1T,

N Y
SPSW(Tr Inverter
PPl C : Compressor
/ ~— M : Motor

Fig.6-3 eSC System Diagram

Fig.6-4 External View of Driver Unit for eSC

RIE Lo EBEEia A BT — X OMERB A 6-5 12, 27 Ly EREA X 6-6 12”7,
SEEELIZ2 7 Ly ORI E LT,

- X0 EWa T Ly PEER TEWEAERE LD

- FR R TTOE O BIAZ DD 720

< [J CAEELS T 7 Ly BRI 3~5% 0

Foary7vy otttz X o7,
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Fig.6-5 Motor Performance of eSC
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Fig.6-6 Compressor Performance of eSC
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6-7 [ EIN T DA T —F B LU r— % OABIXZ <7, KA DAL
D 4 15-6 2wy MEEL L, @i« & H I DERIC IS 2 X o 7o, KRR O EnE R 2 1 HE
T D70l v 7y b 38Uk L~ 73y M OIRETHEERE. @z, B R
AT oTc, Fio, BREE—ZHDBERIFOEERZME L, v~ 7%y ORI RO 7290,
)7 Vv— R~y MR LT,

Stator Rotor

Fig.6-7 Stator and Rotor of eSC

Split Magnet

Magnetic Force

Fig.6-8 Cross-section Shape Permanent-Magnet Motor

7. K@t ER A #3720, BRELEO @A K-z, BRI, A v
N=BDAA »F > 7 FNU —FF % MOS-FET 75 IGBT FRA~EH LT\ 5, 72721, —
M2 IGBT 3 MOS-FET SRUZxt L, AA v F o ZHENS O | @i EET— % O
HEICHIRI N 2 & S TNHCHD, Hlgl LT, Wi O— L £ 6-2 1T1 7,
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Table 6-2 Comparison of Inverter Characteristics ¢

Characteristics
Inverter . . -
Type Use with Voltage |Use with Current| Operation Frequency
Low High Low High Low High
MOS-FET O O @)
IGBT O O O

—J7. WA EEE— ¥ OfIEIC & oY L ARG b TS 72, E—Z [ElER
BNRTED &, EEFET—FOFEBELFH LIAEREDATERR D, A0 e
BEZR T — & e KIRlfs S 3, 6,000rpm T 5. 6,000rpm LA T DRI 72 » 125513, — B,
BEEIE—ZFIREEIC L T EENE—F ZEE), METLI0ERDH L, TOD, WiEE
FAIRFOD K 9 ICHEENE — 25 IR 2 M R ICTHR TE R WAL H 556 2 8E L, EEIE
— 2 EEN% I, EEhEATE A LR WIEEIZs VT 8,000rpm T — # iE s & fifR: (£—
2T ARV 7iER) T2R9CHI Lz, BE—2T7 A NU 7 ERZIT O & IHERE 013
325, WHEENZHEW T, EENRGHERMEAREL D & REIC/NZ 0,

80000 4000
___ 70000 3500
5 S
Q. 60000 - 3000
— [¢}]
3 50000 - 2500 %
L 40000 - 2000 &
w 3
5 30000 1500 Ef
"5 Dead time~0.2sec o
= 20000 —— Motor speed 1000 S

—— Motor input o
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Motor start order

Fig.6-9 Rise Time Performance of eSC

Fo. K69 [ZET—=F DL ENVRMEER TS, = X RERITY AT AL KO
HILPEREE] CREIER) & L TR 02 I BEE 0D, =— X T A RN @A T > 126
CORERHINELS 25720, BE—F D LR VIFMEZEKETEDLA Y v FBH D,
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6.2. BEBARBEE L UBRT/N\M/NIXABUYER S X T LOEHERE

6.2.1. EAE
%3 mCTRLIz=r Y (DE5) | WG & RS A S AREEN ) 2 2 AT b E

T DI, T D OFEHEREHS L OER O 7o D DI A 1T o 1o, A E LU TSR T,
OEIEAE GkW E—%) ZEHT OB, K 6-3 IR ITHHRMEELEBET D,
QEIBAEHEOBRBEMBEIL, = VUMREOWEN LV LD, IBENICHHFRTE LA

=7 =7 Til& T 5,

MO0 2 V7 L LT, HIR7L =Y (DE7) AOWR Y ¥ v ¥ 2#H#T 5,
@FEERFAHE & R E 0 B2 LTI, SNBHEEEE I L0 HET S,

O v ¥ OB DO TR 2 i) /NS < T 5,

@FEEIBAAHE & R0 B2 VLT OBFIL, TP URREBE SN T D ERSF OR
MERZFIHT 2,

DT VU PRESNV TV DLRRRTFORE LA T U MEZERNICHE L, &1 5,
FER AT L E LT, BEHITHBE LRV,

OEHEMELHER STV OBEFO = O Ui i 4 5,

> 9

Table 6-3 Engine On-Board Condition

Ambient Temperature -40 ~ 125°C
Vibration Resistance Under 10G

Cooling Type Air Cooling at Driving (Estimated Wind : 5m/s)
Lubrication Type Unwanted (Ball Type with Grease)
Waterproof Type IP68
6.2.2. HEEERE
%] 6-10 | E B AT L OFEHAME M & | K 6-4 [ZH MO —E AR T, oML —EENS

X, BUHT ORI NE, 7T TSRS L TH D
EENEGH S REY 0 2L T EWHNCEL 2, EEROT VIO T X
(FHm@) Z#REL, = Y UBHoBBEoa 7 vy A0 LR LT,
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o Air Intake Pipe
(Bypass Piping)

Fig.6-10 Schematic View Around Engine + eSC

Table 6-4 Parts List of Engine + eSC

Parts Number Name
@ eSC (electrical SuperCharger)
@ Control Valve
©) Intake Hose (Rubber)
@ Intake Pipe
® Clamp Joint

6.2.3. EEBRHBRBOKRE T O oADES

¥ 6-11 (Zfikik— 7 (DES) (ZEENEAGHE 2 58 L 7RI 2. X 6-12 (TR /S A /X A B
Y102 IV T g e BEaiaiE S AT L OEHEIRIL AR, 1R 6.2.2. TREF L@ Y O
HoRPL & Ae o TN D,
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Fig.6-11 External View of DE5 Mounted eSC

Control Valve

Air cleaner

Turbocharger

Exhaust

EGR cooler

Inter cooler

\ / Setup
S -7 (Downstream Inter eSC Cooling Fan for eSC

N-—’

of Intercooler)  cooler

Fig.6-12 Operational Status of DE5 + eSC (eSC : Working)
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6.3. MRANANRABUYEZ L X T LDOLERRE & & UEEREREE

6.3.1. MK/ /RRBYIYER SR TLOLEH

ABFZE TR, K 6-13 1R T & 91T, K b v OFSREE D m O JEE - DI E 7 & o0 i i
BRI BN 2 FE S8, 2 OEIRRE CIXETBRAR A IF LT, = vr
PO O A OB HEIAE LT\ 5, 20O X5 RESBHREOEB 2L LT,
¥ 6-13 I/ RTIRE A NABE LR O B2 SV T BB L 70D, & 2T, WRSA SRR
Gl Bz v AT AR 21T o T2,

FT. WMEAAASREY 02 2 AT LOEERERE T DML B2 LT OBE

EATo T, BEICHLY . DINOR TR E2HRE LT,
O —fric OB IL, ZNLSOEEIREE L W b b EEZ 6D,

Tabb, BENBBHESEE L TRV REHTH LM REVNEEZ LR
Do T, NVT OEITEAR, J—~wAd—T T 5, KRR, a1
EHEZHT 272/ L E—T7DETHEH Y THDL EEZLND,
@ AR 2 VT, WROFERICAE SND Z L2 b, RRRAZERER, T/
DHERE I RIZBEN T, ST RBREOEEEPTFAEL T TRIT TR 60,
@ BENRAGHOBIEICEMETHIICENEEZZLND Z EnD, ZOEEEE L2V X
o, AU EZ SV TG OO INEEZ A 20N H D,

@ FRkOx Vv b D VT HERHIE ECU & OMEhHIfE S ATRER LR 2 H T 54 v ¥ —
7 = — A %Al 7RI B 70,

® HEEMEZE LTHEAEERH Y, BEMEOESWASLT THDLZ ENREE LYY,

BREtORER, MKV 2 V7 & LT, PR&E L =Y (DE7) HOWSR Y v v ¥ %
BE L, #6510, BELAERBEZALTOEEE TER~T, RS ¥ v XTI
7 74 FROEBEEE LT TH D, BRPAMEREE LT, R0 03~04 ¥, 2f=4
B8 0.1~02 D/ VT BARAISE M2 & o, BARBRIC K20 T OWRNRIT 1~2% T, |
EANEEBEHTEDL LNV THo T, WEHEIT— 2 1IAT vy 7E—2ATHY ., +
I EED I 2 FF D, DC24V BEE CTh 5, X 6-14 IR Y ¥ v ¥ DAL ZRT,
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Air cleaner

Turbocharger

EGR cooler

Inter cooler

Intake
throttle

EGR valve

eSC

(a) eSC: ON

Air cleaner

Turbocharger

Exhaust

EGR cooler

Inter cooler

Intake
throttle

EGR valve

eSC

(a) eSC: OFF

Fig.6-13 Switching System for Intake Pipe

Table 6-5 Specification of Control Valve

(Valve Open/Close)

Control Valve Throttle Valve by DE7 (7L)
Butterfly Structure
Valve Type Normal Opening]
Inside Pipe Diameter : ® 65mm
o Stepping Motor
Driving Type
ving 1yp Driving Voltage : 24V
Response Open — Close : 0.3~0.4sec

Close — Open:0.1~0.2sec

Control Regulation

from ECU
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Motor

Butterfly Valve

Fig.6-14 External View of Control Valve

6.3.2. BERIHOC Y DIEE

EENRAGHER X ORI A ARG 0 B 2 V7 & IS 2 38 R A 1 A R LT,
6-15 [ZEI D B2 VT ay bu—T OMELZ | (X 6-16 (il E L E OB A R,
BENRIGHE D A L N—Z ~DOBEHHGIT, EEEBHRIERE CATH A4 BRI A L TTT o7,
HAREEIL, SEENY TV OMHEZHEL, 220V & LT,

Fig.6-15 External View of Switching System (Controler and Valve)
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DC Supply
(Max. 230V) || AC 100V

Driver Unit . eSC
i71 (Inverter)

Accelerator
Openingor [
Engine Speed | |
1
1

Signal || Operating ¢ |
Converter PC £

AY]
_________________________”\( Control Valve

Control Valve

A A

Transient Operation Controller
Control Device |

DC 24V

Fig.6-16 Flow for Working Switching System
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D RE iR

TIRNABRELRZ M) AL LUTHEAL, EEREGHEOREE & V7 2 ElhE e O JR0R
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T D EORMIELZ KBRS D, ZOw, WIGEEHIEEE CIX, 727 L
ERLO o P Ui E A L, EEhiaHs KO 7 2l 57 7 e VBEE =
VUREIC LV EE T Ll Yy 7 2B LT,

F7o, BENRGHE TIL, EEIE— X O b BRI Z AN L. - 2 FIIREA T
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Fig.6-17 Engine Operation Pattern at Transient Response Measurement
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Fig.6-18 GH5 + eSC Torque Performance at Full Load
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Fig.6-19 GH5 + eSC Torque Performance at Full Load (800rpm)
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Fig.6-20 GH5 + eSC Torque Performance at Full Load (1,200rpm)
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Fig.6-21 GH5 + eSC Torque Performance at Full Load (1,600rpm)
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Fig.6-22 Comparison of Engine Torque Performance at Full Load
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Fig.6-24 GH5 + eSC Emission (Opacity) Characteristics at Full Load
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Fig.6-25 Transient Response Measurement Performance (800rpm)
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Fig.6-26 Transient Response Measurement Performance (1,200rpm)
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Fig.6-27 Transient Response Measurement Performance (1,600rpm)
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Fig.6-28 Comparison of Engine Torque Response Time
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Fig.6-29 Compressor Map for eSC and Actual Pressor Performance
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Fig.6-30 Command Motor Speed and Actual Motor Speed of eSC (Full Load)
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Fig.6-31 eSC Operation Line at Transient Response Measurement

(Command Speed : 65,000rpm)
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Fig.6-32 Definition of Motor Rise Time (Engine Speed : 1,200rpm)
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Fig.6-35 Structure and External View of Rotor, Measurement Point of Rotor Temperature

800rpm
150
%)
g
100 e )
—Rotor surface temp. o
——Stator temp. ‘E
50 o
(=X
/ :
2
0 1 1 1 1
0 5 10 15 20 25
Time (min)
1200rpm
150
%)
o
(1)
100 ——c———————mece === | o
g
=3
<
50 7}
/ —nRotor surface temp. £
—Stator temp. e
0 1 1 1 1
0 5 10 15 20 25
Time (min)

150

100

50

150

100

50

Fig.6-36 Temperature of Rotor and Stator (Command Speed : 65,000rpm)
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Fig.7-1 Diagram of Hybrid Powertrain Test Bed System (Image)
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Table 7-1 Merit or Demerit of Each Test Method

HEV power- Real Virtual Vehicle

train system Vehicle (Simulator)
Flexibility of HEV layout O X O
Measurement of exhaust-gas O O X
Heatgeneration of engine, M/G O O X
Examination cost, time O X O

(O:Good, x :bad)
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WTCIE, Zofilfin Yy 7 2 ETVICEEHRZ D 2 & THRA 2GR 2 TR S DT
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Fig.7-2  HEV Powertrain System Configuration Diagram

AIEEOHIE 7 v —% 7-3 ZHWTEB T %, PC2 NOEME T /LIZ LV B &7k
RElZ B e PV RS EREH S, £ ORESEICE S X DYL, DY2 % DY il 2 #E5i

150



FTE FARXNATV Y FORTLFHERAS LRBRCATLDOEE

Hilf#E9 %, DY1, DY2 OZNLNOEERENIE by 7 A — % 36 L OMRERR R D A1 5
NTHEY, FRICHRE SN bvy | EESEHEITENET VICT 4 — Ry 7 Shvd, —H,
HIRFERITT D RT7ANET UL, TORESNIZEEESEICESE, 77 BV ERE
TEERD D, AT Yy FEOE) B HEOHE 21T > 2> Fr—F (HCU) T % PC1
I, DY1 L sz vic L i v VUil =v ~ (ECU) 2@ L TT7 7 &L
EAIAB BTG Ul A v v MABERE % A v /3—2 2% LT MIG #il#E 52 H 17 5,
A L R=HF, PCL 76 DOFIENE 5 IC 5SS EEIEEE 2 H# L, DY2 ([JH#E; Shiz MIG
. BRENRFICIZE— 2 & LT, [AERHZIIRER S L THIEIT 5, MIG ORB@IZ L0 28+
BNy ) EERREX, PCL CEHEND, ZO—HOHE 7 v —%2# K+ LT, T
MELToA 7 )y RHERBRE SN D,

.| DY control Inverter |le—
"| board
¢
DCpower
supply equ.
| DY controller I Vahicl (]
» ehicle 1 LI Hybrid HCU
model [pc1) —®
5T°rq“e Roadload |. v
 ference T/Cout model p;‘;‘: fa':g‘l’é
Torque
Torque&Speel Drivetrain | |  Gear A Body mass | SPeed | Driver
measurement model model model | model
Gear ratio .
Torque T/Cout Mechanical L ®
B crence Speed T brake model
| DY controller I
DY control
board

Fig.7-3 Model Flow of HEV Powertrain System
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Fig.7-4 Control System Configuration Diagram
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Fig.7-5  Diagram of Hybrid Powertrain Test Bed System
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Fig.7-6 Engine Test Bed System
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ONEFERIH & A & A — X Otk

XA FE A —4 (FREC DYNAMOMETER type-i D300, HFEA&R) 1323/ L L, 1E « w5
BASFIRE T D | BRI hyv 900Nm, [Elds MDY 1.6kgm?, B I ZPE 1.5kHz 0 mil
IGBT A o \—=Z 2 L, ®ISERGIEHNRETH D, HkaeR 7-2177,

Table 7-2 Specification of Engine Dynamometer

Max. Power (Absorbing) [KW] 225 | Max. Torque (Absorbing) [Nm] 900
Max. Power (Driving) [kW] 180 | Max. Torque (Driving) [Nm] 720
Power (Absorbing) Torque (Absorbing)

at Max. Speed [KW] 180 at Max. Speed [Nm] 215
Power (Driving) Torque (Driving)

at Max. Speed [kW] 150 at Max. Speed [Nm] 179
Base Speed [r/min] 2,386 | Max. Speed [r/min] 8,000

Item Accuracy Remarks
Detector System : Torque-meter
Torque +0.1 %F.S
with Flanged Type (F.S.=1kNm)

Speed 1 r/min Detector System : Rotary Encoder

(2) BEFE—ERVF
BET— RN TFHNICEHE LB T— Y BLOE A TEA =X ONEXEZK 7-7 BLIO
X 7-8 |2~ d, #h# L/ BEIT—Z D LI 5 ETIHRR/-EY ThD,

Cooling Device

for
Dynamometer
Motor/
Generator Dynamometer

Fig.7-7 Motor Test Bed System
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e &

Generator

Fig.7-8 Test Motor and Inverter

OFEIHE—F (MIG) HXA T EA—X DOtk

#AFEA—% (EVDY TDWKB-DSP, HiE&R) 1355iiAe L, IE - HiEHRN3FRETH
D | HAEMEDS 0.6kgm? LU &/ & < BHTSENE 1.5kHz O @ IGBT A o N— X A L,
BINE IR ATRE Th D, HARE R 7-3 1077,

£7-3 EE—42 (MIG) AFAFTEA—FDILH

Max. Power (Absorbing) [kW] 250 | Max. Torque (Absorbing) [Nm] 420
Max. Power (Driving) [KW] 250 | Max. Torque (Driving) [Nm] 420
Power (Absorbing) Torque (Absorbing)

at Max. Speed [kW] 250 at Max. Speed [Nm] 149
Power (Driving) Torque (Driving)

at Max. Speed [kW] 250 at Max. Speed [Nm] 149
Base Speed [r/min] 5,684 | Max. Speed [r/min] 16,000

Item Accuracy Remarks
Detector System : Torque-meter
Torque +0.1 %F.S
with Flanged Type (F.S.=1kNm)

Speed +1 r/min Detector System : Rotary Encoder

156



FTE FARXNATV Y FORTLFHERAS LRBRCATLDOEE

(3) =

79 A 7Yy Rl AT & (HEET VB LN KT A NET V), DY il 27
LBLUONy T VU 2 b= DI ZRT, Bk, JEHAT A 5Hr8EE (MEXA-ONE EGR,
YRR ERTRY) ZRkE LT D,

Fig.7-9 Operation Room
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Fig.7-10 Picture on the screen of Hybrid Powertrain Test Bed System
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7.2. RSANETILOEE

HILS 4Rt 5 #fE PC ECTEITEND HILS 7u /T Ak, €5 /UL~ T7 U v K
Hl] (A 7Yy RYAT L) EIE (RT7A /3BT 0) 8L OSEKIRED DK S i,
FH D ECU (Engine Control Unit), HCU (Hybrid Control Unit) & #il|fillfE 5% 62555 2 &
T, HLETHEREE & RO EITEENFRTE . SEFHMEAATREL 7250, 22T, 2O R
TANRET I, BEEHEREEE B E LT, ROOREHE Y v 7T - i EE
179 2 & D, ANHOEIRERE L T BN BB EN TN A Z D, 20T b,
PRENEE R NTRRES 2 —BERICAR S bD L EZ b 509101,

AT CIIRE B R 2 O -, RIANRETFTADRBEITI L L LT-, 22T, &
0 EZEAMNREITITESIT 5729, HILS O KT A NE7 /0T A OEIREEZ B S, o
fHEIEH TE 2 E T VAt Uiz, EERIC, ANBOEEELZ HBL LI/ R7 A4 F
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(Virtual Vehicle)
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Fig.7-11 Actual Pedal Operating System of Hybrid Powertrain Test Bed System
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721 EBREESSIURREM

(1) EBRFEE

FRL7E TN TV R e RU—RL A B BB 2T A 2 LT,

RIANRETIVERER URGEEAT O T2 OIC, REBEB TV 2 AW -FEEREAL RS L
2o RT-ILISRTHEY . 77 BARIVEBLIOT L—F AKX LA H# LT,

BT Y E, R A METRMIPE T AN IS U, JoR ) 158KW/2,500rpm, - oK R
JL7 628NmM/1,400rpm & FAET 25 470 B 4 KffiA v X — 07 —F X =R T ¥ —I ¥ T 1 —
Bz v (DES) Th o, HhkEh HESE— 713, KAWAXFEWEEL T, sAH
77 118kW/3,300rpm, #¢ K /L~ 340Nm/0-3,300rpm %347 5,

(2) EREMm

NIV NNAT Yy REXRERA LR AL 7Y > R NT v 7 (EljiEE 8,000kg) P
HjET /L% HILS THEE L7, A 7 U > NEEEANL, il m 2 HE L7z, 20 6
B¢ X7 % H+4 %5 AMT (Automated Manual Transmission) T 5, BRI o> B & #]% 5,870kg
R ICBOE LT, BMEETEZR 7T-4 1077

Table 7-4 Specification of Test Vehicle

Vehicle Weight 3,790 kg
Maximum Payload 4,050 kg
Height x Width 2465 x 2230 mm
Tire (radius) 403 mm
1st 6.574

o 2nd 3.831
g | 3rd 2.274
S | 4th 1.385
© 1 sth 1.000
6th 0.729
Final-gear Ratio 4.333
Emission Devices | EGR, DPF, DOC,SCR

159



FTE HFARNATIY FORTLIERAS ERBR X TLDEE

722 FSANETL

(1) REFSANRETL

MR RTANET VOMERE K 7-12 1277, SAERGH, SEFiAa U SRR BT
W HES U727 ¢ — RNy 7 Bl GEITRPT, ISP, & A Y, ok 6 %5
RNV EFEETSD, ERbA7 L T2 D OREEHE- ML 7 -T 7 v ABE~ v 7] b,
EATREDT 7 B N_ENVHEEZ TRIT 5, AT, EEFEEE 7 — My 7 #HHE DEE
PID (Proportional-Integral-Derivative) flfEITH CTFHEE L, 7 7 BV ~_ENVHEZRET S, HilE)
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Fig.7-13  Modified Driver Model
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Fig.7-14 Accelerator Pedal Operation by Modified Driver Model
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Fig.7-15 Accelerator Pedal Operation by Human (Manual)

Correlation (R?)

Factor “a

Fig.7-16 Correlation (R?) by Changing Factor “a” in Modified Driver Model
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Fig.7-17 Accelerator Pedal Position by Manual (Human), Auto(Original Driver Model)
and Auto (Modified Driver Model)
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Fig.7-19 Comparison of Accelerator and Brake Pedal Position at Each Driver
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Fig.7-20 Comparison of Fuel Economy at Each Driver

(Hybrid Truck, HILS)

U bow@y, BatL TWOHTANA T v RURAT ABREEREM -7 v 7 (T
AT Yy FHR) TS 2BREEZHE L, AROBERBEZHR LI FT AN
BT NVEMABEDED I LT, FEREREE N ST TETRMEA WRE L 72 %,

166



FTE HFARNATIY FORTLIERAS ERBR X TLDEE

73. F£&O
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B8E HAXNATUY FORATLEBRIEREY
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8.1. IARXNA TV Y KISy DRBIREE
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Fig.8-1 Torque Performance of New Type of Hybrid System
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cEENEGHRT =Y (DES) D=y MV AV, 5 B (5.4) THRETL
B LA & AE DY, PFRE UL = VU RIS ORR MV 21525 K5 ICHRE LT,
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s TV EIER L. BEhERE) BB — Z IS EIT N U TREETT O,
TORR, TV UREMRMER, Y ORAmKER LY +eSC
DEAFREBIC T DU 2B S5,

2000 _|E==] Fuel Map [g/kwh]

( Low = = High) H - :
; ; Engine(DE5)
1800 iR - +eSC+Motor |-
1600 -
1400 -
E
= 1200 -
o)
>
S 1000 1
i)
e
‘5, 800 1
c
L
600 -
400 - o “
‘ Optimal engine
— operation line
200 [l p ‘
O .

500 1000 1500 2000 2500 3000
Engine Speed [rpm]

Fig.8-2 BSFC (Brake Specific Fuel Consumption) of New Type of Hybrid System
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Fig.8-3 Hybrid Powertrain Test Bed System for New Type of Hybrid System
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Fig.8-4 Control Signal Flow for New Type of Hybrid System
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S, AKITER ] 30kW (K RV 340Nm) T d 5 HEEhBREN BB T — & & 3.2 fFIC A
—VET L L, BRI 112kW, Fe K R b2 1,01INm QAR O #iERE A EEE — & & L
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Table8-1 Specification of Manufacture’s Heavy-Duty Hybrid Truck vs. New Type HEV

Manufacture A | Manufacture B New Type HEV
Engine oL 13L =[Downsizing]= 4.7L
Motor / Generator 100kwW 120kW =(Equal]= 105kwW
Battery 30kWh (~15kwh) =(Downsizing )= 10kWh
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BHENA TV RRT AERERRESEY b7 > 7 OB REmIZIE, E7 bl
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Fig.8-5 Driving Performance of Diesel Truck vs. New Type HEV
(Intercity Mode, Full Load)
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Fig.8-6 Engine Operation Point of Diesel Truck vs. New Type HEV

(Intercity Mode, Full Load)

8.2.2. TV VEIMENM

FHME— F2ETLIEBEO P U EifESma K 8-6 [T, FHihANA 7Yy R X
T ABHERMEY b T v 713, Elicx oY o a2A ML s iR F. DES+EEREGHK O £
AR bl E T DU BMERN L TV S, SRIOFRMFT R TH Y, = VT EIT,
DES+EELEAGH O SARRIETHRE L T 5, KFOBEREE SR~ v 7R TE Y . B
WA E LI Z & T, =V OBBER - RENDI KAV NBMEET D, TOEKT
IUVUNBEBLTEY, BEREBEROUENHETE S, . EROREHEY N T
I DY VEIERIIEK~E AR T L TR Y . BRI CHEES TE TRy, 2
T HHFANATY v RORAT AEHERBEN T v 7 O 0V UBIESABRIERD K
HEREEY N T > 7 1R o D ARERAANCHERS L TV S B H L, EEnRAATREREIR O =
VUmANRE THEIRI D720, T A TIAFTHAEERELIZNLTH D,

175



$8E HARNATUY FLRTLEERIBBEEY LS v I OBRMEERRENR (ERBRGD

8.2.3. MM HBRWEYR

X 8-7 12, #EROEHEMEY N7 v 7 (DEWLHH) BLOHHFRAANAL TV v R AT L
WRIEREEY T v 7 DXy T ) SOC D#HEE I L ORENEE RO SR 2R T, #riFETT
I oD B 2511 25,000kg D EFEHL TH 5,

FHRNA TV RUAT LMEREEHEY ~ 7 v 7 OBEREERRIT, (RO RIEHEY
NT oy 21T 23.9% D EN R A BT, T OO/ YT Y SOC 13 41%~65% THER L1,

Diesel Truck(11L) — New Type HEV

Road Gradient
[deg.]
o

(0]
o

Battery SOC
[%]

h AT

500 1000 1500 2000 2500 3000 3500
Time [s]

Fig.8-7 Fuel Economy of Diesel Truck vs. New Type HEV

(Intercity Mode, Full Load)
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Table8-2 Improvement Rate of Fuel Economy and Hybrid Powertrain Specification

of Each Vehicle Manufactures

Manufacture A | Manufacture B New Type HEV
Engine oL 13L =[Downsizing]= 4.7L
Motor / Generator 100kW 120kW =[Equal]= 105kwW
Battery 30kWh (~15kWh) =[Downsizing )= 10kWh
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(improvement rate)

<vs. Conventional Track (Driving Intercity Highway) >

weight saving
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Fig.8-8 Powertrain Mass of Diesel Truck vs. New Type HEV

VU EDOKENS, iR, 7Y v R AT A1, BEESEY T v 7 1Cx L, s
PEZ W L7208 DIREHEE RPN RKIBLETE DA 7Y v MR TH D Z L DR TE 1=,
8.2.5. HrH H X451

—RIZ, TA—BAZ DU b E D NOx (ZERBEY) 1. BEH T AR AL E
W SCR it TR A X > T\ 2, JRFEKERIEAY SCR ARERTOHEQ IS S /=%, N

177



$8E HARNATUY FLRTLEERIBBEEY LS v I OBRMEERRENR (ERBRGD

KRS, 72 E=T (NHy) &725, Z® NHs72 NOX & it L NOx % M5 72 No 1248 %
%, ZO NOXBEILOWMKIGZ, 2 (8-1) 75 (8-4) 1rd, 22T, SCR DG
{EIREE 135K 200°CHHa ToH ¥ | 150°CLL K Tl btz L 5 NO B2{bah=: 2K < . NOx =+
INTAEIT % = L AR L 72 5 C45 07801010

CO(NH,); + H,O — 2NHs+CO, (8-1)
4NO + 4NHs+ O, — 4 No+ 6H.0 (8-2)
6NO,+ 8NH; — 7N,+ 12H,0 (8-3)
NO + NOz+ 2NH; — 2N+ 3H0 (8-4)

2T BHRAA TV B AT MERERHEEY b7 o 228, B REET LB
F—RF v — Vv ER (VU HR) OPRET AR, ABRR LA | DPF #35 LU SCR
AR OO A7 AR OHERS % i L7z, [ 8-0 IS4 IR LIS T OO BEMS B4 275 3

Inter Cooler Air Cleaner
= -~
o ~nt
<Length>
Turbo Turbo charger ~DOC

=2900mm
Charger

(TC : thermocouple)

TCO® TC® TCA

Vaie %/"m"ﬁ%

Intake
Throttle

0000
'

A

EGR Cooler §
Emissio

(Engine-out) |

| Emission TC®,/ ===--====-1
i (Engine-out) Exhaust-gas
Aftertreatment Device [
Emission/
(Tailpipe)

Exhaust-gas

Emission
(Tailpipe)

Exhaust-gas
Aftertreatment Device

Fig.8-9 Schematic View of Emission Thermocouple(TC)
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Wk OREHE R R OUFICH LA THH Z ERHA LN E e oTe, £z, HEOEEL (O
A7V v M) 20T, WRIKE Y A7 A0BEME AR DY, T b 2 R

BRIELIHTNA 7Yy NZEH T2 DA THLZ 2R LT, RIS, ¥4
ENA TV Y RUAT MERRIEBERY -7 > 7 Off SO ERLHE =2 2~ O] A
AIRE & 72 0 IEROREHBEEY R T v 71T FERMEDOHER TUOEBA L 70D Z LR ahoTz,

9.2. GEIcHIT-FREOEE

FHEBEET 217 REFEEY 7 v 7kt LT, EliOBEL (N1 7Y » KMb) &%
BB AT L OBEMEOMWEIZHE B LI BINRE 21T o 72, TORMEL LD, Ak
W Thd, —hH, KRVAT LEHEOFEITIS T, BTN MBI & S 57225
AER LI D LB Z HILD,

O #HHFLNA TV v RV AT DO, ASHENEO MR

AMFFETIL, REICEENBGHEZRIE L, WERH OF— FEITIORN U CEBNEGH 2 6
MU7z, L L, EBRICEHN SN REMED L7 v 713, —RIZBW TS RIFHFER S,
Ul AEJED ETTIEREE 100 5 km (SET D HEm b HDH 2 L EENBMHREEOMAMR LU
BN OBINREICKIS T 2 B E D 5, FERIC, BLiEkE) HEBE— 2 OBRE i Ny 7 U
O T AN XL OMEBEMEORER b LB L 72 D720 S B HHMHENLETH D,
© FEHIZ L D FEHAEATOMRGE

AEFGEIE, BT ETHEELZ (INA T Yy R NTU—RL A R ERBRT AT A ZH0,
FBRE N TIRARE N A 1T ST 21T o 7o, EENEAHA = O T FE A B, BR
BNy T U B L OHEEERE H BRI T — X IX T T U TRY -7, BHCERENH ANy 7 VI
OWTIE, EBEOM AR ERLHIT K D RIEZAEA M D 7o, FEHRFIC 206 28 R FE
TEELEEB LT 2 2 ENEE L, ZORMEOERICIT, Bl SEEMIEE OB GRS
H =) RETREIRE GRS E LTHEET LI EBREELL,

@ HEH A AR D RRELE
AL, RN ERYCEICE R LICNAE Tholo, EBRIZ, NOx FEOHEH T ARkl L5!
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WAEAT> TV, TOHH & LTiE, AHEICHWIZEENEMmEEST = 2 2id, EGR °HF
T AR AL E S O PR T 2 RN 2@ B LG %2 L TR0 b Th D, 72721
%5 8 FICH T, SCR flBEFA L 2 AHUE L7 BRICRVE & 72 2P AR L & OBIfRMEZ R L |
ZOEZHRIT IV SCR MRS N RAVMH < b D LFEIlk U7z, EERICHEZ BT » 7 OHFH AT
AN % B D TR AT O BRI, SFEEOE S (EGR $ilfl~ v 7" ChR FEE &~ » 7
R ATV PR AR A RIS D MDD D

9.3. DA

(2, HERIRBZEBIIE DO 72 & FEBUFIX, & 1-1 12 Le £ O ISR BIFS # 3L D k5
ST NG O FFEHIR A~ OB D ANEZEEIET 2HOBERATHIHLTWD, 2k
BHYRRIC, HEHERE A - &4, BREBE (EV) OF7A Ty 72070, TR
D% < % BV BFICHEATH L ORXLHMILDL, 2D XD RN EIE A D HaEE I,
VR, TNTOEMD BV &0 X9 RHuEA41T-oTH Y, —RITROMTIIZED L I

PR ST WVIRBLICH D, LAl EV ZWEIEICFHET 51213, K 2-4 (2R L72i@0 . Well
to Wheel °HLil] DBEFHEE TH %8 L 7= LCA (Life Cycle Assecment) DT CO, HEH £ % HL
DO VER DD, BUETIRENATND BV X, 2 OB AN Y 7 U 2HH L TnDH 2 L

Mo, TON YTV ORIERLHEIETRIZZ O CO, ZHH L TWHIRPIZH D | BRBEH L=
DN D NIRRT & bE_ % & | Well to Wheel X° LCA % #fidh & U 7= BRI 1 CO, 3% < HEHH
SNHGEbH5H, —F. BURD EV OFURIERENEWRRIL, BEEH Ay 7 U o= 30
BEMEWNALTHY, SBROBENETFNLEND, 62, BEHAAAYy 7 VIfibinsd Y
F LRI N EOBRDERE LD TWAEOENH Y, 5% N6 < O EE
R T DN D Z LD E FEDFERIR D BV ¥ 7 NIk L CIER R & Bbh b,
ZZTABLIES L, BROEF LUV ORMEMAE DR EINBRE NG L
%o BUR, £< O HBHERGE A — D IZEEHOBECICHR Y AATEY, T0OEL 1IN AT
v FELE LTHIRL TWD, SBRIONTEIL, BEEOBEMCIZMZ THZIZT P AT A
DOEIMICHEA L, ERE TV UVDORATE S BTG S EIX TR —Hilr & L TR LT,
BthlC, BROT VDO EL L HERY | HMFE FRE. HiiE) 32
D, BURERCHIT Z [RIRFIZE D % 9 IR 720, RIS IS TR 7 22 By 508 2 2 B
LWL, MEFEEZROE S “NA TV ME” SRTZHEMERRD LTS
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18 A. REFRFSANETIVIZ &K DEEMBERRET

72 THEEE LT K7 A NET VT, Bk A R AR EIT S T W T b AR O ERR
BAEN BB TEX AN EHEND LT, EHG Ly A FTEA =X EZH W THIEEZITo T,

A-1. EREE

FHEOESI NV ZBESE DD, dilRO R A4 7aARy b (TYPE-, RBT2000ST : B
B D, B ERE K AL ICRT, T RARELVHE T L —F AL
Mo 1 HREOEE)Y 7 F a2 —2 0Dl Siv, 2NN MN L TEEL, £ OMifEE

RS 5 2 & THAEBIEAZ FEEE LTV D,

Vehicle
Interior

)/

/

= S LN 7‘;‘
Drive Robot Ve ‘
(Relay Host) h‘ /:")‘ )

.......
. '.

g i‘iﬂ}

Actuator Device

% 590
e Y, 4

Accelerator Pedal

Fig.A-1 Drive-Robot (Vehicle Interior)

AREEBETIE, e Ry "BERET D FTARNET VTS, 72 THELZEER
TANET NI L DHIEEIT- T2, A2 2V AT MR AR T, e Ry MTinx,
Matlab/Simulink TYERL L7242 KT A T T /L& L7 PC & EEiE 3 E (DSP: dSPACE
) oD, DSP THEA Lo XA ABRERREZ MR Ry b (HHERSE) oMb
WAL, &7 7 Fax—FEHI#ILIz, £/, 74— Ny 7 BHEFRIT Y XA T F
A—=ZIPHES L, DSPIZATI LT,
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Vehicle Interior

Vehicle Exterior

- e - <
\ Lt

Drive Robot

(Relay Host)
z 7

Vehicle Speed
Information

Fig.A-2 Operating System of Drive-Robot

A-2. EEREH

(1) EfTE—FEEmRHET
R HDEI D b m S E TE SR e 570, M A3 IR IC08 (ARBRIFL, &y b
A K — k) & WLTC (Worldwide harmonized Light duty driving Test Cycle, AFABRIFIL, =2—/L
RKA&Z— 1K) OF— RFEEH L,

Maximum Speed=81.6km/h, Average Speed=24.4km/h, Distance=8.17km

100

Vehicle Speed
[km/h]

(a) JCO8

Maximum Speed=131.3km/h, Average Speed=46.5km/h, Distance=23.26km

150

Low Mid o  High i€ 7% Extra bigh
B 125 i -Phase
& 100 R R R
CD £ 75 ________________________________________________
o £ o
2= 50 fofhan AR o Wi
= o5 (MMl NS TN
0 - : L dd :
0 500 1000 1500 2000
Time [s]
(b) WLTC

Fig.A-3 Test Drive Mode
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HEERE M O T A2 A-1 1R T, T OEE
L—%_Z)L) BEAEmAZRGE L, BPEES T 205,
A7 U v RE (PHEV),

AN OEIRF L, vy v F AT EA—ZIZ KD EMELIZ

5 TEL B EDL2EL (TR, 7
mAHBEE (EV).

TITA

AV BLOT 4 =B P BT 2N EA 4 |
Bi®E L7z, 7272 L. PHEV (%, Charge Sustaining D/ A 7 U v RIREETEIT I 7,

IRBEL TS FERE L, fiUE

HOH 2R - TR A 1T o 7=,
Table A-1  Specification of Test Vehicle
[Vehicle Al [ vehicle B]‘ . [VvehicleC) [ Vehicle D) -

Vehicle Weight (Unloaded)[kg]

1,100

Body Size (L/W/H) [m] 3.39/1.47/1.61 4.48/1.74/1.49 4.19/1.68/1.55 4.93/1.85/1.45

Power Unit [Ev] [P_HEV]Motor+ _ [Gasoline] _ [Diesel]

Motor Gasoline(1.8L/N.A.) | Gasoline(1.5L/N.A.) Diesel(2.0L/Turbo)

Transmission — CVT CVT 8AT

DriveLine FR FF FF FR

Tire Size 175/55R15 195/65R15 185/55R15 225/55R17

(2) FSAEYTATYI R (BERIE)

FEMEHH & EEEOHH & O IRIEIC L [RIA BT AT v 7 A B, KEBE)

BN =

DIERERERTE (SAE J2951)
SAE J2951 &) %5tk 35, KREBRTIX

ICHE STV HA2,

Energy Rating (ER) : BAEAET & EETOMEFEEILSRE
Distance Rating (DR) : FIEAETTHEE & SZETTHRRE E OFEEO LS

Energy Economy Rating (EER) :

'DR/ER |

LITFICHRAR OPER GREEAII
. ZNBiEREE W TIHEiZE D 7,

IZ R DN H T2V OEATIEREDO R

Absolute Speed Change Rating (ASCR)

 HAEEITR ONEE & EELT
EREIN: Sho¥aYan: 5ok Y g
Root Mean Squared Speed Error (RMSSE) : i s & 7500 — 38 - 2) -7 kR

TR O NEE O BFEH R

Inertial Work Rating (IWR) :

WP29 @ Task Force (Z33U T,
(AAIRZ) or ~+1.3 (FRINHRR) | 9D HFMTHRHINTWD (2017 49 ARES),

IWR OFFAfEIE [-4.0~+4.0], RMSSE OFFAHIL [~+0.8
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A3. FSAEVITAUTYIRADHER

X A-4 (2, HEEEH 4 5 TICO8 BLUNWLIC 2T LB RI A B AT v 7 A
Zort, vy MEERE, BB IO, T2 BB LT L — % RE LB E DI
vF T (RAEIHEE) LRVRREA - T E AR T LT,

‘ —a— Operating : Human Operating : Robot ‘

ER ER ER ER
4 4 4 4

2 2 2 2

RMSSE o} DR RMSSE Q DR RMSSE o DR RMSSE 0. DR
IWR EER IWR EER IWR ‘ EER IWR

ASCR ASCR ASCR ASCR

JC08

EER

ER ER ER ER

4 4 4 4
2
RMSSE 0 DR RMSSE 0 DR RMSSE 0 DR RMSSE 0 DR
:
l_
= 'i" 'I'I 'i'l 'I'I
IWR EER IWR EER IWR EER IWR EER
ASCR ASCR ASCR ASCR
[Vehicle A) [Vehicle B) [Vehicle C] [Vehicle D]

Fig.A-4 Test Result with Driving Index at Driving Each Vehicle and Each Drive Mode

BUE S5 IWR, RMSSE (3, 244 THrA LM BN Thilz, 612, ARBLID
mR Y FOEBEIELZ T 2 & HEill C LIAME, ZIXRBROMEM AR Lis, ZoBmE L
T, Hl] A BEL OB ITEET—F THE), i DX Y M7 R E < ZBHBFRH DR
S B AT CTBEEN 92 2 L h, AEEHICBRE LIEESM TS VIR TH o 72, —F5, Bl
CiE, "IV AI vy arvMCVTTHY, 77 BARENVBEEOHENE = ¥ EEEHO k
FARFEMET, AfbeRy MHEEOBRIZT 7 B ARXIAVBENR N F 7 LWL 9 E
BIREME GRE) T20EN DTz, ZOBIEDOEND, HIEOZICENZbDEEZD
ns,
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Fig.A-5 Time-series Data of Vehicle Performance Operating Human vs. Robot

(Vehicle A and Vehicle D)
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A-4. EEHEED FFHIEEA

A-5 (a) (ZHE A (EV) %, ¥ A-5 (b) [ZH D (7« —E/LH) OBGHE, s
RHEMMEROMREZ, v ARy FBIOAMOEE Tl L, FERYITRT, EfTE— FIZX
WLTC TH V. KEIZ Low 7 =— X, K42 High 7 =— X Z7R~§, £7-. JCO8 I LT WLTC
EATRFDOH M A OELZ A-6 (a) (2, Hilj D OREIL L OPEH T 22X A-6 (b) IZF &
i,

Ed Operating : Human [ Operating : Robot

-
N O

:@

|
Hot | Total Low Mid High Ex-High
| <WLTC>

Ratio [km/kWh]

Power Consumption

o W o ©
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N
n

o
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N N N

o o1 O O

o
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Fig.A-6 Vehicle Performance (Vehicle A and vehicle D)

WEOIC, i AICERT S, A5 () ©FEEXY, BEH, 727 BAXELHE, 71—
FRANVEAEBLONRNy T VE N ZRT, BRy MERKOT 7 2 L_RILVEEL LT L
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— XAV, AFLEERRE & A CREZ CRI%S OB E CTEETE WD, 2721, HiljfiE
HRFOT L—F XZ VPR IT R > TV DA, BEEFHEFOENTH Y | HlPEREIC KT T
R (BT AVTEDE D Z LT, Ny 7 VEORREICEND TS RROMBIN A
bz, A6 (a) ODEF— FNETRHOBEHICERT S L. RFEORENTFHNI,

WIT, HlDIZEHTSH, A5 (b) O EEEXY, BHE 77 BALSFE 77—
A FIZBT HH T ZRERL K ONOx HE &2 /R, a— /L RAZ— MEO R v NEERO
T U RS VBEE YR AT IR NOx HEHME A, A FIEERIE & Ak Cdh o7z, 22T,
2L RAZ— MRHZE Ry F CHEERSEHEE, 6K KT A /387 /L 0 Ml C L Bgha ¢ )
N XOREEL 725, ZOHEBE LT, =V iy MREOEN IR~ v 72 AT 20
HETHD (2—/b REFORE~ v T2 RERICEGT 5 2 LIEAAEE), — . BERTA A
T, By MRV RAY — NI LA G L 3, iR CT& 52 L A
WL, KA-6 (b) OFE— NETREOBREICERT L&, MERETH-7z, NOx HEHEHIC
SOVTIE, ETE— FICX 0 RNBERBHEE L TV B 28, K A-5 (b) OPEHZENTIZIE R
THDHZ LMD, T— RETHIOBEBRIE (FLarT o vay) WERLEEEZ RS,

U EOKFEL Y, BElL I 2l — a3y (HILS) ICHELBERT A RNET LT, i
IR B AR EATSRM TITR W T, AR & AARDERR, REPERES L ORI R R T 2
HT EaMER LT,

A-5. F&O

72 THEE LT R A NET VT, kA R EETARLETRIE TRV T h A MR O E#is
BEN BB CE D0 MND D120, FEHEE Uy XA TEA—FEHOTRIEEIT> T2,
O BERFIANET VLR Y MNERIX, 23—V RAX— K, Ky hAZ— MNIBfR

2 ANHEFRBEOEIREEL ATREL L, EFSEOHEMMERENHEOND Z L 2GR L
77,

SEXM

(A-1) HAES, “K74 781K b TYPE”
<http://www.meidensha.co.jp/products/automobile/prod 02/prod 02 01/prod 02 01 04/inde

x.html>
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(A2) /I, <M SE O ER IR % A RBRIE (WLTP) (2350 % B B #iadi
A O MLA, ZSE L RBEIEIT 7 4 — 7 L 2016 F#HEMEELE, pp.97-98 (2016).
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