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BEEREBEOEFHEETILREDER
Study of energy consumption calculation model accuracy for light BEV

OIF g &', AR BT, 7 "
Akira KATO"', Yuki KIMURA"!, and Hyo Yeon YOON"!
TRE K Teikyo University

In order to achieve carbon neutrality in 2050, sales of BEVs are increasing worldwide, and large number of light BEV's
sold in Japan. We believe that it is effective to combine a numerical model of an electric vehicle using Matlab with a
traffic flow simulation (SUMO) to study methods for improving energy consumption, with the aim of improving the
mileage per charge on real roads. In this study, we created a motor efficiency map using a chassis dynamometer and
created a light BEV energy consumption calculation model using Matlab/simulink. We will report the results of verifying
the calculation accuracy of energy consumption calculation model by comparing with the results of real road test results
in Utsunomiya City.

Key Words : EV and HV systems, state of charge (SOC), simulation/modeling, Energy Consumption, Light BEV

1. #

2050 D H—R v == — FZVFEBUZMT T BEV O K AHED STV 5. HARTITE BEV O RRTEED N
Hricd 5. 8 BEV OFBREEIZIWVTIE, 2024 FFEDOIRTEHEEN 22,926 15 L EWNO BV R8s > 7L
2o TV BO, IR 5 —FEATTHEEOm £ BHAIZ, Matlab/Simulink® 2 V7= 85 H BV O fEE T /v
EREPEY I 2 L—T 3y (SUMO) ZfAGbR CEREERE N EFE (a2 Fo47) Z2HErd 52 A%
LEZ D0, JATHISE T, Matlab/Simulink % V7= BEV OHEET /L 24 L, CD (Chassis Dynamometer) %
HAWTE—F2hE~y 72 Ae LR, ERETHRBROY I 2 b—y 3 NIBW GEROAEILZ B8 Lz
BEFEL, Wik, WA, I CHEEL Lz S%LL TOBEKEE 28 L0, RFECIE, BARIZBWTIRE
BEPHEML TWDE BEV O 2 R T A T FEARFT 572912, CD ZHW T BEV OF— 22~ v 7%
YERZ L Matlab/Simulink % V7288 BEV OEEFRET LV AIER L, ZOREMRGE LR R a2 w7 5.

2. EERAK

2.1 HERER

AREM A BET HITHT2D, 2024 FO ARIZEIT DIRFTEEED b > 7 Th 54k BEV ZalRem (HEY 2
7)) AGBRE LTz, £ 1 ISRBRELE O BiGE O 2 8T

2-2 {EFAMSE

WLTC &— RRBRZ1T 9 72012 CD Z A=, CD IXHBH O FEITRFOIRIE R BN THELT 5 4 0%k
HbH. Fi7, iEﬁBv*fOD%\%ET»—& ZRLERT B0, SN (RSt Astemo B HDM9000) © % {i u‘:.

2.3 CDEAER

CD RERIZEIT D HEEEDOREIZOVT, WLTC OBLE CIdHE &+ EH e /e B SR A BT 7= b
D& BREmOERE L U CREL TV, AREORER CIIERRABROERICE DY -REIZT 5729, JC08 £
— N CTHWOLN CWZEHEESE+110kg GRE2 AZEE L-ER) 2R BREmMOES S L GGRE LRBRETT

7.

[No.25-1] BAHHESR 2025 FEERAS [2025.9.7-10, FLiEEKRE]
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24 REBETRR

RBL— N EFEETNICEEL, 7433 A TR CRRTICRBR 217V, SRk B O et
— 2 &5 M ICFHEETNOETLV— h &5 7. RDE (Real Driving Emissions) 31T 5 /1— M#EEZ
BEN, RORTFEEBERARN OHIBREEE 40km/h LT OFR5y & i, 5k CRd Bk O filEE 60km/h
LU Oy 2584, 5 T mdiEis GRAL A BhanE) ofIBREE 100km/h LT Oy & Sl & Th ek L,
PATFE THEATIREIRY 1 RS, EATHEEER 30km OFERRBRAZKZTIIT o7, 7o, RBRBLAFO BHH > 7 1
?® SOC % 90%LL FIZ L ikl a1 772,

Table 1 Test vehicle specifications RED:Urban Area porevers 9 OLLE ,' 2
Green:Rural Area | o
Drive system FF Blue:Highway ',
Model ZAA-B6AW ° |
Length (m) 3.395 e
Width (m) 1.475 ° Co L
Full heghit (m) 1.655 L =2 %
Vehicle weghit (kg) 1070 !
Battery type Lithium Ion Battery :
Battery Voltage (V) 350 /l
Battery Capacity 20 pp
Motor model code MM48 == A0
Motor maximum outout (kW/rpm) 47/2302~10455
Motor maximum torque (Nm/rpm) 195/0=2302 ! A o ©
Travel distance per full battery (km) 180 (WLTC mode) . ' . . o ’ .
Fig. 1 Test route of real driving test in Utsunomiya

3. EMETIL
Matlab/Simulink @ Powertrain Blockset I, /XU —h L A VAT LAETIE LT, AV vy, T4—F
NV, T Y v R, ROERKBENHERED, AN THERY 77 L AT U r—2 g 0 Thb.
ARWGEDHETET /TNy TV, =4, HIEKDY 77 LU AETAEFEHL TS, £, ZOET/IZ
X, RIANRETN, avriba—F, No7 U, =%, HK BERERENEENLTVD.
|

Environment gy
! " ] == S I, ‘
| . o § <) Q Visualization
| _.ﬁ’. 4 || oo i . —
FTP75 (2474 soconds)rwmm,w, IRS— e i
“Controliers

Fig. 2 Powertrain Blockset

4. E—4PFT Y THEEAEER

% BEV OBEEFREETT VOMEZ B L TE—2 R~ v 72lE6T 5720, #BREmZH\V\T CD #
ZA1T o7, FBRITTE — & [Fl#EEEL 5000pm 725 7000rpm, E—4 F/L7 5Nm 725 140Nm £ TR TR AT - 7-.
E—HRIIA 41 ZFHWTEHEA L. @A LEE— 2R~y 72K 2IRT. 2Oy I TIEE—F %%
N—t o NTHEID L. FREILCD RBRICTCHEA L Ee— 23R Th s, BRIIFAVIE-FITORODT —& D
FEZFHE LD THDH. BRI —FLEVHRE LT —Z LRCEICRELZLDOTH 5.

s __20TN @1)
e = VXIX60

N

T4

T: &—% kL7 (Nm), N: T—X[A#5L (rpm) , V: HV (High Voltage batt.) /£ (V) , 1: HV &t (A)

[No.25-1]1 BAEMFSR 2025 FEERKSE [2025.9.7-10, LEEKRE)
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Table 2 Motor efficiency map for Light BEV

Motor Torque (Nm)

0 5 10 | 15 | 20 | 30 | 40 | 50 | 60 | 80 | 100 | 120 | 140 | 195
0 |36.2]36.2|50.1|55.2|60.3|69.9|69.9]|69.9]69.9(70.3|69.2|68.9)|68.6 | 68.6
500 | 36.2|36.2 | 50.1|55.2 | 60.3 | 69.9 | 69.9 [ 69.9|69.9 | 70.3 [ 69.2 | 68.9 | 68.6 | 68.6
1000 | 54.3|54.3 | 61.7 | 68.1 | 74.5| 78.3 | 80.0 [ 80.6 | 81.2 | 81.4 | 80.6 | 80.4 | 80.1 | 80.1
1500 | 59.9 | 59.9 | 67.7 | 72.7 | 77.7 | 80.9 | 82.3 | 83.1 | 83.9 | 84.6 [ 84.1 | 84.0 | 83.9 | 83.9
2000 | 65.5 | 65.5| 73.6 | 77.3 | 80.9| 83.5 | 84.6 | 85.7 | 86.7 | 87.8 | 87.7 | 87.6 | 87.6 | 87.6
l:he::ir 3000 | 69.8 | 69.8 | 78.0 | 80.9 | 83.8 | 87.0 | 88.1 | 88.9| 89.7 | 90.4 | 91.5 | 91.8 | 92.0 | 92.0
(fpm) 4000 | 73.0 [ 73.0 | 79.6 | 82.6 | 85.6 | 89.1 | 90.1 | 90.8 | 91.5 | 92.4 | 92.4 | 91.9 | 93.2 | 93.2

4500 | 74.5 | 74.5| 80.5| 83.5 | 86.6 | 90.2 | 91.2 | 91.8 | 92.4 | 93.4 | 92.9 | 92.0 | 92.0 | 92.0
5000 | 76.1 | 76.1 | 81.3 | 84.4 | 87.5|91.3|92.2|92.7| 93.3 | 94.4| 93.4 | 92.1 | 90.8 | 90.8
6000 | 73.7 | 73.7 | 80.2 | 84.0 | 87.7| 91.1 | 92.3 | 93.0| 93.7 | 94.7 | 91.9 | 91.2 | 90.5 | 90.5
7000 | 71.2 | 71.2|79.2| 83.5|87.9]91.0 | 92.5|93.3| 94.1 | 95.0 | 91.9 | 91.1 | 90.3 | 90.3
8000 | 68.8 | 68.8 | 78.1 | 83.1|88.0|90.8 | 92.7 | 93.6 | 94.5 | 95.4 | 91.9 | 91.0 | 90.1 | 90.1
9500 | 68.8 | 68.8 | 78.1| 83.1|88.0| 90.8 | 92.7 | 93.6 | 94.5| 95.4| 91.9 [ 91.0| 90.1 | 90.1

5. Sal—YaviER

\'c

51 WLTC ®E—FEfFTYVSalL—3y
Valb—valrOF—FOFEyy TUNOERE G A 3 18T, 72, WLTC E— R Class3b Z Hv /2
TR 2DV I ab—a VOBEEZR 4ITRT. THEHICBIT2MRE I 2L —a VOEIT 1587%E 78
0, mBEEEEH, BERICBWTH BEEE L2 5% EoZEs iroTz.

Table 3 Changed parameters Table 4 Comparison of energy consumption
between experiment and simulation of WLTC
Previous New
Simulation | Simulation
Battery Battery capacity(Ah) 114.286 57.143 Arca Experiment | Simulation | Difference
Model Parallel cells 2 1 (Wh/km | (Wh/km) (%)
Motor | Maximum output(W) | 110000 | 47000 Urban | 80.00 9270 | 1587
Model | Maximum torque(Nm) 320 Tos Rural 88.12 95.56 8.44
Highway | 109.14 | 118.12 8.59
Vehcle. and Crew 1600 1180 :
Weight(kg) Combine | 96.31 105.72 9.77
Vehicle Gear ratio 8.52 8.153
Body Tire Radius(m) 0.3235 | 0.2705

Air resistance coefficient 0.3456 0.3153

Front projected area(m’) 2.585 2.2275

5.2 E—2¥EIYIBE

# 2 OEXMNZAIREE DN 5S%LUNE 725 L O IRE (1.057) 207z, 20%, ¥ Ialb—a %17
ST, O FBEE 72 BAREIE ST 72 Dr o 72728, 2% 2 D 0~50Nm, 0~2000rpm (& 7= 5 K2 £5 %5 (1.053)
EINTTHEIEL. BELICE—4 2~y T 2R SITRT. BELEE— 2R~y 720y Iab—v
3 URERER 6T, BEEBOEBEEDOAEIIWLIC T— ROETORBTHIEL LTV 5% T E o7,

Table 5 Modified motor efficiency map Table 6 Comparison of energy consumption between experiment

Motor Torque (Nm) and simulation of WLTC using modified motor efficiency map
0 5 | 10 | 15 | 20 | 30 | 40 | 50 | 60 | 80 | 100 | 120 | 140 | 195
0 |40.3|40.3|55.7(61.4|67.1|77.8|77.8(77.8|73.9| 74.3 | 73.1|72.8|72.5|72.5
500 |40.3(40.3|55.7|61.4|67.1(77.8|77.8|77.8|73.9| 74.3 | 73.1|72.8|72.5( 72.5

1000 60.5|60.5| 68.7| 75.8| 82.9| 87.1| 89.0| 89.7| 85.8| 86.1 | 85.2| 85.0| 84.7| 84.7 - — -
Area Experiment | Simulation | Difference
1500 66.7 66.7| 75.3| 80.9| 86.5| 90.0| 91.6| 92.5| 83.7| 895 | 88.9|88.8| 88.7| 88.7 (Whikm | (Whikm) | (%)
2000 72.9] 72.9] 81.9] 86.0| 90.0| 92.9 94.2[ 95.3| 91.7| 92.9 | 92.7| 92.7| 92.6| 92.6 o 1 s0.00 Q18 e
Motor | 3000| 73.8| 73.8 | 825 85.5 88.6[91.9] 63.1[ 04.0[94.9 | 95.6 | 96.7[07.0 97.3[ 073 - : .
(oo | 4000|772 77.2| 84.2| 87.4| 90.6 | 94.2[ 95.3[96.0 [ 96.8 | 97.7 | 97.7| 97.2| 985 985 Rural 88.12 84.93 -3.62
4500 | 78.8| 78.8| 85.1| 88.3| 91.5| 95.4 96.4 97.0 | 97.7| 98.7 | 98.2| 97.3|97.3[ 97.3 Highway | 109.14 108.85 0.06
5000 80.5|80.5| 85.9| 89.2| 92.5| 96.5| 97.5| 98.0| 98.6| 99.8 | 98.7| 97.4| 96.0| 96.0 Combine | 9631 95,55 079

6000 (77.9(77.9|84.8(88.8(92.7(96.3(97.6(98.3|99.1|100.0 | 97.2| 96.4 | 95.7 | 95.7
7000 | 75.3|75.3|83.7|88.3/92.9(96.2( 97.8 | 98.6 | 99.5|100.0| 97.1| 96.3 | 95.5| 95.5
8000 | 72.7|72.7|82.6 | 87.8(93.1/96.0( 98.0( 98.9| 99.9|100.0| 97.1| 96.2| 95.3| 95.3
9500 (72.7|72.7| 82.6 | 87.8(93.1{96.0( 98.0( 98.9| 99.9| 100.0| 97.1| 96.2| 95.3| 95.3
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5-3 ERETHRRIIaL—Yav
BIELIZE—28h%~ v 72 AW TERETRBROBFEL T 5 ETV 2 b—ra VETWERZHEA
7. RTA47NA @ﬂ%%pir”*%%%%i% 712, BOFEREZFK8IZ, COREFEA2FEK 9 IRT.

RTA4 8 A OHEFHICBIT A ETRERE I 2 L—2 g VOBEHEFET-3.08%E 72 o 7. ZRAMZI W TIE 11.33%
Thbh, BELLE S%L,LL}: TRolz. EEICBIT D EE AL 3.83%, BERICBWTXEREN 1.48%E 5% T
Lol R A4B @ﬁ%ﬁ{ﬁé:iﬁﬁé%ﬁ%ﬁ& VR 2 b= g DL 5.44%, [INTITEEZEN 1498% L 720
5% Bl e oTo. @RI AEE T 0.18%, BIRIZHNTIE 345%& S%LATIZ/2 o7, KT A4 /3C O
BT 2B E > 2 b— 3 VOBEEIL 10.02%, MBI TIE17.63%E 5%LLEIZ/o72. —J5, @glciswn
TIE-0.79%, 2IATIZ401%E 5%LLFiZR -7,

Table 7 Comparison of real driving test energy consumption between experiment and simulation of driver A

Arca Experiment | Simulation | Difference
(Wh/km | (Wh/km) (%)
Urban 92.16 89.32 -3.08
Rural 76.85 85.56 11.33
Highway |  109.96 114.18 3.83
Combine |  96.78 98.21 1.48

Table 8 Comparison of real driving test energy consumption between experiment and simulation of driver B

Area Experiment | Simulation | Difference
(Wh/km | (Wh/km) (%)
Urban 95.33 100.52 5.44
Rural 86.92 99.94 14.98
Highway | 131.49 131.73 0.18
Combine | 108.32 112.06 3.45

Table 9 Comparison of real driving test energy consumption between experiment and simulation of driver C

Experiment | Simulation | Difference

Ared | Wihikm | (whikm) | (%)
Uban |  83.01 91.33 10.02
Rural | 75.13 88.37 17.63
Highway| 144.14 | 14299 | -0.79
Whole | 10658 | 110.86 | 4.01

5-4 QEBRZRAVEHE

AHFTOHBEITETRROFIET —F DB T I 2 L —3 3 U EITo 12720, EEOETIZHIT 5EKRAN (4
BLHHD) 288 L CEHE LT 7w, BB IC 2 BF4ENE IC £ TOREIEDLE, miKZET 54.9m, FEEEI 10,791m,
F4JE 0.29deg DAFCH B 5.

X 51 X 52 ZHNWTE RTANOARERIIE HEENREZFHET L L, RT3 A O5HOAREHIL
60.61N, AEMEHTIZ L D HEEIEIL 181.69Wh, B OLAOARUEHIL 60.95N, AEMKHIZ X 2 1HEE &1L
182.70Wh, C O34 OAEMESLIE 59.98N, ABLEHTIC L ATEEE &I 179.79Wh & 72 5.

FRRAEHIC L BB E ) & mEH XK N2 TR Lf:n’%% 1\ TANADFREE I 21— a
DOEEZEIT1734%E 720, RIREE T 7.64%L 7272 R UL BICBIT 2EH AT 11.54%, 2IREE 1T 8.98%
LD, CITBWTIE, BEEIL942%, EIREEFEN 9.53% ThH-o7-. ﬁ@ﬂ#ﬁ#ﬁ%’f%ﬁ? Lz Ial—yavE
Blx, BELRVWY I 2L —y g VERESHEB L TEDEL LIRS o T,

: 5-1
Fgradient resistance(N) =m X g X sin® D

. 5-2
Energy U) = Fgradient resistance X Distance ©2)
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6. EE

FERETRBROBFHEZ Ve v 2 b—v a URER & R & OB EZS, ARHRPIEEE L7220
BNTETD RTANTEN TR EOREE L 5% L& 70 b, AREIIEZEE L-GA It 0T Ed
XL BREEDRIEAER L DFEN 5% L 7roT-. ZNHDFKE LT, SNH2Wis CEHAl L 7= 35k
HIW O HV A ORRGEEETT > T2, FEERO HV BE & ERICERNAE L CWEREMER S 5. £
7o, ¥R a2 b—3a BT ARBRE W O FIAETEERB 4G SOC DRERR AT > T2, FEEEORIAER
DBAIESOC Ny 2 b—a v TR S TWEAREENRH D Z ENEBE X LND.

7. % &

CD W TE— 48R~ v FZ21E L, WLTC &— REFTRER M VR ELTRER O H# A VTt
BEV OE#H ZiHE LR, ToZ LibhoT.

1. WLTC &— FETRBRE v 2 b—3a VOBEBEHZEITEED 5%LL L& o7272%, CD B TR L
- =2 hF~ T EEE LT AR S% L FOFBEREE L 72~ 7.
2. ERETHRRICBITHE RTARNOFERMBE S I 2 L—a VOBEAEL, O TIL 5% EE 2o
7=. %72, B, ClImfFHCOEEZEN 5% L 2o

3. EEXE OB AT Z BB LBEAR AT TR, & FIAR0Em#E, 2RI 2 EmEE v
Rl —YarOEEREETEE LNV 2 b—y g UERHEL L CEL L.
4, FBERENEEL Lz 5% EE o7z K E LT, SN2 Wik & ZEEORBREN O HV HMEORGEE
1To TV, FEEERD HV &I & BRI EZRNAE U CWERIEEMERN S 5 2 &, iR o n] 4 5E
HBRAA SOC DHERETT > TV WZ ENFK E L TEZLND.
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Study on eco-driving method for BEV on real driving (Second Report)
- Energy consumption characteristics of light BEV on read driving -

Akira Kato

Yeon Hyo Yoon

Yuki Kimura

With the goal of achieving carbon neutrality by 2050, the number of electric vehicles sold worldwide is increasing. Since light BEV sales

which started selling in 2022 are increasing until 2023, it is important to consider the practical eco-driving method of light BEV in Japan. We

analyzed the energy consumption of light BEV compared to standard BEV conducted until last year. Using light BEV, real road driving tests

were conducted in Utsunomiya City in summer and autumn. The results of real road test were analyzed by comparing the energy consumption

with standard BEV in urban, rural, and highway, with regard to the correlation between the average vehicle speed, air conditioner on/off, and time

frequency of acceleration, deceleration, idling, and cruising, and methods for improving the energy consumption on real road were investigated.

KEY WORDS: EV and HV systems, state of charge (SOC), system technology,

energy consumption, real drive emission, Light BEV, Eco-drive (A3)

. ¥ 20 &

2050 4 —R = 2— b ZLOEKIZAS, HROBLHE
AL DOIRGE R IR NN L C5. BEV O R B L i FeE
OO K0, B OMKE R SRR LA AUER B 720k
BN H Y, —FSEEITHEE S K& o —oTHh DY, =
AVE TOHET, BEVOERERZM LIED (ma R4
A Iy 5 P 4 N SV O e =0l R =L
ENEBUE AP LT E R TETL, miElclsnTidE
THIEZ N5 2 &, AAMKIREDMEY, F2idm R AC

(Air Conditioner) HHZYEZ D Z ENAHTHN Y, T
7 /NASE N DI TEITAIREIR D X F VLTI H 0D 7
EHEL A LT D AIREMESH D Z L b o7,

2022 FED HAE5E A BRAR L7288 BEV OIRFEABUTEM L T
L%, BARIZBWTEEBE OERICBITA2a NI4T F
EERET A Z LIIEETHL L EZS.

ARIFFE IR BEV DEFEEF T DUV THEEE TICFE M L7z
WiEH BEV & bl UCAENT T . BR BEV & RO CTFEEE TN
IZBWTERE TR A EREFICE ML, ZOEEET
FERATHE, AC HEHOFEE, IE, WEH, 7oA K, 7
Jo— X OHERERERE & FBE & OB DWW T, 2644, &
FRZRTCUEAEL BEV & Bl d 2 Z ST R VT L, # BEV
DT RT A TREZOWTIHRGFT D 2 & 2 ABED HIY &
T5.

1) #HRKS(320-8551 AiAMRTFHE THES A 1-1)

ONEAEFEE N B BB i
FATH (ABHR) 20254510 4 10 H
INGSALFHIE N BBV NS 2025 AR RKZR K A ARl 2l i TR 46

2025 FFKFR T2 (20254510 H 15 H~ 17T H)

2. F B Gk

2. 1. ABREE

RBRHEm 2 BET HICHZY, HARIZBOTOWEEEN
2022 LM 2024 £E 12 AW THRI8 5 7841 B L EAN TR S
2\ R BEV A B A (HREY 2 ., E17HAE 13, 325km)
ICRE L. £72, BARICBWTOMRGESGES 2010 4E 12 A
DAR% 2024 45 7 HEERUTRI 100 T LA E & ENO BEV O HCFY;
R THH @A BEY & L CGRBEE B (HEEY —7 ZE1 &Y,
AEATHARE 19, 483km) | SE®E L2, # 1, 2 1THABRELH A & B
DFETERTOO,

2.2. FHHUPY —v

HEATHORFET — 2 % ) TVH A L TRERT D 72 DI
Wik (Astemo HLHDM9000) © 2 L7z,  ARIORER Tix
HDM9000 TEHHI L 7= HV (High Voltage) /Nv 5 U OOiE#EE )&
LT SRR AR L.

2.3. ERETHAR

BV — FEFHRETHNICREL, F7A /33 ATHUK
MHHCERBR ATV, HDMI000 # W CHERA TS — 4 2 157-.
L IZFHETINOEfTAV— N &~ RDE (Real Driving
Emissions) MHIZBIT DN — MREESEIL, RTORTTHS
EBRIRARN OB 40km/h LU T O# 5 & e, S TR
BRARBRSN O BRI 60km/h LT DEB5y 24858, Ty ik
EF CGRALABhEGE) OFIBREE 100kn/h LT OER53 % Eik
LENENER L, ST CEITRITN 1 WREE, EfTEREE
%9 30km DFEFERER A H L FITAT o 72



22

Table 1 Test vehicle A specifications

Drive system FF
Model ZAA-B6AW
Length (m) 3.395
Width (m) 1.475
Full height (m) 1.655
Vehicle weight (kg) 1070
Battery type Lithium Ion Battery
Battery Capacity (Kwh) 20
Motor model code MM48
Motor maximum output (kW/rpm) 47/2302~10455
Motor maximum torque (N * m/rpm) 195/0~2302

Travel distance per full battery (km) 180 (WLTC mode)

Table 2 Test vehicle B specifications

Drive system FF
Model ZAA-ZE1
Length (m) 4.48
Width (m) 1.79
Full height (m) 1.54
Vehicle weight (kg) 1490
Battery type Lithium Ion Battery
Battery Capacity (Kwh) 40
Motor model code EMS57
Motor maximum output (kW/rpm) 110/3283~9795
Motor maximum torque (N + m/rpm) 320/0~3283

Travel distance per full battery (km) | 322 (WLTC mode)

RED:Urban Area
Green:Rural Area | o
Blue:Highway

moserens @ @ an |

Fig.1 Test route of real driving in Utsunomiya

3. FEBRAE R

3.1 FEREHER

BRIZAC A THRREIT S 12% RTA DRy & DE
ZR 3NTRT. AN E IR TR LT ol
NHERDED, BERIZONWT, b RWVERE RS0 RT
A 73 B OififlFC 100. 499Wh/km TH o7z, Fo2XE T
RIANB B BWEE L7708, RTA/3B &
L, RIANA L CORKMOBEEKTHE KT AN
BE AT, BOIEIN2L02REWFEREARo7-. KT A8
L CTIE, BOIZHN 12. 91% B VSR & 72 o7z,

KEEIZAC A7 THEBREIT 1245 RIA DKLy 2 L D

AEAEEIE N BB EEAT S 2025 SRk E A INGEH 2 TR T AR tE

ERAIORT. BEIZONWT, RHLBRWERE RSO
T A NC DR T 75. 13Wh/km Th o7z, E-EXETHEIT R
FTANB B BRUVERE o770, RTA/3B gL
L, RIANA L COBRMOERZHES D& FTA/3B
L ATIL, BDIED N 10. 66%EVER E 2 >72. KT A B &
C T, BDIFHA 9. 200V ER & Aa o7,

Table 3 Energy consumption of driving tests on summer

with AC
Driver A B C Average
Date 2024/7/29 | 2024/7/30 | 2024/7/31
DAY of the week Monday Tuseday | Wednesday
Weather Sunny Sunny Sunny

Outside air temperature (°C) 35.00 33.40 32.10 33.50
Urban 162.69 100.49 123.52 128.90

Energy consumption (Whkm) Rural 122.14 107.14 102.73 110.67
Highway| 145.53 125.32 153.29 141.38

Total 147.19 116.25 133.48 132.31

Table 4 Energy consumption of driving tests on autumn

without AC
Driver A B C Average
Date 2024/10/16 | 2024/10/15 | 2024/10/17
DAY of the week Wednesday | Tuseday Thursday
Weather Cloudy Sunny Sunny
Outside air temperature (°C) 23.60 24.90 25.10 24.53
Urban 95.33 92.16 83.01 90.17
Rural 86.92 76.85 75.13 79.63
Energy consumption (Wh/km)
Highway 131.49 109.96 144.14 128.53
Total 109.77 98.07 108.01 105.29
4. B &

4.1, EHEGE & EE OBTRIZ OV T

X 212 AC A 7 IFORBRAT A & B OFEFTX Sy OV
WL EHE T, X3 AC A OB A & B D45E
TRy O RUHR & B A v T, AR O MO FENER £0.5
IZEEL, 0.5 LA ETIEDOFRR, -0.5 LT TADHENH S
LER U 21T > 72

B2 £V AC A 7 IRpOFABRE A O, XBA O T
DOEL L HHEOARIRET 0. 60 TH Y IEOMBERA LI
7o. LAL, B oot KO OB & E RO
FHRIGRHE 0. 97 Th D AHBINSIR . F7z, AC A T IRFOFERH
i A DRRS;, BB COFREIE-0. 92, B DS, EE
DI TOFARIT-0. 99 TH Y, & Hi LI TR VE OFRBIA
BT,

UEDZ &N, AC A 7RO &A%, Ao & Efic
BOWCPEH R & B ICHBERH D L5 &, FBAE A &
BT ERIC L CIR U o T b &E 2 bivd. L
7235 C, T L OSTA CIEEE & 1) L S5 I3 E
% 30~40km/h FHECTETTHZ EBRENTH Y, EoH
FEESLCITHIHRA N5 Z LA TH Y, Tl BEV & 88 BEV
PRI L TR UBERHECH L B2 HND.

X3 L0 AC A O T, ORI O BEV OFE
o LR ELEOFBUREIT 0.34 Th V HEBEEIL, i@
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BEV AHBERE 0. 76 T b AT TR 2 BRI A O
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Fig.2 Energy consumption of test vehicle A and B without AC

® Test vehicle A Urban(B)
* Test vehicle A Rural(C)
Test vehicle B Urban(B)

Test vehicle A Urban(C)
® Test vehicle A Highway(A)
Test vehicle B Urban(C)

Test vehicle A Rural(A)
# Test vehicle A Highway(B)
* Test vehicle B Rural(8)

Energy consumptio([km/kWh) o
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Fig.3 Energy consumption of test vehicle A and B with AC

4.2. REREE A & B OB

[ 2 7> & i 20km/h % Y, 35km/h Z4B4%, 75km/h
EEIROZNENONENLRHHTHDH & LTRE LTz, M4
IZAREHEIC 7‘5uﬁ%ﬁ$ﬁA L B OTEEE Y. W
WA & B O EHICEHIT HEEOZET 20kn/h T 3. 09km/kwh,
35km/h T 2. 85km/kwh 75km/h'C 3. 04km/kwh, XRHFEC
9 3. 00km/kwh DB ZENFEAE LT-.

AR A, BBRER B 1% 2. 48m® GEoLiE) ©TH b,
ﬁﬁﬁﬁA1ﬁmm@ﬁﬁ@mtb:7tw7fu®tfﬁ
DR 2. 23m* T 5. B i 3R BEV 03 H-@ H BEV K V)
420kg BEVY. L7e3 o C, ZERUEHUREIE U CTh D L IUET
% & 2 SHRPUTRBRELR A 13 B ITH 10, 08% D7 <, HEN Y
BEHREDNFE L TH D & 1&7@“6 LHEDY Y HEHTIE, BB A

I3 BITEEAR 28, 19% D70 2 SIS K0 BRIV N E < 22 D7
DEBAENDECTZ DL %z Eva”LZ).
® Test vehicle A ®Test vehicle B
14.00
2.85(km/kwh)
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Fig.4 Comparison of energy consumption between test vehicle A
and B without AC
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PBRE A & B O AC EHIC K 2BHOIRTHEEK 5 1R
4. BREREW B OEnl AR T, FBRE A 0 AC HHIIC &
BERTERILB & 0 T 14, 900/ M SV, FRERE A @E-Ei
WIRRE % 26 & R U A CRENMITEZ R C, BENE
EPBRRICTRD . ZOFEIC K 2 EENEFILRBRE
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Fig.5 Comparison of energy consumption decline rate between
test vehicle A and B
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723-0. 3m/s* 235 0.3 m/s? AN TH ¥ B2 1km/h LLEDOLE
X7 =X L EF LT, X6 (T BEV &l H BEV o AC 4~
IRELZ 31T 2 i bR O 7o EEEERBR T ol 8ok, 7 1—X,
T A FAZNENORHBEE & R OMBIRE L =T

INHEEE L R OB OVNT, B BEV (23817 AR MRS
1% 0.59, WS@HL BEV TIE 0.50 & IEEOMENRABNZ. Zi
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Fig.6 Correlation coefficient of each driving state of

test vehicle A and B
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7 WIMEAE % A= FE B L OIEENEED
B FEROHHEREZMET D,

2 KR#ORIMEEDREE

HIDIZ, TrA 4 v OFER - B EER
L7t 6% (Figl) #1EV, %@%%%
To7=. 72BRUWELZE, KA L%
WHO - KEIZEMAZ SO (FlwiTm) %
e (spruce ) « TM (maple ) 2 ARS8
EL., = A& BDHRETE = A B TS TZHKIZOWN
TEO RO LE T o —CEE LT
W TETMIRL, B0 4 HoiE#Z L —
— R 77 —iE#hE & VR s =R %k
(FRF) #EHHIL7-. F72, Altair HyperMesh
ZHWTRD FE E7 VEER L, GwscO@7s
51572 spruce, maple DAL A FHME & L
TINVERHR Z1TV ., EBRFESR O FRF & &bd
Z A% LT (Fig2) MIMEAFE Lz, FE

L7ziMHE A2 R 1 127”87, spruce (ZRHL T
X, =2FVDOFPBELIEZREVVHEE 2>
7273, maple XM KXo TEAMHER & 72
ST, B, RT YV U= ADOFETH LT
fEe Lz,

a. before applying varnish  b. after applying varnish
Fig.1 spruce beam
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Fig.2 Comparison of experimental and calculated
FREF results for spruce with varnish

Table 1 Stiffness value and poisson’s ratio of
spruce and maple with/without vanish

spruce maple
without vanish| with vanish |without vanish| with vanish

E, (Pa) 1.22E+10 1.26E+10 1.13E+10 9.04E+09
E, (Pa) 9.50E+08 1.24E+09 1.66E+09 1.50E+09
E, (Pa) 5.24E+08 1.05E+10 8.19E+08 1.23E+09
Gy, (Pa) 7.80E+08 5.46E+08 1.40E+09 1.45E+09
Gy, (Pa) 7.43E+08 8.18E+08 1.03E+09 8.24E+08
G,, (Pa) 3.66E+07 7.31E+07 2.65E+08 1.32E+09
My 3.72E-01 3.72E-01 4.24E-01 4.24E-01
[ 4.35E-01 4.35E-01 7.74E-01 7.74E-01
Myz 4.67E-01 4.67E-01 4.76E-01 4.76E-01
3 RIMDERBREGFERR

Fig.3 IZ4RIOFHTHW =X 28 5 Hi

LBOTRDOERZ R, ThbZR LRk
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Fig.6 |IZ=2& ) OFZEOERFER L FEET
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a. without vanish b. with vanish

Fig.3 Top plate of violin with/without vanish

Fig.4 Experimental setup of FRF
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Fig.5 Comparison of FRF experimental results
with and without varnish on the top plate
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Fig.6 Comparison of experimental and calculated
FRF of varnished top plate
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Finite element modeling and sound absorption analysis of urethane foam using Kelvin cells

Yoshio Kurosawa Syun Kanakubo Ryota Hasegawa Keita Ishibashi Hiroyuki Itou Keisuke Suzuki

(Teikyo Univ.)  (Teikyo Univ.)  (Teikyo Univ.)

(Tosoh Co.,Ltd.)( Tosoh Co.,Ltd.)( Tosoh Co.,Ltd.)

WERHOT LZ 73— EK () EZANG720, 2RI Z /T
DRIV TNBN, WEENIEF N HEHETH 5. Wit %2 FHIFHR T 5 Biot-Allard &
TOTH, FHEICKER Biot /37 A—4 OESNKNEET, EEEOMEBIRICHEO &2
VN, ARFFETIE, IR EMITHOVWT Kelvin L% W THEIAT 217> 7. 250
oy L REARERZTET MEL, WEREEFE LIz, RXTRA—Z2ET 40 DHEL

NI ROV TIRET 5.

Key words: Acoustic, Sound absorption, CAE, FEM

1. IZTBHIZ

HENE « (55 « FESOBRFIKEO -0, WF
FAORIARI O LA T 3 — RN TN,
X 1A FHAAICE D H L7 EAR 29mm, &
S bmm OMFEROEREH T LZ 7 4 —LDE
BART. BROREL RN G5B AEEE L
TWTC, ZEHARIHIXBEDRAL 7= 54 PBED ST
RS TV D PMEENIER I TH D, — KA
IZT VX T 4 — AOWERE TRFHRT 254,
friE~ bV v 7 2B X D Biot-Allard €5 /10
DHANLINDD, R THWHILS Biot /37 A —
ZITHHOFHEEE CEHT A MER D DH. £z,
FHERET T Biot /37 A —& L EROHRS,
FEEJE B E D W E R DR IRAENE X HE 503,
FEEROMEHIE THW AT (B ORE X, B
REEDE X, BEONHEX BEARE) ZRETHZ L
12X~ T Biot /3T A—X OET % FEHR T 5 DIEN
HTHD.

AT TITFT R W E B O FEEIZ DV T
AL SN EET L (Relvin £/1) @6 %
T, Biot /X7 A—X|IHWT FE €7 /UIZ XK
5 HE AN RO THEE 21T -7, Kelvin &
B, BroFRmEE /ML TROEIFEL L
2% ST X HHEE T, IE 6 AJF 8 M, [
6HEMNHRD 14 HATHS. M1DOTLH T
— LD 15D /N%E Kelvin Z/L &7 L, Kelvin
AW Oy HRESRZTET VL, ZE

OBV TR E UTHEBT 2 L7, B2
BIZ L A mEARFWF LA L2 FE €7V
TAEFREZFHE L, Kelvin BLOBILOKE X,
BROCREDE X, RO, NEREETE LI-gGA 05
BRERIZ W THRET 5.

Fig.1 Test piece of urethane foam (¢29mm)

2. HEFELEARERET N

2.1 HEFE

HEZER OFHREIT %1972 Helmholtz 2O
EHRWE. B EBADZERR RIS TV DR
WZOWTIELL FOEF A2 AW, REDOEEIZ
st U CTHRES I BRWVZERTIE, 2550 7 D HEPEIC
X 0 BEmEE RIS IC B W TR EREN A LS. F
T, B OB I TR  JEfC £ 0 R L
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2B, EROBE R L TRE WEEmA RN
GIEELHORT D, T D=8, W22 aiaiE+ 5
BRI OWTIE, UIMEIR 2 E L TR (L LT
Navier-Stokes FfE, BMREHREA, & &R
Ak L OMREE R D 4 >R A BT R R
ELTEZDONRTHDHO. AL« JES] « 5
JE - IBEOEBEM/NE L THERERELT D
XD~ Q) EES.

pojwr=—Vp+ uV?v+ %uV(V ) (1)

KV2T = jwpoCpt — jwp (2
8 T) ®)
v-v+jol——)=o0
J (Po To

po: ZERODERE, j BB, o AEE, p:
BIEAS), u: BRORMELRE, v BEAE), «:
ZELROBMRER, ¢ REEHE), Cp: EEHE, §:
BEEAHTH L. SRITHEANZEEL, &L
OWRN TEEN—E L RE L, WrimNIZis T
I L EEDO R RN T D3 EFEOO%L
WD EHEARMERTE 5.

22 ARERET NV

2124 EWER LT 2T D Kelvin £/L 0D
FE £7 VAT, ROV IVER, IR - 28
IR - FRE T DSBS DBE, VR SREIZZE N
7=RERL, NACLY kelvin BLVNOZER DD
A DZEREEGE L TWD, BADOKE XXM
12 0.5mm & 0.666 mm & L, U L& OEREEEX
JEX2.0um 3.5um, 5.0um, 16.7um & L7-.
2a 1X 1 DDEIHE 2 ODIEANATEDEIZ D
bW=ET EMLEDIR 2 M) 2T, X 2b
1L 1 2OBMIOZE[G EZ DI 4 HTRBFD
[ZZENTWBHET L, X 2¢ 130X 4 5 TRAME 22
WTWAETIL, 2d 1N 8 HDETF LTH A.
FDBEALE 0. 05mm, 0. 08mm, 0. 12mm, 0. 16mm & L
7= 3 IIEEE R CTHW T A M —2%E
FIULT B2, X 2d DFT /LA 22X 22X 7.5 {#
FEA B CEREOEFEE W THW 7y
A AT DHEF 15mm, JES 5mm O FFERIZ L7z FE
ETIVT, F1489 HHEFETHDH. ZDOETET IWVITHE
BENERZER D FE T7 WAL % G o TR E A,
HFRGFHANRREZ T T AL L, FHUREE BRI
HFEOFM 2 AL, AFHE & KO 3%
— D EEARFWEREZFHE L. SRIOET

JLUTCITEIRIREE (RIE 22°C) L LT, ZERF ol
BHIE 343, bm/s, ZERODFEEIL 1. 205kg/m3, THEKAR
X 0.001 & L7z, F7=, BHORT 48.5%L L7z,
IO EIL, TV X 73— 20Uz iT 5
Gl A FEI )9 5 ok (X1 ORWES) O
HThD.

AN NN N
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c. 4 holes (vertical) d. 8 holes
Fig.2 Kelvin cell by FE model

Fig.3 FE model of polyurethane foam for cylindrical

stacked Kelvin cell

3. EBRERLHERRE
4ITE EBEDIE X 3.5 um, RO 8, 7T
££0.08mm DHE TEILDOKRKE X %HZE % 7~ Kelvin
cell DRFHROFHEERO IR Z 177 KHEERRD
T A X 0.5mm, FEERA LY A X 0.666mm
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O ERHERRETHD. AV A XE2LEET S
&, B A DN E NS AR RN U
Lot

X 52/ A X 0.666mm, 7D 8 E, S
0.08mm DFE THER EBEDOE X %228 2 7~ Kelvin
cell DWLE RO FRRE RO A2 7§, AR &
20 m, FHRNES 35 um, HRAES 5.0 m,
HMNE X 16.7um Thoh. BEOEINKEL R
BHIZHE > THAFRD B — 7 [ KR W 12 284k
5T ENMERTE T

X 6 |ZEEDT /LA X 0.666mm, ‘B & BEDE
& 5.0um, /N 0.08mm DEA TROBELEZ T~
Kelvin cell OW RO FHERERZRT. IRERH I
O¥x 2 H(X 2a), AR NOE 4 EH(X 2b), A
L U OE 4 E(XK 20), HRRAIO%L 8
(X 2d)THD. ROBEPHEZ 5 EWMFEROE—
SR BRI LT DR L 2oz, FT2, K
OEMNFE L THHETRARDLZWERE o7 Zh
1L, BEOBYFITOIRBEOENZLD LD EE X
5Nb.

TIZBEDE LA X 0.666mm, HiE & EBEDIE
X 50um, NDO¥ 8 HOBEATRELYEZT]-
Kelvin cell OWEROFEREREEZRT. BN
££0.05mm, FHRENEE 0.08mm, AL URRAN
£ 0.12mm, JREEDNNES 0.16mm THDH. NN
K&EL 705 EWERO Y — 7 B & EH I
{bT DR L7272,

1
0.9
0.8 ——cell size 0.5mm
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

——cell size 0.666mm

Normal absorption

0 2000 4000 6000 8000 10000 12000
Frequency [Hz]

Fig.4 Comparison of sound absorption calculation results
due to differences in cell size
(wall thickness : 3.5um, number of holes : 8,
hole diameter : 0.08mm)
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Fig.5 Comparison of sound absorption calculation results
due to differences in wall thickness
(cell size : 0.666mm, number of holes : &,
hole diameter : 0.08mm)
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Fig.6 Comparison of sound absorption calculation
results due to differences in number of holes
(cell size : 0.666mm, wall thickness : 5.0pm)
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Fig.7 Comparison of sound absorption calculation
results due to differences in hole diameter
(cell size : 0.666mm, wall thickness : 5.0um)
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4. £t

Kelvin BAZHWNTRY 7 L& 75— Ak
EEAREFET VL, BEAFEEREHRE
L7z, BLOKRE S, BECEDRES, RO, )
BROINT A—H AT 4 Z4T\, LT O RZ 5
7.

s A X2 (0. 5mm—0. 666mm) 35 &, &
VA XD NS DT IS SRN R E .

CBEDEINKEL 5L @.0um—3.5um—>
5.0um—16.7pum), WHEEDOE— 7 BEHEHLE
WIE LT,

- ROBNEZ D & 2 H—4 fH—-8 ff), WEss
DY — 7 FRED @SRRI Uiz, £, RO%#%
DRI THE TR ZWERL o7, ZHUL, &

DY T HREBEDBENC LD b DEEZ HLD.

< REEDN KR ZE < (0. 05mm—0. 08mm  —0. 12mm —
0.16mm) 72 5 &, WHHRO ' — 7 AR B ER I
B LT-.

A%1%, AEIO Kelvin BV & FEAVEHLO BRIC
OWTHREITH) TETHD. £, AENIZERED
A DIHD FE T ML TH-T=0D T, SHKITEK
SOBED FE £7 Wb & Ehi L, ARESERHCELR
THREEREOD LA T 4 — DD g b~
BNLTHTETHD.
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bbH, AR TIE, VA RA Y NEBANAERT DT
O, BRy N TFEEE L RN OAE B ST 55
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