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Ex situ TEM j%1Z & % PEFC fitifE M
ERILFRIE & HEERENT

Electrochemical Measurements and Structural Analyses of the Catalyst Layer of a PEFC

by Ex Situ TEM
-7/ - L £ KX
Takahiro SHIMIZU Takeo KAMINO

Abstract

We investigated a new method for the analysis of the degradation mechanism of the
electrocatalysts of a polymer electrolyte fuel cell (PEFC) by ex situ transmission electron
microscopy (TEM). With a newly developed sample holder, electrochemical measurements and
observation of the same field of view before and after the measurements were realized for a
small piece of a membrane electrode assembly in gas atmospheres simulating durability tests
for the PEFC. The ex situ TEM analyses revealed that the trend of structural changes such as
corrosion of the carbon support and coalescence of Pt particles and that of a decrease in the
electrochemically active area of Pt were in the same manner as the results for durability tests
with a single cell. Therefore, the new method established in this study serves as a fundamental
technique for tracing the changes in the morphology and electrochemical property of the

electrocatalysts.
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Fig. 1 MEA-TEM holder”.
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Table 1 Experimental details for start/stop cycle test.

Scan range 1.0~1.5Vvs. RHE
Scan rate 500 mV/s
16V
Wave form
(2 cycles)
10V
<« 2s/cycle
Cycle 1,000
Temperature: Room temp.
Anode gas: Dry H, 1~5 mL/min
Atmosphere i
Cathode gas: Dry N3, 1~5 mL/min
Pressure: 1.5/1.5Pa
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(a) initial

Fig. 2 TEM images of the cathode catalyst layer (a) before and (b) after 1,000 start-stop cycles.
The partial pressures of H2 and N2 in the sample chamber are controlled to 1.5 Pa, respectively.
The arrows show the positional change of carbon support and the dashed and one-dotted circles

show the structural and positional change of the ionomer, respectively.
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W4l A PEFCAS EBRICHH SN DBIRIC L VLS00 2 Z L S AHETH 5.

Real

T == =i . v B
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1< -
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Fig. 3 Experimental apparatus for electrochemical measurements.
Wet N2 gas is supplied to the reaction chamber from a fuel cell test stand

behind the apparatus.
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Table 2 Experimental details for the load-change cycle test.

Conditioning Load-change cycle test
Scan range 0.05~0.9 Vvs. RHE -0.6~-02Vvs. Pt
Scan rate 50 mV/s -
08V 02V 3s
Wave form
(2 cycles)
0.05V 06V 3s
<« - 34sfcycle «—— Bsicycle
Cycle 50 1,000
Temperature: 91~92° C Temperature: 91~92° C
Anode gas: Dry H,, 1~5 mL/min .
. Anode and cathode gas: Wet Ny, 100 mL/min
Atmosphere | Cathode gas: Wet N, 100 mL/min
Dew point: 78° C Dew point: 78° C
Pressure: 1 atm Pressure: 1 atm

AT v a = TRtk & BALY A 7 VERERE OfiE (7 Y — R) OREEZALD Ex situ TEMBIEERE R
#Fig. 412777, Fig. 4 (a), b), (@) 1ZFNENHH, 20T 1> a =71, 1,000 1 7 L% Th 5. Fig.
4(@) & (b) ZET DL, 20T 4 v a =2 7RIk CIEAELE B OPRL T OREEZLITFRD b~ 7z
—J5, Fig.4(b) & (o) ZH#&T 5L, BV A 7 VRBRZ KA TR EAL CTPRI - DEEE « HLRL AR
DOz, ZOPRI T OREZE LI, Bt/ TOARMIGERR & FRROMERZ 7R L TS . R CH -7
I TIL, —A AR E & HICPHRL - ONENE L LT Z & b Sz,

A
L 5o ¥

Fig. 4 Ex situ TEM observation of the cathode catalyst layer (a) before, (b) after conditioning, and (c) after 1,000 load -
change cycles. The arrows show coalescence of Pt particles and the dashed circle shows displacement of Pt

particles with carbon support.
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Fig. 5 Cyclic voltammograms for the MEA after conditioning (initial) and after 1,000 load-change cycles.
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HEBUETEL FCV MREHEBRAEDRFRE

—CVS ZRWVEBHRNS D REDEBEHAE -
Development of a Fuel Consumption Measuring Method without Vehicle Modification

—Oxygen Balance Method using a Constant Volume Sampler—

X B B TR H& AFn BZ2¢
Masaru YANO Takuya SHIMOSAKA Shigeyuki ISHIDOYA

Abstract

An oxygen balance method using a Constant Volume Sampler (CVS) was investigated as a
fuel consumption measuring method for fuel cell vehicles (FCV) that does not require vehicle
modification. Because a highly accurate oxygen concentration measurement is required, the
technology for measuring oxygen concentrations in the environmental atmosphere was used.
In each phase of the WLTC (Worldwide Light duty Test Cycle), differences between the
gravimetric method and the oxygen balance method using the CVS ranged from -4% to 0.5%.

He 52
1. 8=

PREMEM A BN (LLF, FCV) BRERER H1E%Z ED 5 1S023828 (Z1% Normative (B & L CTHEEIA,
JEJ1E, MEENSED LTS, Wb BEANGKE CLF, Ho) 244632 515 THY, FCV DK
FUIE T A NN DKRFEMIE T A N ASHLUERLETH S V9, 354, EWNS T HfRao
HEEMENREE->TEBY, FWIC FCV OHEMBUE NERRE AR TVE DL LETH 5.

INEFERTLHFEE LT, VAR OBFECLT, O REOEEAFHNT LI LICL-T, Kk
Wb He &2 BT 2MENT U RAERE 26N, (—) BHARBBHEMSEHTClE NEDO KFEHE
FESE I R 2 (2005 AEE~2010 4EFE) 1I2BW T, BEH T A DOt & & IR & E82RHAI 9 2 EREEHH)
B L, BFENT o AEDOFBMERZIT 572 5.

—J7, MREEPEFEED 2019 4F 3 1 12 RITHIE L7k - BRBHEMEIS = — R~ » 7T, 2030 4% T
FCV OENE L HIZEZ 80 THE LTW5D., 5% 0D FCV O K %5 2 I-856, WL BB RE - Bk
H T AR B & LT & LTV 5 Constant Volume Sampler (UL, CVS)% FCV OBRE=ABRIZH VS
ZENTENER, RIECHRBRILLEZTZ LA TE, AV Yy PRREVEEZEZIOND.

Z ZTAITIE, CVS M= FCV OB IUOE R E R RE B 1L E2EZ % - et L, ZOiEIZ >N T
EHE L.

2. NV TSOU RHEDOHDERGENT RAEHE

CVS & HW o NAEES B B OBREZHRNC X, FHA RS DXy 7 7T v RIHIED T2 OIZHEH T A Fr
W= (LLF, DF:Dilution Factor) 2"HWSNTWAA, 2O DF 20 %% FCV IC#fd 52 LI Tx
eV ZFDT, KFTIE DF AWy 7 7T 0y REIETEE UCERIGHET AL LIRS
5. BRITOBEOT-OIZ 21 I THEEZHINEEZRL, 2.2 10 THEEM L7z CVSIEIZOWTIRT.

*1 MR A A A BIRIERT BT Y 7 %N R TR R B wseE
%2 [ENCHIZE PR AP ATA ORI L (T2 S (2022 4 3 JBU7E) |

*3  [ESIHTIEBHFIE N PE BRSO ITIERT it ()

Lo m e ScHE 202043 A 10 H -14 -


https://www.jari.or.jp/research-database/detail/?slug=33280

2.1 EEFAZEICETIERGHENREMRE
EHEHHINEIE, FCV OHH T A0y, 7 AHRE (02, Hs, H20) ZsfiehiZGtHl L, O 1% &4 i
L, fOtLic He #¥HH T 2 FIETH D, FHUFIEOMISN Z Fig. 1 1277, O {H# &% FCV AT X
OHFH L7z O BEDOES LV RO D720, WA LHPHOmGTITIREFBMIEL 2D, L, ZOHIETIR
ERERNCZAET DB A U BMEEIC L T, WA - HEHIZB T 2 &G TEZ A LT,
Z T, WAMOWEGFZEIE L T H BB EEZ RO L 2L L L. BAEXEX(D~@IRT.

‘ Measurement item

Q Non-measurement item

Ambient /|3
Air ] 0Oy Hy« H,O
analyzer
1
C e
w/o Flow 02,EX

CHZ,EX

Flow meter meter
CHZO,EX

] H,
S [
Ambient _-l-. FC stack

TEm T o

Fig. 1 Schematic diagram of the oxygen balance method by direct measurement.

AR 65= @ sy < C 03.amb — @px X Cospx

= (@ux*X Curarx) X (Cogamp / Curcam) (1)
—Qux XC 02,EX

@ m2rx = @ px X Cuz px (2
(3)
AQH2 :AQoz X2+ QH2,EX

LLFO&EZ, WIFho&Ed R7 A DIRETORER L ORELF£T.

Qame . &]\%?\{}:ﬁi% [mS/mln]

C 02,amb c AZELH D O - FE [vol. %]

C H20,amb D AZER O HoO B [vol. %]

C URG,amb W NZER T DOIESENEAT APRFE [vol. %]
@ Ex c HEHH T A i E: [m3/min]

C 02,Ex AT A D 0238 [vol. %]

C urG,EX : HEH T AT OIESEE AT APREE [vol. %]
C'120,Ex D BEH T A D HoO JEE [vol. %]

C n2,Ex c HEE AT A He B [vol. %]

Q) H2,EX : Ho i [m3/min]

AQ oz : Oz Wi [m3min]
AQue : HoVH#E )i ® [m3/min]
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B EARIFOBE G, BREVEM O KGN E L 720 N2 Ar, CO2 (UL T, FERUGHEH A, 2 ¢ URG :
Unreacted Gases) D&, WA LHEHIZBWTHIUTHD. ZD72DW AL Oz &%, HEHA AR DI
FOGHETT 2 B L AT D22 D Q2 21 & IELUGHEN ZBEDLNLRO L ZENTE D, T74bb, L
TORDOREFERH Y, 2N Z2X(O—1THORIZMRAT L2 L TATHORBE LN S, 7235, Curc.am,
Curcex 1L, WAKLOHEH T A ORI LUOVKERE A 100 vol.% 2 5H5|< Z EIC L VRH BN 5.

& av X Curcamy = @rx* Curarx 4)

ZoRW~QDHE M FiELE, RBRTIEIIFUNET ZAERIELHT D, —F, BEEMA % v 7137/ —
R He #liJiE % —E OKEICRDTZDIZIHERF He ZHPEH L TWD. 2Tz =Y EF 9. =Y Shic
He BOFHANL, Ny 7 7770 MHIERARETH D720, HMMICA(QR)TRD L Z LN TESH. BEERD
FEEITIE O2 D 2 f5DE/VRFED He DHE S D728, )7 He iHBE=IFAGIZ L U ked 5 9.

2.2 CVSZRWRIERDHENRERE

CVS % F\W = FESUS M AR HaEIE, PR A Eh e & [FEk > CVS 2 HW T FCV O AT A %Ry 7
/AN IS A R

EHEEHHNE S CVS B, 5 3R Cshll i EN R E < R0, IROBMIZ LY EARNIC He HEED
BHOEZFIZF L TH S, FHUFEOHMXZ Fig. 2 12R$. BREMEM A # v 7 13 A L7 02 D405
FEZWHE L, VTP T 5. CVSIETIIKRER DML Z T 5720, Pt A & 10 {520 EO#&AR A
AT T A ZHRT 5. ZOFHPIRE LIc T A Z A RPN T A LIRS, Z OFRPEH T 20X, 22503
DEDLDTURNFCV L OPEH T AL BD Z L1 TE D, 2OHEO HelHE &1L, K(D)~@) %A LT
Koz EncEn. HAHAEZXG) ~MIIRT. K(D~@) L DiEWE, CVS IEOEEII Ny FIETHD
78, HE@)EFRE(VICEEEZ TS Z L L, MAZLKPEIEREE (Vamy) (22 TARZEXR S
(Vampp) D30 2 B2 5 TND R THD.

' Ambient Dilution
Measurement item 174 . Air Bag
ambD Air
0,. H,
Q Non-measurement item ~ H,0
wlo } analyzer
Flow meter 48\, ] Y

w/o

Flow meter
| H,

1
I
£
-

—_-t
Fig. 2 Schematic diagram of the oxygen balance method using CVS.

C H20,samp

Ambient
Air
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AV gy = (Vame + Vame) X C o9,amb
- Vmix X COZ,samp
= (Vmix x CURG,samp) X (COZ,amb/CURG,amb ) (5)
- Vmix x COZ,samp
VHZ,EX = Vmix X CHZ,samp (6)
AV = AV oy X2 + Vigy e @
CTCHWARZIILTOMEY THhY, fifi&F UREITHAEEKT 5. £/, WIhd K714 OREE
T@ﬁ%ki@%&%%#.

Vambv  : WAZELE [md]
Vambp : HRHT ZE [m8]
V mix . %%Rﬁktljﬁ;{% [m3]

C 02 samp D ARPE AT AT Oz R [vol. %]

C URG,samp s AR A R OFESEE T AR [vol. %]
C'H2.samp D ARBE AT AT Ha WL [vol. %]

C H20 samp s ARPER T AT HoO R [vol. %]

Vagex : Ho it & [m3]
AVo2 : O27HEHE [m3]
AVue :HeWHEE [md]

3. HEBAEELUHEREE

B OETRMIOBHERIZIX, Y U FATEA—XEZHERH LZ. FCV O OHEH T A%, Hili o Ok
HEZ IZRIR B S, IMBVENEEEZ N L CHIRT A LIRA L, BEZEELZ N LT CVS Oy FITEREL
éﬁé.it,ﬁﬁﬁxi,#mﬁXk/ éﬂém@&ﬁf{NS@A/7_“Wbt mm THIE L 72 g
MEARIE, HEXIRILE A U7 W PHBEZE IS D E W e, ST A OREUCE LTI, K[URT BRI ESE 5
u%m,W%%%ﬁ@ﬁ%@CWﬂﬁﬁ%/xwiwyuw@%%@iimﬁbt

ANTIZ R0 5 3E DOfEkE % Table 112, ##SX % Fig. 3 1R d. FHAGRFE X ORI OEEEDE A
IV o=y bHA (Fig. 3 E#) , K74 A (Fig. 3 FH) ® 2 %8f& L.

PNy FITEREL LT A DGR G:1E Oz, He, HoO (KUK TH Y, BERONREEEI BB EH O 58T~ 27
AT EENRNWTD, MBAICEB A T 7. T 2AOSHICIZEM A2 BT 57-0, ZRPEH T 2% CVS
ICE o TV oAy LT, A 20LO7 VI =7 LRy IRz, B, 713I=
LNy 713 He OFWMNIEE CTE 52002 8H L=, —J5, CVS EEOHIUH N> 7 (Kynar 18 & H
DOFHEME LHRBRICIIAEEZEZ EZARVWEETHDHZ EE2HERLTND.
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Table 1 Test equipment specifications for gas analysis

ltem Manufacturer/Model Remarks

0, analyzer Air Liquide/POM-6E Paramagnetic type.

MFC
Alicat/MC-100SCCM-D/5M |Flow control for O, analyzer
(Mass Flow Controller)
Digital multimeter Agilent/34970A for analog output of O, analyzer
H, sensor RIKEN KEIKI/GD-70/ES Max 2000ppm
HORIBA STEC/Z500
MFC Flow control for standard gases.
(300scem,30scem)
Dew point sensor VAISALA/DM70/DMP74A

Diluted
exhaustgas
or
Dilution gas

H, sensor
with pump

Dew point
meter

S—— Data Logger
MFC -I MFC 5

(300 sccm) (30 scem)
Diaphragm ) ® Manualvalve
pump Pure Air H,/He

(G1 grade) (1%)

3-way valve

Electric
cooling | 2°c
unit

1| 0, analyzer
Ethanol MFC :

bath -80 °C (100 sccm)
Digital
multimeter

0,/N, 0,/N, 0,/N, Reference air
(19%) (20%) (21%) for O, analyzer

Fig. 3 Schematic diagram of the measurement system for Oz, H2 and H20 in diluted exhaust gas and diluting air.

Uy M AZRETIE, He, HoO BEEZSHT L7-. He & o —I133BRATE ICEYE S 212 K- THERL L,
FEHE AT 2 3AiZE5 & 1 vol.% D He iR A IE TG L7, HeO IBEEIXE AGHT Lo TRk, ARPEH
HABED KT A HRIZIEH L.

R A TAZHETIE O MBEAE S Lz, HADRIBIZESE R 72 8H LT 2 BTV, Baaidksk
[ROFAEZ A TE DFEE & L'C-SO"C (0.54 ppm) L BRBLEARIA T —a k m~7—k
Ko THERIEIL7ZD6, O mriticiE o7z, O Tt OBIERIC W AENRE S A % Table 2 IZR77. &K
FIEIZBIT D 02 M CiE, #121F 20 vol.% (200,000 ppm) @ O2 Z+50 ppm F&E CTEAIT 2 XN H 5.
L L, BUERHEIERIESEEE SR (LLT, JCSS) (CHI- 7= EFFAAT & OfEHE S 213 20+0.2vol.%
(2,000 ppm) PIRETH Y, FRZEWW T LN TER.

—J7, PEEFEIRAMIEET FEREERE X — (LT, NMLJ) Ti, JCSS 2@ S 72 WEEHET 2D
BT TR, AFEERIEREN 2 2/ER L-. 20855, Table 212777 XL 912, Oz : 20 vol.%+50
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ppm DFHAEE 2723 DI+ /BT A %55 7-. £7=, Table 2 ® O fZHEN A Z i1 I E
FE7R Q2 DM AT O MERH Y, NMIJ L0 FfEDOH 2O EZ 1T TRETD O 90 5217 > TV A [RIPF
B PRI KRR RE T2 /L — T OFEN 215D U, EAEFE7 O T & FHEEL L 7= 6.0,

Table 2 Standard gases for Oz analyzer

Gas, values Uncertainties
0,/N,:191,524.1 umol/mol 7.2 umol/mol
0,/N, : 199,548.4 pmol/mol 7.5 umol/mol(k=2)
0,/N, : 210,793.3 umol/mol 7.7 umol/mol(k=2)

fee /N7 v AEOFHREZEOFMEE L U CEEEZ AW, BERIE, BFAOETEKERIRD DBREL
LT H: % FCV ITfifa L, HBREIE CHRGOE &N AT, ZOEn%E HeHERELE T 5D THS.
WA RKIFEA b7 —%: XPE64003LC (64 kg/5 mg) ZJALGNICERE L, FHOEERZAEEREZ AW T
HEEICERE L2 E &5 21T 72, FCV BRENEE &EE% E® 5 GTR (Global technical regulation,
EBRHIN A ) No.15 Tl, BEEIEICHW D EF REOR/NitAHA Y E%Z 100 mg A FEEDTEY, Al
AWV EFRIIE 50 7B A0 5 fRREZ Ff> T 5.

¥, REKFELE Mn i 47 LAEGTHY, FE I 5H He U AL Gk (Rfli 0.1 ppm A,
e AN = /A v N s IR

4. HEREM

BRI ITBEBR D/ NRISE ] % A4 70 FCV % Wiz, HREREH D%t % Table 3 (77, BRHE T v RIEE
FE D 7= 8 O B S (30 S 72 AS, WL ECTH 2 EVEZ I 5720, HHFA) DO He a2 45 1k
L, Rl REEm A% v 7 BICHENNDS He 20T 5 -0 oti&E 2 i L 7-.

Table 3 Test vehicle &

ltem Specifications

Type FCV
Sales start date 2014/12/15
Vehicle Mass 1,850kg
Size(L,W,H) 4,890%1,815%x1,535mm
Wheelbase 2,780mm
FC stack PEFC, 370cells, Max114kW
Fuel Compressed hydrogen
Hydrogen Tanks 2 (front 60.0L/rear 62.4L), 70MPa
Battery NiH,, 6.50Ah
Motor Permanent Magnet Synchronous Motor

Max power / Max torque 113kW, 335Nm

Drive system FWD
Max speed 175km/h

5. RRFHS L URARBRKR

5.1 HEBREH

B SeF% Table 4 |Z7R 3. SFEIIARFEOREMED -, BB O T-HERIIERIE O T CTHRE O FMH%
5.z 7=, WK — 134T WLTC (Worldwide Light duty Test Cycle) & L7-=. #fE/ X% —> % Fig. 4
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R B, KM TIE WLTC 0% 7 = — X2 @ EHOBEWIEICL, M, H, eH I THT. v &A1
FEREOIREIL 23, 40, -7TCE L, BRHFEEXCF =Y CLF, CFV) (£5, 7, 9 m3¥min & AV /=,

Table 4 Experimental conditions

ltem Specifications
Test cycle WLTC
C/D
Room temp.(°C) 23, 40, -7
FCV Starting SOC Uncontrolled
Air conditioner -7°C - 23°C > OFF, 40°C > ON
3/mi 5, 7, 9
Exhaust CFV(m®/min)
Heating pipe temp. 70°C
= L(Low) =——M(Medium) -———H(High) eH(Extra-High)
140
< 120
€
2, 100
©
g 80
by
° 60
=]
= 40
(]
= 20
0
0 500 1000 1500 2000

time [s]

Fig. 4 WLTC class 3 test cycle

5.2 HER#HER

FHEEAECTH HDERIEIC L D Ho{HER L, MBEAT U ABICL D HeHEEOZER (ULT, #47) % Fig.
51T, BRZEIT-4%~0.5% DRI L TH Y, &R E L TERIEORKRICH L~ A T ARO[ Th o7z,
Hoe BBV L 7 = — X, HEARAEN K E <, CFV 2N EWEERREN~ A F AEH AT 72> T
%5. —Ji, M*H-eH 7 =— X7, /%/54%%£®mﬁﬁﬁwi&M?#74%X®@ﬁ Z72 5TV
5. Flo, a— )V RAX— NOREEWRT 5720, 40C, -TCOETNTNORRREICBWT, £ 111
KAy hAX—F DL 72— X%&{To7-. %ﬂ%h@n~w%x&~bkf/bz&HL@L7IHX®M
FEEET DL, WOMmEZ R L TRY, HEOREERNBERSTZAREENRB X HiLb.

B, RRTEHT 27— X ITEENR2VR, SRIORBEREEC THRGEE T AF O Hz/;;%r“
B 72— A THET 2 ERNTOXNKRE o7z, £, FCV R A= 5% He B3I He 14 Er
O NR—E MEeBZOND. TR VBEESNDHRPEL T AR O He JREICK LT, SBRAERD Hz
REITRIRE & e o7, ZOJREICOWTITMRETORMA KT, FCVRAOREEEZEZ HLILD.
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— | V] —— H s M&H mmm eH
1%

0.5%

0%

-1%

-1.4%-1.4%

-2% %.1,7%-146%-1.6%

Difference between the CVS oxygen balance
method and the gravimetric method[%]

1.9%5 0%
-2.4%-2.4%
-3%
-4%
-4.2%
WLTC phase %EI%§§I%§§I%§£%%§EI%§£%%
8 ] 8 8= £t 3= £
Date
8/22 8/23 8/27 8/28 8/29 8/30
FV
¢ 9 m3/min 5 m3/min 7 m3/min 7 m3/min 7 m3/min 7 m3/min
Room temp. 23 degC 23 degC 40 degC 40 degC -7 degC -7 degC

Fig. 5 Difference between the CVS oxygen balance
method and the gravimetric method (each phase of WLTC)

WLTC &— NRE % Fig. 6 (2~ 7. eH 7 = —X|IRHEO ETFE I L > THEMHRIN L 725728, Fig.
6 TiE, eHDOFEIZX > THERLEZ ST T 5D, Fig. 6 LV, 2253 2-2%~-1%DRIZoAi L, Fig.5 &
[l U< E&EEOFREFRITK L TREMIZ~ A T AEHmTH - 7z,

fesi /N7 o AEORRZED BEEZ I HELL CTE1% AN & L7854, Fig. 5, Fig. 6 & HIZFAZEDOFMEIX
A& R CE 7o\, JRB /N T v AL % UG S LB E kORI T 5121E, fEITE1%ISE ST 5
VERDHD. ZOTDITIE, SHEEEROMAHL, TORELZEDLLERDS.

Y% m 3phase(L,M,H) m 4phase(L,M,H,eH)
e
23 1%
2 5
c o
[J]
25 %
55
g
Oz -1% 0.7%
£ 0% -1.1%1 3
el . -1.4% 1.4% 5% “1.3%
85 2% | L7%LE% gy
23 -2.29%2:1%
8 ©
g T 3%
c S
8 [J]
£ & 4%
fa)
Date 8/22 8/23 8/27 8/28 8/29 8/30
crv | 9 m3/min | 5 m3/min | 7 m3/min | 7 m3/min | 7 m3/min | 7 m3/min
Room temp. 23 degC 40 degC -7 degC

Fig. 6 Difference between the CVS oxygen balance method and the gravimetric method (WLTC mode)
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6. TLH
HESOEARNE R FCV BB RS 7 1EO R ko b o, FCV 2Rkt g & LT CVS & fv 72
FNT L AEORERE LT o7z, FREZUTICELDD.

AR T, v XA FTEEOIRE, CFV, WLTC O 7 =— X% 5 2 —% L LTELEE, B
BB ERICERFE N T AEOBEZTMM L. ZOfE, WLTC @7 = — Xm0 71%-4%~0.5%F% D
54 L, WLTC &— ReRTIEEEIT-2%~ - 1% RO Iz 04 L.

E’E%/{? VXYf@%E%@Ht%%iI%uW& Lf:%/a\, ﬁﬁ&ﬁgfﬂiaig%%}ﬂif%fib\ %@f:&)z:li’
SBRABEER ORI L, ZTOUELZED ZLERD .

CVS AT B Bh O PE 7 ZAEFIE L L TR E b bl Tk Y, FEEEOmWFE
Thd. TDl), KFEOBAERKROHHOE, FCV FAORBEARER L, dEL TN ZERHEEL
BERD. FEZNUCKY, RFEPFEMUICRESESS 2 EITRDEEXD.

Bilta
AT —REFEA A AREBHETLESOOORTLFEO 2 E Db THD. RiEIZIH %
W2 W T SRR IR G 5.

D REF BHED  PREHEN A B ORI Tk (BLENEET)1E), ABhHRISE, Vol.26, No.6, p.257-260(2004)

2) KU B5E BREHE M H B AL ORI Tk (IRENC XIS L2 bt itis), A BY#ATFSE, Vol.29, No.6, p.243-246 (2006)

3) Yano, M. et al., Development of Fuel Consumption Measurement Method for Fuel Cell Vehicle (Flow Method
corresponding to Pressure Pulsation of Hydrogen flow), SAE Paper 2007-01-2008

4) Kuroda, E. et al., Calculation of Hydrogen Consumption for Fuel Cell Vehicles by Exhaust Gas Formulation, SAE
Paper 2008-01-0465

5) KFF  WITH: I LOE A E e FCVRE EHU T OB S (R N7 v AEOMGEETES) , BEHEAFSE, Vol.30, No.7,
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In-situ Observation of Internal Short Circuit Phenomenon in Lithium lon Batteries
Using Synchrotron X-ray Imaging

=E BE¢ ZEk E1
Masashi TAKAHASHI Tsubasa GOTOH

Abstract

For a forced internal short circuit (FISC) test and a ceramic nail prick test assuming an
internal short circuit due to particle metal contamination, in-situ observation was performed
during an internal short circuit phenomenon using synchrotron X-ray imaging. As a result, the
relationship between voltage drop behavior and the number of short circuit layers could be

confirmed in detail on X-ray CT images.
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UF oA rEm (LIB) X, BlZIXRDWEY, WFEE, WkE, SMPEKE Vo Rz -
A, BN CTH CRBSUCAE Z Y, KK EICE D AIEEAH S, @, LIB 24 H
THGEICIIREEEZWNE LB AR L7720, fERGEICIRERIEE 25T, T X5 BN s
T5 2 EERRIZBHENTWS. LvL, BUhNEBRORASCEEBEROIN Y IZ X 2N EKS LD
NEREREICHE IR 4 D BRI, RREESCEERE N EFIEES L TOWTHHS IO TERWESTH
L. ZOXD R RERIKETH S Z ENTEROVNERERKICK L TRe a2k 5 B TEL N RAE
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By L 2k LE&REMZFEE L 2 1mm O L F=y 7 VR EFATILERD D20, Fiflim kO
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il URBR R OSB3 < BB H - 2. 7ok, FEREEERO¥ZI71%, Fig. 11298 A —1E
MR RAE T 18, AlE— EE - AmEEE T 2 BEKE LTWD. REREHINEERS 2 a9 5 5k
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L—2 OEBROFETHRL T\, EERTFER L K EEOMEEN R ThH /-, 22 TS
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single layer short circuit
i/ two layers short circuit

I — electrode

+ electrode
— electrode

Fig. 1 How to count the number of short circuit layers

2. HBRAE

FRBR TR e % SPring-8 @ A X #REIHT B — AT A > (BL28B2) |2 T3Efi L7=. LIB 23EgE
L CRs i, %ék%:ﬁﬁ I &, BB BT EE MET RN H 572, LIB 2384 L CH AT
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SRR /57 (JASRI) T OE B MRy AT L&A L. Fig. 2 12 XG4 A—Y
7 OB, Fig. 3 ICMiHET v v N\ —DFHEAEZRT. %:n*/we“—ﬁﬁz%% X MRITMHET ¥ o S —NICERE
L7z LIB i@ L, MHET ¥ > S —FmO 2 Rot X #RHERIc L 0 X uEimg 2 ms4 5. 72, REE
WEAY P IR AR AT = L s TRY, F v ‘//%—Vﬂ@ LIB 7% [E]#s &8 C X fRip e & R L
RS X MG a2 L, 3 Rt A T 5 Z ENARETH 5.

SPring-8 O & T R/ F— I £ 2 X BuFEl A A — v 7 ik & BREIT 2 5 2 EBZ 2R R
VAT AEMAAEDESZ ET, TRETIFE A EFEFANBENNHEESLAREICELFREEOH H R
LARIED LIB B VINE OB A28 %, mZ2 M - s 0 ReRIC L 0 Z DG CRIET 2 Z LN ATRE L 72 5.

Nail penetration equipment

Explosion resistant chamber with
nail penetration equipment

2D X-ray detector

High energy synchrotron

X-ray (>100 keV)
[ -: X-ray transmission imaging

Fig. 2 Schematic diagram of X-ray transmission imaging Fig. 3 Explosion resistant chamber

HERIIZTHIR DS FJE LIB (A& : 110 mAh, 1% : 15 mm X 27 mm X4 mm) % AT, FISC
AR L 7 X v 76Tl U2 520 L 7. FISC BRI JIS C8714 7¢ E@%ﬁ%ﬁiﬂ:ﬁm LCEML
7o, BARMIZIX, LIB A L CRAMNADOEIEME & X — 2 IZ—8 1 mm O L 7= v 7V &4
AL, BEBERELELIBIZH LT, BAMINLBEEOMEREEZHANTHELE. €7 I v Z746THIL
AL, imd =y vl Lz ¢l mm, JemM#EME 30° ot T I v 782 HWT, AL T
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L, BAEES>50mV (K PR CHEMERFEA LR L, BTF2AEME RS2 XHFEEGIE 10 ms
DA % B L7z,

FISC #BrAT (before) @ X fhFiatg Cii, ﬂfrﬁﬁmiﬁ*):mwﬁi&;i DEENICHER TE V. UL, &
IVOSRIR & B A B ERTEERE L2 L2k Y, EMEROFLEEME T L TH D, MERETHIE
T5E, EHITEBENER L TREETIC f@of:lb@, FAEERT (a) &EAGER (b) Ol _Eﬂb‘ﬁtﬁ#
Roniwv. 7 2 v 7670 kBT (before) @ X #HE BT, B A OIKRIEEZIT > TRV 2D EM
ROFERIREN IR CX 5. FEERT () OWBETIX, $UERIEALRTND 2 K H OAMEREE
FCHELTWDEOICRZ DN, EEEIZIFETOMEIZ LV ETemE O EMIEN 72D A CEIBEETEEIC
FEoTWRWEHEZE I NS, F7-, FISC ik & RIERIC RS E AT & A& E % (b) OEBRICHIMERZITA bR
m\. EDZ End, SRIORBRSEMETIE, XRiEIRE TOBILIZL Y B L NHOBIZEH) iﬁﬁn I Tx 5

, EDJETHEME LT EEEIREEFENIIMEE CE RV 2 b ol v, HH0 Lk (2%
E.Jré;mi LIB Ti, T#] LEFO X S50 b R @ N 5 D FREMR T 5 2 & iéliﬂ:ézh‘fb\é 8,9,

£
Es0 a b 45
§40 i I/ Displacement 4 Ni partiCIe
§ Temperature ?— /
30 p 357
a8 ‘ g
g2 Notage 3 2
210 - 2.5
B /
g o g 2
% 0 1 2 3 4 —_— 0.5mm
= Time /s
Fig. 4 Cell temperature, voltage and Fig. 5 X-ray transmission images of the FISC test:
pressing jig displacement during (before) before the test, (a) immediately before short circuit,
the FISC test. (b) immediately after short circuit.
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= Time /s
Fig. 6 Cell temperature, voltage and nail Fig. 7 X-ray transmission images of the nail prick test:
displacement during the nail prick (before) before the test, (a) immediately before the short circuit,
test. (b) immediately after the short circuit.
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Fig. 8 Cell voltage and pressing jig Fig. 9 X-ray CT images of the FISC test after the short circuit: (X-Y) X-Y
displacement during the FISC test. cross section, (X-Z) X-Z cross section, (Y-Z) Y-Z cross section.
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Fig. 10 Cell temperature, voltage and nail Fig. 11 X-ray CT images of the nail prick test:
displacement during the nail prick test. (a) before the short circuit, (b) after the short circuit at the first

voltage drop, (c) 2nd voltage drop, (d) 3rd voltage drop.
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Ni particle Ceramic nail

Fig. 12 Image of Ni particle and ceramic nail after the test.
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Investigation of a Trigger Method by Using a Silicon Nitride Heater
in a Thermal Propagation Test for Lithium lon Batteries in Vehicles

& & = BIE HE" = Bl
Tsubasa GOTOH Kiyotaka MAEDA Masashi TAKAHASHI

Abstract

The methodology for thermal propagation test in electric vehicles has been discussed in an
ISO meeting. Japan insists that the purpose of a thermal propagation test is to "evaluate the
behavior of a lithium ion battery pack when an internal short circuit occurs in one cell of the
pack". Although the Forced Internal Short Circuit (FISC) test is a representative test method,
it's difficult to apply it to battery packs in automobile applications. As a triggering methodology
for the test, we investigated that whether the number of internal short-circuit layers equivalent
to the FISC test is feasible or not by using a silicon nitride heater. The results indicate that the
methodology has good repeatability of the supposed number of internal short circuit layers, if

the heater is stopped at an appropriate time.
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FEEHL OBRENH U F 7 LA A BRI I TR & 2R RERRED B D5, INEREAS IS DV TR ERRE TBh
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VD REE D RBRIETH D, HEIEAEM SNy 7 1T A NBICREE SN-#HEThH D720, Xy 7Nk
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ThHZ EEMEELT-.

*1 —AUEEA AR BRI BT E ) 7 ¢ e 1 — MR A A A BBV ERGET  BREERFZEHT |
Dk RRZEE 202041 H 10 H L (2022 - 3 A BUE) |

-30_


https://www.jari.or.jp/research-database/detail/?slug=41315

2. EBAE
21 HEHEMEIUE—A

B RITT LR T 22— FE/ANCM %, A& 10Ah, EEA)E L, RBREO SOC 1% 100% & L7-.
Table 1 |2t —% OfiAfZ/RT. RBRIFIIE — % LB ANESE LIREETIEEZITS) b & LT,

Table 1 Heater specifications

Dimensions W17 XL118 X T4mm

Heating area | 50 mm

Power 400 W (maximum value)

Rate of

temperature rise 100 °C/min (setup value)

2.2 EtRIIEH

Table 2 (ZFHHITEH #/~r9°. F72 Fig. 1 12033 3 SAREOHHAINEE L, £4TC1~TC3 L7 5. AE
FHHNCIT Y — AR K BEGEST 2 VW=, RKRBRICB W QT E#ER O E S-S o ) gk e 2 FE,
T, bE—HE_X—T T4 MiEZHAWTHE L.

Table 2 Measurement items

Veell Cellvoltage

TC1 Heater temperature

Cell surface temperature

TC2 (10mm from the edge of the heater)

Cell surface temperature

TC3 | (behind the heater)

Cell Surface

[— Veel j Temp. (TC3)
Cell Surface
Heater Temp.
(Tc1) Tezp. (TC2)
«—>
10
Bakelite plate
Heater Heat insulator

Fig. 1 Measurement points and test setup

23 ERBHOTEEELFMAE

L7V F LA T UBHMITEME AR E L —F TRTOHATEY, TN EREBEER O
BREEDENL L7 o TS, YEABRIZBWTE =20 b0 LoNEITMA 6D Z 2k, &3
L— & DNERER 72 LI IS PRV IE AR Al LRSS AT S, ZHUciéyy, e— 2 MAE»HER L Tk
N —H AN emgkEEs LTERT 20095 (Fig. 2). Bzt ziEL, &
e FhE U=, Z2fLOMERIZIT B 722 LEARMEE 2 V-,

7B, BAEANEIC B R — 2 BEEEPE DN TS Lo TV DD, BV K0 eRiE D' S L—H (2
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After disassembly

1 layer 2 layers
short circuit  short circuit
Negative
electrode
Positive
electrode

Separator — —

Hole

Fig. 2 Definition of the number of short circuit layers
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1~2 R Z G0 b — ZEILRM 2 RET 2720, BEEL T 5 F T — 2 MEEAT 5 T ekl 2 Ehi
L7-. Fig. 3T Rz R~T.
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Fig. 3 Results of preliminary test

INEBRIAE 213 B VEIEICEIT A S 7200, 180 FED B #R 2 IZEENME T LIk, 300 BEEHIZZ: 2
E M 72 BRI T OMHERR S 7=, IRUOTT 420 BED S Wi 72 BIBE AR S, F Dtk 694 BIizBs\\T
RIBAERLT LR ADHER SN

AFER LY, 30BUBENSELENMET LIEOWNEERREOI LN RO TEY, £/ 5 pENHLEE
BEFOBEEDBREL - TND I END, REETRINDAV = 5mV & 72 o 72 RE ATl 2 N ARG 3 %

ELTWDAEDERLNS. 22 TAMIETIE 5mV OB /VEEK T2 KL L e — 2 a2 E 14 55
e L.

32 FLEXH4HBOEBBHROHER

BT O HINT IS YE & L CRIER FAV = SmVOREE Tl — ¥ &4 1k L7-#BR (test No.1) % 56 L 72, #
B4 Fig 4 10RT. e — SRR LEENMETLTEY, MEBAS S 10 43 TIE 9mV OBEL
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Tlieof, B—F BN XV RAE LIERKS LIEO kL T o bo LHffESh D, FRe LTI
FEIZITEL R b OO, AREIRE TC2 (% 140°CE T EF L7z
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L . Heater stop
/\ at AV=5mV
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Fig. 4 Results of test No.1

TR — X OBIERER % Fig. 5177, 9BH £ Tk b — X MEUTER§ 5 221125 B AR ChiEB S L7228,
10 & BB CHL AN RO N oTe. Lo CHEEBEILIIB ChH o7 LHE L.

TR - DA
SO CIENIEEES

Short circti
area

camera image microscopic image

Fig. 5 Results of observation of separators

AR O Y, AR XA RLERFO BYIRAICHY T2 1 gL 2 BomkEisisZ L2 HME
LTWAH7e®), 9EEKE VI RERIZFALNCRE TH D, 2D b — X IMMEADF IS 2§51 L 73R
Kb ERE L, BRI X 2B RS0 b LA 2 FIE)E L7z (test No.2, No.3). #EH% Fig. 6
(T ENEN ORI test No.2 28 230 B, test No.3 28 260 B TH 5.

WTIUZEB WD THEEI FIEE 2mV Th o 7203, B EEIL test No.2 28 2 @&, K 0 IMEWFH O &
VY test No.3 73 3 BRI DORE IR & 72 o 7o, B O =N R BEICE L TWD LR b5,
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3.2 THOLNIABRAER LY, INEWER & ERAEEORIZITMEBENFE L, IR OFEIC LV Fig/E
Hrarha—T5ZLRAREEBEZOLND. £ 2T, BEEEE KFHII T A — & OFBIIZ DV CTHEMT
AT - 72, B CORBREE RICBIT A KEE TC1~TC3 I2Mz, b —X A (1 28K ER T v b
L7citR% Fig. TIORT. BRTONRT A—=2 [ ZRBAFRMEBEN AL, T TR RBWHER G LA

DXL E£mEE TC2 TH-o7-.
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Temperature (°C)

100 -

Fig. 7 Correlation between temperatures, heating time and the number of short circuit layers
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Fig. 6 Results of test No.2 and No.3
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Fig. 8 Results of test No.4 and No.5

B, HEREILISR L TEY, EREZIIE DL O L 2BOMRNE N2, HHEREICHEN
TLHRBIETHDHEEAD.

3.4 {AFE
Lk, &5

L.

HBROMER A E L= H D% Table 312”7, ZRBAVIIWTNE b —X{EILEOETH 5.
Mz TE RN —F OBIEFERIZOWT Fig. 9 ([T, EREEAEMTE Rond B L —2 ORI Z2 7RG
TRLTWS. B TOBIENRATEER b DIZOWTIIER 50 (EOBEEEL W TBELZ T IR 2R

Table 3 List of all the test results

. " Number of

Test Testpurpose S.mp Heallng AV shortcircuit
No. criteria time (s) | (mV) layers

1 AV=5mV 323 5 9

5 Verification of the number [, _ o o 230 2 2

of short circuit layers

3 t1=4m20s 260 2 3

4 Confirmation of test No.2 TC2=85°C 220 ! 2

5 reproducibility - 232 2 2

*when a heater is stopped

No.1*

i3 2 rerton”

i
S

Shogit

area

fStl‘Qr}: circui
birs dnea’se .

No.4*

ﬂort cir‘:ﬂb’,.’ i

area

*camera image
**microscopic image
(x50)

Fig. 9 Results of observation of separators
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4. BHYIC

ORI EERE e — 2 2 AN T Y F 7 LA AU BB L OMNBMEEITH Z 212X 0, AN ISO EHEES
BB WTERT 2B BIER O BYNEAITH YT 2 FEB R A S Z LRk, Mz CHEMkERE &
NVERIREOMICBARMEENR A LN, 0 IRULECHLEND BRI -T2, (- T, ABFERICBWTE
L7c b —Z BT EGEGEERIFD Y TFEE LTHHATH® 5. 72720, ABFRITE L EZ X5 L L TN
EHRADHFEZRE LIZLD Th 5. ISO BUSITHERE N 7 OFHliZ1T 5 720D TH D Z &b,
LStkEm 2Rl LRBOERPLETHS.

st

ABFTEL B IS IBFRTHE ABFERT (NRDO TR 80 4R = 501 ¥ — 551 B 5 [ T8 - W R R e et

(=5 L — SRR e % (EIBREEYE5 BD) BN B 5 R BV TR BRI HUR T 0, BRAICVE < R
B 5.

S E Xk
1) UNECE, EVS-GTR 6th session, https://wiki.unece.org/display/trans/EVS+6th+session (2019.10.21)
2) International Electrotechnical Commission, IEC 62660-3:2016 (2016)
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LES [C K ARBRNEEESRA V) VHEEOBRTREEED
H A 4 JLEENZTE

Evaluation of Cycle-to-cycle Variations for Local Fuel Concentration using Large Eddy Simulation

HARE  EHR Pk Hz" R WA il
Masahiro MATSUOKA Takayuki ITO Yoshito TSUJIMURA Tomohiro NAKAYAMA
Abstract

The evaluation for the fuel concentration near the spark plug is important for direct injection
gasoline engine to improve the thermal efficiency with stratified concentration of fuel mixture.
This study investigated the cycle to cycle variations for the fuel concentration near the spark
plug region using Large Eddy Simulation (LES) which can realize to simulate the cycle
variation for the flow field. The results show that the LES can evaluate not only the differences
of mean value but also deviation regarding the local fuel concentration between engine

operating conditions.

Key Words: Cycle-to-cycle Variations, Large Eddy Simulation, Gasoline Engine, Direct injection

1. [FL&HIC

REMBEC— XL X EPFRBOMB R E0 6, NSk 2O T A O SEERITE T E T
L 725 TEY, TAMESCBRENES 70 & OBUE 72 G AN L 725> TETWDH D, ZBICRIRT 57
DITIE, =P URINICE T 2RISR ET 2R OERESCTHINEE L 70 D.

T D BN % OSERERE RN I TIE, HE T A DIREE A D D 12 6, — RO UK R 2 R S
L. ZOX I REMHETIZBNTIE, BREBEO YA 7 VEIEBNH 2SFBREIC /2 5. A 7 VB O ER ST
DWTIE, FEBRIYZR 0T 202N 2, FEBRCIEFHUINEE 2B & 2 5N 5 2 & B rlie/e BdEfitr & £ 7 F
N7 TR LD Y,

AR TIE, 4 K EEO M RIARENE % 1231 2 RHGEERR O ¥ 1 7 V8 28 2 x5 & L, sz
DRI D 2 FFIZBNT, LESIZEDEH A V7 VHEEITY, E& LTRKT T 75 ORREHE 2 8%

\ZHE B LI 21T o 72, ZORKT T 7 OBREHRE OZ BN BN O Z B & A 7 VRO
BB O ER A2 ELL LT,

2. IEFESLUHHETI VDY
21 BRMVYILNEBEIVHTETIL

AWZETIE, Y Voo rov ) D ERNEHEREASET 570D I ab—vary YT L
THA¥E S 4172 HINOCA® % v /=. HINOCA Tid, E MR 2 H - (cartesian grid) & 5 HIA (immersed
boundary, IB) {EZAG DR TENFEHINTE Y, EROMEESH T (body fitted grid) & bk L
T, fHRICHER A v v 2 B E BRI TITY 28N TE, A MorVUL 7 72 EOBBIEE R OED A3
RHETHDH.

*1 MR AR BBEAIZEET  BREWIER [t (T
*2 KRtk SUBARU HEmi S BEBA T 1
* AT JSAE FIEHEHNNC IS < JSAE 20214820 OHEH Th %
* JFRSZEE 2022422 H 10 A
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ELRET ML, YA 7 VEEBOEERO—> LB X LD A 7 VOSSO IEE F M % i)
fE72 LES Z i\ 7. Sub Grid Scale (SGS) J&/1ET ML, BETEOREREEE VLEL Ly Wall
Adapting Local Eddy-viscosity (WALE) €7 /L% O 7=,

PREHWE S DU 73 #E 7 /L 1X, Kelvin-Helmholz RN EMIZ LD 1 R53%H & Rayleigh-Taylor %2 & M
2 &% 2RO T & FIFICE< KH-RT €5 /L D& L, Table 1 1283 ETI/VESE -,

Table 1 Parameters of spray model for calculations

KH-RT model parameters

By KH model size constant 0.61
B, KH model time constant 20

Cgrt RT model size constant 0.1
C; RT model time constant 0.5
C. Break up length constant 1.0

PR FIIN— AR EZ 1.0mm & L, »SVT7EEB LD, WRA— MBIE, BIRE L0 BB
D12, WEEKTMo{bE (Adaptive Mesh Refinement, AMR) % AW CHllsba24T-7-. ZHuz kv,
FHEAS T HUIR KT 300 HEEETH D.

BEmBE R RMFITEREAIRE L, YV X H, A M, BEONy REDOIREZZ1E1 333K, 400
K, BXO500K & L7-.

FHH121E, Intel Xeon Gold 6148 (2.4 GHz) ® 7 7 A Z AlGEkE % VY, MPI+Open MP O A 7'V v
RIEFNC LD, 480 2 7 FREZ AW CIFIGHHE 21T > 72

22 #WHIVOULHESH
ko U, PERE 2.0 L OFNEBEEF KOG YT V) v a_—2 L LI-BEAFE b= vt
L7-. Table 2 |2 F#i# %, Fig. 1 [CEHETHW R T —% 2077

Table 2 Specifications of test engine

Displacement 05L

Bore x Stroke 86 mm x 86 mm
Number of Cylinders 1
Compression Ratio 10.0

Intake valve open/close 3(degCA BTDC)/53(degCA ABDC)
Exhaust valve open/close  65(degCA BBDC)/1(degCA ATDC)

Fig. 1 Geometry data for calculations
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23 BMHEREESMOFRAE

PRBESE LA C 3B 1T A IRAKIEE O, L—Y it (Laser Induced Fluorescence, LIF)
AW, wmEFNIIT e F R, A VA7 E L (BB LT Ry (BOEAD) & DIRBIRAEREE L
THEAL, TNODRESRITEELTS82 L L. PRXAMDOR M —7 A EEARTAHRNS L—F
v— b (NAYAG V—V D5 4 miilk) 2 A8 L, BRI EmEicsiT 249y 7% ICCD 41 A
ZCEHH U7, w3y 7 VaREE L, BRERREEIC B3 208, FREEIET) - IREORELEZ T 5720, SR
NZLDHHFIETHIELT., o, L—HF 1 — MEOBEOZE% Lambert-Beer OIEHIZE L THIEL,
WREER 7 4 V2 2ANDZETL—HF T — ek ICCD 7 A 7 BNTI T 58OGR DR 22 4 Ikl L
72, F£77, FHHEGTICL BB EZRV AT & T, L—VED g v NEIELSE ZME L.

3. BEHEZEOELRMTME

HHWEZED CFD fi#fTIc L0, M2 —, EENE, <3 L —a VORGEEIT o 72, FREEISEEE
REEFE T (298 K, 101kPa) (ZCTEREHESTTE 7 MPa & 15 MPa T35 L7-.

Fig. 2 ([ZBREWERE 7 MPa OWEFEE A > ¥ =7 Z Tt 30 mm (28T DIEZEN i 4 F26k & 3R Tl L
ToRER A RT. RIS T 2 A%, Fig. 2()DEBR TR O VMBS &7 — 2 B R E I HEE LTz
VST ICRT LT, RRIEMICRET D 2 & TEROMF R F — 2 L B —BD R SN,

(a) experimental results (b) calculation results

Fig. 2 Comparison of spray injection pattern between experiments and calculations

HAETH LN AENEIC BT 2EENEICHONT, £ (BEDEE) LHEOkEE Fig. 3 IR
T FET, MEONR L —3 g VTOWTEHRE & FEBRTHER LR %A Fig. 4 I, 22T, ERICE
T OMWEBEBIEALE L, AREZIC I D E B OB A AT ISR LI EOSE S M e 7 7 A v
EHBWL, RAEEMEO 30%DMEE LTERLZ. —F, #EICBOLTIFRAICB W THER Sz
PREVE RO 98%MNEEL/frE L LTER L., SHEOEFESR ML —ra I, BEERENICE ST
FERHEREBERL B LTV,
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o
o
Te}
o
o
—

0.2 0.4 0.6 0.8 1.0ms
(b) calculation results

Fig. 3 Comparison of spray shape between experiments and calculations
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100 1
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Fig. 4 Comparison of spray tip penetration between experiments and calculations

4. FNREOBL ST

RNREN O BV Z MR T D720, T—F U v FEIRRFCRW T, b gl E7% (Particle Image
Velocimetry, PIV) (2 L 2 EAREI O w1 b 2170y, PIV f55 & B RO 2 T o72. =—Z ik
#2554:1% 1200 rpm O A1y MLV 7 2R (wide-open throttle, WOT) Tédh 5. PIV T —# (% 64 YA
TNDIEHEE L, fHEIZ 5 A 7 VDN L Uiz, 7B, HERWBHD 1 VA 7 VEITREINZE L TR
WHREMEZ Z B L, 2~6 V1 7 LV OFRAERZ -,

PIV #5538 & BHRFE RO Z Fig. 5 127 7. PIV AR CEE SN RNREN 2 3R CRETE T 5D,

S 512, PIVFER & FERERICOWT LV BB 21T 0 729, [Fl— BRI 1) D3 E 7 h Lo
KME & A X OV CEERER L PIV fE RO LE 21T > 72, PIV FE R & 3R RICOWT, FdisHEo b
#:% Fig. 6 12, cos@D Lk % Fig. 7 1R 7 . WM HMED —EEIZ O\ TIFFHE L EBROLTRHMEL, =
DOEMEN 1 OBEIE, EREFEOTHENE LN EE2RT. £, X7 M omEO—FEIZONTIT,
HE L FEROBERY MLORTAEZ0L LTZBED cosODME TRl L72. cosODfEIL, FHE & FEBRDHEE
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7 MOEE N —ET 5581 cos0=1 720, MEOREAENPREL RDIFENSREL 2D,

Fig. 6 oA _EOFUE IS EHE O Wi MmO GHE/FERR), Fig. 7 oA EOEEIX cosdD Wi
W 2 33, FOdMHE O ELEIC DWW T, 7 7 7 AEIZ L - T, 1.0 2>5H O TRl K& W iEk 2 2
720, P HE AN b FEER TR 7 A 2RI IC SV C OB R ZAME AN R S e . Wi SESE TR &
10~20%F2E DTl & 7o > TV D, —F, Fig. 7TOHESRY N O—HKEIEBTDHE, &7 T 7 AKIC
BT, 10#%®T%ﬁk%wﬁﬁﬁ5f?é%®®,ﬁﬁ%ﬂfkﬂ%’%@ﬁ%:OwT%ﬁﬁyﬁ
AETHET HEM 2 EI1TR 5T, < OFEEET 10T VMEE 72> TV 5. Wi F¥ME A% 0.7~0.8
BETHY, %77 7MEICBTLRMNREERY M oORE Z2HE THRAFERTE TV EEZH
na.
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(b) calculation results

Fig. 5 Comparison of flow pattern between experiments(PIV) and calculations
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Fig. 6 Ratio of calculations to experiments for velocity magnitude
exhaust intake
Ave.cos® 0.59 0.82 0.80 0.68 1
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Fig. 7 Comparison of the directions of charge motion between experiments and calculations

5. RRTSVREORHEEBEDY A U ILEZE BT

51 E#ICHTH2H4M4 7 IILHEBREESOFTMEN

WA 7 VIR BEZS B O FEAERR SR %2 Table 3 (27, 20 2 §:IFIE 4 KA FEKOGRMBEIERZ 2T
7 R E AR C AT B O BTN R DM TH Y, LIF (2K - TREEENOBREHEE S LA 7
N DOEEN ZfEGER LT, ZORERE, Fig. 8 ITRT X O ITRKRHNCIIT 277 7o & A 7 i
WZEENT DR R SN D, Fig. 9121E, 77 7S &LV A 7 WV FEEE & 2 @R (Coefficient of
variation) Z/~9. 2T, BEMRERY, EUERELZPHETRLAELEERIND
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Table 3 Operating conditions for evaluation of cycle-to-cycle variations

Condition(® Condition@
Number of engine 1588 rpm 1514 rpm
Intake pressure -23.5 kPa 3.1 kPa
Injection timing 105/320° ATDC 105/320° ATDC
Density@320° ATDC 4.0 kgim® 5.3 kg/m®
Air fuel ratio 14.5
Ignition timing 375° ATDC
3.0
- ~®~Condition® " Condition@
©
T 2.0 - A
© o <) ®
e POq ore
S OOM O“M W 88
S 10 7{9“' : . yo ﬂ o
= %® 00 & &° ©
o ©
L
0.0

1 8 15 22 29 36 43 50 57 64
Cycle number [#]
Fig. 8 Cycle-to-cycle variations of equivalence ratio near the spark plug (experiments)

__ 2,00 __ 040
- std. i
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T 1.00 - S 0.20 |
2 E
= z
(o jon
(] (]
5 0.50 A 5 0.10
: 3
< .00 . © 0.00 .
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Fig. 9 Comparison of equivalence ratio near the spark plug for each condition (experiment)

SO L FXFQE T D &, FHHEIIRFOD T A3 m <, WITEERMREIIRFQD T A3 m. T725
B, /MO N T T 7O E 'OV A 7 AVREEID NS S, FJMEQD T3V A 7 VBN KR E NS
HCThsH. ZOMEIEIHEIZI T 2V A 7 VRIREEZRE ) & 7 CHEATH Y, Yo 7 L RIREEZLS) O T2
KDO—>2L LTT I ViEOYELOY A 7 VHEEBNE 2 b1, i zit i CHBLRREN R LT 7.

52 FHEICET2HA4VIILEEBOFHERE

AFHEET MW TIE, IR OBEm & ORI Z S FINCE T 2 BREEDR 0 Tlid Wi, Zhb
DL I L T, RNRBIOZE DA TERROMMAZFHE TE L2 0ICEREELS. 20728, AU TIX
Fig. 10 (IRt X912, =4V U 7HEE2EER (2~15[0) VKL, ThENDOT—Z ) IR T
L7=BIIRE 2B T A E A2 ERT AL L Lz, 374bh, £—X ) 7OV LEEICL Y, B
LIRNIEIG Z1EY,, & 2 ~REWES L72BRD 7T ZE 0 4 Bl O A 7 VA 23 L7z, 728, €
—H ) U T OENREIZ M LB & R, 1 A 7 VBEIXREINLE L WA REME 2 Z /B L T4 L,
2 A 7 )VHUREORES A TRl L7-.
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cycle #1 _

motoring (720deg.CA) | < Vvoid cycle
cycle #2 cycle #2
motoring (720deg.CA ) spray
cycle #3 cycle #3
motoring (720deg.CA ) spray
cycle #15 ,| cycle #15
motoring (720deg.CA) spray

Fig. 10 Simulation procedure for evaluating cycle-to-cycle variations

53 Y4V ILHEEBOFHERRE

Table 3 |2 T HRHEDOIZOWTEHE L2 14 YA 7 V50 50K (375°ATDC) 1IZB1F D RBEEN DY
B % Fig. 11 1ORT. LESIC X W iiEIOY A 7 VA O 22 EE L CHRE LEZBEAICBW TS, W
A I NVRITE B GANKRE S BRI DR IND.

Fig. 12 1% LIF #55RICBIT 2 64 A 7 VOB ELOVEHMEE, FHRICKE TS 14 A 70504 El
DYHMED B TH D, = 2T, YEEOHEGHMEN LIF LEETRAY, FHEICBOTE, Bl 1.0
ZPEDRERL A onofo, BESA%Z LIF fRE T 5729010, YREHEORRL U EHEL OR
LTW5. ZZ°C, FHREOWm LY &I 1.0 & FlElo 78l & LT, W AZEREORKTHI-CRRE DRE
M3 KO A REL O FE B O AR ENB X HLD.
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Fig. 11 Distribution of equivalence ratio in each cycle
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(a) experimental results (b) calculation results

Fig. 12 Comparison of equivalence ratio between experiments (LIF) and calculations

FMQ@, FMOQICBIT 7T FEBEOYRBHIZHOWT, SR EERTEONZ T T FEED LB DY)
3 X OEERE D il & Fig. 13 1R T. FEHEICHOWTIE, SOQICxt LEHE@Q/NEL 720, S
WIZEDAEZHBTE WD, BEMREKIZ OV, FUEOICR LEHFONREL Y, ElEFHENRFR T
R L7205 Z ERMEREND. ZHICE D, LES ITX > TEHRIEEWDOY A 7 VO TR 72 BBk FE 4547
DEE B 2 FHH CE D AalREEN R SN 5D.

FMOOFNT T T BEOL RN E L fe o T-EIR & LT, 2 BEH OBREHE SO fE N FE D 725122 A
L7TeEZEEMDOENEZE 2 b, Fig. 14107 X510, YEIEHL 2 BPH OEFRmBLETE 5 X
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Fig. 13 Comparison of equivalence ratio near the spark plug between experiments and calculations
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Condition@ p = 4.0 kg/m3
1588 rpm

Condition@ p = 5.3 kg/m3
1514 rpm inj.
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Fig. 14 Distribution of equivalence ratio at 2nd injection timing
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NEOEEEZ RS, A 7V EEICER TS L, liHE, <27 MromEy s HIcEHO, @TK
TRERIIR OO, Fig. 16 IR T UK B 1T 2 BB BV T, HiE, yw& bz, #MHOX
D HEE@IPNS <, HEIEOZEREK L IZRRD2ERRALND. Thbh, FFEWICX D ENIREID
BENEDZENT T TEFEO LB DL G 2 2B/ NINWEEZ LD,

U bEED, RFRTREGEE LIz A 2 VEBOZED EERX, A 7 NMEOT T TS RO LB 7T
bHoHEBEZDLN, SKEDOKRRGREICHEL LETHRANREOLEORBII NSNWEEZLND.

AHFFETIE, WHER P L OVEAME « AUKERTE TEFREASG L LD, sk - KREREEHEE TEH T
2 b=y a rEITH LT, EBRCIXREE YA 7 VERBELR D & 572 2 BGHA L L bz, Tk T
BarIal—ya Lo TRFTTE D alRetEnir S L 5.
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4. FEO
AWFETIE, TV o D OY A 7 VERBERE 2 %R, FRIREEARE A & IB RISV T i
PEFLRMENT Y /X HINOCA Z iNWTE YA 7 AVEHREZITY, KIERKFHIZRT 577 ZiEfE 0 Y B o
YA 7 VIRILENEE) & X OEBNF 2~z ZORRK, LTOMARELNI.
(1) R ML=y a U EOBREEZEDIMEL, I LU b L OHEHERM & 72 E ORI ENICEE L
T, LR a—F, BECTEROMMAZBRHEE TR THD.
(2) HINOCA Z A\ Z LES f#ATIC KL 0, WA 7 VIHRBELR N B2 RET L BEA OGNS T T 7iEfED
PREHRE DB B 2 A RETH 5.
(3) HEHASRMENT X D NIRBI O ZEENL, MK T T OBREHREZB OMA &I —8T, H 17
IVIERBEZ B O FZERE, T A 2 NGO T T ZEFHEOSRLEOEEBAETHL EEZLND.
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Air Quality Monitoring Using an Environmental Drone
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Masamitsu HAYASAKI

Abstract

In this study, an environmental drone measurement system for monitoring the vertical profile
of air pollutants and meteorological variables was created. In the cold season, we observed the
formation of a near surface strong temperature inversion in all cases. In some of the cases,
increases of PM25 and black carbon concentrations were observed in association with an early
morning peak of commuting traffic. The presence of an upper-level temperature inversion may

cause accumulation of air pollutants emitted from near the ground.

1. Fif

e \i2e8% (Unmanned Aerial Vehicle: UAV) , —fHICIE R e — 2 EFEFRS LA TRATIRIE, ITHEOH
BRI PE S MEREm B (IR - F530 A Z 72 E O ) SORAIRFEMiSE O T 22 2z L v, AR AIC
TR LODH5. ARENTHEES - BRES - BRERENTHL, Wi - KEIG - B - BHOKEE -
W - B (7 THERFE B - B3 REAREEBETCRr—0fiEREZED LX< r— K~y 7D
ERELTWD., B— Ry 7P TREND Ra—rOFHEHEZ L5 &, 2022 FEENIC L~ 4 (F AR
TOHBSRIT) OFRITERZBELE LTEY, FERMICIZIADNBEOR WA TR COER %2 LB AN
RIEREZREL TV,

B 72508 Co Ra— FIERARHEE SN TO D H, T4 CIERRBRERZSFHICORHIh22H 5.
ESORFZEEITIE, HIBHICB T 54 (03) Br ¥ a8 Lz Fo— 80, Mo —mgikha
F# (NO) |2 L DARAAMLES B2 COMBR/: Os AN HE SN TWD 2. Fio, BEOKRKIGYWERHAA R
02— O BERITEI G, HURZ 7 — L O KRGQERREZGELIRAAR S HE SN TS 3. BARENIZE
WTh, BERIZBIT S EZE Os Bl 9908 T PMas » O3 iHAlZ: E3FEHi ST % 6.

REIGYMFFEDIE LI B2 75 &, 1960 £ D 70 UM T o TAERE] SBEEL LT
%, BEHESCEERAR (L3, BEIT, RS 2R & 325 mIRE O RZIG R E Pk 2 I RS
HEN TV, FRCERE & R FEOHEWE L LT, BEHOA Y > (03) Bk~ B D% H R
{b# (NOx) Ciziliehi 7-IR¥'E (Suspended Particulate Matter: SPM) 72 E3ZF b s 9. KaERBEdk
FBOTOOPEHHHI OB - L HER U, R E e & CRAUZIREIG Y E ORI XRE AR L 7=
28, VHAETH AR OMBE A X2 MITZ O ORAE L TV D 8.9, fERIFFE CERELICI T 2 Fl o &k
FEBYOR & LTI O TWD 0N, MEMEOREREDOIM, ThbbRIBVIEOEKTHS.
SRR Tl E R EIRIE & 72 2 7o DR E M OTEB) 234 Tz < <, # B3 E)s b HEH S iz K05 Y
WE D%  IXSERENCZ O FREANZEH UiAD 5T < b, Leid> T, BT HRIEYHLE A K S
TV EBbNDGEITEBERRIGRA X SR ET L5503 5 10,

EIRERZIELOER O —2>Th 5 K[IRSHEEICB L L, ERERIEREO -0 0BIMIE L B 2 b
T&E 7 Bz, [REHFZERT GRIES <1 I8 SN-K S BIHEEE (B X 2183m) Tk, 7&E (10,
25, 50, 100, 150, 200, 213 m) (25 -5 - El [/ Euk 72 E o' o &2kiE L, EHHIE (1975-2009 403
Ffi STV, BLIBIAAPII B C O T, I 100 m FREE £ CORIRSHERE OFFE & 2 ORFRIF
BIZET5EFMHEITINTNWD W, 727210, RSEEITEMAERE Lno722 &, #EFEHICZEEOE A
*1 BN B A S BIEAERT  BREEHIEE M ()

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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WD L, HLWBIIE (Vo Roa 7y A FkEDY)E— My v o ZHIN) OEAT—HT—
ZIIRFRTET-2 L, RELZL OHEBMNRERY, 2011 4F 6 IR SN, KEEFENE S O EESLH
IR Z 720N, SEBOBERN LN DT TV, EBRIZ, b— b7 A T2 FEREASE 1290800% 11
OFRERE ST 1972 8T, KURWHRE OBIIECE OB ICET 2R Z by Cx . =72
L, WINbLEIDOA X MNIFEROMIETH D 9 218, KEIGRWEIRE ORIEIL /2.

L7 o T, K[GB5 - RKERBERIFEOM /33 CRIRITHRE & 9 BLRICH T 2 B LITEFETHL H 5
HLOD, [BEFSCRKKIGUDEIRE DM Firfs (M E~@EE 100 m fE) (281 DA O BHIE K
DAy EITE 270, ABERICE > THIERTE TH W 2203 5, BEAFD KRKIG YL AR E /720 Tl
BRI EBRERO SRR LI TR WEREER S 5.

R — o OHEFRE - BRIz, RO BB - REINTND Z & D, RIFFET
FZN SR DRBESE - KKIGYEWEEE OMESAZHET S Fr—r o270 (BLF, [R5
A e —2) L 9) BEEL, BIERKCTOERAREE EOBLEO MR e ffiTis R a2 ®ET 5.

2. AIEAE
2.1 BEHARFO—C02FER

BREFHAH F o — > O E KB L OVERONBIT EE Fig.l 1R, X=X &5 Fe— Ik
(DJI #:8L, Matrice 600 Pro) @ Eiilch —AR o R—L (¢ 25 mm) Z32T, A—/b Foadpic m [ EE
FHERETDH. AN LES PMaes, BEEfk#E (Black Carbon. BC L #:0) , 0372 EO¥ WL, PMas
TP AREK - BC o HRAHE N ENR—/VEHIZIRD M7 2 2O = V2 —NICENZEEKE L
7o, ZHBEKEBIL, XIS ELRMOEELHRLBRY /NS TDH L5, eI EEER LD
b EFICEY T 7. "G R QRE - - KB bRBRICA—VigFo~r % BICHEE L. [RE
FHOWETICART D KB DEENX DR BEE /NS THEDIE, ABDOTITAT v /8T 1L — KT
B ESS b %78 > 7.

BB A R e — 2 EHEICS TR — WD (T 5720, EOELN EFICEETSH. Fa—
Y ERERITEE 5720, BC RIARKRSCT — 4 5i8k /NSy a /s POREBRY ZHIHEIR v 7 212K LT
B TEICHE 7 7 AT — %o CHET S Z & T, BEOELEZK L,

- i |I A‘w ; S

Air intake &‘
| (BCor O;) | ol
- w 3
Control box
o (mi Cor O; sensor body) [
% e 7 BRI : {35

Fig. 1 (Left) External view of the drone (Referred from Matrice 600 Pro User's Manual),

(Right) Photo of the JARI environmental drone.
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2.2 PMsBERES (XT9 /82—, PMS1, PMI1)

PMes itid, #5677 /oo —#1c X% PMes ¥ % v b PMS-EVM1 23R L7-. PMS-EVM1 |3,
PM & o3 (PMS1) E@EMA % 72— (PMI1) @ 2 85, TR S 5. ARELEORMIZ, PM &
Y EICRERA O/ T 7 o B FD, —ERBEOESIERSIT L2 ETHD. ARG LSS BN D
PMest o HidId 203, ZOLIFBKHEATHY, BARPERICE25HITHS. RSO LS5 K —
VNCHESH L TR 2356, BARRPER AT LR OIREICE ORI X 0 k5T =KD BTN T
YENECDAREMERHD. LR -T, 77 2L —EEOZEKIEZ WG 2 R8O NEHER D
UL RERORBENHE I TWVWEEB L THEALEZ.

2.3 SUR-EE-RIEEt (International Met Systems %1, iMet-XQ2)

BREHHA Fe —ic#B#iT o554 %3RG5 & LT, International Met Systems L2 X% iMet-XQ2
UAV sensor (LIt iMet-XQ2 & Fit) Zi#IR L7z, iMet-XQ2 1%, UAV « R —r ~O#E#HH & L TR
SNTZRBEFREOE 2 AT, KR - T - BED 3IHHE & GPS I X A0 - Rz w2 JE - sk
T5. TNOKRBEFRORUERRFIMMEIL 1 BT, KBEFROWERHEIIZL)T 25 et R oK BN
FHT L 2EEKEBAA Y 7 Ot s LIRFRESEOHETH 5. WEIINE Ny 7 VI L 0 BRE) L,
il 75 FERFI 13 OR Tl 300 47 (5 WEfE]) OFHAINFIRETH S, T — X X AE Y (16 MB ; 15 K53 D
BIAME 2 Fo8kTRE) ICPR(F &, USB 7 — 7 WHERIZ L D XY a v ~DT — HERENFRETH 5.

2.4 JEMEZEET (FT Technologies #t, FT205)

B\ EUEEH L, FT Technologies thiZ Xk 5 FT205 #fEH L7=. FT205 X UAV -« Fo—ZE#T 57
DT S/ R EEEE T, ®E 55 mm, E&E 100g &E/NUNORETH D, FHAIRBL XS
HPRYE (Acu-Res® Technology) T, AIEHER/Y 372\ 2 OB 2B CHEHAIT 5 Z L W AlRETH 5.

2.5 BC it (AethLabs #t, microAeth MA200)

BC #2113, microAeth MA200 (AethLabs f:, LA#% MA200 & i) 2 L7=. MA200 i, E& 420
g, AME~TEE L 1836.75 mm, W: 85 mm, D: 35.75 mm D&/t 3 THD. A& 3200mAh DY F 7
IAF Ny T I —=BLIO16 GBDOATY ZWE L TW5. BRINEEIR O AR B &3 EE ik
&L THREETTDA T TRy, NSO RS S WERR O 728, e — itk & L TERA L.

HE R, SE9MED DR E T 53 E (375,470, 528, 625, 880 nm) D i&iEE (REE) A FH4
DI FTRTH 5. FESIZIIRY 7 v 7 74 nx=F L (Polytetrafluoroethylene: PTFE) 7 ¢ /L ¥
(15 AR b ¢3mm) ZHEL, ARy bRRO 5 E O 2 REH LT, @it o) & ki
PEDRFTT 7Y VOB RERBEEICHIE L TWD . AERRIFRIE 1 206 5 R E T 6 FE) BN AT
BE7Z28, W72 ER 2 R BRI (B« Bpex - (LK EBUGEME COFRAD THAAWVRY, Kk 72T E
WA U H =L TOREZHESRE L TV, 2B, ABIGLIZITRRE D v M 7037002, JIE Sz BCE
FEIHR U NOE R E E TN D,

26 # Y >it (2B Technologies #t, Personal Ozone Monitor)

R a— U EH ATRE 22/ M4 L FF & LT, Personal Ozone Monitor (2B Technologies ££) Z3#{R L7=.
ARG SN -8B Ny T U —IALTHER 450g) TNy 7 U —BRENC L2500 (7 % 7 75 CHE IR
5-8 IF[H ; HEEIZHAT) MATRETod 5H. AiHl#sITKE EPA NED ZIFERMEZ /- L TRV, /NlZn
O 7R EREEEDMRAE S LTV D, JAIE H RTINS O KR T 7, & 254 nm) C, I
TERFHIAIRR HAEHET 10 B & Fa— U BUHICRIHAIRE A & — SV SERIERIRE T 5. BC FF & [FIEEIZ,

_51_


http://www.shinyei.co.jp/stc/
https://www.intermetsystems.com/
https://www.intermetsystems.com/products/imet-xq2-uav-sensor
https://www.intermetsystems.com/products/imet-xq2-uav-sensor
https://fttechnologies.com/
https://aethlabs.com/
https://www.twobtech.com/index.html

A= LA ICE Y fHT 78RR 5 B RHIlR R 2 %5135 (Fig. 1 &8) . R U IR TRIO A & E
TOFHIMEIL, PMas W G/hEFRIERRA 143) 2/, 15580 (10 B 6 (8D FH)) TR L
7.

2.7 & HHIEER

BHEHY Db, AT D 2E- 720 PMas & o QYR AR EF O B, @Er—7 L% L
TT—Fu—nRYay BICGESTIMNERDH D, AT TIE, Bl 2T AR ORI O 7= D12,
K Y A—D—PRMET T TV r— a3 U (—HZBRE Windows 10 ) ZFH L. Zhoo7 >
Vir—yarEZRf+2577y b7 —sE LT, /M — Y 3 GPD MicroPC (& 5E : GPD 7
7 ) av—th) ZEAL7-. GPD MicroPC ¥ H/NY PC O—FiT, @EHasHE RS232C A — 1k, A
#LAN R— h 285, USB (Type-A) R— r & 3R — FNEHT D72 L, $&iiA v X 72— ANFEEL TV
5. F£iz, ##H YT U — (Li-Po, 2X3100 mAh) T 6-8 FHf2EBRENC&, Fo— BHRIRITIRIC S
IRERRE RN B 5. [Fl/ME PC @ USB A — k& Al A JEUHEEF « PMes BfEHA v % 7 =— A (FT205 5
LY PMI1) ~OENHE LB 2220720, U HEBEHA ANy 7 U —23aHET 2 LEN TS, #H#;
YOEEBEWIZHERL TV 5.

3. RRIREETA
3.1 FHAIFIR

REGGE L 2 B o — TR 2 FIEE, FERETREIC R > TH b O, MENS - #Hi#t
YOI LICRAR D7, B TIIAROFIEL 2. AFFZETIE, (1) BE S5 KRR E 2 1
27007 —2 O - 8, (2) RRIGEWEREREEREOFRRHE, 3) FIR+25 Fe—ro
AT FIRERSH], (1) FATEEOHIK), REEZHREMNCHEL, BUNTATFIEZREE L.

SEATATZE TR S N7 KURMHESE 1, £ DR E 7 100 m AKlili 5 E m HEE TH 5 10,12.13, N —
> OFRATEEOFIK) (EBR 150 m) 23% 2 W T, KURMIRRE 2 ITIE > KRG EIREDOSHE T 07 7
ANERNET D720, LREELIT OB EE CHIEENALEL 2D,

JE\ ) JEUE RS L VKRR R IS ERFFNE S, 1 BHRTOT — 2B THL R BERNH S, £
7=, KRR OFESE 2 R 2581, MR MREEDRIEM A & AT EnE R By ORI E i 2 f ©
L TEOREZEHTE LML HD. 20D, AR TIIREHERICETD 2 2Ok Hizon
T, RFERFHIFRRO 18 CEHlT 2. PMas 3 K0 BC REEIE, PMes atOFHAIR MR R T 1507
DT, BCIREDOFHURHMEE S ThIZEDOET 1 o0& 5. HORRER TOFHNE AT Y FRRE WL
O, FHANEDEEMER EO72DIZiE 1 @EH - OFHIEDPER S 2 OREE L. 12720, Fua—r O
FTATRERFR (R RFEHUA TR0 20 43) L BLIN Biies . (1560 m) O G 2B L, F—&E TOFHIEKIL 2
B (2 43[R AY 7)) & LTz

ERERFD SEDT-BATRITFIAZ &, TReo & 9 IZHERED BEREE TR 18 /3 OFRATIFH & 72 % -

HERE (58 F3tH)

W1 (30m) FiE (004)) , ANU 273 (00-01 4y, 01-02 4y ; 2 o7 L)
%2 mEE (60m) BiE (0374)) , ANU 73 (03-04 4y, 04-05%) ; 2% 7 L)
W3 EE (90 m) FiE (0674)) , HANU 73 (06-07 4y, 07-087%4y ; 2% 7 L)
B4 EE (120 m) Bl (094y) , &Y U ZE (09-10 47, 10-114% ;2% 7 L)
B5EE (150m) B (124y) , AU U ZFHAN (12-18 4y, 13-147%7 ;292 7L)

B 5 EEA BN (14 3 0A%) , BEERERA > b E TR LER (16 /9tH)
B L CW D BB Fa—2 OEMEE CIX, S THO Ry 7 U —5 81T 30%0> 5 40%F%
ETH D, BEEOTE - SiEr 72 5 IXHE RO H HITT 7 7203, FBECHm BRI XNy 7V

-52_



—VHEENKE L 25720, F—OBHFITFIETH ANy 7 U —RENE V) JARI Fo— 8T — A
TIE, RATREOSMRETS NS, BE 15 D 20% &2 B W - BIRFIfED B ZICRE) 02 ¢6H 5.
B S TIE, ZEEOLMCr b O FE—ESRECERT L Z L 2@k L.

B G: &9 2T, AFgem O BEFEE (IR 2N TER S o WEE o B o R, A&
TGS EP IR D —>Th D HEHEZBO V' — 7 Hl# 2 E& 0 5, 72 L) @R L Loo, BUINEEED
B EELR LSO TRAMIICEEL, 4~9omiEr GF6 754 K) & L7,

3.2 EHAISFR

BUAIFRATIFIZIE, Re—r OFEEREERSEOIEESITE LT, —BRMEVEANB KRBT (CLT,
[JARI] £\ 9) bRy MBrt o ¥ —duflloZe & i (LI D29 & #50) i L7z (Fig.2) . D29 i3,
G - FIEFNEN300m HFEY OF—T L AR— AT, BEITEMTHD (4 2-3 B OKRE % i)
D29 OBHBEFETICIIM AR T 5N Th D72, BHRE LSNP H A D w[getEIF K. D29 ORIz K
0= BHOTEOOM ERAT— g UEREL, BET L ey Mt 4 —@RENOE L N7 AfEH
TERZGIW . FAT— a3 > TIEBRITFRATRIZ OFEK - B PO A 07 F 0 2087 — Z B D
TEEBZ 729,

Drone flight zone

A y
5 - - g

Fig.2 Map of the observation site (Tsukuba, Ibaraki, Japan).

4. FO— 8RR

Fim CE&R LIZL 91, Ru— It X 5RREFR - RKRUGYWEIRE OB T, KRYEsE OIS
B TP CRKIGYDEDOIEREZDOF AR T D2 £ —7 v hE LTS, AWFIET 2019-2020
FERECHE N L7 R e — 800 BB X OEIIE H % Table 1 (279, #IEIOEHITH 5 FH] 1 (2019 4 11 A
20-21 H) TIE, WHEBIRNCEET 2 %R JARI o —80HF— 2 (et : 24, T —Z B - E0E
A 24 THERRD) OFHEIFARE L T2 LR 82 BB L, SMNBEE OFELIC N o — it s it
L7z, 3 2 LIt TlE JARI Ko — BT — L D5 T A Fhi U7, —EBOFH] T RSB R 72 &
IZEDBRRATORE S H o723, ERFENRTHIRBRERE IO PMaes BEITIFE A EORITELH
THAFTE 2. LIMEOHEICIE, KURISHRE TG YW B B O E /AT 1T B U CHLBRIZR VRFES |, & 7 4
WCHER L, o0 ME#HT 5.
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Table 1 List of dates and monitoring items of the drone observations.

Meteorol. PM, 5 (0% #flights Sunrise
(T, RH, wind) time
1 2019-11-20 O O O = 15 06:21 Start from 15]ST, end at
to 09]ST (Flight hours: 15-
2019-11-21 23, 01, 04-09 JST)
2 2020-08-04 @] O - O 3 Daytime (10, 12, 141ST)
3 2020-09-17 ot O = NA 3 Daytime (10, 12, 143ST),

0O, data missing

4 2020-10-27 O (@] (@) 6 05:56 Morning (04 — 09]ST)
5 2020-12-01 O (@) or2 6 06:30 Morning (04 — 09]ST)
6 2021-01-20 O O3 @) 4 06:47 Morning (04 - 07]ST)
7  2021-03-16 O (@) = NA 6 05:48 Morning (04 - 09JST),

0O data missing

*1: 10JST missing, *2: wrong data acquisition interval (five minute), *3: 05JST PM25 missing

4.1 BBEER (BME) 0 Oz #HRlpE

2020 -8 H4 HEB L W9 A 17 HORBRMIZ, Osita#Hii L CHH OB EZI 27272 (FfHl 2, 3) . F
B 2 OBRNIX JART Fa—BHllF—4L LCOYEMR A Th 72728, BHIRITH ST —Z B2 &4
(RO TEH FNEMERE A2 OIS M Uiz, YPIEHE L7 RATELII "7 > (R 30 m [BIR T 2 oA"Y v 7, IR
1THER - 50 18 49) O w7 U —FREE, ¥ u JEOCEHERR A X—A LG CTh o7, FEM
DRy T ) — B AT 57201, F42, 3 DBIHITIIEE 50m Z L DAY 7T B &
FE, BEBE 2N 7, TR - K 124) & Lz, F 2, 3 FEH D KAX%E Fig. 31RT. F
B 2@ H 4 H) 1%, LEARZFRE KEEEKEICEDONTELR L2V, o<1E @FE) Tk EAIE 334 C
ZEEk LT, [RBI TR S ERZORE 2 B TIT-> TWA T2, RITEIRIRS 1 T2 < i R o &
EHREEL TS, —J7, B4 3(9 H 17 H) IXEWRIMRD B ARGE EIZhnD B0 BN REE o720,
%D OROPTHENLM b H o772, KEmAiit 29.1 CETER L.

B H 2RO REMERF 75 % Fig. 4 1[2R~7. 8 H 4 HOBRITIX, #IEIIT (10 FF) LItk # Tl 30 C
VL EOEE M LTV A28, S 150 m TIEAI 28 °C (108 , 29 C (128 , 31 °C (14 #p) T, #
ETOVPHRIE (Fe—ro7 a7 idhhr, Bz E S REOFE) (20 4-5 FEREIR. $hiE 5
DORIRBERIL, BP0 O S 2 eI (1.0 ‘C/100m) L0 KZwv. ZiuxBSHz X v
BN EmOBEHSEEET, MERIETEES RS> TVWAHEOTHD. EORBHE - SETHREX
60% AN TH Y, EREIC L 2Bt T vy L OE &N (PMes IRE EF) OFEII/ NS EE X LR
5.

£7-, 8 4 HD PMaos & Os DEENAi A RLD L, PMas BEEEITENE T MNTIFIE —ERERETA, O R
IR T TR < EZE TRV (Fig. 5) . PMas IEEAERIE T ANIFIE AR 22 D%, HZmEIMNENZLE S $hiE
KRENTERTHDHZEDRKMEEZ HND. —J7, Os DSNEIREX, 125D 7 7 A 72 L #i T 65.0 ppb,
150 m T 75.6 ppb (T30 H 2 73 F8)) &4 10 ppb FREDREZNRH 25 (Fig. 5) . BIBRWE ORIEME A 72
W= OHERI & 72 D08, M BT Os MEIRE L 72 2 EK & L T—iRbEH (NO) 12X DIMKLUEDFENE 2
s, JESFT (D29) i1 NO O KRB AR 1372 <, BRSEFT O MER O 3 8hEh k1%
WEHERI SN D.
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Fig. 3 Weather chart of the observation period. Left: 4 August, right: 17 September 2020

(Referred from the Japan Meteorological Agency).
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Fig. 5 Time series of meteorological variables and air pollutant concentration in an individual flight
(Case 2, 4 August 2020).

4.2 EZHD PM2s R U BC IREER

FEGIN O TARHAIE DTS 240 - 7= BN, &5 [I9E0HE L7- (Tablel, #411,4,5,6,7) . 205 b,
#4511 (Case 1, LAk CO1 &KFD) L ¥ 4(C04) THAE 22 KURTHAIE DI & KU YR L L5723 5
LivIzlzh, ARHETIEE N SBIFEGIOKGRENR L ORKIGAREEREIC OV TGEMRLE 2R 272 9 .

4.2.1 K[FER - REXRKERIKR

1, 4 ORKXE Fig. 6 12, #1 B2 5 KRKGEWE R L ORRBERORSRY| % Fig. 71277, H
B 1 Cix, BT H (11 A 19 B) IEREBEICHE S BERA S 0, ZDO%ITR% 0 OR ChEmARiRkix 20 C
Z EEo7-. 20%, AROKERENRE > CTlb~JblEEzmEY, Bl 1 BE (11 A 20 H) OFwiH
(20 10 3 EHJEGE T 5 m/s LA b, e RBFEEGE ClX 10 m/s 2 BRI A58E S 72 -72. 1 HE 14 BRRE/1 D
PRI EEICIRE Y, 1 RBHE /o7 15 FEZIE, 10 0 EWEEC S m/s FREL 72 57-. 1 HHE
12 BREEIC R EAUE (15 C) Zitdkt%, [IENSHIIK T L TWholz, 20 X ) KRB L o Ebi,
FHR—= VW > T ARDIED T ~DRBE) & 51 & e < KEDL G ORKIEDIED H LI K > TAR ORI+
BLENBATS Z L 2 LTV 5.

0 :27 FUNG-o,

Rnpo, NG
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Fig. 6 Weather chart of observation period
(21 November 2019 and 27 October 2020; referred from the Japan Meteorological Agency)
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Fig. 7 Time series of air pollutant concentration in Shimotsuma, Ibaraki (upper panel)
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4.2.2 #HASAKME (FH1,4)

HH 1, 4 OBAEAIM 2RO Fo— HlER R4 Fig. 8 (7. FHf11 TiX1 HE (11 A 20 H) F#&E»
52 HH (AA 21 B) 2T TOEKEDED HLZKBL, # EEE (BB (3R & i E A
micdh s, #EKEIZ2 BADOHOH (6:21, Table 1 Z/8) OEFI CHRIERIE (1.4 C) L72-7=. Bl
RHH) 5 km BEIL7Z D <X (EEEF) © AMeDAS BLIE & XX R URIRRIRTH Y, & HFEE D22 M
EHolRBE T Chotot EX 5. Fig. 8 £ TRT L IIL, Fhl 1 ORKIGUDERIE L, BB IAR S
T PMas « BC B 42K TRV (FRFH 1-2 pg/m3 LR XL 1O 0-200 ng/m3 F2E) . AETHR LT
L0, FH 1 oBRIETH (11 A 19 ) OFRNIEARRS 0, 5l EHNVTIERT Y OB L /e o72 2 LD,
KEFT7 oy 8B E TRESH, S5 7 oY RN E A LG ENRVIEEKILOBIT S kbt
L7222 TPMas BEOBC BMEEE L eof-bE2 605, 1 HE (11 A 20 H) @ 20-21 HFEIZ PMas
BLO BC BEIT/NSRBKEEZID, TORIIRERBELB LR, KE~HTHFIZT T 3-6
ng/m3FEEE (PMas) 33 L 00 300-700 ng/m3 FE (BC) & AKWREE L~V CHERS L7z,

BT DT DR R IRE ER NS, 2 HHO 8 IFE (FF] 1 o 14 [0 H OBLAITRIT. LI CO1F14
LKD) ICH ETORER RMEA TS LT-. PMes B X O BCIREDRKR AR (8K, CO01F14) 121%, =h=
AU 15 ug/m3 B X V1700 ng/m3 &, BHGRIT 1[81H (CO1F01) &b 10 5L, HOHE/RO 5 K, 6 FF
(N CO1F11, CO1F12) LR THR S MEORE Leo7-. KUEWIEEIX 2 HEH 1 K S IFEED R
TEXTEY, Pt 2HAE 6FE ClIM ECHRIEKIR L 725 AL OKIREV BN R o7,

A 4 1 ZFRT 4 RO 1 IR TR (C04F01) 7 b RIRMHRE NFE L TV A28, Wik Ok
MW IEAHATHL. LnL, 56 1 &[RRI, K[URYESEOFIE T CH RRVGEWEIREN2IMIC R 5
U Tl (G R O IE, F61 1 & [RIERIC 7-8 B (C04F04, C04F05) Th ~7=. LK DOHIT,
B3 EERIRFZ] T O E AT BN DWW T O 2 i3 5.
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Fig. 8 Time series of meteorological variables and air pollutant concentration of Case 1 (left, 20-21 November 2019)
and Case 4 (right, 27 October 2020).
Upper panel: temperature (black; unit: °C) and pressure (blue; unit: hPa),
middle panel: height above ground (red; unit: meters) and relative humidity (green; unit: %),

lower panel: black carbon (red; unit: ng/m?®) and PMzs (black; unit: ug/ms).

4.3 BHCLDRRER - ARFERMEORESH

4.3.1 Efl105HE

@517 Z A4 NERIFEOSRE AT 2 R T 720, K7 74 FTOREMHEORERSN%E Fig. 91277, 774 k1
BH (CO1F01, 2019 411 A 20 H 158§, Fig. 9 /) 1%, AiHNOHEWCWZdb% 0 OMENTE - TX
7-HEHE T, i EAREORIRIT 14 CRE LEETH 7=, Fe—roflEEO FRICHEVRIEIE T L
TEY, ®E150m TIIFEY 11.6 CThH-o7o. mEZE 150 m TRURZED 2.5 C, FhEKIRBERICZ R
JL-1.67 °C/100m TH YV, HHRRKKOKIREE (1.0 C/100m) XV bRIBKTFEAKRE V. 2k, H

FHZ K 2 IR INEL & Z U 9 Bt CHER AT OIRE D @ 2 &%ﬁ%bf%ék%z%ﬂé GIIEELH
THRLEZEELIIE, KEFOZT vV )VEFmD TIRRE T, PM2s B LU BC EEIXIZITE =it v.
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Fig. 9 Time series of meteorological variables and air pollutant concentration of individual flight flights
in Case 1 (20-21 November 2019). Left: 15JST 20 November, center: 05JST, and right: 08JST 21 November.

BUHIFRAT 11 BIH (CO1F11, 11 A 21 H 05, Fig. 9 150 TiE, EMEZRIRES 2R L. S
FRIRIE 1.5 CE2, &E 30 m OFEHAIRIL 5.0 CE, EE# 30 m T 3.5 EE. & 30 m BLEIX
5 CHIt%: (BFEETORNY WD 15 FHE : 4.9-5.3 C) TIRE—EXRIETHDHZ &b, FHpl1 T
I EEEE 30 m SO CRIBVIREZ R L CW-EE 25, ZOR, BESS PMes, BC DEEL S
FE150m UL FCIRIE—HETHHEMND, 5K (CO1F11) OFEE 30-150 m DZE& L, KiE- Tz =
Ty VREICE L THIRIEWERRRRETH -T2 52 5.

BT 14 @ H (CO1F14, 11 H 21 H 08 ¥ Ti%, KIEA =T o Y LEEOm FIZE LT, FEFIC
RSO E A ROz (Fig. 9 £) . i ETIE ¥ 6 CTHEE 30-90 m THIZIZFRFEE(.5-5.7 C)
Thbd. HOH (6:21) %OHFEMBUZ LV, HFEAHTTHIE BRI X 2 KBLOSE LA & E 90 m
FTCRATWHD EHRIESND., 2Lk BB, &E 90 m & 120 mOM T, FHOGIRSHEESAAE LT TWD.
CO1F11 O E—@&FE 30m E E OKIREILR VA, B 120 m O FEHXIEIT 7.5 CTH Y, EE 30-90
m &) 2 EOKIRMIEL & 7o T2, PMas <0 BC I, 90 m LV FETEL, 5 REOREDRH 3
FEREEZ A2 > TV, 120 m LA B CiE 5 B & RIREE OKIBE CTH - 7=,

4.3.2 EHH4DEE

4T, 5EEOT T4 b (C04F02, Fig. 10 /) B CRURMHERE N STz, ShEAIRZE T
Hi b EEE 30 m TR K& <, HERIEA Y 8.8 CIcktL, EE 30 m Tl 11.0 ‘CTH-o7-. FHfi
4 OEEE, FH1 L IFEAAVEE30m LV EETHEE EFICHEVKIENS EF LTV, ®E 150m T
1T 14.2 CCE 20, i FE DKIEAEIL 5.4 CITEL-. HOH (5:56) LI%, Hi FXIEIZREIC BH- L,
8 IiF (C04F05) O EXIEIX 15.6 CThH 7=, HE 30-90 m OKIRITH E L VK<, 13.5 CHiitg TlXIE
—7E (13.2-13.6 C) o7z, PMesiEEIL, M ENOLEEIOM ETIEE-ETHLZ b, FHl408
e (HOHNHK 2 B BT 2MERADBLSESIE, BLF90mfRE LHEHISND.

FEI mMm & 120 m & DML, FHI 1 TH O K ) ICKIEIENFET S, EE 90 m £ TikE
¥J18.5 CZ2%, B 120, 150 m Tix 144 CL, 1 CORIEEL 2> TS, PMes B LV BC RE
b, BMEI mMIITE 120 m LI EE THEREZENDH Y, EE 120 m ML ETO PMes AT 90 m LT D
FNELARERLUTTHS.

-59_



CO04F02 (2020-10-27 05JST)
8

CO04F05 (2020-10-27 08JST)
18

1015 —
©
D14 1010 o
T, 12 1005 =
= 10 1000 Q-
8 995
— 150 100
S — ]
E 120 80 = =
= w0 \ 60 oo 2
= 60 0T =
T g \ 20
T 5% 0
— 12 : 360 © )
o 4 . T g 3
E 8 i '.”LJ 270 8.) 5
o 6 180 5 el
g "5 5
E ! 0_= =
& 2000 0 & &
£ 1500 0 5 S
2 1000 20 = =
= 5ngw 10 & o 500 10 &
[&] [&]
m 0 E @ 0 E

55 oo 05 10 15 55 00 05 10 15
minute in 05JST minute in 08JST
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in Case 4 (27 October 2020). Left: 05JST, right: 08JST.
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Fig. 11 Time series of meteorological variables and air pollutant of 05JST flight concentration of the 05JST flights
in Case 5 (1 December 2020), Case 6 (20 January 2021), and Case 7 (16 March 2021).

5. F&H

R — AN o 2 L e RRURBERHII S A7 & GREEGHAH Fe—2) 238 AL, BHRIFIEOME
RN DIFERKOBM 72 ELFEf L, Fo— 2 LD REIEEWESERE DM OB 25 L. 51

-60_



EEHLTWD Re— DR KRR ATEERIT 5 kg BRED =D, EHATie/et o HdvNESRED O
WZBRBND. HIRIEREWRR 6 S, ARG ESR (KUR- - B mEH#H) & PMas - BC - Oz I2ED
WEEELA Fo— 8 L, KURHRE O & EIUTHE 5 KT G IR B O SRR B A 2 81 L
7o —EREEICIE, mENREREAY (8 ) T RZBICKURMIHE AL O, KRR LV FEMI T PMeas - BC iR
EREL, TNE0 EEMTIHRRETH -7 (FH1, 4) . KUETEEIXLEENRKE L, HEEIm
flShd. ZO& D RKRGEMETIE, MBI HHEH SN RRIGEWEIE EZEOKIRYEREIC LY [7
A IR ERD0, [IRWEEE LD TREACRE LR L tHllEns. BURCTIXASHFEEL SO
Bk 2 TR HEHTR D D O RKIG G E OPEH BRI A ER L T\ b 72, R EIT TAERE) 2300 o
TWERREEARRELBO LTS, L, RFFETRLIZ L DIT, K - KBRS X - TITHEH
Vs BAHECEREL, EHIRNRIRE LAPBAELD D LEZLND.

AL TR KRR g & RRIGREERED 5 b, $hiEA 7 —/VIZBT 25 ML, A% OILFRISET
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R 5 ZIRIGYE T 5. R Ox (03) IKIXIR A ST A 72 0121E, RIRWE % 5 6 O3 ERICB b
HMVERROPEHE  BETESVLETH D, Fa— 12 XD REIGYWEIREOBINL, AWFZE TR
KO RBSMCERNT HRELEZILZ D ENTEXH720, BUEOBRIE CITHE L T ey, B
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DIFWAREMOBE LW TE S,

S &30
1) EFEES /NS AMRIC LR 5 BRETIA I M 7 B RGeS ¢ FB16lnl [ZEoEEEMICmToe— K~ v 72021,
https://www.kantei.go.jp/ip/singi/kogatamujinki/kanminkyougi_dail6/siryoud.pdf (2021.9.10)
2) Gronoff et al.: A method for quantifying near range point source induced O3 titration events using Co-located Lidar

and Pandora measurements, Atmospheric Environment, Vol. 204, p.43-52 (2019)

3) Rohi et al.: Autonomous monitoring, analysis, and countering of air pollution using environmental drones, Heliyon,
Vol. 6, (2020)

4) BERBEAFERE X — Fe—UAEA L P RE Y Zih GE2M)  BEY ! ERN LR O, REOR
(i 2 fig ], BoEFEREE (20194E7TH19H)  (2021.10.3)

5) KFFE—1EA 1 Fr— 2G5 RS L2 0G Y Eatll, Be2m RABRE AR FERE R4 (3A1055), (2021)

6) HEHTH © N o — o CRAUGRET IR CRHERAT PR, BB X, 20204R128 2H ## (2021.10.3)

7) Yoshikado, H., Mizuno, T., Shimogata, S.: Terrain-induced air stagnation over the southern Kanto Plain in early
winter, Boundary-Layer Meteorology, 68, p.159-172 (1994)

8) EHM v, M BV : B2 O WA R RUE Y SRR TFHIEIC T DB & D EE-, RRBRETREE, 354,

_61_


https://www.kantei.go.jp/jp/singi/kogatamujinki/kanminkyougi_dai16/siryou4.pdf
https://doi.org/10.1016/j.atmosenv.2019.01.052
https://doi.org/10.1016/j.atmosenv.2019.01.052
https://doi.org/10.1016/j.heliyon.2020.e03252
https://www.pref.saitama.lg.jp/a0001/news/page/2019/0723-01.html
https://www.pref.saitama.lg.jp/a0001/news/page/2019/0723-01.html
https://www.kobe-np.co.jp/news/keizai/202012/0013909680.shtml
https://doi.org/10.1007/BF00712669
https://doi.org/10.1007/BF00712669
https://www.jstage.jst.go.jp/article/taiki1995/35/1/35_1_63/_article/-char/ja/

p.63-75 (2000)

9) M EHUEA : A0 BZE & E O RGBT K % PMa s 0 & i FE I O NUARHT—20154 12 FIoFFl—, K&
Fittaih, 524, p.51-58 (2017)

10) E —1EA> : BREE BA ORI A s L OREEA R BE & 12 £ 2 REAUGEWEHEH B B A8 G, KRBREZF
25, 52¥%, p.105-117 (2017)

11) 6 BEBIED « SLPAT e 2 AL 2 ek S - [ B T BRES flisk, [REBWFERTEffrms 5535, (1979)

12) BF @E=2Eh  £FEFEROCB T 20K HOE =T A T2 B PlE@BlofE, AAe— 74 72 REE
£, Vol. 4, p.10-14 (2009)

13) fEH B EA « HE L O B E b AR ANZ 3 1 2 S 100 m [HIE COMmERL, K5, 58, p.777-784 (2011)

14) BREEE - AFOCEERRIGYEME (FERKIGYRME S % bk OISR 2 W R EEGEIERS R,
https://www.env.go.jp/air/mat01R1 rep.pdf (2021.9.7)

15) B ¢« KREEPARMEZ G LB EICB T 2 b e A v & > o 2E#hfE, JARI Research Journal,
JRJ20190604, (2019)

\

i 3

=11
=

-62_

BR

ip


https://www.jstage.jst.go.jp/article/taiki/52/2/52_51/_article/-char/ja/
https://doi.org/10.11298/taiki.52.105
https://www.mri-jma.go.jp/Publish/Technical/DATA/VOL_03/03_000.pdf
https://www.heat-island.jp/web_journal/download/09A002.pdf
https://dl.ndl.go.jp/info:ndljp/pid/10608962
https://www.env.go.jp/air/mat01R1_rep.pdf
https://www.jari.or.jp/research-database/detail/?slug=33268

BRER : [HRE] E2lib Y JARI Research Journal 20220302
[(ARFEEN]

GTR7 O f-b D mEE R A RE e ER A EICEET HHHE

Study on Neck Injury Protection Performance Test Methods in Rear-end Collision for UN GTR No.7

g K—" BB SR el AET gk FE?
Taichi NAKAJIMA Hirotsugu SEITA Harutomi NISHIDE Kazuhiko KATO
Abstract

UN ECE/WP29/GRSP/GTR7 proposed the new neck injury protection performance test
methods in rear-end collision using the rear impact test dummy (BioRID-II) for reduction of
minor neck injury occurrence in rear-end collision. We have been conducted research on
dynamic sled test methods, neck injury evaluation methods and certification test methods
using BioRID-II dummy in order to propose the neck injury protection performance test

methods in rear-end collision for GTR7. This paper reported on those studies and results.

KEY WORDS : Safety, Rear end collision, Test

1. FL&®IC

IBZEHERIC LA HEEEX, TORAMELEEICE Lo TEL 2B EMESDOHSIHE L OB S)
5, ENOI2 LPFEAMEICBWTHERERMEE SN TEY, IBZER O S ERIC AT 72 B A &
LCEEOABET R X MBI 2 iHEERER Ot W%E@fi%ﬁ*§¥{ﬂﬁﬁ%ﬁ®%ﬂmﬁ>@&b LR TW5
HARMIZ1X, UN ECE/WP29/GRSP 128\ T, FEOEMFIZLDHEEK I~y FL 2 b GTR (Global
Technical Regulation){ > 7 4 —~ /L& | DakiE S i, [EHEEH _n”r SINTe~y KL A OB Eiﬂ{ﬁ
EIUL O 72D DFERTE (GTRNo.7 : LLF, [GTR7) L#4) BMatE&h b, GTRT TiE, #1HIC
v RLVA MZRTHEM4LE LT, H#l Ny 78y b (—F ’%ﬁéﬁf:}\ﬁﬁ%ﬁ”ﬂﬁiﬂb\/ FLARED
KEPEHE) 73 Phasel & L THER EN,2008 4 3 4 WP29 THAR /- 2 LI X v HESA) 2ok — Hut -
L TR L2, 72, B4ED 2009 0 H1E, HANRT 7 =h VAR — 2:720‘(‘, BioRID-II # X — (#
SR 2 2 —) % AW 7= BR0aRERIE OE 2R 7 Phase2 OIFEhBRLA X4, LIk (—/#) AARH
BEAFIEAT, 7RO ONC (—4h) AARBEBIE T¥ES T, BioRID-II # X —% A3 Bk - fEMhEICBE 4 201
Ze V9% I L, BB FIECE OFMEFIEE KRG L TE 2. 8 10 Rl hlz» TR eigEmn e s h
T-HER, 2019 4F 12 A @i 66 0] GRSP 2238\ T Phase2 DK ENAE SN, 2020 4F 11 A
WP29 ~® FREBRIE L. ¥ T, Phase2 ®IEEI T, BioRID-II # 3 ~0)F‘EE{ b (Mutual Resolution
1) OKELRHCED 5N TE Y, #IZ BioRIDII # 2 —ORERBR T IEIC OV T, I —f/iEA—h
ERICE DFRN TR TE . £z, WERRIZE 17 5 (UN-R17 : JEFICBT 2 WEHAID ~ Phase2
@W@%E@Wé&ﬁ%%ﬁéﬂf% 0, EHEGERBRE L COEHEMEZ SR LZRBRTIEICT D Z &R
HETHD. TOEDICH, B BERRICHES L7z BioRID-II & 2 —% AW =8k 23 L, & 3

*1 M ENEAN AR BHEHIERT 2R

*2 —fRAERE AN AAREBIE T RS

* AJFREIL JSAE E/EHERHNC -3 < JSAE 20206298 DI TH 5
* JFFaSE 2022422 H 10 A
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—DOERZEZ L > TRAET HRBIERONT Y 2 2R S, ELEICFLT D X5 ikl ik zig
RTHZLERROLNTV.

Z I TCAMTIE, GTRT &b 5720125 L7z BioRID-II % X —ZEB 1) 2R R RDONT Y 0D
I 2 EHE RIS OW TR RS & & HIT, H&HEAIC GTRT ICIRE S - BRRER 51k & & ORI
%, 72 b NCHRERBRFEIZ OV TR T 5.

2. BioRID-IIF = —DHABERDNT Y X EBICEAT S5t

B BRIER IR AT 5 BioRID-II # 3 —I28 Té?ﬁ%ﬁ%’*%@/*‘?“/ﬁrﬁﬁ@f: (2, EEITEE L
V8% 5 0E L CEX 7228, GTRT &K &LT HI2H7- 0, AP TIEEI —HEBICE B LIZBa 21T 780,
%@E‘;%ﬂsé’ﬁﬁwu Lf:

21 AI—XHBICETHEEREDZEHESR

BioRID-II # X —i3, AKEEMEOB ARG, FHENOIEHEE T7 LR TAEL - TB Y, &1
(ENEile iﬂAi@n/A~#ﬁDHf%n1wé 70, BEHOBHERIIZVA T—AEBELTEY, Zh
HD T LN IN—=DECHERE L U A Y =R IDONRT R K> THMOFEE N 2 hr—Lr 3T
W5, Z0X 912, BioRID-II & I —OZHED & BHEO R 35K D Hybrid-IIT 4 I —% |2 o~ CTHEMEC
o TED, HEREZL> THELIZRBERONT YN EINTWD. BIZ, FHEMRIIBIECTE TV
D28, VA Y —OEEEERIZL VA CL2KHRO U 4 ¥ —EGBENROBINNHERIILTED, HIILORREX
B —DEEEIC L > TR DT, ZOEBLBRESNTNS. £ 2 TR T, HEMOE AR
R H2 HEBEPET H -0, HERERDOR 2D 21602 I —% T, FE O % A2 7= (Fig. 1)
TR % i B AR T3 L 7=

Fig. 1 Neck Swap between the Two BioRID-1l Dummies

211 HEBRAXREHAREH

BMERBRIY, &I —dlE X — T8 HIT L T35 Certification Manual9®~> KL A MEL O ERBRS
R > TEM L2, ~y FLA MELOBRTERRIL, L—1D EE2EETHI =1L v RiZ BioRID-II ¥
2= EPEEERD AT, B& 37.6020.11kg DA > NJ X 4.7~4.8m/s DRETHETHHLDOTHS.
FHITE H 1%, Certification Manual IZHE SN TWD A 237 X DfiiE (Probe Force) °A L v KONE
FE (Sled Acceleration), % X —#&ErOEIELRE (Pot.A : BEESIEIER A, Pot.B : FiEIELf, Pot.C: 5 1 H@
HE (T1) [FlEEfA), 726N H I —HHO EICBIT 5 YihE b U DOFE—* >k (UpperNeck-MY) % &
7o ek, MBROFEMIZHSL D, &4 I —OFHNIREEZ IR —I23 5728, JNCAP # 22 %ﬁ*ﬂ%é
REREBR O TSI WA ERERR (LLT, THRERR] L)) 92F L, FRERRICKT 242
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amE S8, £, = OMEEZEIC X 5 RS REA~DOEE I OWCE, FHAEEAFREL TUA
Y —HEim /\75>tt$xé’3j<’a°<ﬁuﬁgnﬂ\é§7 =&, FEREEN T L, U4 Y —EEAXOHIL AR
WEI—0D 2 KERAWTHERTLZZEEL, SDITEHEWSI—TIE, O Z I 117 72588k © Eht
L, STLOWEIC L 2RBRER~OZE LR L. B, A1EH L7 2 (A0 BioRID-II # 2 —i%, #
AN 2008 4 (U 7 AEF 1 095G) OH DL, 2014 4 (U 7 AE S DP1998) O D& -,
A alFE i L7z e iR O 5% Tablel |27 L, MEMRBRFFORI A Fig. 2 1Z-7. £/, SBEEHA L 2
BOLX I —DR CHEIZIE T 2 7 A Y —EBROHLOENZ OV T Fig. 3 1IR3

Table 1 Test Matrix

Test No. | Test-1 Test-2 Test-3 Test-4 Test-5

Dummy | 095G DP1998

Neck 095G DP1998 | New DP1998 | 095G

DP1998

Fig. 3 Difference in Worn Holes

212 HE#HR
— I OMEEFEC X 2 5 BREE A~ DB SV T, T2 Pot. A (BEEREIHR ), 72 5 ONZ UpperNeck-
MY IZEHL, #I—IZnx BT 6 TW I COMBRER IR LT, 32 AR THEIED
FREEBE RNEE Loz L > THER L7, Fig. 412, Pot.A & UpperNeck-MY (25T 2 RERFIIGE %
R
Pot.A (Z2W T, T095G + New Neck] DO TIE, 4V 2D 1095G] 4 2 —ITHBIT BIGE & 1T R
O, KR LWA I —Th 5 [DP1998) ORMEBRFERIZELIL TR Y, FHHMOEWIC L HHELZIT TV
HZENRDNS. LrL, [095G +DP1998 Neck| DT, F U P FAd 1095G) ¥ I —DIRE &
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HEILTEBY, ZOMAEDLREICEBNTUIEBOEWIZ L BTN nEE LN, —F, [DP1998+
095G Neck] OEEDOHEEITBWTY, 4V PF Lo [DP1998] # X —DInE L IR A6 R4~ L, M
OB X HREBAERA~DEENEL TND B DL,

—7J5, UpperNeck-MY (Z25WTIE, WTHDOEKIZEBWTHA Y PFADF I —DIED S DZEALIT/
X<, EOZEIT 2Nm BREIZINE > Tz, Z07=®, UpperNeck-MY (ZOWTIE, FEEOEWVIZ L 15
EE~OEEII/ NI NEEZ BT,

Z DX 91z, Pot.A OFEEREIAA 1Y, B Z ANEZ T2 LIS K DENA U2, B TRl &
1% UpperNeck-MY TlX, FOEEN/NShoT=. ZD728, X I —DFIKEIZ L DB ERONT ¥
(ZDWTIE, SO OER A & 25 FIREME D RIS S U7

—095G —DP1998
——095G+NewNeck —— DP1998+095GNeck
——095G+DP1998Neck
20 Pot.A - Head Rotation 30 UpperNeck-MY
15 — 20 m
10 é 10
=5 g 0
o
x
0 § -10
-5 20 I
-10 — -30
0 50 100 150 200 0 50 100 150 200
Time[ms] Time[ms]
(a) Pot.A (b) UpperNeck-MY

Fig. 4 Responses in Certification Test using Different Neck

22 AI—FEICEITEITLNIN—EEOZEMHD

21 HIRLIZL DI, I —HHTOBENNZ L2 BRER~DOREBIT/ NN ERbh otz L LR
O, X I—HEICIE, BHEERFIC T RO R= SN TED, TN =0T Y 0
B L DRBFERA~OEENBREINT. &I, FLARU =R AT Y R ZON T, ¥ I —HE
A=A CTHAEHEN 2 INTWD OO, ZOEHIFIENEEH 2 HER LSR5tk Tch b0,
FHEE OE VI L DHEEORIEFE RO NT Y IREE SN, 2O, KL T, L0 =2 K&
W JEAE s BRE CIEME T2 2 SIS K 2072 i A BRI IE SRR SN TR Y, LIATE 0 b e RO B
DEIRoTND., LnLenb, File2EBAEICET 53 LN =D BRI OV TIE, 0
FEEORFIN 2 IR TRV ONRBURTH 7. £ TARMIETIE, KORT v 7L LT, LR R—
DORFE DFENNRERAE RIS G 2 DB EZRET 5720, 2.1 Tl 7 iyl EOFH L 1L{KRD & 2
—Z W, FI—BEA =P OREBEIN TV A AEEHOHFANTO LR E TRIZEW T LN R—%
NS I BN S, BoEaER, 72 o NCERYRER A I L 7.

221 HERICERT AT LNV NN—OFEEETA

AIFFRTHERT 2 T LN R—ZRETH20, PIOICH I —ERA—DPRREL TNDH T LN R—
DT A Fhe L=, S0EMRERIE, 20 3—% INJEME LTS A JED, 22D T AN
VN—E S D 20% FE THrE 10mm OBARGHEE THEHME L TV E, 20%I23E LEREROMEELZ T 5 5O
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ThD. 728, XML, ARA-220 &MEEILD B2 2N o3 — (FEEOHEMR ORI & $AH D—58)
& ARA-227 & FETIN D D T L3 N — (FHEOMERIZ I 1T D %M O—E) O 2 TR ST 5.
FEER T, FRICHIMEM O ZFBNRFIC AT 23 BRAERONT Y I RBE SN TN D20, RIFZETIXEEE
OHMANZEE ) STV D ARA-220 O/ /3—8 illZFE H L TR L7-. #riEMREBRIR LA Fig. 5 2~
L, ARA-220 O = L/ 78—D4MEL % Fig. 6 129, £72, Fig. 7R THAERRBRE RS, Al
A L7z ARA-220 O T LN 83—, fafBEEAO ERE D 0OV D T LN 23— (BLF, b=
LN NR—=EnN ) ETFIRANEOREEED T LN R— (LUF, ZONODITLNR—=L10)) ThdHI L
WHING.

Fig. 5 Compression Test for Bumper

Fig. 6 ARA-220 Bumper

85
80 C-6813
6803 i C-6830 o C-6864
° o : ° °
=7 cosly  cesla  CB8L g
8 70
£ C-8168 C-8232 C-8256 C-8262
65 Y ([ ] (] ) Y Py o [
C-8170 C-8254 C-8261 C-8269
60
® Harder Bumper ® Softer Bumper
55 — Upper Limit —— Lower Limit

Fig. 7 Compression Test Results for ARA-220
222 ANy FLRMELORERER

FRERERIL, & I —HEICRIT D EER OB & [FERIS, ~y R MEL OfE iR A 50 L,
BRI OWT Y, Pot.A (BEEREIEES) & UpperNeck-MY I[ZEH L, =LA/ S0 S—Ffi i D S8 2T iR
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L7c. TANUN—EOEVIC LD 2O ORERFIINE OFER % Fig. 8 \Z-d. F72, HEARD
WEHEDOER % Table2 (2787, Fig. 8, 7285 ONZ Table2 KV, fHOD T LN /=L B0 T LN
V=L BT, Pot.A DSMIEAEGE L=, 728, Pot.AIlIZHoWTiE, ¥ —fliEA—h LD, Pot.AD
WA BEFOEREZFANES SN TWelz®, SO R TiE Pot.A OEEHEDOES ZMb/rn2
e L7z

REFERICHOWNWT, E—2ZEICERT S E, Pot A2 T4+ (i) TIX, BEDO T LR 2 8—70
[10.3° |, FZoHNODO I LN =2 110.8° | THY, 20ET 10.5° | LtbTMhThoTe. —F, —
il (R 1225V T, OO TN R—TIE [-9.7° |, oD LN —TlE [-8.8° | THh
D, T0FET 1° | UNTH-7=. 72, UpperNeck-MY (2515 -+ (R TiX, DO T LR
X=723 T13.1Nm|J, 60D D T LN =N [127Nm] THY, ZD#ET [04Nm| EbTNhTH-o7-.
T2, A (HEA) T, BHO T LN —=TIE I-17.3NmJ, H1DD T L8 3—TE [-17.1Nm
Lo TEBY, 20T 10.2Nm| TN ThHo7z. ZDLHIZ, MERBRTIE, ¥ I—HiEA -1
MEINTWDOMEBEHNO T LN N—%MHT 52 LT, BREERDONT Y X2 T & 5 AlaEMEN
R E T

| —Harder Bumper = Softer Bumper |

20 PotA - Head Rotation 30 UpperNeck-MY
15 20 |;|
= €
> 10 z 10
= g o0 ~
o
2 3 r N/
= \"4
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Fig. 8 Responses in Certification Test using Neck with Different Bumper Stiffness
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Table 2 Certification Test Results

Harder | Softer

Measurement Requirement| Unit | Time[ms]
Temperature 19-25 °c
Humidity 10-70 %
Pendulum Velocity 4.70-4.80 m/s
Peak Impactor Force 8000-9700 N
Peak Sled Acceleration 137-170 m/s? -
Peak Sled Velocity 1 2.25-2.50 m/s 20-30

2.10-2.50 m/s 135.00
2.00-2.40 m/s 140.00
Peak T1 Acceleration 183-267 m/s? | 18.5-30.5
Peak Head Rotation 1 (Pot.A) 11.5-16.5 deg 25-70
Peak Head Rotation 2 (Pot.A) 9-2 deg 125-135
Peak Neck Link Rotation 1 (Pot.B) | 4.00-6.50 deg | 18.5-28.5
Peak Neck Link Rotation 2 (Pot.B) -36 --30 deg 98-108
Peak Neck Link Rotation 3 (Pot.B) -36 --29 deg | 165-175

Peak Sled Velocity 2

T1 Rotation (Pot.C) -19--16.5 deg 73-78

Total Head Rotation (Pot.A+B) -41 - -25 deg 100-110
Total Head Rotation (Pot.A+B) -41 - -25 deg 170-190
Total Thoracic Rotation (Pot.C+D) -21--10 deg 125-135

UpperNeck-MY Flexion 7.7-17.8 Nm 20-35
UpperNeck-MY Extension -23.5--15 Nm 66-83

1 1
TOKI: HESNTLAETORBIZENT, BEHRICASTLSIGSICERELD.

2.2.3 EhR9EER

H X —HEICEE R STV D T AR R — O EOEWRBNIFERIC I T DRI E 2 5B SN T
A L7z, 7o, BA0RBRCHLHEREREE & [FERIC, ARA-220 O = LR/ R— 28T HHE DOEWICE H
L, X3 —LaLRNU =L RERBIFEFH—DOLOEHEH L.

(1) RAERAZE

BHEERIL GTR7 ICIRE SN TWERRFIEEZ S B, OO IALN N—L LD D T LN /R—
TENEN 2T, FH4EIORBRAE T L7z, FHIPEEI, & I —0@EHCH Mk (T1) oM,
L NI ESLCE— AV b Lic, F, BBREFCBIT 24 I —K N OFEN 2 MRS D728, mdkE
EFFHATICEORE LIZ. ¥ — FOREFIECHONT, HEAIT GTRT ITRE SN TV R T EICHE
ST, = FOEEEIZ L DT Y X MAOPERT 2720, v — FOEIFHEIZ OV TIE, GTR7 OB
FIECRE SN TWHRME TIER <, & MREICHRE L. 2k, SRl — Fogs, v — hoE
STHEENHE) L T — bRy T HENENT D XA T THHT21280, — MRy T HEIZOWTE, — b
S OFBNETOMEZRE L, TOMMELFRKIZRD XIS, K FTWMETD Y — My 7 A2 RIE
L7z, £7, ¥ I—OFEMEIZOWVTIE, Hpoint IEIZEY, By T RA L MIESCSNYy 7y b (X3
—BEEI L~y FL A b & ORERE) %231, 4 50— MIBIT 5 EHE B OEHEIC% L T BioRID-
II 5 X —BJERs D BARE~ R L, HHEI .

(2) HABRMER

Fig. 9%, 4 FORBRIZEHIT 5 X I —FFHIOWT, BAF (Head Angle) —Z8i# (Neck Angle) DFHX%f
MR (HA-NA), 7206 ONZERE— 5 —MHEO MR % ElRf (HA-TA) 2R-L7cbDThHDH. £72, Fig. 10
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1, 4 FORBRICBIT 24 I —OEEFHHIER & LT, NIC & UpperNeck-MY D& EAE D EF BRI & 7~
L7ebDTHD. Fig. 9T LIS, ¥ I—0HHEHMEL T, 4EORBRD S 6, ZoHHD T L
N R— i U T-04 ORBRICE VT, ok v &, HA-NA T 38° , HA-TA TR 2° 13877
A (BHERD oFERAAKE V. —FT, Fig. 10 17T X218, HBEMTH LR /S— O O
WX DB LEDLT NN L% TED, UpperNeck-MY Tid T-04 OiBRICB W T b K& 2z~ L, il
DOFRER LD HEN 20%fLERKEL 2> TV 2b DD, HRHE TIXZ 2Nm BRED AT Y X ThHo7z. 2D L
21, BIRURBREFIZI VT, oD T LN R—2E G LG ICETOMEO AN 00,
X —BUEA =P OIRB SN TV DMEEMENO T LN N—2 T2 2 & TREBFERDONT Y Fi3
TFREPHNICINE D E B2 bz,

BB, FZONDO AN R—=TEEEN DT ERE L TWEERIZOWTIE, HA-NA ZHLELTWY
HE 1T, i%#?sfﬂ) ﬁ‘JA/*“//\"—%”ﬂfﬁ“é Z & T, HEOBEREEN RIS RY, FoORE, S EH

2 EfE LT b Tl L= B CRHAl &5 UpperNeck-MY Ofif ¢y, EF- L7= SR ST,
HA-NA HA-TA
15 T 15
—T-01
—T-02 AR
- 10
10 T-03 = —
D T-04 @
3 5 AJ - S 5
© \" @ —T-01
2 . g, —T-02 |
<0 T-03
T-04
5 5 -
0 50 100 150 200 0 50 100 150 200
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(a) HA-NA (b) HA-TA

Fig. 9 Comparison of Dummy's neck Behavior

UpperNeck-MY
20 NIC 20 PP
—T-01
| —T-02 A
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2 Z.10 —
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Fig. 10 Comparison of Dummy's injury values

3. GTR7TO®&EERIAMREMRARKRS E
BioRID-II % X — % [V /o 1% i E 28 AR Rl EsEakBR (Fig. 11) 1%, FEOT7 & A A v b THAT L THE
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ENTVWDEN, HERELTOF I —F AW REORERIL, KEOHHH B FZ 2L (LIF, FMVSS &
W) IZBWT, FMVSS202al08EH & Cnb. LaxL7Zen s, FMVSS202a T, mimfEzef s I —
® Hybrid-III 50th Male % 2 — (LAF, HYIII_50M &\ 9) 2MEHA S TWAH729, BioRID-II # 2 —%
A L7ERE LToRERIE, GTRT THIO TR SND Z & Lieode. D7, GTRT OEHIEER 71k
IIEEOT® A A FEBEICHRENDED b, 7TEZ AL R FMVSS202a & FEEIZ, HEIHEZDOH D
PEALRBR I, R, & LIFHERO R Ly RI2 k5o — MEEROBEERER & L TRITEh
HZllleol-. BRRBRAIEORFHCEL, MBREEOEREENEZIZRLD, FEOTEAA L I
FMVSS202a O &EE R D L, T A AL FTiEEIZAV=16~24km/h O#FiPH T, —J7, FMVSS202a T
IZAV=17.3km/h THESNTWD. —FBIZ, 7TEZX AL MIERLID bEWEE TR ER SN TE
v, KENS1E, GTR7 OEfEHE 2 FMVSS202a LV & WHEIC T 5 Ly mBEN &N, TD=0,
GTR7 OTEBEE X, AV=17.3km/h L EOBHETHREIND Z L LD, BRx Retne Sz fER, A
KDOTEAAL FTHLD JNCAP D% 22 HH RaEMERERER T 2009~2011 FIZFhE STV D
AV=17.6km/h 7% GTR7 OWEEMHE L L TIREINTZ. Tz, BBREEO T — My 7 AESCK I —RES
EZEORBRSMH INCAP OFRGRER FIEE 2B ICRESND Z & Loz, — T, BioRID-II # X —%ff
L7258 0@ REBRIFICRA T 2HBRERORT Y IRNEHIN Wb oo, NI Y HMEHICEET 5
FRESDHEREAIIZHE D DALTRE IR, BEDOMIERER DFELSEZIT, MNATYFODLRNVRRICR D L5 F
I -REROBEHENMERINDIZ L o]

. o

Fig. 11 Dynamic Sled Test with BioRID-II

4. GTR7IZH I+ B FEEMSESTMIEIE

BRI TC, BEEETHMIEE ORI L LETH 5120, BFEORHMEEIE 25512, GTRT O
72 DY) 2 A S EFR I IC O W TR SN T & 72 BAMICE, BARICKT 2 MEEMELEIZE SN T
Fehti S 7= EREE EBROCAMRARERET VLD FHHH Y I 2 L—a VORI Z, KEIZBT
HHFAREROMBR S O T, (F5F Y A7 IS THRET L7z BRIERBFZED D OB EFMIRE, 726 0N
FLEMOIRE O L, 21 E TO EuroNCAP OB RISV TRET S L2 BIND B D [RIFREE 190 2 S D
RICK LT, BEETblo THRARERDPLINTER., MEDOEZHFNR2D 2%, Tabled |37 &
HITHEMEE N IR > T, BB B AR R L - HE s E Ml 2 & & 12, #4 L7- EuroNCAP
DORERFERNZIE S - LB TEE SN, Table3 DA TT L 97 GTRT & L COH MG EIAHisH
EXOREMEEMERSND Z L Lo Tz,
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Table 3 Injury Criteria for GTR7

Europe
Japan/U.S.
(Germany) GTR7
AlS1+:50% EuroNCAP Proposal
(WAD2+:82.9%) | Results
NIC pax 23 m’/s? 23 m/s? NIC pax 25 m’/s?
F Fx
Bﬁd 640N 360N (Forward /| 360N
Upper | (Backward) =| Upper Backward)
Neck Neck
My 34 Nm 30 Nm My 30 Nm
(FIx./JExt.) (FIx./Ext.)
F Fx
5 kx ’ 640 N 360 N (Forward /| Monitor
Lower | (Backward) Lower Backward)
Neck Neck
My 34 Nm 30 Nm My 30 Nm
(FIx./Ext.) (FIx./Ext.)

5. GTR7IZ# I+ %BioRID-II% = —DRE R A X

B RER HIESCH S BRI FE AR O MEHZ Of T, BioRID-II # X — O ERER HiEORF biED H i T
7 RERBR O GFESSEMRIL, & I —OEIEEIC L - TE L 285BI ORBRFE R O/ T & 2K S
FHIEERDVWELTEDLNDHDTHD, *ﬁﬁéi’bf%fc*ﬁﬁﬁiﬁ%ﬁ%& LTI, I —0 B
HhExgl LR E X I — 2T 25 e x5 e LERBROREI 2D001F 52 M TE 5. £,
FI =D FEFEHRE LERBRICOWTE, 49), FI—Z2MOMFITEI=ALy RS U7 2285
THESN, 77r 33— b E2EET 2 A IBRERBRA TR STz, L LR 56, IHERR
TIEI=A Ly RREEINTWRWE), BRI =Ly RIZbo 2B = A Ly RORITH B EF
X ERAREORENELT TV, FO0, =AYy REIBETAFECEFEIIENOO, HMERER
EEOWEN S, I=ALy RBL—LO EEEETLHXCLT, FifERiRE Vv )) I8 I T,
LU s, IHRERBROME G EFIT A, FiiERBR T, EEEMEREMS ISR o779
RERBAERONT Y XN ESNTZ. 2D, KMEOxtcE GTRT A v 7 +—~</Vai#l :Tob\“CE%Eﬁ%
THZLIZRY, FI—HIEA =T 250 TR RN ST, ZHUS Ko TARMZEIC T 2 MGt
R (KD 2 8wSH) 2ELEFEIN, MERRFTENT v 7T —hahbZ L eleotz.

—F T, I —DOREREL R L LR BRIC W TIE, Jacket X° Pelvis 365 & 72V, HifERR T
EHESND I =A 1L v RIZ Jacket X° Pelvis Z B0 1), A /37 ZIZ X > THEDMZ B HRDEH
STz, LrLenin, Jacket X° Pelvis O BAGABRIZ 51T DG ZARIXIET 1T L WS RE S,
MR i L <, D omuIcE mE I N TWD X I —TCHLZDOEMFIHEG TE RV E, ¥I—0
RERERE L TREHREM Lo T, KOV TH, GTRT A V7 F— < EHEICB W CEm T 2
ZE ey, BARIZEIT D Jacket X° Pelvis OHAGABRICBI T H0FERER DA B E 2 TG EHENHE I
N, BERBRFIENRT v 77— ki,

ZD Lo, GTR7 4’ VT F—~ V2T BioRID-II # 2 —OMERBRTIEICE T 2#Emn s &Sz 2
LT XY, BioRID-II # X —o L v bl ek skl i (Fig. 12) & LT, Certification Manual 287 > 7
T—hINAHZ EIZARD, 2019 4 11 AICiEF I —8iE A —7 LV Certification Manual @ Rev.E1W73%
ITEni-.
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(a) Certification Test without Head restraint (b) Jacket Test (c) Pelvis Test
Fig.12 Certification Test for BioRID-II

6. £&®H

AFE T, GTR7 OflEicrmit=xhicd LT, ZhE TICHEM L TE 7 BioRID-II # 2 —(Z81F 55
FERONT Y R BT D BEHERIZ OV TR D & &bz, KEIC GTRT ICRE S - 8aER 7
EEFOFMHE, 72D NTHRERBRAFIECOWTHEMN L. TGN kR e =7

* BioRID-II # X —DEJA L v RRBRICBW TRAET 2WMBERONT Y FOER & 725 & I —H5
DIEERZEZ DN TIE, HERRNIZES G STV D T LR R —flE ORME 2 @ U BT 5 2 & C, Meitba
SEARRBRIFIC BT 2B RO N T Y F 2K TE D AREM N H D Z L Nbno Tz,

- B ZERF D FEME ERTAT 0 72 00 O B HIRRER LT R, 72 5 ONT BioRID-II 4 X — DR EilBR 1%
IZOWT, GTRT £ > 7 4 —~< /L E2HEICBWTHARD ZHE TOML RO BEE2BE 2 I-#iwmN e &
NI-fER, EESHE UL 70D GTRT MEREND Z L &0, K0y CABEMN R TIEDOREIZTE L
7.

7. BhYIC
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DOIEB) & FHm 2T, Lo BKRRICED, 20194 12 H D% 66 [0l GRSP & TAE S, GTR7
OHFIEIZL Y, BEFKIC L D2HBEEZEEN A THLEHREIND Z N2, FEBRNRERLE~
DEBIZHFG TENIEENTHD.

HEE
ARFFROHEEIZEE L T2 TAW . (—fh) BARBEhE TR/ Zeima/GEEE B a g 2mnEEY
=X T ITN—TDOEED S 2, L NNIRBIEMICL KD WA TSttt a—~ 3T 4 7
Ao ) R=T 4TV Va—alrX- Ty, (—f) BARBEIEHEM, TS (3 2 kst
TA ATy VARSI, 72 5 NI RIB L REREM AT O BEfRE D5 2 123 LU, R EGHB L EiF £
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Study on Improving the PM Measurement Accuracy of the Filter Gravimetric Method
for Lower PM Emission Vehicle

mAR RgEET wm Be
Masashi MATSUMOTO ~ Ken MATSUURA

1. XL ®HIC

AR, BEVED OPEH T A& 50 IRYWE (Particulate Matter, UL F PM) (2B 2 HEHED
AL RE S TR Y, Bl IEKETIE 2025 4212 1mg/mile (0.62mg/km) @ PM BEH SR HIE 23 5%
JoNDTETHD. —FH T, PMPEHEOHIEIEICE U CIIBHIBA LI SRR EE 2 ES Z L
K7 VA BEEENEHINTEY, PM g ERGIDEC SN Do T7 4 v X EEIEOWERE M
DEATAIRRE & LGRS LT D, 5% 0 PM e EICKT 286l b2 #E25 &, ko7 4 V& HE
BIEICBIT 5 PM JEHEONIERE AR L, LEISD THINNWEZ A 5 Z EAMLETH S, [HHN
DK L~ PM HIETEIC BT A28 28\ T, PM HEHHEO# 0 IR LRI 27 IRER, 7«
VA RNVER PM it 7 4 V2 OFEH & Vo T B FER - OFBEIZOWTORIATND V.2, F72, JCO8
E— RZBWTET 4 —BAFEEWEND O PM EHZEORIE ST %53 0.03mg/km LR & 725 i@ L
HELNTWDE R Y, BIfTHER & WLTC (Worldwide harmonized light duty test cycle) &— RKO#lAE
FICBWTHRIZOFERNE LN D DIBRRGENLETH S, — T, KENZBWTIE 2025 FI2B1T 5
PM i S0 BRIk 4 RAE 2 T PM JIEEOBCEEM TR T STV 2723, K L~L PM HlEEO ST
\ZE T D B RS IR ST R 4,

UL EZsE 2, ABFZe Tt PM EHHEHEID 0.5mg/km ~& b Sns 47— A2 4EL, MEDATY
X (ORBFZE CIIEEERE lo L EFET D) 2 0.5mg/km @ 1/10 TH 5 0.06mg/km LL T & 72 5K L~ PM
WEEE, BURORBRBREZ2 N— A RETDL I E2ANET D, ZNE T, EHELITEMEY V) VAR
ZHV, PMlE T V2 OFEESC PM &R D 7 ¢ L2 @il A A (LU, 7 4 VX ) A3IE S
TY R RIFTRELZREL, WENT Y XOMENCAN N1 2 A/ bW SN EEE B L 9.
ZITC, YR RITEMMICHEREANE AN b RA~OIERR A LT DIV TS DAL A
THDHD, HROEMPNETH LR CORREEET DL, N AT T 7 LULEEREED T
BEBRET 22 8RO END. 2T, AETIIPFRENE B X OB b o x L ONNEGE E &2 2L &
LHZEIZED MRV T T Lo A~OEE R L, T WLTC (v b A% —R) E— RETRO
PM HEHH B S ONCIIEN T Y F~DEEB LN L=, 77, ThE TCOMRMBELBEZ ALV T LT
4 IV ZE R T D RREA~ ORI LT ¢ L Z T E OHESEHIE 2 M5t L7z,

2. HREEH L URBRAE
2.1 T4 LEFERKE PMEET 1A

AR ClifE#L s LT b7 27 1 K (METTLER TOLEDO#®!, XPR2UV) , HIEXZRY DR
Bgar & LCaniE A EaS (KEYENCE®, SJ-H108) #ZhEh M L. F£7=, PM#E 7 «
VBTN TIIH T A7 4 L2 & LCTX 7 4 V4 (PALLE, TX40HI-20-WW 47mm¢) #I®E L, A
Y7L T 4 ELTPTY 4 /4 (Measurement Technology Laboratories®, PT47P) % {iH L7=.

H 1 —MEEN AA E BT BRETVTERT it (%)
* 2 —fRMHEIEN BA BB AT BREEHTIERS

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

-75_


https://www.jari.or.jp/research-database/detail/?slug=33290

2.2 {#£EEm, HEBH
AR CIIERER & U CHNEEEN AR V) v DU BE L EEIe 2 ER L. £, it
RREHIFGEHA L X 27—V ) o ThDH. B, RBRIIv vy — ¥ A T E5%i CHEhi L7-.

2.3 HEBR&EH
T%bluﬁﬁﬁﬂﬁkiUﬁﬁF/xw WX D INMBGRE OMAE DY ERT. KRR TIE, PEREA
BRI HLGEITIEEREIRE190C E L, FR N RVOREREIFTATCE L2, 728, WTommEGE

LkwfﬁwﬁéﬂﬁkiwﬁﬁF/XWim%Mf%mbt.

Table 1 HFREAE B L OFR b o RTHT DDA ¥

. Exhaust o
Heating pattern transfer tube Dilution tunnel

1 with heating* w/o heating
2 w/o heating w/o heating
& with heating* with heating**

* Target temperature : 190°C
** Target temperature : 47°C

Table 2IZRBRIERF % ~T. ARBRTIX b xL7 T 0 7Bk XL OER 2 A= T — RETREOPMHE
E (CLF, #EljsE) 2966 L2, WTIoREICB W THPMEERICTX Y V% EPT 7 4V # %[RRI
Ty b, 74 EEHEIIRLEEORITRA2 (B - P REFEYEN T A ORESHE. DU, BIE42E ) 12
FE S5 100ecm/s T 2. 72, HlRERIZEBIT 5 ETE— RIZWLTCE— ROKHE~FE Y = — X572 5
37 = —ADKEy AKX — &L, PMPEHERE LOWENT Y FIZOWTIAETE— K =2 LV OREEE

Tl L7=. — T, b7 T 7#8BRICBWCITHEERE & [F CHERRTO Forxv 7o o7 HE
BERBIOIENT Y X271 LTz, £, KFMBEEICBITD F RV T T 7 L L~DOEEEZHRET 5
720, N T T LAV EBERIICED A= 0iEE (DLF, 15 UEE ST 2RE L. Ak

TIE, (5 LiEHEE L CWLTCE— ROIKEH~FEERE 7 = — AN Bk D37 = —ADER Yy N AX— FO# VKL
0, HE D ORFRY 720 OPMEEHEN %L 725 Z & &30 720-100km/h IIEEfR DO 0 3K L & fgt L7z,

F 7o, AW CITHESEREYE & LT o L& i 2 BITRA21Z 361 2 HUE OHEIFASN T o 5 150em/siZ &
HZERBELTNDY, —FHT, PERMIEICEBWTIE T 4 VX HIEE DN EOIE EPMEDN RO T 23
AEINTNHOZ LAEFE 2, KB TIITX 7 4 V2 B XOPT T 4 W Z T LCT 4 VX HEE %80, 100
B L 150em/siZxiE L-BROPMYEH 3 L ONAE N T Y ¥ ~DOEBE LT 5. 7ok, sBRIME
— 22 WTHEM Lz, ARBREIE ClIm A3ty hOT7 4 W E RV K ERFICHERRETH D720, #
DT AN HRESECOREY ) T HBTXT7 4 V4%, PT7 4 VHDIEIZZENENE LT-.
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Table 2 #BRIEST

Test sequence

Cleaning for exhaust transfer tube & dilution tunnel

Tunnel blank test (before durty driving) N=4
WLTC(L/M/H)-hot (before durty driving) N=4
Driving for durty exhaust transfer tube & dilution tunnel
Tunnel blank test (after durty driving) N=4
WLTC(L/M/H)-hot (after durty driving) N=4

. HEREER
3.1 HRBEAESLUFREORILOMEBZREN O RILT S VI HEEICRIZTTEE

Fig. 11i5 LIEHRRIZ ISR 1T 5 b 37 7 o 7 HeEE R T, 0k, AERINBE — 105G L
His L L CWLTC (kv b A% — b) £— F &L 0-100km/hEGEEZ O 20K L=, Zh X, W
DINBRE — A2 BT H5 LIEERFTRICBIT D o v 7 7 07 LoYLiEdERIc/h &< (0.02mg/kmA
i), PEPREAERLHIR N RO L D ST 5 o 7 OMEIRNRICERIIR N - T,

Driving for durty exhaust transfer tube
Heating Exhaust Dilution & I ]

pattern transfer tube tunnel WLTC (hot) 0-100km/h acceleration
20 times 90 times

1 with heating w/o heating O (@]
2 w/o heating w/o heating O
3 with heating with heating O

[] Heating pattern 1 (Exhaust transfer tube : with heating, Dilution tunnel : w/o heating)
[ Heating pattern 2 (Exhaust transfer tube : w/o heating, Dilution tunnel : w/o heating)

[ Heating pattern 3 (Exhaust transfer tube : with heating, Dilution tunnel : with heating)

0.10 0.10
008 | N=4 008 F N=4
5 oo emor:lo | § 446 error : 1o
(%] (2]
Q2 0.04 } K2} 0.04 |
a%gooz- ’_I_‘ g”ooz- %
sEol erh ., ik | 2B S S 5
c 2 | I 1 c 2 + I_I_Il—I—l ' -
5 £ 002 } 5 E 002 |
e 04 | T oo04
5 006 S 006
~ ~
-0.08 | -0.08
-0.10 -0.10
TX (100cm/s) PT (100cm/s) TX (100cm/s) PT (100cm/s)
(a) Before driving for durty (b) After driving for durty
exhaust transfer tube & dilution tunnel exhaust transfer tube & dilution tunnel

Fig. 1 5 LERGARICEFD FoRILTS VI HHE

Z 2T, MBS Z = BITBWTIBIIO LIBIAIZ LD RV T T 7 ~ D 2 1t L7z, 0-100km/h
IEIZ K 575 LIES TIEAIR b o 3oniZB I B8R ER2N T 7 7 IHICHE S L TV D AR H 5720,
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WLTC (F v A% — ) E— ROV KL ZBMOIE LiEiRE Uiz, 7ed, MBVIZ — 2 3TIEMAIR b3
NEMBST DR ETIEH DD, HIR B XANSDT T o 7B HARSL TH UERETOLAR o rL
EME LW &L L, £, AR b RN OFRBYEH 7 A A R OH N2 WiFF L C, 75 LiEisH o
EREBEMNY 7Y o TEEOHELE b3 7 7 2 7 P ERESCHEERERIC BT 52 PMPEH &HIE 2
BIFOREMOF3IML T SH T2,

Fig. 21280075 LiEfiz s L TOWLTC (K hAZ— 1) E— ROBYIELEEE RV T T 7 HE
BELOM2VT T o 7R EOBGRERT. ARFTTIEIWLTC (Fy b A Z— 1) E— K% 180[Rf# 1 i
LETLER, RT3 7EEBIORNFAT T Z7HHEITIZEA S LTELT, WTho
HRLMENT Y FOHMANTH -7

| O TXfilter © PT filter |

Tunnerl blank weight

[ngffilter]

[ R =
© O AN O DN DM OO ®®O

KN
o

error: lo

N=4
(@)
©)

0

50

100
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200

Tunnerl blank emission

[mg/km]

0.10

0.08

0.06
0.04
0.02
0.00

error: lo

N=4
(@)
©)

-0.02 F
-0.04 |
-0.06 |
-0.08 |
-0.10

0
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Number of WLTC 3phase driving (hot start) [-] Number of WLTC 3phase driving (hot start) [-]

(a) Tunnel blank weight (b) Tunnel blank emission

Fig.2 BLE# WLTCHY FXE—F) OBRYBRLERIINT D LoRILTZT 2T LANLOERE

-MENFZ—2 3 (HREAE : MBHY, FREORIL - MEHY) -

T, FFRENEDOAN O LOHR v 2 VNOPMY > 7 ) 77 o — 7 it B s B 52 &N
HBE O EM A T 4 V% (PALLFLEX#, TYPE 2500QAT-UP) IZf:H L, Bt RE 0T
(DRI#!, Model 2001 OC/EC Carbon analyzer) (2 X 2 AHMERF%E (OC) BL O R IRKE (EC) DioHT
%Z3hE L7, Fig. SICOC/ECH MR 2 7. HERBEANE R XL O b o L O NEREER O AW BT
HOC/IECOMRULRIIMRFETh o7, Fiz, HWR BN RAVOMENRE CTH 547CTHHNT 50C1ITM
HET, HEREANE OMBGEE TH 5190 C THHT H0C2IIONTH, DI NIHFENLIRETHS.
T70b, PEREEAEAIN N v R OB BB TIHEL LT W & & 2 515 HgiRE 72 0C
BIEEAEEENTWRNEZD, PRV T T 7HEHRICIEE A EBIENE Lol EHER SN S.
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M OC1:~120°C M EC1:~550°C
W OC2:~250°C I EC2:~700°C
I OC3:~450°C W EC3:~800°C
M OC4:~550°C

Unit : % 09 41

Unit : %

&
o

(a) Exhaust transfer tube (b) Dilution tunnel

Fig. 3 HREAERLUFR M ORILADBREMBEWICHNT 5 OC/EC HTiER
-MNENE—2 3 (HREAE . MBHY, FREORIL : MEBHY) -

3.2 HXEAEDOMBREN PM HEEICRITTHE

Fig. 4IZHEREANE OINEGRE % b S 7 BE 075 UEERRT# 2361 5 Bl R COPMYEH &% /<7
F72, HPIIEE NT Y 1o (mglkm) ZRod L, ( )PNICITEEMRECoOV (%) ZOFt L=, 15 LiEHRD
Atk 2 b3, BEREANEZME L7256 & i L, PEREANE 2BV L 22V A TIEPMBEH &2V K
MEICIA L2, ZOERE LT, FREAEZMA LW LI W E LD KSOERENZET BND. T72
bbb, PFREANEZ ML WIS IITT — 3 T OPEH T A& N DK BEEK T IC X -
THEME L, BEME L 72K NICHER T A OPMMAE D A EN D Z & THIR b o Rz AT 2 PME D
L7z RSN D . BATORIRA2ICEB WL, JEREANEICE L THEW 2 Va0, B2@R L0 HEn
BEFEIZT0CLLEITENT 5 2 L EHESH TS, Lo LAans, ARBRERO X 5 Wbt 24
T B DL TIHEREAKICERK L7-PMe 20334 L, PMEH &2 8/ T 2 /MR H D L EZ HND.
7B, PRCENE B 2 WEE T H HEMRRICE T 2 PFREAE OBERFEI1Z60~70CTH D Z & &1
WLTEY, BER42OT0CLL LML WS BUED D b K&  FTEEL TW o7z, - T, BUTORIR
421281 2 IMBHLE TIIPRENE 2BV TR EEZ 28l LG 2 & 135 2 20new, MEIRE O
HEAREITHLERDDL EEZDLND.

WIZ, BMBGRE Z & 1295 LiEisRT#% OPMAEHER L ONIEAR T Y 0B biczhETnE B T5. X
NGB & BN U 72356 CLiE LIEERRTZ ISR 2PMBEHERB LOWENZ Y FICERIIR NS, Z0%HE
KNELThRURIT T 7 LAULRE LIERRTS TIZE A EBIL L T ARNnWZ ERETFbND. — 5T, #
LB N N L 22 E CIRdE UIERAT & Lol U Ci5 LiEisE CIE& O PMEEHENEINL TV 5. Zh
&, ARERTNCTE LEHE T & 5 0-100km/h I ERR A (e 0 K L7z Z & CHEREANENOIRENFE L o7z 2
ERETFTOND. Thbb, 15 LUERIC LV ERE L TOIKRSNEIT S 2 LT, PMAEREKICER Y IAE
NHRENRB SN EHEIND. £, FREANEEZME LG4 &Rk, 15 LiERmk I T 23
TE/NT Y X DZERIT/NI 0.
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[] Heating pattern 1 (Exhaust transfer tube : with heating, Dilution tunnel : w/o heating)
[ Heating pattern 2 (Exhaust transfer tube : w/o heating, Dilution tunnel : w/o heating)

o
2]

0.5

0.03 N=4 0.02 0.03 N=4
E o4 0.01 G20 emor:10 | 2o, | (6.5%) (7.16) error: 1
5 (1.6%) 1 = 1 00 p_ 001
£ 0.03 g (8.0%) 1] @.0%)
=03 (13.0%) =03 r T B
S 0.02 s T
2 (8.6%) I i
2 0.2 T I 2 0.2
= x =
(] (]
= =
=01 =01
0.0 L 0.0 L
TX (100cm/s) PT (100cm/s) TX (100cm/s) PT (100cm/s)
(a) Before driving for durty (b) After driving for durty
exhaust transfer tube & dilution tunnel exhaust transfer tube & dilution tunnel

Fig. 4 HXEAEDOMEAREERILSEEOE LEGAIKRICETHPMEIHE (EmHER)

3.3 J4LAERENPMBIEEDAEREEICRIZTTZE

Fig. 5107 4 /L Z i 2 2 b S B - BROPMifitEE &, PMEEH &S L OCoVART. 7 1 /L& OFEFAIC
E67, BB 7 4 A ZmEEIZHA L CPMEREEIIHML TV, PMEHEICHREST 2 LT
AVEEHEIC L HERITIIEAEAE T TRV ERbnD. LY, KilBro ksl hrxLrr s
7 LrULIEFI/NSVAIRIETIE 7 4 VX2 I L A PMBEHE~ORBIIEEL LW B2 bNnb. £
T2, ZANAFEBEICE ST 7 A VX EEEZED THCoVIZIEE A EZELL TN ERMER SN, Z0
FRE L TCHREBEIFD N RV T T 7 LAULRIEFITNI N EREFHD. —H T, ARERITH LT
WEHEH T ZAHH DT> THEE 2O OHCHEH ER D72 o TWVH T L FHE LTS LRI
5.7k, COVG:Ol/\“C&iTX74 NWEDIEIDBPT7 4 EZ LD HEREL 2> TWVDN, WTiLH0.06mg/km
PIF (RAFFRICEB T 2PMEEH&ERIE N7 Y F OFFR EIRE) Tho7z.

PLEXDy, b /Z\/W A V“\/1/73>3|5% (/N WA TIE80~150cm/s DHELPH T 7 ¢ /L X [ E 2 24k
SHTHPMEEHESCHIE NN T Y I RIETHEIITX 7 4 V&, PT7 4V Z E BTN ERnbnoTz.
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| O TXfilter © PT filter
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= 40 error : 1o %"0.4 3 error : 1
Fs)
=30 é é0.3
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e g—o 5 o
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o =
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Filter face velocity [cm/s] Filter face velocity [cm/s]
(a) PM weight (b) PM emission
30

S

‘;25 0.04mg/km
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put o | Ave.17.0%
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[}

g 10 0.01mglkm @

O Ave. 6.4%
= Uimg
a o —
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3.4 RBIE42 - hEEHFHEAROAESE) I2BITA2HEEDKRE
PEECE AR 1T D INBEEE OREt

KRB CIT PR NE 2L 72K TH WLTC (R vy F 2 & — 1) E— RETROPEE AE DI
FEIX 60~T0CRETH Y, IR 42 O T0°CLLEMEE WS BUENS & K& IETREEL TR ho 72, L
L7e 5, HRER% (ITHEROENE NIZEBNE K DR EDMERE S, ZIUTE-> T PM SR &% i/ Nl
TAHUREMAIER L=, 202 20D, BUTORIR 42 1281 2 HERE NS OWrEGs X OUMEUZ BT 5 #E
IZBWT, EACEANE ONMBVEEIZBT 2 RE LAKLETH D B LD, KOG 2+l 4 57
DIV L FEEDIRED 100CUL ETHHZ ENFELNEEZLNDD, UEEHOREICEE L KT+ E
— RETREOHEH A AR ECHEH T ABED T 0 7 7 A VPR BT K F T2 L2 MR T 5 &, K
EROMEASGENEY & B 2 bhvd . £io, SERENEIZBT 2 KEECHERERE D HC HIERRIC
WREZRFITRENH Y, BUTORIN 42 1IZB W THHEH A 2085t HC SREURE IR 2 2R X
190 C+10CIZHE SN TV A, LLE& Y, PM HEHHERIER K OWEH T ARIE O mEL R S HEGENE %
190 CREICMET A Z ENREFLWNWEEZ LD,

AT VLT 4 VEERRIC I T L FRE~ O X R IR ES

I, AT LT gV HITEEERE N EICERT 2B EBRESORENRSIN TS FED
IBFET 4 L ZITT DBREN 7 4 VIR RICRETELERL, AT L7 42 ThD Teflo
TANEERET LRI IR ERRPRESINTVWD ZLE2MRT L2 ENETH L 2R L
729, Fiz, Teflo 7 4 VZIIRET 5 2 & THEIC TX 7 4 VX LRBEIZEK T 2ug FREE OV K UFF &
FREL D2 LR LY.

UbZzikE x5 &, Teflo 74 VHRPT 74 NE EWNSTo AT LT 0V T 2BRIZIZo8ES
TX 7 4 V2 L FRRE DR IR UIFEEENC /2D FCHREL T LENDH D LE AL, HEEEHRAH
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D EBHZHBRMRIIFA S E 2o TRV, ZD728, BRA2ICBITA AT L7 4 V2 ERAREOH
EEAE TR, REZRDOA LT L 7 4 VX O IR UIFEEEFN3HC TX 7 4 V2 ERIRETHD
CLERMER LI ETHATAZENEET LN EEZLND.

PM HERFIC BT 5 7 4 VX R EHETH O et

N RNT T 7 LUV IRIERITN S WA (0.02mg/km i) Tik 80~150cm/s O#FIPH T 7 4 /L4
HEEZ ST TH TX 7 4 0%, PT 7 4 0% & HI2 PM HEHESRIE N7 Y 2T AT/ NS
ST, —FHT, NoRAT T U7 LoV R&SEOIREE (0.120.02mg/km ) 128V T, BUTAEE
ICHEIL L 72 PM HEERETH D TX 7 4 V% (7 4 )V ZEGEE : 100cm/s) DBV T PM HEH & OH|
ENT Y EN 0.06mg/km TV, HIE/NT Y% 0.05mgkm LA F&iili7= &2 o72 2 EBNFER S L 9.
ZDTD, NFNT T 7 LoV RESEWIRIEIZI W TR, B 42 ITHRE S D 7 /v 4 ik E i pH
TdH D 20~105cm/s TiX, WITNDT 4 VFEHHEEIZENTHHENT Y FRRE L DA BENERES
nNo. ZhoOfEREEEZDE, NV T T2 7 LoYLZGE U TRIENTZ Y % 0.06mg/km LL T & 72D
TANBEEENBLT D EEZ BN, SRR NIV T T 7 LSRG T D T2 DI 42 1B 5
7 4 VA E ORI A 80~150cm/s ICFRETH I ENLEET LV EEZBND.

4. F&H

AFETIE, MRV DOT T 07 LoL ORI L THEREANE I X OEIR b o vz 81 2 mEo
WEZHRET 5720, KEHOMBGREZEL IO v 37 7 o 7 REB X WLTC (8 v b A% —
R) B— FAETEEO PM HEH &2 S ONTHIE N T Y R 2T Lz, 72, B 42 1CBIF 2% ERICE LT
PERENE OMBVREIL LA T L7 4 VA KB T 23~ Ox R B LY PM 24T 5550
7 4 VA R E OHELERP A R Lo BSOS RE LI TITRT .

- HERENE ML 2GS, 7 — A3 T b P S vz PM S HERGE NS N OEERE K /72 HLY 1A
FNDH I ETHIN b RIZHAT D PM &34 L, PM JEH &S /NG S 02 /IREMER H 5. Bl
W42 ~OUEZR L LT, PM HEHERIE R X OHEH T A5 O mElEN G, PEXCENE 2 PEH I A
SIHTRTD HC BEEGR IS 1T DINBVEEE L FRIFEE CTh D 190°CRREIZMET 5 Z EREE L.

s RNV T T LV EED D TEOICHE A O LIER A T L7223, WTuo vy — 280 T
Hi5 LIEISATZICBIT D F o Rx T T 07 LoULEIEE I/ E L, PERENE AR b o L D JNEL
LD bR T T 7 OMENRIZZEZRIZR O N o Tz, Fl2, FURAVT T U7 LaULR/NEND
ZEIGERLT, PMBEHERIEIZEIT S CoV IZE L THMEAGKEIZ L 2ZEBITIR LT, 15 LiER
DOFEEZ L HFHIENRT Y F1X0.05mg/km LD H/hE otz

s RURINT T LAULRIERITN S WA TIE, 80~150cm/s DEIPH T 7 4 VX HIEE & 2L ST
H PM PEHESCHIENRT Y R RITTHEITI T 7 4 %, PT 7 4 VX2 EHIT/NEV. SRR Fox
NT T LUk LT PM HEHEDRIE AR T Y F 2 KT 5720, BIR42 ~DWELRE LT 7 4
JV A R E OFPH % 80~150cm/s IR ET D Z ENEF L.

AT VLT gV EERARHZIIBREZ O IR U EEEN S TX 74 V2 ERBETHLZ L &
R L7 E T2 2 EREE L.

Table 3 |ZARWFZE CTHET L7ZBIR 42 ODWER T L O ERT.
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Table 3 Rl 42 (8 - FEEHHARDAESZE) ITBETLIRERF LD

Factor Current regulation Recommendation
. With heating With heating
Transfer tube heating (= dew point or 70°C) (190°C target)
Neutralization until weighing variability of

Neutralization for

. . Neutralization membrane filter becomes equivalent to that
membrane filter media

of glass fibre filter or reference weight

Filter face velocity 20~105cm/s 80~150cm/s

5. REBFUVRE

W4 PM HEH &R O GIZ - THEm 25 O PM JEHHEITIFEFIT DR A RITER SR L~ PM
PEHE M A REAERER 22 1T 5 EME SN D72, fEk &0 1R 1 7‘6 FORNT T T LD
AT EEAbNDS. —HT, FICHR b R~DOFmERT 2 L BANEETH 2RIk T
X, WROT 4 —BNVERLT Y Y g ERR A IR REO PR A 2 il SETE L 2 LIT LW AT &S
NN T T LNV ERGIZHEET 2 Z EREELW. 2O X5 Z2REL T TRV~ PM R H A4 5K
B 5L, AREICBITDBERDHTIIRE AT Y FO/NS PM JEHEREN N & 72 556 b AE
S5, A% LEMN GO PM PEHEZ @k EICHIET 2720121, PM JEH L~ U7z sl BRERBE0H
TEREIRNLIETH Y, MAEIN S E 7220 HRIEEB RO LB LASEITR D AR d 5.
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Study of a real driving emission test using a random cycle generator on a chassis dynamometer

AR IE#R ! FE gz HE H— P ER 2
Masahiro MATSUOKA Takayuki ITO Seiichi SOMA Takahiro HANIU
Abstract

Real driving emission regulations using portable emission measurement systems (PEMS)
will be applied from October 2022 for light and medium-duty diesel vehicles in Japan. This
means that during vehicle development it is more important to consider various situations.
However, since an actual driving test depends on the surrounding traffic conditions and the
weather, there is a high possibility that a test cannot be completed. For efficient vehicle
development, it is necessary to develop an evaluation method that can simulate real driving
emission in the laboratory. In this research, a random cycle generator (RCG) that can generate
a real driving cycle that simulates various traffic situations was developed. Furthermore, the
random cycle was run on an environmental chassis dynamometer. As a result, an alternative
evaluation method for real driving emission (RDE) tests was proposed, which is not affected by

actual traffic conditions or weather.

1. Ex&EBW

RERBEFEREOBED G, BEEOPEH T ZAHFEITFELAFE LW D Lo TETND V2 . HEHEIZE
WX, 74— B - FRELIZOUV T, 2022 4 10 A X Y Portable Emission Measurement Systems (U4
T, PEMS) OHE#E#ZaiHE L Lz, B EETRFOT ¢ —¥ Uik « hEHPEH T 2 2B 2 Hfi i (UL
T, ERPEH A ARERE) 9 NEA IS TETHY, FEEHREICE T 2HEH T ARG ORISR E S,
HHBAFEIZ BV T, B REROZIBRICBRIE L B LG T2 60, TRETU RICEEE R
5.

L2723 &, SR CORBRITJE PO AZMIRILRLCBREAKATFT 2728, BRI M B3 G2 H 12 Fehi T &
HEFRLR. £, ERETHBREZIT O OO E M~ PEMS #5826 TRAMNETH Y, THIEM
D—K Lo TWND., T OFEEZ MRS 2072 BHE AR FB & LT, R T3 < FIMEED W
BREEIT T, ARx 2Rl A #Ee U 72 SEHEIN T A G FER R D i TV 5.

AWFFETIE, ZOFHIFEDO—2 L LT, BRia Rsi@mikil it Lo K EIT I A 7 )V &2 AR TREZ:
Random Cycle Generator (UL, RCG) #Bi% L, RCGIZX VAR INIZI A I VE T ¥ U H A FEA—
Z ETHETTHI LT, HllHRICOAHRERYEN T AT FELRET H L2 HE L.

2. RCGMOEA%

RCG DOBHFICBT 2 BEEMFZE L L TiE, Kooijman 52 K DAFFEH] 9 3% 0, WLTC » £ — RIEREFD
TN A EHT, REOREE NS — U E AT D RCG B SN TS, T O T, PR A
HERZ2 ETORAMEES N TITONTEY, RCG AN RENTWA. )i, RCG % HmBIFEIZiIE

[ (T2 k1 —MRMENEA AR B EAFIENT  BREFIER L (T

*1 —BEIEAN BAKBEEIIEIT =L - BREEHTSE
g vk 2 AR EE A B H BV HIRFZERT  BREETZEE

*2  —RMEIEAN AR BB ENIIERT =L - BREEAT

val
A
fva
A

A | (2022 4 3 H BITE)
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MT %2 &2 BE LYE, RCGITIX, AT D0 A 7 v ONNEGRECEIT A - B T 5 2 &,
TN REANDOERETT - 2o Z L Eﬁ‘iﬁ&b bihbd.

ABFZETIE, HMBATEICIR T D RCG OIF M A GBI, Mhx ZR3Z@K OB 2 TRE L §7 25 7‘_25?’) ARk
YA 7 IVONNRTRE 2 TE 5 K 512 RCG éfmuﬁr L7z, £72, KRCG D7 — 5’/\*2 — i

FEN R A BB EAZERT CLF, JARD 2MRA T 2R EO R ETT — 2 2 vz,

2.1 RCGTOHYA IV IERAE

AWFFECTRA%E L7z RCG 1L, ERETT —HX DT —Z_X—2AbiHSnizya—h MU v (1 BIOF
ENBEILEETORBOZ L. LT, ST) ##AAbE s 2 LT, BEETHEECRENIIL Uz A 7 v E
AT 5. ARCG X, YA 7 VZ2ARTHEICHNS ST X ST DALY IHEENEEZ AT 0y v s
EHWHZ LT, BREIRRLZVA I NVELERTDHIENAREE 72> TND.

AWFFECTRA%E L= RCG TOH A 7 NWVAERITIEZHOWT, BERMRFIEZ L TD 1~3 127

1. T—HR=ZANLHH L7 STIZHOWT, HwEEEN 70 km/h RO LD EZn A EOLDIZBFEL,
ST D EFTHREEIC R 2 BREEE M 2 BG4 25 (Fig. 1 O&H) .

2. BB STz BEEAEITHEECRMIZIL UT, A 7 VAERICKEE L 72 5480 ST % Fig. 1 Oh b5
FERRBE 725 X9 IBIRT 5. #Hlx21E, 70 km/h KD ST 75 5 il 2R L TH A mvmﬁww
A%, Figl @» X 912 10, 30, 50, 70, 90% % A 2T % ST (ST-1~ST-5) 7%, ¥4 7 L DARLIZH
WA ST DHEHAEL D, 72721, ARCG TiE, A 7 NVAEKRT HERCHNWD STIZT v ¥ AR+
L7z, FUEL 722 ST 2Ltk T 5% (70 km/h K4 ST 3D 5%DEEL) DOWETT > # L2 ST %
WIRTHZ L L LT

3.Idle (oW T, ST LA UEGHT Idle Rifi] 2 JEHE & L7oBHE N 2 S L, TOBESMNG, Y17
NAERUZ B2 ST E D — D% WD Idle 28T 5. 20 XK 5 IR L7 ST & Idle %, Idle & ST
WARRHEIRD X HZT X MBS HZ LT, RCG YA 7 VEE L7z (Fig. 1 @ZH) .

Part_1
Max < 70 km/h

—

Part.2 o

Max. =70 km/h

Curnulative
frequenc

Cumulative
frequency [-]

'

h

ST distance [m] . ST distance [m]

or |dle duration time [s] or |dle duration time [s]

@
o= -3 ST-2 -
o ==
D E
=35 /\/\ ST5 ST 1

Time [s]
Idle 4 Idle 1 Idle 2 Idle 5 Idle 3 ldle-6

Fig. 1 Concept of designing the random cycle generator.
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2.2 RCGH A V)LD INEEEDFHE

A RCG Tlx, YA 7 VAT 5 ST @ Relative Positive Acceleration (UL F, RPA) &4+ 71
D Va95 #BETHZ LITLD, AT BV A 7 VONEEE ZHEERE & L=,

RPA 1Z X (DTROSNDIEEDFFETH Y, ZOENKE VI EMEDEE LKV o1 71 L7
5.

RPA = X(vxa)/ Zv [m/s?] --(1)

2T, vIIBRREEE, o ZEOBRRINEE THD.

F72, Va9s (Tt A 7 o DREE X IHE (F) | OfEZ FNEZ Y — R L7ZEED 95% % A L OETH 5.

RPA, Va95 %, P T ARBRIEIC BT 2 ERETRBROBN B2 HET 2HEE LThHERA SN
TW5. RPA I3 DMEWETZ2 L7 B IR AL & T 572D D FERME, Va9s ITMMH EE O @\ ETT
ZLIEGAICHEBARNSL L 95 EIRETH Y 3, EEETREBR T i INODOEMHEMETHIVLENRDD.
A& RCG TIE, YA 7 VERITHWS ST I RPA & Va95 OBIMEARIT 5 Z & T, BT D94 7 rohng
SR 2R TR L LT,

2.3 RCGHA U ILDHE

BiI¥E L7= RCG W T, M E DKW E A BIEIZ, RCG1, RCG2, RCG3 £ #3 =>D RCG 1 7
NEAER LT, % RCG VA 7 VDR, %%%ﬁﬁf—& X0 BUE U 72 BT X R g 0 ) B |2 kg
BRI & 2512, FHRE (WLTC £— K X0 550 o EEE) |, emoofi (WLTC £— K
FIY) , o OfE (WLTC &— RX VD ONMMERE) L7225 Lo E L. 728, £ RCG A 7LD
AR TR, SRR A BRIE 2 25128 100 70 (60 km) & L7-.

% RCG VA 7 NVOHME N\ X — % Fig. 2 1Zr7. 72, % RCG %1 Z7/L® RPA & Va9 % Fig. 3 IZ
R R, MFICIE, ERBPEH A ARBRIE TED HL TV D RPA @ FRRfE & Va9s & FIRfE % fft L7-.
Fig. 3 D, AR L72=2D RCG YA 7 MT T BRI T ARBIEO ST L L TED HALTW
%5 RPA & Va9 ODFfEZTE L CWA Z ENHERTE A, £72, %4 RCG V1 7/vd RPA & Va9s D K&
é&i, RCG3>RCG2>RCG1 L7210, KV A 7 NVDOMEREOTIELREITE TS, 25 L LT, Fig

4124 RCG1 HA 7 /v & WLTC &— ROHHIZXT S MEEE 29, K2 RCG3 Tk, WLTC £— RiZ
AT E ORI E L BN KREL, T Ly v TR A TNV ERS>TND I ERHERTE 5.
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Fig. 2 RCG cycles 1, 2, 3 generated by the RCG.

Fig. 3 Values of RPA and Va95 for each RCG cycle.
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Fig. 4 Comparison of acceleration vs. speed for each RCG cycle and WLTC.

3. V¥ IUHEALFTEA—EZ ETORCGY AV IILEITHER
% L7~ RCG ZHWTARK L7 RCG1~3 2L ¥ V¥ A FTEA—XF FTHEITL, HEH T RAEHAZ FEHi4
5HZ T, RCGEHWEY v A FTEA—Z ETCOEBHH T ZAZHIOMGEEZ1T > 7-.

3.1 ABREM & EBRER R

MEERE 1, RNA MEEMHHEAS O, PERE 1,498 cc DT  — B/ AR 2 F 2. HEEE
D E/RFETT % Table 1 (239, E/a P A AR 3R I1E, P A A BR3EE (Exhaust Gas Recirculation
LLF, EGR) , 74 —E gkt (Diesel Oxidation Catalyst: LA, DOC) , 7 4 — B /Lchi ¥4
& (Diesel Particulate Filter : LA T, DPF) T 5. RCG VA Z VOIEME 2 K& < LBIaiE, =
T UAR ORI, HEE T AT ORERIY CLT, NOx) BNHEMT2EE 2 06d. ARBRTlE, &=
(24 RCG YA 7 V1T O NOx HEHEOZE IR Lz,

AR I21E, JARI OBREM v & A FFA =2 2Tz, BEM S ¥ o & A FF A —Z ORI
% Table 212, £7-, F DIME % Fig. 5 1R ARBREA S ¥ X A 78 A —FITRERE % —40~+50C,
AN E2RET H 2 ENTEBIAWVERESMICE T 28T ARBR~O RSN A[HETH 5. % RCG
YA 7N OHEH T AR ERIX, WLTC £ — FO@EFRBRIEE CTh 5 23 COEREEIRE T, HmbEiE 2= L
7o. E£72, RCG3ITHOWTIE, LV BFEITEVEHEEZE L, 15 CORRIRE T, mEwmE), ANH Y,
=72y ON OFEFETHRBREZEM L CLF, RCGA50)) .
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Table 1 Test vehicle specifications

Vehicle type Passenger car
Emission regulation year 2009
Length [mm] 4060
. Width [mm] 1695
Test vehicle Height [ 508
Ride capacity [persoms] 5
Vehicle weight [ka] 1130
Gross vehicle weight [kg] 1405
Fuel Diesel
Cylinderes, Valves L4, DOHC
Compression ratio 14.8
Engine Displacement [cm3] 1498
Max. power [kW/rpm] 77/4000
Max. torque [N - m/rpm] 250/1500-2500
Engine features (NA/Tc) Tc
After Treatment System type EGR + DOC + DPF
Transmission type 6AT
Transmission |Forward 3.552~0.599
Back 3.389

Table 2 Specifications of the environmental chassis dynamometer

4WD Light vehicle Emviromental Chassis Dynamometer

Temperature (°C) -40 ~ 50
Environment Humidity (%RH) 30~90 (10 ~ 40°C)
Solar radiation (W/m?) 400 ~ 1200 (METAL HALIDE)
Roller diameter (mm) 1219.2 (48 inch)
Roller width (mm) 800
Maximum wehicle speed (km/h) 180

Aluminum alloy,

Roller material surface(tungsten carbide)

Chassis

q ; Inertia range (kg) 454~4000(2WD), 454~4000(4WD)
ynamometer Type FC.DY
Rated power (kW) 220(absorption), 200(drive)

Equivalent vehicle speed type,

Engine cooling fan 160 km/h, 1867 m3/min

Manufacturer MEIDEN

d,

N
4
'¥
2
>
b
§

Fig. 5 Appearance of the environmental chassis dynamometer.
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3.2 HBRCGHAVIETHONOXEHLHE

% RCG1I~3 2 v U XA FTEA—H L THEIT LIZEEO NOx i &% Fig. 6 (Z/~x9. £/, Fig. 712,
% RCG ¥ A 7 WAE{THFED NOx @ Conformity Factor (UL, NOx-CF) %#753. NOx-CF &%, NOx #EH
FEOBRFEICKT 2 THY 9, FERYPEH T ARBRIE COPEH T AFMICHNONLTIETH L. ZOfE
N 1.0 FTHhDLEAEITIT, ﬁﬁﬁl{ﬁi DHETZI varbnz s,

Fig.6, Fig. 715, 4 RCG YA 7 V% 4T LIZBE0D NOx e &%, MERE K & VI S #4516
MINA LI, £V HFORESRMFICE > TRES BT D LMD, FRZ, Fig. 7T T/REivd NOx-CF
1%, HEEGEIIETREE D/ S RCG1, RCG2 TIXAMEMIZ 1.0 # THEZ b0 o, MEiEORKE W RCG3

TIX 1.0 2@ 2RI R TE 5. F72, RCG3 & RCG3 (15°C) %l 2 &, BREZIRE O H bR
RRE, =7 a2 AR EN NOx-CF (T2 E KT L TWDHZ ERbnd.

AR OFMTIL, FERRETHER T RCG2 %zf“@bﬂ@%ﬁf“f%ﬁfnﬁbht GBI IR R o CTHMEL
T %0, RCG3 FEEEDMHEE COEIT2HE L= iﬁﬂ#éﬁ%m’%m‘_ 2.3 TRLzk
912, RCG3 1L WLTC £— RIZE Tt _bu@r“@mw:w 7T ié@‘é%@@ FEREPEH T A SR A
DOFEHOFPEANTH 57280, JEHT ALROISRALEE W2 5. Yo X 512, AR TIE, Hizicigs
L7- TRCG W= v & A FF A —Z TOERIEH T ZFAG T %:ﬂ%b\f Kk 7o AT SR (EH
R = BRERIREE, HESRIR) (ICBT DPEH T R B NRANEHE L, ATIES, SRR A RS~
Y — L LUTEHTE DA m T 2 N TE .

0.4

03

0.180 0.189

NOx [g/km]
o
N

0.119

01 f 0077

0

RCG1 RCG2 RCG3 RCG3(15°C)

Fig. 6 Comparison of NOx emissions in each RCG cycle.
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Fig. 7 Comparison of NOx-CF in each RCG cycle.
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4. FEDH

AWFZETIE, ERETHRRZ1T O Z &<, v & A FFA—F LTREIEN T 25 & F2hi nl e 72 F
BT 522 AL L, ERETHA 7 V2 /EriE72 RCG 2% L7z, 2D RCG XV AR L
oA I NEFERCY v U F A TEA—F LETETL, PR AFHEZMEES 2 2 & T, EEEOERIRDLS
BREGIRE 22 EICEA SN, REETHRROFEFEZRE L. RFER, Rx 2ET58R 4 Gl
—, BREDRE, BN (BT 2T A 2R RENFHIT S Z L AR REE L, ERYE T AR O 7=
ORIy =/ LTEMTE S Z LavRani-.

5. 5%0EE

B L7 RCGIZJARI AV P70/ T A THY, Hix RBIEEES/ T A—X DB &% Flk
ICEETES., ok, ERETHBROFMEIZL C-BHmBERICEHA T2 Z ERRETHD. £,
RCG IIERER L ¥ v A A FTEA—H LHAAEDEDL Z LT, RERESCHHNSMHEZLEE L, L UT
T =)L RIGEWERE CTORBRAEHETHZ ENREEE X bND. 5%I1%, RCG OBERENN -CBREEA v
¥ UHA T EA—FIERFIEORG 2D, Vv VA T A =X TORBIEH T AGHE TIE 2 R R S
720,
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WAFEBRDI=-ODEZET/ I T TILDOREAEDRE
Examination of a Simple Airborne Dispersion Method of Nanomaterials
for Inhalation Exposure Testing

@ A PIAE BRAE™ L - A
Tsuyoshi ITO Yasuo AKUTSU Hiroyuki HAGINO

1. [XL®HIC

MINZEE 2 (European Commission, EC) 1%, 20114EOREACH# I (2011/696) VCTHIHTFH / ~T
TIZOWTERL, TO%k, 2018412H3H I E L7-REACHJHH] (2018/1881) 2ClE, F/ 74+ — L4
& LT MEARRL 723 E E S AL TV W RIEDRL -0, BEREIRE 72 ITEERTH 0, IS WY1 X
D5 H50%LL ER, D7l L —o2DWITOH A XIZHBWT1 nmAH> 5100 nmDOEH TH Dhi -5 & de,
HEREKH D VI AN TG SN T-WE AR T EHERLTZ. ZOEROHKEIZE TN DA M EER
FOERDOF /) ~=T VT ANINE TR INTED, ZOFMEEIENL, TEOESR SRV E T
WHENTWD., 20—k, F /<=7 U7 UIBOTHNTH D Z b, ERNICERVAEFNCTL, &
REF IS D Z ERBRE SN, 62, RETEEDSEWVMEOLAIL, TORREBERE N LD,
WETHAERICEYELZB LIET 2 ERNGEHINTWS., HIICEEENTEF 2 =T U T ARGERIZ N
BN HEEEFFo— T, TOHRBEREICL VRO TR WEEEREN S T2 R ET 5 2 &
IXTERV. ZOOFEDH HEICET AEROAL2 6T, REMIZET HHEHRA 2 TIUL, LT
=T VT NNELZLLUTHERTAZ LT TE RV, 7/ <7 U T LOERKICOWTIE, BCkE iz r—
JAED PREBICED SN TEY, & IZERMENICHTRO T 2 ~7 U 7 v a3 554, REACHMH]
WCHIY, FEETHMLENDHY, BB AIHFROBISFIISLNAEL ST,

WE S N7-REACHMIHI (2018/1881) TliE, F/ ~7 U 7LD CHUNTH 5 12 OFF BRI 72 §E X &
— U HROFEENDH Y, TOBRBEREE L TRANEE THSL Z ENEHRSINLTWS. L, /<7
U7V OW ANGEFERER O ST HE L <, BRI (BRI 12308 L7 IRIER) ORE N 512 X 5 2k
BN EM SN TVWIONRERTHAS. 7/ ~F U T ADOKENEE LW ARELZ L, TR bN5E
BIZFENT W L2 RTHE LD, RENELGOERERIEECTAHEEDNS. LrL, BEKOK
BRNEEG T, BIKE LTORETHY, WEOEENREGEND Z &, $70, RBIEICERE SN, Rz
FRE LT~ DEEEE LN &, BEEORL T2 T 2SR B E SN2 &2 EOBEN D, Bl
EOF ) ~=T7 VT IVOWARERIZ L H5EL L OHi~ORELE N TE TWARWAREERH D, Zh
LD LD, BIHEORKE CORERE S L THEEINDIWRAREICLD T/ ~T7 U 7T VOrehR ko
TR FEI N TN D,

INETICHESNTND T ) ~7 U T VORABRERER T, ERBgEELHEE LT, 7/ w7 V7%
WIEECRE L, BEAHEICEY S A M E L OREBSYE, h—F 22— 4 —CHBEIE5 2 LT, BEiED
P& LTRASEDHIERD D, BEYE ZRGEATRRRENT FIETES L0, W/ ~T7 V7%
R SED 2 ETHRODIEH L7220, I Lo B L, BENE(LTIiEELH Y, F/~T VT A0
MEIZ L > TUISLT L HEYIRHETIZRWATREEERH 5. ZOMIC b RFEPBRFI SN TWDER, £
FESAR IR ~DOPLHNE, i, e, BEEMER Y, Z2<oE M EIN TV 5.

*1 —fRMEREN AARE BB RENIEE i (ES)
*2 —MEENBARH BT BRIEASTE
%3 —RMEREN AR LB BN BRENIES ()

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Z ZCARMIGETIE, EREMICT ) ~T U TV E R ABRTE S D 720 OB TR E 72 )51k & ARBFSERT
WCBWTHEERT L Z L2 AW, IEENC LD T/ ~T U T2 RS, BBETLIERZAHEEL, 7/~
7 U T IV O ANBRFERBR D 723 D AT LD F Al REMEIC OV TRE L 7=,

2. ik
21 F/RTUTZILORABREDO-ODOEZGERROER

ARG TIL, EREWICT / ~T U TV AR ARRTR S 5 720 OBLER T 22 57152 RBFE AT I B 0
THERTHZEZHMNELTEY, TXHRVERHREEZH DT, BH LT WIS 2FEZRADHEE 2 E
WL, EEEZRA LT ~T )V T AORKFEEBRET 2L & L.

FIREDORUN LT A XOWE X, KAPTT 7 U E#c L WER LN EEE# Y KT Z & Tl
£ 5. F/~T VT NAORERGSEOZEM T, T/ ~T7 VT ANERECTHAEL, BEOBRELEAT
WhHEEDND. TOEEL T ) ~T U T LORMEO—ETH Y, FERA~DOERY AT SO/ EMEDIE
BB b TEBLZBLIETEEZOND. T/ ~T U TLOFMEA =X L0 E LT, KitZ2458
S, ZORBEFEMICHITT D Z EIIRAIRTIES D0, AENFXEZEER R E Lo /) ~T7 U T ILORE
BAEORSZARE LTEBY, BEOBBRLEATFRETEL L TRHREILE

F =T U T IUERRD TN TH 5723, §E L7DREETIZARICIRET 2 Z LidZenwizd, /7 ~7 U7
JNTHRBN Z N Z, B bR oizt ) ~T7 U TV ZERIC K VIBRER v 7 ANICED AL HIEERFT 5 2
LLL, UTFEHW, SRR ERIELE (K1) .

N7 (GA3S80V-DA, A~ A 7 aiR v 7 #ERTH)

RVT w7 AIFY— (S1-0286, VAo T 474 v A F AR —Xt)
KPR S (B2 90 mm X & & 118 mm)

iEE (RK1650, KOFLOC #h)

77 Vil 2 HIEEAR » 7 A2 (300 mm X 300 mm X 100 mm, 9 L)
NILU 7 4 )L Z—& LA — (I~ 70 mm X 90 mm, HEH A L v 7 #t)
BOLA flF = —7" (&%, EHE 8 mm)

SECRSNCRCECHS

HEPAT )L — WW‘L e

= @ T2t
NP mE:2L/%9D
Y>> I 1\ © T
@ BOLA®Fa1-J
@ MTYIRZFY—
® FIIIRIIZBRTERYIZ
- B1E (9L
HER o BKOEE ;1368
e
< —
® NILUT/ILA—
SEER IV~ T —

B1 F/IT7VTILORABREOL-ODOESHEERR
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22 F/RTITILOREE K UEHA

W TEOKRENS, T /o —oTh DL —RZF ) 7 7 A4 3— (Cellulose Nanofiber, CNF) % /i
WHZ L EL, BRI E L CHRIA STV % Carboxymethylated Cellulose Nanofibrils (Spray-dried,
Cotton material Dry, CNF-CM-SD-C, Cellulose Lab) ##&R L7-. Z»OCNFiX, g :10~13nm, EX :
1000~3000 nm TH Y, D7 &b —®WITN1I00 nmA FEWI T /=T U TILDOERITEENTW5S.

CNF 10 gZ b - AARGRIC AN, R 7B LOMMEFZ AV, 2L/MminTER L. AFEINE, RENC X
% CNFORB OB A MERICHIET 572912, R HEAASN TR L7ZCNFL B 7 ) 7L,
fEE 72 HAEE & U OEBEL T ROE &RIERT CTH D/ —T 4 7 v~ AE =% — (GT-331, Em{bFE
D) AV, CNFOEERE 2RI FH L7

FHNE, BNZER Ny 7 77T R, BG) , CNFZ2ANTR- ARG 2 5E L72REE, 1R5RiR L
TZEHOIRRE, ATy 7 AIFH (35:0, F:5, 7 :10) TREZ G X TV LOIREE, OXFMETH
U7 L, CNFERAERNZ, 0.5~1.0, 0.5~2.5, 0.5~7, 0.5~10 um, ¥IFIER 7-IRWE (Total Suspended
Particles, TSP) OE&REZFHL, 512, 0.5~1.0, 1.0~2.5, 2.5~7, 7~10, >10 umDFIEHiH
DEERELZRM LT,

3. R

EFNZER BG) , R AHERHAZRZFRHE L7OIREE, — IR L2 EZOREBOR O &R EZFHII L
TR AE K228, BGOK OB BRE TR £ 20.01 mgm3ThH 7. R HIFARZSZHE L2 RE
TORBANORIFOEEREEL, BGEIZIERETH 72, R FHEARSE, —EMIEL/ZEZOIRRET
1%, 1~25 umDOKIRIZEN T, 30 mg/m3DE EIREDORF35H S 472, <lpum, HDHWIE, >2.5 umD
B, 1~25 umORi L0 SEEREE L LUK -7, 512, BEEIES50%IC1E, 1SIEFE
CFRUERERREE CRTLE.
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4, B

AARBIFIL, BARDTF 77 7 av—oEEESHS 2t T 572012, ZhETTH/~7 U 7 VO
FEHMEL, ZOIKIC L VL REMEDT ) ~T VT ANRAE SN TCE . ZolRENFT /~T Y
TV E RPN R T 5 72 OITIIREACHEHIZFIC XIS T 2 M ERH D, 72 2 ARBMEITH-TH, &
EMERBRIIAR AR TH D,

HETIZT /7 ~7 VT AOFTH, CNFRZOKEEOREINOEEEZED TS, Br— X Y
ORI EE R K ORMMHEZ Fik oy & T2 R TH Y, (LRSS EWIRNA L LTERA S TS
ZEG, EARMIZIIAERITSRY, HOINFENEEZLNR TS, LML, B —REF /) ~T U T
NELTITT 52 & CERITITARWVEVRIENMED -T2 X 512, TOREEE(LIED Z L THeEkmb
TV W EENHELT 2 alieERE 2 b,

CNFi3kk~ 2 0B CIEH S TR Y, Mg, BEmioREcHisn st b s, £
D7, CNFDRREHE % IV TRREERIIZ X 2 BRI~ DB 25325 Z L 1%, Bl IgERNK %
Rk U3 & LI <dh 5. —7F, BIKOCNFOMEIZRA~DEEICHSWTIE, ZhETEICT v b
~OBEIR OKENRGIZE D FHERED SN TE7=. L, BIKEOEWCNFIZKENMZD EAT Y
—IRIZR D720, ZTORETREICHRYIAEND Z L1F3E 212K <, CNFIZ X AR ER~DFE L L Tk
LA INDL DL, TR LTEMIEOCNFOWRAELETH L EBbND. 20, BROCNFOZE2MER
B FEhi9 5 72 0121%, CNFOWARERBRALETHY, CNFERBES T2 FEAMLHATHL. 22T
ARFZETIE, EREWICT ) ~T U TV W ABRTE S8 2 720 OB RN T 22 07152 AFERTc BV T
WETLHZEEZBEIC, ST/ ~T VT VAR S Y, BETLERREZHEEL, T/ ~7T V7 L0O%
B 2 2B~ DA FvE O T REME 2 WiEt L 7.

XL OIZ, CNFAZANT-AZ1ERIR L, R IREZFH L7z, £ ORR, 1~2.5 pumDORIFRICIBNT,
30 mg/m3DPEE DRI F-MBFHA &4, <1lpm, H 25V, >2.5 um ORI O B AR IR - 7.
BHEWVEREREN1I~25 um TEEIN-DIE, CNFOE X231000~3000 nmTh 5 Z &b BT
ZH LB, ZOFFTIEHEVEEL TWRWHIRTH- T

CNFOBEIE D 7 v MRENHEG-EER T, 1 mg/mLFEE OREOCNFBRE R L2200 uL23 & 5- S 4
TW5., 207y NRENEGICL D2 MREE Y720 Ok OWE & L R LIV OILE & % W AR R
TRERET DI, MREmeE, PRE, WMRE~ORFIEER (20 %HE) |, BREEIRFN @RFmRE) 25
WCHHET 5 &, Ty FT19.5mg/m3, 7 A T3.8mg/m3DKiF-EENVELFHE SIS, SRERD LN
30 mg/m3DEENHIUTZ NS ORREITTEATRETH V, WABRTEIC X D RZENVERHME O 7= DI M 72 g &
BEL~VOWARFERBDARATIECTERTE D Elbh. 2L, BeEmIE L7250k, 13T
BEOWRELEDLRWVEBEE TR T LE. 202205, ZOFRETRARERRZ £+ 258, BLZ
AR OMEFRIFR D720, EMICEBRNOCNFZ B S 2T U7 53, 2 L 5L @RISR 1% R
WMIED70D0 T RBMELE Bbi7-.

WIZ, BEWNRL -2 E - IRET 2L E LT, fBICHRLVT v 7 AI XY —2 T2 HikEmiL
7o, ZORER, BVT v 7 ZAIF YV —ORETREICERR <, REWREORF18Z < BEE I, >10 um
DRIF1E1.5~4 gm3TH Y, D TEVEEREE LU AHR SN, LovL, 1~2.5 um DR ORI 13,
10 mg/m3LL FOERRETH Y, REVWRLT & B L THYMICE 72, AT v 7 2123 —0ffiH
WZEY, BIREOCNFEZRESESZ ENARETIEH LM, —F, BMWME#ZINZ 5 Z & T, CNFIEE
T HAREMED R SN T, BLEMRRE L~V E L, @ URRIEERS L ORI L 2D L) ICRB O
B, BEE, FEfR Y, SOICHETT2MERS S & Bbil.

ASENTF =T VT AORE T EE LT, AT v 7 23X —27EH L= 5 R EELZRIT L. B
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ED@mWF <7 U T IVOREGEEY B THE1CE, Sili7e2kE, EHEEREo TRk L OWHE, A L7
EWENLEIZR D EBbhD. 20 X5 RFIEXEE LSS, TOHETEL LIS, F/7v7 Y
TNDOLEEVERD D ERINEDORENEZTHL Z ENDEEEIND . RIEME2 W AR RO FEIEITFR TE
RO, EREOBRBESRME EMICE=F—T25Z L 2EMAL, T/ ~7 U T VORBIFIEZHR DRV @
PR TEAEIN L, BB ARERBR A LD D Z EAEEE B D, ARofahicky, fmifEedE
BRR AL, BMBEOR 2R SED 2 ENMRETHY, TOAMAMEHRT D LN TE LWL
7. LvLann, AROFEETSH ETRITEBTHY, AT v 7 AIFV—2IEA Lmd T U 2
TATREDTH D, EERICLENNTR NIRRT % TR T 5 72 OIS - R T _RE AN EL LIRS
NTEY, EBRROWEMHIL, FHMEORRRE, ILICED TS LERDHD.

FHINEIZOWTIE, 57 —T 4 7 NV~vAE=F—% 5 Z & TCCNFORBE L DR & BE AR
PHET 22N TE. UL, ZOFHNETHE, MUk (<05 pm) (XEHAGERHICE 7, EEgR
FEARICBE T 2 8IEE SR, F 2RO IAS A EN TV EEREE Y 7 4 — T 1 7
VA — (SMPS) & ALK 1314 (OPC) ZAAAHE72, 10 nm~10 pm® CNF ORI/ 47 %
RT3 A TN TWS . AEIHWVWZCNFIL, 1§ : 10~13 nm, £ : 1000~3000 nmTHh 5 Z & 2>
5, SMPS & OPCOMATINT K D IRV VRIEZFEPH 25 L 7= JE HIENRKLE L 72 5.

PLEozZ enn, fiGaFiEE LTEICL Y -/ ~7 U T ZIRE S8, BT 5 EBRR 2 K2
BWTHEEL, 7/ ~7 U 7T LOWANBRERBRA~OARTEOE A RN R SN2, 5% S HICERR LT
b L, BBESMOHIMEEZMERTILENDD.

&& >k
1) European Commission: COMMISSION RECOMMENDATION of 18 October 2011 on the definition of nanomaterial,
Official Journal of the European Union L275: 38 (2011)
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0dJ:1.:2011:275:0038:0040: EN:PDF
2) European Commission: COMMISSION REGULATION (EU) 2018/1881 of 3 December 2018, Official Journal of the

European Union L 308/1 (2018)
https://eur-lex.europa.eu/legal-content/ EN/TXT/PDF/?uri=CELEX:32018R 1881 &from=EN
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P Bz ™ W H@Ex NN

Takayuki ITO Mayumi MATSUNO  Masahiro MATSUOKA
mAR HE oA 2 k¥ =R v
Masashi MATSUMOTO Seiji HAYASHI Takaaki KITAMURA

1. FC®HIC

H B o H N RSB AR SekA S D ( LUF AICE &523 ) 1%, ENBEBE A —Z—2 i L CHEFEHN
PEEBIIC BT 2 bR A B E L, K7 - WFZERERI O 38 L D R 2 HEET 2 &\ 9 BEFEHEIC I A
TW5%. JARI X AICE OB 5L, 2014 4 4 H D AICE g32LsKki%, AICE IFEhoEE 2 54
BB E LT, £z, AICE DT 2 PSR E & LT AICE {FENZSH LT\ 5. A5t m
TITRFHEENICERE L8 L, W OO T —~ TIIsE Y — 4 —L L TR L HEB IR
ZEICkY, RAOEBHICHEBRL T& 7. o, RFEEEFETHES ATV S HBIHEICETET LN
— ZBA% 2 (MBD : Model Based Development ) O &IZ>W\W T4, JARI 1% AICE & L CHEEL T
W5, 2T, JARI BERE 7o o THEE L TR D AL72BFERE, 72 & NS MBD HEEETSBNZ DWW TR
T 5.

2. JARINNERE L F-AICERFE D LR BN
JARI I AICE W22 3BT, £ & L TCHBNEPEN T AR O m_EICBE 3 2078 2 KRFZEEN
WFZERs L BHE L CHEE L, < O RA2 B TE 2. Z 2 TIEE0—8AE2BMT5.

2.1 DPFBEROAAMILERFAETIL D

PE T ZAHH ORI LV, T 4 — BB~ DN T AR E O RE N EA TEBY, L0 blT
Particulate Matter ( PM ) O%%4 BHH L L= Diesel Particulate Filter ( DPF ) 1322 < O #jlj THEH &
NTW5A. DPF [CHEFE L7 PM 13, EHMICEIRT A ZMIET B2 & T, RERETHILERHY, FD
FiEE LT, BARR MERNFANER L TWS. ZOFEZBR A (DOC) ~DRBKR{IELAKZE (HC)
G F OB B 7R REHE SR R A AR E TH DR BN T-E N B D — 7T, KR - INERPH SIS &S S -k
BN Y U HBEIAET D Z & T, A NAIRDET e EOEN D D, AL T, AA MNEFHIC L DA
ANFIRDOATI = A LE]EDICTHE L BT, A NAIREHEE HIEOML = Hig L Lz,
FANFEREOHEFIIE, Fig. LITRT LA, RA MERIC LS (1) IS OREEA S, (i) B
FBEBMOE R N U o T Ui A WX ~Olik & A A V~DIRA, (i) A AFIZIRA L7z
o DA, WS BBIR AT A ENEELRD.

k1 BN HAHBIERIADT ROV - BB R (T ) k1 ROUEAN ARABIRBIEST SBR[ (D)
%2 —fRIAMIEA B ARG BHEAIZETT T RLX - BIEERTZES k2 —MRMMIEA B A BT BREEOFIEE i
T 5019 & 11 10 1 3 (2022 4 3 HHIE) |

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

-98_


https://www.jari.or.jp/research-database/detail/?slug=33273

(i) Adhesion on wall of
post injected fuel

(i) Fuel tranportation to
oil sump through
piston-ring

Z

(iii) Fuel evaporation from
oil sump

Fig.1 RRMEFICEZAMILFEROA DXL

Engine oil

ZZ T, AICE OV —F%  FNIZEBWT, RA NEGHRFEY OMKIR - ARERBESKS 236 1T DIEFETE & RE
A REF R 2 HEE FTRE 2R AR A NEFEET APE I Lz 9. JARLIZB W T, A A /VHIZIBA L7280
5y DAEFERENZ OV TEEEZ VTN, TOEBRAXET NV EZME L. ZNE2RA MNEEET /L & HL
SH5HZ & T, DPF FAEROF A VAR &l EIRRF 361 2 A RA A L0 b OBREIZA T BL G % PR BL T e
EL, mUVUEMARICBIT DA A NT OB G AR EHET D HIELHE L.

ARUFGE CREEE LT HEE HIEDO KL 2 iR 5 7%, Worldwide-harmonized Light vehicles Test Cycle
( WLTC ) @ low phase O A 1EHx 2 7] & WLTC @ i#Eii 4 B4 1y FE LT, :2}1%‘: 10 v MK
LTZBRD A A VR OBRERE A IO CEBRE & FHEE Tl L7k R % Fig. 2 1CR7. BHRMEIL, 28R
2 R KICFHE T 2 MR H D H DD, FA NVHOREFGEHROELE B < ﬁiﬁ’f%“(%
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0 1000 2000 3000 4000 5000 6000 7000 8000

< 140

g 120

— 100

T 80

2 60

o 40

[}

'_g 20

> 0y J\

T T
Regeneration operation Normal operation
(Dilution) (Evaporation)

g2 r——

410 [ |—Simulation

18 8 L )

£ @ Experiment A
3 )

S 4 } } ! - | }
C
= 2

g 0 T | | | | | | | | | |
[

o
N
N

6 8 10 12 14 16 18 20 22 24
Time [h]

Fig.2 ZAILHDOBHEEREOS I 2 L—2 3 VERH

2.2 7y amEHBEFE

iR X 512, DPFIZHERE L7 PM 1O A — MIEMIBNTRBERE SN DD, =0 v A VUSINAlH
D& IFHERTTIZ DPF WIZT v =& LTHEFTS. DPF WNICT v v a BRHEEL T 2 & T
JESRRZEE N L L, PM REERISNC R %2 T 720, 7 v v 2R IEZ R ET SN 7O E, BX
VU7 v 2 HEREERE & [E DK L OBRE AR T 2L ER S 5.
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TV RFERNET v a YRR U T ARG o A ORI RSB A ET 5720, K
MFFEIZ BV TIE, #[E Cambustion fEHFl o REERX ORI\ NN—F —2 8B L7=T7 « — BV kiR A%
(DPG: Diesel Particulate Generator) % T 7 v o = IIEYEREER 2 526 L TV 5. DPG OIS % Fig.
BITRT. AREEIZT 4 — B AR—F—D AF LY, 2— FEAERAEEICHE T, &K 20gh
DA—NERESEDLZENARTHSH. JARL TiX, 74 —BAN—F—kR~DFA NVEFHNZ L DT v
ValERAHREE 2D KD, MBAICKELTWD. £, 7 KR Z ot (TWC) BLOT 4 —
B i (DOC) Z%ET 27, BEL AT U MBRJICERTE 5. 7 v ¥ 2 IEHFERER T,
T Y 2 R OFREE L 2 DRIy A TR DT P F A D 5 AE~10 I & O - B A A &2, 5
80 CIZIRF LA A N A BIMIEBARICHREN T 5 2 I X0 7 v v a2 ARSE 5. AR 27 A
T, Tyvaids (A VEERE ) ZLEICRETHZENTED. £/, DPFAT v v 2 45 544
X AEBAARE I DPF NICHERE L TV A A= hEAE XD Z LICK VT2 2 RN T& 5. (Fig. 4)

Pressure drop

Inlet air
s =
B —
R T NS
Tertiary air
DPF | DOC
Exit face temp. InIe fe temp. Filter
i Oil injector
p—
Primary air
Diesel fuel supply
Fig. 3 DPG DK
Soot loading Soot 0.5g/L Soot 1 g/L Soot 2 g/L Soot 8 g/L
amount@regen. (Soot/Ash 1) (Soot/Ash 2) (Soot/Ash 4) | (Soot/Ash 16)
Cross section . . . . — ‘ ' » l FE . %
o0 BEn CF 1] CF 1] q%g
Ess | wed | mem Owms |
Longitudinal ! i ‘ : I T
section ! | ‘ } § l Il 1
$1/2"TP | i i 4 H |
{1111 | L
‘ e B 20
| H B ¢ : ‘ i
| TEE]
; TR T
Ash 20g/L i ; 5‘ § (Al
i i ' b }{'
B i L)L) L A LR ® I L L)
i v 0
Fig. 4 BHBLERICDPFRNICHEBLTWAR—FEIZKET Y1 HBEHREDEL

(124 oF TR FE—RHEFEOD X-ray CT Eg )
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AWFZECIBNTIE, A= FBXIOT vy a2 HERRE D 22—/ F 71— X 2K A — MERRF O+
HAHmITINA, 7 4V AHERET v & 2 ORERT L FE L TWD . 7 BEIZ OV TE, X CT 2%
YU EAWET v v 2 HERRIRBED RIS L O v v a N EBE SR 9.0, 2 7 afEEicon Tk, 7y
V2 BRRRCZERR, KRR ENLRET L TWAD. Fi2, By b7 4 X &AW CHEARO PM BREER
FOT7 v v ok Fz@# e mEED AT EHCTRE L, 7y oA =X L5 KRG LTz D9,

SHBAYV Y CHEIZBWTHHEH T A BRI OXRE LTH Y Y UMb+ 7 4 V% ( Gasoline
Particulate Filter: GPF) OE AR EI e L EX b D. FD8, BIEIIT VY oo o E >R Y 0RER
ZMEFEHIZANT C, EGR ( Exhaust gas recirculation ) 47y 3 U &BM L, BERGZSRLITEE TOBREES
HDOIEY Z H70 & GPF FHli S DOIERIZ OV TR TH 5.

2.3 HNCOEENREMEE °

T 4 —BVEOPEH T AR L D, $HZ NOx HEHHBEZ RS 5 Z L2 & LT, JR#E SCR
AT LT E OEERBAPEE OBANE AL TV D FT AT, AT A& EERE AR TS 2
ED, VAT ARFHIAW BN S NOx L FRIET Mz oW T, L0 —BOEBEARD HhTwn
%. JRFE SCR bty 27 Mz, &<, MEH Sz RFE KD B O NHs EGRFEIC AR M7 503 &
0, NOx L THIET LOERBEIZIE, ZHEHALNILTET MCHAATL L EREETHD.

FOOEDE LT, JRFEADIDS D NHa ORI T, FAERME LTHEL D4 Y7 (HNCO)
DK RIS DOfEHN 5 % . HNCO ITEEME N THIR SN TE LT, ZOFHITIENHENL STV
ONBRTH 2. D=8, HNCO OIIKDZEEINZBET 27613072 <, 2N HOWFEIZEB VTS,
HNCO OEBFHUTIENRH 2 E DR L.

ZF T, AHFFETIE, HNCO 2 ZHVE A2 fesr LT HNCO MK RS E 2 3HA L, &7 /I 4
HT EEMZEREE LTz,

Z ZTiE, HNCO BEEFHANEZ ML T D 72 DI Lz THNCO =T 2 A RIS E | (2 OV TR
5.

AWFFETIE, 7 XN EBIRESETHER L7 HNCO 223G H LT, WHIRIETHigE L7~ (Fig. 5
ZM ) . 2 TOREITEEEHE TH Y, ZED HNCO ZHEA LARWREOEIR (350 CLLE ) I2fDb,
Z B8 ClZamT 5 2 & TiRIAD HNCO #HifG L7z, 72ds, FEBRTHWD H AR HNCO 1%, Z
DOHARD HNCO IZ Ne T A il s TR 2 & & L.

Heater 3

Heater 1 Heater 2 R
iz | [\

N |
7 7772)77% 777 R
350°C 600°C
Thermocouple MEC
Vent
Coldtrap N,
-78°C

Fig. 5 HNCO E4£ DOH#IrER
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RO HNCO LV S 5Hin HNCO A DHMiE % il 57, PTR-MS ( Proton Transfer Reaction
Mass Spectrometer ) Z AT HNCO H ADEE A7 %, FT-IR(Fourier transform infrared
spectrometer ) Z F VN THRIMRBULA XY ML EEfS LT (Fig. 6 28 ) . HEAXY Mahbd L,
HNCO OB & 43 1237 D15 5T O E EHOESZRE LD b 6 #1Ll ERE <, BEHRENLE
IS5 HNCO OMEIT 99.56% Th o7z, £z, FRIMRBINARZ b b bliplsy 7 A DIR AT H AL
RN EIHER T E T2,

Ll EO @i 722 HNCO FEHE D A A2 £ W, HNCO OE&FHIAFRE L 720, F2BA) 5 HNCO Anksy
fRESOSEREZRD D Z &L LT, NOx #{bET VO EREL~DOEI S R LTV 5.

F72, T THEE LT HNCO FEHE N R AERRIEEIZ OV TR, FRFE2 G LT 5.

04
1.5x106 —HNCO
1.2x108 03
7 HNCO[43] .
O, 9.0x10° =
E £ 02 |
5 6.ox10° g
@
<
3.0x10° 01 |
’ J
18 Mass number [-] 130 00 . e 111

500 1000 1500 2000 2500 3000 3500
Wavenumber [cm-1]

Fig.6 HNCO HRD#MEMHEE ( BERARY kL : PTR-MS & FRIMRZIRZA RS kL : FT-IR)

2.4 BIEFM®AE

7T 4 —BAFHEIIHSICB T 268 RO EHARIC L 0, RIBRDRILKFELHIE I HkT 2 A
ZHEHT 22 LR H 5. 2014~2016 FFEEICFE N U7z BFERNSIEINFRIC W T, AERERA =X L%
AL, =y v a RIS T 5 2 & e BEA BRI T 5 2 & & HAYICHFZRTE Bl A S L
7= 10),

AFFERREICRB N T, AL WD BB 2 L CERMICITHET 200 EBEETH D, TDh, K
W CIT RIS R LT AU AR » 7 A 2B L, HEHZEIZ B 7 40 A 7 TR L 72 1% [ EHGAFAT
THZLTREZBDEEEER L

Fig. T\CAEA LR v 7 ZADN B Z2 R, Ry 7 A FEICIZLED 74 F2RELTBY, 77—z
RO B S5 FIEICRK T 2 BELEE R v 7 AUEICEEE LIBEEB L2 L TET A0 AT TiREr
HEELTWD., Fiz, 7R, TOMADNIT — A3, 7RIV B RELSEFFINTEY, 7rU—Iick
DHEH T A L [FIRFIC KR BEOFEBREANER A WS fle/efiE s Le, Zhic kv, bR v 7 AN CTHE
ZRELZ AR TS, T—= RCOPBORELEH L TW5S.
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Fig. 7 BIERIBRIER Y I XDHER

HBIFATICIHWT, E7 40 AT TIRE SN AMBERICH L TERBIEEZE LI 2L TRLNDH
JHE R OFE AR A PSR & & U CRMIT 5. Fig. 8 1 FUEHEHZRBY O fRHT 1] & i Big 5 & 7”9~ R R
7 L CIRBR O FREPEHEEE O 20 b PR O AR B LRI T RETH D .

120

-

o O O

o O O
T T T

'S
o
T

S\ White smoke emission

s8]
(=]
T

Image luminosity [-]

0 \\\ \\\\ 1 -\‘\n\\\- \‘T \\‘ \\\\\ \\ 1
0 30 60 90 120
Time after start of discharge operation [s]

Fig. 8 B/EHFHZEBDRETH

ZHhHDOHZEIL, AICEAB TH D HENH A —h —, LFEIFFEEMCETH LY 7T A iz KOs
NBIMNT DT —F% 0 T TN —T B THEIFRGHOM BT 2 & bk 2w, HiEShz, Zok3ix
AICE & BEICHA SN, FHNOBRE THEICIEHA SN TS

3. JARIZH [+ ZMBDHEHEEEN ZDUNT

HEN OB RIITIE, BE - EREZRD LTV 2 b—ya UHEIIC &0 BR%E - MHEERE D 7 e A
DS MBD WA TH 5, MBD (X, HENE A —I—o— O A — B —03%HiE LTV A REEE T,
BT I F o= —kE 757 MBD OIRENFECTH 5. BRFFEFEA T MBD OFEH & LTH—1
REZFIZASTET LV TERENB L OREROT V&b AL RE(T 5 [SURIAWASE2.0] ##i%
HEEL, AEVHPEEOEBEHRS I E LV RO HEHAEZHED TN D,

ZOXIBRERNB—ERLZ2Y BIFRL TWD HEHEESLTO MBD {EHIZOWT, BARFEOT LS
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mEALEED D72, 2019 4 4 AIZ JARI = /L « BREEHFZESS [MBD Hit7 v—7" ) BFmk S,
MBD #E 7 /v — 713, PIBREERS 4> 70> MBD iE IS\ T AICE & BT A L 0 2208 B, e o Wst
REMPIANTEY TET ARG, TT NVOREERGE « EARGERCET VOB, 200NN, #ESORES
2 —P—HR— L2 ED MBD & &2 7=iEEh 2D T\ 5.

4. BHYIZ

RN 2 0 TREPNBABERE ) I =@hx s o250, TEA (B R LX—B ) o8
KTV A TIENBRBERE O A2 #5832 BHili 3@ L, RO VIZEBHEENIERT 5 Z &R THIS TN
L. L, BEEEOKRLINBEEZFIHAT 547U v REREHD D Z End, BRI ERIZH
720 BEVEOF DB N TH O HiT 52 3L b b, JARIIT AICE & O #EA D, 45tk N
BRI 2 B S A FE A HERE L, & B IZIIBRFE D=L 72 MBD ¥ & OfEE) 2 #E e Tur <.

P

1) BB EHPNREEEIH T JeAL A« httpi//aice.orjp (2019.11.11)

2) RFHEELE=2—2) Y —2 (20174E3H31H ):
https://www.meti.go.jp/press/2016/03/20170331010/20170331010.html (2019.11.11)

3) Ito, T. et al, Prediction of Oil Dilution by Post-injection in DPF Regeneration Mode, SAE 2019-01-2354

4) NEZE—I1FED, DPFHEAEREORA MEHIC L DA A VHPREOHREE (F1H ), ABHEERSEHCE, Vol.50 No.b,
pp.1230-1235 (2019)

5 W BHE» T4 —BA T X2 L b T AV ENOT v v 2 YRR KO BI T AR GE 1) — XHCTHRE
(CEDT v a MR E AT O R L —, BB SR SCE, Vol.49 No.6, pp.1193-1198 (2018 )

6) MBEMEIIN : T4 —BA T 4 X2 L= T4 VENOT v 2 HiRE L OMRIC B4 2078 (2w ) — il
ABAENNT v v 2 MERI AT S F 5% —, BBV =5 3%, Vol.49 No.6, pp.1199-1204 (2018 )

T MBEREEI,  TA—BNT 4R L= T VERADT v ¥ 2 He\FES K ONREICBI T D8 (BFal ) — 7 v
2 MR OB KO v & o HERDZRE OFEM AT —, B BYE A& 20194F R AN I 2 i T H2E, No. 20195141
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BENEGEDLT MM ZEHNE LT A2
RBHELT —FIERM (BERAD A FEA)
—E 18 ERT L—LOWE NIHED TR &R

Traffic Disturbance Data Collection Technology
for Scenario Analysis for the Purpose of Safety Evaluation of Automated Driving
(Fixed Point Camera Observation)

— 1st Report: Construction of a Basic Framework, Prediction and Verification of Trajectory Accuracy —

hit EmEXM CL: N Bl FIR
Hideo NAKAMURA Akihiro FURUTA Youji YOKOYAMA

1. [FL&HIC

R & v AT ABNAT S EER AEEIRE (L-UL 3B EY) RN SEET 5720121,
LM E R TE DI TENLETH L. AENEIEO L-ULEFKE Table 1 1277, BN TIX
PEGASUS 7'u ¥ = 7 | 2X° Horizon2020 3 |Zf8F S5 PEE F2 i L C B #hiER s 2 7 A DRl 7 =
T ADIEWEZ D DB X NERIE L TR Y, BEOBERASBENZ P ICEHE 7 2 A O A ik L
TW5. L7 -> T, BATHENOZEENE & 8 i 2 2Rl 0 7 1 & AT HEOMZER % & 5
ENRHD., ZOX ) RERT, RFEEEEDOLOEXFETH D THTNEITY AT L OREVEFmH R
WZRNT 7B 7 m Y = 7 b (2018 HfE~) | 99 (SAKURA Y'm v =7 [ 6) TIE, F3I3REE
HOHBEEE (L)L 3BE) 2xfg s LT, EEEEn AR E 25D, BHEREIRS X7 AOZRMRHbIC
WFER T at A LGl TEOBR EREEE T TV D BRI, v U A _— 2 0 2Rl A2 M
SLTRY, YT UABIOMES BT A —F O &2 BT 2 EASRBREET — & OIUE &5
fToTW5. Fiz, HAFEENERIIZEWE SN EEERCHBEEHERZ 4moxgE LTS,
Frlz, 8520 R 72589 DR O A BRICAR D28 @ANELT — & (RSO 72 &) DI
ZEM LTS, KREETIE, FHIER & EABINO SO HETR@NELT — % ZINE L TW5H0, Kb
TILE BN X 5 288ANELT — % OIS, BEGALER 2 F - 7= T — & i &K EE T, FGE, 5 — 2 I
LRWMAEFEITT 5.

k1 —MUEEAN B AR BBV HEAFZEAT  TTSHFZEH ookl YRR BOAR A BRI A B TR ;
%2 NP YV=muIrsMAEtt axsT7 4y RV Y a—va Xt 1 (2022 4= 3 A BUE)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Table 1 BEEGZLANILEE

1RAE / DIEE / iRkEE ETRE NyorPyTElE

DORTEHE R (B38S)
Non-Automated o e — e = e
0 0 SEEEE FZ1)¢ AN (R AN HEIHD
; 1N+
1 1 Asgsted SAFh FSAJC =2 HHBD
(hoiAERorift)
Partial Automation AT I e e — e
2 2 iy (D3RR + JAE) (R A FAN B
Conditional Automation AT g o= g pp ;
i 3 SAHIEIL OnEE ) | A8 FAt D
4 4 High Automation S AT I - o ;
BEEwI (AL + 142 VAT YATh &0
5 Full Automation AT 254 254 L
EEEME (PUIREE + 3RAE) AT AT (FSANRRERL)

2. RBRERBADBEEEH

W, 2 < OZGENREIZL - T, RBIROA A TWARINE, B, HEs (FEEORRYT —
H) ~OEBPNRA LN TS, Fig. 11X TRB 2007 Annual Meeting TR L7230k D 2B D51 HT
HY, EITERERRPHELE L2707 N TOERBGINER R L mgAET —2 Th b, mEELVE

I, EEEIZENRE LGB AT TIRE L TV D, B4 VA (RS2 E E~BEh S8 5%
TR LToth L Bbivd. EOBEMOFGEFH D EEREL TR0 XL TNDEN, SR L —T DX 9 ICH S
ﬁ%wkﬂﬁﬁm,:Eﬁm%éﬁgiﬁ#ﬁ%<£ﬁbfw%%®RV%k%w BRI 22 Lt
25, HEELNES (EA7E) 2 EfICHET 2 2 L 0% L S o—imh sl b.

o8, ZOILEKIZIEX, BEERE LT, ~V a7y ¥ —, RITH, ERA 7 IR EICTATEREL TR
M®%@7~&%W$Lf T L7l s 2 <R sivTnd

Fig. 1 EILEBLENSOESRBARS
(TRB 2007 Annual Meeting O3k "k V)
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3. EREBADEHEE
TE MBI K% @i T — Z R O — kA 7e ke (R L) % Table 2 (2R

Table 2 E A& RO
e | mR | um
BAAR3ISE RSN S EE -
T4 SERVT—SUNE
BATCGERELE  EEEEICRELFE -
BHHH3T—Y  HIT-VEERUNE
EIEESED EEEEDILENSS -
1B (PREZNELIVT)
HATUrE0 #HAIVPCVWIEHOEE SATIU7ELIF3CE
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Table 3 HHGREDRERE (RIRGAFERGD

R o [m]

i H A Z100mA{A | A X Z150mBA ERERETE 15
HETAM| EAm | ETAM| EAm ETAR| BAR
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@uiE/E=iE 0.28 0.1 0.33 0.095 0.36 0.083
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Table 4 TFEREAHT—2DTOT74IL (2018~2019 FE)
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B fa
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FEFETN)
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GRAADHEFRIETD) 7 7l 12.2m(##)
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i‘?ﬁmlOG
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Introduction to the Research and Development of Safety Evaluation
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Abstract

JARI 1T 2009 0205, AEETErR Y hOREMEHMlE X2 AR B, E7evx
7 N OIEE AR U TEZERRTIERCEEFROAFEELTE -, IFE, ol y MRt #
—ZBEL, BliZrRy A =DIZRLOLERGEY — X 2L, vy & NFRIEFT D
HERIHBAID IZFS LT,

JARI launched a safety evaluation business for personal care robots in 2009, and has
accumulated knowledges of safety testing methods and safety standard requirements through
participating in national government projects. Thanks to the acquisition of the Tsukuba robot
safety testing center last year, JARI aims to provide more useful safety evaluation services for
robot manufacturers and to contribute to the realization of a safe society where humans and

personal care robots coexist.

1. [FL&®IC
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BEAF O 2HN CIIZ e OMRICRHE LE N 5. £z, HaOmik, fHRER SIS C TRy
cNDZATIIZFESERTHY, TNENDOaRy NOX A TG CTEROERIFIZET 2 1FHR E, DA
WL 2T RIZTETERBATHD. TO X5 2B&E03H 5%, —RWEEN B A BB HENZEAT(CLT, [JARIL)
&N DT 2009 O ENIAFFERHFIE AT = L X — « PEEFTR A BREEO FECLT, INEDO F#| &
W) D, BIEOENIFERFSIE N B RERF R EEE O FECLIT, TAMED F3¥] LW o)lIBiT 5%
THI 10 FFICEYD B L, AIEXER AR Y b - r#En Ry hORERBRGIEOMIE - B & R 215 E)
el Tl y NMEROIMBEZE 2 TRz, TOMAZENL, ENOaR Yy N XA —I OB EZEOHD
OXAET D728 2018 4 10 A, ZivE CENMFERFENEEHMR AT (CLT, THERE &)
DETA LT eo<idnRy M2t o ¥ — OB 2 380 %1 ¢, BRZelB@ER L2 RE 5i),
EREENEORBR(LT, TEMC &R 5 &9), AEIEEu Ry NMEEDOAEDREa Y LT 47D 3K
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Mz —ue 2 & LRI A MhD o, AfaTIRZE O, MREB XS B OREIZOWTHRITT 5.

2. JARIDEIREE IO Y bADSM

JARI (X 20094725 D NEDO FHEIZEB W TEESHE T A v N, 2013 FORRFEFEE OFEQCLT, IMETI
FHE L)), BLU2014 ENSBIEICES £ TO AMED FEICBWTER Yy Mri#Eiso 4221
HRERFTIEOMITE - BIFE, BISRE OGS, BXOEITLTrA y FEBET D A — I ~OREBEOFR{
ZRI10 FIZIEV el TE 72, 2O HAOMEZIHE Z LI T2k~ 5.

2.1 REABRAZORHE - AE

TERBRGERREROT 7o —F L LTUIRELIFI @Y HD. —oHIE, o TESHFTTTICEEHOH
LR B A Ry FAICY TEH 5 HETHS. JARL IZIZEN JIS ka4, IS0 2, IEC #3),
CISPR #9973 PEBEHM DL 4 - MBRBKICHEBR LI A D - BR - EMC OETENBY, FE, PEEHER
SRERERR S, TTICMO TER CTEEN O LI LERBREFAL, JMMBREEREILTHZETaRy b
FICHEA S 5. BIZIE, #EERS, B2 EOERS, ax REMERE T Taly MR EEREEE
L7V iERR4 % EMC ik T, 5k BESELL & [FEED EMC BRI O &2 54 528, #akkhno
Ry b ORNZEEEIMH ORIEEZIT 5 B S, EMC HIEIZEE LAWK ) ISR L LEEZ# TfThd
LD LRPBMENZ D . 2018, R R EREWEE ST 572 O O Rk H /2 E 2 u Ry MEAe
B X —TIETOMA TN D.

ORI, FolK I LWERERRGFEEZHETAZ L THD. uRy FOFAEEEIZR 2 B%S,
Z DRV ITIED Y MR L B 2 FZE T 2720 ORBEE A E 2 DA =0T HZ &%, B
FTH NS, REeRBREals. 22 CROMADO—HFIE LT, JARI TIEHESD L/ —T1—
XA TOuaRy HBRMET DTV TOIMET L —F R LC, EmiE sl L7 L—F OmitE %z
TRA - FFE L, HEEA T L — X OERIEEEZ R E L, TNEMRT 2RBREE 2R Lz, BUEITE0ZR
e L RBR 7L % ISO/TC %9 173 WG % UEBSBUS 2% 0 AT J7 M THUS OBIR S HED LT\ 5.
ZDOXIICANB TR E SV EREZIT, 5F TIREN >R EOEREELBIRT D 2 L1, WFoekse
ZEED, HOWNFRPSER E LTo JARLIZKRD b &EE L 72> T 5.

2.2 EEAEXZETE

EEALIEENC B W IR =20 7 2V THEELZ LT\ 5. —2HIX ISO/TC 299 Robotics ~7
ZETHY, NEDO F¥# AIEKErR Y NOLZEMRIETIEOICHE CEME LM EIE» L, 2014
FEICAETE e R v s OO ERSFE ISO 13482:2014 OFITICEBLL7-. ZOHKORMME L Tix
Beaip A A4 ForRy MIERATEALOWAEEZER L TWSD. ZO0ORESIICBIT 2R K
RFETHDLVARAITEAA NEERTHIEEEARL L, ZOPRTEEIERR Y N TEET X/
BRIR & 2 RO — R 2Bl 2 R RHITE LD TS, o TEAERMZRRBRGIEICK L LiIAATERITD
72, BB EARN 72 BRSO H 1L 2 K D AT SN HIRF ST D ZORHRD 728, ISO/TC 299 WG2
TIE, BNROBBIATRET 5 Eifff LR — b ISO TR 23482-1 Z#H 72123817 L, AiEHEr Ry M@ T
5B R B kA B L, 2019 FFFICITT D TETHD. Z OBMICTEIHOREB LDV < )i
JARI TR L7=REBR HENR—Z Lo THY, 20 LIl L7z R BRER I OTEEN 23 EFSAIIZER D &
Nz zRLTWD.

“ S HIFISO/TC 173 Assistive products ~Z# L, AMED v 7R v M i#EHEREE I - UL FHE DA

E 2 [ERERELHEE © (X International Organization for Standardization)d #EFr

£ 3 EBRESEYESE - (95 : International Electrotechnical Commission) D& FR

VE 4 [FEBEREEARZE B2 - ({4 : Comite international Special des Perturbations Radioelectriques) D&

#5 IS0 OHfiZEES : (Technical Committee)D Z & . BUSHEEIERO - DICHEMFIZL DV —F 0 7 T L—T(WE % FF>
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Ry NI N ED SN TS, £z, BN SHEs e EEIC B WO TRt e RS & LT
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2Ry MEEOERIFIE R, 2 ROBRAEFIEZ KD AT EBEAE OB N ED 5 TEY, JARLIX
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GtEo e F~OWBEFMOM IR ZIEH LI EEED ICE L TV 5.
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MR TE D L 01T oTe. 20 Y THIOFBRE N O —# 2 LLFIZik 5.

-120 -



i X/ NE MR R
_EMCHR BN RS

BETY 7

\ 4=
e [
mEERR | | ETREMRR
mEERR | | EEWRA - IS AE R
WAMRSR | BESBEOYORTHAR
Hemat iR \ [ B BRI R ER TR
REMBETRR | | mEER

Fig.1 ARy rREFBREL 2 —OEODHBKTY 7

1) #7127
RBRT 50Ny FEEESE T, OB EEETHIILENARETHS. TD

AETREREE T U 7 T,
TZOOFHMAEEE L, MRS 20k Yy hEEESE A LEITRREMED > TWAONRZDOTY 7 ThHD.

Bl ZIE, vRy FOBHBETICEW CHEEREZ OB TEIN 7' 7 77 L@ 81FT 55 %, 10 m x10
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Driving Modes in Automobile Exhaust Gas Measurement
—For Gasoline and LPG Passenger Cars—

ZIN BEFN

Tazuko MORIKAWA

1. FL®HIC

HOAEIC BB ENEHICE & LT Uo7z 1960 0%, BEIEPEH D 2RI 5 KEIGR~ORER LA
B CThol- R Ths. BEIEHEH T AOHHIL 1966 4ICBRIE S, 1968 40D K&IHEYLRS I EDFTIC
£V, EHILAREE OEKREEHE I ORI VLT, REEENIESHTHEl SN L) IcRko7c 2. &
Lk, BEVEHEN T AHSNL, DOREOFHHTRKBREDOUEICRPE RV EERIZ R L TELEFRD.

BBy T A T, EATHRRES 72 0 O RKVGEME OPEHEDNBE STV 5725, HEIE ) HHE
ENDREKIGEWEOPHEIZABEOEY 5, EITONT =2 EITE— R TRELEDD. ZOHH
B EPEH T XA 2T 2 BROETE— NIZHEGMERER, BEICEREL T LERH L. KFTIET Y Y
v LPG B T2 RMEICE ALK, HEIEPEH T X OHHIE & SEEAZRET 52 ETE—FTHD
R — NOHER, EREICBIT2HBHEEHTAEZROLETE— R THIEETE—F, 5HOHE)
HHEH T R B OHEFH O 72D O Fr 7= 70 dH T IEOTE I DWW TERL T 5.
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BUEDRKIG YRS IETEDHHIRI L, 1RV - A LAY - U A - KER- A ERKIGYE - BB
PEH AT AD 6 FETH L0, MATUHNTIXVE L BBV FHEH T AN R TH - 7. BEYEPEH AT AHBLH] T
KR LT D REIGYE L, RABRERENTEO LN TOLIWE LI LHFR-—Tixewn. £ 1 ICHEH)
BPEH T AR O KEIGRWE &, ®IeT 2 KRR EEOWME 2 RT .

ZZCEHZBRIHNOX) T —LEFZENO) & T RILEHZENO)DOFEH THDH. HEIHEORR LT, [HEHRK
AR EETMOBRERICHIEE L TEZRDZETHDHN, KKBELEN NO2 THLOIZH L, Hih =
EINO b EEND LD NOx & LTHHBESNTWS., 2L, FICKGRHIIFEET S 4 (012X v, NO
DEFRD~F 7 AN &0 9 R AY IR O 5 B L S CTHERERIZEZEDOH D NO2 125720 Th 5.
NOx OEEHREITEES NO2 & L TEHET S V.

B IRE (PMIT R EREREE CITRIRIC K » THRERRIT DN TWDDIzx L, HeEHH A TR O X5y
EER T BTV, BaAZ BB YR A Ao PM XKD 0.1~0.3 pm FLETH 5 9.

REGRREELMETED AL T Y HEY RN T ABHNIE V0 E & LT @btz (S02) & by A ¥ v
XN BHDHIN, SO ITREF OREDICERTL2HDOTHY, £2, HMbFAF ¥ 2 MIREF DL
FOSTAER L, BEFERNSHEHEND DO TIZRW =0, FRENERESIL TR,

%1 —fRREEA AAE BRI L BIERAeE (1) bk 1 —fRBIRE A B BRI BRBERRACE f L (D)
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R1 BPFEHHITRABFTEDIRJEEME L AL T IARREREONE
B A RRFTED O

TW3ME REBEREOME
—B1bx % (CO) =ha
EHREEY(NOX) ZEIEER(NO2)

AL URIEEKR| KKREEEZEFILZUARE
(NMHC (2005&#RHiIR | FA X F 0 FERBLD
TR LATIEZRIEKSE | -ODEHENEDH SN T

(THC)) A
HFRME PME LU | FEHFRYE(SPM)
RE /N FAR Y E (PM25)

2.2 BEEHEAABRHEHOHRE

BB T A IR IEEICC, RBRATO M Sk, Bl @ FVE, YT A7) v 7 Fik
RNTHERF D BEMEICE D £ THMCED 5N TWD. HEHT AT Y VA FEA—HZ L LITN 5% T
AT 20, FZONERLHEITHRLIEREDE 31 FOMDMERICFED 4.
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B HHE T A BUHIELE 1966 4= OB Y FNTHEH T A PREE THUE STV s, B ARSI FEE S D
K 91272572 1973 FEN S BALEITIERESH 720 OPEHETHE SN D L 212> 72, PEH T 2 Z5H0l5 5 B
DO HM OEITHIETH H2BRE— ROFEHMIREI TRR50, REBRE— NOBEINHFIED = OV DK S
NI-IEEIEEN (R v B A X — R ORREN D, 1975 FELFE, =2V RNmz TV D miIRETHhEid 5
WS IAEN (2 — L RA X — M ORBRE— RPN Z iz, ZHUdBEE A 2 259 5 = ool m 2 72k ee
TR EERENE L, RRVGYUME NS BICHEH SN D720 TH 5. 2005 FEOF RN S 1 XE#bEh
L MRBEIREN DO Z NN OB TIE COPEHEIREZ T CTERE LIE TR T2 a3 VAR E S
T 7o, RS AR RAEAKSE HC) DOBLH 23 2 RLKFE(THC) 2> HFE A &V fRAbKFE (NMHC)
IR B EOET LI -72. 2018 AEICBAME L2 BIATOYRL 30 AEMMHNIT T N CHtsIEEI TORER & 72> T
W5,

BT — N3 ABRHIE S HIZED LN TN D2, £ 2HOEDEB IO DIZFE Lz, 1991 40 10
F— K15 1015 F— R~DZHE, 2008 48 ¢ 2011 E 0 10+ 15 - F 5 L0 11%F - F » hJCOSE
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®2 HAYVIY-LPGC ERAEQHHHTRARF DR 9O

IRHIEFRHR) REBE—F «1 £ co HC NOX PM
1966 (FB#0 41 %) 4E—F (%) = R 3
1969 (RR%0 44 4F) 4E—F (%) = R 2.5
. Ay 26 3.8 3
1973 (BB#0 48 %) 10 E— K (g/km)
LPG 18 3.2 3
10 E— K (g/km) 2.7 0.39 1.6
1975 (RR#0 50 4F) .
11 E— K (gltest) 85 9.5 11
10 €— K (g/km) EMEMESE 2.7 0.39 0.84
11 E— F (gltest) 1000 kg LA F 85 9.5 8
1976 (RR¥0 51 4F) :
10 E— K (g/km) EHEHEE 2.7 0.39 1.2
11 E— K (g/test) 1000 kg 2 85 9.5 9
10 €— F (g/km) —
10-15 E— K (g/km) 2.7 0.39 0.48
1978 (B30 53 £F) 21
11 E— F (g/test) 85 9.5 6
) 1.27  0.17 0.17
10-15 €— K (g/km)
2000 (0.67) (0.08) (0.08)
(FRE 12 5, FiEdisRH) . 31.1 442 2.50
11 £— k (gltest)
(19.0) (2.20) (1.40)
I HEE—F co NMHC  NOx PM
10-15& 11 E—F
2005 1.92  0.08 0.08
(FRC 17 5, FREHRG) JC08 E— K (g/km) (1.15)  (0.05) (0.05)
E2)
2009 . -
) . . )—N— U EE 192 0.08 0.08 0.007
(ER 21 F, R MHFRHK/  IC08 E— K (g/km)
) k=1 (1.15)  (0.05) (0.05)  (0.005)
2018 . N 2.03 0.16 0.08 0.007
) WLTC £— K (g/km) A b XEEE
(R 30 &) (1.15)  (0.10) (0.05)  (0.005)

[amesasy, [&AH#AHE BREBORBRESDE D2 NS VAR
OFRRIEEER CEREEEOLEE(RITLE)
1) 1991 F£ 108 &Y 10-15 E—F
#2) 2005 F€ 10 A&k Y 10-15 E— Fx 0.88+11 E— Fx0.12
2008 £ 10 A& Y 10-15 E— Fx 0.75+ 54588y JCO8 E— Kx 0.25
2011 &£ 10 A & YIEH#IARS) JCO8 E— Kx0.75 + AtihE) JCO8 E— Kx 0.25

2.3 HEED-OHDORBE—F
HETHE S O RKIGEE O EIZT U P VAR L OV BbT 5720, 74 U v 7, K, @ E1T,

Bl & VS TEITIRIL T E 72K B2 Db D LMD, 2D —HDOEITE— R TOLH L OETR
INDBBHHED T O ORBRET— R THDH. K 1~6 [ZZHE THEHE
PR Z BB O TE IR — FEBHT 2. TR TN OMBRT — FICTmM STk b

R RE I IZED DM BERH T,
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RTHY Lo TWDA, EO%, SBREH R IR SHEMEE L, K0 EROETNF— BN H DI

STWDZ ENbn5g. BATHEIO WLTC £&— R, EEo B 8)# L ER R 7 +— 7Mwmm_rm
SEUTe T3 S o [E B PE T A - R 5B 1 (WLTP, Worldwide harmonized Light vehicles Test
Procedure) | @, #5515 MBI 72 BT R A NRET HDREFOET Y - L LTRESNIZHDOT
&b, AKO WLTC £— R, (K- - @l - B0 4 7 2 — X0 67250, bREICBIT 5E1THE
RE 2 B A, L] 0D 3R B - 030K FEE 0 A1 L2 el D > 2 Be e BE OB R 7 = — RIIER A L Cuve. 728, WLTC
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Y427, 22 CIIRLAEHEICHE LT T WLTC £— K &R Lz,

100 100 r
80 80
§ 60 E 60
E 0 80.55 +§ 40
fot fot “ﬁ
20 20
135s
0 0
0 100 0 100 200
1EBEERA () 1BEER (5)
1 4F—F (BBHIRE), ~1973.03) 2 10E— K (BE#%38Eh, 1973.04~1991.03)
100
100
_ 80
< 80 f
£ 60 <
= E 60 |
w40 =
at 40
20 | L
505s 20
0 T T T T T | 660s
0 100 200 300 400 500 600 0 - - - - . . .
2B (s) 0 100 200 300 400 500 600
#ZiBEFR (s)
X3 1M E—F (558, 1975.04~2008.09) 4 10-15EF—F (BE#AEH, 1991.10~2011.09)
100

3% (km/h)
A O
o o

N
o

0 100 200 300 400 500 600 700 1000 1100 1200 1300
#ZiBEFE (s)

5 JCO8E—F (MBS LUBRBRBOERLHEE THERAG v/ \1 2AR), 2008.10~2018.09)

o

80 |
800

- 128 -



100

EFEFI7z—X hEIT—X BRI —X
80 r (H#HE—FK) GBI E—K) (BB
< - E—F)
E 60
w 40
ot
20 r 1477s
O 1 1 1 A 1 1 1 1 1 1 1 J
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1BEERS (5)
E6 WLTCE—F (HH#isE), 2018.10~)
3. EEMTE—FLBHEHEARREA
3.1 EEMTE—F

HHMED 72 OB T — RN EFEOBHE OIEERIL & N TEENL TR Y, &l KRERE~DOFEZ TR
DITITEHRN S D Z L%, AR VERENSMEN T\, 20, EEEICEIT 5 AFEN LD KK
G E OPEHEZ RN T 5120, BEIEOL A - REREORGET nt X Li3hloii e LT, EEEDOH
MOEITIREEZFH L7 [EHETE— ) 28EL, T A0 NETIMLERNH -7

B ER AN ERFZEAT (R, B ESBREE R AR SEAT) Tl 1970 AERHIEED HEN O TR SO W T DA %
1T-TEY, 1977 FIITBEMH ST D BTEERO ) HER D No.1~11 OEEITE— ROMTITH K
EA o T2 RERE — R)?. No. 1~10 28 —fi%iE, No.1l NEEiEIZHIE L, WIN G ETT — X510
FHEEONDT— 22 FDEFHREH L THER L TW5. No. 1~10 O —f%1E TOIH EH | 4.53~46.39
km/h OFIFANT, FHHIED EV No. 9~10 IHEK OBRR T 5B T 2 E1T7 — ZIZESN TN 5.

H A BB EAFFEATJARD T 1996 4EIZFEEITE— RZ1ER L TV AHJARI £— )9, BULHE— R &1
H20, WEHEHNOIETT — X O CHE O I E-FH E A<, T TREOBE A, NS
EikETOYa— b N v TEIXM ORI EEABE X TETE—REMBELLLLOTHD. - EEH
B, AMATRS . — OB EEE R L 2o TR Y, BERO REKOEETE— NIEHEEGIC 5 FEiE
XN TV 5.

M TE R ER BE R AR IV D B B TR S iz EARFZEFTE— R(EFE— )2 H 5 9. LiFE— R
JARI & — FERRDOFEZEEE L TV DR, N—R Lo m BEITT — Z X P - TS 0 EE 2 5 15 <
BRI MR S 5. REHE- FEEER], —POEK- 5D o BB HEEFER - E1E2 Lo BB EEERK
FERIE 72> TR Y, EEO —FEROFETE— FIEHEERIZ 6 METH D,

NGO 3O EEITE— KD, FHWHLES 14 km/h /%3 L OV 44 km/h fitg OB %2 X 7 1287

X 712k DL 3FEOEEITE— FOBEWIRZ A TITHBITE 2. 25 DEEITE— ROMMNR
R OWNTIE, TP — RIERRFRC, EETORFET — ¥ L OWEGHAE CHRILTWS. Tk b L,
HHEHE— RIZ—GER TOT A FAVKEREENMEL, JARI E— FBLOLHFE— FiX, EiIEOH 5 EE
BEHE— RIZBWT, ZNEIVGEF R RN TR, I - s 7 & ORFR LR NGE 5 B3 5 5 72 B
MR I TS, LL, FNOIEMBEICZ2DIEEORE 2B RTIIRANEEINTND 9,
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[ —— B #RNo.4 (14.33 km/h)
JARI $2 2 E1CS21 (14.7 km/h)
| —— L AREARFT E=E PN2(14.0 km/h)
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ZiBE5E (s)
7 WIRE, JARI, T ARBARAOEEITE— FEERA
(LB : FHER 14 km/h FIEOETNNFI—2, TE : FHERE 44 km/h BIEOET/ A —2)

3.2 EBEEHHARFEEA

BREEE ClIfE4E, [EWN OB BIGMR, B CIE L= EETE— ROFHUFE R 2 INE L, HHI4ER] -
KEIG G E RN IR - BLFERI - B iR R 0 B By L PEH 0 R RN 2 /ERR LTV 5 10, A B R Y
AJFEALE, 2E<CHBH NOx « PM E S MR S22 HEE ) HHEE S b KREVGYRWE D&
PHET A EOICHNONE D THD.

A SN TWAEETE— ROFEEITED BV TN, 7T CORLE SHEENERLOTHD. i
ETIXEETE— ROTF—Z ST, JCO08 E— FOECELHIR 24.4 km/h)=X°, WLTC & — FiRBRES
2R 7 = — A([F 18.9 km/h) F13E 7 = — X (|7 39.5 km/WIZHfE L7 6 DL, FEEEROEITIRREA Rk L T
WHHDOELTHWLRTWD., o737 — RERIL, FHEHE V (km/h, FfT8#E) 2 i E K,
HAEITIHES 72 0 OPEH = EF (ghkm, EEFOHAIIERZSBELEEH Y T gkm/t & EDEEE
TR LTCTFROBMKD AT A—%a, b, ¢, dZEFEROWICLVRKDTERL TV 5.

EF=a+b/V+c'V+d:-V2

770 R EO B # Y T AR5 0 CO, HC(THC THt—), NOx Of#il% X 8 12773 . WHEIC
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Abstract

This study conducted a driving simulation experiment to compare four automated driving
systems (ADS) during lane change demanding situations on highways while accounting for the
drivers’ gender, age, and experience. While an ADS is activated, the vehicle approaches traffic
congestion on the left-hand lane. ADS-1 can reduce the speed to synchronize with the
congestion. ADS-2 reduces the speed and issues an optional request to intervene, advising the
driver to change lanes manually. ADS-3 offers to overtake the congestion autonomously if the
driver approves it. ADS-4 overtakes the congestion autonomously without the driver's approval.
Results of drivers' reaction and acceptance indicated that differences between ADS designs
increase when considering the combined effect of driver's gender, age, and experience more
than when the effect of each factor is considered separately. While preliminary, these findings
may help us understand how ADS users' behavior can differ based on several demographic

human factors.

1. Introduction

The last two decades have witnessed a rapid development of automated driving systems (ADS). The
goal is to realize an ancient human vision of self-driving vehicles. The Society of Automotive Engineers
categorized this vision into six levels (L) of driving automation, escalating gradually from no driving
automation LO to full driving automation L5 V. Partial driving automation L2, which combines the
feature of lane-keeping assistance and adaptive cruise control systems, represents a border between
conventional human-controlled vehicles and automated vehicles. L2 system offers a shared
responsibility of the dynamic driving task (DDT), which is also divided into sustained lateral and
longitudinal vehicle motion control (LVMC) that is performed by the system and objects and events
detection and response (OEDR) that the driver must carry out. Ultimately, when the L2 system is
engaged, the driver is driving and has to monitor both the system and the roadway, respond appropri

ately, and retake the vehicle control where needed 2. Concerns have been expressed on the potential
effects of monotonous and predictable driving on drivers' attention while supervising the automated
system operation 3> 4. Further investigations have also been conducted on how drivers will accept, trust,
and interact with L2 systems during dangerous conditions -6,

With conditional driving automation systems (L3) mastering the LVMC and OEDR subtasks, the
driver is no longer required to monitor the driving environment. However, from the safety perspective,
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the driver should be able to take the control back from the system when necessary or when, occasionally,
requested by the system 7. This limitation has motivated a large amount of research to understand the
effects of drivers' engagement on their take-over performance 9.

Several studies have described the adverse effects of drivers being out of the control and monitoring
loop on their ability to perform cognitive processing and retrieve manual control after automated driving
9, Other studies show that differences in driver's take-over performance when monitoring the roadway
or engaged in non-driving related tasks exist but are not significant 10, Some other studies stated that
unless the driving task is fully automated, there would be an explicit role for the human driver V. When
encountering a situation that requires driver intervention, is driver's engagement during automated
driving all that matters?

In the aviation domain, automation is complex, and the pilots, usually a pilot and a copilot, must
monitor a high number of parameters 2. Maintaining safety in such a complex system is an
organizational effort, and pilots are highly competent and trained to cope with the dynamically changing
workload and situations '?. The human-machine interface (HMI) in automotive automation could be
less complex, but the driving environment is faster-paced, and drivers are less qualified compared to
aviation 13. In both aviation and automotive domains, the performance of operation tasks, tactical tasks,
and strategic decisions is highly dependent on humans' ability to learn from heuristics and experience.
Such human skills and abilities dependent task performance suggests a possible role of age and
experience when operating airplanes and vehicles and deserves attention on the influence of these
factors when regaining control from highly automated systems 1415,

Age has been found to affect humans’ hazard perception, reaction time, cognitive processing speed
and quality, and task switching ability 1©. With manual driving, the driving performance of elderly and
experienced drivers when exposed to secondary tasks is less affected than that of younger drivers who
better performed secondary tasks with less attention to the driving task 17. With automated driving, the
take-over time by younger drivers was generally shorter than that of older drivers, but this difference
was not statistically significant 18. However, some studies have further investigated the association
between drivers' age and gender and found a significant difference between younger male drivers and
older female drivers in terms of reaction time and task performance during different conditions of
manual driving 19. Although the influence of driver-related factors (age, experience, and gender) on
driver-system interaction and acceptability has been investigated, how such factors is by different
system designs and capabilities, and combine to impact driver's engagement, take-over decision, and
control remains unclear. In this study, the focus is to evaluate users' interaction with different ADS
designs during non-critical automated driving, while accounting for driver gender, age, and experience.

The present study investigates the impact of demographic human factors (gender, age, and
experience) on driver decision-making and control when exposed to different ADS designs and traffic
conditions. The proposed system represents an idealized automated driving system that can perfectly
master the LVMC subtask at low speeds of up to 60 km/h and carry out OEDR subtask to a limited
extent. The investigated scenarios simulate an automated vehicle (with the ADS installed) approaching
a traffic congestion (20 km/h) while the adjacent lane was available with light traffic circulating at 60
km/h. All test scenarios were not safety critical (no imminent crash), so the focus could be on
understanding the accuracy and the promptness of the cognitive processing required to maintain safe
driving performance. It was hypothesized that the more the system requires driver’s decisions and
control, the less the drivers accept the system. It was also hypothesized that the drivers would instead

-136 -



use the automated driving functions of the system when available than interrupt the automated process
of the system.

2. Method
2.1 Participants and Apparatus

Forty participants (Female = 20, Male = 20; Meanage = 44.5 +/-15.4) holding a valid driver's license
were recruited to participate in a driving experiment at the University of Tsukuba, Japan. The
experiment was implemented in a medium-fidelity driving simulator built by Honda (Fig. 1). The
simulator consists of a dynamic car mockup mounted on four movable legs, in which an actual car seat
and dashboard are placed with 120 degrees projection screen and three small LCDs to simulate the front,
rear, and side driving views, respectively.

Left-hand Rearview Right-hand Decision D/D3 ADS
mirror mirror ADS status mirror button  activation

AV main Passing
lane lane

w&ik

Fig. 1 A driving simulator cockpit with a single driver seat, an automatic transmission system

(D: manual driving/D3: automated driving), and the approve/disapprove button.

2.2 ADS and HMI designs

An ADS was available at a speed ranging between zero and 60 km/h based on traffic conditions. The
drivers could activate and deactivate the system by shifting the gear stick between D for manual driving
and D3 for the automated driving mode. The status of ADS was displayed in a separated LCD located
in the middle of the dashboard (Fig. 1, top-left). The system had four different states, as described in
Table 1. The toggling of the system status has been associated with an acoustic alert to arouse the
driver's attention. When the system is activated, LVMC and OEDR subtasks can entirely be delegated
to the system, and the driver's control and monitoring are no longer required.

Four test scenarios (10 min each) were conducted on a two-lane highway during the daytime. In the
first five minutes of each scenario, the traffic was smooth and light such that the ADS could control the
vehicle at full speed (60 km/h) constantly. In the sixth minute, the system encountered traffic congestion
on the left-hand lane. However, the traffic on the right-hand lane was still smooth, with few cars passing
at 60 km/h. The ADS changed its state from HMI-2 to HMI-3 (Table 1) and reduced the speed to 20 km/h
in accordance with the slow traffic ahead. The congestion could be avoided by changing lanes towards

=137 -



the passing lane. Four ADS designs were proposed to perform such avoidance maneuvers.

Table 1 HMI display of the automated driving system states.

System status HMI Display Description
Deactivated HMI-1: the human driver performs
n\ LVMC and OEDR subtasks.

Auto Pilot Off
HMI-2: the ADS performs LVMC and

60
km/h - OEDR  subtasks. System  and
'E' environment monitoring is optional.

Auto Pilot On
Activated during ~ Slow Traffic HMI-3: the ADS reduces the speed in

Activated at  full
speed 60 km/h

. 20 .
traffic congestion =¥ Km/h response to slow traffic ahead.

(<20 km/h) .E.

Auto Pilot On

Activated with = Change Lanes HMI-4: an ADS requests the driver's
. . 20 . . .

driver's Action = Kmfh intervention to improve the

Required performance. However, driver's

Auto Pilot On intervention is not essential or urgent.

1) ADS-1 (baseline): the system could only keep the lane and continue automated driving at a slow
speed (20 km/h). The drivers had to decide the next course of action by themselves (e.g., keep
automated driving at slow speed or take over and change lanes).

2) ADS-2: the system displays HMI-4 requesting the driver to take over and change lane manually.
However, the driver could ignore the request and let the system continue driving at 20 km/h.

3) ADS-3: the system displays HMI-4 requesting the driver's permission to execute an automatic lane
change. The driver could approve the automatic lane change by pushing a button (Fig. 1, top-right)
or ignore the request and let the system continue automated driving at 20 km/h.

4) ADS-4: the system displays HMI-4 informing the driver that an automatic lane change will start
in 6 s. The drivers could disapprove of the lane change execution by pushing a button (Fig. 1, top-
right) within the 6 s period.

2.3 Experimental Design and Procedures

This experiment was designed so that each driver experienced the four ADS designs. For each
participant, the driving experiment started with two training drives, followed by four testing drives such
that each system was tested once during the testing phase. The participants encountered the four ADS
designs in a randomized order to reduce the effect of experience.

Participants were divided into two groups based on their age and driving experience (years of holding
a valid driver's license), respectively. The younger group consisted of drivers younger than 45 year-old
with driving experience between 1 and 24 years. The older group consisted of drivers older than 45 year-
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old with driving experience of more than 25 years. Both groups were further subdivided into two
subgroups based on their previous experience of using ADS during the past three years. For driver
gender, the participants were divided into males and females, with age and experience factors balanced
between groups.

3. Results and Discussions

Table 2 presents descriptive statistics of the groups and subgroups sizes and distributions based on
the type of the first drivers' response to the change in traffic condition and system status. Subjects were
divided into groups and subgroups in terms of gender, age, and experience. The purpose of the table is
to understand the combined effects of the driver's demographic human factors (gender, age, and
experience) and the ergonomic implications of the different ADS designs on the type of driver's control
input.

It is apparent from the table that the vast majority of the participants decided to change lanes
manually or automatically to avoid traffic congestion. Very few participants decided to keep the lane
and continue with automated driving at a slow speed (20 km/h). For ADS-1, although there was no
change in the system's HMI when encountering traffic congestion, approximately 85% of the
participants took over the vehicle control and changed lanes manually. For ADS-2, 92% of the
participants responded to the system's request to resume the manual control and overtake the traffic
congestion. 90% of the participants pushed the decision button to permit ADS-3 automatic lane-change
maneuver. Finally, about 40% of the participants pushed the button to interrupt ADS-4 automatic lane-
change maneuver.

Table 2 Statistical data of the first control input by the drivers when encountering the traffic

congestion for each system in consideration of drivers' gender, age, and experience.

Group Classification Type of the first driver reaction Lane change
Gender Age Experie- Hands on the steering Decision None maneuvers
(20 (10 nce (5 wheel Button
drivers/  drivers/  drivers/ | ADS | ADS | ADS | ADS | ADS ADS | ADS | ADS | ADS | ADS | Manual | Automatic
group) group) group) -1 -2 -3 -4 -3 -4 -1 -2 -3 -4
Male <45 ex” 5 5 0 0 5 2 0 0 0 3 11/20 8/20
nex” 3 4 0 1 4 3 2 1 1 1 11/20 5/20
>45 ex 5 4 0 1 5 0 0 1 0 4 10/20 9/20
nex 4 5 1 2 4 0 1 0 0 3 12/20 7/20
Female <45 ex 4 5 0 1 5 0 1 0 0 4 10/20 9/20
nex 5 4 0 0 5 2 0 1 0 3 11/20 8/20
>45 ex 4 5 1 1 3 2 1 0 1 2 11/20 5/20
nex 4 5 0 0 5 0 1 0 0 5 9/20 10/20
Total (/40 drivers) 34 37 2 6 36 |9 6 3 2 25

* ex: experienced; nex: non-experienced

In all of the investigated scenarios, drivers' response was optional when the automated vehicle
approached the traffic congestions, but their decision-making was time-dependent on the system design.
Under ADS-1 and ADS-2, the drivers were able to perceive the traffic on the adjacent lane and make a
lane-change decision accordingly, with no time limitation. However, with ADS-3 and ADS-4, the drivers
had limited time (6 s) to decide whether it would be safe to automatically let the system perform the
lane-change maneuver. Therefore, it is vital to compare drivers' reaction time under each system to
further understand the drivers' ability to perform a safe lane change within the available space and
their behavior towards the system.
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The driver reaction time was calculated as the time elapsed from the system triggered HMI-3 to the
driver’s first reaction (hands on the wheel, foot on the pedal, or push the decision button) in response to
the change in the vehicle speed. Fig. 2 compares drivers' reaction time among groups and subgroups
under each system. Statistically significant effects were identified for ADS design (F (3, 156) = 4.32, p <
0.01), gender (F (1, 38) = 32.46, p < 0.01), age (F (1, 38) = 27.03, p < 0.01), and experience groups (F (1,
38) = 36.10, p < 0.01). The analysis also indicated that significant interactions occurred between ADS
design and gender groups (F (3, 144) = 7.33, p < 0.05), ADS design and age groups (F (3, 144) = 9.18, p
<0.01), and ADS design and drivers experience (F (3, 144) = 11.12, p < 0.01).

Gender Age
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Fig. 2 Drivers reaction time in response to the HMI and traffic changes (error bars represent the standard deviation). Top-
left: participants are divided into 20 male and 20 female drivers. Top-right: participants are divided into 20 older and
20 younger drivers. Bottom-left: participants are divided into 20 experienced and 20 non-experienced drivers based
on their previous experience with automated driving. Bottom-right: participants are divided into eight subgroups (5
drivers each) based on gender, age, and previous experience of ADS

Multiple comparisons with Tukey HSD indicated that drivers' reaction time was comparable between
male and female, younger and older, and experienced and non-experienced groups. Overall, the highest
mean level was recorded under ADS-1 (M = 10.83) in the non-experienced younger male group, while
the smallest mean level was recorded under ADS-3 (M = 4.66) in the experienced older female group.
For ADS-1, the experienced younger female drivers reacted faster than non-experienced younger male
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drivers (p < 0.05). For ADS-2, the non-experienced younger male drivers reacted faster than the non-
experienced older female drivers (p < 0.05). For ADS-3, there was a significant difference between
experienced younger female drivers and experienced older female drivers (p < 0.05). For ADS-4, there
was a significant difference between males and females in the experienced younger subgroup (p < 0.01).
These results indicate that while the effect of demographic human factors may not be significant when
considered separately, the combined effects of drivers' gender, age, and experience can be recognizable.

Drivers' acceptance of each ADS was evaluated based on their willingness to use the system in the
real world. The question was administrated to the participants after completing all driving tests. Fig. 3
compares drivers' rating of their acceptance of each ADS design between groups and subgroups. In
general, ADS-1 and ADS-2 were more accepted than ADS-3 and ADS-4. Each demographic factor
resulted in differences between groups for each ADS design. These differences become significant when
all factors, i.e., gender, age, experience, are considered collectively. The experienced older male drivers
recorded the highest acceptance rate under ADS-1, and the non-experienced older male drivers recorded
the lowest acceptance rate under ADS-4.

Wilcoxon Rank Sum test was applied to examine the differences between groups and subgroups within
and between systems. The experienced older male drivers significantly more accepted ADS-1 than the
non-experienced older female drivers (Z = -2.03, p < 0.05). However, comparisons of the acceptance of
ADS-2 and ADS-3 did not reveal any significant difference between groups and subgroups. ADS-4 was
significantly less accepted by the experienced younger male drivers and non-experienced older male
drivers compared to the experienced younger female drivers (Z = -3.57, p < 0.01) and experienced older
female drivers (Z = -2.89, p < 0.05), respectively.

4. Conclusions

This driving simulator study investigated the effect of drivers' gender, age, and experience on their
decision-making and control during low-speed conditional automated driving on a highway. The
interaction between these three demographic factors and different ADS designs and capabilities
resulted in significant differences in drivers' decision-making, reaction time, and system acceptance.
When the drivers encountered traffic congestions during automated driving, they preferred to change
lanes instead of continuing automated driving behind the congestion. Depending on ADS capabilities,
the drivers resumed the vehicle control and changed lanes manually or let the system change lanes
automatically.

Results of the type of the first control input by the drivers showed that the younger drivers were less
likely to interrupt the automated driving than the older drivers. There was no significant difference
associated with gender in terms of driver's reaction time, but drivers who practiced the AD before
reacted faster to the HMI and traffic changes than the first-time-practicing drivers. The results showed
that the standard deviation of the drivers’ reaction time under ADS-1 is larger than ADS-2, and the
latter is larger than ADS-3 and ADS-4. With ADS-1, the drivers had to perceive the traffic change and
decide without system support. With ADS-2 supports driver's decision-making reduced the time spent
by the drivers to reach a decision and act. Further reduction in the standard deviation of drivers'
reaction time was achieved when the system supported drivers control with a time limitation to decide.
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Fig. 3 Subjective assessment of drivers' acceptance of ADS designs (error bars represent the standard deviation). Top-left:
participants are divided into 20 male and 20 female drivers. Top-right: participants are divided into 20 older and 20
younger drivers. Bottom-left: participants are divided into 20 experienced and 20 non-experienced drivers based on
their previous experience with automated driving. Bottom-right: participants are divided into eight subgroups (5 drivers

each) based on gender, age, and previous experience of ADS

The overall drivers' subjective assessment of their acceptance of the systems was good. While the
demographic human factors revealed significant differences under ADS-1 and ADS-4, they did not
reveal significant differences under ADS-2 and ADS-3. The likely reason for such differences can be
related to the extent to which the design of each system is compatible with the concept of human-
centered automation (see ® for more details). ADS-1 and ADS-4 did not support human decision-making
when the automated process changed in response to an external change in the surrounding environment.
The drivers may not understand the automated process, which may lead to unexpected system behavior
and reduce human trust and acceptance. Although ADS-2 and ADS-3 differed in systems capabilities,
both systems are designed to support human decision-making and drivers' understanding of the
automated process and the surrounding environment.

This study has gone some way toward enhancing our understanding of how driver gender, age,
experience, and practice will influence the potential effects of automated vehicles on traffic flow and
safety. The investigation of the interaction between demographic factors and system design in such time-
critical conditions has shown that the drivers tend to accept and trust systems with less intervention
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than those requiring driver intervention. It also shows that cooperative ADS designs (e.g., ADS-2 and
ADS-3) would compromise the influence of demographic factors. Though limited in terms of the small
sample size and the investigated scenarios, these findings can be used to develop ADS interventions,
particularly during the penetration of automated vehicles in real traffic and the potential conflict with
the manually (human) controlled vehicles. They also warrant future research on the influence of
individual characteristics on user-ADS interaction and the HMI design for automated vehicles.
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Abstract

In the second phase of the SIP "Advanced Driving Support for Drivers with Visual Field Loss"
project, the effectiveness of driving support systems for drivers with visual field loss was
estimated. As a part of this project, we compared the frequency of accidents between drivers
with normal vision and those with visual field loss, and calculated the reduction rate of traffic
accidents by using the multi-agent traffic environment simulation technology developed by the
Japan Automobile Research Institute in the first phase of the SIP. The results can be used to

examine the effectiveness of the system for this issue.
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Table 1 Occurrence rate by age group

Driver Fedestrian

Age group Percentage [%]. Age group Percentage [%].

Man-elderly 76.63 Children 5.38

elderly person 26.37 Man-elderly 67.25
elderly person 26.37

Maon-elderly: 64 years old or younger, Children: 6 to 12 years old
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Table 2 Travel speed of pedestrians Table 3 Travel speed of bicycles
Age group Walking speed Standard deviation Age group Traveling speed Standard deviation
[m/s] [m/s] [m/s]. [m/s]
Children 1.339 0.107 10-14 years old 3.17 0.663
Non-elderly 1.358 0.093 15 to 64 years old 5.62 0.861
elderly person 1.337 0.104 Over 65 years old 3.17 0.663

Non-elderly:64 years old or younger,Children:6 to 12 years old
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Fig. 3 DS experiment conducted at the Institute of Innovation for Future Society, Nagoya University
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Fig. 8 Driver's cognitive behavior at unsignalized intersections
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Fig. 12 Pedestrian and vehicle collision detection

Table 4 Parameters of the driver assistance system

System 1 System 2 System 3 System 4
Detection angle 40° 140° 40° 140 °
Detecting distance 50m 50 m 50 m 50 m
Alarm TTC 18s 18s 18s 18s
Automatic brake TTC 0.6s 0.6s
Deceleration gradient 35 m/s® 35 m/s®
Maximum deceleration 7.8 m/s? 7.8 m/s?
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Table 5 Pedestrian crossing accidents

Nomber of . hveraze Sla.n\:la.rd Humber of : hveraze Sl§nda.rd
. Number of . relative deviation A Humber of . relative deviation
4 healthy person vehicles X Aocident . speed at A healthy person wehicles . hocident ; speed at
. accidents accident . of speed at N accidents accident . of speed at
Traveling speed 30 [kn/h] | zenerated X rale conflict . Traveling speed 50 [kn/h] | zenerated ) rate conflict s
Tomi o] [units] rate Tkndh] collision Tami 15] [units] rate Tinfh] collision
[km/h] [km/h]
Mo driver assistance 202,189 407 0.00246 1.00 26.82 qg5 |Podrver assistance 202350 T44 0.00368 1 4172 1184
system system
Syateml 201,828 94 0.00047 019 16.33 813 Systeml 203580 303 0.00247 0.67 2231 114
Syatem? 202,170 114 0.00036 0.23 9.33 3.52 System?2 203086 313 0.00254 0.69 19.03 721
Syatem3 200,945 28 0.00014 0.08 16.71 9.08 System3 202041 511 0.00253 1.03 22.32 11.86
Systemd 201,380 0 0.00000 0.00 0.00 0.00 Systemd 202815 499 0.00246 1 19.5 7.08
. . Number of . bveraze Sta.nda.rd : : Humber of s hverage Sta‘ndﬁ.rd
Mild vizual X Humber of . relative deviation |Mild visual . Humber of . relative deviation
. . . vehicles . Aecident : zpeed at . . A vehicles . becident ; speed at
field impairment accidents accident . of speed at|field impairment accidents accident . of speed at
. generated . rate conflict c g : generated ; rate conflict s
Traveling speed 30 [kn/h] . [unitz] rate collizion |Traveling speed 50 [km/h] . [units] rate collizion
[uni tz] [km/hl Tin/h] [unitz] [km/h] Dbl
No driver assis No driver assis
e e 200,688 o8 | ooo34s 141 2377 g15 [0 eAsmeEE 202875 772 0.00381 1.03 3598 1433
System1 200,224 194 0.00087 0.39 12.57 8.33 System1 202818 632 0.00313 0.85 20.27 12.35
Syatem?2 200,638 228 0.00114 0.46 11.52 8.02 System2 202798 671 0.00331 0.9 16.95 3.21
Syatem3d 201,401 113 0.00037 0.23 12.33 8.76 System3 203096 631 0.00311 1.26 20.66 11.99
Systemd 201,236 2 0.00001 0.00 .06 0.00 Systemd 202592 662 0.00327 1.33 15.32 7.58
Standard Btandard
R Numbler of Number of . relative fverazs deviation R Numhler of Humber of . relative Averaze deviation
Bevere vision impairment vehicles s focident . speed at Bevere vision impairment wehicles . heoident ) speed at
. accidents accident . of speed at . accidents accident . of speed at
Traveling speed 30 [kn/h] | zenerated [anite] rate N conflict Llision |Traveling speed 50 [im/h] | zenerated Tunits] rate N conflict 1111
[uni tz] L rate [km/hl Do[k 1/3}]1]un [unitz] HELER, rate [km/h] oo[k 1’{8;]0”
(i {1
No driver assis No driver assis
o crer asmstancs 200,830 000 | 000453 134 25.00 749 o Crver asmistance 202350 74¢ | oooses 1 4172 1184
aystem Syatem
System1 201,174 290 0.00293 119 15.18 6.64 System1 203580 303 0.00247 0.67 2231 114
System?2 201,387 621 0.00308 123 14.20 6.10 System?2 203086 515 0.00234 0.69 19.03 7.21
System3d 201,019 375 0.00187 0.76 14.20 6.95 System3 202041 511 0.00253 1.03 22.32 11.86
Syatemd 200,440 3 0.00001 0.01 5.11 2.64 Systemd 202815 409 0.00246 1 19.5 7.08
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Fig.14 Aggregate results of simulations including driver behavior models
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Study on the Possibility of Penetration of Electric Vehicles in Commercial Vehicles
Considering the Actual Use Conditions

S BE— ZFI BiEFe HE HHFE" EH s=E{E2 FiE RE?
Shuichi KANARI Tazuko MORIKAWA Hina TAMIYA Yukika TODA Akiyoshi ITO
Abstract

The Japanese government has announced CO2 emission reduction targets of 26% by 2030.
The CO2 reduction target for the automobile sector will be set based on these targets. One of
the measures to reduce CO2 emissions in the automotive sector is to promote the use of electric
vehicles. However, most previous studies have considered passenger cars, and there are few
studies that have considered commercial vehicles. This study first surveyed the actual use of
commercial vehicles then an estimation method that can consider actual use based on
estimating next generation vehicle models was developed. Finally, the model was used to

estimate the effect of the diffusion of electric vehicles in commercial vehicles.
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Fig.5 Ratio of parking area of each vehicle (LDT: Light duty trucks, HDT: Heavy duty trucks)
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Fig. 6 Actual driving condition of each trip number (Private light duty trucks)
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Fig. 7 Relationship between total cost and satisfaction

-162 -



Satisfaction
© o o o
N SN (o] [e¢] o

o
o

0 50 100 150 200 250 300
Driving Distance[km/day]

Fig. 8 Relationship between daily driving distance and satisfaction
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Fig. 9 Relationship between infrastructure distance and satisfaction
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Fig. 10 Relationship between parking time of night and satisfaction
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Fig. 11 Electrical vehicle penetration of each technology
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Fig. 12 Electrical vehicle penetration of private light duty trucks
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Abstract

The Liaison Council on Promoting Eco-Driving, consisting of the National Police Agency
(NPA), the Ministry of Economy, Trade and Industry (METI), the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT), and the Ministry of the Environment (MOE),
formulated the "10 Recommendations for Eco-Driving" in 2003. Since then, the Council has
raised public awareness of eco-driving after two partial revisions of the compilation in 2006
and 2012. Considering that a certain period had passed since the last revision in 2012, the
Council and related organizations jointly examined the necessity of modifying the compilation,
and revised it in January 2020. At the same time, the Council published a leaflet on the
compilation to raise public awareness. The new leaflet is not only for drivers but also for their
children. Moreover, it also explains the use of eco-friendly vehicles and tips on eco-driving of

hybrid and electric vehicles.
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1. IFC®HIC

HERIRIZALDOBG IEIZ ANFEILBEOMEBE OFECTH VU, HARBUFIX 2050 4 F TITIEBRE T 2 OHEH %2 2K
ELTERIZTHA—Rr=a— Iz BEF L, HEEEP Tl% 2035 4 £ TR OB HLHR7E Tl
HYVoHEEZLaIZTHZL2BIT TS =R =a— I VOERICHT T, BAETMREDZ RLX—L
FHAE DRI AKRFEOFANER STV D, BRI COKRFEOFIH & LT, KFELBIEOESLF G
ZRIAT 28N EE (FCV : Fuel Cell Vehicle) 2FZERIR SN TE Y, 2014 F ik S5 V.
N ETICEAIE (LDV : Light Duty Vehicle) , /3%, 74—~ U7 FaERFCV & LTEMLSAT
W RBEFINTND. FCV OB TH 2/KH#IE, HABEH -V O3 X —FHENE L ARW2D,
K 70 MPa (15 “CHHE) (TJEME L CEADEMIKERECAIET 5. KFEOFIHET 9 720D DOIEHEAKE A
ZUR KFAT—Tay) bERENED LN TS 2. BURTIIMI LDV T5kg, /NAT25kg, 74
— 27 )7 FT1kg (35 MPa) DOJEME/KFEZEH L TV 5.

VTAETIE, KUEL (HDV : Heavy Duty Vehicle) ~®O¥kEHEM OIS RANCIER STV 5 3-8 |
HDV T, &K 100 kg D/KFHHENHEIN TS 9,10, X512, HDV LU EIZKEEHENZ V8
H, i, MIZERREOTE Y T ~ORRENEM (72 3kFEREET V) OIGH LIFERRE R ED ST
W5~ 2 DX IR KREOKFBEZRITHEE Y T 4 T, BIEMAIN TV D ERKETIERL, K’
FKRFETORMABELRET SN TWSD. 70 MPa OJEMEKSE LV IRIKFEDOT D, BENE LV/HINR
N—ATHIZEHTE LA E IND.

IKE DAL PO TEEK I NT=DIL 1898 F-D Z & T, Dewar (2L Y 20 cc DIRIEKRFEN G DI 14 .
Z D%, KFEOWALTIEOMIE MR, BIFEITEA b/ BREEO KB REILAKFET T > P RS HT
BEL TS Y.

EE YT 0 OPRELE U CTHRIRIKE OISR SR O =073 1950 FETH S, ZOENGRELE LT
WRARIKSE 28580 U 7= RATRES 1 7 S OAFZEBHFRE SR AT 72 0, 1963 FITITIRIBKFE =B E LTc=> ¥
vaudy MO THEHA SN 19 . BIETYH, vy b Vol LTRIHER TV 5.

—J5, i bE&EETT 2 EEA~ORKKEZEOFHIL, D LENT 1966 41 General Motors (GM) 725~
0 kXA TEENEREINZ 1D . BALE, RO FCV THIA SN TV A EMKTE LV & BV B ClRikok
FOFHPHF SN TS, £z, vy b ERBRICEEBREDEHR L TRBY, viy MIBREES L ToF|
RATHo0R, Zo7a M A THEIREER S L CORATHS. 2000 FEIZIIKFZEAT— a3 TO
HL ] ~ DR IK 56 D FEEFRER O E TOEITRER N F i ST 5 19

2010 4FFIE D B, SRR IR KSE Tl 7z < BEE R aEIL § %5 8 L 72 Cryo-Compressed Hydrogen (CcH2)
BT AN %L 72 - TS 19,20 | K[E D Lawrence Livermore [ESAFZEFF (LLNL) , BMW, Linde
7o BN Lo THE~OFRERER 72 E3fThiv T 4. T4 T, Daimler Truck & Linde (Z X % Subcooled
Liquid Hydrogen (sLH2) #iEH ST\ 5 20,

ARG T, EROIEMAARFHE (LH2 : Liquid Hydrogen) , CcH2, sLH2 O#FIHEREIZ & L CHBLEAMT O
KRS E BB A E LD 5.

*1 —RMEREN AR S BB BRENTIE Mt (%)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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2. BREKZFDEFE

AR K ZE D IR 2 FR - 5 720121, IRIEKFEOWM 2R L TR MERH 5. [EMKEDOFEEE
T CIXEEEIROMIENEE CTH 503, REKE TIHRBERODENEETH L. £, ERVIZHTD
RasPITIEAE & SAEPIRIET 5720, IRIEKFOFE TITHE(LOZBE L LE L 70D, X0 BRI S
ZR/OIRTNIER SR, 22T, BHEEEZD ETHICEERYETH I EEICOWTE DD 22,

RENRIE L U CIEET DIRERPHIL 13.957~33.145 K TH 5. X 1 IZ[EFE &2 RV TR BEX 2R d
ﬁE%ﬁ(mmrm%wmcw%)®i%ﬁﬁﬁGMM@,TﬁMﬁﬁEW@m)T%é.%ﬁﬁ(aMml
point) %8 Z T PSR SRR (supercritical) TH Y, CcH2 TIXZ OBEEAMEE L BEINS.

UL B, T7eb bRFNREEOKEOEE LIRE, [EHORKRER 2 LX) 3 I2Z2nFhund. 'K

& bf@%f,f“ IR, RETE L, 13.957 K T 7.36 kPa OWRBETH 77 kg/m3 123 5. ARIEASEMD S
B RIS < IZ ok, WIKROBEE XD T5. —J, [UEOFEEIX LA L, AR (33.145 K, 1.2964
MPa) CT—#3%. HASOELEITN 31 kg/m3 TH 5. 70 MPa (15 °C) DJEMEAKFE DK 40 kg/ms3
D=, 27 K LA FOFFNIREE DK FE TIIBEENKI 61 kgm3 LA L& 720, 15U LEDOBELRD.

BEES OB E L TK 412 35 MPa & 20 MPa [Z51) DIRE LB EORRE RS, AR D 33.145 K 73
AR LEBEERODIG R Th 205, IRE LA & & QITEEITHEGFICE DT 5. 35 MPa ThiLiL60K T 70
kg/m3 LA DB L 72, KED LH2 L [FASOBENGHND.

100 § ,
= 1 -y

g 0k | | supercritical

= liquid .

[— 1 5

o

a 0.1 F

[y] F

€ 001

a B *— triple point

O-OOl 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50
Temperature [K]
1 KER (RSEHR)
80 — 80
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j)] j)]
s s
— 40 4 . — 40 T .
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100

liquid(35MPa)
% 80T quuqi-dh T~ supercritical
g (20MPa) (35MPa)
— 60 ~< o
= supercritical =~~~ _ _
20
10 20 30 40 50 60 70 80 90 100

Temperature [K]

4 35MPa & 20 MPa 2B 1T 58E L ZEOBEIR

725 R @B EDIRIE TN T 2 TR AFRITH D=0, BMICHEHE S5 BRIl X B2 W B 12
L CTHNEEDN S OB R TIHENT U, (IR ZHEEF T D LERH D, L LR D, BRICKET 5 2 LI1T AR AlhE
ThoHiz, KFZORE TR ONT, BME EbICRIELTENZIERTS (X1 . Z4etk, B
DIEN % —ELL TICRFFT 2720, —HOKMEEZPEH L2 Tz b7, Bl &2 & T 25 & BRELOKED
AR D Z 2D, ZO LI H D ABI L > TIRIBDOIRIEDN BT AT ADZ & &R
A A7 H A (BOG : Boil Off Gas) & FES. BOG O HAANDOPEHIT DR WNEE B WO T, FHEEK THIH
RN D X o R AT ENIGARKF IR TN D, B TRESCEB 2 £ > TV AR A0 HDV %°
WA EDITN, — DO LDV L0 HMERB W EWR S,

2B, KBIIIEAE UV BIER L LT RTKFEE AN MAKRENFEL, BVEEN RS 29,29 | KR,
ABRERITRKE K B D, BRTIXEEIRED T KkFE LA MKEOEIS @18?%@ ZDEIE i
BEIRAFT 5. IRIRIC72 D122 TN T REOEIGREMNL, %Kf&&,&%*ff FIENTKFE L
5. KREOWMMME E LTIX, /ST KFE L AN FKFEORAES ié@ﬁ%ﬁ&ﬁét@,ﬁ%*%@ﬁ
ERNTKFZOMMEETH S.

3. LH2 (e X D& AKFR)

1966 “FiZ GM 75 LH2 2458 L 7= 7' 1 h ¥ A 7 Hlj D Electrovan 23735 S LTV DM, FTHEFIEIZD
WTOERITHHZ RS 725720, 2D, GM 1% 2002 4£12 HydroGen3 3£ 5. HEBEEE FEIChE
SNTAEEHTIT LH2 % 4.6 kg #5387 BE T, JEJNFIRFIETHAIZ 20K E@E SN T0nb. K1 L0, #&
ROBEEITK T1kg/m3 Th 5. HFAEITL0.7MPa T, ABUZ X BIERE EFHIC K-> TBOG BNHRFE/IC
ET D L HAMAENEHENS. BWEELARTUE - BH720 2~4 %DBEENH S 19 |

FHIFHRD L H I LT ThbNs 19 . BHO ) AVEEBO L7 Z 7 )VICER L, ~U LT (B
DAKRFEL V) TR E =Y LT, BRZRETD. ERNmEIS TR R ENEFET D%
2O THDH., ZON) TLAHAFHK L ol Sz ) AVNT, EHICAT— /a/%®W¢(E£
Wi " H4 T cold finger & MRS NEBHIOFEITHOTERI SN D, HEFRGN W 2 TIRETHNR

X, WRIEKFBOFEILS LT TR T 5.

BMW (% 1970 470 KT BB & 3 2 NIREEBA OAF7EBR R 2 6O T 5 290 ~20) . 2002 4F & TIZ 5
oo LH2 ### L7 a0 N A THEEREE SN TWD. o LH2 Basid, FEIZ 5 BRI EHE L7-
EE SN TS, £D%, BMW 760Li 2 ~— X H#lj & L THA% S 172 Hydrogen 7 7% 2006 25 # S
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iz, ZHIXLH2 L H VY &kl LTHRHET 23 « 72— L ONBMEBIO#E CTh 5. %I
IZRRIE S 472 LH2 ORI 170 LTI 8 kg O/KFR AR FIEE T, K ARES/11E 0.561 MPa ThH. FiHIX
HydroGen3 & [Fl£&IZ cold finger (2 L - Tt S 5.

—5, 1999 H\Z I 2 AV ZEBRITTHIONIKFEAT — 3 2k Y LH2 Hifi~OFEBIMSE Sz
18,25),28 | [X 5T 2 NUEEOTIE ) AV AT, M EICHEEO LH2 OFHE LT X 7 VAT, #
f5tlL cold finger FAT, REO DAL Z O TRAE THREMNMTHON TV D, 120 L AFEHFITKH 1.5 5 TH
HCX, ROV Y UH L FFEOREHIAIF CTH 5.

5 BIAKBROFE/ X)L 6 HBAKROFELETZIIL

4. CcH2 (Cryo-Compressed Hydrogen)

CcH2 1%, LH2 LV @ik (~#iR) 7 o@/E (~35MPa) OMBEG ARG B L2l ch 5. KibritE
ITLCHENREML TS, KD LH2 Fas &V biEREW 20, BOG & BEAMIHEH Ui 2 R 4 1%
HEDZEMAREL 72D, KFEOHEIENKRELLESND 20 . KB IRITKIRD DR EICHT 2 2 HEGED &
LT, HE L CTREAICHEIRIC R o7 & L THIERIKENER Y, (KED LH2 7585 & &> CHl A2 5
DI O+ KRB ENMEEND. BREREOBLETIE, KERAY v FThD.

1998 452 LLNL T 24.8 MPa Fas DRF A TN TE Y, 80K ORRET LH2 L [FAREDEE 1551
HZEPRENTWD 29 | FHEEOHEL, BEHEIFO BOG ICL DAL ED LH2 L A7RnZ LR E
NTW5. 2010 4E(2i%, 35 MPa @ CcH2 &%/ LLNL & BMW 7» bt S Tuns 30 | [EfEKEH O
35 MPa DX A 7 358 (T /v 74 F—, CFRP OB AR & HENEWE CHE TR Thbb. 1to
T, JEMEKFE L LH2 O Lt 7% 7 v Z il 5 E 3 AUIW S OFHERFARETH 5.

2010 A-RIZ LLNL THRIEIZEET 2 0B 25E3Thiu T % 8D L LH2 ISR L7z @IER v 7 %1 2.
Teikfi A L, CcH2 #es (151 L, 34.5 MPa, /KFEHHiE 11 kg) ~OFRBABRI I TON TN D, Hik
DRSO FIE TIIFBRNIRER SIS TR O TIREE L 2508, +2Wm A 2B ~DFHETIL 70 kg/m3
FEEEDEEE N STV D, FHEEREIIMA 5~7 DRETH S, 1ZTEALEOFRERABR T, KKMEIX
1.67 kg/min (100 kg/h) Z# 2 TEY, FIE 1.1~1.4 kg/min TH 5.

2015 E121%, CcH2 1T s L2 RN S 2 o~ DOF —E 2 AT —2 g3 VP&, BMW ©OF
FEHEW AR EINTNDS 2.3 . FF T, RAYDORZ— 7 v 72D CRYOMOTIVE 78 HDV H o
CcH2 O & B 2 BT TH D 39,39 | 2023 FE £ TEMIEIE 7 =— XL LT, T4 —EB/LHIZ
VEREd 2 Wi ragE 1,000 km LA F, FRIEER] 10 20 LL N OMEREZ 5o 72 HDV 7% CcH2 O X v BAFE ]
HEEINTND.
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5. sLH2 (Subcooled Liquid Hydrogen)

Daimler Truck & Linde 7%, #RIAKIEZAE o728 Ly sLH2 IR DOBAFE & 2021 FITHEL L7220 . KK
JEL D EWEAEES Z LT, FEEZHMSYE, BOG 0L LD $THHME SNDN, M AL
= A LI S TR, 2023 Fi2iE, FA Y ORBRAT — a3 TFa b & A THlj~D )
DI FHE S TN D.

AL RIKAT A (LNG) 1Zxf LT, HaNOKUE%E ik k3 % subcooled LNG & FEZILD FiEn & 5 39 .
FHEFHEMHA L7 LNG 2820 B b ReNICEET 2 2 & THIRIEZRET 2Z 2 Th 5. o
IZ¥ 2 72 BOG Z L T SE L L &b, BaNENEZIR TS EL0RDBH L. L LR s, K
WO FHEALIZ BT 205861134 72 <, FRHRALOFEM 72 A J1 = X L OfEIIEA+453 TIE7ZR 0.

sLH2 1%, Z @ subcooled LNG & AR LE B X HND. [AEOBSN, LH2 ODKFEAT— 3 I
BT 2000 FEOLREHK SN TWD 29 . LvLend 5, sLH2 [IZOWTHFRALOFEM A 1 = X AT
F TR S AU TO R0,

FHEALD A J1 = X LOfRINIZIE, HRIK & KUROBLH DY R B 2 R T 2 LERH VD, IKIAKFEOY
HREETH D, RENTIELD 57, BYRERRES R EOMMENEERAIZHE ST\ 5 30,38
F7-, WK ECTHECHEN S BTN RAHE S S 2 L— 3 VTl 5 2 & T, BRI 2 Sk
ETTHFEETH D 39 .

6. F&OH
B ~DOWRMEKFE O T & LT, LH2 (EkDikAAKE) , CecH2 (Cryo-Compressed Hydrogen) 5
X OVsLH2 (Subcooled Liquid Hydrogen) (ZOWTHIEAZ £ L 72, ZTNENOREER 1ICE LD S.

x1 RERMOFLD

WEEREPH | BRRIED) | R o
K] [MPa] [kg/m?] ‘

N N \ WREBIR SR <, TR LEED 2.
LH2 14~33 0.7 7084 E BOGOIHANL <, HIE E 0T,

FARDOEMIAKRIC XIS L, KR ATEE.
CcH2 14~k 35 8011 I BOGOHEN D72 <, BEHE.

IR S EXRIE DB O T2, T A RAE.
LH2 X W BOGDOE LD 720,

sLH2 14~33* ~2 708 b B TBMPaT, CcH2d v ZAfh.
FERISANBA 22 RS 250,

*sLH21E, SEZEERADLR o, BEShDIHIE

LH2 1% 60 #=LL LRI DERFE N IAE VD, B TOETRERZR EOFEBL L, HiFMICiE&bREEL T
L. T 5 L, MEOTOFEE E BOG OEANE L RV EELLREDTHSH. CcH2 1T, REI
WIRETHAA—=LTEY, EREND 35 MPa £THIGEL TWAT-OEEE CESLRHENTHL. REE
O LH2 &, FRALSNTWDLEMAKBZOAY v MEIENLIEHEMNE S A 5. 72720, CcH2 OFEBITIT,
RIS LT MK B RSN 72 ), 2 A NENKREZ2ETH 5. sLH2 1%, LH2 (2% LT ERE
N0 (B MPa f2E & A bd) ICRET S Z & T BOG OfEkE2hE LK THS. CcH2 &
I b sLH2 eI Z2fliic /2 EHEM SN 5726, HDV 22 8 REOKEAZEHRTHEE ) T 4 OEKIZ
AV hEEZLND. 72, sLH2 IIFHBNORKE HiFLd 2 Z & T BOG 2 &85 Hil &% %
SNDD, FHRALOMBLBLGII 3T ST 722, sLH2 Hifli 2 @ISR B S 57-0121F, mksE
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