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A Fundamental Study of Combustion Control of a Spark Ignition Engine with Electric Fields (Second Report)

~

11pt. Taro Kohjimachi

The purpose of this work is to study the feasibility of flame propagation control of mixtures in a closed vessel by
applying electric fields. Hydrogen-air, methane-air and propane-air mixture were used. D.C. and A.C. electric fields
were applied. For both types of electric fields, the results showed that the application of electric fields remarkably
shortened the burning period of each mixture, especially in lean or rich condition. Under these mixture conditions, the

following two patterns were showed, 1)large increase of initial flame- kernel growth, and 2)large increase of

flame-surfaces by changing into wrinkle-flames.
H1 AT Y — ) H2hT Y —

Jiro Jidohsha

H3HT Y —

Kuruma Sojuro

ot

N
i

wwgT

17013 %

AfF—U—F
A -«

KEY WORDS: Heat engine, Spark ignition Engine, Combustion analysis, fFlame, Electric ﬁelds\ (Al) S | @
s — R

1 XFHT5
. £ & » ¥
PRAUIKSRIREL D TFRE 8 2V ML R B S A FIN
To L, RRIFEBBTIMELS Z ERHLABHMENTND.

DBEALERITA.
B @7 RAYRHI(MMESEBAD2F) K
Qi EHERLI-IBAITREA ik
Moy @E—)—RFOBKIzHEI—LFERE T
L4 OR—-8BEE. A—BSTES S
7Y @BEXMOERICEALTSSL, P
Y DAXHFIEOIIRON=FTATEEL
AR T2EL, ¥ T avDIFig.OllzFD 7

FFETOKTY, a
DS R

FEDFE w KIE S OB L ZRFFEE (THFONE 29723, BfEE T
Z ORI IR, ABFIEIT KR DEEHIEE 2 KAERK
BRBIOIRBERIED, & 0 DI AR A KXOMPEUGED TR L LT
DHREMEZETT 2 Z L 2 B & F 2ISHICBE L& & b L
MoEak o TE .

2. FEREEER L OU5E
BNCITFFIERA S BRSSO 2 S HORER S
& W 1R T RS ORZHE, WEAL 60mm, JE4 32mm,

@ > so18 4 10 HD R, 20+ oy panie

®

O AHTHHAITRB VO TRE.
DA FKZA(113-8656 HFHS STHL XA 7-3-1)

NAFE 90cm3 DY = TV VBIOME RS T, AasmiliEic
Ry 2 ) — VU GEREE O T A, FFREECITEE
#ag5, WHERH = v 7 BB T s . ERETIIH O ERmRIE
KR HemEm o 2 KD 7T AR B e I FER R (B
£ 1lmm) OFMEAFALTME L, MMIIREERIRA &
L7, 2ok 2EmELE IR OHER S Sbivd b DO TR
PP CEIREN R DK E , BRI, BNAT
EROFE L0 P FREDWRAL, 8 D\ NTE DL %251t
SHTND I EERIET D, Z O RITRILKEREIO TRA
HDUVNIIEBARICEIRE SR 2T 5 &, KR ITRE 5 mIC
HS ZEnELS b Tng O

Shell-shaped
Piston Cavity

Fan-shaped
Fuel Spray

High Pressure
Injector

Fig. 1 Fuel spray and piston cavity configuration
%7) at stratified charge operation

2)(—#k) [ B A7 2 (102-0076 HUE TL K E&ERT 1 25mm

10-2)




FERAYE 26mm, ZeA B 8Smm

®n%& ik

AXOBAICE £, CkEBIT 25810, RS ETT 04
iz 1)) »Xoic, —#EOEE % iTTL

THREW

a. mLEBHBITDH5E

A FE, MRS, B ), HlODR— U —f& D) D
—¥, FATHE, doi. (IRHIRE, FFE L mEAIIIHIER)

(1) BEIHURES « AT dehniii & BY, AEEEIRS
#£, 150(2), 100-105, 2099, doi:10.1016/yyy1234.07. 231.
(2) AEVHCRRS, “#wiEr, TEEMTRES, DA =RRIED © A
AP A DS LT RBEfAT FIEOIR SR, B ARSI SR,
960(3), 45-51, 2058, doi:10.1016/xyz1234.07.231.

(3) J.F.Bush and A. C. Walden: Proposal of human centered design
using innovative display systems, SAE Int. J. Passeng. Cars - Mech.
Syst. 51(1), 689-708, 2039, doi:10.4271/ccc2039-01-0817.

(4) A. Pfefferbaum, J. M. Ford, W. T. Roth, W. F. IIIl Hopkins, et
al.: Event-related potential changes in healthy aged females,”
Electroencephalogr Clin  Neurophysiol. 46, 981-986, 1979,
doi:10.1016/0013-4694(79)90052-X.

b. HEE - SR LSBT 258

4 K, HEES, B (5) , MIDON—Y =D O~—
¥, FITH, doi.
(5) JLEHTURER,
FIEO T,
20385678, 2038.
(6) EBYHLRHR, PO =R : &R L 257082,
HABSI A5 54 [RIRHE ) Al SRR SO, 121-122,
2038.

THRAEF  AERR AL R L7 KT A EEE
HEhELHAT S 2038 FAKEFAIRRE S THRE,

(7) D. Chappuis: Small size devices for acoustical measurements
used in automobiles, SAE Technical Paper 2039-01-0197, 2029,
doi:10.4271/2039-01-1197.

c. HATE1MEZBICT LA

B4 MEL, RO, R, HRRAE, ISBN

(8) WRKALEZ B DT 4 VX VG HHLER, WO, HTI LR
[, 1981, ISBN:978-4526012556.

(9) S. J. Luck: An introduction to the event-related potential
technique 2nd edition, Cambridge, MA, MIT Press, 2014,

ISBN:978-0-262-52585-5.

d. WITEO—#E2LSEICT 556
EEA  KEL, W, HGE, 2B ICT DT oD D~
— ) DR—, HBRAE, ISBN

(10) ZREHE, EHMEK  LDEREORDOT =2 BT 7 =5
VT w7 R, db KRB E R, 204-211, 1990,

ISBN:4-7628-0131-3.

(11) JKH¥E, SHEL 7 5 6 B/ RFA M) w7,

MEHZ FEBIE O RLRE, HU,
1997, ISBN:978-4914903466.

Y AT 4 A ML, 63-T79,

(12) 1. 1. Eggermont: “Chapter 4 Hearing problems,” in Hearing loss
causes, prevention, and treatment, Cambridge MA, Academic Press,
93-128, 2017, ISBN:978-0128053980.

(13) P. L. Soendergaard, and P. Majdak: “The auditory modelling
toolbox,”
Berlin, Springer, 33-56, 2013, ISBN:978-3-642-37761-7.

in Technology of binaural listening, edited by J. Blauert,

e. Web %A FNEBEITTIHHE

gk (HRA) - Web ~—D5E4, Web A K URL, SRA4E
HH

(D) LT A B — LD LF0E A CRE DS TE FPI AL,
https://www. npa. go. jp/bureau/traffic/anzen/highbeam. htm
1, 208 2024 4-8 H 23 H.

(15) SAE International: SAE International® continues to power EV
innovation standards with release of 73400 EV coupler recommended
practice,
https://www.sae.org/news/press-room/2024/10/sae-j3400-recommen
ded-practice, accessed October 14, 2024.

[ BSGEESEZIIT 250

Bk, HIEMR, BUSIREIE)

(16)JIS 7 8530:2021 : NI T5— AN E VAT LEDA X T
vvar—AVETIT 4T VAT LOANEHLERE
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Automotive Technology: Standardized Keywords

20104E5A%4{T/Issued: May 2010
20134 10AMET/Revise:October 2013
20254 10AHE/Revised October 2025

(*)
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(*): Items marked with an asterisk
are spelled out in the definition.

B9 25

BH D%

Objects/hardware/softwar

Means/details/component

Purpose/field (5D, \=RBLVYTH) e Fi-NESSUHEER technologies
ek $1h7aAV—- $E2h7IU—- Category 2 $3h7IU- Category 3
Category Category 1
Code
ORI |E =P compression ignition engine 5HiRI/E2 1R/ T measurement/diagnosis/evaluat
heat engine NTE SN AR spark ignition engine BT E numerical calculation
FREEMEEN homogeneous charge E&ET/ A design/control
compression ignition
FrEUALRS new combustion model/new B:R/E57U>) theory/modeling
combustion model engine
O—4UtRs rotary engine/rotary TERE/RER /XK performance/fuel
combustion engine economy/efficiency
YCEIVYL: 1| Stirling engine PRIGERRAR combustion analysis
HRH-E/ZERA-E> gas turbine/steam turbine HEHHZ/BEHEEY emissions gas/harmful
IS EbR-BR engine component or element  |JARIEST/ARIETE fuel injection/fuel spray
H—RFr—>v/VGH—R turbocharger/variable geometry |IRHES intake and exhaust
turbo
2——Fvr—>v supercharger BIE supercharging
] E NS variable valve train SBARIZR/ HARE mixture formation/gas flow
(A1) IS fkksa engine accessory ey S E ey Nhe=] fuel improvement/fuel
A—RIVINIUR turbo compound ahnE additive
IR 2T\ post treatment system B/ NoAROS— lubrication/tribology
=i three-way catalyst HREh/BRE vibration/noise
deNOxfiE/SCRARFEH/NOxiE |de-NOx catalyst/selective B0 cooling
FTRLE catalytic reduction NOx
removal/NOx reduction catalyst
WRLIFI1L5 particulate filter
R A AR fuel/alternative fuel
HYV> /8% / XT38/ E5h gasoline/light oil (gas oil/diesel
oil)/heavy oil
I%./-)L/BDF ethanol/bio-diesel fuel
LPAR/RAHR/KZE liquefied petroleum gas/natural
gas/hydrogen
DME/FT&RKH dimethy! ether/Fischer-Tropsch
synthetic oil
R/ IS A lubricating oil/engine oil
_____ ®§73EE% FEIZAT start control system ﬁl:_[______________ngc_hiﬁiﬁg___________
power transmission 2R transmission LZps material
TIP3V AR differential/final reduction gear |34 strength
MT manual transmission &5 fatigue
AT automatic transmission s mechanism
CVT continuously variable
AMT/DCT automated manual
transmission/dual clutch
transmission
ESEl S S D new type transmission
ENDBECSATA transfer
AWDZ AT all-wheel drive system
(A2) JATUYRIZF s hybrid system
BRENSH/ 31> b drive axle/joint
DI3FSRT clutch system
WEEE/FTRT A gear/gear system
RSATRLA> drivetrain
RIVNRSAT /859330 R54T) |belt drive/traction drive/chain
F1->R347 drive
HIEHS 2T L control system
SHES AT hydraulic equipment
[E KNS synchromesh
32 bearing
SEER/ NSO AZYS v AL lubricating oil/transmission oil
_____ ®EV-HVSAFA (¥) |27 motor E4E T |motor characteristics
EV and HV systems E-9BRENS AT L\ motor drive system BEREHEH electric power conversion
A>N\=4/A2 N4 inverter/converter IRF-E%E energy regeneration
ND-ad>bO-)La=yb power control unit S AT L FEi system technology
Tt battery technology FEBA>TS filling infrastructure
UF) A A EM/Zw4r)L7KZRE |lithium ion battery/nickel-metal |EhH53E] power split
St/ 20 ES hydride battery (nickel
hydrogen battery)/lead-acid
soC state of charge (SOC) fiEr oS insulation
E/NE charge/discharge AL standardization
BHITEIZATA onboard charging system SERR regulation




BEIATA power storage system BEXKLSE (BEHLE) electrical safety (electric shock
prevention)
(A3) EEN /22 electrical accessories/air EMC electromagnetic compatibility
conditioning
WS 2T\ accessories ST policy of popularization
F3T42 ATy R plug-in hybrid IRLF-NTOR energy balance
AR fuel cell IRNF-IRIA energy management
Ve stack cell BEN/EBGREIR—IXAIN cooling/heat and temperature
management
IKZRHY hydrogen tank
IKZRBUIS/ BN hydrogen production/hydrogen
reforming
IRIF—FeiE//KZEFeE/(>T5 |energy replenishment/hydrogen
filling/infrastructure
IRIF—HITHSZT A energy control system
JL—+#I1H/E4#FHIL—+  |brake control/regenerative-
friction brake coordination
@EE[ESD BFRICUF1HIE electronic stability control EBNHIH motion control
vehicle dynamics HYARY23AVIAT suspension system EmEHF vehicle dynamics
BFHEYZIR 3> electronically controlled Bt i) evaluation technology
DAE S SN brake system RSAINEFIL driver model
JL—+)/\17141/ABS brake-by-wire/antilock brake — [{EtZEME driving stability
system (ABS)
ZFTPUSISRAT I steering system HNFETIL dynamic model
(B1) 2T TINADAV/I\D—RF 7> |steer-by-wire/power steering road environment recognition
ALY /"1 =)L tire/wheel driver intention recognition
DA SEV CE SN chassis/component
EERAREEE B i EEn S AT, |adaptive cruise control system
BRI SIES AT A lane-keeping assistance system
HEBOBSLLREE electronic stability control
Z#mEE/ R BUEE /S IRER M /A ZE | motorcycle/heavy duty
i vehicle/special vehicle/aircraft
""" OF T 5k ] PEDISEL N platform HEEstE  |performance plan
vehicle development CAD/CAM/CAE computer-aided design IIRFI7[1>TI7 exterior/interior
(CAD)/computer aided
manufacturing/computer aided
engineering
N—YFILEEYTA personal mobility h3— color
ROA MRT— body shell/white body/body in  |B{AiEiS/EE{RE5%E body structure/body design
white
IV RT =414 bumper/body model AEIEERAARRAT structural member analysis
(B2) A>ZN IV instrument panel EmEtE vehicle plan
> —N/B8BR seat/lighting 8221t weight reduction
FHA> design sSEtEE L/0/CR NS design optimization/robust
HILS hardware in the loop simulation |5%5t>3Z310—33>/5%51Y—IL/5% |design simulation/design
HEFULY tool/design modeling
FEHREA /RIS T rapid prototyping/virtual
Rl AR vehicle application
E-HRR=Y motor sports
{SHarE reliability
aryiil-33> load simulation
O©RED - BEEF - TN |/NT— bLA/EBIK/ T S 2REER% |power train/body (vehicle CAEREHT/ T/ it CAE
body)/engine mounting system simulation/forecast/optimization
vibration, noise, IRHER S 2T L /BRENSR intake and exhaust BRERE/BRERE finite element method
and ride comfort system/drive line (drivetrain) (FEM)/boundary element
method (BEM)
YARY2AVIRT suspension system (suspension) |5 ff/ 5 1R/ ZRIEZR$R |evaluation
ity technology/measurement
technology/sound source search
technology
IL—+/94% brake/tire WFRTAFA1FIIR multi-body dynamics
BRI/ B AR body structure/body material  |$&ETEITRIVE—BRATE statistical energy analysis
BhE# acoustic material TIE—=D )R full-vehicle simulation
fat - TIN( RBRS accessory and device noise EERARAT AT test and analysis technology
T4 RIRENER S /DR RS idling vibration/idling BEq bt optimization technique
noise/acceleration noise
ZENE/IRED booming noise/vibration F=y = fiifg: WS e i sound quality evaluation/ride
comfort evaluation
(B3) AR quietness F)\A 2 H it/ ) A A device technology/control

technology

R3229 (EEKO-R/AX)

drumming noise (low frequency
road noise)

T RARAT/MAIE IR ARAT AR
SR

modal analysis/transfer path
analysis/fluid induced noise
analysis

O-RIAZ/IH=> )4

road noise/pattern noise

NO—-NAIRE) (468h/Fet/Z
®)

powertrain oscillation
(powertrain start/vehicle

SRDF (NT—NA>/BREIR)

whiné/g-l:dwl/beat noise
(powertrain/drive line

F7E gear noise
FOLD ride comfort
USSHEYY harshness




(C1)

- shimmy
EATEAIRED body vibration while driving
Ehmilor= wind noise
JL—FIBE/Sv5— brake noise/judder
BNRS/BREARE exterior noise/noise regulation
DRL BRE R/ NLBE/THEE/Hi|passive safety (collision EERIRIEER road environment recognition
age safety/crash safety)/fire
safety safety/active safety/combined
active and passive
safety/integration
control/integrated control
BEEE safety education ESALIE /| EERALIE image processing/information
processing
F|MEIRMET AN material flammability test Haet/aE 155 H intelligent/computer application
HIFIZ 25 L suppression system REERI/REODLZSE occupant detection/occupant
safety
a2/ REIRE/SHI1TE - 28 [first aid/occupant =R damage mitigation
RERE/ABIHERE protection/pedestrian and
bicycle and motorcycle rider
protection/protection for
vulnerable road users
= =r{ PR T | accident avoidance/collision BEEIRUN - $2F0 energy-absorbance and impact
prediction attenuation
EZeERER crash test SBHARAT /B S HARAT accident analysis/statistical
accident analysis
BAHEZE/ RIS EZE/FHEZE rear end collision/side EHERE- D accident investigation and
impact/frontal collision analysis
B5A fire protection ey Mg near-miss analysis
TI9593a pre-crash FRERER/H) RIS survival rate/start of initial
treatment
IANFEYF« compatibility {SE=FH injury prediction
RSAE> >3-4 driving simulator BEXN=ZX L\ injury mechanism
I7)\WH/3—MILR air bag/seat belt BINBIR/EHIET accident reconstruction/accident
re-creation
PNSSIESS anthropomorphic dummy/crash |2z AMXETIL anthropomorphic dummy
test dummy
RS54 J1—%/EDR drive recorder/event data E=mifingd rollover
EBAEIE body structure L%k sensor technology
S—NAYRLVARAT S seat/head restraint S EmE/ Sl e 8RSt injury tolerance of older
people/characteristics of older
drivers
SR ERE/CEHIRE protection of older people/child | S{S&BA1/INELEFL injured area/impacting area
protection
CRS child restraint system BEE (AIS) abbreviated injury scale
HRRERE expectant mother protection EaEEEN FIH/ T 7/ Cw s HIH vehicle dynamics control/airbag
control
SITERRK/1RE pedestrian detection/protection |EEHRHEIHE lane-keeping control
BEJL -+ automatic brake FEF-33> navigation system
WEERIL — /23R damage mitigation EEERY - IREER@(E vehicle-to-vehicle and
brake/warning infrastructure-to-vehicle
communication
FEEa=E0c intelligent vehicle BB/ RN\ driving support/driver support
ACC adaptive cruise control ISS injury severity score
ERIEE road environment H07-4/39057 -4 macro data/micro data
RERNAS intersection camera YZIHh-T risk curve
EBEF—HIN-2 injury database = risk
BREZELIATA critical safety system FILAV delta-v/change in velocity
= MILNRAS seat belt reminder B84 TEN evasive action
EHBIRSZTL (ACN) automatic crash sitBR/ 24 test/evaluation
notification/automatic collision
notification
ROH—A)/RGH—h— doctor helicopter/doctor car E=HIME third-party evaluation
FEHIE licensing system SERR regulation
SERME injury criteria CAE computer aided engineering
1>I\94 impactor
ANILAY helmet
®ABIZE =inE elderly person (people) BREES |elderly person (people) support
human engineering AKMEE human body injury EEMmIR/ Bl mIE experiment ethic/engineering
INAAXDZHR biomechanics ARNVR/EER/INTA—IVAGHE  [stress/subjective
view/performance evaluation
HARETA /B IR bioinstrumentation/driving RSANtE> > /RS54 )NEZHY> |driver sensing /driver
psychology Vi monitoring
RS54 )ViREE driver condition RSANETIL/SAF-ETIL driver model/rider model
SRANR SRS cognitive reaction time RSAJVREEEZHU> S driver condition monitoring
JEIRD/BGH drowsiness/alcohol drinking RS )51/ RS54 )\4T8/ RS54)C |driver characteristics/driver
IS/ RIAIGER behavior/driver fatigue/driver
attention
A2 ETE task load/driver burden EERAFE driving characteristics
(CERIE cardiotachometry RSAE> 3L -4 driving simulator
YR IME risk compensation R/ AR/ IR/ ENE/ SR |field of

Bt/ bR 1

vision/visibility/operability/contr
ollability/ease of egress and
ingress/comfort




BIE/ M overconfidence/disaffection B/ hE/ME sense of hearing/sense of
force/haptic sense
E1—->AH9T1—-R human interface SRAN/ e recognition/judgment
BB/ EER car sickness/aroma/awakening |1#/E operation
s h=ti=| fatigue/workload EER R driving posture
FAANTIZ A distraction BAZE individuals difference/variation
(€2) J—HO—k workload EEiE/ S mental workload/physical
YR R4 risk recognition fibd - PR SR/ B - BARR cerebral nerve
system/musculoskeletal system
t1-¥>I5— human error HARSHRl/ KD E bioinstrumentation/biomechanic
Bt/ RE /R sensitivity/vision/visibility BT IE driving support/driver support
HMI human machine interface =ik alarm/warning
ZBHRIRATA warning system AIBEHA physiological measurement
(EHRIRMES AT information systems BRI/ S automatic nervous
system/central nervous
system/endocrine secretion
BT intent determination HER/RER visual system/olfactory system
EERHEN driving ability FIZHE - BhREAS /R - ANE4FME  |morphological and dynamic
characteristics/perceptual and
sensory characteristics
RS4JL3-4 drive recorder RS/ EERE operation amount/operational
performance
BRI/ (> 1— questionnaire/interview ITENEIR behavior observation
EBERITE driving act/driver behavior 5 PSS mental and physical fatigue
1-HtUF¢ usability HMI human machine interface
SREMRIE thermal environment
RSAESTRS 3> driving position
AANETIV mental model
EERIE facial expression
OL: 57 BA/IDY /IR R/EPE  |body/vehicle CFD computational fluid dynamics
= body/engine/intake and exhaust
heat-fluid R/ ENES aerodynamic EFEER wind tunnel test
performance/aerodynamic noise
SSI-H/AINI-5 radiator/oil cooler FIWVIVZ LTI algorithm/modeling
SHBSATL/ESBIAT A oil cooling system/air cooling BENISIE interior environment
(D1) system
I73>7133tF air conditioner I2SUisA engine cooling
Py refrigerant 225/ R air conditioning/comfort
ZERE/RW air quality/odor SR )/ BRI temperature
control/environmental control
B= heat damage
[ ORE-IFNE—-ER |90 recyciing BRERIAGE T [environmentaily consdous
production
environment-energy- J)1-X reuse RISIgMBY A EELET/UYA())LE& |environment-oriented
resources =t production design/recycle
LX)/ LT T —R rare metal/rare earth T+ r-naiAntenance
1S014000 15014000 B standard
KBE3/ B sunlight/wind power EPRRE IR/ BERD AT international environmental
policy/policy analysis
LCA life cycle assessment RS9I material recycling
KEIRE//KBRE/ TERIE air quality/water quality/soil SATHA Y EIR life cycle management
(D2) . envlirolnment . _ ‘ .
BEEAR emissions/emission gas et/ EE design/production
JRER | BAhER fuel economy/thermal efficiency |S it A $zitT long service life technology
HFIRIF— new energy FRB /PR /A regulation/policy/marking
BAORETRILE—/U=1— 7T I |recyclable energy/renewable fRERasE health effects
2 energy
AR/ B RAL fuel/alternative fuel SHEE—R evaluation mode
BEAKELYE hazardous air pollutant EPREAERFN global standard harmony
SRIEEHR heat-trapping gas/greenhouse | 2415 /{5 FE/ FEEEERPS manufacturing/use/disposal
VOC volatile organic compound IRF-RE energy manufacturing
SURZE) climate change
_____ @*Z*ﬂ- Fixiizp Sy iron and steel materials _'5_§7§$_'1ﬂi7___________?e;tzgal_ugtﬁn_________
materials M/ =R DMt/ RMEULIE  |low carbon steel sheet/mild U5 modeling

Bl

steel sheet/high-strength steel
sheet/surface treated steel

AT A stainless steel aryiil-33> load simulation
YT special steel {SFEME/ONZ NSE reliability/robust design
58K cast iron BhiE rust prevention
BHEMR /MR ED sintering material/powder alloy |82£4t, weight reduction/mass
ElZ73 77 non-ferrous material 58FE /R MHEFE strength/stiffness/rigidity/wear
resistance
FINZZULAEE/RTIRIIAES/ |aluminum alloy/magnesium sl fatigue
FIEE alloy/titanium alloy
mET composite material ME/E8 anticorrosion/stray current
corrosion/electrolytic corrosion
SO TR polymer material N addition
ISANY elastomer EHILIE/FEEAN heat treatment/quenching
RIV—EEH polymer composite material REIB/HoZx surface treatment/plating
SMC surface mount chip or sheet s/ RS casting/forging

molding compound




TIRFYINISAIUY

plastic recycling

BE/EE/EE

joining/coupling/welding

(D3) AN IV instrument panel TU R press technology/stamping
technology
VASAVA=L7. 2 E2 bumper/body/vehicle Jotz process
body/exterior
/-~ interior/seat bt smelting
AR adhesive T/ BV workability/recyclability
iy ) paint B /AEAM impact resistance/transparency
IS aAVR—ZUN engine component THER e/ MR/ MK /M |heat resistance/oil
resistance/fuel resistance/water
resistance/light resistance/light
=/ HRTY R seal/gasket B smoothness
BASZ window glass fEiRE insulation performance
WBEATIIIX/ILY M OE33 X |structural F)7903— nanotechnology
ceramics/electroceramics
ZREMMAR/ TSR secondary battery material Ti%e /B4 L/ 510/ MRV fracture/oxidation/deterioration/
(rechargeable battery degradation/heat resistance
material)/material for motor
TR magnetic steel sheet TISAFIE magnetic characteristics
ERRE electrolyte V33> friction
KAKG permanent magnet
R catalyst
H1y—2 grease
_____ @EE.%}E E3i27% formed and fabricated materials ’E@Z’éﬁ____________plgn?ﬂﬁg_/d_eag;\________
production-manufacture |FAZINT forming process FR/AZ material/cost
[l additional machining TLR/KRE (T52FvD) press/resin (plastics)
F—LhT—-J55%5 teamwork design AR /S I F—FEMI [machining/high energy density
machining
SERE quantity production prototyping |$£&//84E/AEED joining/welding/weld overlay
S/ tEnS /AT R AL casting/forging/assembly/painti |CAT/:Tili/ & computer-aided testing
ng/rig/trim /evaluation/quality
AEREEE /RS ETE A FE BB/ 8 [production plan/manufacturing  |A&Z/3AIE inspection/measurement
EEE plan/production
management/manufacturing
(D4) control
MEEE/HEREIE/HIEEIE |quality control/supply s%Et/AUE design/prototyping
control/schedule
control/schedule management
e rgiv die/mold 1) module
ZAANIR /REANIE heat treatment/surface ~#ILAZ S total cost
lR/RST/ AT IR equipment/maintenance
JE/EE procurement/purchase
—E4E continuous production
PLM/BOM/PDM/MES product lifecycle
management/bill of
materials/product data
management/manufacturing
DBILIPO=IARUE |BFT/UR/ND-F/4Z electronic device/power device |F—#8ziX - &i& data transfer and storage
il EIRIC power supply integrated circuit |J\—ROI7-YIRITT7IE#EAL, hardware and software
standardization
electronics and control B ~/I>/E#HASIC microprocessor/application FANBREER information management
specific integrated circuit
EFE{SoC/GPU,NPU system on chip/graphic sER/ETR/52H test/measurement/diagnosis
processing unit, neural
ECU/PCU electronic control unit/power SN/ —3a>y reliability/simulation
control unit
AN B/ Ty physical sensor/chemical sensor |#IfIZZ2FL/VT control system/software
MEMS micro electro mechanical BRI electronic properties
BETHF1I-H electrical actuator EROE/EFEEE electric circuit/electronic circuit
LEDZ1 b light emitting diode light Bl Y/ 70F11-4 vehicle sensor/actuator
TN light E{SULIE image processing
IV —)\—RZ/BHZRT(Y/\— |wiring harness/wire A>0-RFZANMATAN/EBGEL |on-road test/duration
A harness/electrical system wire  |XJLFZ test/durability test/parts level
harness test
EDR event data recorder HEHALE new measuring technique
OBD on-board diagnostics EAEE intelligent
L5/ YL -4 millimeter wave radar/laser SAFLATE system engineering
(Lidar)/UuwB radar/ultra wide band radar
HERNAT/TRINNAS semiconductor camera/infrared |#gEZ 4 functional safety
camera
RRTI\AR/IRVETINAR/Z5R-  |device/operation B electrical equipment
|SERIZMHETINAZ device/warning and information
BEANIESATA parking assist system Ny —3/ 71> /R package/assembly/packaging
technology
RS VIRBEARENHIMHS 2T 1\/&  |driver state detection control
ESU2E Y SIN system/security control system
(E1) human machine interface

HMIZRR/HMIR(E/HMIBER IR
52 SUN

display/human machine
interface operation/human
machine interface information
provision system

BIEERHS AT L/ B S
L

image recognition
system/speech recognition




(E2)

FEYEITES 25 L/ BRETSAT
N

control system/autonomous
land system/autonomous

electrical system

BNIAT L
IO MY A2y a> HlH/
S -l

engine control/transmission
control/chassis control

BZREEHIE/ TR RS/
BE(L 2 HI1H

passive safety control/active
safety control/intelligent safety

HasIE)/ BEERHIE/ (D017
HIFH/EV - HEVHIH

integration control/vehicle body
control/by-wire control/electric
vehicle and hybrid electric
vehicle control

I Z1L -3 /HILS

control simulation/hardware in
the loop simulation

IJh-ILYbOZIR

environmentally friendly car
electronics

I ES—>3>

control navigation

EMC (EMI/EMS)

electromagnetic compatibility
(electromagnetic
interference/electromagnetic
susceptibility)

ORFAYIZ robotics
ISEJPELT autonomous driving
BFIET platooning
VIEH - BERVTH ge{b |LIN local interconnect network %%E%_ETE_ T T T T T T T T Tinter-vehicle
communication/vehicle-to-
vehicle communication
information, CAN controller area network BIRSAT A information system
communication, and FlexRay FlexRay A-F4A audio
intelligence PLC power line communication FEF -3 navigation system
BfmREE high-speed communication RIS R, environment recognition
T—ho—Z Bluetooth BIESAT L communication system
fBARLAN wireless local area network ERRYNI /By I—4  |interior network/vehicle
UWBIES ultra wide band communication |IT/ITS information
technology/intelligent transport
WiMax Worldwide Interoperability for | X7 ¢7I5%R media information
Microwave Access
I S5—@E cellular communication | SE) eco-drive/environmentally
friendly driving
EZEJISELS Internet communication SE/YIRR speech recognition/object
Recognition
V2X (D4YLR) vehicle to everything JLIEE optical communication
communication
V2G/V2X (BHIR) vehicle to grid WEBI>F>Y web contents
1 >AFEREEIR traffic information DEGLIES 2T\ distributed processing system
HDSZA HD Radio ~NLFI7CPU multi-core CPU
PND portable navigation ARL—-23>03 T operating system
device/personal navigation
RS54JLa-4 drive recorder
BlFts—33>/3131-4—33> |vehicle navigation
SAT system/communication system
IVI/EEHA D TATAA in vehicle infotainment
IIIRS AT\ cloud system
AX—NJUyR smart grid
VE—NIA7) remote diagnostics
BEFINUIKIM digital watermark technology
tFa7EEIOMNIL secure communication protocol
FyRI—-H N —HEUF4 network traceability
BHREEBEIATA on-board multiplex
communication system
JRIF1vRN— connected car
SEPRIRAE remote control
BYINITPETOERRAM | JOvsFI—> blockchain EBETILTUZL |optimization algorithm
software and its HAN-INEFE cyberattack methods ERFE formal methods
underlying technologies VINIT 7N =T334 software partitioning AF /BT TVX A parallel/distributed algorithms
F=HIRA=Y data mining BTt quantum technology
F—Aa]R4t data visualization M machine learning
F—ARIRIA—TY data representation format SR 1T cloud computing
T4V AT file system Iy>aoE1-F4>4 edge computing
F—=AR—-2 database IoT IoT
BEIRLITT communication middleware Webi#iit web technologies
SHEER language processing system | 1—H4{>471—Z/UX user interface/UX
AR —FAH AT operating system IINFAF4T multimedia
PEOL-LT-1 distributed framework SHE) - SISV I NI T T measurement and control

BEN&EERS AT LTIV NI AL
(Autoware. Apollo)

autonomous driving system
platform (Autoware, Apollo)

v-I71 (HeEzZ,
SOTIF)

safety (functional safety, SOTIF)

E-2)L0S vehicle OS BAN—tF1U7¢ cybersecurity

TS TER modeling language T5AN—1R5E privacy protection
HILS, SIL HILS, SILS Al-T— SR Al and data analysis
T2 design pattern Evi5—4 big data

J0J53 =58 programming language F—HZAN - data storage
I-FAIHARS1> coding guidelines BEYI~IIT communication software

A-ha—K

auto code

VINIIT ISy IA— 1

software platform

FANIL=LD-Y

test framework

Sbv

SDV




F)\wHY—), debug tool ECUS ECU integration
J0J743 profiler VIR T 7RISR LR software development
methodology
FANNLYS test coverage YINIT7RIRTOTR software development process
CI/CT cr/ct BRDAT requirements analysis
BEHEHMEAETIL CMMI (capability maturity model|System-of-systems system-of-systems
integration)

PATIVART—R

assurance case

SATLXIYT T /MBSE

systems engineering/MBSE

TFIVFAARL -2 25—

security operation center

VIRNDIT7—¥70Fv

software architecture

(E3) 13T RIS incident response CAE/>Zal—33> CAE/simulation
HEss I EIR vulnerability management I E V] digital twin
SBOM SBOM VIR T7E%ET software design
TAL>ODwY forensic A-F429 coding
HRRAL generative Al VINITITFAN software testing
SLAM SLAM 4 RE ST performance evaluation
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