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SUMMARY

With the increasing state of air pollution and global warming, environmental
regulations are continuously getting tougher, and the development of eco—friendly
vehicles are increasing as well. Additionally, increasing number of megacities
around the world draws more attention to efficient and safe transportation system
especially in urban applications, where traffic congestion and parking space issue
can be one of the main drivers toward new vehicle technology and transport
system. As an alternative to resolve these issues, we propose to investigate the
social effects of Personal Mobility Vehicles (PMV), which can be defined as a
sub-A segment or micro-size with single or dual passenger vehicle in general.

In this research, a fully electric micro-size vehicle prototype with a foldable body
concept 1s developed as one possible solution to address the above issues. Under
the UNECE regulation, this vehicle can be classified as an L6 or L7 category.
However, other economic markets yet do not have defined regulatory requirements
or norms on this vehicle segment, hence the prototype vehicle is designed and
developed for the referencing values and stronger attraction toward the social
benefit on new segment introduction.

The design and development process are described with the required control
network and component design. The innovative and attractive body style is created
based upon nature observation. Four sets of driving electric motors are incorporated
in the wheels applying permanent magnet synchronous motor design and their
related control system, which 1s called as in—-wheel motor assembly. The
four-wheel independent control of torque and speed are developed and implemented
in conjunction with the overall vehicle dynamic control algorithm.

If this purely electric micro-size vehicle can be a replacement of existing internal
combustion engine driven vehicles as a private or public transportation, the overall
impact on the COZ2 reduction and social benefit will be significant. These types of
vehicle can provide social-economic benefit if applied to the car-sharing or
inter-modal transfer vehicle or urban area of local transport, etc. Various design
and regulatory considerations are also discussed in this paper along with potential

application scenarios emphasizing urban transportation issue.
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A4 19 [ 400
A 24 [kg cm] 12.3
wel A %% [RPM] 3000
wH b 73] 1/60
A%k [V 180

AAAF [Al 2

Zu R A [kg] 149

Yl I [mm] 60

A AFF & 7)o)(HY) F ol sAE [m] 1.6
A3 &5 [s] 11

H3 &% [s] 9
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107 Fig. 7A - Transient voltage (Base)
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Fig. 7B - Transient voltage
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curve EEfE AX ZA
@® Single battery2l cell M0l =3.9ve M 30x XN & &I 20| AZ oA
@ Single battery2l cell 820l <3.4v M =S| CtAl &S
@ UA 25D = 75°CY [ SED| AEHIH HIFAACZ 2t

HHEfel A WS A8 CANDE D& relay? ALE

@ CANO| Z=r=l AEHOIA Single battery2l cell &0l =3.0ve M 2H & 24
@® Single battery2l cell M0l =2.5V [Mf 5~108 XIH & 2H & HZ ol Al
@ A 25 > 75°CY M ¢E 32 AZ A

g& MO

- g g e FA (BMU)

= BCUSH AZ250o wige] A&
TR whEe 2z Aol g

ol 510 |
HE'= e =
A em AA AR AAZ exs RUHIID A A%, v 2% 5 7 e
A o] 7} cenoﬂ 3 ABE CAN busZ 53 BCURZ d5sty, wieje] A 7he] A<t
2ol v #9 Bl Aold AN Aol AYAE AL RF HasH, v
Zo] Wzt b el g gelste] wiEe FY @4 =RFt BCUS mlasbA R 9
R Z2ad ders duso]se AN 30 W gadel= Az Apgo] sb5d
=
['tem Per formance
&Rk SR A oZ =Y
f‘g%f';éﬂaﬂ% M AT Ho|F szt 12 strings
5 gaer 1 =
=R dsenlls D J s MY 0C 9V~36V
100 40 « t
[ —® | me mm s 0-5v
f -+ H X oF
- . N Single ceIJ & iy
™ FuC
& ¢
) 2C X #M9 | -40~125°C
124 2¢ 2X Fsc +12C
S QIHEO0IA CAN
Mot MEZa x| 200ms
W2 W Mot 2w

<Z¥> BMU Slg#o] 2 8 5% 54

- A Al (CS)

Af ANE A F2 AR AAE B R Axde) Fd orE AERE s
& F9Th @E BT 50ATI000A WA HeEjste] A & gom, AT AR
e Be nE PN Fx FoE BEAE A T sk
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B R
=

FRSA Ao @

AR 1A B4 FHE sebsty] 99 sw FA A, LCD Y2Ede] 9
¥4 parameter 1 A2U AT YAS HAA £ 35049
EOaZdel A AoistehHE 24 5 gov, LCD FH ¢ 3
S kel s 2hel wgA 5 3 3 FR 8

=,
o

]

o]
H
3

E
)
1

O
B
i

| memy | |ozasag] [soc ez |

HHEEUEDEY  BHUEHEEEE

AAHAAA

HHHHHHHHEHY
i F_‘
D.

r* l r_—-l E =%} -
IETLJ”—‘L_ 11 FCS E|xo||a H{ A (COM1)
}
O =M LED : LCD CIAZYHOI0 Z f
O =& LED (RUN) PARN
(H= POl Z28H0] JAS= 201)
O =& LED (COoMm) BMS 2t

— 53 —



7ol & (Cable)

BMS] 7} A= g S/ AER dAH, 7H7He] Ao &2 AHFH o~
Ej7F A2 e} o] §olstrt
<G> ZF AolE WA B ALY
Hz | #HolE BH AL
M ZX| A o|E | 0.5 I Q0|0f; EtA} SHEL MOLEX28PIN 74 E; HICjEHS 15-8 X294z EHolg
1 e ZX| #Hol2 | 2x05 12 2t0|0f; TtXt $HZEL2 MOLEX28PIN FUIE; HIfHE 2% MA
o ome BC | 2x05 DY AL; CHA} BHZS MOLEX28PIN F{4|Ef; BICHES 7{uE O] A
5 257 S 3x0.5 AHEHA 2 2x1.0 12 940|0f; EH} &= 2 MOLEX12PIN 7{UlE; HIIHE 6PIN AMP
Aol HYH
el Ac 2x05 M@ FC; CHR} BHZ2 MOLEXI2PIN 7{ulE); HiCjHe 7{ug O] S%
E'V;EL SH0I= | 2x05 M@ RS DR SHES MOLEXIZPIN #HUEf; HITHEE 6PIN AMP 7{4E
3 [
Y ol 2x0.5 MQ TE; CHX} 3HZ2 MOLEX12PIN F{4lE; HiCfHe FH4lE O] 24
;.”o% . (A R e e [ = = |
AHAS HO|E | 2x05 MY DE; EHX} $HEHS MOLEXIZ2PIN 7Y Ef; HITHHS e O] £af
2™ CAN #O|& | 3x0.5 Xpm|M; THAF 2HZ-2 MOLEX20PIN A4 E; HICHH2 FUE O 2%
=7 CAN #H[0|2 | 3x0.5 ;XbHA: CHA} 3HZS MOLEX20PIN 7{4lEf; BHH®S 7l 0] 2&
L oal® | 2x05 MaAC; Gx BEE MOLDQOPIN 7uEy; BTjEe g 0] 22
=
4 H(pre) ZF
SIS | 2x0.5 MYIALE; CHRp $HES MOLEX20PIN 7{4lE; HICHHS UE O] 24
2o Aol = o T
i %glg U2 | 505 MAUAL; TR} SHES MOLEX20PIN #{UlE|; HIYHE 7u4E 0] 2t
g ?ﬁ“g@ U2 1 o005 MYUAC; TR} SHES MOLEX20PIN 7{UIE]; HICHHS {UE O] S
=
. TFHAM AHO|E | 4x0.5 AHH4; CHAF SHE2 MOLEX8PIN {4 E; HICHE2 5569(2x) &4 HOl4
USB S41 702 | 4x05 XHH4; TIX} 52 MOLEXSPIN L&, HHTHHS USB QIE{m|o|~
OFAE-220[2 | 3x0.5 AFEHAM 2 2x1.0 02 9}0[0f; EHX} SHZS MOLEX28PIN 7{HIEf; HIC{HE 6PIN AMP
s A0l 2 FH4H
6 | 3t EA A0l | 3x0.5 KHHM; CHAF BHZES MOLEX28PIN 7{HlEf; BICHES DBY E{O]Y(SAl) 3 2PIN Z2{1
o | 3x0.5 XHHAM U 2x05 M AE; CHX} 3HZS MOLEX28PIN #HU|Ef; HICHE S AMPGPIN
3o s Aog | Jx00 TG 2 f TR, e

e e e
EARRE X

°of 9% 7}1

A&

e

O~
T 3
hud]
=

(Charging System)

AaRle A7 Baste] FHaYE AR W dE/FE B FUR
|28lo] Aggith 7] 233.3V, 4EH XJ_% 4 KW



7] A}
o A [VDC] 233.3
o A7 [ADC] 40
A2l HA[VAC] 85~265
A8 FI5[Hz] 45~65
A 53 a8(%] >93%
A =4 2 A5 A F+ SAE J1378 ®s =4
A== A P46
=2 Lx[° O] -40~55
A7 L[ ° O] -40~100
=2 Ao CAN bus
- 2¥ =glolH
BE =golH = BMSEHYH 55+ AFE FAPoL 324 PWM AE€S ZH ¥F
St} FAlC I AEHe] 248 F3 BHOY Ao E HHor HAHT. o] el A
A8 Al2"Ho A =glol 7 A EH = AP RHO ulz o doly = o e}
Fdg=y

Motor Driver #1

Motor (ommection

% motor phae) VS
(- otte phase] W
i1 wotor phased M1

2y =gholHE A{FDO) HMbs 34 uf{F PWM 3@ o= ¥dkste] REO HEs
FTFEY FAC Aosts gTe FPITh PWM WS sine & 7M1= 34 alF
Aoz RE o] RS A8t 288 3} E I} sine 3F 9 S VN o Ty
35 Agste BAS 2k oo 38 sine H¥o wHL oirﬂ 94%011*1 LAl
vl webd " Hgte] GEiA R ol & WU PWM “d¢toz Adstr] <18
A OP-AmpE %3l PWM w3 & SHA7E WA ot



Hr
Klo

e

:

<Ia9E> OP-Amp 3|2 %

PWM 3¢ o] A4

=
pu—

o] @l u}

671 = 4%

& vk PWM AA oldeol= A77t

71&

= O
re=

-Amp =%t

ol# g OP

i

;0#

Foll sl 2+ 120°¢] <

A

e wF

1o, 360°0) 4R

5

A]

S|
=

=
T

el
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APT30GFE0BN APT30GFE0BN | APT30GFBOBN
| 2 23 zs
! b T T
s bt IS ps s o |L/\ 5 om J[; 8 D2 t 75 |o3
\ Dbreak | Dbreak | Dbresk - Dbreak - Dbreak . Dbreak
PHASE =0 ! | Y . ;
3 | |
{2+ =0 Tva Vi=0 vE vi=o lvs
\CJ V= T Vie 1\ - \
- V=15 () vz=1s 7y [ va=35 /7N
FREQ = 80Hz D= Q"‘; TD = 3333344 TD = 666 arH}"
VAMPL = 127 TR=tns | TR=1ns | TR=1ns
VOFF =0 TF = 1ms TF = 1ns I
= PW=280us | b PW = B0us R1
PHASE = 122 PER = 200us | PER=200us N T y =
) YW
\ by
g “_3_4“,»\.,\‘,__'_
=8 FREQ = 60Hz 1
B VAMPL = 127 . A, . s
VOFF = 0 APTI0GFB0BN ] APT30GFS0BN APT30GFBOBN
- z4 I 5 F2]
PHASE = 2487 2 R ya
(N il | D4 I-: DS D8
N % Do 7% D12 75 DB _— j 4 Dbreak —_— 4 Dbreak p—. | Dbreak
FREQ = B0Hz Dbreak o  Dbreak o Dbreak | I %
. it V1=0 i
VAMPL = 127 vi=0 Tvr Vi=0 Tvo V2=15 a
VOFF =0 V2215 N i VZeis TN TD = 166 67kl
m:sm.a-g}) O = 833 3364 TR = 1ns
TR=1ns TR=1ns | TF = ins
TF = ins TF = 1ns 1 PW = B0us
PW = Bius | PW =80us | PER = 200us
PER = 200us PER = 200us
=, = 5}
0
=0
Dicde ’
rSi=} PWM
o 3

ks

<aAY> AF-uF PWM 33 inverter

<I¥> OP-AmpE 3 A3ty PWM
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- Folding 3] =
- Folding %=H

Folding =H &

Folding ®H ¢ #
Aae] ol
A, gl 2 glo]

& Aastol

=

A 54 AR 2
48/ 54 Aol
olo] weh A ol
G oglow, g FE

4’37 4E—J L : [ )
ol rol rol o

-~ - \J -

l&
- ()
<Z19H> Folding = 3 =%
- Landing Gear 5 E]

A3/ 3 &2 Aloll= Folding ®E ¢} 37 A=Fs A A8t7] 918 Landing Gear®]
/793 & =3 HQ3rh Landing Geare F+ AYIoZHE HES 3= 3o
ofd 12Ve HE AYde=iy des Fuitol w2tEh

Landing Gear Assembly
Y {3
\_ J
d
|
B
uu-dl::ﬁ::::- AH
(m)
Z

<71¥> Landing 7]°] % 3=
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vk, ZHA| H o] Ao A L€ A A

o el Ao} Alzg A

Hol AFAE Aol AAAL AN e ARE

= =4 0 o 7ol
Ao AE AL Aol AEF A AEEes} Bashd, 226 g AoA AU
AASEATE AAA =" TSy 2ol 79 FdHoZ AA BEF STk
I Input Signal l | i:'=51:||3'f |
Proximity Folding — - ;
: . i |
Sensing +| Controller Main — D"H;'im:;imp“t
System Unit _g_
Lecking ' Actuator
Mechanism Controller
[- Ar.:tl..;atar

Folding Controller Main Unit: ©] <&
o= HFH, ol AZHEEY, 52
38 T U+ o' AA = F st

9 AE: AEAE GYAER FY AAX BAD AAAE m Hol4 Ax
43l 5

txEdol: 3HS F3l folding controllere] ZFej<l o H A AE HojFEr}, 3F=4) o
T 2VEES x93 oW faEdo] AAgtE Jhe s

Proximity Sensing System: o] A&k FHS FAstE Al&glo|t) AEA7F A

&
A 71 Al A=A obd A E #]letar, Hol= ot WelEe] de=A fleAR el
stedlols 2eaAlA el 2ol AdE "ASkE Al 2 GAEA dadas dAT

Ho ezt g7t 2 5 Sl
Directional Input Signal: ©]A L AF&x7F HUl= JEHxs7F oyt Folding
Controller Main unit @A A& (F3, WF) & actuator controllerol] X il 1A

actuator controlleri= A Folo|E 7} Ha A HAHAAZ A A|3}A 3o}

Actuator: A5 HAY A= 7]
& 7hsdt HFFololHE AHE- gt

Actuator Controller. : 9 3FoolE (35S REE)E Aojsttl. o] Ao]7]E=  Folding
Controller Main Unit ©] B9l Directional input signale Hto}, ojw Hlgko g o Fof o]

AHel Rgoltt. @ RH, F& AR /5E

Eis
i
=3
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Elo] Folof s} i},

Aol B4 B4 obdl 1Y 2L WAZ w2 Hodth 74 wASS =AY 1
B, A BT SN T GAR o FSAY Ao gl

4

Establish communication with all
devices for folding

g

Surroundings detection around (and
inside) car

L

Begin folding process

!

Complete folding process

Power ON ©@7: A-sxkE HAWY 7] St AEZ Y ddEs 2

controllers €/ 3stst7] 98l 2wk wQl LS 4 Haglo] st7] fgh g ol
Establish communication@7]: 5% folding controller= A+&*& # St
© AXEF #HI} FA(CAN, RS-232 & T g2 54 T2 EF) Ad4o] Fesi)
AsFA(AAA o2 Aojarti)e} o] k. & £33} 3 o= AsxE HAY 3
A A= AASA &= locking pine & Atk w4 4, main controller’} 2 &
3 RISy A AAo] Ho] A ¥riH, folding processE Al ZE £ gtk o F w

A HAAE 2utEECR B3 ALEATE el ok

Surroundings detection around (and inside car) ©A: folding process Al Z Hol A&
2 FRG | S Flgin A FHel A, bl HAl® 2SR F 3
delE HAE T A AAEALL, AsA Wl A9, A JﬂL“Oﬂ AE FA AA
o ol AAME Qo] Al A=AE Hotdtt. Tl FofEo] AW TE Wil
o] & 49, folding processE FTatH, L7/ WAAE iu}g{agg s Alg 213y

el

s =171 folding processE A]ZFsth. A5 AF2] folding
process= @A AEFdt Y= BE FXE AES Zo] folding process’t 7Fs 3
gt o E 5o, HolA Asake= JY (obd HA) AEHZE AAGHAA FAE F U=
= locking pin, latch, 2 landing gear & AF&3}H, folding process A&7 ZF Z oo}
gt A Sl A AV | F, BEH WS A7 dds o, Bolw 2 F3) A

Begin folding process TA: X



AE A7 Yol REE A o] 3},
Complete folding process %AI: o] WA= folding processE Ast= Aot

Folding ZHE 54 $7F9 29X dAAxojof st=d], 1&|4 frame assembly’}

sIAY BAAA HNE W 2997 AX EHE X—}Eo}xl ot ok 29A7F A

A, 8% Als FAES A et SAgE A AFE AZE ol 291X 7F AR A
o folding process o 77} HASTTE &= Aol FA] FAHS FA| g}

Aol Ao} dxuels (e )

ol Aol daeF o Hol= gL vs Iy o] Aok

=3

OM in order to start I E

Far fodding process, stand-by power and 80U must be 1 I ]

- & algorithm

VCU sends
Android sends Ardulno recelves command VCU recelves command through
signal to 'FOLD' 4 and sends the coresponding |——| command from |——|  Arduine to do —
to Arduing ADK command to VCU Arduino “system readiness
3 SIgTTaTs ST Vi PUETan, Ti5n0-Dby power MUzt be check-up”
0 - UNFOLD, 1- FOLE, 3 Fe-stop ALWAYS Oy
Check Folding Latch is . — L CHIE{*'C ;
UNLOCKED' AND Check Lock pins et il Check Ch i
] : Y ; eck BOU is
Unfolding Latch is — are at LOCKED at'?, (EPBis |« saoc | N
[ J i un
LOCKED position e ) If SO I= Delow 50% T 800 5 notON,
THETes 3w ol ot The coeree] poamon, T Ltk pins are not ot TEFT s ot O, YCUsbortsfolding  WICU aboris folding,
WCLH aborts fodding and sends message  LOCKED position, WCL abors WCU aboris Fidng. andands message and sk mestage
to Android foiding and sends mestage and serds message 1o Android T Android
to Androwd to Android
Check landing Check EPS relay Once "cystem
1 i Check seat
¥ gear s in UP : & in OFF readiness check-up belts (RH and | Check doors |
position position is successful, VCU LH} are OFF are closed
sends command to :
H Landing geat i not If EFS is gt ON, WCU do "driver-out” I seat belts sne not o, If doers are not closed
DO, WU aborts sborts felding and VL aberts Yelding and WCU aborts folding and
folding 2nd sends sands messags to status sende message to sengh message 1o
mestage to Android Angeold Androl Angrpad
: Uniock folding Unlock ALL falding Once “driver-out”
Folding Motor locking Pin I latches 5 status is complete, |-
moves until it hits e T unfolding starts
UNFOLD LIMIT i hits B vith o
t hits B s VICU sends "0 command to fold
switch, HOLD', or i
‘EMERGEMNCY is :
preszed | Leck Folding Lock "Unfolding .| Landing gear
LockingPin Latch' switches o
W 1T g DOWN position
hiits limit gwstch FOLDING
COMPLETE |
sends message to Android

<HE> Aol Alo] dags HES W)

o Aol Alo] dagls (E o)

Aol Ao dxgF o A= FA2 vhs 2™ o] A H Uk



Fir wnfalding proceis, stand-by power and BDU miust be

OM in order to start

Hal > m A algorithm

VCU sends
Android sends Arduino réceives command WCU recelves command through
signal to "UNFOLD' < and sends the coresponding command from Arduino to do I
to Ardulng ADK command to VL Arduing “system readiness
3 signale sentvia SO Ttand-by poOwEr st be check-up”
0 - UNFOLD, 1- FOLD. 3- FE-ctop ALWAYS Ol
Check
Check Folding Latch is Check Lock pins Transmission Is Chedk
—{ "LOCKED" AND Unfolding are at 1OCKED’ P, (EPBIs fe— oo [ Chec‘éﬁﬁu s |
Latch Iy UNLOCIGED posiion ] | psoChbelowsos, T EDUE noton,
7 latches are not at the comect position, If Lock pns are not at TEFE s not N VICU abonts WU abarts
WCU abarts unfolding and sends I..F.‘.-DI(ED position, VCU sborts n‘ul:.;ﬂ-;friﬁmd unfolding and sends  unfolding, and sends
[ fmleli T L <
mesiage to Android unfo dlngb;rfh:;g:; FrEssage cimashor T Ao meszage to Android meszage o Androed
Check landing Check EPS relay Once “system Check seat
— gear ks in -t Iz in OFF | readiness check-up™ | befts (RH and | Check doors
DOWN position position is successful, VCU LH) are OFF are closed
sends command to
If Landing gear i not B EPS is not ON, WCU do "driver-out H seat belts are nat off If doors a= not closed
Do, WU abarts aborts unfolding and WCU aborts untolding VU aborts unfolding
unfolding and sends sonds mesiage 1o status #ng sends metsage (o angd sends mestage o
message bo Android Android Androed Android
Unlock falding Unlock ALL folding Once ':driwr-out‘
Folding wqt?:_ lockingPin Iatches | status is complete,
moves unth it hits — NoDr WY GrioEK B UAET unfolding starte
LNFOLD- LIMIT i; btz lomit switch

switch, "HOLD', or
‘EMERGEMNCY s

WEU sends 'Ok’ command to unfold

. Lock Folding Lock 'Unfolding | Landing gear
perssed ; LockingPin Latch’ switches to UP | —
r position
Fits Hidt switch UNEOLDING
COMPLETE |
Sendt message to Android
<™> Aol Ao dadls (F W)
o Zad AAA B i
A Azwe A5 Qe e s He BA, & $F AR]Ae] T
TEo) Ag weEAT Log AAT F YRS Ak oA AHAMY Az 2
A= AR ofy e G4 A daelFE HAE 4 vk 8= As Ak ofdieh 2
& AL A Ak B 295 A9 A Bk w 27 AN AAH] e
Fag HAErh Aol 524 FAT u Aot Wt AdAS A7) wie] YA
2 Apgak S3kell f A8
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Ground

<> Aol AgAe] 9 ANTH (F0)

<AH> Aol A AEatel A Al T4 (S1d)
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o ~mlEE @A AxE Ul

Android®} Arduino ADK+ Bluetooth moduleg %3+ £41

)% AHY B AYEE g 2k

Bluetooth
Android ” module

Arduino ADK
(Folding Micro Controller)

A9 B2 AR

<1¥> Android®} Arduino ADK 7t £419]

ofe] 1he ALEAT AREES Fd mA H UL e o]zl

gt 2o 3 28} Algxt= B E FOLD, UNFOLDE F&
S

K
43, WA 5o £4¢ £9% & ok HOLD MES W% 242 Ads] 93 vE
o A ARl WE FAL FATY] AT wECT

o

o] i EMERGENCY W &2

FOLD

UNFOLD

HOLD

EMERGENCY

<> AWEE 9AA 0] A2xE Ul
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$ol Baolas exrt Sebb Gl WAse] of ¥ WP TS Wl A
&57)% @k,

AW AUREE AGSRE 48, 53 449 B 22 R
A TEY AN s B = A5 FEHY Lt Abs
Sith Ea 47)e] Fol WEF FEFOILE sutel vl § TEHL FA & glo] AAA
3

A TEIAE =E

s A A

@ PEeo] WANY oE lAstel A £P&L AANER A, B LEE
FEY 2olE Fae] Aol BE Yaw RHUEE 33T & AEZ g9 Aot
[ Bk e e i -
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Feedback ¢tt}. CarSim o F+& 3 x> 2 Ao A AAS xake] A gy} dA3te

= AAgst o o web At

Total vehicle weight 620kg

(vehicle, batteries and 2 passengers)
Vehicle frontal area 2.4m?
Tire outside radius (13inch  wheel) 0.27m
Wheelbase 1.9m
Track (front/rear) 14m
D EH voltage bus 195V

<3E> Armadillo-T =z A4

o] HuwtEAS p7t 0302 w9 mizele =W

AN AEFS 7F A3t s+ DLC (Double Land Change) Al
BdolAdE FdAT AT AR FAS= AFES e HE AE AdE FF
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Peak (max) acceleration

Earliness of peak
acceleration

.+ Slope of Torque from speed

.t Equal spacing of acceleration

W
R0 1:;‘#:1*?
A ‘H*H e

Acceleration (g
Accolaralion fg]

Slope of Torque from
pedal displacement

& . AP
V. N g

(e i)
Ko

Mo acceleration

<> AT AFEAL] Chat Th4 g EW Au

Q% 7be g EUE ey] A8 obdl 4L Agste] AL of W AEAe)
A%E AT BATY Kkt kgl S F AR RAT G kg, F10E

= T [}
p 1225 kg/m3 , F71AFAT = 030, +EAZAT p2 0015 T3 M g&
9.8m/s*, FEEFCIIN A R, = 0.27TmE A AbEc)

T = (M, 5+ 2pCaAV? + 1, M) R, (3)

Fie = Frr + Faq + Fig

F.. = Total tractive effort

F.. = rolling resistance

F.a = aerodynamic drag

Fi. = linear acceleration force

Desired acceleration shape Calculate Resistance

<CIF> oA FSWSTEEL D7) A% AP WS L RHEIFY 1 WY

e dERYHAAAED Y day HRE AMEste] FAST 4719 By
9] 293 o] speed-torque curveol] &3t} ol 1PEL e
493 E4 3 AF ABRE BHAFH ofdo F e adelA B 5 3
A 7k b HHE 93 ded EaEEs A4S 4k
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[ pesired 4Ps
""" Peak Torgue (185V supply)
== Continuous Torgue (185% supply)

Reguired Targue [Nm]

100
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44 Mg Y ARE )

20 a0 40 50
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WQD 180

R:equlred Torgue [Nm]
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B el Prgy,
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a0

] Pedal Displacement [rmm]
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Ab. &4l

(K

2EE A

A28l Hlolg *2] % Vehicle Control Unit (VCU)2 W =xEg A&S HAz s 93t
o] VCU ¢} Arduino microcontroller 7+ T2 EZS FASIA Y. VCU ¢F 5418 =
microcontroller & #°] 2™ Arduino 2560 (Microcontroller #0) <} Arduino ADK
(Microcontroller #1) &2 Uy ojx o}

o Arduino 2560 (Microcontroller #0) T2 EZ A7

Arduino 2560 (Microcontroller #0) & Acceleration Pedal Sensor (APS), Car ON
button, PRND #|®¥, BDU relay 2% %], Locking Pin Limit ¥ EPB limit 2% $1X&
VCU &H BRE Bt B85 45 v 183 Zo] v Eolqlth

Vehicle Control Unit(VCU)

RS-232TTL

Microcontroller #0
(Arduino 2560)

ADC L 1/0 sl e S WO = Mo
_ N e
APS Car On | PRND Relay PiECL;:ﬁt Limit
| button | lever | L sw SW
110
BDU

<a¥E> 3 EER AR
- Ist BYTE: 0x08 = OxOF = Vehicle Status BYTE #1
1st BYTE ¥ x}#¢] Electronic Parking Brake (EPB) Limit ~=¢%], 7]°] 9
(PRND), Battery Disconnect Unit (BDU) % Car ON 9] A= t}33 #Zo] VCU 9

A= ga=1
-mmmmmm
EPB PRND PRND Car On
Limit high low
SW

- BIT #4: EPB Limit 2% %
EPB Limit 2=%1% A => BIT#
EPB Limit 2% AX => BIT#4 = 0
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- BIT #3 & BIT #2: PRND High, PRND Low 7]} @8 $%
7101 g7t ‘Pol 9% => BIT#3 = 0 & BIT#2 = 0
7101 "W 7E ‘Rl 12 => BIT#3 = 0 & BIT#2 = 1
710] @7t ‘Noll 9% => BIT#3 = 1 & BIT#2 = 0
]

71o] #@¥ 7} ‘Dol 9% => BIT#3 = 1 & BIT#2 = 1

- BIT #1: BDU %'H
BDU AR => BIT#l = 1
BDU A A => BIT#1 = 0

- BIT #0: Car ON =% AbHj
Car AA => BIT#0 = 1
Car A3 => BIT#0 = 0

- 2nd BYTE: 0x80 ~ OxFF = Locking Pin BYTE #2

2nd BYTE + #}9] 4% Locking Pin ¢ AEE vt 293 o] VCU & %3},
Left Right Right

Luck:ng Locking Locking Locking
Pin On SW  Pin Off SW Pin On SW Pin Off SW
- BIT #3: #= locking pin ON 2% %
Locking pin limit ON Z=¢ % #AF (locking pin &AAS) => BIT#3 = 1
Locking pin limit ON 2=91%] A% => BIT#3 = 0
* BIT #2: 25 locking pin OFF 22| %]
Locking pin limit OFF =9 * AZ (locking pin &3 %+) => BIT# = 1
Locking pin limit OFF 2=¢1%] A& => BIT#2 = 0
- BIT #1: 9= locking pin ON ~$] %]
Locking pin limit ON =9 %] AZX (locking pin FF7AAs) => BIT#l = 1
Locking pin limit ON 2=91% A# => BIT#1 = 0
- BIT #0: 9= locking pin OFF Z2=$| A
Locking pin limit OFF 22912 A3 (locking pin ## %1&) => BIT#0 = 1
Locking pin limit OFF 2=¢ %] A% => BIT#0 = 0

- 3rd BYTE: 0x00 ™ 0x50 = Pedal Displacement

3rd BYTE & A9 APS ¢ W= raw data (ASHE vlo]AZHEEEH 9 ADC 752
= YAY groeg wgste] VCU oA vlolE AR E Bty mlo|azHdEEY ] Eo
W& AAse] 10ms (100Hz) whth Ble]EE RS-232 TTL 2 w4tk RS-232 TTL A
A2 Baudrate = 115200 bps, no parity, one stop bit, no flow control, disable null
stripping (fNULL = FALSE) 2 Ho{dt}. Al vle]EZF 10ms vt B A2 S0
= HOlEES VCU 7F &4 8A Xal /7 AT 7] witol, Al Hio]E ] 4]
OXFF 9] #& 717 separatorE ¥ol & U ®Hlo]EE Hult),
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o Arduino ADK (Microcontroller #1) T2 &= A7)

Arduino ADK (Microcontroller #1) = Android ¢}¢] &4lo] 7}53hH,
A ol A7t hseteE Algdtes Al FERA O FUHH R, A
Hol #AS Azet7] A BE HEWE (Fo] EH, @Y 7], latch)
Btk &5 7AEE s 293 2ol wiAdEo dth

o
1S

]_

B
Zo
Al

1E
9

2 R

‘ Vehicle Control Unit(VCU)

RS-232TTL

‘ Microcontroller #1

1~ﬂ ¥2 o

[Arduino ADK}

e muti || Door Latches | Landing |  Relay Relay

o Function sw || Status SW || Limit SW || Limit SW Board Board

Jiol |m|

Latchies Folding Landing Head Turn

On/Off Motor Gear Light signal

Fwd/Bwd || UP/Down || % g
- 1st BYTE: 0x00 = OxAF = Folding Status BYTE

I1st BYTE & #Heo] Alojo Fe3d ZREFZS VCU o BUFi, ts a1y ol

BIT F4°] =t}

#7 s l#5 lp4 4342 ¢ #0

Regquest Request

Folding Unfolding Folded /  Doors Landing Landing
Fold Unfold Unfolded  (LatchesSW)  gears are  gears
{Latches SW) moving position
- BIT #7 & BIT #6: Request Fold & Request Unfold
sl 23 => BIT#7 = 1 & BIT#6 = 0
HA 2% => BIT#7 = 0 & BIT#6 = 1

HOLD &% => BIT#7 = 1 & BIT#6 = 1
H3/MA @5 => BIT #7 = 0 & BIT # = 0
- BIT #5: Folding (3% 5%%)
A3 525 => BIT# = 1
A3 &7 => BIT#H = 0
- BIT #4: Unfolding (% &%)
Hy 525 => BIT#4 = 1
HA 98 => BIT#H = 0
- BIT #3: Folded/Unfolded (F /9% “eh)
A3l e => BIT#3 = 1
HZ Ae) => BIT#3 = 0
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- BIT #2: Doors (& 49/23 A=)

= €9 => BIT# =1
= 23 => BIT# = 0

- BIT #1: Landing gears are moving (#4 7]o] H=#=)
Ay 7)ol 525 => BIT#] = 1

A 7o) HE => BIT#]l = 0

- BIT #0: Landing gears position (2% 7]o] £ X))
A 7]o] HA => BIT#0 = 1
Ay 719 "3 => BIT# = 0

- 2nd BYTE: 0x00 ~ 0xOF = Multi Function SW BYTE

2nd BYTE & Multi function 2=91%¢] FE & ths 293 Zo] VCU A ¢elFok

-mmmmmmm
Emergency Head Turn Turn Right
SW Light Left

- BIT #3: Emergency SW (H]4+%)
H2s AR => BIT#3 = 1
A5 AF => BIT#3 = 0
- BIT #2: Headlight (d%%)
AxS5 AHA => BIT#2 = 1
AzS5 AH => BIT#2 = 0
- BIT #1 & BIT # 0: Turn Left & Turn Right

A5 WFAA S AF => BIT# = 1
5 WIFAA T AR => BIT# = 0
= WIS AF => BIT#0 = 1
5 WFAAE AR => BIT#0 = 0
HAHS AR => BIT#L = 1 & BIT#0 = 1

o Arduino ADK (Microcontroller #1) T2 EZ A7

VCU 7F Hul= 1Ist BYTE & #H3/8d3 A= A2et7] A AElE Arduino ADK

A &=k
#7 #6 #5 #4 #3 #2 #1 #0

‘ (1] 0 0 Locking S0C PRND BDU Car On
Pin

- BIT #4: Locking Pin AHj
Locking Pin A#/&%% => BIT#4 = 1
Locking Pin A% => BIT#4 = 0
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- BIT #3: SOC (State of Charge)
SOC 7F 50% o] => BIT#3 = 1
SOC 7} 50% %%+ => BIT#3
- BIT #2: ¥i&7] #¥ 9% (PRND)
of f1AHo] 95 => BIT#2 = 1
of $1A%o] A @5 => BIT# = 0
- BIT #1: BDU (Battery Discharge Unit) 2}l
BDU AX => BIT#1 = 1
BDU A# => BIT#1 = 0
- BIT # 0: Car ON Button
2+ Als AR => BITHO
2} Als AF => BIT#0 = 0

1l
()

I
[u—

2. Aold AANAER A= A4

7}. Unsprung Mass 314

el QARHE A AW mHe TR dste] viHe] LAt FrsA Hrh
Mep] Qutdow wFe RAZ et AL A FARE vA7] W] A%
A AU 5L e FAE Folt wmdrh aeuy JARHE FRsE AL o]

sk FAO dtoE = Aoz FAgEe] F AotE THAHE ALSE oA
uepA QIERE FR A" A oldd vk FAY F7H7F sAbgtel oW d JEks
A=Al e A7k B28tt Unprung mass®] 7 Aol Bk a3 %
+ Cambridge University?} Protean Electric, Lotus Engineeringo] A %3%3%
FHxetHar, Held d71AE A Simulations 7@ ske] JIEEHY FrlE DAY
AFACl F7kell mE HolA H7IApsake] Sabztol] thete] sporgirt. 9o i)
Abell A hx g BuAedE ofgf o] aEld o] Widv|d AEAte] npF o] J1E Y
(Model : Protean PD18)¢] 3| d=}, agxo] FARFS 27 gafjFi 429 T34
¢l @7F & Test rigell A9l A#AQ SA3bs 7ttt sl2oA vk FA4 71
2 a7 Astel tste] dA7FEA (Suspension)E W3FAI A o]e]d TS B & 4
A=Al ek AFE shAT

Lotus Engineeringo| A 233k B 1Mo ot F7}4 <2l Unsprung massol gt 5xb
e dotr ] flste]l 919 1RlI o] upH o I Atet nA A Fitol 30kgo HHFS

SRS

Standard ST Specilication
Specilication (measured)
{measured)
Frant Speing 20,2M/mm 30,5M/mm
Rear Spring 22 4N‘mm 23.5N/'mm
Rear Anti-Roll 20.0mm 21.2mm
Bar [ia.
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Force [N].

Front damper curves

Rear damper curves

S FolAE g

o

RN

A 23}

3000 =
2500 = ;ggg

2000 - — g

1500 ____.-—-"'"—_ /— 2000 /I

1000 11500

500 /':_—________,--"‘ 2. 1000 /

0 O 500 I il
0.2 04 06 (0F:1 10 12 14 16 v

=500 “-—:‘-h._._,___________‘__-__ 5 0 4&
-1000 ) 3 04 06 08 10 12 14 16
-1500 e L, =500 e
-2000 =1 ————

Veloci / -1500
elocli my/s .
ty [m/s]- Velocity [m/s]-
——Standard —— ST-Suspension —Standard = ST-Suspension

g o) StiffnessE F7}8}aL Anti-roll bare] A

2S5 Z7FA171 ST-Suspension®] EAS HolFErh ST-Suspensiond A& AF A8
g o ION/mmutsE S7HA2 AS & 4 Ttk Dampingell dojAe= A& o &
Damping’d5& 7o 543 dA714* &%= (Upper arm¥} Lower arme] “gtl &%)l A
Damping Force7} =% 2dS AT}

o zF%Al ¥ (Vehicle Test) W4

- o 450km/h & 3} )

- nEA R =
- #AB7 o] &2 Bump -.-H-'ff ‘ D
— AM X 20| 450km/h, 80km/hZ F3 A Bump |

o ¢AAY FHHS H7}

Handwheel angle > Returnability

On-centre response

Off-centre response

~#— Ford Focus 1.6l
+120kg Unsprung Mass
ST Suspension

—+—Ford Focus 1.61 Style (Ref) —%— Ford Focus 1.6l
+120kg Unsprung Mass

<Steering - A3]5H>
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Tracking stability
Roll linearity .- -

Security feel .~

Ease of control -

Yaw stability E

Lift off in a turn

..............

Underste er/Oversteer Balance

*+-..., Tracking accelerating

", Tracking braking

—+—Ford Focus 1.6l Style (Ref) —=—Ford Focus 1.6l

+120kg Unsprung Mass

—+— Ford Focus 1.6l
+120kg Unsprung Mass
ST Suspe nsion

<Handling - Aloj&5%>

Pitc

Structure shake '

Impact feel - small

Impact feel - |ar§e

*-.., Roll angle

", Roll rate

'iln-sprung shake

""""""" Rolling comfort

——Ford Focus 1.6l Style (Ref) ——Ford Focus 1.6l

+120kg Unsprung Mass

—4— Ford Focus 1.6l
+120kg Unsprung Mass
ST Suspension

<Ride - +=x7>

A Al A e A Fl & 4 Aol ZF upF o 30kge] A&
H7} 45 ST-Suspension (High stiffness at Front wheel)S %%
w=He] ZHE impactol] s

gud F 92 B 4 Atk FAL FUAAE

ol At Bgg HolARE FE&37 Hr]d S8 Hes ddnh
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et

n'al

Jplicude

L
O
)

o Test rigs o] &3 2AAA H7}

- %% % 7% (Ride Shake)ol thd 2 7t w

{ B N NN N E A B TR B B N NN O AR T T T ™ T

Standard vehicles

{ I T -]

Wheel

Hop = +30kg additional-

14 26Hz

- Note suppression unsprung mass«
f Wheel Hop

N = +30kg additional
s, . unsprung mass+

with ST-Suspension«

<Sprung mass> <Unsprung mass>«

Ao g EoAq Ho] Sprung mass(Strut_Top_z)9 714 E+% ST-Suspension(High
stiffness)®] GgFo =z AFa @l HEd sty 7tEE7 ZA Y-S B 5 9t
Unsprung mass(Hub_z)ol A& 30Kge] F7F2¢l Ao FXFa4ES  FEAw
ST-suspension®| GOz lal] ARFAQ Fugo Al FAG Peakst o] 7HEEE =
d F A= Ae® YEut

~ Test rigoll A 298 A= U 714 =

4

TR LB B L —
i Top 7

Engine [bounce mpde.

L H|:lv ; S o I";—-_-__I,_ I '-'."hlc_-ef Iliup_
/ 14.5 Hz === Standard vehicle~

¥ wheett / ]
% ol 2 ™ +30kg additional

EfGine Boun
Hop tegion -12. 5 Hz

1TTURE 7 o
)

LBEIa ) TR E RER LRI L

ogT

24l
S
(/

L \ unsprung mass«
\ |
h Possible Influence of = +30kg additional «

Coupled Engine  eo0lan Hub Mode 18

Increpse in vibration in

Bounce !- Wheel unsprung mass:
Hop ws Hz $ .
s —— 3 "= with ST-Suspension+

th-el hﬁp mc,c'e*

< Sprung mass> <Unsprung mass>.

$e] == Two post shaker rigoll A =2 W38k AF S F9] Sprung, Unsprung mass
of AW JFEEE FAT ZAIelth Sprung mass®] T EZE AH R A F i

A AEE Wl gathe ¥ 4 dn AwAoR &R/ gel aise ¥ 5 9l

ot 23y 12713HzAFol ol 4] Engine®] bounce mode(gl o] S=21Hlek F%21)7} kA 5}o]

2 7FE27F A717]1% skth Unsprung massS A3 B A ¥ ST-Suspension(High

stiffness)& &2t A 7FE X7 @Wol TAHES o F Stk uhE7EAE 12713Hzol A
g B g ATk

Engine®] #7102 3}o] Peak’} A7+ &%
A7 A5 2= dRo] EAstA] 7] W&o Engine bounce®t Wheel hop®] couple ¥ +=
dds wa o vk (W 2 eke] couplingel WE FF 14 HQ)

ol

3

- Suspension®] theFgt Wkl gk F3k4

Am
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Hpont Z Acceleraton Gaun

Red = std

Blue = + 33 kg

Green = 433 kg + 2 x tyre stiffness
Magenta = +33 kg + 2 x damper forces

= + 33 kg + 2 x top mount stiffness

7 Accelerstion Guin (gim)

Brown = +33 kg with all changes

Road Input Frequency (He) +

9 2988 ZFAEAHRed), Unsprung massell 33kge] F71¥ 2 #(Blue), E}o]o] 9
Stiffness”} 2wl& F7}3F 22 (Green), Damping Coefficient”7} 2812 Z7}3F 2%
(Magenta), v} -x}A] 3t Stiffness”7} 5 71st 2= (Cyan), $1¢] 2E WIS X5+ =
ZF(Brown)e] 671# T/ ko] e Fui4 5AS ekt

719l A&kl H]3te] Unsprung mass’F 5718t Peak 347 74 slesE RS &
4 dth Eloloj o] Stiffnesstt DamperE S7HA171WH Peakdtel H43] S71stH, Top
mount stiffness¥ 57k 2pgFo] HA Y TSRS HH

ol¢} #Zo] Unsprung massell d#Fo] F7FE WA Ueus S, A3, Ao
o] Asl= Stiffness®] S7F= ®b3|e o+ vk ey AA wpF e FAVE SUHE
A7 (Suspension) el F7F41Q1 7ido] Qlole EE A3 ARrE An[xprh it
A= Lol EA g

- Armadillo-T Simulation

e J
Group Item 855 Totallkg]  [Weight[kg]|Quan{ Total[kg]
(81 H )
T T 48—
Stator 3 4 13
Housing 108 74 4 296
Wheel Tire Tire 10.1 4 40.4
Brake Caliper 15 4 3
Disk 3 4
Parking brake 55 2 2
Mster cxlinder assembly L u 1
Wiring Floor wiring ; T
Control wiring 9 2 1
Main Wiring 5 1
12V BATTERY 10 1 10
Frame Front frame 59 1 59
Rear frame 65 1 65
Folding Bearing 151 3 4 1
Bar assembly - cowl cross 3 1
MT'G BRKT 2 1 2
Folding system Folding 2 ZH} 3 6 1 6
Controller 9 5 2 1 2
Eolding maotor 7 1 7
Suspension Upper arm 35 2
Lower arm 26 35 2
Shock absorber 3 4

Armadillo-Te] A & EW 99 #me &2l
- Z A= 5779g
- Unsprung mass = 2E + v}9] + 2dgo]= + Lower arm + 1/2 of shock absorber
= 118.5kg
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-+ Sprung mass = & @ % - Unsprung mass = 459.4kg

<Z1¥> 1/4 car model

o] simulations 938 9% 183 o] 1/4 car model (Quarter car model)S AF-8-3FH
K, =130000 N/m, b, =100 Ns/m, m,=459.4/4 =114.9kg m,=118.5/4 = 29.6 kg
olx, EHel A= 25+ 3 + 74 = 12.9kgo]|t}.
web A 2o Aukol A ©d RE A #E(Single RE vehicle)9] % Unsprung mass’}
16.7kg(29.6kg-12.9kg)°] 22 Armadillo-T(1 & =¥ vehicle)?] “4-% Unsprung mass”}
29.6kgo] T},

Bode Diagram Bode Diagram

k_s = 20000N/m, b_s = 1000Ns/m
k_s = 20000N/m, b_s = 2000Ms/m |
——k_s =20000N/m, b_s = 3000Ms/m
k_s=20000N/m, b_s = 4000Ns/m
k_s =20000N/m, b_s = 5000Ns/m

S
'S

k_s = 10000N/m, b_s = 1000Nsim
k_s = 10000N/m, b_s = 2000Ns/m |
——K_s=10000N/m, b_s = 3000Ns/m
k_s=10000N/m, b_s = 4000Ns/m
——K_5 = 10000Nim, b_s = 5000Ns/m

g
i
o
o

i

w
o
[ e vt oI I o o

B2
o
i
o

Vertical Acceleration [m/&]
Vertical Acceleration [m!@]

10000 4 2 20000
N/m 15 N/m
1 1
05 05
0 i 0 i CPee—
0 5 10 15 20 25 30 5 10 18 20 25 30
Frequency [Hz] Frequency [Hz]
Bode Diagram Bode Diagram
4 . 2 e 4
& k_s = 30000Nim, b_s = 1000Nsim & k_s= 40000Nim, b_s = 1000Ns/m
g 35 k_s = 30000Nim, b_s = 2000Nsim 38 k_s = 40000N/m, b_s =2000Ns/m
= ——k_s = 30000N/m, b_s = 3000Ns/m = —— k_s=40000N/m, b_s = 3000Ms/m
E # k_s = 30000N/m, b_s = 4000Nsim g Fr k_s=40000N/m, b_s = 4000Ns/m
T 25! k_s = 30000N/m, b_s = 5000Nsim =5 — k_s=40000N/m, b_s = 5000Ns/m
@ 2 = b g
@
30000 3 3 2 40000
bad Q
o
N/m < S8 N/m
b R
;’ ';E 06
0 0

o
o

] 5 '16 15 20 25 30 'IIO 1|5 20 25 30
Frequency [Hz] Frequency [Hz]

@4 2E ZEH(Sprung mass = 127.8kg, Unsprung mass = 16.7kg)®] 7% 1
HW Stiffness7t AZFE 7HEE9 HHYgE vy AA= d4s 3F & F

Damping-+> 1000Ns/mel A 58 Fto] AZAF5 Hlglo] #obx b7k 3000Ns/m ©] % thA
HAgke] AAE @4 #2 & & ot 28y FAFIA57 AA SRS NS

[H
il

%0
o

A

&
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focs

o

P
o

2 dSdv. (A

Bode Diagram

'S

——k_s = 10000Nim, b_s = 1000Nsim

'S

AWk © 21 2Hzo A 2 EH TS =71t})

Bode Diagram

oy s ——— k_s = 20000Nim, b_s = 1000Ns/m
E 35 ——— k_s = 10000N/m, b_s = 2000Nsim "é 35+ k_s = 20000N/m, b_s = 2000Ns/m ||
= ——— k_s = 10000N/m, b_s =3000Ns/m = | ——k_s = 20000N/m, b_s = 3000Ns/m |
5 k_s = 10000N/m, b_s = 4000Nsim 5 k_s =20000N/m, b_s = 4000Ns/m
B 25 k_s = 10000N/m, b_s = 5000Nsim B o2s —k_s = 20000Nim, b_s = 5000Ns/m ||
254 = redi
10000 § 2L % 2/ 20000
N/m | 21 38 N/m
S ®
[& (Ctrly~ % [
[
D05 o 05
> >
3] 1 i L ol =
0 5 10 15 20 25 30 o] 10 15 20 25 30
Frequency [Hz] Frequency [Hz]
Bode Diagram Bode Diagram
4 T T T T T 1 4 - T
Ry ——k_s = 30000N/m, b_s = 1000Ns/m | ———k_s = 40000N/m, b_s = 1000Ns/m
= 38 ——— K_s = 30000Nfm, b_s = 2000Nsim | I 351 ——— K_s = 40000Nim, b_s = 2000Ns/m
— 3 —— k_gs =30000MNfm, b_s = 3000Ns/m — 3} ~——k_s = 40000M/m, b_s = 3000Ns/m
5 k_s =30000N/m, b_s = 4000Nsim T | —k_s = 40000M/m, b_s = 4000Ns/m
= 25 ——k_s = 30000N/m, b_s = 5000Nsim = ——— k_s = 40000Nim, b_s = 5000Nsim
30000 - 40000
Q (x]
N/m 2 S N/m
™ ™
2 2
5 5
> >
(o} L 1 " — - L
0 5 10 15 20 26 30 0 5 10 15 20 25 30
Frequency [Hz] Frequency [Hz]
o — . . = . . - S - —
$o] == Armadillo-Tol 3t B E Simulation®] J#H3 2 Yel:= a8z

AFolrh. kel # &d BEE AFd v Ages Hole Ae &
= Abole] mlalE ZE I HEofof Tt

K = 20000N/m, b_= 2000Ns/m

3= 1

k, =20000N/m, b_= 3000Ns/m

2 : : - . 1
o In-wheel motor EV oy In-wheel motor EV
-
£ — Standard EV “é — Standard EV
et =1
£ 15 15}
S §'°
g g
p— @ |
@ 1 5 18
g )
= o
< <
E 05} B os
5 5
> >
0o i L I T — ol L L ! o
0 s 10 15 20 25 30 [v] [ 10 15 20 25 30
Frequency (Hz) Frequency (Hz)
ks = 30000N/m, I:os = 2000Ns/m ks = 30000N/m, bs = 3000Ns/m
2 T T T T T 2 T T 1 1 t
L] -
R4 ——In-wheel motor EV 4 In-wheel motor EV
En — Standard EV .E. — Standard EV
c 15 =15
2 o
| <
3 3
3 o
Q 5}
Q Q
< <
Sos ] Sos
= =
D @
> >
(] - : - B W] L 1 L R S
1] 5 10 16 20 26 30 0 5 10 15 20 25 30

Frequency (Hz) Frequency (Hz)
o] aYgP=ZES B @A RE 2w (Standard vehicle)¥ Armadillo-T(S1 € 2E EV)<]
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2pol7F AA YA LS & & Advh Armadillo-Te] A-$ HHAzgko] <kt Z71ebal, &
AF347 25 ¢ oAl B 3
Unsprung massel] R E 9] A 1

JEge MAA Fee &+ Ak

u. wiE g A ¢/SOC s A

o RESS A%k ¥ EX

AEA 7Fs3E oy A AFZARESS)E A7NAEAY F AP0 2 3
Ve A 2 ko] A9 AHEA B M ATh ole uwE} E A A FHolA 2
g Jfurgtel glof, wiE g FA, A%, /1A 5 HESIY RESSE A¥sigon, A
¥ CALBiite g Eol< vl (Li-Ion battery) 2 A2 ol e} Zr).
<aY> Hold 2AE AE ko] RESSE AREH wg ] ALY
TE o % A71A ALF
ao T3 8% 70Ah@0.3C
HAi &% 70Ah@0.3C
At 3 At 3.2V
Ay Y5 o <ImQ
i AA FHAF 0.3C
FAAF - -
Ho SHAAF 3.6V
) A | =
Ho]'ﬁﬁ—‘rgr 20"1 oﬁﬁ‘l‘l‘ 03C
o At 2.5V
SOC B4 SOC 10% ~ 90%
) T A g% 0°C ~45°C
B
WA A HE2E -20°C ~ 55°C
By &5(1g olu)) -20°C ~ 45°C
BHer
By Lx(1d o) -20°C ~ 20°C
= T <70%
il e g A FA ok 2 5kg
A= ¥ A Z &g

g & ol HlE ] (Li-Ion battery)e] SOC &A1oll kA ALE S| A 9] gl Fo]& vl g
54& WA Adatd, gl wigE e 4% x4 wds AT Arste] FAAY
Aol AHEE AS dAFsta vk ShA AE wig Y AMGeERY A% SOCE
10% "90%2] W Aoz Avfsta glow, F B ko] 3 AW & 5 3
ot g Eol wH#(Li-Ion battery)®] 75'%, Ho WAy 25Velst® "ol A =HH
wiE gl o] o] §A3%] sk 540l glom, ojgfg of=E wiHE 9] SOC o]
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10% olet= "olxl= A& A st ot

Typical Discharge Characteristics
Discharge curve

Dwominal area
11 lExponentiar area

Exponential -
Nomlnal ........ || .............................

Exponential Nom Max
Capacity (Ah)

<T™E> A e g A

RESS A=A S CALBjikol A Al&3t Ao AAEod= SOC 4 oA A
sk glEol HiEE e 5A4S IdE sty F4% AS ST ¢ k. 2= Ao
A AR EE 31VE 7IHo®E SOC7E v43] Hashe s e o+ s 2 1H=
NA = 7] A ko]l Ao dom, ¢ 25VeA ABY FREHE S AT
T A
S I = 04l
|
32 = e
= )
= ag A
5 \
)
28 i
|
|
28 J'
; |
|
2.4 T T T T T T T 1
o 10 bl ag ag 50 BOD 70 20
frE' ‘Al
<Z9¥> CALBjitol| A A& viwd <] alg g SOC 74 34

oA AUREE wiElE] AlYS mlg o w2 gl Fol vl 2 (Li-lon battery)e] SOC #a
Awald, SCO 100%2 UEhlE Adl Aoy SOC 90% FFAt
HA43] HZAasHA "rh o] F SOC 90%NAFE 10% 7# SOC7F 348t
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Edold 84

o), o FrlA el Ak BFol TAARES vl AT 10% o3k SOCT #23HA
H SOC7F 543 7astAl &= Feolt).
SOC =4 T ga SE K]
18 v v
17 Charge: B500mA{1 11)x1.2hrs 20°C | Indices
: .E C Disharge _emplerature 200G
sl € | . )
= Fd _ o c—>e : w43 A a= &A%
& B T
P I b=Ho &3
S —— e->a: M8 e o = SFANEANA
1.1 : -
1.0 d b —-rﬂ %)
e ] >d : =As A = T3 "l A2
oo ‘,__‘—wucmmjn.zh] a—>d © w43 A d =% AT
Ye a3 3 5 =@ e = FFAY WY A
Discharge Time (hours) CQ 7&]
<z¥> wiEE SOC #a FAH B 73 £x 54
- "jEl g SOC &4 =dg
HE 2] SOCE A EHolAdor BA37] 98] Mathwork® MatlLab Simulinks 83}
of wig ol digh RdsS AASAT viE Y Edgos AZE oA AFst= 2
olBu g E &85
- e 24
.1."
First order ..0'
low-pass filter
.-:,l___* - |
i Sel I_ D(Dlscharga] Internal
-~ t+ 8 t L F!amstance
l LA ﬂ‘l (Charge) 1 Vo
Exp(s) A | Voo A
e -
I el(5) LAE-it))-s+1 |
- . ' t E:D Vit
[Echarge = AULIY. Exp. BaitTipe) | Controlied
g ; . {-Epar—m{ *) voltage
Battery Edischarge = f201.1* Exp BaitTipe) T source
<> diE g 2
e g 2d2 g e SOCE FAtstr] fgh 2z djgngEo] Bojxo] glom, o]
wet sk R0 wiE e dis) AlEwel s AAE & Aok wigy RS 9F A

olze} 2.
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- Indices
E = v1Aa8 A (V)
E= A A (V)

exp(s) = exponential zone FE4 (V)

Sel(s)= vielz] e, vielel 4 9 39 Sel(s) =0
Sel(s)= vielz] el | wee $d 9 4% Sel(s) =1
K= =43 (Ohms)

-
=
-* —)

i = A5 AF 54 (A)

i= e dF (A)

it= & HAF (Ah)

Q= "Ee Hd 475 (Ah)

A= Exponential A<}t (V)

B= Exponential A A E] (Ah™ 1)

L Q * Q . .
O ,i)=F,—K — o —K o — o A e —B e
fl(ztz i) 0 O—it 7 O—it it+ exp( it)
Wd 24
K Q x Q . )
s 51) = — K - . —K . — o A e — .
fQ(ztz i) E, 101 0 ) O—it it+ exp(— B« it)

& AN AS e ABdeld Azte] 27H] Wil =5@ wee S0ce i
& gelshs Aol ¥ ABeol el BHon, B AFdoldg B3 v ne 33
A E A4 T AL WAE FAL 5 AT
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Continuous

powergui

Scope

= SCC L] ot
To Workspace
<B0C (%)
<Current {A)=
Scopet urrent
» A [l
<Woltage (V=
To Workspace2

Scope?

e

L~

] .

To Worspace1

Clook

<Z1¥> MatLab-SimulinkE ©] &3} v g g

SOC Hl+= 100%= dAsArt &5
ol

To Workspaoe3

AlEdold e

= & 1700, fdHE AFR 2 ofdiel Zoh A
Ask= RESS?! CALBite] wiEle] AL 54702 -4 3k
& CALBAMIA Algd vl = %}% ks Pl

8% s
&2 A (Nominal Voltage) 172.8V (3.2%54)
A7 L= (Rated Capacity) 70 A
%7] SOC *+el(Initial State—of-Charge) 100 %
A €% (Maximum Capacity) 75 A
2+= A<}t (Full Charged Voltage) 194.4V (3.6%54)
2 Hvd AF (Nominal Discharge Current) 21
W A3 (Internal Resistance) 0.001
T Aol dg &%
(Capacity @ Nominal Voltage) 65
exponential zone [3.33%54 21]
W2 A5 (discharge current) 30
el 2] $¢ A7 (Battery response time) 30
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;
Time offsel:

500

ai

<1

OO 1000 1500

Time sffset: 0

©> AlEg ol wE SOC, A, dF #Ha =4

T A w9 SOC A% A5 i E 2
SOC 90% 90.35262 183.2987 122.1992
SOC 50% Max : 194.4V
SOC 45% 46.10013 172.7839 115.1892 Nominal : 172.8V
SOC 10% 10.89462 162.3601 108.2401
<#> SOC 73t ¥ Algdold 23
AlEEeld AAl A TR Asbrrgtel WYdsk= 90% SOC A e Adeh oF 1833V=
vEbon, 33 AGHSTE TREE 10% SOCOlA el A4 oF 1624V e

Ehon 2 HehE SOC 10%14 90%<] &34 A W9 Haro] sidsts 3o
ool A7 vERRtt
Time Y A SOC Time \ A SOC Time \% A SOC
0 194.2915 129.5276 100 62.54138 188.8985 125.9323 97.05036 804.9445 177.4866 118.3244 63.93357
3.16E-30 | 194.2915 129.5276 100 71.84872 188.4051 125.6034 96.61683 834.8756 177.3797 118.2531 62.62228
6.31E-30 | 194.2915 129.5276 100 82.79831 187.8553 125.2368 96.1082 865.3989 177.2731 118.1821 61.28583
6.18E-05 | 194.2915 129.5276 100 96.17241 187.2245 1248164 95.48891 896.5466 177.1661 118.1107 59.92288
0.000124 194.2914 129.5276 99.99999 114.3753 | 186.4321 124.2881 94.64923 | 928.3619 177.0576 118.0384 58.53155
0.000247 194.2914 129.5276 99.99999 134.8465 185.6231 123.7488 93.70897 960.9065 176.9465 117.9644 57.10922
0.000494 194.2914 129.5276 99.99998 152.7948 184.9783 123.3189 92.8878 994.2727 176.8318 117.8878 55.6519
0.000988 194.2913 129.5275 99.99995 171.0556 184.3779 1229186 92.05513 1028.608 176.7117 117.8078 54.15324
0.001976 194.291 129.5274 99.99991 189.6547 183.8185 122.5457 91.20971 1064.176 176.5844 117.7229 52.6019
0.003953 194.2906 1295271 99.99981 208.5656 183.2987 122.1992 | 90.35262 1101.531 176.4463 117.6309 50.97378
0.007906 194.2898 129.5265 99.99962 227.7929 182.8159 121.8773 89.48358 1142384 176.2888 117.5258 49.19476
0.015811 194.2881 129.5254 99.99924 247.3431 182.3676 121.5784 88.60218 1172957 176.1656 117.4437 47.86442
0.031623 194.2847 129.5231 99.99848 267.223 181.9516 121.3011 87.70805 | 1203.531 176.0372 117.3581 46.53502
0.063245 194.2779 129.5186 99.99697 287.4395 181.5656 121.0437 86.80077 1234.349 175.9016 117.2678 45.19597
0.12649 194.2644 129.5096 99.99393 308.0001 181.2075 120.805 85.87994 | 1263.185 175.7687 117.1791 43.94402
0.252981 194.2376 129.4918 99.98787 328.9124 180.8755 120.5836 84.94514 1290.92 175.6346 117.0897 42.74078
0.505961 194.1847 129.4565 99.97573 350.1843 180.5675 120.3783 83.99595 1318.972 175.4921 116.9947 41.52479
1.011923 194.0814 129.3876 99.95148 371.8239 180.2819 120.1879 83.03193 1347.288 175.3405 116.8937 40.29835
2.023846 193.8847 129.2565 99.90301 393.8397 180.0169 120.0112 82.05265 1375.208 175.1826 116.7884 39.09011
4.047692 193.5265 129.0177 99.80622 416.2403 | 179.7709 | 119.8473 | 81.05767 | 1402.604 175.0188 116.6792 37.90564
6.762297 193.1073 128.7382 99.67665 439.0346 179.5425 119.695 80.04653 1429.7 174.8471 116.5648 36.73528
9.801701 192.7031 128.4687 99.53188 462.2316 179.3302 119.5534 79.01879 1456.578 174.6665 116.4444 35.57546
13.16027 192.3166 128.211 99.37224 485.8406 179.1325 119.4217 77.97399 1483.168 1744767 116.3178 3442934
16.83541 191.9467 127.9645 99.1979 509.8711 178.9483 119.2989 | 76.91167 1509.421 174.2772 116.1848 33.29896
20.84167 191.589 127.726 99.0082 534.3326 178.7763 119.1842 75.83137 1535.345 174.0673 116.0449 32.18409
25.20642 191.2375 127.4917 98.80192 559.2351 178.6152 119.0768 74.73262 1560.944 173.8461 115.8974 31.08456
29.97022 190.8858 127.2572 98.57718 584.5885 178.4639 118.9759 73.61495 1586.207 173.6127 115.7418 30.00087
35.18873 190.5274 127.0183 98.33146 610.4028 178.3214 118.8809 724779 1611.122 173.3664 115.5776 28.93355
40.93646 190.1561 126.7708 98.06133 636.6885 178.1867 118.7911 71.32098 1635.682 173.1061 115.4041 27.883
47.31292 189.7655 126.5103 97.76225 663.4562 178.0586 118.7057 70.14372 1659.88 172.8308 115.2206 26.84958
54.45252 189.3488 126.2325 97.42809 690.717 177.9363 118.6242 68.94561 1683.706 172.5394 115.0263 25.83366
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Time \ A SOC Time \ A SOC

1775.149 | 171.1862 1141241 | 21.95245 2276.586 112.2292 7481944 | 2411745
1797.01 170.7934 | 113.8622 | 21.02947 | 2284.256 107.234 7148932 | 2.203873
1818.459 | 170.3752 113.5834 | 20.12604 | 2291.614 101.9822 67.98811 | 2.013755
1839.49 169.9295 113.2863 19.24245 2298.676 | 96.50462 64.33641 1.840631
1860.098 | 169.4541 112.9694 | 18.37896 2305.46 90.84234 | 60.56156 1.683659
1880.279 | 1689464 | 112.6309 | 17.53582 2311.985 85.04566 56.6971 1.541927
1900.029 | 168.4036 112.2691 16.71325 2318.271 79.1725 52.78167 1414458
1919.345 167.8228 111.8819 | 15.91146 || 2324339 | 73.28582 | 48.85721 1.300232
1938.222 167.2006 111.4671 15.13064 | 2330.211 67.45029 | 44.96686 1.198197
1956.66 166.5332 111.0221 14.37097 2335.91 61.72883 | 41.15255 1.107299
1974.654 | 165.8166 110.5444 13.6326 2341.462 56.1792 37.4528 1.026498
1992.205 165.0462 110.0308 | 12.91567 2346.89 50.85134 33.9009 0.95479
2009.311 164.2172 109.4781 12.22029 | 2352.219 | 4578552 30.52368 | 0.891225
2025.971 163.3238 108.8825 11.54658 || 2357.476 | 41.01154 | 27.34103 0.83492
2042.185 162.3601 108.2401 10.89462 2362.686 36.5489 24.36593 0.785067
2057.953 161.3193 107.5462 10.2645 2367.874 | 3240768 | 21.60512 | 0.740937
2073.275 160.194 106.796 9.656256 | 2373.065 | 28.58996 19.05997 | 0.701879
2088.154 158.976 105.984 9.069949 | 2378.286 | 25.09135 16.72757 | 0.667319
2102.59 157.6563 105.1042 | 8.505604 | 2383.561 | 21.90266 14.60178 | 0.636753
2116.585 156.2249 104.1499 | 7.963235 2388.916 19.01131 12.6742 0.60974
2130.142 154.671 103.114 7442841 || 2394.379 16.4025 10.935 0.585896
2143.263 152.9827 101.9885 | 6.944404 | 2399.976 14.06023 9.373489 | 0.564885
2155.953 151.1473 100.7648 | 6.467888 || 2405.736 11.96793 7.978617 | 0.546414
2168.215 149.1508 | 99.43385 | 6.013238 | 2411.689 10.10893 6.739289 | 0.530224
2180.053 146.9785 | 97.98565 5.580378 || 2417.869 8466863 5.644575 | 0.516088
2191.473 1446148 | 96.40983 5.169208 242431 7.025761 | 4.683841 | 0.503804
2202.48 142.0434 | 94.69558 | 4.779604 | 2431.049 5.770236 | 3.846824 | 0.493191
2213.08 139.2478 | 92.83186 | 4.411408 | 2438129 | 4.685508 | 3.123672 | 0.484086
2223.281 136.2116 | 90.80771 4.06443 2445589 3.757423 2.504948 | 0476342
2233.09 132919 88.61266 | 3.738441 | 2453471 | 2972435 1.981623 0.469825
2242.515 129.3559 | 86.23726 | 3.433164 || 2461.808 | 2.317554 1.545036 046441
2251.567 | 125.5106 | 83.67374 | 3.148274 | 2470.617 1.780228 1186819 | 0.459981
2260.255 1213752 | 80.91679 | 2.883386 2479.88 1348117 | 0.898744 | 0.456429
2268.591 116.9468 | 77.96453 2.63805 2489.527 1.008685 0.672457 | 0453644
2500 0.736585 0.491057 | 0451411
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T2 F7HED e AAdd B @A BHbs uw Aol oM E ol FES
FA e Wirg LEDZF 23k ok Hold 243y A7|Ad = Wisd LEDE 79
sttt Wuksd LEDE ofgiet o] LED, 394, LED¥=3Ho s A ¥t LEDY4H

3} 5194e ABSAAE MCT2 7haahel A4as)

4o Fol AAUE A" A% % REASY
o Ftel= g sof A%

Zhol= 8l Hlde A4d &5 7hEdte] AT As= SMACUNAITFZE& )= A

g3t o CNC7les &3l 71019 ol & 7tedtiint. 7hel== #7]ojet #7]o] 14§
1 Az Jor FAHEY dFdo] 1.6moltt U 7jojo XY WA ELS 60mmo] L
o7t Aol #rjoj(Zlel=)et HE Al AuZle] AT = vk o] E Hdtr] fsho
A9 AFS 7HA=S Az

Hol W % &) o B

Hol EH 9 I&E7]e ojAdEg e ot 1dd 2ol FAEY. EHE AAIS] 400W
dAEA 123kg.cm, H L= 3000RPM ] DC EE ot DCEH | Aol = 4.5kW,
180Ve] TVS(Transient Voltage Suppressor)S A3ttt RE Q] 3| d=L 7HE5H]
1:609] T3 H71o #AEH7E S35 -4140371019} AZdHh

e e W S el
TG _;\..':‘:f,‘;ﬁ.,, ;:
T *"-*«.u.

e
o

<> Aol Y oAl &

o Aol A
A slol obd) 1@t Pol o FaolElsh 45 Coffset v, WEHAR TAHCL 1wz

A SewAe eololst AAl B, oo FHHM Aol P7 Fol AT A
Askm, 493 9 B2 F A TAFHL FAPFOR gHoH gus @
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Speedimm/s)

IS NETECEER
Ag7ole] dFoolHE 100mm ~EZA 25% duty cycled 7AW 7]ojnl&= 1
t}. A &30] 1200No] =2 @ig)7]ol7} & ol= ARo| @ Ho] gujetr Aste _?4‘]

Aoj7} 7hs et

Speed vs Load Current vs Load
12V DC 34V DC)

50 5.0 25
a0 > 40 . 20
” 5:1 2 44|51 1090 200 301 | |ap4 id

——{ 301 g 74 — :
2 : £ 20 /{;f{jiﬁ 1.0

R | 201 g 5]

10 — 30.1 01 m%—’? 0.5
O 200 400 600 800 1000 1200 1400 O 200 400 600 800 1000 1200 1400
Load(N) Load(N)
<Aooy 2=d 54>
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5. 248 A A B HE
7, e Bt 5%
o UNECE Category L7¢ Quadricycle®] ¢ 2

UNECE ##49l 2]3t¥ Quadricycle2 4702 vl E 714 =

A el Vs

2 A (Cycle) & 2w gk}

A7), dm B oy} Q¥R AEsteE EE MES EFstH sE o] 1ol ofdd
749 Motorised Quadricycle® T3t} &% QéﬂiM1ﬂﬂﬂﬂTﬂbiﬂ#—:?
Asti= 9 Micro Car2A4 A2 HH &g F4o+= UNECEY Category-L6, L7%}
n=re] LSVZE vk el A= 4ﬂﬂ‘ﬂﬂ»ﬂ@iﬁ]}%ﬂﬂlﬂa‘%ﬂoﬁ»mmo
|atell delHl e Fol ASAV AR sk, & HACA Abee 24aY A
712 = 37 Micro-segmentol] tal = H% 14 AAo] & Qs

o UNECE® ## 7 7+

<UNECE RE3¢| w& quadricycle®] /715>
= L2 =] ol

A vehicle with four wheels whose unladen mass is

not more than 350 kg, not including the mass of

the batteries in case of electric vehicles,

whose maximum design speed is not more than 45
km/h, capacity does
not exceed 50 cm3 for spark (positive)
engines,

not exceed 4 kW

Category L6 and whose engine cylinder
(L i gh t

quadricycle)

ignition
or whose maximum net power output does
in the case of other internal
combustion engines, or whose maximum continuous
rated power does not exceed 4 kW in the case of

electric engines.

*not more than 350
kg(excluding battery)
Max speed 45km/h
*Power output 4kW
*No mandatory
collision
certification
required

A vehicle with four wheels, other than that
classified for the category L6, whose unladen
Category L7 mass is not more than 400 kg (550 kg for
( H e a v y |vehicles intended for carrying goods), not

quadricycle) including the mass of batteries in the case of
electric vehicles and whose maximum continuous

rated power does not exceed 15 kW.

*not more than 400
kg(excluding battery)
550 kg (intend
carrying goods)

*No speed limit

*No mandatory
collision
certification
required

*Power output 15kW

Vehicles used for the carriage of passengers and

Category M1 comprising not more than eight seats in addition

to the driver's seat.

*No mass |imit
*No speed limit
*Power output 4kW
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"= 8] % NHTSA9 US EPA 59 &4 7ol A%tk NHTSAE A7 & 5
F(Curb weight)S 7o 2 &9 TH5& &1, US EPAE A% AUwH4s 7
ToE AT sHe TEdth 2 VT ofd mek &

<NHTSA 7|&>
o . . Pickup
Class Mini [ight compack medium heavy SUV Vans
truck
Curb weight (680-907 ko) k;)90771,134 L;),13471,360 l(«1;;36171,587 al::j,i&j:[ ka) _ _ _
<US EPA 7|=>
Class Two Mini Subcompa Compact Midsize Large car Smal | Mid Large
seaters Car ct Car Car Car S— wagon S- wagon S— wagon
Any
Inter ior (designed | under 85 ff"%'g o 130;109'9 ;10%:19'9 120 cu ft e 130 o 130-160 cu wer 150 o0
ngzze ;:‘je"::w ?;;tmg) ;;4—2483 ;;873411 ”(1;17340 fje? ma) or ft (3.7 md) ;;)(3‘7’4‘5 ft (4.5 m3)
adults
<US EPA 7|&>
g AUE A
seats only the driver and a single passenger
a 1 cylinder 49 - 500cc engine
Mini 1 wheel drive
Car cable operated brakes on 2 or 4 wheels (no longer permissible in countries such as
the UK)
simple suspensions
6° - 8" road wheels
A subcompact car is an American definition to indicate an automobile with a class
size smaller than that of a compact car, usually not exceeding 165 inches (4,191
Subcomp | mm) in length, but larger than a micro car. According to the United States
act Car | Environmental Protection Agency (EPA), a passenger car is classified as subcompact
if it has between 85 cubic feet (2,407 L) and 99 cu ft (2,803 L) of interior
volume.
Current compact car size, for US and international models respectively, is
approximately 4,100 mm (161 in) and 4,450 mm (175 in) long for hatchbacks, or
Compact 4,400 mm (173 in) and 4,750 mm (187 in) long for convertibles, sedans (saloon) or
Car station wagons (estate car). Multi-purpose vehicles and sport utility vehicles
based on small family cars (often called compact MPVs and compact SUVs) have
similar sizes, ranging from 4,200 mm (165 in) to 4,500 mm (177 in) in the U.S.,
and from 4,400 mm (173 in) to 4,700 mm (185 in) in international-based models.
Mid-size vehicles today usually have wheelbases between 105 inches (2,667 mm) and
Midsize | 110 inches (2,794 mm). Another widely used definition is that of the EPA, which
Car classifies cars between 110 cubic feet (3.11 m3) and 119 cubic feet (3.37 m3) of
interior volume as mid-size.
Large | Full-size cars are usually denoted for their length, nearing 5,000 mm (197 in) in

- 138 -




basic sedans,

with

luxury models often tending to reach 5,350 mm
Previously, a wheelbase greater than 2,790 mm (110 in) was the criterion. The term

(2117 in).

first appeared in the early 1960s to define what also became known as
car "standard"-size cars from the new compact and intermediate models then being
introduced. Full-size is also defined in space measurement as greater than 3,300 L
(120 ft® ) of combined passenger and cargo interior volume.
o FMVSS 5000 w& A&A5 42 7]& (Low-Speed-Vehicle: LSV)
73 N&J|& u]
) 4 wheels in contact with the ground in
operation ) 4-whee |
normal operation,
Has a speed attainable in 1.6 km (1 mile) of
more than 32 kilometers per hour (20 miles | Max. 40km/h
Speed per hour) and not more than 40 kilometers |[Average
per hour (25 miles per hour) on a paved | 32km/h
level 5 surface
, Has a gross vehicle weight rating (GVWR) of
Weight ) 1,361 kg
less than 1,361 kilograms (3,000 pounds).
] ] ) Tem items,
Each LSV shall be equipped with ten items of | ‘e d
relate
Equipment safety equipment and a compliance
. ) safety are
certification label. ]
required
o U BF{ 7+
<Absake] R/ 71>
- = =
- «HH D1 & 0| 1000ccO] Bt
- 20| 3.60/F - L4HI1.60|E - =012.00/E 0|5}
s b DI 0| 1,600ccO|Btol =
- +210| 4.70/Ef - 4HI1.701E - =0[2.0016 0|5}
— b DI &0] 1,600ccOl4t 2,000ccO| Bt
=< =2 20| - 4Bl - =0| = 0{L BlLIRtE ASS ZWat=
oy = b DI &0 2,000ccO] A
= 22 20/ - 4Hl - 50| 25 AES = 5t A
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Social Benefit ~transportation support and tourism promotion~

2 @t3AE

| B Micro Mobility make lots of benefit like transportation support and tourism p

romotion ]

©lncrease stopover spot by inviting
narrow street and nice sireetscape
with comfortable migration

@ Create nice atmosphere

COMPACT mobili
© Increase charm of the sightseeing i iy

area by discovering new tourist
attractions, and awaking natural

‘ambience like brook etc. " and change the relationship
m Convenient and New ! E :i
Transportation

For daily life and

for

pedestrian by making enough
space between pedestrian and

© Create new communication
between Driver and Pedestrian

s f S il lo# logist
Transportation sy smllln lglstes 7' Small lot logistics
support
more efficient

@ Increase of the going out

opportunity and communication of m ‘ * ¥ @ improve service level by
all age include elderly pecple ra‘namillze transport path and

RS- P IIMEHPEY

@ support for daily transportation of

(] eﬂi cient freight handling at nammow

child care generation space in downtown, overcrowded
area
6
<1y YR 223 A¥A AF A A% 29>
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)
Ministry of Land, Infrastructure, Transport and Towrism

Positioning of New Mobility

<I8> dE FEINFAHY

Rated Output .
|(Electric Vehicle)) 0.6kW and less Exceeding 0.6kW
Engine Capacity| S0cc or less from 50cc to 660cc
Wheeled Walking Quadricycle Mini-sized Vehicle
Ai_ds +Overailength: 2 500mm | SULURLELILT Overall length: 3,400mm
(No license erail width: 1,300mm [ -m.alnidﬂr.!.mm
required) -0vmi| YRp Y ey +Raled Oufpul 8kW* and
*1 passanger | less (or 125¢c or less)
6 km/h,or less ~Driving on a highway not [IRPR Al
Three/Four 'g:.\rf:::de::rww allowed (ar, driving seat and of two
Wheeled Vehicle] ™ engts | 20 | CRSs)
Overall width: 700mm %
rerdt aighe 1 Gm . ?Irmngunahlgmnynnt
| LS - [zt
7fal
Anig
[ -:J['
* Japan's Rated Output 8kW is eqy to (e Rated Power 15kw of Category L7

Main concepts of Safety Standards

2234 AF £F

A

Minisey of Land, Infrastrugture, Transport and Tourism

that (1) a vehicle does not drive on highways, and 2 drives anly in the
traffic is secured .
* Main safety standards to be applied will be as follows.

= Giving the top priority to the securement of safety, some safety standards may be relaxed. provided

area where the safety of

Main standards to be applied as normal |

Passive safety performance (Conformance to the structural requirement!

Display of Standards
Relaxation mark
(front and rear of a

Control parformance

Aaoustic Veh:c\e Alertlng System
the davice that emits thy automatically dorin

in order to lat pedngmans recognize the approach nf a highly silant EV

.l’ Schediule

| Main Standards that could be relaxed

It is possible to relax the following standards.
orovided that a vehicle drives anly in the
safe area and not on highways

+ installation Strength of seat

Impact absorbing performance of seatback

+ Installation Strength of seatbelt

+ Space and sizes of seating

+ Child Restraint Systom (IS0-FIX)

Main Standards that could be relaxad
subject to the conditions

Veahicle of 1,300 mm or lass in the width
Followng standarcs could be relaxed since it
could be regarded as having cheracteristi of

two-whesled vetic)
+ Fire retardant Inanor finishes
(Device to which two-wheal vehicls standards
will ba apoied]
* Lamos
* Brake
+ Locking Devices

Vehicle drive only on the roadis with the
maximum sbeed of 30km/h or less
Sirce there are very faw fatality accidents.
on such roads. the foll standards
could ba relaxed, 100,

t strenmth o‘ seatbelt

' =
1 * The other reaurement for crash worthiness
1

22 chamber 2012 Start asking for PC.

<IT¥E> 4d& %Eﬂ%"éiﬂ Z49 AsA AF AE W&

A5 7+

Category-L : Vehicle with less than four wheels + four Wheels
Category-M
Europe Category-Loe Category-L7e -
Category-L1-L35 (Light Quatricycle) (Heavy Qu ugmg cle) 4-wheeled Vehicle
F
What is Micro Electric Vehicle?
e
First kind of : i i
Japan Mbtotviels Micro Mobility 4-wheeled mobility
Korea
Us No Velucle classification for MEV
et (MEV involved to existing vehicle classification)
China

<aAY> FF %228 A5 =9 A
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