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Abstract :
serious global issues. Automobile industry consumes 30% of the oil every year and causes air pollution and global
warming by the exhaust emissions and carbon dioxide (CO,). The demand of two-wheeled vehicle increases every year
due to the parking and traffic problem caused by the increased automobiles in the urban area. Approximately
50,000,000 two-wheeled vehicles were produced in 2008. The development and sales of the hybrid two-wheeled
vehicle industry become active due to its increased market demands. In this paper, the change of the motor and battery
efficiency, driving distance, hill climbing ability with the change of the motor capacity was analyzed. Simulation of the
peculiarities in urban driving schedule(World-wide Motorcycle Test Cycle(WMTC), Manhattan driving schedule),
constant speed(10 km/h, 35 km/h) of small electronic two-wheeled vehicle was also carried out. Through the simulation
result, appropriate capacities of the motor and battery for urban driving was acquired.

The climate change due to the increased consumption with fossil fuel and rise of the oil price have been

Key words : Electric two-wheeled vehicle(Z17] 0] & 25 2}), Scooter(2=5-E), Motorcycle(2EH}o]), Li-ion
battery(2] 5 ©]->%1 A]), Permanent magnet synchronous motor( 3 - %} & 7] 5. E])
Nomenclature W :weight of the vehicle, kg

a - vehicle acceleration, m/s’ 0 - grade a.ngle,‘
A - frontal area of a vehicle. m? W, :dynamic weight on front axle, kg
b : longitudinal distance from front axle to center W, :dynamic weight on rear axle, kg

of gravity, m v : vehicle speed, km/s’

. . . 3

c : longitudinal distance from front center of P - density of air, kg/m

gravity to rear axle, m

Cp  :aerodynamic drag coefficient
D,  :aerodynamic drag force, kg ‘m/s’
h : center of gravity height, m

: wheelbase, m
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Table 1 Sales status of 50cc scooter in Korea ~ (F¢] : th)
Year =] S&T T4 Total
2006 15,304 8,645 18,322 42,271

2007(1~10) 11,593 6,532 17,885 36,010
Total 26,897 15,177 36,207 78,281

(A WH A2, S&TRE 2, 23 3] 2008)

Table 2 World electric scooter sales(Estimates) (F$] : th)

Year 2007 2008 2009 2010 2011

China | 75,000 | 120,000 | 250,000 | 300,000 | 400,000
India | 30,000 | 80,000 | 120,000 | 200,000 | 450,000
Japan | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
Europe | 4,000 | 4,000 | 5500 | 7,000 | 8,500

Taiwan 1,000 1,000 | 100,000 | 120,000 | 200,000
SE Asia | 1,000 2,000 5,000 | 50,000 | 100,000
USA 3,000 6,000 8,000 | 20,000 | 50,000

Total | 115,000 | 214,000 | 489,500 | 698,000 | 1,209,500

(& A: Electric bikes worldwide reports, 2009 ninth edition)
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Table 3 Specifications of the electric scooter
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Direct Current) =.E] ¢} 1L F{(AC, Alternating Current)
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Motor efficiency

1
8

2000

Motor speed[rpm] o Motor torque[Nm|

Fig. 1 3D motor map(1.5kW)

Company Shanghai Raido Electrotherm Eco-car

Model TDRO116Z R-25 Yo Electron BIKY NEO
Curb weight (kg) 40 60 73 85

Battery lead-acid lead-acid lead-acid Li-polymer
Weight of battery (kg) 26 15 - 15
Nominal voltage (V) 48 24 48 48
Nominal capacity (Ah) 14 22 20 40
Charge time (h) 3~8 5 6~8 3~4

Motor (W) 250 800 250 1,500

Maximum speed (km/h) 20~25 25~30 25 65
Range (km) 45~60 35 70~75 120
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Table 4 Classification of rechargeable battery

Lead Li-ion
acid LIB LIPB LPB
Cell voltage(V) 2 3.6 3.6 2.0~3.6
Energy | (Whkg) | 28~33 120 100 >200

density | (Wh/L) | 70-100 280 220 -
Auto discharger

5~10 <10 <10 <10

(%/month)
Memory effect No No No No
Charge and discharge 300 1,200 1,000 200
cycle
Cost(8/Wh) 0.03~0.1| 0.5-0.9 1-2 1-2

(& A http://www kkpc.re.kr/powergraphy/Li_Battery.htm)
(LIB : Lithium ion battery, LIPB : Lithium ion polymer battery, LPB :
Lithium polymer battery)
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Table 5 Specifications of the electric scooter

Vehicle weight(kg) 70
(without battery)
Cp 0.9

A(md) 0.55

Motor(kw) 0.5,1.0, 1.5
Battery 48V, 40Ah(22.8kg, Li-ion)

Passenger 1(65kg)

Wheel( inch) 12

Fig. 2 Electric scooter model



The Analysis of a Electric Scooter's Performance through Motor and Battery Capacity Changing

Shi= F-5h= Newton o] A2 25 4-8-8f] 11tts]
FIE @ AT AAETE A Pl v A o
G nes] 915te] A FH o) RS} A%
ol 7Fal A= ek 2 ()7 )2 e gt 44
AR A4S B DS BAFAN AAF o
2 337 QAR o) oA B3 4 (3), (4)% 2.
W, = %V(CCOSQ*hsinH) @)
W, = %V(bcow + hsind) 2)

where g : Acceleration of gravity (m/s’)

W, = w ccosf —hsinf — @) 3)
g
w . ha

w,.= A ccost — hsinf + p ) 4)

7)ol &t des o)
oA 7&d RdS A&t & dAFelA=

MATLAB®} ADVISOR 2002 o]-&3}o] A]&dlo]
As Fastith

41 =8 3 S 45 AlEH0lM

2 AT AEH A7) o] FEAke] Al g o] A F
Prre s Ageto] FP g A ANUAEES A
shal, A E 2 7SS A4Sk S
g 9 7t 5 S B S Th

FYR == G E3 2 =(Constant speed) 10km/h,

35km/h 2714 9} EA|F=E =(Urban driving sche-
dule) 27141 A AT, ASFAREE 24D

&eg F3Pslo] Hul SoCht 1(100%)o014 H4
SOC# 0.3(30%)°] = 717FA] T3} H et EA]F=33
X =(Urban driving schedule)== WMTC(World-wide
Motorcycle Test Cycle)?} #3lE 523 =(Man-
hattan driving schedule)E 283}tk WMTC+= ©]
Aol A8¥ = FYPL=|H, & ATl A&
gk 2=FE]ol] A-83817] o Bl 1&g g o] E3HE o

onz &Y Lws AAHE HE WMTC

Table 6 Urban driving schedule

Driving schedule WMTC reduced Manhattan
Time 600sec 1,089sec
Distance 3.933km 3.32km
Max speed 50.00km/h 40.72km/h
Avg speed 23.6km/h 10.98km/h
Max acceleration 2.00m/s” 2.06m/s”
Max deceleration -2.00m/s” -2.5m/s’
Avg acceleration 0.696m/s” 0.54m/s”
Avg deceleration -0.668m/s” -0.67m/s’
Idle time 102sec 394sec
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(b) Manhattan driving schedule
Fig. 3 Urban driving schedule
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Table 7 Results of simulation from changing motor

Acceleration . L .
Motor (0~30km/h) Hill Climbing Ability
15km/h 7%(4.00°
S00W 0.'463m/s2 0(4.00°)
(Time : 18s) 20km/h 6%(3.43°)
15km/h 16%(9.09°
1000W 1.191m/s2 0(9.09°)
(Time : 7s) 20km/h 15%(8.53°)
15km/h 25%(14.04°
1LS00W 2.084m/s2 o )
(Time : 4s) 20km/h 23%(12.95°)
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Fig. 4 Electric scooter driving range from changing motor
capacity(Li-ion battery: 48V, 40Ah, SOC:100% —

30%)
140
10km/h

—_ - 35km/h
I ~ —©- WMTC reduced
= 1200 - —¢- Manhattan
é .
= -
O 100 N 4
c .
@
Lo .
= - - -
B = S _
=
o
o]
° ROt -
= ——

———— —
S -4
o
w

Py 1 | 1 1 | 1 . | | |
800 00 700 a0 200 1000 1100 1200 1300 1400 1500

Motor capacity[W]

Fig. 5 Electric scooter efficiency of changing motor capacity
(Li-ion battery: 48V, 40Ah, SOC:100% — 30%)

7hgkell whel Fa AR L iR E&o] Ttk
BH5S Holal Lo} 10kmh HE5F3e] 45
Ele] &3Fo] 500W ] 30.996km, 1,500W
27.311km = 3.685km(11.889%)7} #F43FATh &
FEE% 500W o] WMTC reduced, e & =
Rro] m&edo] gl G A AlEd o] A ¢
25 wpe}rx] Fehs 4 sk

A7 2~ o] REE- S 1,500W 2 317 3 el
o A wiE] 2] o] 8-S 48V 2] 20Ah, 40Ah, 60Ah 2
80AhE S7FAIA Fig. 6, 73 22 A5 =533
ok wiE ] &3] Sk FaAAR S 7= YEr
Ak wj e 2] FAS7E Q8 oy A 282 o3t
Atk WMTC reduced & w 20Ahell 4] 80AhZ 4 1Y
7S 79 F3 7 2= 21.681kmell A 82.003km
2 37828 S7FekAh ol= viH ] FAVGT o2

o o 2 ool



2E 9 HiE(2] 2k mE FIIATE MSsiA

10km/h
ol +- 35km/h
—o- WMTC reduced
ol —&- Manhattan
120
E 100
=
= gl
X -
[ * -
o g -
— -
o T B
+ —_ . i
-
20 e L R
, 1
20 E] 0 « " * N
Battery capacity[Ah]

Fig. 6 Electric scooter driving range from changing battery
capacity (SOC:100% — 30%, Motor 1.5kW)
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Fig. 7 Electric scooter efficiency of changing battery capacity
(SOC:100% — 30%, Motor 1.5kW)
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