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Abstract : Regenerative braking performance of an electrically powered vehicle is closely related to driving distance
per battery charge. An electric vehicle uses appropriate amounts of mechanical braking force and electromagnetic
regenerative braking force to recover energy and increase driving efficiency. In particular, when it drives on a downbhill
road, energy recovery rate is maximized through regenerative braking during coasting based on the mass inertia of the
vehicle. Since an electric two-wheeled vehicle covered in this paper is lighter than an electric four-wheeled vehicle, the
improvement of its driving distance per battery charge through regenerative braking is different from an electric
four-wheeled vehicle. This study compared the driving characteristics of an electric two-wheeled vehicle based on
regenerative braking. Two driving test modes were simulated with a chassis dynamometer system. By analyzing the
measurement of a chassis dynamometer, the driving characteristics of a two-wheel electric vehicle, such as driving
efficiency, were analyzed. In addition, test results were reviewed to draw the limitations of conventional test methods
for regenerative braking performance of an electric two-wheel vehicle.

Key words : Two-wheeled(©]$2)), Electric vehicle(%17]1% 2 2}), Regenerative braking(2] A A|-5), Chassis
dynamometer(X}tll ‘& A), Driving performance(5=3 £4J), Driving efficiency(75 & &)
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Fig. 1 Chassis dynamo test & measurement system
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Fig. 2 Test two-wheeled electric vehicle

Table 1 Test model specifications 71t}
Item Value Unit )
Overall length 1950 mm 223 S¥HS dS
Overall width 700 mm 2 AT Aol &FAEe] AT T %wk
Overall height 1020 mm Z Ao W2 AT EA Y YA HE A5
Wheelbase 4 | mm A3 A5 A A 22 o] §ke] AT LN
Pt ek vl DL g gsgom vt ¥ S AAE 5409 A
Gross weight 240 kg . e oo
o) sy Kes > O ) 0, 0, 0,
Dynamo horsepower 8.7 Hp kAt A E FES 5 %, 7%, 11 %, 15 %=
Motor type PMSM - WslE| Qt F Als oA 71 AAR] AlsE g
Continuous output power 2 kW A= Balaa =317 Yl 71 A Al Al =
Intermittent output power 6.5 kW ;:1:]_' E,l_ Z—}’g‘é‘a Lq] 94_ 7] ]X4 ?_1 ;(ﬂ%_ﬁ_gl 34_ §] Ag Xﬂ—%—ﬁﬂ_, O]
Battery t Lithium-i - _
S ST TA AEE WE FRAAG. 1A A5
Battery nominal voltage 48 \Y N
=] - A~
Battery nominal capacity 52 Ah Rb 2Hg-shs wxbe S AAlS o] 2ol AH8shs
Maximum speed (flat road) 83 km/h 7+ By ste] x138l7] 918 7 7) 0] F2F 5 A
Prm s on e e || g | S 4500 ST 0% 412
TR P—. Wik S PP AR AP,
Hill-climbing ability 42 % B N
Front tire size 110/70-12 : g 7AA R AlsH S LA FA8H7] Al B
Rear tire size 120/70-12 - ol d o] 22 w7t A A A1 E =
Reduction gear ratio(chain drive) 4.2:1 ratio 2 Y aAAXE o)) dA oz T}
A F5A2 F ARSI,
222 BMHS |52 S5 Y4 Fig. 32 A& Al Al=gle Fa @A S
H2E o) xbke] Beo] A #l o]l {944 ks = Aol 3 AAE VeSS 38
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FAOI R FAGHE AAA 29 el AR st Bz Aae] 1 Bl A T % e
of Aok webA] SAE A5 A Belola 3w e ey Feel At Aok B3
AHE 243 o) gol AF A ol T BeelA AL Ho] BrlGEE ARd BAE SERE e
|5 oA B W ud Faolu Fx I 3 3737 E ol A 3] Al s B Y 3]s SA )
Al EE L3 AlsS Ha geake] F%e Y Atk B AAE 15 % From AAE 2z E B
AT Belol 2 AW 24 A HAAE FES T W o) BAAS o83 ArbE SEREKS kmih,
T8 D57 E Alofsts A57] Ao FUES] = 10 km/h, 15 km/h, 20 km/h) ¢} -3} 7] 3] YA E &
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Fig. 4 Two-wheeled vehicle driving test modes
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Fig. 5 Test set up in the chassis dynamometer system

2 AT = AEFTAAF ] A HEA A
£ 333}t 70 kg2 2= O V](Dummy Mass)E &
A8k 0.1 CVS-47, CVS-40 = 3 A= gh52}
7 gsete] Ay T 22 x18sksic) AN
sz 7o) F Ak AbS I HEAte] FAIE aLE 5o
KS R ISO 11486: 2009(=EJALo] E-A) 4] 52 74| ¢
FYATAGY) Aol wet A=A 2}
o sEAVE 23 P REE A V)
0 223°C~25°C A7t FA = AT Al /4 =F
o] Ao 5= Al Al 8172 Fig. 59F 2t

HHEM FAAN S Fa AN E 2 e
S e R AE TR S HA SR
S 7128k B335 km/h ASFHA G S S
AEEA A T FPAY L F5E8S 543
Ak viEE FHAPeR SFA4E FHAYA %}
AE&FY Al FEEE&S FIR=E AP A e}
o] HlaLe] o]- g et wiE 2] T HAIE 35 km/h
AETPA Pl o $k A= Table 29F 2

Table 2 Battery charge test result and 35 km/h cruise driving
test result

Battery charge test

Full charging time Battery fully charged energy
[sec] [Wh]
18678.33 2690.90
35km/h cruise driving(full discharging) test
Driving Discharge Driving Driving
distance DC energy energy efficiency
(km] [Wh] [Wh] (%]
7791 2072.12 1017.98 49.13
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Table 3 12 cycle driving test results in CVS-47 mode
12 cycle driving test : CVS-47 mode / Regenerative
braking 0% level (off)
Driving Discharge Driving Driving
distance DC energy energy efficiency
[km] [Wh] [Wh] [%]
13.61 797.19 392.92 49.29
12 cycle driving test : CVS-47 mode / Regenerative
braking 15% level (on)
Driving Discharge Driving Driving
distance DC energy energy efficiency
(km] [Wh] [Wh] (%]
13.53 770.60 398.90 51.76
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Table 4 12 cycle driving test results in CVS-40 mode

12 cycle driving test : CVS-40 mode / Regenerative
braking 0% level (off)

Driving Discharge Driving Driving

distance DC energy energy efficiency
[km] [Wh] [Wh] (%]
11.89 387.12 166.96 43.13

12 cycle driving test : CVS-40 mode / Regenerative
braking 15% level(on)

Driving Discharge Driving Driving

distance DC energy energy efficiency
(km] [Wh] [Wh] [%]
11.91 363.78 167.53 46.05
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