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Abstract : The effect of the application of the transmission on battery-to-wheel efficiency and fuel economy was investigated
by applying an automatic transmission to a two-wheeled electric vehicle via the proving ground test at a constant velocity and
the actual urban road drive. The following conclusions were drawn with this in mind. When the transmission is applied, the
constant-velocity driving fuel economy and the battery-to-wheel efficiency are greatly improved. The fuel economy and
efficiency are also significantly improved at low-velocity driving. In addition, if the transmission is adopted, the efficiency
decreases as the velocity increases, whereas in the case of a single reducer, the efficiency increases at a high velocity. Also,
the application of the transmission drastically improves the fuel economy of driving in urban areas, mainly due to the
improvement of efficiency in low-velocity areas. Lastly, for further improvement of vehicle performance through the

application of a transmission, an appropriate combination of motor power and transmission ratio is required.

Key words : Electric two-wheeled vehicle(?1 7] ©]&%}), Transmission(* < 7]), Battery to wheel efficiency(Z 3 &),

Real road driving(2 =2 )

Nomenclature Ua : air resistance coefficient
. : rolling resistance coefficient

A : front projected area [m2] Hr g
D : driving distance [km]

. LA E
ECR  :energy consumption rate [Wh/km] =
Ep : total charged energy of battery [kWh)] FH s A g ALE i E g7 o ¥ 28t A4
FE  :fuel econmy [km/kWh] ol Aty ol wet, Abs A} okl A = A7)} T3
R, : air resistance [N] & A3 A 2] BEFS Bl w|E7FA A7 Al o] &
R. : rolling resistance [N] W3] 218 = o ik
w : gross vehicle weight [kgf] ol sl ML F2 4F o] =4 W ALe3E U
Vv : vehicle velocity [km/h] Aoz 3kal AR, Fule] A9 o] ExE A A
npw  : battery-to-wheel efficiency 20153 7|5 94 % VS0l 429 AW EA A &=
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Fig. 1 In-wheel motor-transmission assembly for test vehicle
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Table 1 Specifications of 2 electric two-wheeled vehicle

G B
Weight Empty 105 kg 80 kg
Gross 180 kg 155kg
Tire 12”x110 mm 20”x65 mm
Power 3.8kW 0.75 kWx2
Motor
(In-wheel) Rated torque 16.78 Nm 6.53 Nm
Max. RPM 2700
Ist 13.0(7.80)
Gear 2nd 55 9.30 (5.58)
ratio 3rd 6.50 (3.90)
4th 4.33 (2.58)
Total 2.448 kWh 2.400 kWh
capacity 72V,34 Ah  46.8V,51.3 Ah
Cell 36V,34Ah 3.6V,285Ah
Battery Dimension D 18 mm, L 65 mm
Weight 50g 48 ¢
Arrange 20Sx10P 13Sx9Px2
Power/vehicle weight 297.02 WIN 9493 WIN
(21.11 W/kgf) (9.68 W/kgf)

Gt &2 T3 105 kgoll 3.8 kW] &89 REe} 1
31 B 34k 5% 80 kgoll 0.75 kW KLE 271 & A3}
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Fig. 2 Schematics of Daegoo drive proving ground (from home page of “Korea Intelligent Automotive Parts Promotion

Institute™)
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Fig. 3 Real road test route in Nowon-Gu Fig. 4 Altitude of route and example of velocity
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Table 2 Results of constant velocity driving in proving ground
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Velocity o 5

(knvh) Driving distance ~ Driving time =~ Cut-off voltage (V) Driving distance ~ Driving time Cut-off voltage (V)
(km) (hh:mm) Total Per cell (km) (hh:mm) Total Per cell

30 101.0 3:27 62.5V 3.13 202.14 6:44 425V 3.27

40 84.1 2:07 60.5V 3.03 140.0 3:29 22V 3.25

1 63.8 1:17 60.4V 3.02 92.4 1:50 433V 3.34

50 2 59.3 1:11 613V 3.07 88.7 1:47 437V 3.36

Average 61.6 - 60.85 3.04 90.6 - 435V 3.35
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Fig. 5 Driving distance in proving ground at constant

velocity until terminal voltage
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Battery-to-Wheel Efficiency

Fig. 6 Battery to wheel efficiency in proving ground at

constant velocity until terminal voltage
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Fig. 7 Fuel economy in proving ground at constant velocity
until terminal voltage
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Fig. 8 Energy consumption rate in proving ground at

constant velocity until terminal voltage
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Table 3 Results of urban real road drive until terminal

voltage
G B
Total driving distance (km) 53.5 102.0
Elapse time (HH:MM) 2:13 3:53
Ave;ﬁjﬁfgz);m) 242 26.3
Max. velocity (km/h) 59 61
Cut-off Total 62.4 43.9
voltage (V) Per cell 3.12 3.37
Fuel economy (km/kWh) 219 42.5

Real Road Drive

120
BB aG
100
80
60
40
20 %H |—|
0

Distance Velocity Fuel Economy  Max Velocity

Fig. 10 Driving distance, average velocity, fuel economy
and max. velocity in urban road test
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Table 4 Driving ability according to gradient

Gear Gradient (%) Angle (° ) Velocity (km/h)
G (Single reduction)
0~5% 0~2°42' 62
8% 4034 62
10 % 5043 57
13% 724’ 39
14 % 7°58 23
15% 8°32 x
B (Transmission)
0~15% 0~8°32 21
18 % 10°12 18
Isr .
20 % 11°19 15
21 % 11°52° x
0~10% 0~5°43" 29
13 % 724’ 24
2nd ;
14 % 7°58 15
15% 8°32 x
0~5% 10~2°42° 42
8 % 4034 34
3rd ;
9% 5°09 23
10 % 5043’ x
0 0 62
3% 1043 51
4th -
5% 2°42 30
6% 3°26° x
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Fig. 12 Tractive performance diagram of B
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