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Abstract : Sales of electric vehicles have been dramatically increased by the ambitious policy with subsidies
worldwide. EVs at the early market had low-grade ranges, so a single-cycle test(SCT) was enough to use EV test at
first. In order to reduce lab test duration, a multi-cycle test(MCT) for EV with over 200 km range was introduced.
In recent years, EV technology with battery energy density has significantly progressed in order to attract more
customers that prefer long-range EV. However, it would necessitate more time and cost with the rising test duration.
The purpose of this study is to propose revised MCT methods for solving this problem along with the general test
requirements, such as repeatability, reproducibility, and reasonable cost. The improved MCT methodology is
introduced in order to reduce the lab test burden, and the main principle is to eliminate an urban dynamometer
driving schedule(UDDS) on the test sequence. Two EVs were tested in order to verify the test requirements of the
improved methodology by MCT and three revised MCTs. All test results compared three revised MCTs with MCT.
The results showed less than 1.6 % difference of energy consumption, at most 1.8 % difference of energy efficiency,
under 1.4 % difference of range, and time saving up to 23 minutes.
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Table 1 Specifications of test electric vehicles
Item Vehicle A Vehicle B
L;‘f;:"&ﬁh; 4.470x1,820x1,475 | 4,195x1,800x1,605
Wheel base 2,700 mm 2,600 mm
Electric-motor PMSM PMSM
(Power/Torque) 100 kW /2952 Nm | 150 kW /3952 Nm
By e
Curb weight 1,530 kg 1,695 kg
Production year 2018 2018

Table 2 Specifications of test equipment

(a) Specifications of chassis dynamometer

Item Chassis dynamometer
Type(Manufacturer) 4x4(AVL)
Rated output 150 kW
Roll diameter 48 inch(1,219 mm)
Inertia weight reproduction 500~5,400 kg
Wheelbase adjustment 1,800~4,200 mm
Cell size(WxLxH, mm) 8,000%16,000%4,700
Max speed 200 km/h

(b) Specifications of power analyzer

Item Power analyzer
Model(Manufacturer) PW3390-01(HIOKI)

Cell size(WxLxH, mm) 340x170%x156

Number of Channels Voltage 4 ch, Current 4 ch
Full scale +0.05 %

15~1,500 V

Measuring range 0.1 A~20 kA

0.5 Hz~5 kHz
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Fig. 1 MCT(multi-cycle test) sequence: SOC vs. driving
schedule
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where EE...: energy efficiency of drive cycle (km/kWh)
Ry :range of drive cycle (km)
Edc, :total DC discharge energy (kWh)
Eac  : AC recharge energy (kWh)
ECdc,y. : energy consumption of drive cycle (kWh/km)

EClcqp = (KUDDSl x ECHC[,'DDS]) + (KUDDS ~ EGJLUDDS) 3)

+(KI/DDSK><ECHC )+(KI/DDS1><ECHC

UDDS, UDDb,i)

ECde HFEDS, + ECdc HFEDS,
2

ECdcyy, = “
where ECdccr: city energy consumption (kWh/km)
Kuypps  : scaling factor of UDDS
ECdcypps: energy consumption of UDDS (kWh/km)
ECdcpw : highway energy consumption (kWh/km)
ECdcppeps - energy consumption of HFEDS (kWh/km)

FEde UDDS,

UDDS, — Fic, ®)
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Table 3 MCT vs. Revised MCT methodology
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Fig. 2 Test results of electric vehicle A in terms of MCT and
three revised MCTs
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Table 4 Test results of electric vehicle A according to test
sequence of MCT and three revised MCTs

Fig. 3 Electric vehicle A’s energy consumption(ECdc) by
three revised MCTs compared to MCT
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Item Er;z: MCT |MCT RI|MCT R2|MCT R3
UDDS, | 1.08676 | 1.10122 | 1.07353 | 1.09988
HFEDS, | 1.79062 | 1.78953 | 1.78239 | 1.79203
UDDS, | 1.06641 1.07104 | 1.07338
CSCy | 23.75431 | 24.60215 | 24.65924 | 24.57051

(lii;) UDDS; | 1.0551 | 1.0537 1.0552
HFEDS, | 1.7618 | 1.7573 | 1.7615 | 1.7601
UDDS, | 1.0482 | 1.041 | 1.0402
CSCe | 54867 | 5.6954 | 6.0015 | 5.7596

Total | 37.0499 | 37.0403 | 37.3894 | 37.1107
UDDS, | 12018 | 12.026 | 11.998 | 12.022
HFEDS, | 16522 | 16517 | 16.522 | 16.522
UDDS, | 12.018 12062 | 12.02
Distance | CSCm | 168.034 | 174.772 | 174.555 | 173.677

driven | UDDS; | 12.082 | 12.05 12.054

(km) | HFEDS, | 16536 | 16515 | 16537 | 16.524
UDDS, | 12,016 | 12.045 | 12.0314

CSCe | 38575 | 40326 | 423496 | 40.571
Total | 287.801 | 284.251 | 286.055 | 283.39
UDDS, 97 97 97 97
HFEDS, 93 93 93 93
UDDS, 90 90 90

socC CSCu 25 25 23 23

(%) UDDS; 22 22 19
HFEDS, 16 17 18 14
UDDS, 13 13 14

CSCk 0 0 0 0
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Fig. 4 Test results of electric vehicle B in terms of MCT and
three revised MCTs
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Fig. 5 Electric vehicle B’s energy consumption(ECdc) by
three revised MCTs compared to MCT

Table 5 Test results of electric vehicle B according to test
sequence of MCT and three revised MCTs

Drive
Item MCT |MCT RI1 |MCT R2|MCT R3
mode - - -

UDDS; 1.27567 | 1.27157 | 1.27762 | 1.27863

HFEDS, | 2.20772 | 2.20711 | 2.21293 | 2.2126

UDDS, | 1.25917 1.27283 | 1.25591

CSCy [ 45.13704 | 46.75032 | 47.38762 | 47.31346

Edc UDDS; 1.2251 1.2317 1.2399
(kWh)

HFEDS, 2.173 2.1745 | 2.1873 | 2.1786

UDDS, 1.2348 1.2366 1.2364

CSCg 9.3169 | 8.8858 | 8.1945 7.8653

Total 63.8294 | 63.7576 | 63.7692 | 63.3444

UDDS, 12.03 11.984 12.023 12.046

HFEDS; 16.514 16.509 16.536 16.522

uUDDS, 12.062 11.998 12.024

. CSCwm 254.039 | 262.923 | 265.976 | 265.357
Distance

driven UDDS; 12.063 12.038 12.052

(km) | HFEDS, | 16.523 | 16.535 | 16.524 | 16.53
UDDS; | 12.02 | 12.024 | 12.054
CSCr | 52.141 | 49.794 | 45.881 | 44.233

Total 387.392 | 381.807 | 380.992 | 378.764

UDDS, | 98 98 98 98

HFEDS, | 95 95 95 95

ubDs, | 93 93 93
soc | CSCu 26 26 2 2
(%) | UDDS; | 24 23 20

HFEDS, | 20 20 19 16

ubDs, | 18 17 16

CSCe 1 1 1 1
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Table 6 Energy efficiency and range of test electric vehicle A
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Fig. 6 Electric vehicle A’s energy efficiency and range by
three revised MCTs compared to MCT

Table 7 Energy efficiency and range of test electric vehicle B

(a) Energy efficiency (km/kWh) (a) Energy eftficiency (km/kWh)
Drivecycle | MCT | MCT Rl | MCT R2 | MCT R3 Drivecycle | MCT | MCT Rl | MCT R2 | MCT R3
City 9.986 10.098 10.111 9.906 City 8.845 8.821 8.688 8.753
Highway 8.163 8.188 8.270 8.157 Highway 6.867 6.829 6.813 6.833
(b) Range (km) (b) Range (km)
Drive cycle MCT | MCT RI | MCT R2 | MCT R3 Drive cycle MCT | MCT RI | MCT R2 | MCT R3
City 21771 | 425395 | 426435 | 419.281 City 619.969 | 621.109 | 611.003 | 610.756
Highway 344.777 344.960 348.784 345.246 Highway 481.365 480.826 479.114 476.784
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Fig. 7 Electric vehicle B’s energy efficiency and range by
three revised MCTs compared to MCT
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Table 8 Test duration(hh:mm:ss) of MCT and revised MCTs

Test vehicle MCT
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Vehicle B
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A Study on Improvement of MCT Method for Measuring Energy Efficiency of Electric Vehicles
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