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Abstract : One of the greatest challenges faced by the automotive industry in terms of market expansion of electric vehicles is
finding ways to expand the extent to which these vehicles can travel on a single charge. Both the manufacturers of batteries and
electric vehicles are developing battery cells and modules by combining various techniques in order to increase the driving range on
a single charge. The development of battery packs requires further processes and technologies to be installed on the target electric
vehicles after the development of the battery cell and module. However, the development period takes a lot of time. The existing
electric vehicle charge mileage assessment was possible only in the presence of an electric vehicle or battery pack. This study
proposes a method to evaluate the driving distance on a single charge by the target electric vehicle only through the battery module
that was developed before either the specification of the battery pack or the electric vehicle was determined. In order to validate the
proposed method, one electric vehicle was selected. The driving distance of the selected vehicle on a single charge was compared
with that of the battery module of the selected vehicle.
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0.55 x City driving distance on a single charge [km]
Harmonized charging distance (km] = +
0.55 x Highway driving distance on a single charge [km]

City driving distance on a single charge [km] = 0.7 x Driving distance during UDDS cycles [km]
Highway driving distance on a single charge [km] = 0.7 x Driving distance during HWFET cycles [km]

Fig. 1 Calculation method for charging mileage of EV

646 BIEAISAIASE|=2F M27R H[8S, 2019

t
Charging Distance [km]= / Vs dt )
0
where Vs : Vehicle Speed (km/s)
7} med Fae AL o), B3 18 $4 77

Y AR S o] 8-5te] 15913 S S E ARk

A71ARsAEe] At i e E e wl= wiE ] &
AHE Threte] A g BE7bA] S-S efal, o] §- 943
Zholl wiE 2] &27d & arefste] wiEg] o A R AlE
H= Zlo] ARkl At Tz Aot et wiE
o] apgFell 2o A F2sty] A= 2hge]
of 2] F-3F B AR, RE/QIHE, AR E, e Alo]
7], Bz g e 5)3e] s A7t 2adhd], At

oke] FYPS SohA Fae dvbHew Fgdk ARto]

=

o, i

rO

A e AT, A RdE Al B oA gt A T3
78] Aike] 7k stk et o] W il
i]—\j/k 1:11:—110] 7<-1§1—0Ho]: 6]—1:}-‘_‘ Z

O
v rnE r
=
N
x
ol
R
lo,
oX,

5o e ol AH A GG ) wEel, A
w5 e e Byl JEEst Fas 1o
e el 51HA ) wkgol ofal) A7lelu A& s
AR, FALE, §% WEAY S Be P
W AP A 5L 2] o], JojHow 3t
sl malg ek slo] o et webd A H e AE
dlo] 4 so] TieFA 9l WY1 A5 AEA FA A E A
e 5 AR, ARke] FAA ks 0AE Rk E f
3l ik,

ujebA, wlE g @ w= Ax}r) 2841 AL 22
wd = ujegle] nula A} =X oFe 79 uj
B] 2] HILS(Hardware In-the Loop Simulation)Z &-§-5}¢]
Qe F 7k S wekel 5= qlnk

3. HiE2| 2E

3.1 HHE{2|(H) HILS
Ao 2 Alo] th 2 (Plant) o] ©]F= Alo] Fzo A 5H

ME HILS

PR AA REOR A sta, A FRE 53
o FAE A3} Bl FS Ag el AF oI s



HiEf2] 2SS 0|88 H7

- Monitor
- Calibration

RTS il
il Charger/
Veh_spd Vehicle Model Power 5
Discharger
CAN
- soc
- Voltage
L euient Chamber
- Power Limit
4 B
] ek
Autonomie >

Fig. 2 The layout of battery HILS
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Table 1 Vehicle specification of loniq EV (2017)6)

Item Specification
Battery type Lithium-ion polymer
Cell number 96 cell
Battery usable energy 28.0 kWh
Battery weight 271.8 kg
Battery rated voltage 360.0 V
Battery nominal capacity 78.0 Ah
Motor type PMSM
Motor max. power 88.0 kW
Motor max. torque 295.0 Nm
Inertia weight 1,587.6 kg
All electric range 191 km
Reduction gear ratio 7.412
Fuel efficiency 6.3 km/kWh
0-60 mph 99s
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Photo. 1 Dynamometer test of loniq EV

Table 2 Driving range of Toniq EV(2017) by Hyundai Motors'®

Driving range [km]

City Highway Combined
206 173 191
H| A A xpeko] &2 xpo] 7} 102 o] A Ak A9 A1
< Tosta FA Y E elskit
A3 == UDDSF HWFET S W Alo] 2 A1 &
o, ]Gé. zk Fa A e ol 2 A AlS0.7)9F A

22 1] £(0.55) 2 314 H]8(0.45)S 289k By 135]%H
FYAYE187.1 km= FAF A G 2= A=t
Sapol| A A A SH= oFo] 2.9 EV(2017)2] E-3F 13] F4
Ae] 21 191 km e} A A 7] 2 Sl x| ¢ om, k2 %9
Apeliz 2haF 2 el e] o] e xpel 2 gt

CAN RX
Voltage [ — Battery Measured Voltage
== i
Current Battery Measured Current
=
soc BatteryBus
= SOC_Cal_Model| oto
Temperature Temperature

Battery Model

Fig. 6 The diagram of battery HILS interface

3.3.2 HIE{Z| 2E HILS E7}

ool 2 EVel Al vie 2] Al2~g]2 LG3}8lel A
Aokt a%ow%ﬂx]'—z— 24 1 HER ¥AE3T78 AL A
A7F96 7 = T H o] lom, EL6S2H10S 2 74 =
o] gt} B =Ho A= wE e 8 6SE AHg-atd ek

2k el ANL 9] Autonomie®] 7|2} RdlS- 7| H
o olo]QY EV Ut R 714 s H T8 Alo]&
(UDDS, HWFET, MCTI, MCT2)oll A ¢] 52 A% 213
dlo| B & whedsto] el sl ol AA v el S 28
gHHILS & 7-33t7] 913l DAQE ‘&3l A 33ahe= viH g
Ak, Awet ld AR/E AAksto] ALk SOCBMSel
A1 SOC7FglE AP E Bl &8 W= Adste] &
235153

v el 2] HILS ¢1E] o]~
a8k AR7EHH, &
DAQ®] viH 2] ®& St

2ol e
& vjEe 28
Lo

LR

=

hl

Aol
=

Item Specification
e Cell No. 96 Cell
//
' X6 Cell Voltage 25~43V
“ Pack Voltage 240 ~ 413 V
Capacity 78 Ah
/// Energy 28 kWh
L ; Weight 271.8 kg
X10
2 Cooling Type Air
Fig. 5 The configuration of battery module for Ioniq EV
<BAT_V> {] v_module « vpeck oo
-m Memory BAT_Pack_V BAT_V_to_Model
From = .. .{ : >_>.”_r,un_out ess_cell_soc *07
<BATA> ‘ BMS_SOC_out
Memory1 Gain
ess_soc_calculation_by_hils .
*»M =
Gain_SOC_pc Terminator
= P=vI
curr_in_simu model current ;Knu ch/discharger cument Product BAT_module_pwr_cmd

Fig. 7 Battery HILS interface model

648 BIRAISAIASE|=2F M27R H[8S, 2019



Evaluation of Charging Mileage of Electric Vehicle Using Battery Module

Iz

Photo. 2 Battery module HILS test of Ioniq EV
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Table 3 City/Highway combined driving range

Item Dynamometer Battery HILS
UDDS 199.0 200.9
Range HWEFET 172.0 172.2
[km] Combined 186.9 188.0
Error 1.1
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Fig. 14 The current of UDDS 1ST cycles (Vehicle vs. HILS)
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