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A Study on Integrated Air-conditioning System for Electric Vehicle Based 1-ton Class
Commercial Vehicle
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ABSTRACT

This paper is a study on integrated air—conditioning system for 1-ton class commercial vehicle based on electric vehicle. In
the case of an electric commercial vehicle, since the opening and closing of the door is frequently performed in order to get
in and out of the cargo, the heat loss largely occurs. Therefore, the heating and cooling load is required to be larger than the
electric vehicle. As a result, the energy consumed by the heating and cooling system is larger than the passenger electric car
in order to satisfy the heat comfort required by passengers. In order to overcome these disadvantages, we performed research
using an efficient integrated air conditioning system. Finally, the design and analysis of a heat pump system for heating and
a electrical compressor for cooling need to be proceed to develop a high-efficiency air conditioning system for improving the
commerciality of 1 ton—class electric trucks and expanding the industrial ecosystem in the electric truck sector.
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Fig. 3 Layout of integrated air-conditioning system for
electric vehicle
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Table 2. Characteristics of motor for electric

compressor
[tem Unit Value
Rated speed pm 5500
Torque Nm 519
Torque ripple
(Peak to Peak) Nm 059
Torque ripple o 114
Rated (VS rated torque) ¢ |
Operation
pe Phase current A 15.00
(Peak)
Phase current
(RMS) A 10.61
Current density Amm® | 1665
Lead angle deg 15.00
B-EMF (RMS @ 1000rpm) \Y 17.90
Cogging torque (Peak to Nm 0483
Peak)
Copper loss W 177.2
Iron loss W 328
Hysteresis loss W 96
Rated output power W 2987
Rated input power W 3207
Rated efficiency % 932
32 Wdd EA AEE 9% 334
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Fig. 9 Flow distribution in cooling mode
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Fig. 10 Flow distribution in heating mode

5 AL BH WY 0 g mEdAe
BE49%e vasd ¥ 30 v, 43e
A A%S JaAE 2 A4 o medy
AR B 37 4% 2 exdely Fuzt
LR S P E BB R RS
AAAAE Ba f50) BAA ANE S @

E 3 Wub gl Lidl nEoMel EESFEF H| W
Table 3. Discharge flow rate in cooling and heating

ltem Cooling Heating
Target air flow 383kg/h 250kg/h
v. &2 2

:?g‘,
oo n
[
N
>
>,
o
2
S~
ofy
H
ot
o,
o
H)
_0‘
%0
o =
pu)
o

o
i
Hd
rlo
gl
2
it
=
1o
N
iy
oxl
f
off
2
e
i, lo

Mo e 2L

201795 AR

g AT Ade wol
(No. 2017R1C1B5075525).

< “2018¢ 7HEEged g

i
4
Og‘;,‘l

jgn&%

i

i
M
o
B

®
-
B

(1]

(2]

(3]

4]

5]

References

C. Lin, H. Peng, ]J. Grizzle, and ]J. Kang,
“Power management strategy for a parallel
hybrid electric truck,” IEEE Trans. Control
Systems Technology, vol. 11, no. 6, Nov. 2003,
pp. 839-849.

M. Yilmaz and P. Krein, “Review of charging
power levels and infrastructure for plug-in
electric and hybrid vehicles,” 2012 IEEE Int.
Electric  Vehicle Conf,, Greenville, USA, Apr.
2012, pp. 1-8.

O. Veneri, L. Ferraro, C. Capasso, and D.
lannuzzi, “Charging infrastructures for EV:
Overview of technologies and issues,” 2012
Electrical Systems for Aircraft, Railway and Ship
Propulsion, Bologna, Italy, Oct. 2012, pp. 1-6.
U. Chukwu and S. Mahajan, “Real-Time
Management of Power Systems With V2G
Facility for Smart-Grid Applications,” IEEE
Trans. Sustainable Energy, vol. 5, no. 2, Apr.
2014, pp. 558-566.

A. Babin, N. Rizoug, T. Mesbahi, D. Boscher,
Z. Hamdoun, and C. Larouci, “Total Cost of
Ownership  Improvement of Commercial



[10]

(11]

[12]

(13]

[14]

A712 7Nk 155 A8AHE FdeE Aladd wd AT
Electric Vehicles Using Battery Sizing and “Decentralized  Participation = of  Flexible
Intelligent Charge Method,” IEEE Trans. Demand in Electricity Markets—Part II:

Industry Applications, vol. 54, no. 2, Mar.-Apr.
2018, pp. 1691-1700.

S. Baek, “A study on educational contents of
hybrid electric vehicle wusing real time
monitoring system,” |. of the Korea Institute of
Electronic Communication Sciences, vol. 13. no.
2, 2018, pp. 443-448.

S. Baek, “A Study on Contents for Education
Using Actual Vehicle-based Electric Vehicle
Diagnostic System,” . of the Korea Institute of
Electronic Communication Sciences, vol. 13. no.
3, 2018, pp. 555-560.

A. Boufaied, "A Diagnostic Approach for
Advanced Tracking of Commercial Vehicles
With Time Window Constraints," IEEE Trans.
Intelligent Transportation Systems, vol. 14, no.
3, Sept. 2013, pp. 1470-1479.

D. Wu, Y. Li, C. Du, H Ding Y. Li, X
Yang, and X. Lu, “Fast velocity trajectory
planning and control algorithm of intelligent
4WD electric vehicle for energy saving using
time-based MPC,” IET Intelligent Transport
Systems, vol. 13, no. 1, Jan. 2019, pp. 153-159.
A. Risseh, H. Nee, and C. Goupil, “Electrical

Power Conditioning System for
Thermoelectric Waste Heat Recovery in
Commercial Vehicles,” IEEE Trans.

Transportation Electrification, vol. 4, no. 2, June,
2018, pp. 548-562.

S. Kwak, H. Kim, and J. Yang, “Design and
implementation of oil pump control system
driven by a brushless dc electric motor,” J. of
the Korea Institute of Electronic Communication
Sciences, vol. 9, no. 1, Jan. 2014, pp. 83-90.

U. Chukwu and S. Mahajan, “Real-Time
Management of Power Systems With V2G
Facility for Smart-Grid Applications,” IEEE
Trans. Sustainable Energy, vol. 5, no. 2, Apr.
2014, pp. 558-566.

T. Masuta and A. Yokoyama, “Supplementary
Load Frequency Control by Use of a Number
of Both Electric Vehicles and Heat Pump
Water Heaters,” IEEE Trans. Smart Grid, vol.
3, no. 3, Sept. 2012, pp. 1253-1262.

D. Papadaskalopoulos, G. Strbac, P.
Mancarella, M. Aunedi, and V. Stanojevic,

[15]

2012\ ~ 2016%3 duAg = 7edTA

Application With Electric Vehicles and Heat
Pump Systems,” IEEE Trans. Power Systems,
vol. 28, no. 4, Nov. 2013, pp. 3667-3674.

Y. Hung, Y. Lue, and H. Gu, “Development

of a Thermal Management System for Energy
Sources of an Electric Vehicle,” IEEE/ASME
Trans. Mechatronics, vol. 21, no. 1, Feb. 2016,
pp. 402-411.

PNV

| 44~2H(Soo-Whang Baek)

2005 sttt AR FHE
R EHJ(FAD

2012 goista tishl A
g A1 AIA ST AL
"’]—7‘4 7‘0—1(»1—«6‘]—1:1]—/\}.)

EREE

20160 s oistn v #REAgety g

PR Rk + AQANAAEA, A5 AAAA ],

17171717 29

&’
-

198841 @3t al 7]

(Chul-Soo Kim)

IlI
1

-1 o
7 ZQ(F A
19823 S sly)Ed 714
I} Z(F3HAIAL

= 7IAE s

A
20164 STt vl AFAT I W
AR A7) AFH, FALe

367








