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Smart Panel Board for EV Standard Chargers and Its Control Method

Myeong-Soo Kim' and Soon-Chan Hong™

Abstract

This study proposes an electric vehicle (EV) smart panel board and its control method on the basis of

charging scheduling. The proposed system consists

of batteries, a three-phase battery charger, three

single-phase inverters, transfer switches for electric power distribution, and a controller. The three-phase
battery charger usually charges the batteries at midnight when electric rates are cheap and in light load. When
the electric power consumption of the EV standard chargers connected to one phase of the power line is

relatively large or when a blackout occurs, the electric

power stored in the battery is supplied by discharging

through the inverters to the EV standard chargers. As a result, the value of peak load and the charging
electric power quantity supplied from a utility grid are reduced, and the current unbalance is improved. The

usefulness of the proposed system is confirmed through

simulations, experiments, and case studies.
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TABLE IV
PARAMETERS OF THE DISCHARGING CIRCUIT
Parameters Value
Output power AC 220[V], 60 [Hz]
Switching frequency 19.2 [kHz]
Np : Ns 1:2
Gs, Cy 1,360 [uF]
Ly, Ly, Ly 1.5 [mH]
Cs, Cs, Cr 1 [uF]
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11. Waveforms of currents in case of unbalanced

TABLE V
PARAMETERS OF EXPERIMENT EQUIPMENT

Parameters Value

AC Input voltage 30 4W, AC 220[V]

DC

Power supply input voltage DC 34[V]

Inverter output power 250[W]

Magnetic switch
10, AC 220[VI1(30A)

Transfer switch
rated voltage(current)

2
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LeCroy

(a) Waveform of voltage and currents without MC4~MC6
operation
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(b) Waveform of wvoltage and currents with MC4~MC6
operation
Horizontal : 10[ms]/div.
Vertical : 100[V]/div., 5[A]/div.

Fig. 14. Unbalance compensation by the redistribution of
charging loads.
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TABLE VI
CHARGING INFORMATION OF EVs
Item Timelhour] Initial
EV No. Start Close | Charging | SOC
R EV #1 19:00 22:00 3 20[%]
EV #2 19:00 22:00 3 30[%]
S EV #3 20:00 23:00 3 30[%]
EV #4 20:00 01:00 5 20[%]
T EV # 23:00 04:00 5 100%]
EV # 24:00 05:00 5 15[%]
ool A A S 2AEH Y] B9 AREE 15
o2 st o A L5kWh]H FHdshd A7)zt
A= AZUER 6(kWhlE FTdskA €tk o] #hs
Agate] gk A S dgEe i 8% 2T

TABLE VI
HOURLY CHARGING ELECTRIC POWER QUANTITY
BY EXISTING METHOD

ime Zone CEPQ
EVNo. 19(20|21|22|23]24|01|02|03|04 [KWh
EV #1 77 21
K EV # T\7 21
EV #3 T\7 21
S EV #4 T\7 24
EV # T1717]6 27
T EV #6 777145 255
Total 14128|28114|10(14|14[13|45| 0 | 1395

TABLE VI
HOURLY CHARGING ELECTRIC POWER QUQNTITY
BY CHARGING SCHEDULING

ime Zone CEPQ
EV NG 19(20|21|22|23]24|01|02|03|04 [KWh
R EV# (6|66 18
EV# 6|66 18
EV #3 6|6 18
S EV #4 313 24
EV # 66663 27
T EV # 666|615 255
Total 12121)21]12112|18|12|12| 9 |15] 1305
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TABLE KX
CHARGING RESULTS BY CHARGING SCHEDULING

Item | Before After Shortage of
EV SOC SOC | CEPQ[kWh] S0C
EV #1 20[%] 80[%] 18 200%]
EV # | 30[%] 0[%] 18 10[%]
EV #3 | 30[%] 0[%] 18 10[%]
EV #4 | 20[%] 100[%] 24 0%]
EV # | 10[%] 100[%] 27 0[%]
EV # 15[%] 100[%] 25.5 0[%]

--Present =-Charging scheduling -#Inverter operation
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4
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Fig. 15. Peak load reduction by charging scheduling and
inverter operation.
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TABLE X
REDISTRIBUTION OF CHARGING ELECTRIC POWER
QUANTITY
ime Zone | 20:00 | 20:15 | 20:30 | 20:45 | CEPQ
EV No. ~20:15 | ~20:30 | ~20:45 | ~21:00 | [kWh]
R EV #1 15 5 1.5 o) 6
EV #2 1.5 5 15 o)
S EV #3 1.5 1.5 15 15 9
EV # 0.75 0.75 0.75 0.75
EV #1 15 15
T 6
EV #2 15 15

o] Ft& o83t 7} Ao WYMelA ThAEAl HF
£33 & (Current Unbalance Factor : CUF)<& =
2 (W Ag3hE 207 AFEHEE

g2 (9)9F o] 171.4[%]ol A 428(%]=2 Aot

3[max (15),174,17,1) —min (17,114, 17,1)]

CUF= TAERTA A X 100[%] (7)
CUF,., 3xXBL5=01  joorl —1714[%] (8)

pithout - 545+40.9+0

_ 3x[409-27.3]
e e 27-3+40.9+27.3

*x100(%] = 42.8[%] (9)
ojuf miE|glolA 3[kWh]E S73oll &F3shd A-EolA
A AdHFL Al A EF 6(kWhlZt Ho] A
] 3} 2ol 428[%lolA 0[%]= v
Hol AEolA a5 AF7F s "ok

3% [27.3—27.3]
27.3+27.3+27.3

A B =l A AbEE S AAEE Aojda

CUF i1 tattory = x100[%]=0[%]  (10)
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