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An Improved Battery Charging Algorithm for PV Battery Chargers

Jung-Hyun Kim', Sung-Tak Jou', and Kyo-Beum Leel

Abstract - In this paper, the proposed charging algorithm is converted from the charging mode to compensate
the transient state in the solar battery charging system. The maximum power point tracking (MPPT) control
methods and the various charging algorithms for the optimal battery charging are reviewed. The proposed
algorithm has excellent transient characteristics compare to the previous algorithm by adding the optimal
control method to compensate the transient state when the charging mode switches from the constant current
mode to the constant voltage mode based on the conventional constant-current constant-voltage (CC-CV)
charging algorithm. The effectiveness of the proposed method has been verified by simulations and experimental

results.

Keywords: photovoltaic (PV), maximum power
constant—current, constant-voltage
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Fig. 1 Block diagram of PV Battery Chargers
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charging algorithm

Fig. 9 Characteristic curve of the serial-type CC - CV
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Fig. 6 Constant-current (CC) charging algorithm
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Fig. 10 Parallel-type CC-CV charging algorithm
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Fig. 11 Characteristic curve of the parallel-type CC-CV
charging algorithm
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Table 1 The parameters of the solar cell and the buck
converter

Maximum power (Pmax) 3kW]
Maximum power point voltage (Vi) 120 [V]
Maximum power pointcurrent (Impp) 25 [A]
Temperature 25 [TC]

L1 120 [uH]

C1 1980 [uF]

C2 940 [uF]
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algorithm
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Fig. 16 Simulation results of conventional CC-CV charge
algorithm (expanded waveform)
(a) PV Power (b) Battery voltage
(c) Battery current (d) Charge mode
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Fig. 17 Simulation results of improved CC-CV charge
algorithm
(a) PV Power (b) Battery voltage
(c) Battery current (d) Charge mode
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Fig. 18 Simulation results of improved CC-CV charge
algorithm (expanded waveform)
(a) PV Power (b) Battery voltage
(c) Battery current (d) Charge mode



512 g e S471E

Transitiopal period
Power(600W/div) AR}

\

T

CV Mode

Batt )
Battery g viaiv)

Battery current(15A/div)

ov. /_
0

v~

SRS SRR TR PN S

z7le= 9 ds WA HHF AAE 7Y
331 SOC7F 90%7F ¥ wf AHF Broa] gt
R gt B gydie B W3 Al AR
HE Jfdete daglso]l FrhEolA 7|Eo] HAEd
& el A HERE wigE] dYg 1V, dFE 10A
2 agla ggda] dge 100W= A Azdd
As gelstait
5 AM¥Az
oA Ak dagEs AFsy] fste] 1
d 199} 22 wjge FH71E o] &ate] Atk Al
5= TMS320F230695 o83t MEgRigis 7
gy AWEHZ AU 27 20 HYEHAAE 1
st7] 9gk EFHA AlEHolHE Yz 1% 212
HiElg Fd7] Adel ARES dEAAE e A E
1Aste] 48V, 60AH g4 o2 T4t
Tyl 229 238 ARF-AAYG T g FelA B
= HE A FEAdE A dagFe] AEE7] A
Ad 98-S Yepdd AlEg o)A U 7ol =
MPPT “ag]5s Faste] dgo] Assta AR
2 ZAsth a28a SOC7F 90%7F 4

Experimental set-up of the 3kW PV battery
charger

Fig. 21 The lead-acid
battery(12V, 60AH)

Fig. 20 The PV simulator

0A* “ 1
b Ss/div
Fig. 22 Experimental results of conventional charge
algorithm
Transitibpal period
Power(600W/div) S
, i 1 |
s ]’ i
CC Mode I r’ Y _CV Mode
TR Y O k
ow : el
1
~Battery voltage(20V/div) ! |
L
i i
Battery current(15A/div) % i
ov- |‘ / 1
! ! 1 j !
2 1
0AZ ! ! \\ 4
Ry 500ms/div
Fig. 23 Experimental results of conventional charge

algorithm (expanded waveform)

Transitional period
Power(600W/div) T AR

CV Mode

ow

7 r
uuuuuuuu

Battery current(15A/div)

ov '/f

0A 2 !
vy, T 5s/div

Fig. 24 Experimental results of the proposed charging

algorithm
Transitional period
‘ Power(600W/div) i VAR
__,E%.,. > .,:_,.,‘.,ﬁv_\"\ . B
1 1 B ol
3 I T
] \
CC Mode 1 ] - CV Mode
1 1
ow : :
Battery voltage(20V/div) : ':
. 1
Battery current(15A/div) '. 1
| |
ov ! !
1
! \ ;
: \
0A" Ly |
o | 500ms/div

Fig. 25 Experimental results of the proposed charging
algorithm (expanded waveform)



The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 6, December 2013

Hoh Brwg il Algeelda sdst
gL 3kWel 2 o] A

ox HjN
K3
o

ox ofy to TN
ook
)
ot :im _10" 01:0
o o o =2 o o

f
o,

=T Ty e A
offt = 1o

[

Hu

W,

)

1

=2

oy

S i
o of to i

K A

i)
N

=2,
S

2 Rl

2 o
4o X o o
)
11
o
= N ol ofj

o2 rlr
o o Oiil
e
= TH g
ik
o
S
o)
l
23k
o =0
Y RN
o >
H oS 2
=
=
[4\1 of

N
1
1o
oX
olr
o
o 2
£
N
32
o
o

o of X rfr & Ok 1o 2 S ol
2
N
1o
oX,
r
t

= o7s 0129E UUSYAETFL MULE
gk ol x| 7|=gIH(KETEP)2| X|¥S ot
Aot A7 b it (20114010203030)

References

[11 F. Blaabjerg, F. Iov, T. Kerekes,
“Trends in powerelectronics and control of renewable
energy systems,” in 14th International Power
Electronics  and  Motion  Control  Conference
(EPE/PEMC), pp. 1-19, 2010.

[2] Yan H, Zhou Z, Lu H, “Photovoltaic industry and
market investigation,” [EEE  Sustainable = Power
Generation and Supply;, 2009.

[3] Pichlik P, Zdének ] “Converter Regulation of
Stand-Alone Photovoltaic System at Low Solar
Radiation,” Applied Electronics (AE), 2012 International
Conference on, pp. 207-201, 2012.

[4] B. S. Lee, J. S Lee. and K. B. Lee, “Performance
Improvement of a Grid-Connected Inverter System
using a Sliding—-Mode Based Direct Power Control with
a Variable Gain,” Journal of the Korean Institute
Power Electronics, Vol. 17, No. 1, pp. 57-66, Feb. 2012.

[5] H Y. Lee, D. K Choi. and K. B. Lee, “Sensorless

R. Teodorescu,

[6]

[7]

(8]

(91

[11]

[12]

[14]

[15]

[16]

513

MPPT Control of a Grid-Connected Wind Power
System Using a Neuro-Fuzzy Controller,” Journal of
the Korean Institute Power Electronics, Vol. 16, No. 4,
pp. 396-404, Aug. 2011.
V. Salas, E. Olias, A. Barrado, and A. Lazaro, “Review
of the maximum power point tracking algorithms for
stand-alone photovoltaic systems,” Sol Energy Mater.
Sol. Cells, Vol. 90, No. 11, pp. 1555 - 1578, Jul. 2006.
D. K Choi, and K. B. Lee, “Variable Step-Size MPPT
Control based on Fuzzy Logic for a Small Wind Power
System,” Journal of the Korean Institute Power
Electronics, Vol. 17, No. 3, pp. 206-212, June. 2012.
H. G. Jeong, and K. B. Lee, “A Controller Design for
a Stability Improvement of an On-Board Battery
Charger,” Journal of Electrical Engineering &
Technology, Vol. 8, No. 4, pp. %1-958, July. 2013.
Chanakya B. Bhatt, Vinod P. Patel and Nimit K.
Sheth, “High Battery Charger,” Infernational
Conterence on Electrical Machin Syetem 2007, pp.
1772-1777, Oct 2007.
K Kim, S. Park, S. Lee, and T. Lee, “Battery
charging system for PHEV and EV using single
phase AC/DC PWM buck converter,” in 2010 IEEE
Vehicle Power and Propulsion Conference, pp. 1-6,
2010.
J. S. Moon, Y. S. Lee, Y. R. Kim C. Y. Won.“ Fast
charging technique for EV battery charger using
three-phase AC-DC boost converter,” IECON 2011 -
37th  Annual  Conference  on IEEE  Industrial
FElectronics Society, pp. 4577-4582, Nov. 2011.
J. S. Moon, J. H. Lee, I. Y. Ha, Taeck-Kie Lee, C. Y.
Won, “An efficient battery charging algorithm based
on state-of-charge estimation for electric vehicle,”
Electrical Machines and Systems (ICEMS), 2011
International Conference on, pp. 1-6, Aug 2011.
K Y. Kim, S, H. Park, S. K Lee, T. K. Lee, C. Y.
Won, “Battery charging system for PHEV and EV
using single phase AC/DC PWM buck converter,”
2010 IEEE Vehicle Power and Propulsion Conference,
pp. 1217-1226, Sept. 2010.
F.-J. LinM.-S. Huang, P.-Y.Yeh, H.-C. Tsai, and
C.-HKuan, “DSP-based probabilistic fuzzy neural
network control for li-ion battery charger,” IEEE
Trans. Power Electron, Vol. 27, No. 8 pp. 3782 -
3794, Aug. 2012.
T. Esram and P. L. Chapman, "Comparsion of
Photovoltaic Array Maximum Power Point Tracking
Techniques,” /IEEE Trans. Energy Convers., Vol. 22,
No. 2, pp. 439-449, Jun. 2007.

R. Kadri, J. P. Gaubert, and G. Champenois, "An
Improved Maximum Power Point Tracking for
Photovoltaic ~ Grid-Connected Inverter Based on
Voltage-Oriented  Control,” [EEE  Trans. Ind.

Electron,, Vol. 58, No. 1, pp. 66-75, Jan. 2011.



514 g wiE e S4718 A% AN S dads

2012'—4 ~ °4 Y| OF—rEH A}
MARRHY.

= Eol. 200BU~#Al 5 Chatel FAIZ
5 MUALS BT,

O| w B (=20 &)
19724 68 30Y4M. 19974 ofFCh 3o ™
AAZEE 2. 19949 S o HMoAS
(M AP, 2003 ={Ch 7|38t
I} E2A(34h. 20034 ~2006A The Institute
of Energy Technology, Aalborg University in
Denmark. 20064 ~20074 MECh MAFKEZEHE mm4 2007
A~ ofFi MAZEE Rug o &5 JPE HE .




