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Abstract

The feasibility of charging electric bicycle with solar cell directly has been
investigated in the present study. A solar charging station was constructed with domestic
made PV modules having output of 340 watts. In order to prevent the batteries from
being overcharged, a regulator was used to limit the maximum charging voltage. The
tested electric bicycle weights 39.5kg and was equipped with a 36V, 15Ah VRLA
battery. The state of charge (SOC) of the battery was estimated by measuring its open
circuit voltage. When the average solar irradiation is more than 310W/m?, the
completely discharged battery of the electric bicycle can be recharged to over 85% SOC
in 7 hours. With that condition, the bicycle could run over 62km at an average speed
around 17km/h. In order to determine whether the solar PV charging station could
supply enough energy for long time period of testing, the electric bicycle has been
ridden and then charged for five testing days. The SOC of the battery could reach 90%
after recharged at the fifth day although the weather was cloudy or rainy in the late
afternoon at last three days. From the test, the solar charging station should be able to
supply enough energy for most riding condition when the average solar irradiation is

higher than 200W/m’.

Key words: solar cell, electric bicycle, lead acid battery, solar irradiation, state of charge
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F, =mgsin6 (34)

IRz m AR e sk FRE g s iR 95 98Im/sT e ui R
Bored Gl ORH AR PR F RAR Co iR F IS Rl AcR TRWHE L5
CEFR G 2 B GfFA VRIETEAE R APE R G LR o 2B 2

foTr L RHARD LE R VDR E w2 B 4 £ Fo 435 N

EBEEI B FRTAL R R B ARRARE R DN T L

AEE B A D F Proor T8 E b S R DB B R R

HY Vi o TT 444 i\kﬁﬁ%}ﬂia TRE-CFRYAERKTS FER A KB Ve
FEFHITINLA A A L0 f R A2 AT R Ve s TE
¥t 31 T2 4 HAENZ22 37TV IFE A RBRe RS RGE &

T ﬁ%%ﬁﬁlﬂ!i?‘iﬁi T T2 RERE S FRERENE TN R

=

3497 o d A FEA R RIS At [TRGERE TN G RN .

WETS NS S HPBRAS T @R W

WzIPmotor(tht =J.Ibatt.(t)vbatt dt (38)
A ABRARBREDEER D P2 iﬂf%xiﬁ%l T L A S
W =FS, (3.9)

He S dyrifd 2 =4 F % 38 B30TV R A T EETRE
BT RBHIH D 2l o

AR TR R B YE D L % (Glant) 2 P 4 & 2 Lafree E-432 T & 84
9



piEd s BENE 39527 FPzFSayo)2 P2 A2 gREREENE TR

36V 3 & I5Ah 2 e o Lafree E-432 2. frdlm Edgr 25 T E M E (78 4

N

=h
\vﬂb

3

B A ArERE Y S A pe B Bkt B o § i

;,,L
BRI RS R MR RLERHESEOR
i

10



21N

FREBESRRR CHE MR TP IS DS SR AL T o HRT
2 E R L = § 14 45(PbOy) 0 £ 1RAIE E(Pb)rie S > MY T o~ b TARE L4
el i g AR (HSO) T fik 2 TRt ® » TR SR #D ~ [ IR
BUELER MR mE ST E S I E s R R FRETAS

TAEA S BRTAFD T EF AL T

discharge
5F i PbO, +4H" +SO* +2¢~  PbSO, +2H,0 N
ch<a_rge
discharge
> b
45 i 0 Pb+SO; PbSO, +2¢ > (4.1)
e
charge
discharge
+ 5 i : Pb+PbO, +2H,SO,  2PbSO, +2H,0 y
e

charge

r1&: 2H,0 >0, +4H" +4e”
§ 18 : 4H,0+4e” —2H, +40H" (4.2)

*F g 2H,0>2H, +0,
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350 135G6S 205G6S

Bt 5T R(Vom) 17.54V 25.87V
Bt F T (Ipm) 7.70A 7.93A

BB TR (Voo) 22.15V 33.64V

@i T (L) 8.27A 8.32A

BEL TR A (K 0.03456%/K 0.03456%/K
B S i w e g 36 & 54 2
* BT d ff 1.31m’ 0.88m’
+ 1000W/m* 56 B 22 £k ~ AML.5 > 2 S i T B A 25°C 2 B8k i ™ £

2.1 xBaitem L ik
S 7 5 wLE
2 5 %A (p) 1.2kg/m’
7 F e 4 % d#(Cp) 0.8
b & B G (A 0.6m’
Tk SR K TR (m) 120kg
EE P4 () 0.02
T# TR Voan) 36V
# 3.1 REHED RPN SE

;Ble

TR

R R (Vicell)

1.75

1.70

1.60 1.30

T T IR(A) (A)<0.2C | 0.2C<(A)<0.5C | 0.5C<(A)<1.0C | 1.0C<(A)

% 4.1 # EVHI2I50F2 *t 72 22 @ R infin™ 2 2R % TR E

BT
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A B ERET
Ra 8.2kQ)
Rs 2.2kQ)
R, 5kQ
R, 10kQ
R, 15.8kQ
ZD 1N4748(22V)
TRs IN2222A

4.2 EETRELAZZAR

hakp (B W 7% 88
B pETiaL 5 R () 32.9 34.4
Bk BT RV 39.12 | 38.14 | 3740 | 36.68 | 3596 | 35.14
B ook I PR 10:30 | 13:15 | 15:30 | 11:00 | 13:15 | 15:30
R SRR (A) 51.40 | 3433 | 3443 | 3433 | 3447 | 26.13
5 3 pe4E (km) 15.00 | 10.00 | 10.00 | 10.00 | 10.00 | 7.54
T 3554 3 i B (km/h) 17.5 17.5 17.4 17.5 17.4 17.3
Sk s B R RY) 38.14 | 3740 | 36.69 | 3596 | 35.14 | 3431
B AR SR R(S) 215.10
B A% B 3k BE A (km) 62.54

%51 71" 7pEgpREyEH D LT k2 ey
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RIFR AT 2k 78
?l7 i B T £(kg) 75
7/11 21:30 | 7/12 21:30 | 7/13 18:40 | 7/14 21:30
L Qi & ] ] ]
7/12 830 | 7/13 830 | 7/14 7:40 | 7/15 8:30
k4R RIFEE A RIFEE A BFE B BIFR A
Bhgk o B BT R(V) 39.46 39.52 38.78 39.62
2 3 BE3E(km) 12.22 17.04 27.40 12.07
Bk S RRER(A) 36.70 56.80 77.22 36.13
T 323 B (km/h) 20.0 18.0 21.3 20.0
Bhak ts BT R(V) 38.41 38.13 37.03 38.56
%52 @I XL %KAM K
I 75 11p |7*12p |7* 13p |7*% 14p |72 15p
LRBRBETRV) | 3431 38.41 38.13 37.03 38.56
Tiap g (W/m) 522.7 352.7 104.2 226.7 241.4
K N ('4)) 1655.9 370.4 178.9 866.6 246.2
B s Bac(k)) | 23802.6 | 6564.5 1485.8 9065.6 3920.0
T 32§ S (%) 6.96 5.64 12.04 9.56 6.28
LRERBETRV) | 3946 39.52 38.78 39.62 39.36
£ 53 @7 X LT 2 pM I
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P& Kyocera 2 & #3% B 2. T & YPEE B % X HBit A F =b(R Y %k 1 [4))

depletion region
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‘semiconductor

n type

semiconductor

+ 4+ 4+ + 4+ +++++
+ + + + + + + + + +

L. B X E R E R & K
# # kR EEH

electric fiel direction

W21 -i&tz A~

conduction electron

conduction band

e ©

energy level

: ~ -

valence band

hole
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anti-reflection electrode

layer
n type
silicon ’
depletion
region :
p-n ': = %
p type junction “
silicon -
| : |
L —r

current direction
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Real Solar Cell
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