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Abstract

The electric bicycle is applied with solar cells to empower an electric
vehicle in order to overcome the limitations of short-distance riding and a long
charging time. The thin-film photovoltaic array was used to reduce the weight
of electric bicycle. This paper proposes a new design of solar cells for electric

vehicle, which is easy to fold up and to expand.

When the solar cells were expanded, they have functions of a sun shade for
the bicycle and power generation. The incremental conductance algorithm was
adopted to achieve the maximum power point tracking (MPPT) algorithm when
the atmospheric environment changed. A single-chip PIC16F877A was used to
implement the control algorithms of the proposed system. It combined
lithium-ion battery capacity to prevent over-charging. In order to simplify the
circuit and reduce costs, the single-chip built-in A/D converters were used to
measure the output voltage and current of solar cells, and built-in PWM module
was used to drive DC/DC boost chopper. Finally, a 15~20W solar cells assisted

electric bicycle was implement.

Keywords : solar cell, electric vehicle, maximum power point tracking,

incremental conductance algorithm.
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Chargd: Constanj Current-{Constant Yoltage, 3A, 4.2V, 1i5hr.

Discharge: Cut Dff at 2.5V
Tempejature: 231C.
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# 3-3 CELL SPECIFICATIONS

wEEE 2800mAh
Bl FE 2650mAh
T MRS 3.75V
L 4.2+0.05V
L q T ] 84A
TR PR 1.5hr
R 40A
WA TR 2.0V
A 0°C~45C
B R g -20°C~60°C
3% <35C
EE 101g
2 /=(D) 2.64mm(Max)
& <
% & (H) 70.5mm(Max)
R 270Wh/l
R R
£E 105Wh/kg
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43 H % a1
431 & ¥ PWM## i 41 %

PWM (Pulse Width Modulation)f]é;% ok R RS (B 4.8-1 fr7)
PWM A % * * B i B Erdpd)~ T A% Z fER A~ 1 A

R e % 0 AR R 3 E R el i [17]-18] -

PWMEHA

Bl 4.8-1 "%k B R % B

PICI6F877A & § b 4t PWM ¢h8 Jy ¥ k2 ® > 7 R 565 B fj 8 o

r BR T %?rﬁﬁEw0wmmﬁ$P Mﬁﬂ’ﬁﬁﬁﬁﬁﬁﬁé
(4/fosc) » ™ 2 MR BAXR TR (5 > 7 UE PWM p 78T @ ®
Ak Apy >

PICIGF877A | 4t PWM # it 4 & iy it 2 w3 b oL B
RC2/CCP1 ¢ RCUTIOSICCP2 & & #5%rt & =@ & 2 PWM iy 11 82 25 7 12
Wi Awuld %% % CCPRIH ™% CCPR2H %474] PWM ¢ Duty
Cycle(de ] 4.8-2) » A K 8d PR2 kirdl » Flot 5 2 PWM i 41k

@ S e
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Period

— — ™
1 1
-—
: Duty Cycle |
1 1 1

TMR2 = PR2

1 TMR2 = Cuty Cycle

TMRZ = PR2

& 4.8-2 PWM @?] 1

PWM it#p @ 1 & d PR2 ¥5 i

PWM #8035 258 4eT o

PWM period=[(PR2)+1]x4xToscx(TMR2 Prescale Value) (4-5)

PWM Frequency=1/(PWM preiod) (4-6)

Duty cycle : i & ¢ CCPRIL : CCP1CON<5:4>;4-7_

Duty cycle 384 &.d 10 =~z » H¥¢ § 8 == 5 CCPRIL > e
B =7 % CCPICON #7713 Bebit5 2 bitd » w3t B 2585407

PWM duty cycle=(CCPRIL : CCP1CON<5:4>)x Toscx

(TMR2 Prescale Value) (4-7)

H ¢ CCPRIL:CCP1<5:4>% #773 ® CCRIL 98 # =~ > v CCP1CON 1%
ST BEALERY A 10 BRSO PWM R AR 0 FlE A
10 Bz~ > F]t > % PIC16F877A f3+7 & ¥ B i 1024 -
432H & F e ADD & 4 5

d 3 eI B H i TR 0 T "P%J IR R R LD *K,%;’p‘_% 3l
P RS TR R, PR iR o MARJZE N NG e T AT 45
Kol B # B(A/D converter) » @ M T Be L T B 3 @ % g 3 %i%]
* {F dR o

4@ 4.9 #77 0 B fy  PIC16F877A p 1;]5%— B 10 i~ g vt fiei 3 %
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e 1
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& B 4o L
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(3)he% & * 3] A/D ¥ #remi o R4 ADIF> © 3% * ADIE~GIE ¥ 5 1 -
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o
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FH® > 2 @S TR T RE TR A AL o I H R
5 PWM oo » 3 gy I 5830 3 20 kHz » 14 %8 B & 3) DC/DC # #
BB ISP At A R Firdaags §
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HERAZRYE S DN RTHELYAF  REA BRI ANET

GRZAMTRLHE > ABARS TR 72 A ERLCm 410 o

Solar Cells DC/DC | thhlum.-Ion ‘ Load
Converter Batteries

V. .1
VPV R | PV T bat > " bat

Single Chip
MPPT
PWM
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B 410 ~Hiser T8 p 72 % SLFEHR
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44 R4 LI BRUMHFRY

B R 4 4 # % (boost converter)[20][21] » &#7F L in 4t B ik B Y o

AABAEL - o SRAEETR V, 3R DR TRE V0 A
SRALHE R E 2 ORI DR B RER i

i o

B 41l 977 FL BRI MHINEHRBDLAATER > ~d v BAA
TRHAEMES I FIERORER S BB D REEL-TFEC
FRBECE CHERA e BE OB TR TE Y TERE
BEMELE ﬁi&ﬁﬁ%iﬁﬁ%?@ﬂﬁ?ﬁokﬁ’ﬁaﬁxi

FREF ABRRET vV,

I.iu L Ir D
—» . —» > e
¥+ o= P T
——»
. 0 .
Vin \ S C>< R v
I}l
- -

Bl 4.11 BRA| e Ji-8 idg g B
Bl 41l 7 b R T m el >0 fBEIT TR d EET T
BRE-FH2 THELE 07 F
|n on +(V|n Vo )toff = 0 (4'8)

FEARPET,  ERATERY

VO _ S __
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44



=Vl =Vl

L _1-p

in

v

B 4.11-1 2 B 4.11-2 ¢ cHh SW # r
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L dpi R OB RS S fE KRR ko w1 A

It
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+ + - +
V= Vin
lr/Fill (1 T~ R ]/vu
- Iy
B 4.11-1 B B it
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——1rrrr o
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C ~R Vo
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4.4.1 Boost # % B 7 B 2. K 3
Boost # 4 F ¥ - /8 8 R B[22] H R g B2 A2 4 TR
AFF R - TR BREH B (4oF 4.11) % CCM 22 DCM ik T8 &

THRRTRE T AR 412 A -

VLl
vV,
{
~(V-V,)
ton : toff :
X 2
A | |
ILl : :
| |
| |
I i | L
| |
| | t
| |
| |
| |

Bl 412 £ CCM &2 DCM # # T % T & 2 BIcd imk2)
d Bl 4127 B> & CCM &2 DCM £/ 7 2 T3 g7 | g k4

S oah L ik od ook e
FA - Eehph) E_‘,,.Llrup » A &

1
ILoB :Elrup (4_11)
v, V,
— n — n DT
TR TH (4-12)
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__o mt __o0 in 1- DT
o o =y (7P (4-13)
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VT

IOB _ |LoB(1 ) 2mLS D(l— D) (4'14)
1
V= F S )T e
VT
log =— ~D0-D)’ 1)
1

SRCEERTERE S EATIERE T3 FIE SRR £ 2=

V,T, b _
22D(1-D) (4-16)

1

Bt o 3 B D=Dy, # PAFH > TREFE o Bl LHFEET 0 TE

lg >l =

@ & AL, MFE R CCM %k (7 > 7+ ¢

\Z’ITS D,,(-D,,)’ (4-17)

min min
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v Buck 3 ® mﬁ?}

R REE L E[22] 4B 413 #rn 5 R BRFACCM 2 = B T
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Q, I,DT
V_ = XA _ Jo”s 4-18
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V. DT
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