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Implementation of Stand-Alone DC Microgrid System

Fed by Solar Power with Three-Level Boost Converter

Student : Wen-Jan Lin Advisor : Hung-Chi Chen

Institute of Electrical Control Engineering
National Chiao Tung University

Abstract

In the thesis, the“stand-alone DC microgrid system fed by solar power with
three-level boost converter is studied. Only inductor .current is sensed to implement
maximum power point tracking (MPPT) and voltage balance control for three-level
boost-type circuit. In order to regulate the voltage of the stand-along DC microgrid
system, a two-switch-bidirectional DC/DC converter with battery-is included. All the
algorithms and controllers are implemented in- Field Programmable Gate Array

(FPGA).
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T PWM singal
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Perturb & Observe
Algorithm
(MPPT)

B 2.7 &R KB

\

\

Measure

V[n],1[n]

Y

P[n]=V[n]xI[n]

\

D[n] = D[n]+AD

D[n] = D[n]-AD

D[n] = D[]+ AD

D[n] = D[n]-AD

A\

D[n]
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# € T ¥2 (Incremental Conductance Algorithm , InCond ) [1]¢4% 4 ~ &_ix
HABa e S FP)-TR(V)ZA S R Hidh* o S8 g & TR
Vipp > 4 I~ Ba & ﬁ%ﬂ:/{gf‘]ﬁ}\% Py o @ (dPIdV ) B 558 AL 2 i &
PR o HMH FNHT RS- A T REIN(212)% (2.13) -

P _div) _, .y d g (2.12)
v dv av

X (2.12)FE T & 5

dl I

—=—— 2.13
dv Vv (2.13)

2(2.13)% dl LH B2 R LE T dV ;ai@q;ga— L RRAE - EAHRT

AREEI/NVE2ERMEEAAVAPERF > G R A H e LT R
PHIRRET - e L LA - W20 A H BT A
#17 BB 0 B 220 770 5 8 R L2 0T o K B T I SRR R
IR B B (6 £ ) AU R BT Bt il BB AR
TR T W AR R

o (o —
PV "
DC/DC o)
Converter g
I
T PWM singal

! Incremental

Conductance

vV Algorithm

(MPPT)

Bl 29 # &% &840 R

15



Measure
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A 4

difn]=I[n]-I[n-1]
dv[n]=V[n]-V[n-1]
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¥& % &% (Open Circuit Voltage Algorithm)[20] e 4 5 &~ # F BLRFeh g
RREEV 0 % 5 Ko Bl s Bt BB TRV, o 405 (2.14)%757 @ ¥ B K, 9
%5 071~078 % & > TSR TA R RE T, FER P RAEEF B
R AP SR P ERBRTRZZRIE P EATHRIL I DR RTRT
oA g R FIF E RS I LARIT RS H RN R
BMARGFERPFEFRERRTR FIOE R 2 F2 4040 @ i
A o Bl 211 %7 5 BRTRZI4] S BB -

Vinpp = Koe X Voo (2.14)

DC/DC
Converter

T PWM singal

Vo Open-Circuit VVoltage
Algorithm
(MPPT)

=

Bl 210 B R REZE 2745 S F

254 BT SE
2§ 7 s (Short Circuit Current Algorithm)[20]22 B i 7 B £ £ A AT 0 &

P T IR B |y 90 5 K B B RERE R | 0 o7t (215) 4

~

F K S0 5 0.9~0.95 F B » 570k i B8 TR T AL B T

=

RAEF A SRR ) LERT AL RIL 2T F AT
FRPRTATF > RERZFOREFIFEE S FE A LRIV E LSS
RN D RS RETRE - o S FF PR T TR P
R K2 AL 0 AR HEOTE R o B 212 9T L ABE D onE S KR
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Loy = Koo X I (2.15)
f ® \

PV

Converter

]

L

DC/DC 0
A

D

I

PWM singal

sc Short Circuit Current
Algorithm
(MPPT)

Bl 212 iR L7 B E
255 F %= § Pl
7

RO e P R R T R R R A R o et R

ek AR R BRIT R R A A UG S A B R h A R BT A
HL A F B AR R RS AL g A M213 47 2 3 HE
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T PWM singal
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PV
array Actual Measurement
Algorithm
(MPPT)

B 2.13 ® 72 e U E i’qf_’;ft']" B
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% (Straight-line ApproximationAlgorithm)[21]s3pe4 = 1% dP/dl - *

- ERRIT IO e B R BEEE T Aofe PR R 5 R Pl vt FOgE K Sk 1T
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FE o @ kB E o B 2.14 P B AT R 2 Bl o B 2.15 1o 5 A
FPRE®RRET T M- R M2 E AT LS -
EEEPNUY g WS
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Converter

T PWM singal

Straight-line
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=
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Hok 4172 (Fuzzy Logic Algorithm)[15] s g2 5 N FE a7 @ E 1 s+ #
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3}5
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= B it 2 % & %(Photovoltaic System, P.V. System)i & # it 2 * i 7% B
Rabti@Rrind s tBadrmmiasd o ASnpRERA
BESCEP2 AR REEAREE BN F T RE T A FEEERET
BB RO L) B/ Bl RA PR PR F LET I
B TALHEAABAFET An[10]-[14]2 5 T EBMA B A F T A8
[21,[12],[16] » ™2 ® &= fi 2yt fEEEA] o
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261 = Al BB R kA
W= % ¥(Stand-Alone System) & i i 74 & i 3 B jbh > %J S AR IR

CERE SRR P I K £25 SO0 r:,?:ﬁig?J:".i% WROAE A S AE D
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2.6.2 7 T I IRA] X FEAF R kAL
# 7 38k % (Grid-Connection System) 5 = F5 it 2 T % SLE BT T R IF
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oMo Rm p AL TEF L ING o TS FHERFVETRD I T
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207 A A 2 1B i T S

23
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LETRE TRV RV,
B e N B1)5 7
v, =L—i, (t 3.1
L= L(t) 3.1)
Bk LA E R o

583
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[E3: W)

TEREBV V-V,

3.3
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CRBEL L TR TIA AT
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Eonningm B LR
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Ik R4 T SN AT o

G RRRET LB P RHE G R LR
o° VLt = [ v dt + 3 v dt =0 (3.2)
HRETRA IR T ET
Vinton + Vin =Vo)(Ts —15,) =0 (3.3)
B RBR ST RN TRER D TRL T (34) 5 -
voT1 60
Vi, ts 1-D
Tl R AR 2 4T 54 (3.9)
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(3.5)
I

HoeY DAiBMa vkt (Dutyratio) » 5d F A% 0 g IR AL R
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P
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Fa A OPAR3l2ZBATRIE-FHT ;s BLFCECe a4 1R
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Vin = (1_Vcont1)VC1 + (1_Vcont2)VC2 (3.15)
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% 4.3 F T # LONG WP22-12NE 2_ %45 44

7 & & (Voltage)

12v

% & (Nominal Capacity)

22AH at 20hr

7 v 7 /& (Standby Use) 13.5~13.8V
5% # # (Cycle Use) 14.4~15.0V
1 {%:g & (Operating Temperature) 25°C
# & (Weight) 6.45kg
1 7 (mm) 181% 76 %167
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