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ABSTRACT

The Multi Controlled Inverter to Improve the
Efficiency of the Arch Type PV System

Zheng-Guo Piao
Advisor : Prof. Geum-Bae Cho, Ph.D.
Department of Electrical Engineering,

Graduate School of Chosun University

The Kyoto agreement on global reduction of greenhouse gas
emissions has prompted renewed interest in renewable energy
systems worldwide. There are many renewable energy sources
(RES) such as biomass, solar, wind, mini hydro and tidal power.

Photovoltaic (PV) system is using the clean and infinite solar
energy source; there is no air pollution, noise and vibration.
Moreover PV system operates without fuel convoy, high
temperature and high pressure, so it is easy to maintenance, long
life cycle, and simple installation. International and domestic PV
markets growth over 30% every vear respectively.

At present building integration, when applying the PV system to

the building, we need to consider about some parts such as

ix



climate factor, regional characteristics, environmental factor,
structure and engineering side.

PV sgsystem in the building is considered both the maximum
output and aesthetic effects. A well-designed building with a
nicely integrated PV system will be accepted by everybody.

In most case, according to structure designs of the PV array,
building integrated PV systems are divided by two types which
are flat-plate type and arch type. The design of the flat-plate
type is based on producing maximum electric power, so tilt angle
of each string fixed by optimal angle and kept constant. However
arch type is designed as round type to give prominence to
aesthetic effects. It is made that the tilt angel of each string was
all given different value to design as round type.

Flat-plate type PV systems are widely set from small scale
family style to large scale electric development system, but arch
types are only applied in one part of the middle size buildings. In
addition, the studies on the operating performance analysis or
design about the fixed tilt angle flat-plate PV system are still
lively going off. However the operating property analysis about
the arch type PV system which means PV array were designed as
round type is dissatisfied.

In this paper, we try to improve the efficiency through
optimization of arch type PV system and estimation of the
efficiency parameters of the arch type PV system, such as

latitude, longitude, temperature, insolation, arch angle and each



kind loss from system organization.

Demonstrate the reason why the efficiency of the arch type PV
system is decline and analyze the operation performance using
simulation tool- Solar Pro to compare flat-plate type with various
arch type PV systems.

Moreover, suggest the multi controlled inverter and apply it on
arch type PV system through simulation and system composition.
System performance and stability are examined by simulation and
system operation. For performance improvement and optimization
the design, the efficiency decline and the factors of the loss are

estimated and analyzed.
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Fig. 2-5 A schematic of a simple solar cell
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Fig. 2-10 Solar cell characteristics curve according to variation
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Fig. 2-16 Topology of gird connected PV inverter
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Table 3-1 Parameters of the multi controlled inverter

Parameters Volume Unit
AC output power ( P,.) 3 (kW]

DC-AC
AC output voltage ( V,.) 220 [Vl

inverter
AC frequency ( f) 60 [Hz]
DC output power ( Pp.) 1 [kW]
DC-DC | Converter quantity 3 [EA]
converter | DC input voltage ( V) 90 - 240 [V]
DC Output Voltage ( VDCB(]S) 300 [V]
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Fig. 3-4 The basic circuit of DC-DC bhoost converter
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Vi= c—F Vo ZR
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Vi= c—F Vo SR
(b) @ : Off

Fig. 3-5 The equivalent circuit of DC-DC boost converter

on off on off on

v “\/ T~ — T t

DT VE t

Fig. 3-6 Waveforms of DC-DC boost converter
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29174 Hupol £ MOSFET® Q7bs = 293 A& Q7hon & W &
a9 3-5 (@) W3t A (3-DE Ao )

di,

Visi— (3-1)

~
off
o

} V7 ASR ol oA e AR Wat A (3-2)
3 o] vherd 4 gloh.

1,, (3-2)

V-V, =L (3-3)

w5 wgH™ Vs V& 94l fA=d A

i (T, + Toff) —if(T,,)=——— 1,y (3-4)
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AR 2AE
i (0)=1i (T, +T,) (3-5)
Al (3-4)3 A (3-5)% FE A 3-6)& &€ & It
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11072 off
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1 1
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a2y 3-7& ¥2E AE EEreloladE vepx 9t 4 PV
2Ege] A 2 AFE AAs MPPT Ao & 33 PWM AZE @
Aste] $4ste] DC W22 9.

19 3-8& TEAEZY TLP250% o438 MOSFET Alo|E Ego]n
32E Jvehla gon 19 3-9& PV AY 2 DC $HA¢E A3
71 91 A A=y 32 g Jeha 9k DC A Y459 Aloj o] Ad
< 95 TEAZEHE ol &slgon HuEY R Ag IEAZH
S Ad T 9AAAE B fsle] R, AEIHEE ddsgi)

PV ARE SAAE ol &3] 7289 T 19 3-10& TANE o] £

Boost converter

Y >

. L +

PV stringl SB

i
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A
o
Vpv Ipy Gate drive

: MPPTH PWM \

Fig. 3-7 Block diagram of the boost converter
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Fig. 3-8 MOSFET gate drive circuit
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Fig. 3-9 DC voltage feedback circuit
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Fig. 3-10 DC current sensing circuit
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X 3-29] DC-DC H2E AWE AAAGS EY2 A E AA 3}

sich.

Table 3-2 Design parameters for DC-DC boost converter

Parameters Volume Unit
Output power ( Pp.) 1 [kW]
Input voltage ( V) 90 - 240 [Vl
Output voltage ( Vyopys) 300 [vl]
Output current ( 1)) 0.15 - 3.5 [A]
Switching frequency ( f,) 100 [kHz]

E 3-2¢] oJ3te] AMge FH&F DF HUF D, =293 37
T.&= A (3-8), (3-9), (3-10)5} o] T3 At}

V;'nmax
D, =1-—""%_3
VDCBUS
D -1 V;anin —0.8
e VDCB(]S ‘
T. ! 10 [uS]
s = —= u
£

VDCB(]SD(l - D)2 T,

L= Vi =1.5 [mH]

omin
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2E QY®l2 L2 A (3-11)F o] T3z}

(3-8)

(3-9)

(3-10)
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ol W] &8 AF YT 3 AL A (3-12)9 2t}

V;nmax
Ai=—7—D,,;, T, =04 [A] (3-12)

I

D,
omax - max s
C=——""—7——

AV, =140 [uF] (3-13)

/ Dmax
Im’ms = Iomax TDmax =T7[A] (3-14)

F 294 24 2 BF golexe Aged o 2437} off Aed
W e AEE HU A Vogna® on FEHY W T2 Ho %
1 #

Dmaxsy "

fat

E4E H22 ] AL Rpspun 50 2ol Gk,

ZIL" _/_'*_-?—]7_(]94 éltﬁjﬂ l} VDSmaXQ’]‘ éltﬁ Dmax"—L: ):] (3_15)’ (3_16):‘1}
7o ¥},
Vpsmax = Vesus =300 [V] (3-15)
Io AZ
IDmaX —ﬁ‘f‘T— 177[A] (3_16)

AAA 2224 AA A @ AFE Tl 297 27 9 BF
dolex AGAdE ANGFRG & AFe] 208 AR,
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a. IncCond Ao} 3 HF

IncCond (Incremental Conductance) #o] ¢xFE F3} dodx
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Fig. 3-11 Flow chart of IncCond MPPT algorithm
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Fig. 3-12 Flow chart of P&O MPPT algorithm
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c. 7NAE P&O Ao &2 F

MPPT Aol ¥ F P&O Aol ¢ FEL HYAEH ZLq S o
AdA T HAS Wil FAZANA AHAES Fo2A g dAA 9

A EMo] A HIL o] & A A BH2E =2 step?]

E7F ZolA AL B AR A Ao EA ] vmpAl = S 22 Y
B =FdAE 7[&9 P&O 23 Fol dA= FH Ao FHEET)

o T 9 AAE s3E w3 FoEA wEA HgAHA
< FHIA =Ha, AR ol W& J1E9 P&O R FH 2ol p
1S ¥l Fo2H A el e FHEEE HolA =)

Ad P&O & Fe] w4 ol

_53_



Viet = Viet- BAV ‘ Vrer = Vier + BAV| Vret =Viet - BAV ‘ Viet = Vrer + BAV |
) ) [ ¥

|

Fig. 3-13 Flow chart of the proposed P&O algorithm
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C. DC-AC <4 ¥

1. AME 71&-5%

PV dHEHE= DC-AC ZAHERZX 24 F32 293 &4+ IGBT &
F2 g 293 F5E JPEFES o A2R o 20[kHzIY F
B5g 293 AL § 9

el oFsdtd QIwEl e VEIZ AL I 3-14° vepd A 32
JHEE JEAHo R WIRe IGBT (Q~ Q) 2 e (FAE L, 4
A C), AIER2 T3 FAEHI Qi

g3 e = ARAE S 2FHY R s g A5 §7]
st A azxg AR7t 4L A ARE Fsv)7] € A% F
371719 7hEe] AL A, AHE = dAAE S

AP FEAF FFeA fep B

e
- N T

detecting

)

of

=2

12

lo

w .
PX

=

>,

¥ 4

Fig. 3-14 Topology of gird connected PV inverter
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Fig. 3-15 Operating signal process of inverter

Fig. 3-16 Output voltage and current waveform of inverter
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2. AW 24

5V
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e BAGE Fbg 23 PO e AA g A
e

Fo24 a9 3-17 ()% 2ol AZE JHe] A& s & 9
ow o] & o] g3t 1Y 3-17 (b)s}h Ze] dg HEAE BE F Yot

kA 34 AWE A 24 W Fo| mddy wAlE G dWEHIE
Hgate] 2adyg & 5 9}
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(a) complex number plane (b) dg coordinates

Fig. 3-17 dg coordinates of the single-phase inverter

D Qe At AFE A (3-19), (3-20)7 2ol P},

v="V, sin(wt+6,) (3-19)
i=1 sin(wt+0,) (3-20)

Al (3-19), (3-20)& do]#|¥H 3 (Phasor transform)3} A+z+§F43 2
(Trigonometric form)2.2 7|3} 2] (3-21), (3-22)8} Zo] Hr}.
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=V =V (sinf,+ jcosb,) (3-21)
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i=1 " =1 (sind,+jcos0,) (3-22)
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3 duE e A (3-19)F dg BAFZAR HIsE A (3-23)
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dg AAFEAE dq S7IFAZ {32 A (3-24)9 2}
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of 714 W3PA 7(0)= 4 (3-25)7 2}

70)=| e 5ta0 (3-25)

debd AGAE dg BIHEAZ AP A (3-26)3 o] Ak
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—V cosd,
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e
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@4 PLL(Phase Lock Loop) 4} (3-26)22 8¢ ;=023 Alojd
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Vé,
HQ%

Fig. 3-18 Block diagram of the single-phase PLL

Ael7] &5 HE A (3-27)% Zr}

=K, —x T4sT (—) (3-27)

A7\ T,= AEL Azolw K8t T PI Aol7|e dddeh. Folz
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a9 3-19¢ AEdATE dHEe = AL el gl DC H
2o A igRte} ANAE G & Bl F-BA DC-AC INEHE ¥
sto] wRHZ WPste] LCL YEl & Fdlo] 2Z9E AA%T A% o
A€, LCL B & &3 #A2AZ F 9oy g 24AG v 2
2RE AEAF iyl o277 el ALRSFE AAW Wit 3o
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Fig. 3-19 Topology of the single-phase gird connected inverter
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dvdcbus .
dt = Zl Q_ Yace

G

di,
Llﬁ—i_RlZl —’UC_’US

vy = vch

’LQ:’L —Z

v, = C/zdt

=, —(L1 o —i—Rz )
di,

:v+(L2E+@2)

A71A Q& 299 on, off AEE Jehn 2] (3-36)7 Zo] A

e},

0= {1 (Uper bridge open, Lower bridge closed)
0 (Uper bridge closed, Lower bridge open )

(3-31)

(3-32)

(3-33)
(3-34)

(3-35)

(3-36)

AdWE Y 2EAY 1,.E dg AAFZTAR W3shd A (3-37)F B

S71FEAE W A (3-38)7 ).
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DC-AC <IWE e S84 % i+ A4 Afstazt 4 3-38)F AF i

of T Aoz FolHw A (3-39), (3-40)¢} A}

diq,

L, i tRiyy = V= Vg —wlyiy, (3-39)
d/ilq . .
L1W+ Ri,, =V, =V, —wljiy, (3-40)

Al (3-39)3 (3-40)22 %€ dg HAFA AN JolA dFNA qF 2
2o MR —whi,% qFdA dFoze MR —wli gt EATE
¢ 4 Yok

ol# g AFE gelly] sl AHES wE BASE B A FAl o
g Pgrh o] | qF HAFAl N AHAEH HAGAE V, E J=EEH=
B, 2 3-202 dgZe) WA AFANIE BeJF 3 glu)

TVca’

Fig. 3-20 Non-interference current controller
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3. 4Wg 27

DC-AC HEY FAEE 19 3-213 R E 3-3& AdvE s
ve] & Jel3 glth. IGBT Alo]E =go] M AlujaEe] SKYPER
32PROE ol &43dden FAEE 19 3-229 Rl 13 3-23% 19
3-24% A ¥ A{F A3 EE vepl 2 9l
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!
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Current I

w0
Controller W,
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C PI Lﬁ

/ controller|
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Fig. 3-21 Block diagram of the grid connected inverter

Table 3-3 Design parameters for DC-AC inverter

Parameters Volume Unit
Output power (P,) 3 (kW]
Output voltage ( V) 220 [Vl
Frequency ( f) 60 [Hz]
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¥ 3-33 Fo] AR Lol 3[kW] o]z & Aol 220[V], 60 [Hz]
o AAAGE vt HAsg. AF &3Fo] 3 [kW] o]lBZ &¥HA
= A (3-41)F 2o #Hx}.
3000

2804 &R EE2E A[F L& A (3-42)¢ Fo] ).

I .
I,= :/";_‘*:9.7 [A] (3-42)

Y45 AN AF [, = 2EIAF .9 23 I54

[VIZ 34 7AAEH &% C2 A (3-43)3 2}

Ic,rms
C= WAV = 3600 [uF] (3-43)
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Fig. 3-22 IGBT gate drive circuit
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Fig. 3-23 AC voltage sensing circuit
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Fig. 3-24 AC current sensing circuit
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954 9 AT dFAeRA ] duE ] SHEAT thFA o ¢
AHEE HEA ofxF PV A2gle EAS E4357] 5t Simulink
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A EG ol A AFEFo] 53[WI PV BEE 604< 1084 29
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DC-DC ¥-£E AMEHRE 77 4o MPPT % < 5
o] DC 22 Y= DC-AC UHEHIAAN ZFE W33 &
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ey 3 9t}

PaXe) N-R
=

Table 4-1 Parameters of PV module

Parameter Value
Maximum power  (Pax) 53 [W]
Max. power voltage (Vi) 17.4 [V]
Max. power current (L, ) 3.04 [A]
Open circuit voltage (Voc ) 21.0 [V]
Short circuit current(Isc) 3.35 [A]

_67_



PV Sring 1 Vov

Vout
\Vpv  Boogt

Vout

pcoc  lout

[

Insolation coB1 v
Tov
PV2
MPP tracking
] controller
1 e
Ipv = Iref

PV €iing2
Insol Vo

switch control

Boost DCDC
Vout

vpv  Boost
pc-Dc  lout

I

MPP tracking

PV
A controllert
[

Ipv = Iref1

switch control

Vdc

M,gpﬁ»

DC-AC
inverter

switch control

ac[—p|

lin f——1

Boost DCDC1

Vout

,—_> Vpv  Boost
PV String3 Tout
9 v DCchC

IL]

o83 |
Ipv
PV3
MPP tracking
/I contoller2
\1,4
Ipv = Iref2

Fig. 4-1 Simulink configuration of arch type PV system
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Fig. 4-2 Simulink configuration of PV module
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Fig. 4-3 PV module characteristics curve according to

variation temperature
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Fig. 4-14 Output characteristics of DC-DC boost converter
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Fig. 4-16 Output characteristics using improved P&O
MPPT control method
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Fig. 4-17 Output characteristics according to rises rapidly

insolation using conventional P&O MPPT control method
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Fig. 4-18 Output characteristics according to rises rapidly

insolation using improved P&O MPPT control method
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Fig. 4-19 Output characteristics according to falls rapidly

insolation using conventional P&O MPPT control method
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Fig. 4-22 Output characteristics of DC-AC inverter
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Fig. 4-23 Output characteristics of DC-AC inverter

according to variation insolation
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Fig. 4-25 Performance ratio characteristics
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Fig. 5-1 Configuration of arch type PV system
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Fig. 5-3 Photo of DC-DC boost converter

Fig. 5-4 Photo of multi controlled inverter
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Table 5-1 PV module and array parameters

Parameter Value
Maximum power  (Puax) 53 [W]
Max. power voltage (Vi) 17.4 [V]
Module Max. power current (I, ) 3.04 [A]
Open circuit voltage (Voc ) 21.0 [V]
Short circuit current(Isc) 3.35[A]
Maximum power  (Puax) 1 [kW]
Series and Parallel 10=2
Max. power voltage (Vi) 174 [V]
Max. power current (I, ) 6.08 [A]
PV string Open circuit voltage (Voc) 210 [V]
Short circuit current(Isc ) 6.7 [A]
String 1 20°
Tilt angle String 2 30°
String 3 40°
Maximum power  (Puax) 3 [kW]
PV array :
PV strings number 3
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