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Ky thudt — Cong nghé

HE THONG PHOTOVOLTAIC KET NOI LUGI PIEN
MOT PHA KHONG SU DUNG MAY BIEN AP

Pham Hivu Thdi*, Lé Chi Kién™, Vii Thé Ding™"*

TOM TAT

Cdu triic Neutral Point Clamped (NPC) do ¢é hiéu sudt cao, dong ro va nhiéu dién tir thap
nén né dwoe sir dung mét cach rong rdi trong cdac hé thong phdt dién phan tan. Tuy nhién nhuwoc
diém chinh ciia bé nghich luu NPC la khong can bang phédn bé ton that & cdc linh kién ban dan, dan
dén khong cdan bang phéan bo nhiét. Bang cach sir dung cdu triic NPC tich cuc, van dé phan bé ton
thdt cong sudt dwoc giam bot. Do do chién lwoc diéu khién cdau triic nay la diém mau chét. Bai bdo
nay trinh bay ky thudt diéu khién mot b nghich leu ANPC 3 bdc két néi giiva gian Pin nang lwong
mdt troi véi lwdi dién 1 pha khong siv dung mdy bién dp méi dé sw phan bé ton that tot hon. Pong
thoi thwee hién mét phan nhé ciia viéc hoa dong b gitta PV-ludi sir dung ky thudt vong khéa pha va
b diéu chinh PI. Hé thong dé xudt duoc kiém tra bang viéc mé phong sit dung Simulink/Matlab

nham xem xét, danh gid khad nang cua bo nghich luu noi luoi.

T khoa: ANPC, PV-lwéi, khong si dung mdy bién dp...

A3LEVEL_ANPC INVERTER FOR TRANSFORMERLESS SINGLE PHASE
GRID CONNECTED PHOTOVOLTAIC SYSTEMS

ABSTRACT
The Neutral Point Clamped topology due to high efficiency, low leakage current and

electromagnetic Interference (EMI), its integration is widely used in the distributed generation
(DG) systems. However the main disadvantage of the NPC inverter is given by an unequal
distribution of the losses in the semiconductor devices, which leads to an unequal distribution of
temperature. By using the Active NPC (ANPC) topology, the power losses distribution problem
is alleviated. Therefore, the control strategy is a key issue in this topology. This paper presents a
new technique to control for 3Level — ANPC inverter, which connected Photovoltaic array with a
single phase grid transformerless, for better losses distribution. Also, performs a small part of the
PV-grid synchronization using a phase lock loop (PLL) and PI regulator. The proposed system has
been tested by simulation using Simulink/Matlab to consider and evaluate the ability of the grid-

connected inverter.

Key word: PV-grid, ANPC, transformerless,...
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1. GIOI THIEU:

Véi viée gia tang cong suat nang lugng tai
tao, cac hé théng Photovoltaic (PV) két ndi
ludi, ddc biét cac hé thong dién mot pha cong
suét thap (tir IkW dén 10kW), dang tré thanh
mot trong nhitng thanh phan quan trong nhat
trong hé thong phat dién phan tan (DG). Trong
khi @0, hé théng PV cong suat thap thudng la
hé thong cua tu nhan, ma cn phai cung cap
cho ngudi sir dung loi nhudn ti da thong qua
hiéu suit cao, tudi tho lau dai, gia thanh thép,
nho va an toan.

Dé cai thién hiéu suit caa cac bod nghich
lwu va gia ca hé thong thip hon, cac bién ap
cach ly ludi dién thuong dugc loai bo (chung
hay dugc st dung dé bao vé nguoi va tranh
dong 1o gitta hé thong PV va dat). Do d6, nhiéu
tmg dung khong may bién dp duoc dé xuat
[2], bao gdm ciu trac HERIC, cdu trac FB
véi DC Bypass, cAu trac H5, ciu tric NPC,
cau trac Conergy NPC. Céu trac NPC dugc
gidi thi¢u boi Nabae, Takahashi va Akagi vao
nam 1981, nd 1a mdt trong nhiing cAu tric bd
nghich luu két nbi dén luéi khong sir dung
bat ky may bién 4p nio. So sanh véi cac ciu
trac khac, NPC van c6 thé cho ton that chuyén
mach, song hai va dong common mode thap
hon, cai thién dang ké hiéu suat caa bo nghich
lwu va 1am cho né hap dan hon trong cac tng
dung quang dién (PV).

Trong khi d6 nhuogc diém chinh cua bo
nghich luu NPC 12 cho sy phan bd khong déu
tdn that & cac thiét bi ban din, ma n6 s& dan
dén khong cin bang phan bd nhiét va gidi han
cong suat ngd ra ciia bo nghich luu.
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Hinh 1: Cdu tric 3L-NPC mét nhdanh

Dé giai quyét vin dé trén bai bao da thuc
hién viéc chon céu trac NPC tich cuc 3 béac 2
nhanh (3L — ANPC), nhur hinh 2, dé thyc hién
viéc két ndi ludi dién 1 pha.

Hinh 2: Mot nhanh cua 3L — ANPC

Céc diode kep D1 va D2 cua cu tric NPC
duoc thay thé bang 2 switch S,.vas,, day
la cac active switches voi cac anti-parallel
diode ¢ ciu traic ANPC, cho phép dong dién
qua 2 chiéu. Bang cach nay, cac khoa bd sung
s& cho phép nhiéu hon cac trang thai chuyén
mach va dao mach so véi cau trac NPC. Vi
s6 luong cac trang thai chuyén mach va dao
mach duoc gia ting ma co thé dat duoc véi
cdu trac ANPC so v6i NPC, nén nhiéu chién
luge diéu ché c6 thé thyc hién dé diéu khién
bd nghich luu ANPC, [3]. Do d¢, bﬁng cach
st dung cac k¥ thuat diéu ché thich hop, can
bang ton thit giita cac thiét bi ban dan c6 thé
dat duoc.

Day ciing chinh 13 1y do bai bao dé xuit
mot chién luoc didu khién méi s dung ky
thuat da song mang véi dién 4p common
mode trung binh dé diéu khién bd nghich luu
3L-ANPC nham giai quyét vin dé& ton that
cong suat ciing nhu dam bao yéu cau két nbi
lu6i dién 1 pha, [4]. Pong thoi tac gia gidi
thiéu mot ky thuat don gian dé bo nghich luu
hoa ddng bo vai ludi sir dung k¥ thuat vong
khoa pha PLL va bd diéu chinh PI. Tét ca s&
duoc md phong bang Simulink/Matlab.



Hé théng Photovolltaic . . .

2. PIEU KHIEN HE THONG

So dd khéi toan bd hé théng PV két ndi
ludi dién 1 pha khong str dung may bién ap
dugc thé hién & hinh 3.
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Hinh 3: So do khoi hé thong dé xuat

Hé thdng bao gdm gian PV, bd ting ap
(DC/DC Boost converter), b nghich luu
3L-ANPC, luéi va cac bd diéu khién. Dé dam
bao dong cong sudt tir gian PV dén ludi thi
that su can thiét khi str dung bo tang ap dé day
dién ap DC lén cao, dac biét 1a khi khong su
dung may bién ap. Hé thdng chi c6 thé van
hanh khi dién 4p DC-bus V ,_16n hon bién do
dién ap ludi [5].

2.1. Khéi PLL

Vong khoa pha PLL 1a hé théng vong kin
hoi tiép, trong d6 tin hiéu hoi tiép dung dé
khoa tan s va pha cua tin hiéu ra theo tan s6
va pha cua tin hiéu vao [6], v&i tin hi€u vao la

dién ap ludi, co6 so so khoi nhu hinh:

Hinh 4: So dé khéi cia khéi PLL

Chirc nang ciia cac khoi:

+ Tach song pha: so sanh pha gitra tin hi¢u
vao va tin hiéu ra caa VCO dé tao ra tin hiéu
sai léch V ().
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+ Loc thong thép: loc gon cua dién 4p
V(1) dé tr¢ thanh dién 4p bién d6i cham va
dua vao mach khuéch dai 1 chiéu.

+ Khuyét dai mot chiéu: khuéch dai dién
ap 1 chiéu V(t) dé dua vao diéu khién tan so
cuia mach VCO.

+ VCO (Voltage Controlled Oscillator):
bd dao dong ma tan sd ra duoc diéu khién
bang dién ap dua vao.

Trong dé tai nay, tac gia mudn st dung ky
thuat PLL dé thyc hién viéc khoa pha va tan
sd cuia dién ap ludi dé dap tmg nhu cau két ndi
ludi, didc biét 1a bam theo tan sé ludi voi ngd
vao la dién ap ludi V..
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Hinh 5: So do khéi ciia khéi PLL trong
Simulink/Matlab

2.2.Khoibd diéu chinh PI (PIregulator):

Pé thuc hién viéc ddng bo két ndi ludi cua
bd PV 1 pha I1én ludi, ngoai viéc st dung k¥
thuat PLL, ta phai két hop véi bo diéu chinh
PI dé thyc hién viéc diéu khién bd nghich
Iwu cho phii hop nham sai so gitra dong tham
chiéu va dong ndi ludi. Ngd ra PLL l1a wt
duogc dua vao khdi tao dong tham chiéu trude
khi dugc dua vao bo diéu chinh PI, v6i doan
code ¢ phu luc A.

Iboost

MATLAB Function

O

Hinh 6: Khoi dong tham chiéu I,
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Hinh 7: Khoi PI Regulator

Dong cua bd nghich luu Ig duoc do va
feed back dén bd so sanh véi dong tham
chiéu I . Dong I dat dugc bang cach do
dién ap ludi va chuyén d6i qua PLL va dua
vé khéi tao dong tham chiéu. Diéu nay duoc
thyc hién dam bao rang Ig luén bam theo
ludi va ludn dong bd gitra PV va ludi. Sai
léch dong tirc thoi e dugc dua dén bo dicu
khién tich phan — ty 1&. Khau tich phan (I)
trong bg PI cai thién viéc do tim, béng cach
giam sai s tirc thoi gitta dong tham chiéu
va dong thuc té [7], Phan phdi cua khau tich
phan (doi khi con goi 1a reset) ti 1¢ thuan
v6i ca bién do sai s6 1an quang thoi gian xay
ra sai s6. Tong sai s6 tirc thoi theo thoi gian
(tich phén sai s6) cho ta tich liiy bu di duoc
hiéu chinh trudc d6. Tich liy sai sé sau d6
dugc nhan voi do loi tich phan va cong voi
tin hiéu dau ra ctia by diéu khién. Bién do
phan phéi ctia khau tich phan trén tat ca tac
dong diéu chinh duoc xac dinh boi do loi
tich phan,K.. Khau ty 1€ (P) hay con goi la
d6 loi 1am thay doi gia tri dau ra, ty 18 véi
gia tri sai s6 hién tai. Pap tng ty 18 c6 thé

dugc didu chinh bang cach nhén sai s6 do
v6i hing sb K.

Nhu [7], bang cach chon tan so di€u ché
la 10KHz, @6 loi trude khau tich phan dugc
chon la 150MHz/10KHz = 15000 va d0 loi
khau ty 1& 13 25. V6i tan s6 dong hd (Clock
frequency) la 150MHz.

2.3. Giai thuat PWM d&é xuét diéu khién
3L-ANPC:

bé khic phuc nhuogc diém cua cac chién
lugc diéu khién xem xét & [3] ta sir dung k¥
thuat diéu khién da song mang véi dién ap
common mode trung binh.

Do b¢ nghich luu dugc chon 1a cAu tric
3 bac nén ta chon 2 séng mang dé diéu khién
b6 nghich lwu 2 nhanh [1]. Dé thuan tién cho
viéc diéu khién chi chon mét nhanh nhu hink
2 dé thyc hién chién lugc diéu khién, nhanh
con lai tuong tu.

Quy tic diéu khién, kich dbi nghich:

Sl+SIC:0; Sz+szc:0; S3+S3c:0
Ba trang thai ap nghich Iwu cta pha A
nhu bang sau:

Bang 1: Trang thdi déng cdt ciia cdc switch

\Y S IS, [S, |S S S

AO 1 2 3 1C 2C 3C

\% 1 1 1 0 0 0

de

v,z o0 [1 o [1 o |1
o o |o |o |1 |1 |1

Tur bang trang thai, ta xét dién ap diéu
khién nam trong hai khoang 0 < u, <lval
<u,, <2 dugc trinh bay ¢ hinh 9.

So sanh song mang C , C, v6i cac u,, d€ tao xung kich cho céc cé@p switch, cu thé:

_{1 neru udkl = CZ

= % S =
1 >
0 néu u, > C2

D@ dang chig minh rang:

A — Vdcu
NeuOSudk1< 1— UAO— D dk1

Viéc so sanh nay thé hién ¢ hinh 8.

(1 néuudk1>C1
X S,=
0 neuudk1>C1 >3

= { }) nfiu e i gz
ncu udkl 2

A _ Vi u
Néu 1l < Uy, <2— UAO— Yk

2
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Hinh 8 : Khoi so sanh gitta song mang va tin hiéu dieu khién cho nhanh A va B
trong Simulink/Matlab
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Hinh 9: So sanh song diéu khién voi song mang

+ Gidi thuat tinh toan u ok cho bg nghich lvu mét pha 2 nhanh 3L — ANPC:
CAu trac 3L-ANPC 2 nhénh st dung trong dé tai xét nhu hinh 10.

s11 —|I£} s12 4%

of] S i —
P E—t @J—t
521 ﬂwﬂ‘ s22 4%
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Hinh 10: Cdu triic 3L-ANPC 2 nhdnh trong Simulink/Matlab
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Vi cau triic nhu trén dé tim ap diéu khién ta c6 giai thudt tong quat nhu sau:

Vi Max
1 Max | Digndp| Veas

7 offset

Min Voaia

Fitf

Hinh 11: Gidi thudt tim ap diéu khién
Ta c6 thé phan tich dién ap tai ciia bd nghich luu 4p mot pha dang 2 nhéanh (mach ciu) tuong
tu nhu bo nghic luu ap ba pha

» Giatri dién ap 2 pha tai:
O trong dé tai nay gia tri dién ap 2 pha tai chinh 1a gia tri dién ap Uy sau bo PI ma ching ta
sé duoc xem xét & chuong ké tiép.
V,, = m x 220V2 cos(1007t) (1)
Ve, = —m X 220V2 cos(1007t) (2)
V6im 1 hé sb diéu ché
» Tim dién ap offset:
Vomax = Vye — max(Vyy, V2) 3)
Vomin = —min(Vyy, V) 4)
» Dién ap common mode trung binh:
(Vomax + Vymin)

0= . (5)
Vao = Ve + Vo (6)
. ) Vgo = Via + Vg (7)
» Dién ap dicu khién:
Vao 2Vz0
Virkr = N 8
Vdc/(n 1) Vdc
Vo 2Vgo
Vikz = = €©)
Vdc/(n - 1) Vdc
1 Py vrel Lk » —-" I
L@ El—'-’ X :l:v MPPT  Iref [ ——0r—
m van MPPT
Hinh 13: Khéit MPPT
‘ Initialize /g, Al on Pow ‘
l
‘ Measure P,
Hinh 12: Gidi thudt tim ap diéu khién trong .
Simulink/Matlab e ilo
2.4. B) MPPT cii tién: RN
Nham dé thuc hién viéc do tim cong suét : J
diém lam viéc cuc dai trong dé tai nay su ' "“}; ’—w;”rw l
dung giai thuat MPPT cai tién, v6i luu d6 giai ' |

thuat nhu sau: Hinh 13: Luu d6 gidi thudt P&O cai tién.
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- Mo hinh Simulink cai tién nhu sau:

MATLAB
Function ﬁ

p Iref

Measure (samgle) WP tracking Delay
Power algorithm
(MPPirackref.m)

Hinh 14: M6 hinh Simulink ciia khoi MPPT cdi tién.

3. MO HINH VA MO PHONG HE THONG
3.1. Chon théng s6 mé hinh:

powargui

Hinh 15: Hé théng PV-ledi dé xudt
Dé tién hanh thyc hién mo phong hé thong

-y , Théng s6 Ky Do [Pon
PV két néi ludi dién 1 pha sir dung cu tric & hitu  |lon  |vi
3L-ANPC voi gidi thuat dé xuat, cac gia tri _
duoc chon nhu bang 2 va 3. f/ﬁ)nPg sudt tal Pp 110 w
Bang 2: Théong so luwdi, bé nghich luu
i bién dp tai MPP | V| 17 \Y%
Thong so
Dién ap ludi V, U, =220V 1\D/[c‘;)li)g dién tai L 6,47 | A
Dong ludi I, . [~ 0A
(Khi cuong do chiéu sang An A he
1000W/m?, hé s6 diéu ché Diendphomach | Voo 1213 1V
bang 1) : ;
Dong diénngan | I 7,48 |A
— h
Tan s6 ludi f=50Hz nae
bién ap ngd raby DC/DC |V, =311V S6 cell trong 1 n 72 cell
R 0.010 modun
Li 5e-3H Nhiétdocoban | T 25 C
Rg 0.05 N Bang 3: Thong sé6 médun PV EC-110-G.
Lg le-4H Ta chon 12 médun PV EC-110-G dé md
Tan s6 dong cét 10kHz phong hé thong.
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3.2.M6 hinh céc khdi ctia PV Block trong Matlab/Simulink:

V_Pv

P\ Block

Hinh 16: Khéi PV Block

Bén trong khéi ndy nhu sau:

Insclation

Switch

: .E +
EC-110_61

EC-110_G2 i 3
EC-110_G3 ﬁ

EC-110_G4 35

Hinh 17: Cdc khoi bén trong ciia PV Block

3.3. M6 hinh PV:
Puoc viét dudi dang Model

=

MA

Vpv

h

Vpv

T

Insolation

Vpv

Vo

Insolation

PV modul
v l"e{mlpw

|-V characteristic

Fpv

FV1

[

Hinh 18: So do khéi mé hinh mé phéng PV module
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(D
)

Hinh 19: Chi tiét bén trong so do khoi mé hinh mé phong PV module

3 So dd va md hinh DC-DC converter
+ So d6 mach:

AV

Hinh 20: So @6 mach DC-DC boost converter két néi PV panel
+ M6 hinh ciia DC —DC boost converter 1y tudng trong Matlab

Boost Converter

Hinh 21: Khéi boost converter

Bén trong khdi Boost DC — DC:

A0 |- ¥ kNG

- NS D
et AL Ccudte (e=De=1 v
0
@ Sutchingloss output cumest
Vin » ¥ = »(D
(+0%g “
I..‘__| output powes
o = "L
Vou PotVoutlod  [og
> - le=dae=t ehcency
Pinpt =Vg%  peent  Eficiency
byzem  cacuzon

Hinh 22: Bén trong khéi boost converter
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4. KET QUA MO PHONG HE THONG TREN MATLAB/SIMULINK

4.1. PV module

r- I-V characteristic

(=[@] = )

.Wpcml:r

N

J

Y Axis
()

Il

Y Axis

Hinh 23: Puong dac tinh 1I-V va P-V

4.2. Boost DC — DC converter
Véi viée chon cac thong sb nhu trong hinh bén dudi:

Ta c6 dang song:
MPPT cai tién:

| Function Block Parameters: Boost Converter

Subsystem (mask)

Averaged model of a boost (step-up) DC-Dv
current control. Model includes RL (conducti
with the input port and Isw (model of switck
parallel with the output port

Parameters

Input port series resistance RL
0.5]

Switching loss current Isw
0.03

) |
Hinh 24: Chon théng sé cho bé DC/DC
Insolation (chiéu d6) 200, 400, 600, 1000; V

[ ok cancel |

PV’ IPV’

\
|

Vo 4y

P

boost

Hinh 25: Dgng song Insolation;
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Hiéu sut, Duty cycle, V., I , V. cuabd Boost converter:

PV’ Tref’
, =)
T T T —— T T T T
15 —/J ; .
' | | | | | | | I |
.
T 1 T T I T T
(118 : : -
(1] .- : 3 H =
[T ; -
1 | 1 l 1 | | | 1
T | | | ﬁ | | | |
- - .
m- : 4
| | | | | | 1 |
T = T | T
i | | | | | ]
" T T T | $ T T T T
L L L L L L L L L
[[] T3] — ] 13 13 w ] ] n

Hinh 26: Hiéu sud't, Duty cycle, V,, [ V. boost converter

PV “ref

4.3. Tin hi¢u diéu khién va song mang
Véi hé s0 diéu che 1a 1 ta duoc:

Song mang am glac

Hinh 27: Dang séng tin hiéu diéu khién

]

s | | [ I 1 1 | ||
0 5] [ [ W [ (=] [ 10K ] ]

Hinh 28: Dang séng tin hiéu diéu khién khi phong to
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4.4. Dong va ap tdi cia by 3L-ANPC:
Vi tai RL: R=13.8 (2; L=0.1194H, cuong d6 chiéu sang 1000 W/m?

/\FW\/\W

"-.‘ '-.II\II | / '\II I
/ \/ \/ VAR

Hinh 29: Dang séng dp tdi va dong tdi véi hé sé diéu ché M=1

4.5. Dong va ap ciia by nghich luu hoa dong b:
+ Hé s6 didu ché 1, cuong d6 chiéu sang 1000 W/m?

am, - - . . = . . . 1

Hinh 30: Dang séng dong va dp bé nghich luu khi hoa dong bé véi M=1
Phén tich FFT d6i v&i dong bd nghich luu hoa ludi:

Bang 4: Tong méo dang séng hdi cia dong dién, M=1,
1000 W/m?

FFT analysis

Sampling time
Samples per cycle
DC component
Fundamental

le<00% =

2000

0.0001409

8.509 peak (6.017 rms)

Total Harmonic Distortion (THD) = 3.76%

Maximum harmonic freqguency
used for THD calculation = 49900.00 Hz (998th harmonic)

0 Hz (DC): 0.00% 270.0°
S50 H=z (Fnd) : 100.00% -72.9%
100 H=z (h2): 0.04% -29.7°%
150 Hz (h3): 1.36% 100.7°
200 H= (h4): 0.26% -33.1°
250 H=z (hs5) : 0.56% 1i00.8°%
300 Hz (k&) 0.25% 54.6°
350 H=z (h7): 0.29% 254.2°
400 Hz (h8) : 0.26% 241.3"°
450 Hz (R2): 0.33% 253.7°
500 Hz (hl0): 0.12% 143.3°
550 Hz (hll): 0.24% 265.3°
€00 Hz (R1l2): 0.45% 178.6°
650 Hz (hl1l3): 1.23% 256.5°

Téng méo dang song hai: 3.76%
Phan tich FFT d6i v6i ap bo nghich luu hoa ludi:
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Bang 5: Tong méo dang song hai ciia dp, M=1,
1000 W/m?

Fundamental

—FFT ly
Sampling time = 1e-005 =
Samples per cycle = 2000
DC component = 1.8e-006
-

311.8 peak (220.5 rms)

Total Harmonic Distortion (THD) = 0.54%

Maximum harmonic freguency
used for THD calculation

= 49500.00 Hz (998cth harmonic)

Tong méo dang song hai: 0.54%

+ Heé s6 diéu ché 1, cuong d6 chiéu sang 300W/m?

[

0 Hz (DC): 0.00% 270.0°

50 Hz (Fnd): 100.00% 269.9°
100 Hz (h2): 0.00% 219.2°
150 Hz (h3): 0.00% 156.6°
200 Hz (h4): 0.00% B8.7°
250 Hz (h5): 0.00% 166.8°
300 Hz (hé): 0.00% 10.9°
350 Hz (h7): 0.00% -47.4°
400 Hz (h8): 0.00% 221.7"°
450 Hz (h3): 0.00% -22.8°
500 Hz (h10): 0.00% 45.8°
550 Hz (hil): 0.00% 3.a°
600 Hz (hl1l2): 0.00% 160.3°
650 Hz (h13): 0.01% -1.9°

He
ol

Hinh 31: Dang séng dong va dp bé nghich luu khi hoa dong bé véi M=1,

cwong do chiéu sang 300W/m?
Phan tich FFT d6i v6i dong bo nghich luu hoa ludi:

Bang 6: Tong méo dang séng hadi ciia dong dién, M=1, 300W/m?

FFT analysis

DC component = 5.185e-005

Fundamental = T7.815 peak (5.526 rms=)

Maximum harmonic frequency

used for THD calculation = 49900.00 Hz (998th harmonic)

0 Hz {DC) : 0.00% 270.0°

50 Hz (Fnd): 100.00% -71.3%
100 Hz (h2): 0.10% 257.8°
150 Hz (h3): 1.55% 95.4°
200 Hz (h4): 0.22% 12.1°
250 Hz (hS): 0.65% 107.4°
300 Hz (he): 0.39% 147.6"°
350 Hz (h7): 0.33% -47.0°
400 Hz (h8): 0.04% -20.6°
450 Hz (h9): 0.69% 224.2°
500 Hz (hl0): 0.37% 65.5°
550 Hz (hll): 0.25% -84.3"°
600 Hz (hl2): 0.06% 176.0°%
€50 Hz (hl13): 1.20% 237.9°

Téng d6 méo dang dong bo nghich 4.13%
+ Hé s6 didu ché 0.8, cuong do6 chiéu sang600 W/m?
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Hinh 32: Dang song dong va dp bé nghich luu véi M=0,8; 600 W/m?
Phan tich FFT d6i v6i ap bo nghich luu hoa luéi:

Bang 7: Tong méo dang séng hai ciia dp, M=0.8;
600 W/m?

— FFT analysis

le-005 =

2000

4.459e-005

7.689 peak (5.437 rms)

Sampling time
Samples per cycle
DC component
Fundamental

Total Harmonic Distortion (THD) = 4.50%

Maximum harmonic frequency

used for THD calculation = 49900.00 Hz (998th harmonic)

0 Hz (DC) = 0.00% 90.0°

50 Hz {Fnd) : 100.00% -76.0"
100 Hz (h2): 0.11% 177.4°%
150 Hz {h3): 1.63% 79.4°
200 H 0.13% -73.86"%
250 H 0.95% 117.9°
300 H 0.54% 161.4°
350 H 0.05% -28.7°
400 H 0.39% -36.7°
450 H 0.65% 249.4"°
500 H 0.38% 8.2°
550 H 0.44% -76.8"
600 H 0.09% 43.6°
650 H 1.54% 229.3"°

Téng méo dang song hai: 4.9%

Theo tiéu chuan két néi ludi nhu bdng 7, cling nhu bdang 8,thi ta thiy dung bo nghich luu
3L-ANPC dung dé két ndi ludi dién 1 pha hoan toan kha dung véi d6 méo dang song hai rat
nho. Diéu nay chimg t6 v6i chién thuat dé xuat 1a phu hop.

Bang 8: Phan tram méo dang cho phép

Harmonic order h (odd harmonics)® Distortion limits”
THD 5%
3% through 9" <4.0%
11* through 15 <2.0%
17" through 21% <1.5%
23" through 33" <0.6%
above 337 <0.3%

a: Tham chi cac song hai dugc gidi han dén 25% cua cac 2161 han hai bac 1¢ (odd harmonic) trén.
b: Tat ca cac gioi han dugce cho nhu phan trim cia ti s6 thanh phan dong co ban.
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Bang 9: Tom tat cac tiéu chudan ket noi PV voi luoi

ISSUE IEC61727 [3] IEEE1547 [5] ENG1000-3-2 [4]
Nominal power 10 KW 30 kW 16 A <230V =37 kW
Harmonic currents ({3-9) 4.0% (2-10) 4.0% (3)2.30 A
(Order — h) Limits (11-15) 2.0% (11-16) 2.0% (5)1.14 A
(17-21) 1.5% (17-22) 1.5% (7H0.77 A
{23-33)0.6% (23-34) 0.6% (90,40 A
(> 35)0.3% (11033 A
(13)0.21 A

(15-39) 2.25/'h

Even harmonics in these ranges shall be less

than 25% of the odd harmonic limits listed.

Approximately 30% of the

odd harmonics -see standard.

Maximum current THID 5.0%%

Power factor at 50% of rated | 0.90

power

DC current injection Less than

1.0%% of

Less than 0.5% of | < 0.22 A -corresponds to a 50

rated output current. rated output current. W half~wave rectifier.
Voltage range for normal | 85% - 110% 88% - 110%% -
operation (196 ¥V — 253 V) (97 WV — 121 V)

Frequency range for normal | 50+ 1 Hz 59.3 Hz to 60.5 Hz -
operation
5. KET LUAN cach co ban ky thuat hoa dong b noi PV voi

Vi viéc chon bd nghich luu 3L-ANPC
da khic phuc duoc nhuge diém cd hiru cia
b6 nghich luvu NPC d6 13 dam bao cén bang
phan bd ton that cong suat cling nhu phan bd
vé nhiét trén cac thiét bi ban din. Ngoai ra dé
tai ndy da dé xuat mot giai thuat diéu khién cdu
truc ANPC thuc hién viéc két két ndi gian PV
v6i ludi mot cach thanh cong, thé hién qua do
méo dang song hai ctia b nghich Iuu bom vao
ludi rét thap, dat duoc tiéu chuan két ndi ludi
dé ra. Pic biét dé tai nay ciing gidi thidu mot

TAI LIEU THAM KHAO

ludi thong qua k¥ thuat PLL va bg diéu chinh
PI khi c6 sy sai léch vé dong bom 1én ludi va
dong tham chleu Tuy nhién, trong cac nghién
ciiu tlep theo can giai quyét tot hon nita giai
thuat diéu ché bd nghich luu ANPC bang cac
giai thuat cao hon, chéng han: giai thuat tri¢t
tiéu song hai chon loc (Selective Harmonic
Elimination —SHE) két hop véi giai thuat gen
(Genetic Algorithm). Va nang cao hon nira k¥
thuat hoa ddng bo giita PV va ludi khi co nhiéu
yéu td tac dong 1én hé théng PV, ciing nhu ludi.
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