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INTRODUCTION

Project Motivation

The demands of the renewable energy sources coming from the sun and wind are increas-
ing due to the high sustainability and enormous benefits of the green environment. How-
ever, several drawbacks are also shown in the system. Tapping into those energy sources
and connecting them to the power network could begin the electricity generation, which
Is to provide the sufficient energy for human living. To provide the good quality and
affordable price to the energy users, this research aims at improvement of the system
power quality and meeting industry rigorous standards of performance and stringent gov-
ernment regulations. Grid-connected inverter is typically designed from the power semi-
conductor materials. With the new and improved design, the grid-connected inverters
could contribute to the reduction of harmonics in grid-connected inverters therefore im-
prove the power system quality. This thesis presents the new design, development & per-
formance analysis of the Grid-connected inverter to ensure lower current harmonics in
the power network and further improve the quality of the power system.

Objectives

Basing on the analysis of mathematical model of current ripples, the author has studied
and proposed the four key solutions to reduce harmonics for grid-connected inverters as
follows:

» A new modulation technique with the variable switching cycle in each half of the fun-
damental period uses a genetic algorithm results in no increase in switching loss and
hardware.

» An improved strategy for estimating quickly and accurately the fundamental grid volt-
age parameters relies on the Levenberg-Marquardt algorithm integrated with feedback
from outputs to update initial parameters for enhancing the synchronization quality.

» A maximum power point-tracking technique which uses a variable increment to deal
with the DC voltage ripples of grid-connected photovoltaic inverters.

» An optimum method for determining the coefficients of current controller based on the
Particle Swarm Optimization method which is a key tool to improve results and save
money, time, and effort.

Scope and limitation

In this thesis, the author focuses on the modulation techniques, the estimation of funda-
mental grid voltage parameters using phase-locked loop for synchronization, the reduc-
tion of DC voltage ripples, and the optimal detection of controller coefficients.

The project research consists of one-phase and three-phase two-level grid-connected pho-
tovoltaic inverter systems with small and medium scales for their popular application.
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The operating conditions of active and reactive power control are considered quantita-
tively to validate the performance of the solutions.

The concept “optimum” in the thesis is comprehended to achieve the best possible results
by comparing with those of the existing methods.

Approach and research methodology

The thesis relies on the mathematical model of current ripples to identify the root causes
of harmonics. Based on the scientific evidence and systematically collected data, the au-
thor proposed the four key methods to reduce harmonics of grid-connected inverters. The
performance of the new inverters is also validated against the existing methods in the
literature.

+ The analysis is implemented basing on the mathematical model of current ripples to
help the project to have a general and scientific approach, leading to a right research ori-
entation.

+ The simulation on MATLAB/Simulink is used to test the proposed methods for reduc-
tion of harmonics, demonstrating the high intuition and reliability in the expected survey
domain.

+ The experiment using physical models with the hardware platforms including DSP-
F28335 and DSpace-1103 helps validating the collected data and to ensure a high feasi-
bility in actual applications.

The technical parameters are evaluated for reasonableness, consistency, and accuracy.
The simulation and experiment results are compared quantitatively. The proposed tech-
niques are evaluated with the existing methods.

Outline of the thesis

The thesis’s content consists of five chapters as follows:

Chapter 1: Overview of grid-connected inverter systems

Chapter 2: Modulation technique using variable switching cycle

Chapter 3: Fast and accurate estimation of fundamental grid voltage parameters

Chapter 4: Reduction of DC voltage ripples and determination of optimal current control-
ler coefficients

Chapter 5: Conclusion and future work
Main contributions

In the author’s opinion, the main contributions of this dissertation are enumerated in the
following.
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v A new modulation technique

Chapter 2 presents a modulation technique with switching cycle varying in each half of
fundamental period. This technique significantly reduces inverter harmonics without in-
crease of switching loss and hardware. In addition, the selective harmonic elimination
and the spectrum spread over a wide range of frequencies make individual harmonics
decrease significantly.

v An improved strategy for estimating rapidly and accurately fundamental grid volt-
age parameters

The feedback of outputs to update initial parameters of the solution in chapter 3 makes
the strategy converge rapidly to the minimum. The nature of the method is to solve the
differential equation online using the conventional digital approach. This allows the pro-
posed phase-locked loop to have no phase detector, no loop filter, and no voltage con-
trolled oscillator.

v A novel maximum power point tracking technique

The proposed technique in chapter 4 uses the variable increment to deal with DC voltage
ripples of grid-connected photovoltaic inverters. This leads to reducing inverter output
harmonics without affecting dynamic response.

v An optimum determination of the coefficients of current controller

Due to the infinite of closed-loop transfer function of grid-connected inverters, the con-
ventional methods for determining coefficients of current proportional-resonance control-
ler can give the local minimum. The author proposed a method basing on Particle Swarm
Optimization in chapter 4 to specify the global values for alleviating harmonics without
requiring a lot of time and effort, and experience of designers.

Feasibility

The research methods of the thesis for reducing harmonics of grid-connected inverters
surely contribute to the improvement of system power quality.

+ The proposed modulation technique for reducing harmonics helps decrease the size of
passive filters and further lowering the cost of grid-connected inverters. In addition, the
low switching frequency of the semiconductor switches near the peak current can help
decrease the thermal stress, thus increasing the inverter’s lifetime. In addition to those
benefits, the spectrum spread over a wide frequency range makes acoustic noise decrease
result in suitable applications for telecommunication and military equipment.

+ The proposed method for estimating accurately and quickly the parameters of funda-
mental grid voltage allows the inverters to use the lower sensitive voltage transducers
with lower production cost.
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+ The improved MPPT with variable increment helps the inverters not to use DC-DC
converters for enhancing power conversion efficiency with assurance of power quality.

+ The controller with the optimum coefficients determined by using the proposed PSO
algorithm reduces design phrase further saving time, effort, and money.

The proposed solutions of the thesis can also extend to other fields such as motor con-
trol inverters, active power filters, uninterruptible power supplies, dynamic voltage re-
storers, D-statcom, etc.




Tém tat

MO PAU
Tinh cin thiét

Céc ngudn nang lugng tai tao nhu gié va mat troi dang phat trién rat manh mé vi tinh bén
vitng va than thién véi méi trueong trong khi tiém nang vo cung 16n. Tuy nhlen ching lai
c6 nhuoc diém 13 bi loéng va khong lién tuc. Do do, chung thudng dugc ndi vai ludi dién
dé tro thanh mot ngudn dién véi chat luong tét va gia thanh ré thdng qua cac b nghich
lwu ban dan cdng suat. Chinh cac bo nghich luu ndi ludi lai phat sinh song hai déang ké
vao ludi dién va anh huong tidu cuc dén chit luong dién ning cua hé théng dién. Vi vay,
viéc nghién cau céc giai phap diéu khién dé giam song hai cho nghich luu ndi luédi ludn
gop phan nang cao chat luong dién niang cua hé thong dién.

Muc tiéu caa luan an

Trén co sé phan tich mé ta todn hoc cua séng hai dong dién, tac gia da nghién ctru va dé
xuat bon giai phap dé giam song hai cho nghich luu noi ludi nhu sau:

> K¥ thuat diéu ché véi chu ky chuyen mach thay d6i trong mdi ntra chu Ky co ban st
dung giai thuat di truyén c6 xem xét ¢én ton hao chuyén mach mot cach dinh lugng.

> Phuong phap uéc lugng nhanh va chinh xac cac tham sé dién ap ludi co ban st dung
giai thuat Levenberg-Marquardt ¢ hdi tiép ngd ra dé cap nhat tham sé ban dau nham
nang cao chat luong tin hiéu diéu ché.

> Giai thuat do diém cong suat cuc dai voi s6 gia bién d6i dé giam do nhap nhé dién ap
mot chiéu caa nghich luu.

> Phuong phap xac dinh t6i wu cac hé s6 ctia b diéu khién cong huong dong dién st
dung giai thuat toi wu bay dan.

Poi twgng va pham vi nghién ciu

Duya vao viéc phan tich séng hai dong dién cua nghich luu ndi ludi, tc gia di nghién ctu
cac ky thuat: diéu che, udc lugng tham so dién ap luédi co ban, giam dé nhap nhé dién ap
DC va phuong phap cai tién dé xac dinh tham s6 b dicu khién dong dién.

Luan an ciing tap trung vao nghién ctu giam song hai dong dién cho nghich luu dién mat
troi noi ludi mot pha va ba pha hai bac vai qui moé céng suat vira va nho do su pho bién
cua chang.

Céc ché d6 van hanh nhu phat cong suat tac dung va thu/phat céng suat phan khang ciing
duogc xem xet mot cach dinh lugng.

Cé4ch tiép can va phwong phap nghién ciu
Céch tiép can

Luén an dya vao mo ta toan hoc cua song hai dong di¢n trong nghich luu dé phan tich
nguy@n nhan phat sinh séng hai va tir d6 dé xuat cac giai phap giam séng hai. Cac giai
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phap dé xuat cua luan an ciing dua trén viéc phan tich cac uu diém va khuyét diém cua
cac nghién ctru da dugc céng bo gan day trén cac tap chi co uy tin.

Lwa chon phuwong phap nghién ciru

+ Phuong phép gidi tich: dugc thuc hién béngocéch phan tich mo ta toan hoc cta song hai
nghich luu gitp cho luan an cé céach tiep can tong quéat, khoa hoc va xac dinh dting hudng
nghién cau.

+ Phuong phap md phong: cac giai phap giam song hai dé xuat déu dugc kiem tra trén
phan mém MATLAB/SimuIink thé hién tinh truc quan va d6 tin cay cao trong mien khao
sat mong muon.

+ Phuong phép thyc nghiém trén md hinh vat Iy: cac két qua nghién clru duoc thuc hién
trén phan cting pho bién nhu DSP-F28335 va DSpace-1103 giup cho két qua nghién cau
dam bao tinh kha thi cao trong irng dung.

+ Cac chi tiéu ky thuat cua tung giai phap dé xuat déu da duoc xem xét mot cach dinh
lugng dua vao céc tiéu chuan néi lugi nghiém ngat hién nay.

Noi dung caa luan an

Noi dung cua luan an bao gém 5 chuong:

Chuong 1: Tong quan

Chuong 2: K§ thuat diéu ché sir dung chu ky chuyén mach thay d6i

Chuong 3: Phuong phép uéc lwong nhanh va chinh xac tham sé dién ap luéi

Chuong 4: Giam d6 nhap nhd dién 4p DC va cai tién hé s6 bo diéu khién

Chuong 5: Két luan

Pong gop méi vé mit khoa hoc cia luan an

+ Ky thuat dieu ché dé xuat & chuong 2 chi can thay doi chu ky chuyén mach trong moi
ntra chu ky co ban dé giam song hai dong dién dang ke cho nghich luu noi ludi, ma khong
lam tang ton hao chuyén mach, khdng phai thém bat ky phan cing nao. Ngoai ra, ky thuét
con ¢0 kha nang khir hai lya chon va trai pho trong pham vi rong dé lam giam bién do hai
riéng Ié.

+ K§ thuat hoi tiép ngd ra dé cap nhat cho tham sé ban dau cta phép giai phuong trinh vi
phan bang phuong phap sb duoc trinh bay ¢ chuong 3. Ky thuat nay cho phép udc lugng
nhanh va chinh xac céc tham sb dién ap lugi co ban nham nang cao chét luong tin hiéu
diéu ché dé giam séng hai caa nghich luu ndi ludi. Phuong phéap nay khac biét so véi cac
vong khoa pha thong thuong la khéng con khau do pha, khdng bo loc vong, khdng bo dao
dong diéu khién dién ap.

vi
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+ O chuong 4 cua luan an da cho thay su anh huong cua ky thuat do diém cong suat cuc
dai dén d6 nhap nho dién 4p ngudn DC, tir d6 anh huong dén séng hai cua nghich luu
dién mit troi noi lui mot giai doan. Su thay doi cua s6 gia trong giai thuat do diém cong
suat cuc dai dé nghi cho phép giam do nhap nho dién 4p DC nhung van c6 kha ning dap
g dong cao so Vai cac phuong phéap co sé gia cd dinh.

+ Do ham truyen cia nghich lwu ndi ludi c6 dang vo dinh nén viée xac dinh cac hé sb cua
bo diéu khién dong bang cac phuong phap thong thuong co thé roi vao cuc tri dia phuong.
Phuong phap dé XUat su dung giai thuat t6i wu bay dan cho nghiém toan cuc dé hang cao
chét luong cac hé s cua bo didu khién cong huong dong dién nén giam séng hai tét hon.

Y nghia thuc tién

Viéc nghién ctu cac giai phap diéu khién giam song hai nghich luu ndi ludi trong luan
an s& gop phan nang cao chat luong dién niang hé thong dién.

+ K§ thuat diéu ché giam song hai dé xuét s& gidp giam kich thudc bo loc thu dong trong
nghich lru néi luéi, nén giam kich thudc va chi phi thiét bi. Viéc chuyén mach véi tan s6
thap tai dinh ciia dong dién cling gitp tang tudi tho linh kién chuyén mach. Thém vao do,
kha nang trai pho l1am giam nhiéu am nén phi hop cho cac thiét bi wng dung trong vién
théng va quan su.

+ Phuong phap ude lugng tham s6 dién ap ludi co ban co d6 chinh xac cao va dap ung
nhanh ciing nhu d6 vot 16 thap cho phép str dung cam bién dién ap c6 do nhay thap va
khong doi hoi phan cing manh mé, dat tien.

+ Vi giai thuat do diém cong suat cuc dai voi s6 gia bién d6i cho phép nghich luu ndi
ludi mot giai doan khdng can mach boost va giam b loc DC nham nang cao hiéu suat
chuyén doi ma van dam bao chat lugng dién nang.

+ Giai thuat toi wu bay dan dé xac dinh cac h¢ s6 b dieu khien gilp giam thoi gian va
cong suc, cling nhu khong doi héi kinh nghiém cua nguoi thiét ke.

Céc ché do van hanh nhu phat cong suét tic dung va thu/phét cong suat phan khang trong
nghich luu noi ludi cling dugc xem xét nham ho tro 6n dinh dién ap hé thong khi cé yéu
cau.

Cac ky thuafltqdé XUt cling cho phép mé rong ung dung cho cac linh vye khac nhu nghich
luu dieu khién dong co, bo loc cong suat tich cuc (APF), b nguon dy phong (UPS), bo
phuc hoi dién ap dong (DVR), thiét bi bu phan tan D-Statcom.

Céc thong s6 va ché do hoat dong cua cac phuong phap dugc khao sat gan véi thyc té
nhat dé tang kha ning ung dung. Cac ki thuat dé xuat ciing cho phép lam giam kich thuéc,
chi phi thiét bj va gop phan nang cao chat lwong dién ning cua hé thong dién. Tur do, tao
diéu kién cho viéc ché tao va lam chu cong nghé vai gia thanh thap dé tang kha nang canh
tranh cua thiét bi.

Vii
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CHUONG 1. TONG QUAN

1.1 SU PHAT TRIEN CUA NGUON BIEN PHAN TAN SU DUNG NANG LUONG
TAI TAO

Ning luong tai tao dang c6 su phat trién manh mé véi tiém niang vo cing 16n. Trong vai
nim qua, nang luwong tai tao trén thé gisi c6 muc ting 30% mdi nim so v4i muc ting cia
ndng lugng tir than da va than bun. Thém vao do, pin mét troi véi gia thanh ngay cang
giam ciing lam cho cac nuéc Chau A — Thai Binh Duong (dic biét 12 Trung Qudc va An
Do) véi muc tiéu thu ning lugng nhiéu nhat thé gigi ciing c6 nhiing chinh sach dé dat
20% nang luong tai tao vao nam 2020. Diéu nay lam cho nang lugng tai tao ngay cang
phat trién manh mé hon, cu thé qua khao sat cho thay ring mic dau tu ngay cang cao nhu
hinh 1.1.
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Hinh 1.1: Mtre dau tu dién gi6 va mat troi cua ding may phét khong dong bo
thé gioi

Tai Viét Nam, theo diéu chinh quy hoach dién VII, dén nim 2020, céng suat dit cua hé
thng dién qudc gia dat 60.500 MW, trong d6, nang lugng tai tao va thity dién nho chiém
10%. Nam 2025, cong suat dat dat 95.400 MW va dat 129.500 MW vao nam 2030. Thém
vao d6, nham x& hoi hoa nganh dién dé giam sy dau tu cua nha nudce, thi truong dién Viét
Nam s& xuat hién thém céc cong ty mua ban dién, cac cong ty xay dung duong day moi
va cac cong ty sin Xuat nguon dién phan tan trong mang dién phan phdi. B toi uu cung
cap dién va giam chi phi bdi thuong cho khach hang hay ho tiéu thu khi bi mat dién, cac
ngudn dién phan tan sir dung ning luong tai tao ngay cang nhiéu va doi hoi chat lugng
dién ndng ngay cang cao.

1.2 CAU TRUC CUA NGUON DIEN PHAN TAN SU DUNG NANG LUGNG TAI
TAO

Mac du than thién v&i moi truong va kha nang vo cung 16n, nhung nhuoc diém cia nang
luong tai tao la bi loang va khong lién tuc. Do do, n6 can duogc noi ludi dé dam bao mot
ngudn dién c6 chit luong cao véi chi phi ré. Bé bién dbi va hoa ddng b ngudn dién tur
nang luong tai tao vao trong hé thong dién, thuong cé hai dang két ndi luéi co ban:

v/ Phét dién truc tiép 1én ludi duing may dién quay ddng bo hoic khong dong bo (tua bin
gio).
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v/ Phat dién dung nghich luu truc tiép hozc gian tiép.

Cau triic cua mot hé hé thong dién nang luong tai tao ndi ludi dugc thé hién trén hinh 1.2

val.3.
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Hinh 1.3: CAu triic cua mot hé théng dién mit troi ndi ludi

1.3 CAC TIEU CHUAN NOI LUOI

Pa s cac nguodn dién phan tan DG (Distributed Generation) sir dung ning luong tai
tao déu c6 hé thong nghich luu dé ndi ludi. Tuy nhién, cac bo nghich luu ndi ludi nay lai
la mot trong nhitng thiét bi phat song hai dang ké 1én ludi dién va anh huéng dén su 6n
dinh cta hé thong dién. Do d6, chung c6 tac dong tiéu cuc dén chat luong dién ning cua
hé thong dién.

Vi vay, dé dam bao an toan trong van hanh va truyén tai ludi dién, céc tiéu chuan
chat luong dién niang da duoc cac co quan van hanh hé thong dién ban hanh nhu: IEEE-
929 (2000); IEEE-1547 (2009) cuia M; tiéu chuan IEC 62116 (2005) veé cd lap DG; IEC
61727 (2007); céc tieu chuan EN 50160 ¢ chau Au; VDE 0126 (2006) cta buec; thong tu
32 BCT (2013) cua Bo Cong thuong Viét Nam... Trong do, cac tiéu chuan vé tan s6 khi
két ndi ludi, gigi han song hai va tong tro bo loc cling rat nghiém ngat d6i véi thiét bi noi
ludi. Trong khi d6, cac phuong phap giam s6ng hai cho nghich luu ndi ludi di dugc cong
b gan day cho thay hiéu qua chua cao.

Nhu véy, dé thoa man céc tiéu chUan ndi luéi nghiém ngat va gop phan nang cao
chét lugng dién nang cta hé théng dién, Can phai c6 cac nghién ciru sau hon dé giam séng
hai hiéu qua hon cho cac b nghich luu ni ludi.
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1.4 CAC NGHIEN CUU KHOA HOC LIEN QUAN

1.4.1 Poi véi hé thong dién gio ndi ludi

May phét khong ddng bo thudng dugc sir dung dé ndi ludi truc tiép trong hé thdng
dién gi6. Do may phat khong ddng bo c6 cong suat phan khang ti 1¢ véi binh phuong ciia
dién ap nguon ludi. Vi vay, néu dién ap ludi ndi vao dau cuc may phat giam thi s& anh
huong dén kha ning phat dién va co thé tu gay ra mat 6n dinh va mat can bang mé men
trong may, dic biét 1a khi sir dung may khong ddng bo rotor 1ong soc. BEé dam bao an
toan van hanh hé théng ndi ludi nay, ngudi van hanh can phai xac dinh duoc gidi han
dién ap 6n dinh tai diém ndi may phat khong dong bo. Hon nita, dé c¢d hiéu qua cao, hé
thdng dién gid thudng doi hoi qui md cdng suét Ion dén hang megawatt véi cot gié cao
va von dau tu rat 16n nén kho phat trién ¢ cac nude nhu Vit Nam theo huéng x& hoi hoa.
Do d6, viéc tiép can dé nghién cttu va thi nghiém trén mé hinh vat ly hé thong dién gi6
tuong d6i khé khin nén tac gia khéng lva chon nghién ctu trong luan an nay.

1.4.2 Pdi véi hé thong dién mit troi sir dung nghich luu ndi luéi

So véi hé thong dién gid, hé thong dién mat troi ndi ludi co sy phat trién manh mé hon
do c6 cac uu diém sau:

+¢ Gia thanh pin mat troi ngay cang ré

% Qui md cbng suat nho va vira nén von dau tu cho cac du an twong d6i thap va dé phat
trién theo chu truong xa hoi héa nang luong tai tao

% Xu huéng mai nha pin mat troi khong doi hoi nhiéu chi phi mat bang lap dat

< Mtic d6 btrc Xa mat troi ¢ Viét Nam twong ddi cao

% Nguoi nghién ctu dé dang tiép can dé nghién ciu va thi nghiém

Vi vay, hé thong dién mit troi ndi ludi dugc tac gia lva chon tap trung nghién ctu
trong luan an nay. Do hé thong dién mat troi phai st dung nghich luu dé ndi luéi, khi do,
séng hai sé& sinh ra trong qua trinh chuyén mach cua céc linh kién ban dan cong suat dé
chuyén tir dong dién mét chiéu sang xoay chiéu. Trong luan &n nay, tac gia di nghién ctu
cac phuong phap giam song hai dong dién ngd ra caa nghich luu dé gop phan nang cao
chét luong dién nang cho hé thdng dién.

1.4.2.1 Céch tiép cdn

Mic du d& c¢6 nhiéu céng bb khoa hoc lién quan dén giam s6ng hai dong dién, nhung
chua c6 mot nghién ctru ndo trinh bay mot cach tong quat nguyén nhan phéat sinh song hai
dong dién trong nghich luu. Pé phan tich song hai dong di¢n, mot nghich luu cau H diéu
ché don cuc nhu hinh 1.4 duoc sir dung dé khao sét. Dang song dong dién va dién ap the
hién & hinh 1.5. Dua vao nguyén ly xép chong, dong dién ngd ra cua nghich luu bao gom
dong dién co ban va dong dién nhap nhd. Khi dé, gié tri hiéu dung d6 nhap nhd dong dién
nhu sau:

Al :m[l m.[sin (et — ) H.m.‘sin(a)t—(p)‘ (1.1)
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Khi d6, gia tri hiéu dung cua o6 nhap nhd dong dién trong nira chu Ky co ban xéac
dinh nhu sau:

Al —\/%jm;d(a)t) (1.2)

Va d6 méo hai toan phan THD (total harmonic distortion) ¢ quan hé véi do nhap
nhé hiéu dung nhu sau:

Al
THD = — (1.3)
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Trong do: I3 1a dong dién hiéu dung co ban.
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Hinh 1.4: Nghich uu noi ludi cau H Hinh 1.5: S6ng mang, nhap nhé dién ap va

dong di¢n
Tir cac phan tich trén cho thay ¢ bon nguyén nhan co ban phét sinh song hai trong nghich
luu n6i1 Iudi nhu sau:

> Ky thuat diéu ché: dya vao biéu thic (1.1) cho thay chu ky chuyén mach Ts s& anh
hudng dén song hai cua nghich luu. Day la b phan phat sinh song hai dang ke nhét trong
nghich luu nén duoc nhiéu nha khoa hoc khdng ngu:ng nghién ctru dé cai tién.

> P§ chinh x&c cia tham s6 hoa dong b: dua vao cong thirc (1.1) cling cho thay séng
diéu ché ciing s& anh huong dén song hai dong dién. Sai sb cua céac tham sb uée luong
duoc cua dién ap ludi nhu bién do, tan s6, goc pha trong qua trinh ddng bo do sai s6 cam
bién cling nhu dao dong cua dién ap ludi s& anh hudng dén tin hiéu diéu ché. P chinh
xéac nay thuong phu thudc vao chat lugng cua vong khoa pha & hinh 1.3.

> Sw on dinh cia nguon dién DC: s6ng hai cua nghich luu con phu thudc vao dién ap
ngudn DC & biéu thie (1.1) va bién d6 dong dién co ban & cong thire (1.3) khi cong suat
ngd vao thay doi (do ning, gi6 thay d6i). Do d6, k¥ thuat do diém cong suat cuc dai cia
dan pin mit troi ciing anh huong dén do nhap nhd dién 4p DC nén s& anh hudng dén song
hai.
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» Tham so ciaa bd diéu khien: trong hinh 1.3 cho thay tham cac so bo dieu khien anh
hudng den chat luong tin hiéu diéu ché nén cling anh huong dén séng hai ngd ra cua
nghich luu noi ludi.

Pé giam song hai do cac nguyén nhan trén gay ra, tic gia di co cac nghién ciru cho ting
nguyén nhan dé co nhirng giai phap dé xuat hiéu qua.

1.4.2.2 Ky thudt diéu ché

Trong nudc hién chi c6 mot s6 nghién ciru lién quan dén van dé nay, nhung chi tap trung
giam dién 4p common mode cua nghich luu, tic 1a cai thién su on dinh cua dién 4p DC
dé giam song hai. Bong thoi cac tac gia chu yéu nghién cau cho nghich luu ba pha da bac
va khéng néi ludi. Trong khi d6, nghich luu néi ludi ¢d nhiéu van dé phic tap hon do
lién quan dén sy dao dong cua niang luong ngd vao va chat lugng dién nang ctia ngd ra
cling nhu qua trinh diéu khién.

Trén thé gici co rat nhicu nghién ciru dé giam séng hai cho nghich luu bang phuwong phép
diéu ché, nhung cac phuong phap thay doi tan so chuyén mach cho ky thuat SPWM (Si-
nusoidal pulse width modulation) ciing rat han ché va hiéu qua chua cao.

K§ thuat SPWM la mét trong nhitng k§ thuat duoc sir dung phd bién trong nghich luu ndi
ludi bang cach d1eu khién cac chuyén mach ban dan cong suat dong ngat dé co duoc dong
dién mong muébn bom vao luéi. Song hai dong di¢n cua nghich luu gay ra c6 phd chu yéu
bai tan s6 chuyén mach va bdi sb cua tan s6 nay (sidebands). Viéc ting dién cam bé loc
ngd ra cua nghich luu ndi ludi cling c6 thé 1am giam song hai dong dién. Nhung diéu nay
lam tang kich thudc bo loc va chi phi cua bo nghich luu. Hon nita, khdng thé tang dién
cam bo loc qué 1én vi bi gidi han bai cac tiéu chuan vé 6n dinh dong va tiéu chuan vé co
lap va tai két néi lugi khi c6 sy ¢ xay ra trén hé théng dién.

Tang tan s6 Chuyen mach cling 1a mot trong nhimg phuong phap thuong dung trong ky
thuat SPWM dé giam song hai dong dién. Nhung dleu ndy lam tang t6n hao Chuyen mach,
bai vi tén hao chuyén mach ti 1¢ thuan vai tan sé chuyén mach, nén dan dén lam giam
hiéu suat cua thiét bi. Ngoai ra, viéc ting nhiét vi tang tén hao chuyén mach sé& lam giam
tudi tho cua linh kién cdng suat nén doi hoi tan nhiét ¢é 1am mat nhiéu hon.

Trén co s& phan tich mdi quan hé gitta song hai dong dién va ton hao chuyén mach véi
tan s chuyén mach mot cach dinh lugng, trong luan an nay, tac gia dé xuat phuong phap
diéu ché str dung tan s6 chuyén mach thay ddi dung giai thuat di truyén véi ham muc tiéu
la séng hai. Rang budc ton hao chuyén mach duoc xem xét mot cach dinh luong. Tinh
hiéu qua cua phuong phap de xuat duoc thé hién thong qua cac két qua mo phong va thi
nghiém so véi phuong phap tan so Chuyen mach ¢ dinh va cac phuong phap tan sd
chuyén mach thay d6i dugc cong bd gan day.

Thém vao do, phuong phap dé xuat con cho phép thuc hién trai pho nhiéu hai trong mot
pham vi rong. Diéu nay giup cho bién do cua cac song hai riéng le giam thap déang ké nén
giam bo loc phu va rat phii hop cho céc thiét bi @ng dung trong thdng tin va quan su.
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Céch tiép can va chi tict cia phuong phap diéu che dé xuat duoc trinh bay ¢ chuong 2
cua luan an nay. Ket qua md phong va thi nghiém trén kit DSP-F28335 cua cac phuong
phap dicu che dé xuat da duogc cong bo ¢ cac bai bdo so 1-V.

1.4.2.3 D¢ chinh xac cia tham sé dong bg

Biéu thire (1.1) cling cho thay song hai cta nghich luu ndi ludi con phy thudc vao
cac tham sé: bién do, tan sb va goc pha ma vong khéa pha PLL (Phase-Locked Loop) &
hinh 1.3 uéc lugng duoc. Cac tham sb nay khong nhiing phuc vu cho qua trinh hoa déng
bd cua nghich luu véi lugi dign ma con gop phan nang cao kha ning trai qua sy ¢b FRT
(Fault-Ride Through) theo céc tiéu chuan ndi luéi méi dé nang cao chat lugng dién ning
cta hé thdng dién. Mot bd PLL duoc danh gia co chat luong khi xac dinh mét cach nhanh
chdng va chinh xac cac tham sb cua dién ap ludi co ban dé hoa dong bo.

Nghién cau cua tac gia cho thay rang: c6 thé phan thanh 3 nhém phuong phap do
ddng bo:

+ Nhém thtr nhat 12 do trong mién tan sé (dwa vao bién dbi Fourier) cho hiéu qua khéng
cao nén khong trinh bay trong luan an nay.

+ Nhém thir hai 1a do trong mien thoi gian thuong sir dung PLL gom 3 phuong phap sau
day dé tach thanh phan tha tu thuan:

> Thém cac khéu tich phan vao PLL thong thuong dé tach thanh phan thi tu thuan

> St dung cac bo loc thong thap trong PLL thong thuong dé do thanh phan tha tu
thuan trong hé toa d6 dong b dq

> St dung cac bo loc tich phan trong PLL thong thuong dé do thanh phan thir tu
thuan trong hé toa @6 ao o3

+ Nhém thr ba gdm cac phuong phap giai 1ap Newton va loc théng thap cho do chinh
xac cao nhung dap tng lai qua cham.

Dé nang cao chét lugng dién ning cua hé thong dién va kha ning trai qua su ¢b cua
nghich luu ndi ludi, tac gia dé xuat mot giai thuat dé xac dinh nhanh va chinh xéc cac
tham s6 cua dién 4p ludi trong diéu kién van hanh binh thuong ciing nhu khi ¢6 su thay
d6i dién ap nhu: sut 4p, mat can bang, séng hai cao, nhay dién ap, nhay tan s, nhay goc
pha. Phuong phap dé xuat dua trén giai thuat Levenberg-Marquardt (L-M) c6 hoi tiép dé
cap nhat gradient cho bo trong sb ciia phuong phap giai.

Giai thuat L-M 1a mot giai thuat mang tinh tiéu chuan thuong ap dung dé giai cac bai
toan binh phuong téi thiéu phi tuyén. Bai toan binh phuong téi thiéu thuong dugc ding
dé udc luong mot ham cac tham sé véi mot tap cac diém dir liéu do duoc bang cach cuc
tiéu tong cac binh phuong cta céc sai sé gitta diém udc luong va diém do nhu hinh 1.6.

+ Phuong phap dé xuat dua vao toan hoc co ban dé giai phuong trinh vi phan phi tuyen
Siéu viét bang giai thuat Levenberg-Marquardt c6 cap nhat tham sb ban dau dé giam s
vong lap va hoi tu nhanh dén két qua. Ban chat cua giai thuat 12 giai phwong trinh vi phan
bang phuong phép so.
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+ CAc tiéu chi vé dap ung dong, sai s6 xac lap, do vot 16 va do phic tap tinh toan ciing
duogc xem xét va phan tich dé danh gia khi so sanh vai cac phuong phap da duoc cong bo
gan day.
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Hinh 1.6: Cac diém do va dai luong udc luong duoc

+ Tinh hiéu qua va bén viing caa phuong phap dé xuat ciing da dugc khang dinh théng
qua két qua mo phong va thi nghiém khi so sanh véi cac phuong phap thong thuong,
DSOGI, va DSOGI-FLL trong nhitng diéu Kién dién ap ngd vao thay do6i vé tan sd, bién
d6, goc pha, nhiéu séng hai. .

+ Phuong phap dé xuat da dugc kiém tra mé phong trén Matlab va thi nghiém trén kit
Dspace-1103.

Chi tiét ciia phuong phap dé xuat duoc trinh bay ¢ chuong 3 cua luan an nay. Céac két
qua lién quan dén phuong phap d¢ xuat da duoc cong bo ¢ cac bai bao so6 VI den so 1X.

1.4.2.4 Sy 6n dinh cua nguén dién DC

Khi diéu kién thoi tiét thay d6i thi dién 4p DC & biéu thirc (1.1) va dong dién |1 &
biéu thirc (1.3) ciling thay doi nén séng hai caa nghich luu ciing thay doi.

Trong hé théng dién mit troi ndi ludi, ngoai viéc diéu chinh tim pin quay theo hudng
mat troi bang phuong phéap co khi, ky thuat do diém cong suat cuc dai MPPT (Maximum
Power Point Tracking) bang phuong phap dién ciing dugc st dung dé téi wu cong sut
phat 1én ludi dién.

C6 nhiéu k¥ thuat MPPT duoc str dung cho hé théng pin mat troi néi ludi da duoc
cong bd. Tuy nhién, cac ky thuat higu qua chi yéu dya trén nén tang cua ky thuat P&O
(Perturb & Observe) va INC (Incremental Conductance) va c6 thém cac cai tién. Nhung
da s6 CcAc cai tién nay glu: nguyén sb gia dién ap khi ting hoac giam dién ap chuan MPPT
cho bo diéu khién dién 4p DC. Trong khi d6, cac phuong phap st dung ky thuat sé gia
thay d6i trong céc cng bd gan day chu yéu &p dung cho mach boost DC-DC, chi 4p dung
cho nghich luu ndi ludi 2 giai doan, chua xem xét anh hudéng cua do nhép nho dién ap
DC d6i véi séng hai ngd ra ctia nghich luu néi ludi. Vi vay, diéu nay doi hoi phai c6 mot
giai phap cai thién ky thuat MPPT dé nang cao chat luvong nguon DC véi déap mg dong
tot.




Tém tat

Khi cong suat nguon dién vao 6n dinh, viéc st dung sb gia 16n 1am cho do nhap nhd
dién &p DC cao nén dan dén séng hai ngd ra cua nghich luu ting cao. Tuy nhién, néu
giam nho s6 gia dé giam song hai thi khi c6 su dao dong ciia ngudn dién vao do thoi tiét
thay d6i thi dap tng dong cua ky thuat MPPT lai kém di. Pay 1a diéu bat lgi cia phuong
phap sé gia dién &p cb dinh.

Vi vay, tac gia da dé xuat mot giai thuat méi dé diéu chinh dién 4p MPPT bang céch
st dung k¥ thuat P&O vai sé gia bién doi. Khi diéu kién birc xa mat troi thay doi thi dién
ap MPPT dugc diéu chinh nhanh voi s6 gia Ion nham dat dugce dap ung nhanh vé cong
suat va sau d6 duoc tinh chinh véi s6 gia nhé nham dam bao ¢6 méo dang séng hai nho
dé thoa méan tiéu chuan néi ludi. K§ thuat nay khong 1am ting thém phan ctng va phan
mém don gian nén hiéu qua rat cao.

Noi dung chi tiét ctia ky thuat MPPT dé xuét da duoc trinh bay ¢ chuong 4 ctia luan
an nay va da duogc cong bo ¢ bai bdo so X.

1.4.2.5 Tham sé bé diéu khién

Tir cau tric caa hé thong nghich luu néi ludi ¢ hinh 1.3 cling cho thay su anh hudng
cuia cac tham so bo dieu khién dong dién doi vei séng hai ngd ra cua nghich luu. De toi
wu cong suat phat 1én ludi, hé thdng nghich luu can phai c6 bo diéu chinh dong dién hop
1y bom vao ludi dé thoa man tiéu chuan ndi ludi nhu dap tmg dong nhanh va nhiéu hai
dong dién thap. So véi cac phuong phéap diéu khién du bao, bio hoa va dead-beat thi bo
diéu khién PI (Proportional Integrator) va PR (Proportional Resonant) cho hiéu qua tét
hon nén dugc su dung khéa pho bién.

Vi ham truyén vong kin cua hé thong nghich luu c6 dang vo dinh, nén s& c6 vo so
cap nghiém (Kp, Ki) cua by diéu khién dé hé théng on dinh. Do d6, viéc xac dinh céc
tham s6 bo diéu khién dong dién sir dung cac phuong phéap thong thudng nhu mé hinh
noi, toi wu ddi xtimg ... co thé khong cho nghiém toan cuc. Tham chi phwong phép gian
do Bode dya vao ham truyen do phu thugc tham so hé thong nén khang thé cho két qua
to1 uu.

Cac tham s6 caa bo diéu khién dong sé anh hudng truc tiép dén tin hiéu diéu ché nén
s€ anh huong dén dap ung dong va song hai ngd ra cua nghich luu.

Trong luan an nay, tac gia dé xuat phuong phap xac dinh cac hé sé caa bo diéu khién
dong st dung k§y thuat tdi wu bay dan PSO. Tinh hiéu qua va chi tiét cua ky thuat nay
duoc trinh bay & chuong 4 khi so sanh véi phuong phap gian do Bode dya vao ham
truyén. Céc két qua ciing da duoc cong bb ¢ bai bao s6 X1 va XII.

1.5 TOM TAT CHUONG 1

Dua trén viéc phan tich md ta caa song hai dong dién, tac gia da néu ra bén yéu to
chinh anh hudéng dén séng hai ngd ra cua hé thong nghich luu ndi ludi. Tir d6, tac gia da
nghién ctru va dé xuat cac giai phap. Noi dung chi tiét cia cac giai phap duoc trinh bay ¢
cac chuwong 2 dén chuong 4 va trong 12 bai bao khoa hoc lién quan.
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CHUONG 2. KY THUAT PIEU CHE SU DUNG CHU KY CHUYEN MACH
THAY DPOI
2.1 GIOI THIEU

Hién nay, cac hé théng nghich luu dién mit troi ndi ludi c6 nhiéu loai kich ¢& va
cdng suat khéac nhau. Tuy thudc vao qui mé caa cdng trinh, cac bo nghich luu ndi ludi co
thé phan thanh céc loai nhu: dang module, chudi c&c module, nhiéu chudi, va loai nghich
lwu trung tdm. Céc nghich Iuu ndi ludi loai nhiéu chudi va trung tim thudng dung cho hé
théng nghich luu 3 pha véi qui md 16n dang canh dong dién mat troi.

Hau hét cac bo nghich luu dién mat troi ba pha phd bién khéng thuc su 1a nghich
lru ba pha ba day ma thuong 1a nhitng bd nghich luu ba pha bon day. Do d6, ching hoat
dong nhu 1a ba bo nghich Ivu mét pha doc 1ap. Giai phap stir dung ghép ba nghich luvu mot
pha doc 1ap thanh nghich luu ba pha c6 mot s6 vu diém dang ké nhu cho phép sir dung
cac bo nghich luu mot pha sin ¢ véi nhitng tiéu chuan chng co 1ap lap sin va dién ap
DC thap hon nén an toan hon. Hé théng nghich luu néi ludi 1 pha dang va s& duoc Gng
dung nhiéu nhat trong twong lai, nhat 14 cac hé thong dién tich hop théng minh. Vi vay,
viéc nghién ciru va phét trién cac hé thdng nghich luu ndi ludi c6 ciu tric mot pha s&
dugc xem xét va lya chon trong chuong 2 nay.

Pé giam song hai dya vao ky thuat diéu ché, tac gia dé nghi mot k§ thuat SPWM
(sinusoidal pulse width modulation) sir dung giai thuat di truyén GA (genetic algorithm)
nham xac dinh chu ky chuyén mach trong mdi ntra chu ky 1uéi co ban (NCKCB). Ham
muc tiéu 1a song hai dong dién véi rang budc khong 1am ting t6n hao chuyén mach. Séng
hai dong dién va tén hao chuyén mach duoc xem xét mot cach dinh luong dé 1am co so
danh gia cho phuong phap dé nghi khi so sanh vai cac phuong phap da dugc cong bb gan
day.

2.2 PHUONG PHAP TIEP CAN

Ca song hai dong dién va ton hao chuyén mach cua nghich luu déu phu thuoc vao
tan s6 chuyén mach. Trong ki thuat SPWM thong thuong vai tan s6 chuyén mach cb dinh
bang hang so, khi tan s6 chuyén mach cang cao thi ton hao chuyén mach cang nhiéu va
song hai dong dién cang thap, va nguoc lai. Do d6, viéc lva chon tan s chuyén mach toi
wu dé phdi hop hai hoa gitra ton hao chuyén mach va séng hai dong dién 1a mot van dé
that sy kho khan va c6 y nghia quan trong trong linh vuc chat lugng dién niang. Tan sb
chuyén mach can dugc chon sao cho giam song hai dé théa man céc tiéu chuan néi ludi,
ma khong lam tang tdn hao chuyén mach 1a mot bai toan thuc sy can thiét hién nay.

Duya vao biéu thirc (1.1) & chwong 1, khi géc pha ¢=0, dd nhap nhd dong dién cé thé
Viét lai nhu (2.1) va c6 dang song chuan héa nhu hinh 2.1.

Al =%[1—m.‘sin(a)t)u.m.‘sin(a)t)‘ (2.1)

Trong trudng hop tan sé chuyén mach ¢ dinh thi ton hao chuyén mach duoc tinh
nhu sau:

. 1
AP, = Cl.||(a)t)|._|_— (2.2)

S
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V6i Cy Ia hang s6 phu thudce vao dién &p Ve, i(et) 12 gié tri dong dién tac thoi chay
qua céc linh kién cdng suat, va Ts la chu ky chuyén mach.
Ton hao chuyén mach trung binh trong mdi NCKCB dugc xac dinh nhu sau:

ARy, = [ d(at) 2.3)

1 ik S frOutput crurrent r
05 WMMW MM%M P R N R Fundamental current
oM i ’ i
! i )

~(pu)

0 0(0)1 0.02
0.2 AL whm mmx‘n A
2"l
g e | \ I L il L
-0.2 HHWF"" V'JHN I‘ ‘ L mu\\ }‘
0 0.01 0.02
(b
Time (s)

Hinh 2.1: Dong dién ngd ra caa nghich luu (m=0.97; ¢=0).
(a) Dong dién ngd ra va dong dién co ban; (b) Do nhap nhd dong dién.

aaaaaaaaaaaaaaa
| dC (®) Display selected signal () Display FFT window
Selected signal: 5 cycles. FFT window (in red): 1 cycles
5
S 11 2 1
Lf |
— V ac 0
T dc

S
Vi |V CL? %0 001 00z 003 004 005 006 007 008 009 0.1
512 522 ac —— R Time (s)
L ~FFranaysis
/c_; Fundamental (50Hz) = 4.356 , THD= 6.14%
:g 3
N . A A - ‘A S
Hinh 2.2: So d6 nguyén ly mach diégn £,
=}
, A ®
thi nghiém 5,
g
[o))
T 0
s 0 1 2 3 4 5 6 7 8 9 10
Frequency (Hz) x 10"

Hinh 2.3: Phé dong dién cua tan s6 chuyén
mach ¢b dinh 5 kHz (Ts=200 ps)

THD dong dién khi tan s6 chuyén mach ¢ dinh 5 kHz bang 6.14% va vuot qué gidi
han cho phép nhu hinh 2.3.

2.3 HAM MUC TIEU

Hinh 2.1 cho thay d6 nhip nhd dong dién thay déi khong dong déu trong mdi
NCKCB khi tan sé séng mang cé dinh va lam cho gia tri hiéu dung ting cao dang ké trong
ca chu ky Iudi co ban. Trong cac khoang thoi gian dong dién tic thoi cao (dinh hinh sin)
thi ¢6 nhap nho dong dién thap va nguoc lai. Pay chinh 1a co sé quan trong dé phan b
lai @6 nhap nhd dong dién sao cho ddng déu hon nham cyc tiéu hiéu dung caa THD dong
dién trong mdi chu ky co ban. Nhu vay, gia tri hiéu dung THD dong dién caa nghich luu
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trong moi NCKCB ¢6 thé giam duoc bang cach thay d6i tan s6 chuyén mach mot cach
thich hop. Tan sé chuyén mach can phai tang trong nhitng khoang thoi gian c6 d¢6 nhap
nhd dong dién cao dé giam d6 nhap nhd dong dién xubng va giam trong khoang cé do
nhap nhd dong dién thap dé giam ton hao chuyén mach.

Dic biét tai 1an can zero cua dong dién can c6 tan sé chuyén mach phai du 16n dé 4o
nhap nhd dong dién nho lai nham khéng gay bat lgi cho cac thiét bi dién do zero.

Duya vao cdng thuc (1.2) va (1.3) cho thiy rang THD dong dién ti 18 tuyén tinh voi
AL d6i véi mot dong dién hiéu dung co ban |1 cho trude nhu sau:

THD ~ Al (2.4)

Cong thic (1.7) c6 thé dugc viét lai nhu (2.5) véi thoi gian mau ty.

t=x

mz:%.t;m 2 1, (2.5)
Cho nén:
|
THD ~2.3 418, (2.6)

t,=0

Muc tiéu ctiia phuong phap dé nghi la cyc tiéu THD dong dién trong (2.6) bang cach
thay d6i chu ky chuyén mach trong mdi NCKCB véi rang budc ton hao chuyén mach
trung binh phai nhé hon hodc bang ton hao chuyén mach ciia phuong phép tan sé chuyén
mach ¢6 dinh. Vi vay ham muc tiéu s& nhu (2.7), trong d6 ix 1a dong dién tuc thoi va iy
1a dong dién co ban tirc thoi chay qua nghich luu tai thoi diém lay mau ty.

ty=r
Fitness = Z(ik —iy f (2.7)
t, =0
Khi d6, ham rang budc sé nhu sau:
12 Flsin(et)|
APy =Cp _([ o) d(wt,) < AP, _const (2.8)

Trong do: Ts(wt) la chu ky chuyén mach cua séng mang trong n)Si NCKCB va APsy_const
la ton hao chuyén mach ctaa phuwong phap tan s6 chuyén mach co6 dinh bang hang so.

2.4 DE XUAT GIAM SONG HAI SU DUNG KY THUAT GA

2.4.1 Xac dinh trong sé ham chu ky chuyén mach

Do giai thuat di truyen (GA) la mot giai thuat manh, luon dwoc cai tién va c6 san
trong MATLAB, nén trong chuong nay, GA dugc de nghi st dung dé xac dinh cac trong
so6 cua ham chu ky chuyén mach Ts. Do do, dé cuc tiéu THD, ta can cuc tiéu (2.7) voi
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rang budc ton hao chuyen mach nhu (2.8). Ham chu ky chuyén mach thay doi c6 the tinh
duoc bang cach suy ra tir (2.1) nhu sau:

T (ot)= [ Al 24/3.L¢

1-mJsin(et)|mjsin(@t)] Vg

(2.9)

Nhu véy, trong méi NCKCB, cong thirc (2.9) cho thay rang Ts phu thugc vao ot.
V&i mot gia tri THD cho trudc, chu Ky Ts cling ¢6 thé biéu dién nhu sau:

1
T (o)~ L — msin (et ) Jm/sin(ct ) (2.10)

Tuy nhién, do tan s6 chuyén mach cua linh kién IGBT c6 gigi han cuc dai nén T,
cling ¢6 gidi han cuc tieu. Theo (2.10), T, s& khong xé4c dinh tai wt=0, nén ta can thém
trong so wy dé khong cheé tan s6 chuyén mach cuc tiéu nhu sau:

1
Toovar ) = Wy + [ w,[sin(et ) Jlsin (et Jw, (2.11)

Trong d6: trong s6 W, ciing duoc sir dung dé kiém soat chu ky chuyén mach du thap
tai 1an can zero cua dong dién. Trong sé ws diéu chinh sy bién d6i caa chu ky chuyén
mach trong moi NCKCB. Céc trong s0 Wz va W ciing chira dung ca chi s6 diéu ché m.
K thuat GA duoc dé nghi sir dung dé xac dinh cac trong s6 nay trong (2. 11) vei rang
bugc ton hao Chuyen Mach trung binh theo (2.8), khi d6, ham muc tiéu cyc tiéu 1a (2.7).
Noi dung chi tiét ciing nhu két qua mo phong va thi nghiém trén kit DSP F28335 cua
phuong phap nay duoc trinh bay trong bai bao sé | di cho thay tinh hiéu qua cia phuong
phap dé xuat.

2.4.2 Xac dinh tirng chu ky chuyén mach

Viéc dung GA cho phép can thiép sau vao tirng chu ky chuyén mach trong NCKCB,
lam cho giai thuat dé nghi o hinh 2.4 ¢6 thé thuc hién khir hai lya chon SHE (Selective
Harmonic Elimination) mot cach hiéu qua bang cach dua vao ham rang budc hay ham
muc tiéu trong GA. C4c to hop cé thé nao lam cho hai riéng 1é vuot qua ngudng qui dinh
s& bi budc loai khoi GA bing cac hé sé phat. Sau khi thuc hién GA, Ts.var thu dugc & bang
2.1.
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{ﬁ%ﬁ%ﬁ}

Yes

Set x(n);
Yes Simulate simulink model;

Np=25;
Fmin=1e6;

No Update APsw;
SHE-harmonics;
Number_of_vars=Np; F=sum(error.A2);
Set parameters for GA;
Call GA; Fitness=1e6
! No (APsw<=los_const)&
Print X & N (SHE-harmonics<=1%)
A ; o yes
Fmin;
A
yes Fitness=1e6 Yes
R Fitness=F
Fmin=Fitness;
Mark X;
[P E—
End
Np=Np+1;
()

Hinh 2.4: Luu d6 GA va ham muc tiéu.
(a) Giai thuat GA; (b) Ham muc tiéu
Bang 2.1: Két qua caa chu ky chuyén mach thay doi (us)

No |Ts [N |Ts [Np |Te |Np [T [Np |Ts |Np |Ts
1 164 | 11 111 | 21 148 | 31 582 |41 134 | 51 110
2 135 | 12 113 | 22 157 | 32 386 |42 128 | 52 110
3 124 | 13 114 | 23 169 | 33 286 |43 124 | 53 111
4 118 | 14 116 | 24 183 | 34 236 |44 121 | 54 113
5 114 | 15 119 | 25 201 | 35 205 |45 118 | 55 116
6 112 | 16 122 | 26 226 | 36 184 | 46 115 | 56 120
7 111 | 17 126 | 27 262 | 37 168 | 47 113 | 57 127
8 110 | 18 130 | 28 317 | 38 156 | 48 112 | 58 139
9 110 | 19 135 | 29 408 | 39 147 | 49 111 | 59 166
10 111 | 20 141 | 30 551 |40 140 | 50 110 |60 154

2.5 KET QUA MO PHONG
2.5.1 Nghich luvu tai tré

Current ripple2 (A)

Time (s)
Hinh 2.5: Binh phuong d6 nhap nhé dong dién cua chu ky cé dinh.
(a) I trong chu ky co ban; (b) Binh phuong cua do nhap nhd dong dién.
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! 5
~ 2 / ‘w WK\
<
50
g, \'\_‘ V/
-4 Mn‘ . *M
0 0.01 0.02
z (a)
~N
jgio.z
é 0.1
[}
3° ! !
0 0.01 0.02
(b)
Time (s)

Hinh 2.6: Binh phuong do nhap nho dong dién caa chu ky dé nghi.
(a) I trong chu ky co ban; (b) Binh phwong cua do nhap nhd dong dién.

Binh phuong do nhap nhd dong dién & hinh 2.6 cia phuong phap dé xuat thip hon
so véi binh phuong d6 nhap nhé dong dién cuaa chu ky chuyén mach cé dinh & hinh 2.5.
Trén hinh 2.7 ciing cho thay rang phuong phap dé nghi co6 THD dong dién giam con
4.72% thap hon nhiéu so véi chu ky ¢o dinh ¢ hinh 2.3. Thém vao dé, pho hai dong dién
cua ky thuat dé nghi trai trong mot pham vi rong. Chinh diéu nay lam cho bién do cac
song hai riéng Ié giam nho dang ké nén khéng gay nhiéu am.

Selected signal: 5 cycles. FFT window (in red): 1 cycles
0 //-'\\

~o 0.01 0.02 003 004 0.05 0.06 0.07 008 0.09 0.1
Time (s)

FFT analysis
Fundamental (50Hz) = 4.338 , THD= 4.72%

w

N

[

Mag (% of Fundamental)

i 2 3

T

4 5 6 7 8 9 10
Frequency (Hz) x10*

Hinh 2.7: Phé nhiéu hai dong dién cua chu ky dé nghi.
2.5.2 Nghich luu ndi luéi

o

Proposed
20 8.55 , . [—Inst
8.2 | |
10/ l‘\lr‘u‘W “A lﬂ i I\IAMIA I |“|A|Y'|e;
AR LCARLARRL]
0.25 0.3 0.35 0.4

10
3.85 / \ 4.1

0.15 0.2 0.25 0.3 0.35 0.4
(b)
Time (s)

Hinh 2.8: Ton hao chuyén mach va THD cua k¥ thuat dé nghi
(2) Ton hao chuyén mach tac thoi va trung binh; (b) THD dong dién

~—]

/
w
©
N

a
T
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e
~
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Current THD (%) Switching loss (W)
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-
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[
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Mot hé thong nghich lwu noi ludi dugc thuc hién dé ma rong khao sat caa phuong
phap dé nghi so véi cac phuong phap san c6 nhu: TDD (total demand distortion), CR
(constant ripple), va MSANS (modified spread of acoustic noise spectrum).

X 10 Switching cycle
15
6 J’\—‘ P
|, . g d
R T = e Y
R L : g AV
3 A e 2 v W i
>3  —— N = erage loss
O s T A £ \
2 S TDD s I —TDD N
Constant ripple ’ —Constant ripple
1 ----MSANS —MSANS
—Proposed —Proposed
6),19 0.192 0.194 0.196 0.198 0.2 00.19 0.192 0.194 0.0196 0.198 0.2
Time (s) Time (s)
(a) (b)

Hinh 2.9: Chu ky va tén hao chuyén mach phéng to trong NCKCB khi cose=1.
(a) Chu ky chuyén mach; (b) Ton hao chuyén mach.

6

————— TDD
55 Constant ripple
------- MSANS
g 5 —Proposed
g S N | SR S S—
o I S S—
= 45q-
= :
E RN S ——————" £ [ U [ R e S
5 4
O —_——
35
8.1 0.15 0.2 0.25 0.3 0.35 0.4

Time (s)
Hinh 2.10: THD dong dién.
Bang 2.2: T6m tat tn hao chuyén mach va séng hai

Switching t<0.2s 0.2s<t<0.3s 0.3s<t<04s

cycle Switching | THD |Rate | Switching| THD | Rate| Switching| THD | Rat
loss (W) | (%) | (%) | loss (W) | (%) | (%) | loss (W) | (%) (%)
Constant 156.35 | 2.55 49. 768 | 533 - 922 | 432 | 6
TDD 8.28 479 | 0 8.45 483 | 0 8.67 4.6 0
Constalnt rip-|  8.29 433 | 9.6 8.25 453 | 6 8.58 428 | 7
MSANS 8.28 412 | 14 8.45 441 | 8.7 8.67 4,12 19-
Proposed 8.23 | 3.85 19. 820 |4.10] 15 8.55 3.82 | 17

2.5.3 Nhan xét két qua ciia nghich luu ndi ludi
Céc két qua md phong cua hé thong nghich luu ndi ludi cua cac phuong phap khao sat
duogc thé hién trong hinh 2.8-2.10 va bang 2.2. Ton hao chuyén mach trung binh cua
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phuong phap TDD duoc dung lam mau dé danh gia cac phuong phap khac trong nghién
ctru nay nay. Thuc chat caa phuong phap TDD van |4 tan s6 chuyén mach cé dinh nhung
véi cdc mirc dong dién tai khac nhau.

Két qua cua phuong phap dé nghi cho thay rang:

+ Chu ky chuyén mach cua cac khoang thoi gian khao sat duoc xac dinh bang GA cho
t6n hao chuyén mach trung binh twong tu nhu TDD. Tuy nhién, séng hai dong dién tuong
g trong céc khoang khao sat bang 3.85, 4.1 va 3.82% va thap nhat so vai két qua cua
cac phuong phap khac. Ti I¢€ giam song hai caa MSANS la 14, 8.7, va 10.4 % so véi TDD
trong cac khoémg tuong ¢ng. Trong khi ti 1& giam song hai cua phwong phap dé nghi 1a
19.6, 15, va 17 % so voi TDD. Ti I¢ giam nay cho théy két qua ctia phuong phéap dé nghi
| tbt nhat trong viéc giam song hai cua nghich luu va séng hai dong dién tuong ung trong
cac khoang la thap nhat so véi séng hai ciia cac phuong phap trén.

+ Sy phan bé lai chu ky chuyén mach cta phuong phap dé nghi lam cho ton hao chuyén
mach tic thoi phan bd dong déu hon so véi cac phuong phap khac nén soc nhiét ciing it
hon so v&i cac phuong phap khac. Piéu nay giup ting tudi tho cua linh kién céng suat.

+ P4i voi trudng hop hé sé cong suat cose<l, chu ky chuyén mach cta phuong phéap dé
nghi giam nho dang ké tai 1an can zero cia dong dién gilp cho do nhap nhé dong dién
giam nho dang ké, trong khi ton hao chuyén mach tirc thoi ting khong dang ké nén ton
hao chuyén mach trung binh van bang véi cac phuong phéap khac.

2.6 TOM TAT CHUONG 2

> Tinh hiéu qua cua k¥ thuat dé nghi khong nhitng giam séng hai ma con cé kha nang
khir hai lya chon va trai phd hai trong mot pham vi rong. Biéu nay gilp cho céc hai
riéng 1é co bién do giam dang ké nén giam b loc phu va khéng gay nhiéu am. Vi vay,
n6 rat phi hop cho cac thiét bi trong thng tin va quan su.

> Céc két qua cling di duogc thuc hién cho cac truong hop phat dién vao ludi véi cose=1
va cose<1 trong cting mot diéu kién cai dt voi nhiing thong s6 giong véi thyc te
nhat.

> Viéc giam song hai cho nghich luu ndi ludi ciing gop phan lam giam kich thuéc bo
loc, gia thanh thiét bi, va cai thién chat lvong dién ning cua hé thong dién. Tur do, tao
diéu kién cho viéc ché tao thiét bi va 1am chu céng nghé véi gia thanh thap.

> Viéc chuyén mach vai tan sb thap tai dinh ciia dong dién ciing gop phan lam ting tudi
tho cua linh kién céng suat.

> Dé dap tng yéu cau tai thay doi trong diéu kién thuc té, cac sé liéu cua chu ky chuyén
mach duogc chuan bj offline sin véi cac muc tai khac nhau bang cach st dung phuong
phap tra bang trong Matlab.

> Dé kiém tra kha ning ap dung, cac khao sat d6i véi mot hé thong nghich lIuu ndi ludi
3 pha ciing duoc thuc hién & phan phu luc 4-5 dén 4-8 cua luan an.
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CHUONG 3. PHUONG PHAP UOC LUQONG NHANH VA CHINH XAC THAM
SO PIEN AP LUOI

3.1 THAM SO HOA BONG BO

Pai lugng m.sin(at—¢) trong biéu thic (1.1) & chuong 1 cho thiy rang song hai cia
nghich luu con phu thudc vao cac tham sé hoa ddng bo nhu: bién d, tan sb, goc pha va
offset dc cua tin hiéu diéu ché. Thong thudng, trong hé thdng nghich luu nbi 1udi, viéc
hoa d¢6ng bo do vong khéa pha dam nhan. Yéu cau caa vong khda pha PLL (Phase-Locked
Loop) la phai xac dinh nhanh va chinh xac bién do, tan s, goc pha va offset dc cua dién
ap lusi co ban. Cac tham s6 nay khong nhiing phyc vy cho qua trinh hoa dong bd cia
nghich luu véi ludi dign ma con gép phan nang cao kha nang trai qua su ¢ FRT (Fault-
Ride Through) theo cac tiéu chuan ndi lugi méi dé nang cao chét luong dién ning cua hé
théng dién.

Trong diéu kién van hanh binh thuong, Viéc xac dinh cac tham s6 dién ap nQUOn ludi
co ban tuong dbi dé dang, nhung khi c6 sy ¢6 sut 4p, mat can bang s6ng hai cao, tan sb
ngudn dao dong thi viéc xac dinh nhanh va chinh xac cac tham sé dién ap 1udi co ban tro
nén rat kho khan.

Trong chuong 3 nay, tac gia dé xuat phuong phap xac dinh nhanh va chinh xac céc
tham so cuia dién ap ludi trong diéu kién khac nghiét nhu: sut 4p, mat can bang, dao dong
tan sb, song hai cao, nhay pha... Phuong phap dé nghi dya vao giai thuat Levenberg-
Marquardt (L-M) dé giai cac phuong trinh vi phan phi tuyén siéu viét. Cac tham sé ngd
ra dugc cap nhat vao cac tham sb ban dau cua phuong phap giai nén 1am cho bo trong sb
dugc cap nhat it thay doi. Chinh diéu nay gitp cho phuong phap giam sé 1an lap va hoi
tu nhanh dén két qua.

Phuong phap dé xuat hoan toan khéng can dén cac bo do pha, khéng ¢ bo loc vong
cling nhu bo dao dong diéu khién dién ap. Pay chinh 1a su khéc biét 50 Vi cac phuong
phap vong khoa pha hi¢n nay. Tinh hiéu qua cua phuong phép dé xuat dugc khang dinh
thdng qua cac két qua md phong va thi nghiém caia phuong phap dé xuat so véi phuong
phap thong thuong Con (conventional PLL), phuong phap DSOGI (Dual Second-Order
Generalized Integrator) va DSOGI-FLL (Dual Second-Order Generalized Integrator -Fre-
quency-Locked Loop).

Cac tiéu chi xem xet - danh gié hiéu qua dua vao:
s DPap trng dong
% Sai s6 xac lap
% Do vot 16
< Do phuc tap tinh toan déi véi phan cung

Thong thudng cac tiéu chi ndy mau thuan nhau, chang han, dé giam sai s6 xac 1ap, cac
bo loc thdng thap thuong duoc sir dung nhung thai gian xac 14p lai tang 1én va nguoc lai,
bai vi ban chat caa cac PLL 1a bo loc phic thich nghi bac nhat.

3.2 KY THUAT UGC LUONG THAM SO BE XUAT

Phép bién doi Clarke tir abc sang ap c6 thé loai bo hai bac cao va offset DC khi ba
pha c6 séng hai va offset giong nhau, khi do, dién &p V. twong ddi it song hai. Tuy
nhién, trong truong hop 3 pha co nhidu va offset khong giéng nhau thi dién ap V. bi
méo hai nhiéu hon, van dé nay s& duoc phan tich trong 2 trudng hop khao st & phan
sau. Dai luong dién ap Vo nay duoc st dung dé dua vao mé hinh nhan dang ba tham s
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str dung giai thuat L-M nhu hinh 3.1 twong tng v&i m mau dir liéu do cua dién ap vao.
Khi d6, ngd ra p caa giai thuat L-M gom cé ba tham so: bién @9, tan so va goc pha ban
dau tuong tnNg VoI Vinag, T, va ¢ (néu xem xét thém offset dc thi sir dung md hinh bon
tham so).

Initial parameters update

Yy v $

v ylt)
v ise” T bwus -9
; . using
v amplin - Ym
va abc NW.nZLf 4t> Levenberg- R Filter > f
Vb , t4t1> Marquardt
Ve af | v 2 algorithm > Vinag
e R tm
e

Sampling

Hinh 3.1: PLL dé nghi sir dung giai thuat Levenberg-Marquardt

lambda =Lambda_0;
yest =eval(hamsin);
fullr = (y(:) - yest(:));

- log(d(X))

r = fullr;
sai_so = r'*r;
iter =0;

iter<Maxiter

iter = iter + 1;

Muyold = Muy

> f sal so_old =sai_so;

=Tinh Jacob(lVIu Xyest)
dlathJ sum(abs(J).A2, 1);
Jplus = [J d|ag(sqrtSIambda*d|athJ))

(a) Ius r; zeros(3,1

plus rplus;

Muy(:) = Muy(:) + H;

yest = evag‘hamsm)

sai_so =r'*r;

i

Gidm lamda Y sai_so<sai_so_old
X=(t1:t5); = - =
Y=(y1:y5);

Muy=Ini_param_update; ¢ N
W=1;
Maxiter=3;
yw=Y. *W;

sai_so>sai_so_old

Muy_out=Muy;

l Tang lamda
Jplus [J; dla%(sqrt(lambda sum(J.A2,1)))];
Muy_out=L_M_Tech(X,yw,Muy,Maxiter); us \ rplu

MuyF) Muyold()+H
est = eval(hamsin);

Ilr (y() yest(:));
Sal SO I’ r

Ini_param_update=Muy_out;

|
(b) ()
Hinh 3.2: Luu do giai thuat dé xuat
(a) Minh hoa giai thuat L-M; (b) Luu d6 chuong trinh chinh;
(¢) Luu d6 giai thuat dé xuat L_M_Tech
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Trong phuong phap dé xuat, cac tham sé ngd ra u dwoc cdp nhdt tré lai cho by
tham sé ban ddu, chinh sy hoi tiép ndy giup cho phuong phap xéc 1ap nhanh dén loi
giai voi s6 l1an lap rat it. Do d6, tham s6 ngd ra khéng con hién tugng Vot 16 ciing nhur
tré pha. Pay chinh 1a sy khac biét quan trong cua giai thuat dé xuét. Luu d giai thuat
cling duoc thé hién trén hinh 3.2.

3.3 KET QUA

Trong phuong phap dé xuét: kich thudc cira s6 lay mau m=5 véi tan sé lay mau cua
cam bién dién &p: 1kHz. S lan lap Maxiter=3; %o=0.001; L,=11; Lp=9; £=6x10;
a=1x10"8; b loc ngd ra ¢ tan sb cat 200 Hz. Hai trudng hop thir nghiém dugc xem xét:
Trwong hep thir nhat: dién ap ba pha ngd vao cd song hai déu nhau, trong d6 hai bac 5
la 7%, bac 7 1a 5%, bac 11 la 5%, va bac 13 1a 3% tuong ung véi THD=10.39%.
Truwong hep thir hai: twong tu truong hop thi nhat nhung séng hai THD=10.39% chi c6
¢ pha A, pha B va pha C khong co song hai. Lac nay, dién ap V. €ON chtra nhiéu thanh
phan hai chtr khdng it song hai giéng nhu trudng hop thi nhat.
Déi véi ca hai truong hop thir nghiém, c6 3 khoang thoi gian khao sat. Trong khoang 0-
0.2 s, ba pha can bang dinh muc va bi méo hai nang 10.39%. Trong khoang 0.2-0.4 s,
bién do pha B va C bi giam con 70% dinh mirc dé tao mat can bang. Trong khoang 0.4-
0.6 s, dién ap 3 pha mat can bang va nhay tan sé tir 50 xudng 47Hz. Tai 0.6 s phuc hoi lai
trang thai nhu khoang thoi gian dau. Diéu nay tao ra nhay bién do, tan s6, goc pha cling
mot lac. Pay 1a diéu kién khac nghiét dé kiém tra do on dinh cua giai thuat.
3.3.1 Truwong hep thir nhat

Tek +M["LM @ Stop M Pos: 175.6ms MEASURE T%-k i @ Stop M Pos: 337.6ms MEASURE
TTTTITIAANMAMMA AN T e
R L=*,‘»=]H|‘h i h | ( s o
R e R e -
‘\‘ ‘JH ’WHJ \w I N’ﬁ o a
BRRRR A JJ, “. LI o
IEETERR| ‘ Ph-Pk _ E'i:_m:

& 240v 3 H—- 3,40

1 MANTH off ar l MAth-nlpﬂff

3 CH2 2.00Y M 50.0ms Ext .~ 1,60V CH2 5.00v M 50.0ms Ext . 1.60%

CH3 2.00v CH4 5.00% 21-0ec-15 15:39 <10Hz CH3 2.00v CH4 5.00% 21-Dec-15 16:04 <10Hz

(a) (c)

Tek Hie = @ Stop M Pos: 119.6ms MEASLIRE

I e
| W i }‘; il ‘ﬁ H“ il ]JL (2) Phuong phap thong thuong Con
AR AT BTG I e ,

“ il MJ ‘\ ”J{ | M[“ M J,J] )J[ (e (b) Phuong phap DSOGI

g Ry i (c) Phuong phap dé xuét

None
4&
CH2 2.00v M 50.0ms Ext /7 1.60V
CH3 2.00v CH4 5.00% 21-Dec-15 1546 <10Hz

Hinh 3.3: Bién d6 dién ap udc luong
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55
50 ANANAANAANNANAANNAA
/f AR A T T ET T T
45 : RAAYAYAYAYAVAAATAYAYATAYATAY)
a
V)
SV
2 30 1
g
S 25—
L q \
20| |
15 1 ;‘ &U ——Con
|| ——DSOGI
10/ — DSOSI-FLL |
U —Proposed
% 0.1 0.2 0.3 0.4 0.5 0.6

Time (s)

Hinh 3.4: Tan sé6 mo phong udc luong duoc

Tek i @ Stop M Pos: 588.0ms MEASURE  Tek e @ Stop I Pos: 636.9ms MEASIRE
+ CH1

CH1

T — o ~ .
CH2 CH2
Pk-Pk Pk-Pk
a6y 16,647
CH3 CH3
Pk—Pk Pk—Pk
] 3.00Y fl 3,20V
by CH4 CHA
Pk—Pk Pk—Pk
3.00% .00
MATH MATH
| I ||||||||||| e ||| '
[T] sy Y o] ey
CHT 200V CHZ 200¥ M1DDms Ennsw CHT 200V CHZ 200 M 50.0ms Ext 7 1,604
CH3 500v  CH4 500Y  MATH10.0v <10Hz CH3 500v  CH 500¥  MATH 100V <10Hz
CHZ1: f-ref; CH2: f-est; CH3: theta-ref; Hinh 3.6: Gbc pha cua phuong phap
CH4: theta-est; M: CH3-CH4. DSOGI-FLL
Hinh 3.5: Géc pha cua phuong phap Con
(f-ref: tan s6 dat; f-est: tan s6 wdc luong duoc;
theta-ref: goc pha dat; theta-est: gdc pha udc Iuong duoc)
Tek T @ Stop M Pos: T07.0ms MEASURE Tek i @ Stop M Pos: 222.0ms
+ +
‘-'-“—'H—‘-“T\ ‘ [ e Ty e
CH2 [
Pk—Pk S
Tddy
CHE 2
Pk—Pk
) i 3,209 :
i CH4 CH4
Pk-P ] L/ /1/1 Pk-Pk
g 9,004 i 4.00%
MATH M&TH
P-pk B Ph-Pk
L I|||||| @ /
- ||||||||| e L 18.0¢
CHT 200 CHZ 200 M 500ms Ext /7 160V CHT 200V CHZ 200 M50.0ms Ext 7 1604
CH3 5004  CH4 500Y  MATH 100V <10Hz CH3 5004  CH4 500  MATH 100V <10Hz
Hinh 3.7: Géc pha cua phuong phap Hinh 3.8: Goc pha ctua phuong phap dé
DSOGI Xuat
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3.3.2 Trwong hop thir hai

55

soloeatab bl b ol b o b L b BB BARA NS ADARAASRD,
W“l'r'u' T T T W W WTWW VW AR R AR AR AR R R AR RRRR
il // RN
-
40 \\ ;j’/
Fss \\ //("‘
S W
= 30 ‘{
2 s
o 25 i
=l ]l
I
15 ‘ “‘ HH ——Con
[ ——DSOGI
10 i —DSOSI-FLL |
1} —Proposed
50 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)
Hinh 3.9: Tan s6 m6 phong
+ Tek .M. @ Stop M Pos: 238.0ms  MEASURE
+
w-ﬂ\‘ l:H: ey g - T AT
Pk—Pk CH2
7,44y e A PPk
CH3 320
P-Pk 2 CH3

3,004 Pk-Pk
CHd B
/ Pk—Pk CH4
E 3,204 ! Pk=Pk
;’l MATH : :// 0
1 - | |
M’.‘I_-_IV\1 i 1 Pk Pk a+ ! MATH

| 18.0% Ph—Pk
CH2 200y M 10.0ms Ext ./ 1.60Y B00rmY
CH3 5.00% CHA 500y MATH 10,04 <10Hz CH2 200y 1 10.0ms Ext 7 1.60%
CH3 5.00Y% CH4 5.00Y% MATH 10.0% <10Hz
+
’ ' CHL: f-ref; CH2: f-est; CH3: theta-ref;
Pipy CH4: theta-est; M: CH3-CH4.
CHa
Pk-Pk
/ L (2) Phuong phap DSOGI
o] | Vel (b) Phuong phap DSOGI-FLL
] /\1 ?ﬁ? (c) Phuong phap dé xuat
CH2 200y M 10.0rms Ext /7 1.60Y I
CH3 S.00% CH4 5.00Y MATH 10.0% =10Hz
(b)

Hinh 3.10: Tan sb va goc pha thi nghiém
3.4 NHAN XET KET QUA
Két qua mé phong va thi nghiém duoc thé hién trén hinh tir 3.3 dén 3.10 va bang 3.1.
+ Pap tng tan s6 ¢ hinh 3.4 va 3.9 cho thay rang phuong phap dé xuat cé thoi gian xac
14p nho hon 10ms, trong khi cac phuong phap khac phai dén 100 ms. Sai s6 xac 1ap cua
cac phuong phap khac > 0.1 Hz va 16n hon tiéu chuan (tiéu chuan cho phép la 0.05 Hz).
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Trong khi sai s6 xac 1ap ctua phuong phap dé xuat <0.02 Hz va luén nho hon gigi han tiéu

chuan.
Bang 3.1: So sanh két qua ¢ truong hop ké tir 0.6 s

TH Con DSOGI DSOGI-FLL Proposed

Sai s6 xac lap 1.8 Hz 0.06 Hz 0.1 Hz 0.01 Hz

1 Do vot 16 18 Hz 15 Hz 45 Hz 0.52 Hz

Thoi gian xac lap 100ms 100ms 100ms <10ms

Sai s6 xac lap 3Hz 0.13 Hz 0.25 Hz 0.02 Hz

2 Po vot 16 18 Hz 16 Hz 45 Hz 2 Hz

Thoi gian xac lap 100ms 100ms 100ms 10ms

+ Cac két qua ciing cho thay rang do6 vot 16 tan s6 udc luong cua phuong phap DSOGI-
FLL van la cao nhat va vuot qua tiéu chuan IEEE-1547 méi. Trong khi cia phuong phap
dé xuat la rat thap (chi 2 Hz) khi nhay tan s6 13n goc pha tai 0.6 s. G6c pha cua cac phuong
phap dugc thé hién trén cac hinh 3.5-3.8 va 3.10, véi kénh do M 1a sai s6 goc pha ciing
cho thay két qua ctia phuong phap dé xuat 1a nho nhat va I3 tét nhat trong cac phuong
phap khao sat.

3.5 TOM TAT CHUONG 3

+ Trén co sO phén tich dac diém cua cac phu:0’ng phap PLL hién nay, tac gia da dé xuat
mot giai thuat dé xac dinh nhanh va chinh xéac cac thdng s6 cua dién ap luéi trong diéu
kién van hanh binh thudng ciing nhu khi c6 sy thay d6i dién ap nhu: sut 4p, mat can bang,
s6ng hai cao, nhay dién &p, tan s, goc pha.

+ Phuong phap dé xuat dya vao toan hoc co ban dé giai phuong trinh vi phan siéu viét
bing giai thuat Levenberg-Marquardt c6 cdp nhdt tham sé ban ddu dé giam sb vong lap
va hoi tu nhanh dén két qua.

+ Céc tiéu chi vé thoi gian xac 14p, sai s6 xac lap, do vot 16 va do phic tap tinh toan ciing
da duoc xem xét va phan tich dé danh gia khi so sanh véi cac phuwong phéap da dugc cong
b gan day.

+ Tinh hiéu qua va bén viing caa phuong phap ciing da duoc khang dinh théng qua két
qua md phong va thi nghiém khi so sanh véi két qua cia cac phuong phap thong thuong,
DSOGI, va DSOGI-FLL trong diéu kién khac nghiét ciia dién &p ngd vao.

+ Phuong phap dé xuat da duoc kiém tra bang mé phong trén MATAB/Simulink va thi
nghiém trén kit Dspace 1103.

+ Mat khac, voi phuong phap dé xuat, do tan sé ldy mau cua cam bién dién ap chi can 1
kHz nhung van cho dap tng dong tot. Trong khi d6, vai cac phuong phap khac phai can
tan s6 ldy mau cua cam bién 1én dén 10 kHz va phai tinh toan lién tuc nén doi hoi phan
cirng manh mé, dat tién. V6i kha niang dap tng nhanh cta phuong phap dé xuat cho phép
st dung cam bién c6 d6 nhay thap vai gia thanh ré gop phan l1am giam gié thanh thiét bi.

+bé kiém tra khd ndng trng dung cua phuong phap dé xuat, két qua khao sat mot he thdng
nghich luu noi ludi 3 pha cling da duoc thuc hién ¢ phu luc 4-7 dén 4-8 caa luan an.
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CHUONG 4. GIAM PQ NHAP NHO PIEN AP DC VA CAl TIEN HE SO BQ
PIEU KHIEN

4.1 GIAM PO NHAP NHO BIEN AP DC BANG KY THUAT MPPT VOI SO GIA

BIEN DOI
4.1.1 Do diém cong suit cuc dai cia pin mat troi

Dgc diém cua pin mat troi 1a cdng suat thay doi phi tuyén theo diéu kién thoi tiét.
Do do, dé toi uu trich xuat nang luong tir pin mat troi, cac hé thong nghich luu dién mat
troi ndi ludi can phai co tinh nang do diém cdng suat cuc dai MPPT (Maximum power
point tracking).

Déi véi hé théng nghich luu ndi ludi hai giai doan ¢ mach boost va bo loc DC dam
nhan viéc MPPT, dién &p DC ngd ra caa mach boost c6 chét luong tt, dd nhap nho dién
4p DC thap. Tuy nhién, viéc thém mach boost va bd loc DC 1am ting kich thudc va chi
phi thiét bi, dong thoi lam ting ton hao nén 1am giam hiéu suat caa thiét bi. Déi véi hé
théng nghich luu néi ludi mot giai doan khdng cé mach boost cho hiéu qua cao hon,
nhung chét luong ngudn DC lai phu thudc nhiéu vao ki thuat MPPT.

C6 nhiéu ki thuat MPPT duoc str dung cho hé théng pin mat troi néi ludi da dugc
cong bd. Tuy nhién, cac ky thuat hiéu qua chi yéu dya trén nén tang cua k¥ thuat P&O
(Perturb & Observe) va INC (Incremental Conductance) véi cac cai tién. Nhung da sé
cac cai tién nay giir nguyén sb gia dién 4p khi diéu chinh ting hodc giam dién ap chuan
MPPT cho b6 diéu khién dién ap DC.

Trong khi biéu thuc (1.1) cho thay dién ap ngudn DC 1 mot trong nhitng nguyén
nhan gay song hai dong dién cho nghich luu. Khi cong suat nguon dién vao on dinh, thi
viéc str dung sé gia I6n 1am cho dién 4p DC ¢ do nhap nhd cao nén dan dén song hai ngd
ra cua nghich luu tang cao. Néu giam nho so gia dé giam song hai, khi c6 sw dao dong
cua nQUOn dién vao do thoi tiét thay d01 thi dap u’ng dong cua ky thuat MPPT lai kem di,
day 1a diéu bat loi ciia phuong phap sb gia dién ap cb dinh. Vi vay, dleu nay doi héi phai
c6 mot giai phap cai thién ki thuat MPPT dé nang cao chat luong ngudn DC.

Vg Lg I—i \/i
Solar‘
. IGBT — o ‘i |
inverter H
| la |i
Vgrid Islanding 1 {?
Controller va Vb ve | G Eabc ~dg PWM Carrier
T PLL Modulation | * |wave
vy I
Va Vo |© dg = abc

|q_ref=0¢ Vo, a2 MPPT
+ | Current +£+V*

I %O controller Vmppt
a +
Vd -
£+ V¥

- Current DC
——»O—controller controller

=
Idiref ‘

Hinh 4.1: C4u trdc cua mot hé thong pin mat troi ndi ludi ba pha
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Téc gia dé xuat mot giai thuat MPPT ¢6 s6 ) gia bién doi voi tinh nang glam song hai
va tang dap tmg dong. Trong gidi thuat nay, moi khi cong suat vao cua dan p1n thay doi
theo diéu kién thoi tiét, dién 4p MPPT sé& duoc chinh rat nhanh dén diém cé cdng suat cuc
dai véi s6 gia lon, sau d6 sb gia s& duoc giam nho xudng dé dat dugce do méo dang song
hai toan phan (THD) thap hon. Két qua mé phong trén MATLAB/Simulink cho thy bo
diéu chinh dién ap MPPT dé xuat c6 sb gia bién thién tét hon bo diéu chinh c6 sé gia cb
dinh.

4.1.2 Giai thuat MPPT dé xuét

Measure:
Vs(t), Is(t)

v

P(t)= Vs(t)* Is(t)

|P(t) -P(t-1) | >Po

Inc=0.2

) 4

Inc < 0.02

No

Inc=Inc - 1le-6

yes

A 4

VMppT=Vs(t-1)-inc VMPPT=VS(t-1)+inC VMppT=VS(t'1)-inC VMPPT=V5(t'1)+inC

| ) ! ]

Hinh 4.2: Luu do giai thuat MPPT véi gia s6 inc bién doi
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Nguyén Iy hé thong nghich luu dién mit troi ba pha néi ludi duoc thé hién ¢ hinh
4.1, voi Vs va | 1a dién ap va dong dién twong (ing ctia dan pin mat troi.
Céc thdng s caa PO, inc bang 0.2 va 0.02 ciing nhu dai lwgng giam 1e-6 s& dugc xac dinh
trong qua trinh can chinh giai thuat.

4.1.3 Két qua mé phéng

Céc tham s6 cua hé thong nghich luu ndi ludi ba pha nhu bang 4.1 véi cai dat bac
Xa G=1 tuong ung V4i 1(,)OOW/m2 va su thay doi buc xa G theo ham nac (1, 0.7 va 0.3).
Dan pin c6 tong cong suat dinh 1a 5.78 kW.

Bang 4.1: Tham sé caa hé thong nghich luu ndi ludi

Parameter Description Value
Lg Grid inductance 0.5mH
Rg Resistance of Lg 0.01Q
Li Inverter inductance 20mH
Ri Resistance of Li 0.4Q
Cf Filter capacitor 15uF
FPWM | PWM frequency 9kHz
f Grid frequency 50Hz
Sb Base power 150KVA
Vb Base voltage 380V

Kp_dg |KpofPl dandPl_q 400
Ki_dq Kiof PlI_d and PI_q 400
Kp_v Kp of PI_Vdc 6
Ki_v Ki of PI_Vdc 0.005
Cdc DC bus capacitor 1500uF

Po Active power change 5W
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4.1.3.1 So gia ¢6 dinh

10

KN
o

Phase current (A)
o

0 2 4 6 8
(@)

10

{ T

<% —Pg W
5 4000 f -=-Pref
g
2 2000 ‘

o | |

0 2 4 | (b) 6 8 10
Time (s)

Hinh 4.3: P4p ung dong dién va cong suat
(a) Dong dién pha; (b) Cong suat tac dung

Signal o analyzs:
Japhy sl

8 sy T e ® Sl T mino
FFT window: 1 of 500 cycles of selected signal FFT window: 1 of 500 cycles of selected signal

2
0 0
2 4
\/\
398 3982 3984 3986 3988 399 3992 3994 3996 3998 898 8982 8984 8.986 8983 _8.99 8992 8994 8996 8998
Time (s) Time (s)
pr—— pr—
'% Fundamental (50Hz) = 3.266 , THD= 10.51% % Fundamental (50Hz) = 3.257 , THD= 4.97%
c c
8 T 9
£
ge 2,
5 S
w 4 w
] k-]
L2 1 P\i 1
2o Ll i 2o ([T}
= 0 1000 2000 3000 4000 5000 = 0 1000 2000 3000 4000 5000
Frequency (Hz) Frequency (Hz)

(@) (b)
Hinh 4.4: Song hai dong dién pha
() Do tir thoi diem 3.98s vdi s0 gia lon
(b) Bo tir thoi diém 8.98s véi so gia nho
4.1.3.2 S6 gia bién doi

=
o

o

-10

Phase current (A)

(b)

Time (s)
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Hinh 4.5: Pap tung dong dién va céng suat khi s6 gia bién doi
(a) Dong dién pha; (b) Cong suat tac dung

Signal to analyze-

FFT window: 1 of 500 cycles of selected signal Supy ket sy FFT window: 1 of 500 cycles of selected signal

2
0 0
2 2
- —
302 3022 3.024 3026 3028_303 3032 3034 3036 3038 81 8102 8104 8106 8108 81l 8112 8114 8116 8118
Time (s) Time (s)
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Hinh 4.6: Song hai dong dién pha
(a) Po tir thoi diém 3.02s; (b) Po tir thoi diém 8.1s
4.1.4 Nhan xét két qua

Véi s gia cb dinh duoc cai dat bang 0.2V trong khoang thoi gian 0-5s, nhiéu hai
cong suat & hinh 4.3 cao dang ké. Piéu nay 1am cho THD do tai thoi diém 3.98s ¢ hinh
4.4(a) 1én t6i 10.51% va vuot qua tiéu chuan cho phép.

Khi sé gia c6 dinh dugc cai dit bang 0.02V trong khoang thoi gian 5-10s, két qua
nhiu hai dong dién & hinh 4.4 giam dang ké, nhung dap tng cong suat & hinh 4.3 rat
cham (hon 1s) theo sy thay doi ciia buc xa.

Véi ky thuat dé xuat cd so gia bién doi tir 0.2V dén 0.02V, mdi khi c6 su thay doi
birc Xa thi cong suat & hinh 4.5 c6 dap ung rat nhanh (nho hon 0.1s) nho s6 gia 16n (0.2V).
Khi xac 1ap, s6 gia duoc diéu chinh xudng con 0.02V gilp cho séng hai giam dang ké ¢
hinh 4.6 va nho hon gidi han qui dinh.

4.2 CAI TIEN THAM SO BO PIEU KHIEN DUNG GIAI THUAT PSO
4.2.1 Bo diéu khién dong dién
Nhu d3 trinh bay ¢ chuong 1, hinh 4.7 cho thay cac tham s6 cua céc bo diéu khién

dong dién c6 anh hudng dang ké dén dap ing dong va song hai cia nghich luu néi ludi.
Vi ham truyén vong kin cta hé théng nghich luu ndi ludi ¢ dang vé dinh, nén c6
v s6 cap nghiém hé s6 Kp, Ki. Do d6, viéc xac dinh cac tham sé bo diéu khién dong dién
st dung phuong phap théng thudng nhu Ziegler-Nichols, ti wu dbi xung. .. thuong mat
nhiéu thoi gian va cdng sirc nhung chua chic s& c6 duoc nghiém toan cuc. Trong luan an
nay, tac gia dé xuat sir dung phuong phap t6i uvu bay dan PSO (Particle Swarm Optimi-

zation) dé xac dinh tham sé bo diéu khién dong cong hudng (PR) cho nghich luru ndi 1uéi.
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Hinh 4.7: Nguyén ly diéu khién ti I& cong huong (PR) trong nghich Iuwu ni luéi
So d6 nguyén Iy hé théng nghich luu st dung bo diéu khién PR nhu hinh 4.7 voi
dong Id_ref thay d6i theo ham nac tir 20 A (trong khoang 0-0.2 s) xuéng 10 A (trong
khoang 0.2-0.6 s) va I_gref 1a 0 A (trong khoang 0-0.4 s) va 10 A (trong khoang thoi gian
0.4-0.6 s) dé thé hién kha nang diéu khién bu cong suat phan khang cua hé thong.

4.2.2 Phwong phap tbi wu bay dan

Ky thuat PSO duoc sir dung rat don gian dua trén cong thic cap nhat van toc va vi

tri nhu sau:
Vi =k VT Ko Ry (Rlocar _pesti =R ™) +Ks-Ro (Pyiobal_best ~R' ™)
R =R+, Vi
Trong do:
V.* 13 van téc ciia phan ta th i tai 1an 13p tha k-1
P*1a vi tri ctia phan tir thtr i tai 1an lap thi k-1
K & trong s6 quan tinh
K, Ks, K4 12 c4c hé sb gia toc
R1 va R, 1a cac béan kinh tim kiém
Pocal_besti 12 id trj tot nhat cta phan tu i

Pyiobal_best 12 gid tri tot nhat caa ca nhom phan tur

Luu d6 va chuong trinh chi tiét cua giai thuat PSO thuc hién trén
MATLAB/Simulink cho két qua tham s6 Ky= 199.537 va K= 4794.3 sau 25 vong lap.

Carrier
wave

abc

(4.1)

(4.2)
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4.2.3 Két qua khao sat
4.2.3.1 Phwong phdp dwa vao ham truyén

(véi Kp=15; Ki=30
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Hinh 4.8: Cong suat phat vao lui

) T o
Selected signal: 30 cycles. FFT window (in red): 1 cycles

Selected signal: 30 cycles. FFT window (in red): 1 cycles
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4.2.3.2 Phwong phdp PSO dé xuat

(b)

Frequency (Hz)

PSO

()
Hinh 4.9: THD do mét chu ky tai cac mirc cong suat khac nhau
(@) THD do tir 0.18 s; (b) THD do tir 0.38 s; (¢) THD do tir 0.58 s
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Hinh 4.10: Pap ting cong suét cua phuong phap PSO
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Hinh 4.11: THD cua phuong phap PSO
(@ THD do tir 0.18 s; (b) THD do ttir 0.38 s; (¢) THD do tir 0.58 s

Bang 4.2: Két qua song hai

Hamtruyén | PSOde | P (W) | Q(Var)
xuat
Koy 15 199.537
Ki 3000 4794.3
¢ 2 rad/s 2 rad/s
THD 6.96 1.81 7584 0
(%) 10.14 4.12 3792 0
12.23 3.13 3792 3792

4.2.4 Nhan xét

Két qua mo phong duoc thé hién trén hinh 4.8 dén 4.11 va bang 4.2. THD duoc do
tai chu ky cudi cung ctia cac khoang thoi gian khao sat dé dam bao dong dién da xéc 1ap.
Két qua cua phuong phap dé nghi ¢ hinh 4.10 va 4.11 cho thay séng hai giam déng ké so
V6i phuong phap dya vao ham truyén & hinh 4.8 va 4.9.

Piéu d6 ching t6 cap nghiém K, va K; ciia phuong phap dya vao ham truyén chua
phai 12 t6t nhat, do ching khong phai l1a nghiém toan cuc. Bai vi phuong phap nay chi
Kiém tra dugc tinh én dinh cht khong thé kiém tra kha niang giam song hai. Trong khi do,
phu’(mg phap dé xuat khong doi hoi thoi gian va cong stc ciing nhu kinh nghiém cua
nguoi thiét ké. Pay chinh 1a sy khac biét va 1a uu diém cta phuong phap dé xuat so voi
phuong phap dya vao ham truyén.

4.3 TOM TAT CHUONG 4

Doi Vi viéc én dinh dién ap nguon DC

Téc gia da dé xuat mot phuong phap MPPT vdi sb gia bién doi dé giam do nhap nhé
cho nguon dién 4p DC nham giam song hai cho nghich lvu ndi ludi mot giai doan nhung
Van dam bao dap tmg dong t6t. Mdi khi c6 sy thay d6i cong suit ngd vao du Ion (> Po),
sb gia dugc diéu chinh 16n dé ting dap umg dong. Khi da xac 1ap tai diém codng suit cuc
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dai, s6 gia dugc chinh nho lai dé giam do nhap nhé nguén ap DC nham gdp phan giam
s6ng hai ngd ra cho nghich luu ndi ludi.
Cai tién tham sé bé diéu khién

Chat luong dién niang cua hé thong nghich luu ndi ludi cling phy thudc nhiéu vao
chat luong cua cac bo diéu khién. Do ham truyén vong kin cta hé thong nghich luu ndi
ludi c6 dang vo dinh, viéc lya chon bang tay cac tham sé cua bo diéu khién dua vao cac
phuong phap thong thuong nhu phuong phap gian d0 Bode hay Nyquist ciing nhu tiéu
chuan Routh thuong doi hoi nhiéu thoi gian va cong ste ciing nhu kinh nghiém cua ngudi
thiét ké, trong khi chua chic s& cho nghiém toan cuc.

Téc gia da dé xuat mot phuong phéap cai tién dé xac dinh tham sé bo diéu khién sir
dung giai thuat t6i wu bay dan PSO nham giam song hai dé gop phan nang cao chat luong
dién ning cua nghich luu ndi ludi. Su don gian cia phuong phap dé xuat giup tiét kiem
thoi gian va cong sire ciing nhu khong doi hoi nhiéu kinh nghiém ciia ngudi thiét ké trong
viéc xac dinh tham s6 bo diéu khién. Phuong phap dé xuat ciing c6 thé mé rong cho cac
g dung khac nhu bo diéu khién dong co, bo chinh luu c6 diéu khién...

CHUONG 5. KET LUAN

5.1 KET QUA PAT BUCC

Cac nguon nang luong tai tao sir dung nghich luu ban dan cong suat dé nbi ludi co
dic diém phat sinh song hai dang ké. Viéc nghién cau giam séng hai trong nghich Iuu néi
lugi s& gop phan lam giam kich thudc va chi phi ché tao thiét bi dong thoi nang cao chat
luong dién ning cua hé théng dién.

Duya vao viéc phan tich dic diém song hai cua nghich luu néi ludi, tac gia da néu ra
bén nguyén nhan co ban anh hudng dén song hai va da dé xuat céac giai phap nhu sau:

K¥ thuat diéu ché

Téc gia da dé xuat phuong phap diéu ché véi tan s6 chuyén mach thay doi dya vao
giai thuat di truyen ma khéng 1am ting t6n hao Chuyen mach so vé&i phuong phap tan sd
chuyén mach c6 dinh. Séng hai Clia phuong phap dé xuat giam thap dang ké so véi céac
phuong phép da dugc cong bd gan day thong qua cac két qua mb phong va thi nghiém.
Phuong phap dé xuat ciing da xem xét ton hao chuyén mach mot cach dinh lugng. Tinh
hiéu qua caa phuong phap dé xuat con thé hién ¢ kha nang khir hai lva chon va kha nang
trai pho nén giam bo loc phy va phi hop cho céc ang dung trong thdng tin va quan su do
khong con nhiéu am.
U'éc lwong nhanh chéng va chinh xac cac tham sé dién ap ludi

Ludn &n da dé xuat mot phuong phéap xac dinh nhanh va chinh xéac céc tham sb dién
ap ludi co ban sir dung giai thuat Levenberg-Marquardt c6 hoi tiép dé cap nhat tham sb
ban dau cua phép giai nham giam sé 1an 1ap va hoi tu nhanh dén két qua. Khong nhu cac
vong khoa pha thong thudng, phuwong phap dé xuat khdng con bo do pha, bo loc vong
cling nhu bd dao dong dién 4p. Cac chi tiéu vé dap tng dong, sai s6 xéc lap, do vot 16 va
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d6 phurc tap tinh toan ciing duoc xem xét mot cach dinh luong. Cac két qua md phong va
thi nghiém cua phuong phap dé xuat cling da duoc so sanh voi cac phuong phap da duoc
cong b gén day nhu DSOGI va DSOGI-FLL da khéng dinh tinh hi¢u qua cua phu:o’ng
phap dé XUat Kha nang dap ung nhanh va chinh xac cua phuong phap dé xuat gitp cho
nghich luu ndi ludi c6 thé sir dung cam bién dién ap co6 @6 nhay thap véi gia thanh thap
nham tang kha ning canh tranh cho thiét bi.

On dinh dién 4p DC

Luan an ciing da dé xuat mot phuong phap MPPT vdi s6 gia bién d6i dé giam do
nhap nhd caa dién 4p DC nham giam s6ng hai cho nghich luu dién mat troi ndi ludi mot
giai doan nhung van dam bao dap tng dong tét. Khi c6 su thay doi cong suat ngo vao, s6
gia dugc diéu chinh lén dé tang dap ung dong. Khi da xac 1ap tai diém cong suat cuc dai,
s6 gia dugc chinh nho lai dé giam do nhap nhod cua ngudn ap DC nham gdép phan giam
s6ng hai ngd ra cua nghich luu ndi ludi. Cac két qua md phong cia phuong phap MPPT
dé xuat da dugc so sanh véi phuong phép sé gia cé dinh da khang dinh sy hiéu qua caa
phuong phap dé xuat.

Cai tién tham sé bd diéu khién

Téc gia da dé xuat phuong phap xac dinh tham sé bo diéu khién st dung giai thuat
t6i wu bay dan PSO nham giam song hai dé gop phan nang cao chat luong dién ning cua
nghich luu néi ludi.

Céac phuong phap dé xuat ciing c6 thé mé rong ap dung cho cac bo diéu khién trong
cac linh vuc khac nhu bo ngudn du phong UPS, bo loc cng suat tich cuc APF, thiét bi
bl D-STATCOM, bo 6n dinh dién ap dong DVR, bo chinh luu ¢6 diéu khién, bo diéu
khién dong co. ..

C4c giai phap dé xuat néu trong luan an déu di dugc céng bd bang cac bai bao khoa
hoc trén cac tap chi va hoi nghi co uy tin trong nudc va quéc té.

Céc két qua moé phong va thi nghiém cuaa cac giai phap dé xuat c6 do tin cay cao.

Ngoai ra, dé kiém tra kha ning ng dung, tAc gia ciing da thyc hién khao sat & phan
phu luc cua luan an doi véi cac phuong phéap de xuat trong ciing mét hé thong nghich luu
noi ludi 3 pha dé khang dinh tinh hiéu qua trong viéc giam song hai caa nghich luu.

5.2 HUONG PHAT TRIEN

~ Be he thdng nghich Ivu ndi lui c6 thé dugc ang dung higu qua va tang kha ning
ché tao cling nhu chuyén giao cdng nghé¢, dé tai can dugc nghién ciu thém cac phan sau:
+ Udc lugng tong tro hé thong dé tang kha nang dieu khién do cd Iap trong trong van
hanh binh thuong ciing nhu khi c6 su 6.
+ Phéi hop diéu khién tan sé ngudn dién trong hé théng micro-grid.
+ iéu khién cong suat phdi hop dé h¢ thong nghich luu ndi lusi c6 kha ning van hanh
nhu mét thiét bi D-STATCOM.
+ Mo rong ang dung cho b loc tich cuc, ngudn du phong, bo on dinh dién ap dong...
+ Nghién citu mo rong tng dung nhleu bo nghich luu hoat dong song song, maé rong cho
cac bo nghich luu da bac cong suat lon.
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