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TOM TAT

Ngay nay, cic ngudn ning luong téi tao, dic biét 1a niang luong mit troi dang nhan
duoc nhiéu sy quan tdm cua cua nha nghién ciru trong va ngoai nuéc. Ngd ra cua cac
tam pin nang lwong mat troi ton tai dudi dang dién 4p mot chiéu. Do d6, dé chuyén doi
dién &p mét chiéu thanh dién ap xoay chiéu trong céc ung dung hoa luéi, hodc diéu

khién dong co, vai tro ctia cac bo nghich lwu ngudn ap 1a rat quan trong.

Ddi véi pin nang lwong mit troi, diéu kién thoi tiét thay d6i lam cho dién &p ngd ra
cua CAc tam pin thay ddi trong mot pham vi rong, mach nghich luu doi hoi phai 1am
viéc & ché do ting/giam 4p dé dam bao bién d6 cua dién ap xoay chiéu ngd ra. Mot
trong nhitng giai phap phd bién dé giai quyét vin dé nay la st dung cac bd nghich luu
hai tang truyén thong. Cau tric nghich luu nay sir dung mot mach DC-DC ting 4p phia
truéc mach nghich Iuu ngudn &p nham ting cudng dién 4p DC-link phia nghich luu khi
dién ap ngd vao co gia tri thap. Tuy nhién, cac cu tric nay con tdn tai cac nguoc diém

nhu: khong cho phép hién tuong triing dan xay ra, hé s ting ap thap.

Nham khic phuc cac nhuoc diém caa cau tric nghich luu hai tang truyén thong,
cau hinh nghich luu ngudn Z duge dé xuat véi cac uu diém nhu: ¢ kha nang ting/giam
dién 4p ngd ra tir mot ngudn DC ngd vao, chdng lai hién twong tring dan. C6 hai dang
chinh caa cau tric nghich luu mot tang: cau tric thu dong va cau trdc tich cuc. Nhin
chung, cdu tric ngudn Z tich cuc ¢é nhitng wu diém vuot troi so vGi cac cau tric con
lai nhu: d6 loi dién ap cao, linh hoat trong diéu khién, d6 gon séng dong dién trén cudn
day thap, sé luong cudn day va tu dién thap. Trong d6, cdu hinh nghich luu tya khoa
chuyén mach ba bac hinh T (three-level quasi-switched boost T-type inverter — 3L-

qSBT21) nhan dugc nhiéu sy quan tam cia cac nha nghién ciu nho cac wu diém cua né.

Céc phuong phap diéu khién da cong bd cho cau hinh 3L-gSBT?I con ton tai nhiéu

khuyét diém nhu: do loi dién &p thap, mat can bang dién thé diém trung tinh, chét



lwong dién ap ngd ra thap. Do d6, luan 4n nay dé xuat giai thuat diéu khién vector
khdng gian (space vector moduation -SVM) cho c4u hinh 3L-qSBT?l nham cai thién
cac nhuge diém nay. Véi giai thuat d& xuit, mach nghich luu hoat dong véi 27 vector
dién ap, tir d6 cai thién dang ké chat lugng dién ap ngd ra. Trong do6, cac vector nho
duoc sir dung dé chén trang thai tring dan nira trén (upper shoot through — UST) va
trung dan nta dudi (lower shoot through — LST) nhdm mé rong hé sé trang dan. Két
qua 1a, do loi dién 4p duoc gia ting dang ké. Tur d6, dién 4p dat trén cac linh kién nhu
tu dién khoa ban dan duoc giam dang ké so voi cac giai thuat khac. Ngoai ra, cac
vector nho ciing duoc lya chon mét cach thich hop nhiam can bang dién thé diém trung
tinh. Vi giai thuat ndy, mach nghich luu c6 thé cai thién hiéu suat 1én dén 2% so véi

giai thuat truyén thong.

Bén canh viéc ting cuong do loi dién &p va can bang dién thé diém trung tinh, dién
4p common-mode (common-mode voltage — CMV) ciing 13 mét trong nhiing van dé
can duoc quan tam khi phat trién mach nghich luu cho cac ung dung hoa ludi hoic
diéu khién dong co. Cu thé, CMV la nguyén nhan chinh tao ra dién ap truc, dong ro, va
nhidu dién tir (electromagnetic interference -EMI) anh huéng xau dén tudi tho cua
dong co ciing nhu van dé an toan cuaa cac hé thong hoa ludi. Do d6, viéc giam bién do

cua CMV la rat quan trong gidp cai thién hoat dong cua mach nghich luu.

Dua trén giai thuat da dé xuat, luan an tiép tuc dé xuat giai thuat giam CMV cho
cau hinh 3L-qSBT?2I. Vi giai thuat nay, cac vector c6 CMV I6n duoc loai bo ra khoi
gian d6 vector khéng gian. Bang cach nay, giai thuat SVM cai tién co thé giam bién do
dinh cua CMV xudng con 50% so Véi giai thuat trude do. Tur do, gia tri hiéu dung ciing
nhu bién d6 s6ng hai c6 tan sé cao ciia CMV dugc lam giam dang ké. Luu y rang, viéc
loai bo cac vector c6 CMV cao khéng lam thay d6i dang séng ngd ra vi cac vector
tring lap s& dugc sir dung thay cho cac vector nay. Do d6, giai thuat SVM dé xuat van

duy tri chat luong dién ap ngd ra bang véi giai thuat trudce do.



Tiép theo, luan an gigi thiéu giai thuat SVM cho 3L-qSBT?I trong trudng hop Xuit
hién su ¢ tai cac khoa ban dan. Ba 15i chinh duoc khao sat 1a: 1) 15i hé mach tai khoa
phia mach ting ap (F1), 2) 15i tai khoa phia trén hoic phia dudi phia nghich luu (F2),
3) 13i tai khoa hai chiéu (F3). Trong dé, 16i F1 va F2 duoc giai quyét bang cach dé xuét
hoat dong hai ting hai bac cho hé théng. Trong khi d6, mach nghich luu van duy tri
hoat dong ba bac vai giai thuat SVM cai tién cho truong hop 15i F3. Ddi véi su ¢ nay,
pha bi 16i hoat dong véi hai bac dién ap ngd ra, pha khong bi 16i hoat dong twong tur
nhu trang thai binh thuong. Ba phuong phap nay c6 thé mé rong dé xu Iy su cd ho
mach va ngan mach tai cac linh kién ban dan va tu dién phia ngudn Z. Ca ba phuong
phap nay déu cai thién dién &p stress trén céc linh kién nhu tu dién va linh kién ban dan
SO Vi cac phuong phép xir 1y 16i da cong bd trude d6. Pac biét, phuong phéap xir 1y 15
hd mach cho khéa phia trén cia mach nghich luu c6 thé giam it nhat 50% bién d6 dién

ap DC-link. Tur d6, giam dang ké dién ap dat caa cac linh kién phia nghich luu.
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ABSTRACT

Nowadays, renewable energy sources, especially solar energy, are receiving much
attention from domestic and foreign researchers. The output of photovoltaic (PV)
panels is DC voltage. Therefore, to convert DC voltage to AC voltage in grid-
connected or motor control applications, the role of voltage source inverters is very

important.

For PV panels, the changing weather conditions cause the output voltage of the
panels to change in a wide range, the inverter circuit requires working in the
buck/boost mode to ensure amplitude of the AC output voltage. One of the common
solutions to solve this problem is to use traditional two-stage inverters. These type of
inverters use a step-up DC-DC circuit in front of the voltage source inverter to boost
the DC-link voltage on the inverter side when the input voltage is low. However, these
topologies still have disadvantages such as: do not allow shoot-through state, low boost

factor.

In order to overcome the disadvantages of the traditional two-stage inverter, the Z-
source inverter configuration is proposed with advantages such as: buck-boost
operation in single-stage conversion, and shoot-through immunity. There are two main
types of single-stage inverter topologies: the passive structure and the active structure.
In general, the active Z source structure has outstanding advantages over the other
structure such as: high voltage gain, control flexibility, low inductor current ripple, low
number of inductors and capacitors. In particular, the three-level quasi-switched boost
T-type inverter (3L-gSBT?l) topology has received much attention from researchers

because of its advantages.

The published pulse width modulation (PWM) methods for 3L-qSBT?I

configuration still have many drawbacks such as: low voltage gain, neutral voltage
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unbalance, low quality of output voltage. Therefore, this thesis proposes a space vector
modulation (SVM) technique for the 3L-qSBT?l to improve these disadvantages.
Under the proposed method, the inverter circuit works with 27 voltage vectors, thereby
significantly improving the output voltage quality. In which, small vectors are used to
insert the upper shoot through (UST) and lower shoot through (LST) states to enhance
the shoot-through duty ratio. As a result, the voltage gain of the inverter circuit is
significantly increased. Having high voltage gain leads to decrease component voltage
rating, significantly. Moreover, small vectors are also selected appropriately to balance
the neutral voltage. With this methhod, the inverter can improve system efficiency up

to 2% compared to traditional method.

Besides increasing voltage gain and neutral voltage balance, common-mode
voltage (CMV) is also one of the issues that need to be considered when developing
inverter for grid-connected or motor control applications. In detail, CMV is the main
cause of shaft voltage, leakage current, and electromagnetic interference (EMI) which
affects the life of the motor as well as the safety of grid-connected systems. Therefore,
reducing the amplitude of the CMV is very important to improve the operation of the

inverter.

Based on the proposed method, the thesis continues to propose a CMV reduction
method for the 3L-qSBT?l. Under this approach, vectors with large CMV are removed
from the space vector diagram. In this way, the modified SVM method can reduce the
peak amplitude of CMV to 50% compared to the previous method. As a result, the
RMS value as well as the amplitude of the high frequency harmonics of the CMV are
significantly reduced. Note that removing vectors with high CMV does not affect the
output voltage because redundant vectors will be used instead of these vectors.
Therefore, the proposed SVM method still maintains the output voltage quality equal to

the previous method.
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Next, the thesis proposes the SVM strategy for 3L-qSBT?I in the case of failure in
semiconductor devices. The three main faults investigated are: 1) open-circuit fault
(OCF) at the boost-side switch (F1), 2) OCF at the top or bottom switches of the
inverter side (F2), 3) OCF at the bi-directional switches (F3). In which, the F1 and F2
are solved by introducing that the inverter operates like a the two-stage two-level
inverter. Meanwhile, the inverter still maintains three-level operation with modified
SVM method for the F3. In F3 fault-tolerant method, the faulty phase operates with
two levels of output voltage, the other healthy phases work like as that in normal
condition. These three methods can be extended to handle open-circuit and short-
circuit faults at semiconductors and capacitors of Z source network. All three methods
improve the voltage stress on components such as capacitors and semiconductor
devices compared with the previously fault-tolerant methods. In particular, the
proposed fault-tolerant method for F2 can reduce the amplitude of DC-link voltage by
at least 50% compared to others. As a result, voltage stress on semiconductor devices

of inverter side circuit is significantly improved.
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NPC Neutral point clamped
3L Three-level

T2 T type inverter

PWM Pulse width modulation
SVM Space vector modulation
ZSl| Z-source inverter
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ST Shoot-through

NST Non shoot-through
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AlS Active impedance source
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FFT Fast Fourier transform
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OCF Open-circuit fault
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MO DAU

1. Ly do chon dé tai

Ngay nay, dudi tac dong cua cua hién twong néng Ién toan ciu, cac ngudn ning
lwong tai tao ngay cang duoc chd trong phat trién. Cac ngudn ning luong méi co thé ké
dén nhu: nang lugng mat troi, nang lugng dia nhiét, nang lugng gid, nang luong thuy
triéu, v.v... Trong cac ngudn ning luong nay, ning luong mat troi duoc sir dung kha
rong rai vi nhitng vu diém nhu: dé dang lip dat tir quy md 16n nhu cac khu cong
nghiép, cac ruong pin ning luong mat troi dén quy mé nhé nhu niang lwgng mat troi ap
mai & cac ho gia dinh, khong yéu cau khic khe vé diéu kién hoat dong nhu cac loai
nang luong khac, v.v... Hé thong pin niang luong mit troi 6 ngd ra ton tai dudi dang
ngudn ap, do d6, nham khai thac duoc c4c ngudn niang luong ndy, cac bd nghich luu
ngudn &p duoc st dung dé chuyén d6i nang lwgng maot chiéu tir cac tAm pin thanh ning
lugng xoay chiéu mot pha hoic ba pha phi hop véi cac thiét bi dién dan dung ciing
nhu cong nghiép hién nay. Ngoai viéc cung cap ning luong cho cac tai xoay chiéu,
nang luong cia cac tam pin ¢ thé dugc xem xét hoa vao ludi dién quoc qua nham

truyén tai dén cac dia diém tiéu thy dién.

Bén canh viéc phat trién caa cac nguén nang luong tai tao, cac phuong tién van tai
sir dung dién ciing dugc chi trong phat trién dé thay thé cho cac phuong tién str dung
xang, dau truyén thong nham 1am giam lugng CO2 phét thai ra méi trudng. Mot trong
nhitng ciu tric quan trong trong hé théng xe dién 1a hé théng dong co dién duoc diéu
khién thong qua bo nghich luu. Trong hé thdng nay, ning luong duoc tich trix tir he
thng pin s& dugc nghich luu thanh nang lugng xoay chiéu ba pha nham diéu khién téc
d6 cua dong co dién. Mac du cac bo nghich Iuu hién tai hau nhu dap tng duoc cac yéu
cau dat ra cho c&c ung dung tir dan dung cho dén céng nghiép, tuy nhién, cac bo nghich
Iwu nady con ton tai mot vai van dé can duoc cai thién nhu sau: kha ning ting/giam ép,

dong rod caa hé thdng, va tinh 6n dinh cia hé théng.



Vi cac vu diém cua bo nghich luu ba bac so véi cac bo nghich lwu hai bac nhu:
hiéu suét cao, sir dung linh kién c6 dién 4p dinh mic thap, mach nghich luu da bac dic
biét 1a bo nghich lIuu ba bac hinh T ngay cang dugc st dung rong rai. Thong thuong
dién &p ngd ra cua bo nghich lwu phai dat dugc cap dién ap phd théng 110V/190V hoic
220V/380V. Tuy nhién, trong cac truong hop dién 4p mot chiéu ngd vao cé gié tri thap
hon bién d6 dinh-dinh cua dién &p xoay chiéu ngd ra, cac bd nghich luu ngudn ap
truyén théng khéng thé tao ra duoc dién 4p ngd ra mong mudn. Giai phap truyén thong
cho cac truong hop ngd vao dién ap thap 1a st dung cac bo chuyén doi DC-DC phia
truéc bo nghich luu. CAc cau hinh nay dugc goi la cac bo nghich Iuu hai tang. Khi nay,
dién ap thap tir ngudn DC ngd vao dugc ting cudng trudc khi cdp cho bd nghich luu
ngudn &p. Tuy nhién, phuong phap diéu khién hé théng sé tré nén phuc tap hon. Ngoai
ra, trang thai tring dan xay ra khi cac khda ban dan trén cting mot pha phia nghich luu
dugc kich dong cung ldc 1a khong dugc phép trong cdc mach nghich luu dang nay.
Trang thai tring dan nay c6 thé dan dén viéc pha hay hé théng néu trang thai nay ton
tai du lau. Ngoai ra, hé sé tang ap thap cua cau trdc DC-DC truyén thong ciing 1a mot
nhuoc diém con ton tai cua cac bo nghich luu dang ndy. Do dé, cac bd nghich luu mot
tang duoc xem xét thay thé cho céc bo nghich luu hai ting truyén thong nhim dem dén
cac wu diém nhu: hoat dong tang/giam &p, cai thién hé sé tang ap, chéng lai hién tuong
tring dan tir d6 ting cuong tinh on dinh caa hé théng. Mic du di trai qua khoang thoi
gian dai phat trién (tir nim 2003 dén nay) cac bo nghich luu mét ting va giai thuat diéu
khién truyén théng van con mot vai han ché nhu: hé sé ting ap thap, mat can bang dién
thé diém trung tinh, dién 4p dat trén cac linh kién cao. Ngoai ra, dong ro cua hé thong
cha yéu duoc sinh ra tir dién 4p common-mon-mode ciing 14 mot van dé can dwoc quan

tdm trong cac bo nghich luu.

Do duogc ciu tao tir cac khda béan dan ciing nhu cac tu dién cdng suét, nén cac bo
nghich luu phai d6i mat véi cac sy cb cua cac linh kién cong suat nay. Cac linh kién

ban dan thuong xay ra hai loai sy ¢6 chinh 1a: su ¢ ngidn mach va sy ¢é hd mach. Sy



cb ngan mach thuong rat nghiém trong, va c6 thé dan dén viéc phéa hay hé thong néu sy
cb xay ra trong thoi gian dai. Do d6, cac hé théng thuong dwoc tam dirng hoat dong vi
ly do an toan khi sy ¢6 ngan mach duogc phét hién. Khac véi su ¢d ngan mach, su ¢b hg
mach thuong it nghiém trong hon. Su ¢ nay thudng dan dén viéc suy giam chat luong
dién nang ngd ra cua bo nghich luu. Véi cac phuong phap thich hop cac sy ¢b hd mach
cd thé duoc khic phuc mét phan hoic hoan toan. Hé théng c6 thé tiép tuc cung cap
nang lugng cho tai cong suat trong trang thai 16i ho mach. Hai phuong phéap chinh
dugc st dung dé giai quyét sy ¢6 hé mach 1a: sir dung nhanh dy phong, sir dung giai
thuat diéu khién thich hop. So véi phuong phép st dung nhanh du phong, phuong phap
st dung giai thuat van to ra vuot troi trong viéc khdng yéu cau thém cac linh kién ban
dan. Tuy nhién, trong trang thai 15i hd mach, phuong phép sir dung giai thuat lam suy
giam bién d6 dién ap ngd ra. Do do, cac bo chuyén d6i DC-DC hoic mach nghich luu
mot tang dugc xem Xét trong trang thai su ¢6 nham phuc hoi bién d6 dong dién ngd ra.
Khi nay, dién &p DC-link cua bd nghich lwu duoc ting cudng it nhat gap hai lan so Véi
trang thai binh thuong dé dam bao dién ap ngd ra. Tuy nhién, diéu ndy lam gia ting
dién 4p dit trén cac khoa ban dan caa bo nghich luu. Dién ap dit 1on truc tiép dan dén
viéc gia ting chi phi va sy kho khin trong qua trinh thiét ké lya chon linh kién. Ngoai
ra, su ¢b hé mach ciing nhu ngan mach xay ra trén tu dién ciing chua dugc xem xét can

than trong céac giai thuat trudc do.

Tir cac 1ap luan trén, trong dé tai: “NGHIEN CUU BQ NGHICH LUU TANG
AP BA BAC HINH T TRONG TRANG THAI BINH THUONG VA SU CO HO
MACH KHOA CONG SUAT”, nghién ctru sinh d& xuét giai thuat diéu ché do rong
xung vector khdng gian cho bd nghich luu ba bac hinh T twa khéa chuyén mach
(Three-level quasi-switched boost T-type inverter - 3L-qSBT?I) nham giai quyét cac
van dé sau: 1) trong trang thai binh thuong giai thuat dé xuat gitp ting cuong do loi
dién &p va can bang dién thé diém trung tinh, 2) dua trén giai thuat dé xuat, mot giai

thuat giam dién 4p common-mode dugc dé xuét, 3) dé xuat giai thuat xt Iy sy cé ho



mach tai cac khoa ban dan ciing nhu tu dién cua bd nghich luu. Véi giai thuat dé xuat,
dién ap dat trén cac tu dién va cac khoa ban dan duoc giam dang ké khi so sanh véi cac
nghién ciru trude d6. Pidu nay gidp cai thién dang ké hiéu suit ciing nhu 1am cho qua
trinh tinh toan thiét ké va lva chon linh kién tré nén dé dang hon. Cac cong thtc trong
trang thai xac lap duoc phan tich va kiém ching bang mé phong ding phan mém PSIM

va thuc nghiém.
2. Muc tiéu va noi dung cuia luan an.

e Xay dung giai thuat khién cau hinh nghich luu mot tang nham giai quyét cac
van dé sau: 1) cai thién do loi dién ap, 2) ting cuong ti sé diéu ché, 3) can bang
dién thé diém trung tinh.

e Xay dung giai thuat giam dién 4p common-mode dua trén giai thuat da nghién
cau trudc do6. Theo @6 bién do dinh-dinh va gia tri hiéu dung cua dién ap
common-mode dugc cai thién so vai giai thuat trude do.

e Xay dung giai thuat xir Iy sy ¢6 hd mach khoa cong suit va céc tu dién. Theo
do, dién ap dat trén cac linh kién trong trang thai 16i duoc cai thién so véi cac

nghién cuu trude do.
3. Nhiém vu nghién cau

e Pau tién, cac cau hinh nghich luu mot tang va giai thuat diéu khién trong trang
thai binh thuong va trang thai xay ra su ¢ duoc nghién ctru sinh khao sat nham
dem dén cai nhin khach quan va tong quat vé tinh hinh nghién cuu.

e Tur d6, nghién ctru sinh tién hanh dé xuat giai thuat gidp cai thién do loi dién ap
va can bang dién thé diém trung tinh cho cau hinh nghich luu mét ting hinh T.

e Duya trén giai thuat cai thién do loi dién ap nay, nghién ctu sinh tién hanh dé
Xuat giai thuat giam dién 4p common-mode cho bd nghich luu.

e Tiép theo, nghién cau sinh tién hanh dé xuat giai thuat xir 1y sy ¢6 hd mach khi



sir ¢6 xay ra tai mot hoic nhiéu khéa ban dan ciing nhu khi sy ¢b xay ra tai tu
dién.
e CAc giai thuat d& xuéat dugc kiém chung bang phan mém mé phong va mé hinh

thuc nghiém.
4. Péi twong va pham vi nghién céu

e Céc cau hinh nghich luu mét tang.

e Ky thuat diéu ché do rong xung vector khdng gian.

e Cic tiéu chi danh gia d6 on dinh, hiéu suat cua cac bo nghich luu.

e M0 hinh mach nghich luu véi cng suat 1kW va tai ba pha thuan tré.

5. Hwéng tiép can va phwong phap nghién ciru
5.1 Huong tiép can

Hudng tiép can théng qua tai liéu: nghién cau sinh tiép can cac cau hinh mach
nghich luu mot tang thdng qua cac nghién ctu dugc cong bd trén thu vién dién tu
IEEE Explore va c4c luan vin thac si, lun &n tién si trong va ngoai nudc nham co
dugc cai nhin tong quan vé tinh hinh nghién ctu, nhitng wu va nhuoc diém cua céc
cong bd trude do. Tir d6, dé xuat giai thuat nham khac phuc cac nhugc diém nay.

Hudng tiép can tir md phong va thuc nghiém: cac mé hinh md phong va thuc
nghiém duogc nghién ctu sinh xay dung trén phan mém PSIM va thuc té nham danh
gia, so sanh giai thuat d& xuat vai cac nghién ciu trude do. Tir d6 co dugc céi nhin
khach quan vé nhimg uu va nhuoc diém cua giai thuat dé xuat.

5.2 Phuong phap nghién ciru

Dya trén muyc tiéu nghién cau caa luan an, mot sé phuong phap nghién ctru cé thé
duoc ap dung trong qué trinh thuc hién luan an co thé ké dén nhu sau:
e Phuong phép phan tich: phuong phap nay dugc thuc hién dya trén cac kién thic

nén tang cua cac cong bd trude d6 vé mach nghich luu mot ting nham dua ra cac



cong thirc toan hoc co lién quan vé d6 loi dién é&p, dién 4p tu, v.v... Ngoai ra, cac
trang thai hoat dong, c&c qua trinh nap xa cua tu dién va cuon day ciing dugc xem
xét nham dem dén céi nhin khoa hoc cho di twong can nghién cau.

e Phuong phap mé phong: tién hanh mé phong cac ly thuyét duoc phan tich bang
cac phan mém chuyén dung nhue MATLAB, PSIM nham budc dau kiém ching céc
phan tich da néu ra.

e Phuong phép thyc nghiém: mach nghich luu c6 cong suat nho cliing véi céc thiét
bi do thich hop duoc str dung dé kiém chang cac ly thuyét va két qua md phong da
dat duoc.

e Phuong phap thong ké va so sanh: phuong phap nay chil yéu duoc sir dung dé
thong ké cac két qua dat duoc (co thé co quy luat va khong cé quy luat) va so sanh
Vi cac cong b trude d6 nham tang cuong tinh thuyét phuc cho luan an.

6. Y nghia thuc tién caa luan an

Mach nghich luu vé6i cac giai thuat dé xuat cd thé dat duoc nhitng wu diém sau: 1)
taing cuong do loi dién &p, 2) can bang dién thé diém trung tinh, 3) giam dién ap
common-mode, 4) duy tri hoat dong caa hé théng trong diéu kién xay ra sy ¢b hd mach
tai cac khda cong suét ciing nhu cac tu dién. Loi ich cua nhitng wu diém nay duoc trinh
bay cuy thé nhu sau:

1) Tang cudng d6 loi dién &p gidp cho bo nghich luu st dung hé sé tring dan thap
hon cac bo nghich luu khac tir d6 giam dang ké ton hao dan cua toan hé théng. Su suy
giam nay 1a nguyén nhan chinh gitp cho bd nghich luu cai thién duoc hiéu suat so voi
cac bo nghich luu ngudn Z twong tu. Ngoai ra, hé s6 tring dan thap co thé cai thién
kich thuéc yéu cau cua cudn day ting ap phia mang ngudn khang. Tir d6, lam giam
kich thuéc caia cudn day trong qué trinh thiét ké va giam kich thudc cua toan hé thong.
Do loi dién ap cao gitp cho bo nghich luu str dung dién 4p DC-link phia nghich luu

thip hon cac cdu hinh trudc d6. Pay 1a nguyén nhan chinh gitp giam dién &p stress



trén céc linh kién. Uu diém nay gilp cho qué trinh thiét ké lva chon linh kién cai thién
Vé gi4 ca va ting cuong do tin cay cua hé théng.

2) Pién ap trung tinh dwoc can bang gilp cai thién tong d6 méo dang (total
harmonic distortion - THD) dong dién ngd ra so vai cac giai thuat trude d6. Uu diém
nay truc tiép 1am giam kich thudc cua bo loc ngd ra cta bo nghich luu. Tir d6 1am giam
kich thudc, gia thanh va ton hao caa toan hé théng.

3) Giam dién 4p common-mode tryuc tiép gitp cho hé thong giam dong ro ddi Véi
cac ung dung dat biét nhu hoa luéi hoic diéu khién dong co. Ngoai ra, giam dién ap
common-mode gilp cho hé thdng giam duoc cac nhidu dién tir (EMI). Diéu nay gilp
cai thién tinh 6n dinh ciing nhu giam bién d6 cac xung dién &p trén cac linh kién béan
dan xuat hién trong qué trinh chuyén mach.

4) Xu ly su ¢6 hd mach cua céc linh kién ban dan va tu dién gitp ting cudng do
tin cay caa hé thong. Poi voi mot vai ung dung quan trong nhu y té, ngan hang, giao
thong, hé thdng c6 thé duy tri viéc cung cp ning luong trong diéu kién sy ¢b co thé
lam giam dang ké cac thiét hai vé ngudi va tai san.

Tir cac wu diém trén, bo nghich luu véi nhitng giai thuat dé xuat thich hop voi cac
tng dung nhu hé thdng ngudn du phong (UPS), tng dung ning luong mit troi hoa
ludi, v.v...

7. B cuc caa luan an

B cuc caa luan an gom 5 chuong duoc liét ké nhu sau:

Chuong 1: Téng quan.

Trong chuong ndy, tong quan vé tinh hinh nghién ctu cac bd nghich luu nguon Z,
c4c giai thuat giam dién 4p common-mode va cac giai thuat xir Iy sy ¢ hé mach cua
cac linh kién ban dan duoc trinh bay.

Chuong 2: Giai thuat vector khong gian d& xuat cho ciu hinh 3L-qSBTZ ting
cudng do loi dién &p va can bang dién thé diém trung tinh.

Trong chuong nay, giai thuat vector khdng gian nham ting cuong do loi dién 4p va



can bang dién &p trén cac tu dién dugc dé xuat cho ciu hinh 3L-qSBT2I. Cac phan tich
vé céch lya chon céc vector thanh phan va tinh toan thoi gian tac dung ciing nhu phan
tich mach trong trang thai 6n dinh s& duoc trinh bay cu thé. Cac két qua thuc nghiém
cling duogc trinh bay trong chuong nay nhiam kiém chimg cac phén tich di néu ra.

Chuong 3: Giai thuat vector khong gian dé xuat cho cau hinh 3L-qSBT?I giam dién
ap common-mode.

Dua trén giai thuat vector khéng gian trinh bay & chuong 3, giai thuat giam dién ap
common-mode dugc phét trién. Cac wu diém cua giai thuat trude dé vé 1) do loi dién
ap cao, 2) THD dién &p day ngd ra thap, va 3) can bang dién thé diém trung tinh van c6
thé dat duoc d6i vai giai thuat nay. Cac két qua thuc nghiém sé dugc trinh bay nham so
sanh dién 4p common-mode gitra giai thuat dé xuat va giai thuat trude do.

Chuong 4: Giai thuat xt Iy sy ¢6 hé mach khoa cong suét.

Cac trudong hop su ¢d tai khoa cong suat cling nhu tai cac tu dién sé duogc thao luan
trong chuong ndy. Céac giai thuat twong wng nham khic phuc cac su ¢b nay ciing duoc
trinh bay cu thé nham duy tri tinh lién tuc trong hoat dong cua bo nghich luu. Cac két
qua thuc nghiém s& duoc trinh bay gitp kiém chtng hoat dong cua cac giai thuat dé
XUt cho cac sy ¢6 tuong (ng.

Chuong 5: Két luan.

Nhitng két qua dat duoc ciing nhu huéng phat trién trong twong lai cta luan an

duoc thao luan trong chuong nay.



Chuong 1
TONG QUAN

Trong chuong nay, t6ng quan tinh hinh nghién ciu vé cac bd nghich lvu ngudn Z
trong trang thai binh thuong va céac giai thuat xu Iy sy ¢d hé mach khoa cong suat da
cong bd dugc trinh bay mét cach cu thé. Pac biét, trong trang thai binh thuong, hai
nhém nghién ciu chinh s& duoc khao sat: 1) tdng quan giai thuat ting cuong do loi
dién 4p va can bang dién thé diém trung tinh, va 2) tong quan giai thuat giam dién ap

common-mode cho cau hinh nghich luu mét tang.

1.1 Tong quan giai thuit ting cwong dd loi dién 4p va can bing dién thé diém

trung tinh.
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Hinh 1.1 (a) Nghich Iuu ngudn Z, va (b) nghich luu tua ngudn Z, (c) cau hinh MZSI.

Trong thoi gian gan day, mach nghich luu nguon Z (Z-source (ZS) inverter — ZSI),
hinh 1.1(a), va cau hinh nghich luu twa nguén Z (quasi-Z-source (qZS) inverter —
qZSl), hinh 1.1(b), dugc tng dung kha pho bién cho cac cau tric nghich luu ba pha ba
bac véi cac wu diém cd thé ké dén nhu: chdng lai hién tugng tring dan (shoot-through
— ST) va hoat dong & ché d6 tang-giam ap [1]-[3]. Trong céc ciu trc nghich luu nay,
trang thai ST duoc tao ra bang cach kich dong tat ca cac khéa cua mach nghich luu
ddng thoi. Vi trang thai nay duoc cho phép st dung chung véi cac trang thai co ban
ciia mach nghich luu trong cac cau hinh nghich luu mot tang nén tinh 6n dinh va do tin

cay cua hé théng duoc gia ting mot cach dang ké [4], [5]. Boi vi cac wu diém nay, céc



c4u hinh ZSI va qZSI ngay cang duoc st dung cho cac tng dung céng nghiép ma chu
yéu 1a cac mach nghich luu hoa luéi trong cac hé théng ning luong mit troi
(photovoltaic — PV) [6], [7].

Nhiam cung cap ning lwong cho cac mach nghich lwu ba bac truyén thdng, céc cau
tric ZS va qZS duoc sira d6i va két hgp mét céch thich hop. Trong céc nghién ciu [8]-
[10], hai mang ZS duwoc ghép tang véi nhau dé cap ngudn cho mach nghich luu ba bAc.
Hai mang nay duoc cung cap tir hai nguén mot chiéu riéng biét hozc tir mot ngudn mot
chiéu co diém giira. Xuat phét tir cong b [8] — [10], su két hop gita mot mang ZS va
mot ngudn DC ¢ diém gitta duoc dé& xuat nham cung cp ba bac dién &p cung cap cho
mach dién phia nghich luu véi s6 lwgng linh kién thap nhat [11] — [13], nhu biéu dién &
hinh 1.1(a). Su két hop nay dugc thuc hién chii yéu tir sy d6i xing cua cau trlc ZS.
Ngoai ra, so sanh véi cau hinh ZS truyén théng, mét diode ciing dugc thém vao nham
dam bao tinh d6i xng ctia cau tric ndy. Tuy nhién, cau hinh ZS c6 dong dién ngd vao
gian doan vi st dung cac diode ngd vao, diéu nay lam gia ting dong dién stress trén
ngudn DC ngd vao. Trong nghién ciu [14], mot cau hinh ZSI cai tién (modified ZSI —
MZSI), nhu biéu dién & hinh 1.1(c), dugc d& xuat nham khac phyc tinh gian doan cua
dong dién ngd vao. Cau hinh nay st dung thém hai tu dién va mot diode so véi cau
hinh ZSI.

So sanh vai cau hinh ZSI, ciu hinh qZSI ¢6 uu diém trong viéc tao ra dong dién
ngd vao lién tuc va 1am giam dugc dang ké dién ap roi trén céc tu dién. Tuong ty nhu
ZSI, cu hinh qZSI ciing duoc xem xét két hop vai cac mach nghich luu ba pha ba bac
truyén théng nham sir dung cac wu diém cua cac mach nghich luu da bac nhu chat
luong dién &p ngd ra tdt, it nhidu dién tr, v.v... [7], [15] — [17]. Khéc véi cau hinh ZS,
cau hinh qZS khong ddi xing. Do d6, hai mang qZS duoc ghép tang véi nhau dé cung
cap dién ap cho mach nghich luu ba bac, nhu biéu dién & hinh 1.1(b). Mot nguon DC
c6 diém gitta duoc két ndi phia ngd vao cho ciu hinh qZSI trong [17]. Trong [7], [15]

va [16], mot nguon DC duy nhat va khong c6 diém gitta duoc két ndi voi mach gZSl.
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Hinh 1.2. Céc c4u hinh nghich luu ba bac twa khoa chuyén mach.

Nhin chung, c&c cau hinh nghich lvu mét ting dang thu dong véi cac dai dién 1a
cau hinh ZSI va qZSI van con ton tai kha nhiéu khuyét diém trong viéc st dung nhiéu
linh kién thu dong nhu cudn day va tu dién lam ting dang ké chi phi va lam giam mat
d6 cong suat caa hé théng. Ngoai ra, hé so ting ap cua cac cau hinh dang thu dong chi
phu thudc vao hé sé tring dan phia nghich luu, tir 6 1am giam tinh linh hoat trong diéu
khién. Dong dién ngd vao khong lién tuc hodc c6 do gon séng dong dién cao ciing 1a
mét trong nhitng khuyét diém kha 16n cua cac cdu hinh dang ndy. Gan day, cau hinh
nghich luu tya khda chuyén mach (quasi-switched boost (qSB) inverter — qSBI) duoc
gidi thiéu nham khic phuc céc han ché con ton tai cua cac ciu hinh nghich luu mot
tang truyén théng [18]. Cu hinh nay st dung thém mot diode va mot khoa ban dan so
véi cau hinh ZSI va qZSl. Tuy nhién, gSBI tiét kiém hon mot cudn day va mot tu dién
S0 Vé&i cac cau hinh thu dong. Trong nghién ctu [19], ciu hinh ba pha ba bac dang
diode kep (neutral-point clamped inverter — NPCI) duoc dé xuat két hop véi cau trdc
qSB, nhu biéu dién ¢ hinh 1.2(a). Twong tu nhu cau hinh qZSlI, ciu hinh gSB khéng
d6i xtng. Do d6, hai mang qSB duoc ghép tang véi nhau nham cung cap ba bac dién
ap cho mach NPCI. C4u hinh nay dugc cung cap tir mot nguon DC c6 diém gitra. Cac
nghién cau [20]-[22] da gigi thiéu cac cau hinh qSBI méi nham giam sé luong linh
kién duoc sir dung trong mang nguon khang so véi nghién ctu [19], nhu biéu dién &

hinh 1.2(b). Cac nghién ciru nay dem dén cac loi ich c6 thé ké dén nhu: 1) cai thién
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duogc d6 lgi cia mach nghich Iuu, 2) cai thién do gon séng dong dién ciaa cuon cam, 3)
can bang duoc dién &p trung tinh.

Mic du ¢ kha nhiéu uvu diém, tuy nhién, van c6 cac y kién trai chiéu vé tinh kha
thi cia cdc mach nghich luu mét tang so vé&i cac mach nghich luu hai tang truyén
théng. Rat nhiéu cac nghién ctru da tién hanh so sanh hai cau hinh nay nhu [23], [24].
Gan day, mot thiét ké toi vu cua cau hinh mot pha ba bac qZSI duoc trinh bay trong
[25] ching minh tinh kha thi caa c&c cau hinh nghich lwu mét ting. Trong nghién ciu
nay, hai mang qZS duoc ghép tang véi nhau nham cap ngudn cho mot mach nghich luu
1 pha 3 bac dang diode kep trong ung dung ndi ludi st dung PV. Hiéu suat chuyén doi
dat duoc 97% chting minh rang néu duoc thiét ké mot cach téi wu cac bo nghich luu
mot tang ciing c6 thé dat duoc hiéu suat tuong duong cac bd nghich Iuu hai tang truyén
théng sir dung mach DC-DC.

Trong cac mach nghich luu mot tang, hai van dé chinh can duoc dac biét quan tam
1a: do loi dién &p va su can bang dién p trén cac tu dién, bai vi ching 12 nguyén nhan
truc tiép anh huong dén dién ap dat trén céc linh kién, hiéu suat chuyén do6i va chat
luong dién ap ngd ra. CO rat nhidu nghién ciru tap trung vao viéc ting cuong do loi
dién ap ciing nhu hé s ting ap cho mach nghich luu mot tang nhu [14], [20] — [22].
Trong cac cau hinh nay, hé sé tang ap phu thuoc vao hé sé cong tac cua trang thai ST.
Thong thudng, dé khdng anh huong dén hoat dong cua cac vector tich cuc, trang thai
ST duoc chén vao cac vector khdng nham ting cudng dién ap trén thanh cai (DC-link).
Trang thai nay duoc goi 1a trung dan toan phan (full-ST — FST). Ngoai ra, trong mét s6
cau hinh, trang thai tring din nua trén (upper-ST — UST) va tring dan nira dudi
(lower-ST — LST) ciing dugc xem xét dé thay thé cho trang thai FST. Khac véi trang
thai FST, cé4c trang thai UST va LST duoc xem xét dé chén vao cac vector nho thay vi
vector khdng. Nghién ctu [14] da ting cuong hé sé ting ap 1én gap hai lan cac cau
hinh nghich luu mét tang truyén théng [1], [3], [4], [7]-[13], [15]-[17], bang céch st
dung UST va LST. So sanh véi nghién ctiru [14], mot gia tri twong ty cho hé sé tiang ap
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cling da dat duoc trong nghién cuau [20] - [22].

Ddi v6i van dé can bang dién ap trén cac tu dién, c6 hai phuong phap chinh da
dugc &p dung: 1) sir dung phuong phap diéu ché do rong xung thich hop hoic sir dung
cac bo diéu khién vong kin, 2) st dung cau hinh c6 kha ning tu can bang dién ap trén
c4c tu dién. C6 khéa nhiéu cong bd st dung phuong an 1 cho viéc can bang dién thé
diém trung tinh [13] — [15], [20], [26] — [29]. Phuong phép diéu ché vector khéng gian
ao dugc dé xuat trong nghién ciru [26] — [29] duoc xem nhu mdt trong nhiing giai phap
can bang khdng su dung cam bién dién &p. Y tuong chinh cua cac nghién ciu nay la
viéc tao ra gié tri trung binh caa dong dién trung tinh bang khong trong mdi chu ky
chuyén mach, tir d6 can bang duogc dién ap trung tinh. Tuy nhién, cac nghién ciu nay
khong xem xét dén anh huang cua mach ngudn khang va hoat dong tang/giam ap 1én
van dé mat can bang dién ap trén céc tu dién. Do d6, nghién ciru ndy khd cé thé tng
dung cho céc cau trdc nghich lwu mot tang. Gan day, cac nghién ciu [13] — [15], [20]
d3 trinh bay cac phuong phap cin bang dién &p trén cac tu dién cho cau hinh nghich
lru mot tang. Cong bd [20] sir dung bo diéu khién PID nham thay doi thoi gian tac
dung cuia cac khoa tich cuc phia mach ting ap dé can bang dién thé diém trung tinh. Sai
sb gitra cac gia tri dién 4p cua tu dién duoc xem xét nhu 13 ngd vao cua PID. Tuy
nhién, khi cac hé sd nay bi thay doi, hé sb ting ap ciing s& bi anh huong. Trong nghién
ctru [13], thoi gian tac dung cta cac vector nho dang P va dang N s& duoc thay ddi tly
thudc vao gia tri thuc cua dién ap trén cc tu dién nham can bang dién thé diém trung
tinh. Tuy nhién, céc vector nho ciing duoc sir dung dé chén cac trang thai UST va LST.
Do d6, viéc thay doi thoi gian cua cac vector nho dan dén viéc hé sb tiang ap bi anh
huong. Nhu duoc dé cap trong [13], tbe do phuc hdi trang théi can bang cang nhanh thi
hé s tang 4p cang bi anh huong. Bat loi ndy ciing 1a nhugce diém trong phwong phap
dugc dé cap trong [14]. Xuat phat tir chudi xung dugc dé xuat trong [16], nghién ciu
[15] d& xuét viéc thém mét vector nho dang P hoac N nim & 1an can ving hoat dong

nham giai quyét vin dé can bang dién 4p diém gitra. Nhin chung, hé s tang ap trong
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nghién ctru nay khéng bi anh huong baoi viéc sir dung trang thai FST thay vi UST va
LST. Tuy nhién, thoi gian tac dung cua vector duwoc thém vao dugc tinh toan kha phuc
tap. Ngoai ra, thoi gian tac dung cua céc vector nay kha nho dan dén toc do can bang
kha cham. Nghién ctru [22] trinh bay phuong phép thtr 2 cho viéc can biang dién &p trén
cac tu dién. Bang viéc ndi song song hai tu dién trong trang thai ST, dién ap gitra
ching c6 kha ning tu can bang ma khéng can sir dung cam bién. Tuy nhién, viéc ndi
song song hai tu dién s& sinh ra dong dién stress c6 cudng d6 rat 16n qua céac linh kién
ban dan. Do d6, khi str dung c4u hinh ndy, cac linh dién phai duoc lwa chon véi dong
dién dinh mic cao hon rat nhiéu so véi cac ciu trac twong tu.

Nhin chung, c&c gidi thudt va cau hinh da néu trén cd mét sé bat lgi chinh nhu
sau: 1) do loi dién &p thap, 2) phwong phdp cdn bang tu con kha nhiéu han ché nhw
tinh toan phutc tap, dnh huwong dén dé loi cua hé théng. Do dé, ludgn &n trinh bay met
phwong phdp diéu ché vector khong gian (Space Vector Modulation — SVM) nham cdi
thién cdc nhwoe diém nay [30]. Cdau hinh nghich lwu 3 pha 3 bdc twa khoéa chuyén
mach hinh T (3L-gSBT21), hinh 1.2(b), dwoc chon lam doi twong dé &p dung gidi thugt
dwge dé xudt. Trong gidi thudt nay, cac vector nhé duwoc sir dung dé can bang dién thé
diém trung tinh va chén cac tragng thai UST va LST nham tdng cuong do loi cho mach
nghich luu. Cdc két qud du kién cd thé néu ra nhw: 1) cdi thién dé lgi cua mach nghich
liew, 2) dién &p trén céc linh kién nhe, 3) gidi thudt can bang don gian va hiéu qud,
khéng anh hurong dén hoat déng tanglgiam ap cua mach nghich leu.

1.2 Tong quan giai thuat giam dién 4p common-mode cho cdu hinh nghich luu

maot tang

Pién 4p common-mode (common-mode voltage — CMV) la mét trong nhing vén
dé quan trong cua nhitng bd nghich luu ngudn ap. CMV 1a nguyén nhan chinh dan dén

dong ro, dién &p truc, dong qua 6 bi cua dong co, va nhiéu dién tir [31], [32].
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CMV

Hinh 1.3 M6 ta vé dién 4p common-mode trong mach nghich luu 3 bac hinh T.

Nghién ctu [33] da trinh bay phuong phap diéu khién du doan cho mach nghich
Iru ba bac hinh T (three-level T-type inverter — 3L-T2l) nham giam CMV va cén bang
dién ap trung tinh. Trong nghién ctu nay, hai vector gan nhat c6 gia tri CMV thap
duogc sir dung dé tao ra vector dién ap tham chiéu. Tuy nhién, phuong phap nay rat kho
dé c6 thé dung cho cac mach nghich luu ngudn Z vi viéc chén trang thai ST vao chudi
vector la rat kho tai mot vai ving hoat dong cua gian d6 vector khong gian dé xuat. Bé
giam bién do cia CMV, cong bd [34] sir dung vector khdng, vector trung binh va
vector Ion dé tong hop vector dién ap ngd ra. Véi phuong phéap nay, bién do cia CMV
dugc giam dén hai 1an so véi phuong phap truyén théng. O nghién ctu [15], mot
vector nho c6 bién @6 CMV thap dugc thém vao chudi xung dé can bang dién ap trung
tinh ma khéng 1am anh hudng dén bién do dinh cia CMV cia bo nghich luu. Tuy
nhién, gia tri hiéu dung cia CMV ¢0 su gia tang nho khi sir dung thém céc vector nho
nay. Trong cong b [15], [16], hoat dong tang/giam ap cua bd nghich luu duge dam
bao nho su hé tro cua trang thai FST phia mach nghich luu, trang thai ndy duoc xem
xét chén vao vector khong dé khong 1am anh hudng dén hoat dong cua cac vector tich
cuc khéc. Tuy nhién, hé sé ting ap cta hai nghién ctiu nay con thap. Nghién ciu [35]
trinh bay phuong phiap SVM nham triét tifu CMV cho cau hinh 3L-gSBT2I. Trong
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nghién ctru nay, vector khong va cac vector trung binh dwgc dung dé tong hop vector
dién &p tham chiéu. So sanh vai nghién ciu [15], [16], phuong phap ¢ [35] ¢6 uu diém
trong viéc lam giam d6 gon song dong dién qua cudn day, cai thién do loi dién &p va
bién d6 CMV. Tuy nhién, chat lvong dién &p ngd ra cua nghién cau [35] thi thap hon
nghién ctu [15], [16]. Ngoai ra, chi s6 diéu ché cua phuong phap [35] bi gidi han va
thip hon cac nghién ciru & [15, [16]. Nghién ctu [30] c6 thé cai thién do loi dién ép,
dién ap dat trén céc linh kién, va chat luong dién ap ngd ra so voi cac phuong phap &
nghién ctu [15], [16], [35]. Tuy nhién, bién d6 CMV cua nghién ctu [30] thi I6n hon
cac nghién ctru trude do. Trong [30], hai trang thai UST va LST dugc sir dung thay cho
trang thai FST nham ting cudng do loi dién &p va cai thién chat lugng dién ap ngd ra.
So sanh vai [30], nghién ciu [36] c6 thé dat duoc cling mot gia tri do loi dién ap. Tuy
nhién, bién do dinh cia CMV dugc giam di %2 1an so vai nghién cau [30]. Mot nhugc

diém con ton tai ciia nghién ciu [36] 1a dién ap ngd ra co6 ¢6 méo dang song hai cao.

Nhin chung, cac nghién cizu da céng bé vé viéc giam CMV cho cac cdqu hinh
nghich luu nguon Z con ton tai mét s6 nhuwoc diém nhw sau: 1) tinh todn phirc tap, 2)
chdt lwong dién &p ngd ra thdp, 3) dé loi dién &p thap. Nham ké thira wu diém vé do loi
dién &p cao va chdt lwong dién ap ngd ra cao da gidi thiéu ¢ nghién cizu truede dé [30]
va cdi thién bién @6 CMV, ludn &n trinh bay phwong phdp diéu khién SVM nham giam
CMV. Tdt ca cac vector tgo ra gia tri CMV cao sé duoc logi bé khéi gidn do vector
khong gian. Cac vector véi bién dg CMV thdp duwoc sir dung dé tao ra vector tham
chiéu. Trong phwong phdp nay, cdc vector nhé Van dwoc sir dung dé chén céc trang

thai UST va LST nham ting cuong dién ap phia nghich heu.
1.3 Téng quan giai thuat xir Iy sw cé6 hé mach

Trong thoi gian gan day, cac mach nghich luu dya trén céc linh kién ban dan hoat
dong & tan sé cao thu hit nhiéu nha nghién ctu trén thé gisi vi cac uu diém caa chdng

c6 thé ké dén nhu: mat do cdng suat cao, chat lugng dién &p ngd ra tdt, hiéu suat cao,
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v.v... Tuy nhién, nhitng linh kién ban dan nay cé thé ddi mat véi cac su ¢d lam giam
d6 tin cay caa hé thdng. Trong mot vai tng dung doi hoi tinh lién tyuc trong viéc cung
cap niang luong nhu trong cac hé théng giao thdng cong cong, hé thdng y té thi céc sy
cb nay co thé dan nhitng thiét hai nghiém trong. Do d6, cac bd nghich luu can dugc
thiét ké dé hoat dong trong trang thai khoa ban dan gip su ¢ nham nang cao tinh 6n
dinh cua hé thong. Su cb cua khoa ban dan cé thé duoc chia thanh hai loai chinh: su ¢
hd mach khoa cdng suat (open-circuit fault — OCF) va sy ¢d ngan mach khoa cong suat
(short-circuit fault — SCF) [38] — [45]. Nguyén nhan dan dén céac su ¢6 OCF va SCF da
duoc trinh bay khé chi tiét trong cac nghién ctu [43] — [45]. Nhin chung, su ¢é SCF thi
nghiém trong hon su ¢c6 OCF va thuong dan dén viéc pha huy hé théng vi cac su cd
SCF thudng tao ra dong ngan mach rat Ién. Hé théng thuong dugc nging hoat dong
khi su ¢ SCF dugc phat hién nham bao vé céc linh kién chua gap su cd. Cac mang
ngudn Z thudng dugc cai dat phia trudc cac bo nghich luu ngudn ap thong thuong
nham gidi han bién do cua dong ngan mach sinh ra bai su ¢b SCF tai cac khoa ban dan
phia mach nghich luu [46] — [48]. Piéu nay giup cho hé théng co thém thoi gian dé
phan &ng véi cac su cé SCF. Khéc vai su ¢d SCF, cac bo nghich luu co thé tiép tuc
hoat dong khi su c6 OCF xay ra véi cac phuong phap thich hop. Do d6, nhiéu nha
nghién cau trén thé gioi da tap trung phét trién cac phuong phap sira 16i OCF cho cac
bd nghich lwu. Cac phuong phap chuin doan va khic phuc sy ¢6 OCF dugc trinh bay
cu thé trong cac nghién ctu [49] — [67]. Cac nghién cau [49] — [51] trinh bay cac
phuong phéap gitp chuan doan su cd OCF mét cach nhanh chong va chinh xac. Pac
biét, cong bd [49] c6 thé chuan doan su ¢ OCF trong vong 10 ps.

Céc phuong phap xtr Iy su ¢6 OCF thudng dugc phét trién cho mach nghich luu 3
bac hinh T (3L-T2l). Trong cau hinh nay, su ¢ OCF c6 thé xay ra tai khoa ban dan
phia trén/duéi hoac khéa ban dan hai chiéu. Su c6 OCF tai khoa hai chiéu thuong tao
ra su suy giam nhe cua chat luong dién ap ngd ra va sy mat can bang dién 4p tai diém

trung tinh. Su ¢é nay cé thé duoc giai quyét bang cach thay doi phuwong phap diéu ché
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d6 rong xung [52] — [54]. M6t cach don gian, pha xuit hién sy cb dugce dé xuat hoat
dong ¢ ché do hai bac, trong khi cac pha con lai van duy tri hoat dong & ché do ba bac.
Pic biét, nghién ctu [52], [53] trinh bay phuong phap xir Iy su ¢ OCF tai khoa hai
chiéu nhim can bang dién thé diém trung tinh. Khi su ¢ OCF xay ra tai khoa ban dan
phia trén hodc phia dudi cua mach 3L-T?l, ban ky duong hoic am cua dién ap tai bi
méat. Diéu nay 1am gia ting THD cua dong dién tai mot cach nghiém trong. Hé théng
bat budc phai dirng hoat dong néu khong c6 phuong phap giai quyét thich hop. Hai
phuong phap chinh nham khac phuc sy ¢ nay co6 thé duogc liét ké nhu sau: st dung
thém phan cang [55] — [61] hoic thay doi phwong phap diéu khién [62] — [67]. St dung
hai mach nghich luu song song 14 phuong phap don gian nhat dé khoi phuc hoat dong
ctia mach nghich luu khi sy c6 OCF xay ra tai mot hodc nhiéu khda ban dan [55] —
[57]. Tuy nhién, phuong phap nay sir dung kha nhiéu linh kién ban dan. Mot phuong
phap khéac c6 thé xem xét 1 viéc sir dung mot nhanh du phong bén canh mach nghich
luu chinh [58] — [61]. Trong nghién ctu [58] va [59], mot nhanh nghich luu hinh T
duoc cai dit phia truéc mach 3L-T?l. Trong trang thai hoat dong binh thuong, khoa
ban dan hai chiéu cua nhanh du phong duoc kich dan lién tuc nham néi diém trung tinh
cua ngudn dén mach chinh. Khi xay ra su ¢, khda hai chiéu nay dugc kich ngat dé
cach ly diém trung tinh ciia ngudn va mach chinh. Khéa ban dan hai chiéu ciia mach
chinh va khoa trén va dudi cia nhanh dy phong duoc sir dung dé thay thé khda ban dan
gap su c6. Khi nay, mach nghich luu hoat dong ¢ ché do hai bac. Nghién ctiu [60] va
[61] trinh bay mot nhanh du phong mé&i cho mach 3L-T2l. Nhanh du phong nay duoc
CAu tao tir hai khda ban dan tich cuc va sau diode. Mach 3L-T2 duoc sira doi bang
cach st dung thém sau diode dé két hop véi nhanh dy phong nay. Trong trang thai su
cd OCF, mach nghich luu nay ciing dugc dé xuat hoat dong ¢ ché do hai bac. Nhin
chung, phuong phap sir dung phan ciing c6 kha nhiéu vu diém nhu: dam bao duoc bién

d6 dién ap ngd ra, khic phuc duoc su c6 OCF tai mot hodc nhiéu khéa ban dan. Tuy
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nhién, phuong phap nay yéu cau thém kha nhiéu linh kién. Ngoai ra, cac bd nghich luu

nay chi hoat dong duoc ¢ ché do giam ap.
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Mach DC-DC 3 bac truyén théng Mach hinh T truyén théng E Mach loc thong thap va tai
Hinh 1.4 Cau hinh TLB-T?I [68].

Ngoai phwong phap st dung phan cimg, phuong phap thay doi giai thuat diéu
khién bo nghich luu ciing dugc xem xét [62] — [67]. Giai thuat truyén thdng kich dan
khoa ban dan hai chiéu cua pha bi su ¢ dé tao ra dién ap 0-V & ngd ra [62], [63]. Hai
pha con lai dugc diéu khién véi tin hiéu diéu ché dugc diéu chinh nham phuc hoi dién
&p ba pha trén tai. Nghién ciu [64] st dung khoa ban dan hai chiéu va khoa phia dudi
dé khoi phuc hoat dong cua pha bi 15i. Khi 4p dung phuong phap [64], hoat dong cua
mach nghich Iuu giam tir ba bac vé hai bac. Cac phwong phap [62] — [64] khong yéu
cau thém phan cimg, tuy nhién, bién do dién ap ngd ra giam hai 1an so véi trang thai
binh thuong. Néu dién ap ngd vao khong du I6n, cac mach DC-DC c6 thé dugc sir
dung phia trugc cac bo nghich luu nham phuc hdi bién do dién &p ngd ra trong trang
thai su ¢ OCF. Vi du, cau hinh nghich luu ba bac hinh T tang ap (three-level boost T-
type inverter — TLB-T2I) duoc biéu dién nhu hinh 1.4 [68] c6 thé duoc sir dung cho
phuong phép [62] — [64] dé duy tri bién do dong dién tai trong trang thai binh thuong

va 15i. Bén canh cac mach nghich luu hai ting, cAc mach nghich luu mét ting c6 thé
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duogc stir dung véi muc dich twong tu [65] — [67]. Pac biét, nghién cuu [67] trinh bay
phuong phap khic phuc s ¢6 OCF cua tat ca cac khoa ban dan tich cyuc trong ciu hinh
3L-qSBT2I. Phuong phap duoc dé cap trong [67] thé hién wu diém trong viéc tao ra
dién ap roi trén cac linh kién nho hon [65], [66].

Trong cac mach nghich luu mét ting [65] — [67], chi sé diéu ché bi gisi han va
ludn bé hon 1. Do d6, cac cau hinh ndy yéu cau maot gié tri rat 16n cua dién ap ngd vao
phia nghich luu dé tao ra dién 4p ngd ra theo yéu cau. Piéu nay lam ting dién ap roi
trén cac linh kién ciing nhu giam hiéu suat cia hé thong. Pac biét, trong phwong phap
stra 16i hé mach khda phia trén hoic phia dudi caa mach 3L-T?I, dién ap dat trén céac
khoa nay ting 1én rat nhiéu so voi trang thai binh thuong. Ngoai ra, cic phuong phap
PWM truyén thdng chwa xem xét su c6 OCF/SCF xay ra tai cac khoa ban din phia
mach DC-DC ciing nhu su ¢c6 OCF cua nhiéu khoa xay ra cing luc va sy c6 OCF cua
cac tu dién.

Tir cac phan tich trén, lugn an trinh bay phwong phdp PWM gidi quyét s co
OCF/SCF cuia mach TLB-T?l nham khdc phuc cde nhwoe diém con ton tai cia cac
phirong phdp truyén théng. Uu diém cia phirong phdp dwoc dé xudt c6 thé duoc liét ké
nhiw sau : 1) giam dién dp dat trén cac linh kién, 2) khdc phuc dwoc mét hogc nhiéu
OCF cua céc khoa ban ddn, 3) khdc phuc dwoc SCF cua céc linh kién ban ddn phia

mang nguén khang, 4) khdc phuc diwoc OCF tai tu dién phia mang ngusén khang.
1.4 Két luan chuwong 1

Chuong 1 di trinh bay khai quat vé cac nghién ciru d& cong bd vé mach nghich luu
mot ting va céc giai thuat diéu khién tuong tng. Nhin chung, cac nghién cau nay co
nhiéu wu diém nhu: hoat dong ting/giam &p, can bang dién thé diém trung tinh,
giam/triét tiéu dién 4p common-mode, xtr Iy duoc sy ¢d khda cong suat. Tuy nhién, cac
wu diém nay chi xuat hién riéng lé trong cac cau hinh riéng biét va kho cé thé két hop

vé6i nhau. Ngoai ra, do loi dién 4p caa mach nghich luu trong cac cau hinh con thap dan
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dén viéc gia ting dién 4p dat trén cac linh kién 1a mét trong nhitng bét loi cua cac cong
b da liét ké. Tur cac phan tich trén, luan an dé xuat giai thuat diéu khién vector khong
gian cho cau hinh 3L-qSBT2l hay con goi 1a TLB-T2I gidp cai thién cac nhuoc diém

con tén dong cua cac nghién ciru trude d6 nhu sau:

- Dau tién, phuong phap diéu khién giup ting cudng do loi dién 4p va can bang
dién thé diém trung tinh duoc dé xuat. V6i phuong phap nay, dién ap dat trén cac linh
kién duoc cai thién dang ké, tir d6 1am ting hiéu suét chuyén ddi cua bo nghich luu.

- Dua trén phuong phap da dé xuat, giai thuat vector khéng gian cai tién gidp
giam bién d6 cua CMV dugc dé xuat. V6i giai thuat ndy, bién do dinh-dinh ciing nhu
gia tri hiéu dung cia CMV duoc cai thién dang ké so voi phuong phap trude do6 ma
khong lam anh huéng dén cac vu diém da dat duoc nhu: d6 loi dién 4p cao, THD cua
dién &p ngo ra thap.

- Dé xuat phuong phap xu ly sy ¢d hd mach/ngan mach linh kién ban dan va tu
dién cho cau hinh TLB-T?2I. Vi giai thuat dé xuat, dién ap ngd vao bo nghich luu duoc
giam dang ké so voi phuong phap trude d6. Tir do, dién ap dat trén cac linh kién cia bo

nghich lwu duogc cai thién so véi cac cong bd trude do.
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Chuong 2
GIAI THUAT SVM PE XUAT CHO CAU HINH
3L-qSBT?l

2.1 C4u hinh 3L-qSBT?l

Hinh 2.1. Cau hinh 3L-qSBT2I.
Hinh 2.1 biéu dién cau hinh 3L-qSBT2l. Cau hinh nay bao gom hai phan chinh
gém mang nguén khang (qSB) duogc theo sau boi mach 3L-T2I truyén thdng. Cau hinh

3L-T2I cho phép tao ra ba gia tri dién ap tai ngd ra A, B, C bang cach kich déng thich
hop 3 khda ban dan Six, Sax, va Ssx (X = A, B, C), trong d6, khoa Syx 1a khéa hai chiéu
duoc thanh 1ap bang cach két néi néi tiép hai khoa ban dan riéng biét. Ba gia tri dién ap
tai ngd ra 1a +Ven/2, 0, va -Ven/2 duoc biéu dién boi cac trang thai P, O, va N, Vey la
dién &p trén thanh cai DC-link. Cu thé, gia tri +Ven/2 duoc tao ra tai dién p cuc Vxo
khi khoa Six dan, nhu biéu dién & hinh 2.2(a). Khi kich dan khoa Sxx, diém “O” sé&
dugc két ndi truc tiép dén ngd ra, do do, dién &p cuc Vxo dat gi4 tri 0-V, nhu hinh
2.2(b). Khda Ssx dugc kich dong nbi diém N phia mang ngudn khang dén ngd ra 1am
cho dién 4p Vxo dat gié tri -Ven/2, nhu hinh 2.2(c). Bo loc 3 pha gom cudn day Lt va tu
Ct duogc lap dat phia sau mach 3L-T2l nham lam giam bién d6 cua cac thanh phan hai

tan s cao ¢ ngo ra.
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Hinh 2.2. Trang thai P, O, N ctia mach 3LT?l.
Mang ngudn khang dugc cau tao tir 1 cudn day Ls, 2 tu dién Cp va Cy, 2 khda ban
dan Sp va Sn, va 4 diode, nhu mé ta & hinh 2.1. Viéc sir dung duy nhat 1 cudn day ting
&p cho phép cau hinh nay khai thac t6i da hiéu qua caa trang thai tring dan, cy thé s&

dugc néu rd ¢ phan sau.
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Hinh 2.3. Cac ché d6 hoat dong cua 3L-qSBT?I (a) NST 1, (b) NST 2, (c) NST 3, (d)
NST 4, (e) UST, (f) LST.
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Tuong ty nhu cac cau hinh nghich lvu mét tang khac, cau hinh 3L-qSBT2l hoat
dong & hai ché @6 chinh la ché d6 tring dan (ST) va ché d6 khong trung dan (NST),
duoc md ta trong hinh 2.3. Tuy nhién, trong ché do ST, hai trang thai tring dan nua
trén (UST) va tring dan nira dudi s& duoc sur dung thay cho trang thai tring dan toan
phan (FST) dé tang cudng dién 4p DC-link, hinh 2.3(e) va 2.3(f). Hai trang thai nay s&
dugc chén vao cac vector nhé dang N va P nhiam khoéng 1am anh huéng dén dién ap
ngd ra cua mach nghich luu. Dé giai thich hoat dong cia mach nghich luu khi chén
UST/LST, c6 thé gia sir rang hai trang thai UST va LST duoc chén vao céac vector nho
[OON] va [POO], cu thé dugc md ta nhu sau.

Tuong ty nhu cdc mach 3L-T?I thong thuong, khi trang thai [OON] duoc tao ra,
cac khoa Sza, Sz Va Ssc & duge kich dong dong thoi. Khi do, ngd ra A va B dugc ndi
Vvé6i diém trung tinh ngudn “O” trong khi ngd ra C dwoc ndi véi diém “N”. C6 thé thiy
rang, tu dién Cn can thiét cho viéc tao ra hai trang thai “O” va “N” tai ngd ra, trong khi
tu dién Cp khong dong vai tro trong viéc tao nén dién ap ngd ra. Do do, trong trang thai
nay, su c6 mat hoac khéng c6 mat cua tu Cp trong mach cong suat sé khong thay doi
dién ap day ngd ra caa bo nghich luu. Dé chén trang thai UST vao vector [OON], céc
khoa Six cua pha dang hoat dong & trang thai “O” sé dugc kich dong cung vai khda Sy,
nhu duoc mo ta trong hinh 2.3(e). Cu thé, khi mach hoat dong & trang thai [OON], bén
canh viéc kich dong cac khoa Sza, Szs, Sac nhu cac mach nghich luu truyén thong, cac
khoa Sia, Sis va khoa Sy ciing s& dong thoi duoc kich dong dé tao nén trang thai UST.
Khi nay, tu dién Cp bi mat két ndi véi mach dién vi diode D2 bi phan cuc nguogc. Tuy
nhién, diéu ndy s& khong thay do6i dién ap day ngd ra cua b nghich luu. Dién ap trén tu
Cn duy tri hoat dong cua bd nghich luu bang viéc dam bao hai trang thai “O” va “N”
tai ngd ra. Cuon day Lg duoc tich trir nang lugng tir dién ap ngd vao Vc.

Tuong tu nhu trang thai UST, khi trang thai [POO] duoc tao ra, cac khoa Sia, Sos
va Sac & duoc kich dong ddng thoi. Khi d6, ngd ra A duoc ndi véi diém “P” phia mang

ngudn khang, trong khi ngd ra B, C duoc néi véi diém trung tinh nguon “O”. C6 thé
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thdy rang, tu dién Cp can thiét cho viéc tao ra hai trang thai “P” va “O” tai ngd ra, trong
khi tu dién Cn khong dong vai tro trong viéc tao nén dién ap ngd ra. Do do, trong trang
thai nay viéc ngat két ndi tu Cn trong mach cong suat s& khong thay doi dién ap day
ngd ra cua bd nghich luu. Dé cheén trang thai LST vao vector [POO], cac khoa Ssx cua
pha dang hoat dong ¢ trang thai “O” s& dugc kich dong cung vai khda Sp, nhu dugc mo
ta trong hinh 2.3(f). Cu thé, khi mach hoat déng & trang thai [POO], bén canh viéc kich
dong cac khoa Sia, Sog, Szc nhu cac mach nghich luu truyén théng, cac khoa Sss, Sac va
khoa Sp ciing s& duoc dong thoi kich dong dé tao nén trang thai LST. Khi nay, tu dién
Cn bi mét két ndi véi mach dién vi diode Ds bi phan cuc ngugc. Tuy nhién, diéu nay sé
khong thay doi dién ap day ngd ra cua bo nghich luu. Dién ap trén tu Cp duy tri hoat
dong cua bo nghich luu bang viéc dam bao hai trang thai “P” va “O” tai ngd ra. Cuon
day Ls duoc nap ning luong tir nguén DC ngd vao V.
bién ap cua cudn day Ls trong trang thai UST va LST dugc tinh toan nhu sau [30]:
di g
® dt
Tuong ty nhu nghién ctu [20], trong ché do NST, khoa Sp va Sn dugc kich dan

L =V, (2.1)

thich hop nham ting cudng dién 4p DC-link ciing nhu cai thién dong dién qua cudn
day. TUy vao céc trang thai ciia Sp va S, ¢6 thé chia ché do NST thanh 4 ché do nho la
NST 1, NST 2, NST 3 va NST 4, nhu hinh 2.3(a) — 2.3(d).

Trong ché do NST 1, khoa Sp dugc kich dan, trong khi d6 khoa Sy duoc kich ngit.
Tir d6, phan cuc thuan cac diode D2, D3 va D4 va phan cuc nguoc diode D1. Trong ché
d6 nay, cuon cam Lg va nguon Vg nap cho ty dién Cy, trong khi tu Cp cung cap ning
lugng cho tai. Pién 4p dat trén cudn day Le dugc biéu dién nhu sau [20]:
di g
dt
Trong ché d6 NST 2, khda Sp duoc kich ngit trong khi khéa Sy duoc kich dong.

Ly —B =V, —Vg, (2.2)

Tir d6, phan cuc thuan cac diode D1, D2 va D3 va phan cuc nguoc diode Ds. Trong ché
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d6 nay, cuon cam Ls va ngudn Vg nap cho tu dién Cp, trong khi tu Cn cung cip ning
luong cho tai. Pién 4p dat trén cudn day Ls duoc biéu dién nhu sau [20]:

di g
dt
Trong trang thai NST 3, hai khda Sp va Sy dong thoi dugc kich dan. Khi dé, cac

L, —B =V, —Vg (2.3)

diode D va D3 duoc phan cuc thuan trong khi cac diode D1 va D4 bi phan cuc nguoc.
Trong ché do hoat dong nay, cuon cam Lg dugc nap nang luong tu nguén Ve, trong khi
hai tu Cp va Cn cung cip nang luong cho tai. Pién ap dat trén cudn day Ls duoc biéu
dién nhu sau [20]:

di g
dt
Trong trang thai NST 4, ca hai khda Sp va Sy duoc kich ngat ddng thoi. T4t ca cac

(2.4)

I—B = Vdc

diode dugc phan cuc thuan. Trong trang thai nay, cudn day Lg va nguon DC ngd vao
nap cho hai tu dién. Dién ap dat trén cudon day Ls duoc biéu dién nhu sau [20]:

di g
dt
Trang thai déng/ngit cua 3L-qSBT?l & ché do NST va ST dwoc md ta nhu bang

L, (2.5)

= Vdc _VCP _VCN

2.1.
Bang 2.1 Trang thai hoat dong cua mach 3L-qSBT?l. (X = A, B, C)

Chéds | Khoa dan Diode dan Vis Vxo
NST1 Sp D2, D3, D4 Vde-Ven +Vpn/2, 0, -Vpen/2
NST?2 SN D1, D2, D3 Vac-Vep +Vpn/2, 0, -Vpen/2
NST3 Sk, Sn D,, D3 Vdc +Vpn/2, 0, -Vpen/2
Six +Vpn/2
NST4 Sox D1, D2, D3, Da | Vgc-Vep-Ven 0
Sax -Vpn/2
UST Six, S2x, Sn D1, D3 Vdc 0 or -Ven/2
LST Sox, Sax, Sp D2, D4 Vic 0 or +Vpn/2
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2.2 Giai thuit diéu ché vector khong gian dé xuit

Sector‘l_II
s AV 7,
NPNATZTON T NN
Sector IIT /, * Sector I
OPO\/ I3 : Z
NPG, NON
Tis

Sector V

Hinh 2.4. Gian d6 vector khdng gian cho giai thuat dé xuat.

Cong thic bién d6i abc/ap duoc biéu dién nhu sau [70]:

V. \F 1o | e
V| N30 V32 312

VBO
VCO

(2.6)

MJi pha ciia mach nghich luu c6 thé tao ra 3 trang thai tai ngd ra (“P”, “O”, “N”).

Do d6, c¢6 27 t6 hop trang thai ngd ra cua ba pha. Bang céach sir dung bién doi abc/ap

nhu cong thirc (2.6), 27 t6 hop nay c6 thé dugc biéu din trén hé truc toa d6 of nhu

hinh 2.4. Phuong phap SVM d¢ xuat chia gian do vector trén thanh 6 phan nho (sector

| — sector VI), mdi phan duoc chia thanh 4 viing nhé (region 1 — region 4), nhu biéu

dién & hinh 2.4. Ty thudc vao vi tri ciia vector dién ap tham chiéu V., ma 3 vector lan

can s& dugc chon dé tong hop vector ndy. Trong phan tiép theo, thoi gian tac dung,

chudi xung, cach chén trang thai UST va LST, phan tich mach trong trang thai 6n dinh

va phuong phap cin bang dién &p trung tinh s& duoc trinh bay cu thé. Nham don gian

hda qua trinh phan tich, ving thir 2 ciia sector | s& dugc chon lam vi du dé phan tich.
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2.2.1 Tinh toan thoi gian tac dung

Gia sir vector dién &p tham chiéu V., nam trong ving 2 cua sector 1. Khi do, 3

vector 1an can V,, V,, va V, duoc st dung dé tong hop vector tham chiéu theo cong

thirc sau [30]:

T, =t +t +t,

Trong do: \7ref la vector dién ap tham chiéu; \71 \72 la cac vector nho; \77 la vector
trung; ta, to, tc lan luot Ia thoi gian tac dung cua V;, V., va V,; Ts 1a chu ky chuyén
mach cta mach nghich luu.

Cac vector Vi, V,, V., va vector tham chiéu V., duoc biéu didn nhu sau [30]:

V. =1//3MV,, "
V, =1/3V,, &'°

V, =1/3V,, e

V, =1/~/3V,, e

(2.8)

Trong d6: Ven la bién do dinh cua dién ap trén thanh cai DC-link dat dugc trong

trang thai khong tring dan; M 1a chi s6 diéu ché.

Véi M < 1, bién d6 16n nhit cua vector dién &4p ngd ra bang véi bién do cua vector
trung. Khi nay bién d¢ dinh cuc dai cta séng hai bac 1 dién ap pha duoc tinh todn nhu
sau [30]:

Vv Ly (2.9)

x,peak,max:\/g PN

Thay phuong trinh (2.8) vao phuong trinh (2.7), thoi gian cua cac vector thanh
phan dugc tinh toan nhu sau [30]:
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t, =T, —2MT,sin(0)
t =2MT sin(@+ 7z /3)-T, (2.10)
t. =T, —2MT_sin(z / 3-6)

Tuong tu, thoi gian tic dung cta cac vector thanh phan khi vector dién ap tham
chiéu nim & céc ving khac ciing c6 thé duoc tinh todn mot cach d& dang. Bang 2.2 liét
ké thoi gian tac dung cua 4 ving thude sector 1. Céc sector khac ciing c¢6 thé &p dung

phuong phap twong tu dé tinh toan thoi gian tac dung.

Bang 2.2. Thoi gian caa cé4c vector thanh phan cua sector .

Vung ta th tc
1 2MTssin(n/3-0) Ts-2MTssin(z/3+6) 2MTssin(O)
2 Ts— 2MTssin(6) 2MTssin(z/3+6)-Ts | Ts—2MTssin(z/3-6)
3 2MTssin(O) - Ts 2MTssin(n/3-0) | 2Ts—2MTssin(z/3+6)
4 | 2Ts—2MTssin(n/3+06) 2MTssin(6) 2MTssin(n/3-6)-Ts

2.2.2 Lwa chon chudi xung dé can biang dién thé diém trung tinh

f@gd Za 7.
Zb
1
Sv ‘sAw."\'
Zc ON [)4 ‘ ﬁo(rd ZC‘
(a) |POO] ( b) [ONN]

Hinh 2.5. Anh huong cua vector nho dang P va N 1én dién ap trén cac tu dién (a)
vector nho dang P [POQ], (b) vector nhé dang N [ONN].
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Nhu dugc biéu dién trong hinh 2.4, mdi vector nho déu ton tai hai trang lap 1a
vector nho dang P va vector nho dang N. Hai vector trung lap nay tao ra cung mot gia
tri dién ap day ngd ra. Do d6, viéc thay thé cac vector tring lap nay cho nhau khong
lam anh huéng dén dién &p ngd ra. Tuy nhién, mdi vector tring lap lai ton tai cac anh

huong 1én dién &p trung tinh khéac nhau. Cu thé dugc mé ta nhu sau:

Xem xét vector nho V;, vector nay ton tai hai trng lap 1a vector nhé dang P [POO],

va vector nhé dang N [ONN]. Hai vector nay déu tao ra cac gia tri +Ven/2, 0 va -Vpn/2
tai cac dién ap day Vae, Vec, Veca. Tuy nhién, chiéu cua dong dién trung tinh io s& khac
nhau cho mdi trudng hop. Tir d6 anh hudng dén sy mat can bang dién thé diém trung
tinh. Hinh 2.5 m6 ta chiéu dong dién chay qua céc tu dién va chay vao diém trung tinh

trong trang thai NST 4 khi &p dung dang P va dang N cua vector nho \71

Xeét vector nho [POO], hinh 2.5(a), dong dién chay vao hai tu dién va trung trinh

ngudn dugc tinh toan nhu sau [30]:

iCP T iIoad
i 2.12)

lo = ~hoag

Trong d0: icp, icn, io, ilad, iL 1an luogt 1a dong dién qua tu Ce, Cn, dong trung tinh,

dong twong duong phia nghich luu va dong qua cudn day Le.

C6 thé thay rang dong dién chay qua tu Cp 6 gia tri nho hon dong chay qua tu Cn.
Do d6, dién p trén tu Cp S& c6 xu hudng ting chadm hon dién ap trén tu Cy, gia sir rang
hai tu dién c6 cung dién dung. Ngoai ra, dong dién trung tinh mang gié tri &m cling mot

lan nira chizng minh cho luan diém nay [26].

Tuong ty, khi vector [ONN] duoc sir dung nhu hinh 2.5(b), cac dong dién qua tu

dién va trung tinh ngudn dugc tinh toan nhu sau [30]:
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len = iL - iload (2.12)

IO = IIoad

Dua vao phuong trinh (2.12), ¢6 thé chirng minh ring, viéc st dung vector nho
[ONN] lam cho dién &p trén tu Cp c6 xu hudng tang nhanh hon dién ap trén tu Cn. Cac
luan diém nay ciing dung véi cac vector dang P va N khéc va cac ché do hoat dong
khac cua cau trdc 3L-qSBT?I.

Dua trén céc phan tich trén, viéc can bang dién thé diém trung tinh cé thé duoc
chia thanh hai truong hop nhu sau: 1) dién ap tu Cp I6n hon dién ap tu Cn, 2) dién ap tu

Cn 16n hon dién ap tu Cp.

Déi voi truong hop 1, Vep > Ve, céc vector nho dang P s& duoc sir dung thay cho
c4c vector nho dang N nhim ting cudng dién &p tu Cn va giam dién ap tu Cp. Khi nay,
chudi xung cua bd nghich luu cho ving 2 cua sector I duoc xac dinh nhu sau: [PPO]-
[POO]-[PON]-[POO]-[PPQO] va lap lai.

Déi véi truong hop 2, Vep < Ven, cac vector nho dang N s& dugc sir dung thay cho
cac vector nhé dang P nham ting cudng dién 4p tu Cp va giam dién ap tu Cn. Khi nay,
chudi xung cia bd nghich Iuu cho ving 2 ctia sector I duoc xac dinh nhu sau: [ONN]-
[OON]-[PON]-[OON]-[ONN] va lap lai.

Nhim dam bao dic tinh ting giam &p cta bo nghich luu, cac trang thai UST va
LST duoc chén vao chudi xung di néu trén, duoc biéu dién nhu hinh 2.6. Phuong phap
chén UST va LST di duoc dé cap chi tiét trong phan 2.1.

Nhu duge dé cap trong phan 2.1, trang thai UST va LST c6 thé duoc chén vao cac
pha dang hoat dong & trang thai “O”. Tuy nhién, trong phuong phap dé xuit, pha
khdng c6 sy chuyén mach trong cac vector nho s& dugc chon dé chén trang thai UST

va LST nham giam tén hao do chuyén mach. Vi du, trong hinh 2.6(a), pha A ludn hoat
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dong & trang thai “O” ddi véi cac vector nho trong khi pha B xuat hién hai chuyén
mach tir “O” sang “N” va nguoc lai. Do d6, chi pha A dugc chon dé chén trang théi
UST. Tuong ty nhu vay pha C s& duoc chon dé chén trang thai LST cho chudi xung
hinh 2.6(b). C6 thé thay rang, dién ap cua tu Cp tang trong khi dién p trén tu Cy giam
cho truong hop chudi xung hinh 2.6(a) duoc ap dung. Nguoc lai, dién ap trén tu Ce
giam trong khi dién &p tu Cn ting cho trudng hop chudi xung trén hinh 2.6(b) dugc
chon. Piéu nay gilp can bang dién thé diém trung tinh ma khong anh huéng dén hé sé
tang ap cua bo nghich luu. Uu diém nay co6 thé duoc giai thich bai vi hai trang thai
UST va LST tao ra cing mot dién ap trén cudn day Ls. Nham ting cuong hé sé ting ap
va cai thién chat luong dong dién qua cudn cam, tin hiéu NST 3 duoc dich pha 90° so
véi tin hiéu UST/LST phia mach 3L-T2l. Ngoai ra hé s6 cong tac cua khoa Sp va S
cling duoc ma rong thanh Do.Ts/2.

Icﬂ/ N — N — N~ IST/ N — N —
— T
VC(P) T‘ Vep o —
T 0 T
Ven o
\s/\ P p VCNT —
0 TJ4 £ ?/ T i o! T DoTS2
SP = 05 Sp ' . ol
o —— E— Nisall— Hessel plis:
¢ : 3 | i, Duld2 t N 3 | 3 D/ T2 : D T2
S NS | oL [ —
Al 1 L DuT2 ! ‘ Al T
0 0 P 0 0 P 0 oLP P P P P P P PP
t
0 B
gl NJ o 0 0 N 0 0 o[NIT oLP O 0 0 P 0 0 of[P
0
8 N | N N N N N N N | Nt clEsT []o N 9 LsT _1]o N o[fLsT
L4 A G2 t/4 /2 /4 2 /4 t/4 A A )2 t/4 t/2 L4 42 /4 /4
TS TS
W=ust  H=nsT3 (@ =LsT  [Ml=NsT3 (b)

Hinh 2.6. Chudi xung dugc dé xuat cho ving 2 sector I, UST, LST va xung kich cho

khoa Sp, Sn ciia mang ngudn khang.

Chudi xung va pha chén trang thai UST va LST cho cac viing con lai c6 thé xac

dinh bang cach tuong tu. Cu thé duoc biéu thi nhu bang 2.3 nhu sau:
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Bang 2.3. Chudi xung va pha chén UST/LST cho giai thuat dé xuat.

Sector | Ving Chudi xung Pha chén UST/LST
. Vci< Ve | [ONN]J-[OON]-[O00]-[OON]-[ONN] va lap lai A
Veai>Ve: | [PPOJ-[POO]-[000]-[POO]-[PPO] va lp lai C
, | _Ver<Ve | [ONN]-[OON]-[PON]-[OON]-[ONN] v Igp lai A
| V>V | [PPOJ-[POO]-[PON]-[POO]-[PPO] va lap lai C
2 Vi<V | [OON]-[PON]-[PPN]-[PON]-[OON] va lap lai B
Ver> Ve [PPO]-[PPN]-[PON]-[PPN]-[PPO] va lap lai C
. Vei<Ve, | [ONNJ-[PNN]-[PON]-[PNN]-[ONN] va lap lai A
Vei>Ve | [POOJ-[PONJ-[PNN]-[PON]-[POO] va lap lai B
. Vci< Ve | [NONJ-[OON]-[O00]-[OON]-[NON] va lap lai B
Ve >Ve: | [PPOJ-[OPO]-[000]-[OPO]-[PPO] va lap lai C
X Vci<Ve | [NONJ-[OON]-[OPN]-[OON]-[NON] va lap lai B
' V>V | [PPO]-[OPO]-[OPN]-[OPO]-[PPO] va lap lai C
2 Vci<Ve | [NONJ-[NPN]-[OPN]-[NPN]-[NON] va lap lai B
Ve >Ve, | [OPOJ-[OPN]-[NPNJ-[OPN]-[OPO] va lap lai A
. Ve <Ve | [OON]-[OPN]-[PPN]-[OPN]-[OON] va lap lai A
Ve > Ve [PPO]-[PPN]-[OPN]-[PPN]-[PPO] va lap lai C
. Vci< Ve | [NONJ-[NOO]-[O00]-[NOO]-[NON] va lap lai B
Vei>Ve: | [OPP]-[OPO]-[000]-[OPO]-[OPP] va lp lai A
X Vci<Ve | [NONJ-[NOOJ-[NPOJ-[NOOJ-[NON] va lap lai B
" Vci>Ve, | [OPP]-[OPO]-[NPO]-[OPO]-[OPP] va lap lai A
2 Veai<Ve, | [NOOJ-[NPOJ-[NPP]-[NPO]-[NOO] va lip lai C
Vi > Ve [OPP]-[NPP]-[NPO]-[NPP]-[OPP] va lip lai A
. Ve <Ve, | [NONJ-[NPN]-[NPO]-[NPN]-[NON] va lap lai B
Vei>Ve, | [OPOJ-[NPO]-[NPN]-[NPO]-[OPO] va lip lai C
. Vei< Ve, | [NNOJ-[NOOJ-[000]-[NOO]-[NNO] va lap lai C
Ve >Ve, | [OPP]-[OOP]-[000]-[OOP]-[OPP] va lip lai A
X Vci<Ve | [NNOJ-[NOOJ-[NOP]-[NOOJ-[NNO] va lap lai C
" Vcai>Ve, | [OPP]-[OOP]-[NOP]-[OOP]-[OPP] va lzp lai A
2 Vei<Ve, | [NNOJ-[NNP]-[NOP]-[NNP]-[NNO] vé lap lai C
Ve >Ve, | [OOP]-[NOP]-[NNPJ-[NOP]-[OOP] va lap lai B
. Ve <Ve | [NOOJ-[NOP]-[NPP]-[NOP]-[NOO] va lap lai B
Vei > Ve [OPP]-[NPP]-[NOP]-[NPP]-[OPP] va lap lai C
. Vei< Ve, | [NNOJ-[ONOJ-[000]-[ONO]-[NNO] va lap lai C
Ve >Ve, | [POP]-[OOP]-[000]-[OOP]-[POP] va lap lai B
) Vci<Ve | [NNOJ-[ONO]-[ONP]-[ONO]-[NNO] vi lap lai C
v Vai>Ve, | [POP]-[OOP]-[ONP]-[OOP]-[POP] va lap lai B
2 Vcai<Ve, | [ONOJ-[ONP]-[PNP]-[ONP]-[ONO] va lip lai A
Vi > Ve [POP]-[PNP]-[ONP]-[PNP]-[POP] va lap lai B
. Ve <Ver | [NNOJ-[NNPJ-[ONP]-[NNP]-[NNO] va lap lai C
Vei>Ve, | [OOP]-[ONP]-[NNP]-[ONP]-[OOP] va lip lai A
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. Ve <Ve, | [ONNJ-[ONOJ-[000]-[ONOJ-[ONN] va lap lai A
Va>Ve, | [POP]-[POO]-[000]-[POO]-[POP] va lip lai B

) Ve <Ve, | [ONN]-[ONOJ-[PNO]-[ONO]-[ONN] va lap lai A

Vi Ve >Ve, | [POP]-[POO]-[PNO]-[POO]-[POP] va lip lai B
2 Ve <Ve, | [ONNJ-[PNN]-[PNO]-[PNN]-[ONN] va lp lai A

Ve >Ve, | [POOJ-[PNOJ-[PNN]-[PNOJ-[POO] va lip lai C

. Vai<Ve | [ONOJ-[PNOJ-[PNP]-[PNOJ-[ONO] va lap lai c

Ver > Ve [POP]-[PNP]-[PNO]-[PNP]-[POP] v4 lip lai B

2.2.3 Phan tich trang thai xac lap

Thai gian tac dung cua céc trang thai UST va LST duoc diéu khién bing nhau va
dugc dinh nghia bang hé sé Dsr, va hai trang thai nay duoc goi chung la trang thai ST
trong sudt qua trinh phan tich. Luu y rang, diéu nay khong lam anh huong dén tinh
dung din cua céc cong thirc duoc ching minh phia sau vi hai trang thai nay tao ra cuing

mot gid tri dién ap trén cuon day Le.

Dua vao cac ché do hoat dong duoc trinh bay trong phan 2.1 va gian d6 xung
duoc trinh bay trong hinh 2.6, c6 thé xac dinh thoi gian tac dung cua cac ché do NST
va ST nhu sau. Tong thoi gian ton tai cta ché d6 NST 1 1a (Do — Dst)Ts/2, trong mdi
chu ky séng mang. Tong thoi gian caa trang thai NST 2 bang véi tong thoi gian cua
trang thai NST 1, (Do — Dst)Ts/2. Ché do NST 3 va ché d6 ST ¢4 thoi gian ton tai bang
nhau va duoc xac dinh 1a Dst.Ts. Thoi gian con lai cia mot chu ky chuyén mach 1a (1 -
Do — Ds7)Ts. Thoi gian nay ciing 1a thoi gian tc dung cia ché do6 NST 4. Gia str, cac tu
dién Cp va Cn CO gia tri du Ion dé dien ap dat trén céc tu dién 1a hang s6 trong suét qua
trinh hoat dong, va Vcp = Ven =Ve. Khi nay, do dién ap trung binh trén cuon day Ls
bang khong trong mdi chu ky song mang, nén dién ap roi trén cac tu dién duoc tinh
toan nhu sau [30]:

Vg =Vgp =V =V, /(2-3Dg; — D) (2.13)

Trong do:

Ve, Ven: dién &p trén céc tu dién Cp va Ch.
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Vc: dién ap DC ngd vao.
Dst: hé s triing dan.
Do: hé s6 mé rong cua hai khoa Sp va S.

Hé sé tang ap (B) cua mach nghich luu dugce dinh nghia nhu sau [30]:
B - \ 2

= (2.14)
Vdc 2- 3DST o Do
Gia tri dinh cta dién ap pha ngd ra dugc xac dinh nhu sau [30]:
2 2 M-V
Vg = =MV == (2.15)
e J3 J3 2-3D, - D,

Do loi dién ap (G) cua bd nghich luu dugc tinh todn nhu sau [30]:

Vw4 M (2.16)

"V, /2 3 2-3D -D,

Nhu duoc dé cap trong phan 2.1, c4c trang thai UST va LST dugc chén vao cac

vector nho, ma tong thai gian nho nhét caa cac vector nho trong mdi chu ky séng mang

c6 thé duoc xac dinh 13 2(1 — M)Ts, dua vao bang 2.2. Do d6, dé khong anh hudng dén

cac ché do khac ciia mach, thoi gian tac dung cua trang thai UST va LST phai nho hon

thoi gian tac dung cua céc vector nho. Vi thé méi quan hé giira Dst va M duoc xac dinh
nhu sau [30]:

D, =2x(1-M) (2.17)

C6 thé thay rang, trong khi cac giai thuat truyén thdng sir dung gia tri cuc dai cua

hé sb trung dan 1a (1 — M), giai thuat dé xuét c6 thé ting cudong gap doi hé sé tring dan

Vi cling mot chi s6 diéu ché. Tir d6 gitip gia ting hé s ting ap va do loi dién &p, gidp

khai thac triét dé chi s6 diéu ché.

M&i quan hé giira hé s Do va hé sé tring din Dst duoc biéu dién nhu sau [30]:
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D, <D, <1-D (2.18)

Hé sb cong tac Do duoc thay ddi trong doan [Dsr, 1-Dst] gitip cho bd nghich luu
linh hoat hon trong qua trinh diéu khién hé s6 tang 4p. Khi ap dung gié tri Dst cho hé
s6 Do, mach nghich luu dat duoc gi4 tri nho nhét cia do loi dién ap nhu sau. Luu y
rang hé sb trung dan duoc cuc dai hoa va bang 2(1 — M).

6 _2_M
™ J34M -3

(2.19)

Khi &p dung gia tri 1 — Dst cho hé s Do, gia tri cuc dai cua do loi dién ap dat
duogc nhu sau [30]:

4 M

Goex = = =2G,, 2.20
" J34M -3 (2:20)

min

2.2.4 Giéi han ciia hé s6 cong suit tai khi sir dung giai thuat dé xut

IPN [A] LA — —p IPN [A] ILA]
8 8 "'\_
4 4 i I NST : - | H
) = I J ______________ . ( |
: i ]
IPM-IPN_ST [A] absu[R.&]‘N abs(RC)) (4] o IPNIPN_ST [A) abs{i{RA)) [4] RB)) [A abs(RC)) [4]
. . | I B Y
4 I S I S—
2 2 o
0 [/ S S L L
KD2)[A) IL[A) n ID2) [A] IL[A) =
8 &
6 6
4 4
2 2
0 H 10
0.98 0.985 =loo 0.995 | 0988 0.98805 0.9881 0.98815 09882
Time (s) Time (s)

Hinh 2.7. Két qua mé phong khi Ve = 210-V, tai RL 20Q - 20mH.
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Dua vao cac ché do hoat dong trinh bay trong phan 2.1, trong ché d6 NST, dong
dién cua diode D2 dugc xac dinh nhu sau:
| =1

y (2.21)

D2,NST L PN,NST

Trong d6: lp2nst 1a dong dién cua diode D2 va Ipnnst 1a dong dién twong duong
phia nghich luru trong trang thai NST.

Hinh 2.7 trinh bay két qua md phong cua giai thuat dé xuat véi ngd ra két néi voi
tai RL c6 gia tri 20-Q va 20-mH. O dang song phong to cua dong dién twong duong
phia nghich Iuu ey, €6 thé thay rang, lpn dat duoc gié tri 1. trong trang thai UST/LST.
Trong trang thai NST, dong dién cuc dai cua lpnnst bang gia tri cuc dai cua gia trj tuyét
d6i dong dién tai, nhu biéu thi ¢ hinh 2.7. Do d6, gié tri cuc dai cua lpnnstmax €O thé
duoc xac dinh nhu sau:

|

=1 = 2P, / (3C0S XV o) (2.22)

PN,NST ,max X, peak

Trong d6: Po la cdng suat ngd ra, cose 1a hé s6 cong suat cua tai, Ixpeak 14 bién do

dinh cua dong dién ngo ra.

Dong dién trung binh cua cudn day tang ap chinh la dong dién ngd vao cua bo
nghich luu. Gia sir, cdng suat tén hao trén mach 1a khong dang ké, &p dung quy tac can
bang cong suat, dong dién cua cudn day ting ap co thé tinh toan sau:

| =P, /V, (2.23)

Thay (2.22) va (2.23) vao (2.21), c6 thé tinh toan dong dién nho nhét cua diode D>

nhu sau:
ID2,min :\%_g PO (224)
dc cos @ va,peak

Pé khong anh huong dén cac ché do hoat dong dugc phan tich ¢ trén, dong dién
cua diode D2 trong trang thai NST phai I6n hon 0-A. Khi nay hé sé cose cua tai dugc

tinh toan nhu sau:
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2 V 4
l., >0 cosp>——9€ —_— 2.25
D2,min ¢ BG ( )

X, peak

2.2.5 Lwa chen linh kién cho cau hinh 3L-qSBT?I.

2.2.5.1 Lwa chon cugn day va tu dién.
Dua vao (2.1), dd gon song dong dién qua cudn day Lg dugc tinh toan nhu sau:

Al :\% (2.26)
B

Trong do6: AlL — do gon song dong dién qua cudn day Le.

Cudn day Lg duoc lya chon sao cho AlL < x%I. véi x% 1a phan tram d6 gon séng

t6i thiéu cho phép caa cuon day.

L, > YeDsrTs 2.27)
2x%I,
Trong trang thai NST 3, hai tu dién Cp va Cn Xa nang lugng vai dong dién cua hai
tu dién duoc xac dinh la — Ipn. Do @6, dién ap trén tu dién giam vaéi do gon song dong
dién duoc tinh toan nhu sau:

IPN DSTTS _ I PN DSTTS

AV, = AV, = =
cP CN 2C, 2C,,

(2.28)

Khi nay, tu dién duoc lya chon sao cho AVc < y%Vc, vai Y% 1a phan trim d6 gon
song dién &p cho phép cua dién ap trén tu dién.

> IPN DSTTS — I PN DSTTS
2Y%Vop  2y%V,

C.=C, (2.29)

2.2.5.2 Lwa chon linh kign ban dan.

Tuong tu nhu cac mach nghich luu mot tang truyén thong, cac diode va khda ban

dan tich cuc phia mang ngudn khang va phia nghich luu dugc thiét ké dé dan dong dién
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tring dan trong trang thai UST/LST. Do d6, dong dién qua céc linh kién nay duoc lya
chon nhu sau:
I,=1, (2.30)

Trong d6: Is va Ip — dong dién qua khda ban dan tich cuc va diode.

Pién ap dit trén diode va khoa ban dan Sp, Sy va khda ban dan hai chiéu Sxx phia
mach nghich luu duoc thiét ké voi dién ap dat 1a ' dién 4p DC-link. Trong khi do,
khoa ban dan Six va Ssx phia nghich luu dugc lya chon véi dién 4p dit 1a dién ap DC-

link. Bién ap dat trén cac diode va khoa tich cuc dugc trinh bay nhu cong thirc sau:

{Vsp =Vsy =Voyx, =Vp =Vpy /2 (2.31)
Vex1 = Vsxs = Ve
2.2.6 Piéu khién vong kin cho 3L-qSBT?I.
Xac dinh Sector Cén bing dién ap trung tinh
va Vl]ng Bang 2.2
’ e a
%‘_»ab Ve A\ | Sector Tg’glr: el
Ve af /7 A Vung dung . fhhlff:; PWM
VCP xung —.'Sla
Ven '
_.'Ssa
" | Pidu khién di¢n 4p Chon pha
DC-link chen
Ve B UST/LST —Se
. - Gioi |Do —
VPN—> Pl iy han SN

Phuwong trinh 2.18
Hinh 2.8. Biéu khién vong kin cho 3L-qSBT2I véi giai thuat dé& xuat.
Pé cau hinh 3L-qSBT2I ¢c6 thé hoat dong duoc trong cac diéu kién khac nhau ma
van dam bao céc gia tri thdng sé ngd ra yéu cau, mot phuong phap diéu khién vong kin
don gian duoc thyc thi cho giai thuat dé xuat. Theo do, viéc diéu khién dién &p ngd ra

duoc chia thanh hai phan chinh: 1) diéu khién dién ap trén thanh cai DC-link va 2) diéu
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khién dién ap ngd ra. Bo diéu khién PI dugc sir dung dé dat duoc cac yu cau nay.

Hinh 2.8 trinh bay so d6 téng quét ciia phuong phap diéu khién dé xuat.

Duya vao (2.14), dién ap DC-link, Ven, duoc diéu khién théng qua hé sé trang dan,
Dst va hé s6 Do. Hé sb Dst ¢ hé s tac dong 1a 3 trong khi hé s6 tac dong cua Do 12 1,
do d6 viéc thay d6i Dst s& dan dén sy dao dong I6n ¢ dién 4p DC-link, trong khi d6 d6
dao dong cua Ven sé thip hon khi st dung Do cho viéc diéu khién. Ngoai ra, giGi han
cua Do 16n hon Dst, nén viéc diéu khién ciing s& duoc thuc hién d& dang hon. Do do,
trong phuong phéap nay, Dst s& duoc ¢ dinh bang hang sé trong suét qué trinh hoat
dong. Theo d6, hé s6 Do s& duoc tinh toan dua vao sai s giira dién ap DC-link mong
muon (Vo ) Va gié tri thuc té Ven. Luu y rang, dién ap DC-link s& c6 dang xung vuéng
do viéc 4p dung trang thai ST, nén dién &p DC-link khong thé truc tiép hoi tiép vé bo
diéu khién. Thay vao d6, dién 4p trén hai tu dién s& duoc hoi tiép vé bo diéu khién, sau
d6 dién 4p DC-link s& duoc tinh bang tong dién ap trén hai tu dién. Bo diéu khién PI
duogc sir dung dé toi thiéu hda sai s6 giira gia tri DC-link mong mudn va gia tri thyc té.
Ngd ra cua bo Pl, y, dugc giéi han bang phuong trinh (2.18) dé dam bao Do khdng
vuot ngoai cac gia tri cho phép. Khi dién ap Ven duoc dat duoc gia tri mong mudn,
dién ap tai ngd ra co thé duogc diéu khién thdng qua viéc sir dung chi sé diéu ché thich

hop. Qué trinh nay, khéng can st dung cac bo diéu khién vong kin.

Tir gia tri mong muén cua dién ap tai ngd ra, co thé xac dinh vector dién &p tham
chiéu trén hé truc toa d6 af bang cach st dung bién doi abc - af nhu phuong trinh
(2.6). Sau khi xac dinh vector tham chiéu, diém mUt caa vector nay duoc st dung dé
xac dinh vi tri cta no (sector va vung hoat dong). Thoi gian tac dung cta cac vector lan
can duogc tinh toan dua trén bang 2.2. Gia tri tirc thoi cua dién ap trén hai tu dién duoc
so sanh véi nhau nham quyét dinh chudi xung dwgc chon, va pha dugc dung dé chén
trang thai UST/LST.

Cudi cung, tit ca cac gia tri Do, chudi xung chuyén mach, trang thai UST/LST
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dugce dua dén bo tao xung kich cho cac khéa ban dan. Khi nay, c6 thé néi ring mach
nghich luu d3 dugc diéu khién mot cach tong quat nham dat duoc dién &p ngd ra mong

mudn va can bang dién ap trén cac tu dién.

2.3 So sanh giai thuat dé xuat va cac nghién ciru da cong bd.

10 : , 6

o [20] ":Be xuat 5| -

8 | &7/ 141 22 1 L e
i AL 122 7 e dai | S 4 Dbexuat [22]  Se<
< O .
=7 Cuc ti€u = 2
84' { & 1 ;

3t a v

2| O —-.] [14]

1 N T ) S S R

05 0.6 0.7 08 0.9 1 1 2 3 4 5 6
Modulation index, M Do loi dién ap, G
(a) (b)

5 , 5 : :
) [20] [20]
3 [14], ‘[22] Zm o [2?]

3 xué ; > Déxuat

%ﬂ3_ bé XU?t f 3 ¢ X}la
.2 <
2ol [13],[15] 7, a2l
NS p
<8- .‘§'
Al A1

0 0

3 4 5 6 1 2 3 4 5 6
b0 loi dién ap, G Do lgi dién &p, G

(©) (d)
Hinh 2.9. (a) M va G, (b) G va dién ap cua tu dién, (c) G va dién ap roi trén diode, (d)

o

G va dién 4p roi trén khoa phia mang ngudn khang.
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Nham 1am ndi bat cac vu diém cua giai thuat dé xuat, mot sd cac nghién ctu da
cdng bb vé& mach nghich luu mot tang va giai thuat diéu ché duoc so sanh vai giai thuat
SVM dé xuét. Cac cdu hinh dugc chon la: mach 3L-ZSI sir dung mot mach ngudn Z
[13], mach ZSI cai tién (3L-MZST21) [14], mach 3L-qZST?l [15], mach 3L-qSBT2I
trong [20] va AIS-TLI trong [22]. Trong cac nghién ctu nay, [13], [14] va giai thuat dé
Xuit sir dung trang thai UST/LST thay cho FST nhu [15], [20], [22]. Dé c6ng bing
trong viéc so sanh, phuong phap tiém song hai bac ba sé dugc ap dung thay cho
phuong phép sine-PWM truyén thong trong nghién ctru [14], [20] va [22]. Luu y rang,
su thay d6i nay khong 1am anh hudng dén hoat dong ctia mach. Tuy nhién, do loi dién
ap s& duoc cai thién gap 1.15 lan gia tri ban dau (khi 4p dung sine-PWM). Bé dong bo
trong qua trinh phan tich, hé s6 Dst duogc sir dung cho UST, LST va FST. Bang 2.4 mo
ta mot cach tdng quat cac nghién ciru da cong bd va giai thuat dé xuat. Hinh 2.9 trinh
bay cac khao sat vé do loi cia mach nghich luu va ti s6 dién ap roi trén linh kién cua

giai thuat dé xuat va cac nghién ciru trude do.
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Bang 2.4. So sénh giira giai thuat dé xuat va cac cau hinh va giai thuat da cong bo.

3L-ZSI/1-LC

3L-MZSI [14]

3L-qZSl1/2-LC

3L-gqSBI/1-L

[13] [15] [22] 3L-gSBI/1-L [20] be¢ xuat
Hé sé tring dan, Dst 1-M 1-M 1-M 1-M 1-M 2(1-M)
Hé sé ting ap, B 1/(1 — 2Dsr) 2/(1 - 2Ds7) 1/(1 — 2Dsr) 2/(1-2Dst) | 2/(3—2Dst—Do) | 2/(3—2Dst — Do)
Do loi dién ap, G 1.15-MB 1.15-MB 1.15-MB 1.15-MB 1.15-MB 1.15-M B
Dién 4p roi trén tu Dst-B/2 Dst-B/2
: o 1-DsT)B B/2 B/2 B/2
VelVe ( s7) (1 - Dst)B/2 (1-Dst)B/2
bién ap roi trén diode, B/ B/2 B/ B/2 B/ B/
VD/Vdc
bién ap roi trén khoa, NA NA NA B/2 B/ B/
VS/Vdc
Cuodn cam 2 4 1 1 1
Tu dién 2 4 4 2 2 2
Diode 2 2 4 4
Khoa ban dan NA NA NA 1 2 2
Do gon song dong dien| - psy oy Cao Cao Cao Nho Nho
ngd vao
Dong dién ngd vao Gian doan Lién tuc Lién tuc Lién tuc Lién tuc Lién tuc
Can bang d1¢n' the diem Phuc tap Phuc tap Phuc tap Don gian Don gian Don gian
trung tinh
Chét luong dién &p Cao Cao Thap Thap Thap Cao
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Hinh 2.9(a) biéu dién d¢ loi dién &p cua giai thuat SVM dé xuét va cac nghién cau
trudc d6. Trong cac nghién ctru ndy, giai thuat dé xuat tao ra do loi dién ap cao nhat.
Diéu nay co thé dugc giai thich bang viéc st dung hé sb triing dan gap ddi so vai [13] —
[22], v6i cung chi sb diéu ché, dugc md ta trong bang 2.4. Cu thé, phuong phap dé xuat
giéi han hé sé Dsr tai gia tri 2(1 — M), trong khi d6 cac nghién ciru [13] — [22] gigi han
Dsr tai gia tri 1 — M. Vi gid tri cao cua do loi G, mach 3L-qSBT?I str dung giai thuat
dé xuat yéu cau gia tri Dst nho hon cac nghién ctru khac dé tao ra ciing mot gia tri G.
Vi dy, néu phuong phap SVM dé xuat sir dung gia tri k cho Dst, nham dam bao do loi
dién ap, cau hinh ZSI trong [13] va qZSI trong [15] yéu cau gi4 tri (1+k)/3 cho Dsr, ciu
hinh MZSI trong [14] va cau hinh qSBI trong [20], [22] yéu cau gia tri 15k/(1+k) cho
Dst. Luu ¥ rang, gia tri cao nhat cua do loi dién ap duoc dung dé tinh toan cac hé sb
trung dan trén, va k < 0.5. C6 thé thay rang, giai thuat dé xuat st dung hé sb tring dan
thap nhat. Piéu nay gilp cho bo nghich luu cai thién duoc dién ap roi trén cac linh
kién, giam ton hao dan trong trang théi tring dan, va cai thién chat luong dién ap ngd

ra.

Cac khao sat vé ti s6 dién ap roi trén tu dién, diode va khoa ban dan phia mach
ngudn Z lan lugt duoc trinh bay trong hinh 2.9(b) — 2.9(d). C6 thé thay rang nghién
ctru dé xuat c6 vu diém hon so v6i cac nghién ciru trude d6 bang cach tao ra ti s6 dién
ap roi trén cac linh kién thap nhat. Uu diém nay chi yéu dén tir viéc tao ra do loi dién

ap cao.

Qua céc phan tich trén, cd thé két luan rang giai thuat duoc dé xuat gidp cai thién

do loi dién ap va giam dién ap dat trén cac linh kién.
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2.4 M phéng va thuc nghiém véi giai thuat SVM dé xuit
2.4.1 Két qua md phéng

Bang 2.5 Théng sé md phong va thyc nghiém

Thanh phan/thong s6 Gia tri
bién ap DC ngd vao Vic 70V -210V
bién 4p RMS ngb ra VxRMs 110

Tan sé nghich luu fo 50 Hz
Tan sé chuyén mach fs 10 kHz
Cudn cam ngd vao Le 3 mH/20 A
Tu dién CpvaCn 2 mF/400 V
Bo loc LC Ls va Cs 3mH va 10 pF
TaiR R 56Q
Cam bién ap LEM LV20-P

Phan mém PSIM duoc st dung dé kiém chtng tinh ding dan cua giai thuat dé
xuat. Théng s sir dung trong mé phong duoc liét ké & bang 2.5. Dau tién, giai thuat dé
xuat dugc Kiém chiing véi hai truong hop dién ap ngd vao 1a 70-V va 210-V. Nham tao
ra dién ap 110-Vrws tai ngd ra, chi sb diéu ché M, hé sb trung dan Dsr va hé s6 Do
duoc lya chon tuong irng 1a 0.8616, 0.2768, va 0.7232 ddi véi treong hop 70-V dién ap
ngd vao va 0.93, 0.14, va 0.14 ddi véi trudng hop 210-V dién ap ngd vao. Két qua mo
phong cho hai truong hop trén dugc trinh bay nhu hinh 2.10 va 2.11. Cudn cam va tu
dién dugc lua chon theo cong thurc (2.27) va (2.29), véi x% = 20%, y% = 1%, va lpn =
Po/[Ven(1 — Dst/2)], Po=1-kW la cdng suat ngd ra [72]. Khi nay, Le>1.5mH, C >45pF.

Trong ca hai truong hop, dién ap trén hai tu dién dugc ting cuong dén 145-V,
duoc biéu dién ¢ hinh 2.10(a) va 2.11(a). Két qua 1a, dién ap dinh trén thanh cai DC-
link dat gia tri 290-V. bién &p day ngd ra cO 5 bac dién 4p +290-V, £145-V va 0-V.
Phé FFT cua dién ap day va dién 4p pha ngd ra duoc biéu dién nhu hinh 2.10(c) va
2.11(c). Dya trén dang song FFT, bién d6 dinh cta song hai bac 1 cua dién &p day va
dién &p pha ngd ra do duwoc tuong wng la 270-V va 155-V. THD cua dién &p day Vae va
dién &p pha Vac 1a 32%. V6i su hé tro ctia mach loc thdng thap LC (3mH-10pF, tan s6
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cit cua bo loc dugc tinh toan xap xi 900-Hz), bién d6 cua cac séng hai tan sé cao trén
dién ap pha ngd ra duoc giam dén gan bang 0, duoc biéu thi nhu hinh 2.10(c) va
2.11(c). Tir d6, cai thién chat lwong dang song dong dién tai. THD cua dong dién tai do
duoc la 0.34%. Dong dién trung binh trén cudn day tang ap do duoc la 3.12-A va 8.73-
A tuong ung voi truong hop 210-V va 70-V dién ap ngd vao. Gia tri hiéu dung dong
dién tai do duoc 1a 1.9-Arws twong (ng véi gia tri dinh 1a 2.69-A biéu thi nhu phd FFT
& hinh 2.10(c) va 2.11(c).

VAB [V]
Ve [V] VCP N VPNV
200 M M 50 300
150 300 |y T 250
100 250 } } 200
50 - 200 150
VPN V] 150 |—1 L, %0
300 100 50 1
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VAB V] ™ v
400 100 : } 200
200 50 ; |
o 0 | | | | |1s0
-200
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200 I, - - 50
o -.-.."--"-.."--" - [ r . i
-200 | |
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Hinh 2.10. Két qua mé phong khi Ve = 70-V.
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Hinh 2.11. Két qua mé phong khi Vg = 210-V.
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Tiép theo, tai RL duoc cai dit truc tiép ¢ ngd ra cua bo nghich luu dé kiém chang
hoat dong cua giai thuat dé xuat. Nhu da trinh bay trong phan 2.2.4, véi viéc sir dung
diode D2 va D3 phia mach nguon Z, cau hinh 3L-qSBT?I chi dam bao hoat dong chinh
xéac khi hé s cong suat cua tai 16n hon 4/(3G), véi G 1a do loi cua bo nghich luu. Do
d6, trong phan nay hai trudng hop cua tai RL 14 1) cose > 4/(3G) va 2) cosp < 4/(3G),
s& duoc thuc hién dé kiém ching tinh dung din cua phan tich nay. Véi dién ap ngd vao
Vae va dién ap ngd ra lan luot 12 70-V va 110-Vrwus, c4c thdng sé6 M, Dst va Do duoc
tinh toan twong ty nhu truong hop tai thuan trg 1 0.8616, 0.2768, va 0.7232. Khi nay
d6 loi dién &4p G duogc xac dinh bang cong thirc Vx pear/(Vae/2) ¢6 gid tri 1a 4.44. Khi nay
giéi han cua hé sb cong suat cose dugc xac dinh bang cong thuc 4/(3G) c6 gia tri la
0.3. Khi nay tai RL 10Q-85mH c6 cose 1a 0.35, va tai RL 10Q-155mH coso 14 0.2 lan
luot duge dung dé thuc hién md phong cho truong hop 1 va trudng hop 2. Két qua md
phong cho hai truong hop trén dugc trinh bay nhu hinh 2.12 va 2.13.
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Hinh 2.12. Két qua md phong véi Vac = 70-V va tai RL 10Q-85mH.
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Hinh 2.13. Két qua md phong véi Ve = 70-V va tai RL 10Q-155mH.

Déi voi truong hop 1, hoat dong cua mach nghich luu twong ty nhu trudng hop
tai thuan tré. Dién ap trén hai tu dién duoc ting cudng dén 152-V, nhu biéu dién & hinh
2.12(a). Gi4 tri ndy xap xi gia tri tinh toan ly thuyét la 156-V véi hé sb Dst = 0.2768,
va Do = 0.7232. S6ng hai bac 1 cua dién ap pha ngd ra c6 bién d6 dinh 1a 150-V, gan
bang gi4 tri tinh toan Iy thuyét 1a 156-V.

Déi véi truong hop 2, vi hé s6 cong suat cua tai 1a 0.2 thip hon hé sé cong suat
cho phép 14 0.3, dong dién cua diode D2 bi gian doan trong ché do NST, nhu biéu dién
& hinh 2.13(b). Biéu nay din dén sy méo dang dién 4p DC-link va dién 4p pha ngd ra,
nhu biéu dién ¢ hinh 2.13(a) va 2.13(b). So sanh phd FFT cua Vac trong ca hai truong
hop, 6 thé thiy rang, truong hop 2 c6 bién d6 cac hai bac thap (<1.5 kHz) cao hon rét
nhiéu truong hop 1, nhu biéu dién ¢ hinh 2.12(b) va 2.13(c). Ngoai ra, trong trudng
hop nay, dién ap trén hai tu dién duoc ting cuong dén 171-V, Ién hon gia tri tinh toan
(156-V) khoang 9%. Diéu nay dan dén bién do caa song hai bac 1 trén dién &p pha ngd
ra (164-V) cao hon gia tri tinh toan (khoang 156-V). Tir d6, c6 thé két luan rang, mach
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3L-gSBT2l véi giai thuat dé xuat chi c¢d thé duoc s dung cho cac tai co hé sé cong
suit Ion hon 4/(3G).
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Hinh 2.14. Két qua md phong can bang dién thé diém trung tinh vai Vac = 70-V, va (a)
tai R = 56-Q, (b) tai RL 10 Q - 85mH

Két qua md phong cho giai thuat can bang dién thé diém trung tinh duoc trinh bay

nhu hinh 2.14. Trong thi nghiém nay, dién tro 2kQ duogc cai dat song song vai tu dién

Cp dé tao ra sy mat can bang dién &p trén hai tu dién. Khi nay, trong trang théi binh
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thuong, dién 4p trén hai tu dién chénh léch khoang 15-V, nhu biéu dién & hinh 2.14. Sy
chénh léch nay 1am gia ting bién d6 cua cac song hai tan sé thap (100Hz, 200Hz), nhu
biéu dién ¢ phd FFT ¢ hinh 2.14. Khi 4p dung giai thuat can bang dién thé diém trung
tinh d& xuat, sy chénh léch dién 4p trén hai tu dién suy giam nhanh chéng. Trong trang
thai xéc lap, dién ap trén hai tu dién 1a can bang d6i vai ca hai truong hop tai thuan tro
va tai RL. Khi nay, bién d6 cua cac séng hai tan sb thap dugc han ché dang ké so véi

trang thai mat can bang dién thé diém trung tinh, nhu biéu thi & hinh 2.14.

2.4.2 Két qua thuc nghiém

R

DSP TMS320 F28335
& FPGA Cyclone I1

EP2C5T144C8 70 Vpe = 210 Vpc
7 7 o £,
| Gate Driver |—>| 3L-gSBT?I : :
/ 4 ’
Tai 3 pha [
(a)

Hinh 2.15. (a) so d&& mach thuc nghiém va (b) mé hinh thyc nghiém.

Tinh dung din cua giai thuat dé xuat dugc kiém chang théng qua md hinh thyc
nghiém 1-kW duoc x@y dung tai phong thi nghiém, nhu dugc mo ta trong hinh 2.15.
Céc thong s dugc sir dung trong qua trinh thi nghiém duogc liét ké nhu bang 2.5. Mo
hinh nay sir dung bo diéu khién trung tam gom DSP TMS320 F28335 va FPGA
Cyclone Il EP2C5T144C8. Cac khoa ban dan dugc lya chon dya vao (2.30), (2.31).
Khi nay, dién ap va dong dién dat trén khoa duoc lua chon I6n hon 290-V va 15-A. Hai
MOSFET 60R045 dugc dung cho hai khoa Sp va Sn. IGBT FGL40N120AND duogc

dung cho cac khda ban dan phia nghich luu. Diode dugc sir dung trong thi nghiém nay
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la DSEI60-12A. T4t ca cac MOSFET va IGBT duoc diéu khién théng qua IC céch ly
TLP250.

Pién 4p ngd vao duoc cai dat thay d6i tir 70-V dén 210-V dé kiém chung giai
thuat dé xuat. Ddi véi 210-V dién &p ngd vao, gié tri caa M, Dst va hé s6 Do lan luot
dugc chon 14 0.93, 0.14, va 0.14 dé dam bao dién ap 110-Vrms ¢ ngd ra, theo ly thuyét.
Khi dién &p ngd vao 1a 70-V, cac gia tri 0.8616, 0.2768, va 0.7232 duoc thiét dit cho
M, Dst va hé s6 Do.

Nghién ciru [20] duoc xem xét dé so sanh vai giai thuat dé xuat. Luu ¥ rang,
nghién cau [20] va giai thuat d& xuat sir dung chung cau hinh 3L-qSBT?I, nén cac
thong sb vé phan cang dugc ding chung trong qua trinh thi nghiém. Véi dién ap DC
thay doi tir 70-V dén 210-V, cac hé s6 M, Dsr, va hé s6 Do duoc cai dat nhu sau: 0.815,
0.185, 0.185 cho twong hop 210-V dién ap ngd vao, va 0.67, 0.33, 0.67 cho truong hop
70-V dién ap ngd vao.

Hinh 2.16 va 2.17 trinh bay két qua thuc nghiém cua cong b [20] va giai thuat dé
Xuat. Bang 2.6 trinh bay so sanh gitra giai thuat SVM dé xuét va nghién ciu [20].

Bang 2.6. So sanh giira giai thuat dé xuat va nghién ctu [20]

Ve = 210-V Ve = 70-V
[20] | Péxuat | [20] | Pé xuét
biénadptuCp | 161-V | 144-V | 188-V 146-V
biénadptu Cn | 159-V | 143-V | 185-V 144-V
THDcuaVas | 659% | 47.8% | 946 % | 51.4%
THD cua la 255% | 1.76 % | 2.87% | 1.88%

Trong trudng hop 1, khi ngudn DC ngd vao 1a 210-V, Vep va Ven dat dugc 144 V
va 143 V, d6i véi giai thuat dé xuat, nhu hinh 2.16 (e). Trong khi d6, dién ap roi trén
hai tu nay lan luot 12 161-V va 159-V dbi vai giai thuat [20], cac gia tri ndy cé thé
dugc suy ra tir gia tri dinh cua dién ap roi trén khoa ban din Sp va S, duoc biéu thi
trong hinh 2.16(c), va duoc liét ké trong bang 2.6. Cac gié tri nay chiing minh rang
phuong phap SVM dé xuit tao ra dién ap roi trén tu dién thap hon phuong phap [20].
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Vi dién ap dat duoc trén cac tu dién chinh 1a dién &p stress cua cac thanh phan phia
mach ting ap, do d6, viéc tao ra it dién 4p trén tu dién lam giam dang ké dién ap roi
trén cac linh kién con lai, nhu biéu dién trong hinh 2.16(c) va 2.16(d). Gia tri Ven dbi
vé6i cong bd [20] va giai thuat dé xuat lan luot 1a: 320-V va 287-V. Do c6 dién ap DC-
link cao hon, cac khéa ban dan phia nghich luu trong phuong phap [20] s& c6 dién ap
roi cao hon giai thuat dé xuat. Bo gon song dong dién qua cudn day cua giai phap [20]
va giai phap dé xuat lan luot 12 0.8-A va 0.6-A. Voi do gon song dién ap thap hon,
phuong phap dé xuat c6 thé giam tén hao trén cudon day ciing nhu kich thuéc cia cuon
cam so véi [20]. Gié tri THD dién ap day Vae cua nghién ciu [20] thip hon giai thuat
dé xuat, voi gia tri THD cua Vag d6i v6i phuong phap dé xuit 1a 47.8%, trong khi do,
phuong phap [20] 14 65.9%, duoc liét ké trong bang 2.6. Piéu nay co thé duoc giai
thich do phuong phap [20] sir dung vector khong trong qua trinh diéu ché va chén trang
thai FST. Két qua la gia tri THD cua dong dién tai caa phuwong phap dé xuat thap hon
phuong phép [20], véi phuong phap [20] 14 2.55% va phuong phap dé xuat la 1.76%.
Gia tri hiéu dung cua dong dién tai d6i véi hai phuong phap gan bang nhau va co thé
do mot cach gan ding bang 1.84-Arws. DONg dién qua cuon day cia phuong phap dé
xuat duoc biéu thi nhu hinh 2.16(e) va cé gia tri trung binh 12 2.83-A.

Tat ca cac vu diém cuaa giai thuat dé xuat so véi phuong phap [20] trong truong
hop 1 ciing hoan toan dung cho trudng hop 2, 70-V dién ap ngd vao.Cac két qua thuc
nghiém trong trudng hop nay dugc biéu thi nhu hinh 2.17 va bang 2.6. B4i véi phuong
phap dé xuat, dong dién qua cudn day c6 gia tri trung binh bang 8.36-A, va gia trj hiéu
dung ciia dong dién tai bang 1.72-Arws.

Dién ap trén céc tu dién va dong dién qua chdng trong 2 chu ky chuyén mach
dugc biéu thi nhu hinh 2.16(f) va 2.17(f). Dua vao cac hinh nay, dién 4p qua céc tu

dién c6 thé can bang trong mdi chu ky séng mang.
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Hinh 2.16. Két qua thuc nghiém cua 3L-qSBT?I vai giai thuat dé xuat va [20] khi Vg =
210 V: (a), (c) phuong phap [20], (b), (d), (e), (f) phwong phap d& xuat.
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Hinh 2.17. Két qua thuc nghiém cua 3L-qSBT?I vai giai thuat dé xuat va [20] khi Vg =
70-V: (a), (c) phuong phap [20], (b), (d), (e), (f) phuong phap dé xuat.
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Hinh 2.18. Két qua thuc nghiém véi giai thuat can bang dién &p tu khi (a), (b) Vep >
Ven, (€), (d) Vep < Ven, trong dé: (a), (c) phuong phap [20], (b), (d) phuong phap dé
XUAL.

Phuong phap can bang dién &p trén céc tu dién duoc kiém chimg trong hai trudng
hop: 1) dién ap tu Cp I6n hon dién ap tu Cn va 2) dién ap tu Cn I6n hon dién ap tu Cp.
Cac két qua thuc nghiém cho hai truong hop nay duoc biéu thi trong hinh 2.18.
Phuong phap [20] ciing dugc xem xét dé so sanh véi giai thuat d& xuat. Trong ca hai
truong hop dién &p chénh léch gitra hai tu dién 1a rat thap khoang 2-V. Tuy nhién
phuong phap dé xuat phuc hoi trang thai can bang vai téc d6 nhanh hon phuong phap
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[20]. Cu thé, phuong phap dé xuat phuc hdi trang thai can bang trong 40ms, duoc biéu
dién nhu hinh 2.18(b) va 2.18(d), trong khi phuong phap [20] can 100ms dé phuc hdi
trang thai can bang cho truong hop 1 va 120ms cho truong hop 2, duoc biéu dién nhu
hinh 2.18(a) va 2.18(c).
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Hinh 2.19. Két qua thuc nghiém cho diéu khién vong kin: (a), (c) [20], (b), (d) giai

thuat dé xuat.

Giai thuat diéu khién dién ap DC-link va dién ap pha ngd ra cua [20] va giai thuat
dé xuat duoc kiém chimg trong hai trudong hop: 1) nguon DC ngé vao ting tir 120-V
dén 160-V, 2) ngudn DC ngd vao giam tir 160-V dén 120-V. Két qua thuc nghém duoc

biéu dién nhu hinh 2.19. i v&i phuong phap dé xuat, dién ap trén hai tu duoc duy tri
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& 144-V véi su thay ddi cua ngudn DC ngd vao, trong khi d6, dién &p trén céc tu cho
phuong phap [20] duoc duy tri & 165-V. Trang thai can bang dién thé diém trung tinh
dugc dam bao cho ca hai phuong phap. Dién ap ngd ra dugc duy tri & 110-Vrus Vai sai
s6 khong dang ké, roi vao khoang 1%. Nhin chung dép @ng cua hai phuong phéap la
nhu nhau. Tuy nhhién, phuong phap [20] tao ra do vot 16 dién ap trén tu dién cao hon
phuong phap dé xuét.
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Hinh 2.20. So s&nh hiéu suat gitra giai thuat dé xuat va giai thuat [20].
Hiéu suat cia cau hinh 3L-qSBTI cho hai phuong phap [20] va phuong phap dé
xuat duoc tién hanh théng ké véi hai truong hop ngudén DC ngd vao la 210-V va 140-
V. Két qua dugc do dat boi may phan tich cong suat Yokogawa WT3000E, va duoc
biéu thi nhu hinh 2.20. Trong d6, hiéu suat dugc dinh nghia 13 ti sé giita cong suat ngd
ra trén tai thuan tro va cong suat cia nguén mot chiéu ngd vao va duogc tinh toan nhu
sau:

VRAIA +VRBIB +VRCIC (2_32)
VdclL

n% =

Nhin chung, phuong phap dé xuit c6 hiéu suat chuyén déi cao hon phuong phap
[20], khoang 2% tai vi tri c6 sy chénh léch cao nhat. Uu diém nay c6 thé duogc giai
thich boi hai nguyén nhan chinh nhu sau. Dau tién, ton hao dan sinh ra bai trang thai

tring dan cia phuong phap dé xuat thip hon phuong phap [20], do st dung hé s6 triing
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dan thip hon. Thir hai, ton hao do chuyén mach cua phwong phap dé xuat thap hon
phuong phap [20], cu thé, phuong phap dé xuat sir dung téng cong 6 chuyén mach
trong khi phuong phap [20] sir dung 12 chuyén mach, trong mot chu ky chuyén mach.

2.5 Két luan chwong 2

Trong chuong nay, phuong phap diéu ché SVM da duoc trinh bay cho ciu hinh
3L-qSBT?I gilp cai thién d6 loi dién ap so vai céac giai thuat didu ché do rong xung
truyén théng. Diéu nay gilp cai thién dién ap dat trén tu dién va cac khoa ban din. Cu
thé, so vai giai thuat truyén thong & [20], giai thuat dé xuat ¢ thé cai thién dién ap dat
trén linh Kién 10% tai do loi 1.48 va 22.2% tai do loi 4.44. Ngoai ra, d6 loi dién &p cao
gilp giai thuat dé xuat giam gié tri hé s6 tring dan, tir d6 giam ton hao din cta mach
nghich luu. Thém vao d6, dién ap dat trén cac khoa ban dan thap gop phan lam giam
ton hao chuyén mach. Két qua 13, giai thuat dé xuat co thé cai thién khoang 2% hiéu
suat cua bo chuyén doi so véi gai thuat truyén théng tai cong suat ngd ra 1a 750-W.

Giai thuat can bang dién 4p trung tinh ciing da duoc dé xuat nham nang cao chat
luong dién ap ngd ra. Cu thé, bién do cua cac song hai bac thap cua dién ap day gan
nhu duoc giam vé 0-V khi &p dung giai thuat can bang dién ap trung tinh. Diéu nay da
duoc kiém ching thdng qua cac khao sat md phong cua phan tich FFT dién ap day ngd
ra. Ngoai ra, viéc sir dung tat ca 27 vector dé diéu ché dién &p ngd ra gilp giai thuat dé
Xuat cai thién THD cua dién ap day ngd ra so voi giai thuat truyén théng. Cu thé, so véi
giai thuat truyén thong, ¢ do loi dién ap 1.48, giai thuat dé xuat co thé cai thién 27.4%
THD cutia Vag, va & d6 loi 4.44, giai thuat dé xuat co thé cai thién 45.6% THD cua Vas.

Nhuoc diém con ton tai cua giai thuat dé xuat 1a van dé vé dién 4p common-mode
chua duoc xem xét. Do d6, cau hinh 3L-qSBT?I véi giai thuat dé xuat cé thé duoc sir
dung trong céac ing dung yéu cau hoat dong ting ap ma khong chu trong dén dién ap
common-mode, dién hinh nhu @ng dung PV néi ludi c¢é sir dung bién ap céch ly phia

ngd ra cua mach nghich luu.
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Chuong 3
GIAlI THUAT PE XUAT CHO CAU HINH 3L-gSBT?I
NHAM GIAM PIEN AP COMMON-MODE

Dya vao nghién ciru trude d6 vé giai thuat SVM cho cdu hinh 3L-gSBT2I dugc
trinh bay trong chuong 2, chuwong 3 trinh bay phuong phap SVM cai tién nham giam
bién do dinh-dinh ciing nhu gia tri hiéu dung cua dién 40 common-mode cho cu hinh
3L-gSBT2l. Nhiing uu diém ciia phuong phap SVM di trinh bay trong chuong 2 nhu:
dd loi cia mach nghich luu cao, giam d6 méo dang song hai dién ap ngd ra, van duoc

ké thira trong giai thuat cai tién.

3.1 C4u hinh 3L-qSBT?

SPJ
LB g D2
it
o]
i Lt
VdC T D3 S3a-|' FI

K ol ST

Hinh 3.1. Mach 3L-qSBT?I.

Hinh 3.1 biéu dién mach 3L-qSBT?I. Trong ciu hinh nay, mach 3L-T2 duoc lip
dit phia sau mach ngudn khang qSB dé dam bao hoat dong ba bac dién &p tai ngd ra.
Trén mdi nhanh pha cua mach 3L-T?l, ba bac dién 4p ngd ra duoc tao ra nhd su hé tro
cua bon khda ban dan Sy (j = 1, 2, 3, 4; x = a, b, ¢). Trang thai “P” biéu thi gié tri
+Vpn/2 tai dién ap cuc ngd ra Vxo. Trang thai nay duoc tao ra bang cach kich dan khoa

Six va khoa Sxx. Trang thai “O” dai dién cho gi4 tri 0-V tai ngd ra, va duoc tao bang
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cach kich dan hai khoa ban dan Sxx va Ssx. Khi hai khda Ssx va Sax duogc kich dan, gia
tri -Ven/2 duoc tao ra tai ngd ra. Dién ap DC-link, Ven, phia ngd vao mach 3L-T?I duoc
tao ra tir mach ngudn khang qSB c6 cu tao gdm mot cudn cam Le, hai tu dién Cp, Cy,
hai khoa Sp, Sy va bén diode D1 — Ds. Mang qSB duoc cap ngudn tir mot nguon DC
phia ngd vao Vge. Véi su ho tro ctia mach qSB nam giita bo nghich luu va ngudn ngd
vao, cdu hinh 3L-qSBT2I c6 thé chéng lai hién tugng ST phia nghich luu va dat duoc
hoat dong tang/giam &p.

D1 A +VPN/; Dl ‘H'VPN/f
—] = ] |
= =@
CN C:N
= O e O
Dy v] Vev'2y D, i} Ve
(@) (c)
Di RV DiJ“ Wond2
i =L
Ce Cp N1
Cn D ' Cn
95 O S o
Dy vl -Ven/2y i D, v
(d) (f)

Hinh 3.2. Trang thai hoat dong cua 3L-qSBT?I: (a) NST 1, (b) NST 2, (c) NST 3, (d)
NST 4, (e) UST, (f) LST.

Tuong ty nhu nhitng mach nghich luu 1 tang khéc, mach 3L-qSBT?l nay ciing
dugc dé xuét hoat dong & hai ché do chinh 1a ché do ST va ché d6 NST, nhu biéu dién
& hinh 3.2. Nhu dugc dé cap o chuong 2, ché do ST duoc chia thanh ché do UST va
LST. Hai ché d6 nay dugc chén vao vector nho nhiam ting cuong d6 loi dién ap cua
mach nghich luu. Hoat dong cua cac khoa ban dan caa mach nghich luu duoc trinh bay

trong bang 3.1.
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Bang 3.1 Trang thai khoa ban dan cua mach 3L-qSBT?l. (X=A, B, C)

Ché do Khéa dan Diode dan Vo
NST1 Sp D>, D3, D4 +Vpn/2, 0, —Vpn/2
NST2 SN D4, D2, D3 +Vpn/2, 0, —Vpn/2
NST3 Sp, SN D,, D3 +Vpn/2, 0, —Vpn/2
S1x, Sax +Vpn/2
NST4 Sox, Sax D1, D2, D3, D4 0
Sax, Sax —Vpn/2
UST S1x, Sox, Sax, SN D1, D3 0 hoac —Vpn/2
LST Sox, Sax, Sax, Sp D2, D4 0 hoac +Vpn/2

3.2 Giai thuat giam CMYV dé xuat cho cau hinh 3L-qSBT?I [37]

Bang 3.2 CMV cua mach 3L-qSBT?l

Vector CMV CMV CMV
Khong [000] 0 [PPP] | +Ven2 | [NNN]  |-Ven/2
Vector nho [POO] +Vpn/6 [PPO] +Vpn/3 [OPO] |+Ven/6
dang P [OPP] | +Ven3 | [OOP] | +Ven/6 | [POP] | Ven/3
Vector nho | [ONN] —Vpn/3 [OON] | —Ven/6 [NON] |—Ven/3
dang N [NOO] | —Ven/6| [NNO] | —Ven3| [ONO] |-Ven/6
Medium [PON] 0 [OPN] 0 [NPO] 0
[NOP] 0 [ONP] 0 [PNO] 0
Large [PNN] | —Ven6 | [PPN] [ +Ven6 | [NPN]  |-Venl6
[NPP] | +Ven/6 | [NNP] | —Ven/6 | [PNP] [+Ven/6
bién &p CMV cua mach nghich luu dugc dinh nghia nhu sau [16]:
CMV =V, = a0 Voo +Veo (3.1)

3
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trong do6: Vao, Veo, Vco 1a dién &p cuc ngd ra cua mach nghich luu.

Dua vao phuong trinh (3.1), bién d6 cia CMV tuong (rng Vi cac vector cta mach
nghich luu ba bac dugc liét ké nhu bang 3.2. Nhu dugc biéu thi trong bang 3.2, CMV
dat gié tri I6n nhat 12 £Vpn/2 tai hai vector khdng [PPP] va [NNN]. Nhiing vector nho
tao ra bdn gia tri CMV nhu sau: +Vpn/6 VA +Ven/3. Céc vector 16n tao ra gia tri CMV
+V/pn/6 trong khi vector khdng [OOO] va cac vector trung c6 CMV bing 0-V.

Trong nghién ciru trude d6 duoc trinh bay & chuong 2, tat ca 12 vector nho duoc
ding dé tong hop vector dién &p tham chiéu. Do d6, CMV dao dong trong khoang
+Vpn/3 dén -Ven/3. Mac du, viéc sir dung cac vector ndy dan dén uwu diém vé ting
cudng do loi dién &p va can bang dién thé diém trung tinh. Tuy nhién, phuong phap

nay ciing dan dén van dé gia ting bién d6 cia CMV.

Trong giai thuat SVM cai tién ndy, tit ca cac vector nho tao ra gié tri £Ven/6 tai
CMV, vector khéng [O0O], vector trung binh va cac vector 16n dugc sir dung dé téng
hop vector tham chiéu nham lam giam bién d6 cia CMV. Luu y rang, viéc st dung cac
vector nay khong 1am anh huong dén cac uu diém cua phuong phap dé cap trong

chuong 2.

Gian d6 vector khdng gian cai tién dugc biéu dién nhu hinh 3.3. Tuong ty nhu
nghién ctru trude do, gian dd vector khong gian ciing duoc chia thanh 6 sector (I — VI).
Mbi sector ciing duoc chia thanh 4 viing nhé (ving 1 — 4). TQy vao vi tri cia diém mat
vector dién &p tham chiéu, ba vector 1an can s& duoc st dung dé tong hop vector tham
chiéu. Phan con lai caa chuong s& trinh bay mot cach chi tiét vé viéc lya chon cac
vector thanh phan, tinh toan thoi gian tac dung, lva chon chudi chuyén mach va viéc
chén trang thai UST/LST cua giai thuat SVM cai tién.
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Sector 11

Sector V

Hinh 3.3. Gian d6 vector khdng gian cai tién.

3.2.1 Tinh toan thoi gian tac dung va lwa chen thi tw chuyén mach

Dé phan tich phuong phap SVM cai tién, diém mut cua vector dién ap tham chiéu

dugc gia st nam ¢ viing 2 cua sector I, nhu duoc biéu dién ¢ hinh 3.3. Két qua 13, ba
vector thanh phan V., V,, va V, dugc sir dung dé tao ra vector V. . Phuong trinh trinh

bay mdi quan hé gitra cac vector nay duoc biéu dién nhu sau [37]:

Vg I, =V, L +V, t, +V, L, 3.2)
T, =t +t, +t,

—

Trong d6: V,,; 1a dién &p tham chiéu; V,, V, la cac vector nho; V, Ia vector trung
binh; t1, to, t7 lan luot 12 thoi gian tac dung cua V,, V,, V,; Ts 1a chu ky chuyén mach

cua mach nghich luu.
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Nhirng vector nay duoc biéu dién nhu phuong trinh sau [37]:
V., =1/3MV,, "

V, =1/3V,, "

=1/3V,, """
=1//3V,, "

(3.3)

v,
v

Thay phuong trinh (3.3) vdo phuong trinh (3.2), thoi gian ton tai cua cac vector
thanh phan dugc chon duoc tinh toan nhu sau [37]:
t =T, —2MT;sin(6)
t, =T, —2MT,sin(z / 3-6) (3.4)
t, =2MT,sin(@+x /3) —T,

. Tol4 : DTs/2 DsrTs/4
o[ NsT3] [ | NST3 | NST3

S |

At . : . t
o/ P1P P ]o o© P o o[ P PlP |
S | | DarTs/2,

N o o [N N N N N| O N |t

L |
] ]
- e e

t-/4 t,/2 to/2 t7/2 t/2 t,/2 t;/4

Hinh 3.4. Chudi xung cho viing 2 cua sector .

Trong phuong phap giam CMV truyén théng cho ciu hinh 3L-T2I truyén thdng,
chudi chuyén mach dugc lya chon: [POO]-[PON]-[OON]. Tuy nhién, vi thoi gian tac
dung cua hai vector nho [POO] va [OON] la khong bing nhau, do d¢, trang thai
UST/LST rat kho dé chén vao chudi xung nay. Do d6, phuong phap SVM dé xuat
chudi xung chuyén mach 1a: [PON]-[POO]-[OON]-[PON] va lap lai, nhu biéu dién ¢
hinh 3.4. Nham ké thira cac uu diém cia nghién cau ¢ chuong 2, hai khoa Sp va Sy
duoc diéu khién nhu hinh 3.4.
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Bang 3.3 Chudi chuyén mach cua phuong phap SVM dé xuit

Sector

Ving

Chudi chuyén mach

1

[OOO0]-[POO]-[PLO]-[OUN]-[OON]-[O00] va lap lai

[PON]-[POO]-[PLO]-[OUN]-[OON]-[PON] va Iap lai

[PPN]-[PON]-[OON]-[OUN]-[OON]-[PON]-[PPN] va lap lai

[PNN]-[PON]-[POO]- [PLO]-[POO]-[PON]-[PNN] va lap lai

[000]-[OPO]-[LPO]-[UON]-[OON]-[000] va lap lai

[OPN]-[OPQ]- [LPO]-[UON]-[OON]-[OPN] va lap lai

[NPN]-[OPN]-[OPO]-[LPO]-[OPO]-[OPN]-[NPN] va Iap lai

[PPN]-[OPN]-[OON]-[UON]-[OON]-[OPN]-[PPN] va lap lai

[000]-[OPO]-[OPL]-[NOUJ-[NOO]-[000] va lap lai

[NPOJ-[OPO]- [OPL]-[NOUJ-[NOO]-[NPO] va Iap lai

[NPP]-[NPO]-[NOO]J-[NOU]-[NOOJ-[NPO]-[NPP] va lap lai

[NPN]-[NPOJ-[OPO]-[OPL]-[OPO]-[NPO]-[NPN] va Iap lai

[000]-[OOP]-[OLP]-[NUO]-[NOO]-[000] va lap lai

[NOP]-[OOP]- [OLP]-[NUO]J-[NOO]-[NOP] va Iap lai

[NNP]-[NOP]-[OOP]-[OLP]-[OOP]-[NOP]-[NNP] va Iap lai

[NPP]-[NOP]-[NOO]-[NUO]-[NOOJ-[NOP]-[NPP] va lap lai

[OOO0]-[OOP]-[LOP]-[UNO]-[ONO]-[000] va lap lai

[ONP]-[OOP]- [LOP]-[UNO]-[ONO]-[ONP] va Iap lai

[PNP]-[ONP]-[ONO]-[UNO]-[ONO]-[ONP]-[PNP] va lp lai

[NNP]-[ONP]-[OOP]-[LOP]-[OOP]-[ONP]-[NNP] va lap lai

Vi

[0OO]-[POO]-[POL]-[ONU]-[ONO]-[000] va lap lai

[PNOJ-[POO]- [POL]-[ONU]-[ONO]-[PNO] va lap lai

[PNN]-[PNO]-[POO]-[POL]-[POO]-[PNO]J-[PNN] va lap lai

AIWINFRPIRWONFPIRONIEFPIARWOINREFPIRARWONRERPIRRWIN

[PNP]-[PNO]-[ONO]-[ONU]-[ONO]-[PNO]-[PNP] va lp lai

Tuong tu nhu ving 2 cua sector 1, khi vector tham chiéu nam trong céac ving khéac,
phuong phap tuong tu ciing dugc ap dung dé tinh toan, lwa chon chudi xung va chén
trang thai UST/LST. Vi du, xem xét vling 4 cua sector |, ba vector thanh phan 1a vector
[POO], [PON], va [PNN] duoc dung cho chudi xung ngd ra. Khi nay, chi ton tai duy
nhat vector nho dang P 1a [POQ] trong chudi xung ma khdng cd su xuat hién cua
vector nho dang N. Do d6, trang thai LST duoc sir dung thay vi trang thai UST. Khi
mach nghich luu tao ra vector [POQ], pha B va pha C c6 thé dugc sir dung dé chén
vector LST. Tuy nhién, trong ba vector [POQ], [PON], va [PNN], pha B cé thoi gian
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hoat dong & trang théai [O] 16n nhat. Do dé, pha B duoc sir dung dé chén LST thay cho
pha C. Khi nay, chudi xung chuyén mach duoc xac dinh nhu sau: [PNN]-[PON]-
[POO]-[PLO]-[POO]-[PON]-[PNN] va Iap lai, nhu duoc biéu didn & bang 3.3. Trang
thai “L” trong chudi xung dai dién cho trang thai LST. Trong chudi chuyén mach nay,
vector [PLO] duoc tao ra bing cach kich dan khéa Sia, S2a cuia pha A, khda Szb, Sab, Sab
cua pha B, va Sz, va Ssc ctia pha C. Luu ¥ rang, mic du ba khda San, San, San cua pha B
dugc kich dan dong thoi nham tao ra trang thai LST, dién ap ngd ra tai pha B van duy
tri & 0-V nhu vector [POO]. Trong sudt trang thai LST, khoa Sp phia mang ngudn
khang dugc kich dan nham tich trir ning lwong cho cudn day Ls. Chudi chuyén mach
ctiia phuong phap dé xuat cho cac vi tri khac cua vector tham chiéu duoc liét ké nhu
bang 3.3.

3.2.2 Phén tich trang thai xac lap

Dang song dién ap cuon day Ls phia mang nguon khang trong mdi chu ky chuyén
mach duoc biéu dién nhu hinh 3.5. C6 thé thay rang, dién ap qua cuon day Ls dat dugc
gia tri Vg trong ca hai trang thai UST va LST. Do d6, hé sb ting ap khong bi anh
huong khi thoi gian tac dung cua hai trang thai UST va LST khdng bang nhau. Trong
trang thai xac 1ap, gié tri trung binh dién &p cua cudén cam bang 0-V. Tur do, dién ap
trén cac tu dién co thé tinh toan nhu sau [30]:

Vie
2—-3Dg; — D,

VCP :VCN = (3.5)

Trong do:
Vep, Ven: dién &p cua cac tu dién Cp va Ch.
Viae: nguon DC ngd vao.

Dst: hé s6 trung dan.
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Do: hé s6 mé rong cua hai khoa Sp va Sy.

Do.T,/2 Ds;._»TS/ Di'_Ti/Z
 Hasnll i B
E NN R
VLB“: ___________ : P ....... ng _________________________ -

Ve
1T T1T—1 .

............... 0 I N I

Vae-Vep=Vie-Ven, AVchcPVCN

Hinh 3.5. Bién ap cuon cam Lg trong mdi chu ky séng mang.
M&bi quan hé giita Dst va Do duoc biéu dién nhu sau [30]:

D, <D, <1-Dj (3.6)

Gia tri dinh cta dién ap ngd ra dugc tinh toan nhu sau [30]:
vV 2 2 M-V,

=MV = 3.7
X, peak \/5 C \/5 2_3DST_D0 ( )

Vi trang thai UST/LST dugc xem xét chén vao céac vector nho, do d6, méi quan

hé giita Dst va M duoc biéu dién nhu sau [30]:

M <1
M + D, /2<1 (3.8)
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3.2.3 Can bang dién thé diém trung tinh

Van d& mat can bang dién 4p trén cac tu dién co thé giai quyét bang hé sé Do cua
hai khda ban dan Sp va Sn. Mot céch chi tiét, thoi gian tac dung cua hai trang thai NST
1 va NST 2 duoc biéu dién nhu hinh 3.2(a) va 3.2(b) duoc sir dung dé giai quyét van dé
nay. Nhu duoc biéu dién & hinh 3.2(a), khi ché d6 NST 1 dugc kich hoat, tu dién Cp xa
nang luong trong khi tu Cn duoc nap nang luong. Két qua 1a dién &p trén tu Cp giam
trong khi dién &p trén tu Cy ting. Trong ché do6 NST 2, duoc biéu dién & hinh 3.2(b),
dién &p trén tu Cp tang trong khi dién 4p tu Cn giam. Trong phuong phéap diéu khién da
dé cap, thoi gian tac dung cua hai trang thai nay 1a bang nhau va duoc tinh toan bai (Do
— Dst)Ts/2. Nham can bang dién 4p trén hai tu dién, thoi gian tac dung cua ché do NST
1 va NST 2 dugc dinh nghia lai nhu sau: (D1 — Dst)Ts/2 va (D2 — Dst)Ts/2, trong d6, D1
va D2 duoc dinh nghia 13 hé s6 cong tac ting thém cua hai khéa Sp va Sn. Dua vao dién
&p tuc thoi cia hai tu dién, phuong phap can bang dién thé diém trung tinh duoc chia
thanh hai truong hop chinh nhu sau: 1) dién ap trén tu Cp I6n hon dién 4p trén tu Cy, 2)
dién ap trén tu Cp nho hon dién &p trén tu Cn. Trong truong hop 1, thoi gian tac dung
cua ché do NST 1 duoc ting cuong trong khi thoi gian tac dung cua trang thai NST 2
duoc 1am suy giam. Nguoc lai, trong truong hop 2, thoi gian tac dung cua ché do NST
1 dugc lam giam trong khi thoi gian tdc dung cua trang thai NST 2 dugc tang cuong.

Mot cach don gian, hé sé D1 va D2 ¢6 thé dugc tinh toan nhu sau [37]:

{D1=D0/2+k(vcp_vcr\1) 2
D, =Dy /2-k(Vep —Ven) ¢9

Trong dé: k 1a hé s6 khuéch dai.
Hé s6 D1 va D2 sau khi tinh toan phai dugc giéi han béi phuong trinh (3.6).
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3.2.4 So dd thuc hién giai thuat SVM cai tién

Luwa chon vector

thanh phan
Va—mahc 1 Ve Ao Tinh thoi | ¢
Vo— CO5 94— giantac e
V— CX,B Vs g I VAVAY dung
¢ Luwa chon
D / 2 = Phuong trinh 3.6 chudi xung
0 gidi Bang 3.3
Ve - - Chon pha (g sl
chen UST/ >
\/—» = X s Phwong trinh 3.6 D_.ST LST
CN k B0 gioi han
Cén bang dién ap Dy, | D, UST/LST| !
trung tinh PWM

Sn) |Sp 1Si

Hinh 3.6. So d thuc hién giai thuat SVM cai tién.

Cac budc thuc hién giai thuat SVM cai tién duoc trinh bay trong hinh 3.6. Dau
tién, dién ap ngd ra mong mudn dugc chuyén do6i sang hé truc af nham xac dinh vector
dién ap tham chiéu. Dua trén vi tri ctia vector dién 4p tham chiéu, ba vector 1an can s&
duoc lya chon. Luu y, chi nhitng vector duogc liét ké trong hinh 3.2 duoc st dung trong
phuong phap nay. Tiép theo, thoi gian ton tai cua nhimg vector duoc lya chon duoc
tinh toan, nhu dwoc trinh bay trong phan 3.1. Ngoai ra, tinh chat cta cac vector nho
(dang P hoic dang N) duoc lya chon ciing duoc ding dé xac dinh viéc sir dung trang
thai UST hay LST va pha duoc sir dung dé chén cac trang thai nay. Tiép theo do, chudi
xung chuyén mach duoc xac dinh, nhu duoc mé ta & bang 3.3. Hai hé s6 cong tac ting
thém cua khoa Sp va Sy, la D1 va D2, dugc xac dinh dua trén gia tri dién ap cua cac tu
dién nham can biang dién thé diém trung tinh. Sau khi hoan thanh cac budc ndy, cac
théng sé dugc dua dén khéi PWM dé tao tin hiéu diéu khién cho cac khoa cua bo

nghich luu.
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3.3 So sanh giira giai thuat dé xuit va cac giai thuat truée do

Bang 3.4 So sanh tong quat

3L-qZSI/2-LC | 3L-qSBI/1-L | 3L-qSBI/1-L | 3L-qSBI/1-L B wubt
[15] [35] [30] [36]
I-ée;SOtrung dan, - M 1-M 21— M) 1-M 2(1— M)
ST
Hésétang ap* | 1/(1—2Dst) | 2/(1—2Dst) | 2/(1—2Dst) | 2/(1—4Dst) | 2/(1—2Ds)
bién ap ngd ra 1.15-MB/2 MB/2 1.15-MB/2 1.15-MB/2 1.15-MB/2
Do loi dién ap Rat thip Thap Cao Cao Cao
CMV ~Ven/6-Ven/6 0 —Vpn/3-Ven/3 | —Ven/6-Ven/6 | —Ven/6-Ven/6
bién ap day Pon cuc Ludng cuc Don cuc Pon cuc Pon cuc
, 88.5%taiG= | 84.6%taiG | 31.8%taiG= | 41.5%tai G= | 31.8% tai G =
THD cta Vas _
3 =3 3 3 3
Chat hrong dién Thap Rat thap Cao Thap Cao
ap day ngo ra

* Chi nhing gia tri cao nhat duoc xem xét trong so sanh nay

100 . 07
D
0r 1 406
=
< g
® 80r €05
g i 5
~% ~a—-[36] >8 0.4
@ 60F ——[30] va dé xuét o
5 & 03
g >
3 | =
s O 02
a ©
I ] 5
= 40 -]
@ 0.1
30 ._‘—/’ =
0

20 '
1 1.5

2 25 3

3.5 4

2 25 3

Do loi dién ap, G D6 lgi dién ap, G
(a) (b)

35 4

Hinh 3.7. So séanh giira giai thuat dé xuat va cac céng bd trude do.

Phuong phap dé xuat dugc xem xét so sanh vai cac cau hinh nghich luu mét tang
Vva c4c giai thuat da cong bd. Nhiing so sénh tong quat duogc liét ké trong bang 3.4.

Trong cac nghién ciru nay, phuong phap dé xuat va phuong phap [30] thé hién wu diém
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trong viéc sir dung chi sé diéu ché M, vi véi ciing mot gié tri caa M, giai thuat dé xuat
va [30] c6 thé tao ra hé sé trung dan gap hai lan cac phuong phap khac. Loi thé nay
gilip cho nghién ciru dé xuét cai thién duoc dién ap dit trén cac linh kién va chat luong
dién &p ngd ra. CAu hinh qZSI duoc trinh bay & [15] ¢6 gia tri do loi dién &p thap nhat.
Do d6, cau hinh nay yéu cau dién 4p DC-link cao hon cac cau hinh khac véi cing do
loi dién ap. D4i vai cau hinh 3L-qSBT2I, phwong phap & nghién ciu [35] ¢6 d6 loi dién
ap thap nhat vi giai thuat nay chi st dung vector trung binh va vector khéng dé tong
hop dién ap ngd ra. Nghién ctu [36] c6 hé sb ting ap cao nhat. Tuy nhién, chi s6 diéu
ché cua nghién cau nay thip hon nghién ctru dé& xuat nén d6 lgi cua [36] bang voi
nghién ctru dé xuat.

Nhu biéu dién & hinh 3.7(a), gia tri THD cua dién ap day cua giai thuat diéu khién
dé xuat va phuong phap [30] 12 tét nhat. Uu diém nay c6 thé giai thich bang viéc st
dung cé4c vector nho ddi véi giai thuat dé xuat va [30]. Ngoai ra, vi phuong phap dé
Xuat c6 dang song dién ap day ngd ra dang don cuc so voi dang séng ludng cuc &
phuong phap [35], nén phuong phap dé xuat co6 THD dién &p day ngd ra thap hon
phuong phéap [35]. Bén canh d6, phuong phap dé xuat c6 do loi dién ap cao hon [35],
tir d6 phwong phap nay sir dung chi sé diéu ché cao hon [35]. Pay ciing 1a mét trong
nhitng nguyén nhan dian dén THD cua dién ap day tot hon & giai thuat dé xuat. Mac du
phuong phép [36] c6 cung d6 loi dién ap voi phuong phap dé xuat, tuy nhién, phuong
phap nay sir dung vector khong, nén dién ap ngd ra cua giai thuat nay cé chét luong
thip hon phuong phap dé xuat.

Nhu dugc liét ké trong bang 3.4, phuong phap [35] ¢6 gia tri CMV thap nhat. Tuy
nhién, chi sé diéu ché thip va do loi dién &p 1a hai gigi han chinh caa nghién ctu nay.
Phuong phap [30] tao ra bién d6 CMV 1én nhat vi tat ca 12 vector nhé dugc su dung
trong giai thuat nay. Phuong phap & [15], [36], va phuong phap dé xuat c6 thé giam
bién d6 CMV xudng bing ¥ so vaéi giai thuat [30] bing cach loai bo cac vector nho tao

ra gia tri CMV cao. Ti s giira gia tri hiéu dung caa CMV va dién &p ngd vao cua
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nhitng phuong phéap trén dugc trinh bay nhu hinh 3.7(b). Hinh 3.7(b) cho thiy ring
phuong phap dé xuét cé thé giam gia tri hiéu dung cua CMV so vai [15] va [30]. Mic
di CMV cua giai thuat dé xuat Ion hon giai thuat ¢ [35] va [36], THD dién 4p cua giai
thuat dé xuat tét hon [35], [36] 1a mot vu diém c6 thé xem xét.

Nhin chung, dong gdép chinh cua nghién ctu nay la viéc lam giam bién d¢ cua
CMV ma van duy tri dugc céc vu diém da trinh bay cua giai thuét trede d6 nhu do loi

dién &p va chat luong dién ap ngd ra cao.
3.4 Két qua mod phéng va thuc nghiém
3.4.1 Két qua md phéng

Bang 3.5 Théng sé md phong va thuc nghiém

Thanh phan Values
bién ap ngb vao Ve 100-V + 200-V
bién &p ngd ra Vo,rMs 110-Vrwms
Tan s6 ngd ra fo 50 Hz
Tan sb chuyén mach fs 5 kHz
Hé s6 tring dan Dst 0.16
Hé s tang thém Do 0.16 + 0.84
Chi s6 diéu ché M 0.92
Cuodn cam Ls 3mH/20 A
Tu dién Cep=Cn | 2000 uF/400 VvV
Mach loc LC Lf vaCs | 3mH va 10 puF
Tai dién tr& R 40 Q

Phuong phap SVM dé xuat dugc kiém ching théng qua mé phong va thuc nghieém.
Théng sé6 mach nghich luu duoc liét ké nhu bang 3.5. Két qua mé phong duoc thu thap
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Vvé6i su hé trg cua phan mém mé phong PSIM. Cudn day ting ap Ls c6 gia tri 3mH, hai
tu dién Cp va Cn c6 dién dung 2mF. Mach loc LC cé gia tri 3mH va 10uF duoc st
dung c6 tan sé cit xap xi 1 kHz. Theo ly thuyét, dién ap ngd ra duoc diéu khién &
110Vrus. Tai thuan tré 40-Q duge dung cho mé phong va thuc nghiém. Hoat dong cua
mach nghich luu véi giai thuat & xuat duoc kiém chang trong hai truong hop: 1) Ve =
200-V, va 2) Vg = 100-V. Nham dat dugc 110Vrus dién &p hiéu dung ngd ra, hé s M
va hé sé Dst dugc chon ¢ 0.92 va 0.16. Véi 200 V dién &p ngd vao, hé sé Do dugc chon
& gia tri thap nhat 14 0.16, trong khi gia tri cua Do duoc chon 1a 0.84 cho truong hop
100 V ngudn DC ngd vao. Két qua mo phong cho hai trudng hop trén dugc trinh bay
trong hinh 3.8 va 3.9.

Két qua moé phong cho truong hop 200V dién ap ngd vao duoc biéu dién nhu hinh
3.8. Trong trudng hop nay, hai tu dién Cp va Cn duoc ting cuong dén 147-V, nhu dugc
biéu dién ¢ hinh 3.8(a). Két qua 1a Ven duoc ting cuong dén 294-V. Luu y rang, dang
song cua dién ap DC-link la dang xung vuéng dao dong trong khoang 147-V va 294-V.
Piéu nay co thé giai thich do viéc st dung trang thai UST va LST phia nghich luu.
Trong ban ky duong cua dién ap day ngd ra, Vas dao dong tir 0-V dén gia tri cuc dai
cua dién &p DC-link. Phén tich Fourier (Fast Fourier transform — FFT) ctia dang song
dién &p day Vae duoc biéu dién nhu hinh 3.8(b). Gia tri cuc dai cua phd FFT do duogc &
s6ng hai bac mot va cé bién d6 269-V. C6 thé thay rang, cac thanh phan hai tan sé cao
& dong dién tai hau nhu duogc triét tiu nho su ho trg ciia mach loc théng thap LC nhu
duoc biéu dién o hinh 3.8(b). Do d6, dong dién ngd ra c6 dang sine véi bién do dinh do
dugc la 3.88-A. THD cua dién ap Vas ngd ra va dong dién ngd ra la do duoc la 32.29%
va 0.345%. Dong dién qua cudn day Lg c0 gia tri trung binh la 4.59A. Hinh 3.8(c) trinh
bay dang song ctua dong dién cua Ls, dién ap dat trén khda Sp va Sy, va dién &p DC-link
Ven trong gan hai chu ky chuyén mach. Nhitng két qua nay biéu thi rang, dién &p cuc
dai dat trén hai khoa Sp va Sy bang véi dién ap trén tu dién va bang mot nira gia tri cuc

dai cua dién 4p DC-link.
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Hinh 3.8. M6 phong véi Vg = 200-V.

Két qua mb phong cua giai thuat dé xuat cho trudong hop 100-V dién &p ngd vao
duoc biéu dién nhu hinh 3.9. Trong truong hop nay, dé dat duoc 100Vrums trén tai, gia
tri cuc dai hé sb tang ap duoc sir dung bang cach cai dat hé s6 Do & gia tri 0.84. Vai hé
s6 cong tac nay, dién &p trén hai tu dién van dugc ting cudong dén 147-V, nhu duoc
biéu dién ¢ hinh 3.9(a). Két qua 1a, dién 4p DC-link va gia tri dinh caa Vas van duy tri
& gia tri 294-V trong truong hop ndy. Dua vao phd FFT cua dang song dién ap Vas va
Ia, gia tri THD cua hai dang soéng nay duoc tinh toan la 32.29% va 0.374%. Dong dién
trung binh qua cudn day Ls 12 9.2-A. Cudn cam Lg van c6 tan sé hoat dong 1a 20kHz,
nhu biéu dign & hinh 3.9(c).
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M6 phong cho phuong phép can bang dién thé diém trung tinh duoc trinh bay
trong hinh 3.10. C6 thé thay rang, viéc khong can bang dién &p trén hai tu dién Ia
nguyén nhan din dén viéc méo dang dién ap day ngd ra. Sy méo dang nay cé thé duogc
quan sat bang su gia ting bién do ctia cac thanh phan hai tan sé thap (100 Hz va 200
Hz) nhu hinh 3.10. Sau khi 4p dung phuong phap dé xuit, su chénh léch dién ap gita
hai tu dién dugc suy giam dang ké va c6 gié tri rat nhé xem nhu gan bang khong. Piéu

nay truc tiép 1am suy giam céc thanh phan hai bac thip ¢ tn s6 100 Hz va 200 Hz, nhu

Vdc (V) VCP (V)

VAB (V

Hinh 3.9. Két qua md phong véi dién ap ngd vao 100-V.

hinh 3.10.
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Hinh 3.10. Két qua md phong cho phwong phap can bang dién thé diém trung tinh.
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Hinh 3.11. So s&nh giita phuong phap dé xuat va phuong phép [30]. (a) phuong phap
[30], (b) phuong phap dé xuat.
So sanh CMV giira giai thuat dé xuat va giai thuat [30] duoc trinh bay o chuwong 2
duoc trinh bay ¢ hinh 3.11. C6 thé thdy rang, hoat dong ting/giam &p cua mach nghich
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lru 13 hoan toan giéng nhau khi sir dung phwong phap dé xuét va phuong phap [30].
Piéu nay duoc thé hién & dang song Ven. Dang song Vas c6 cing gia tri THD Ia
32.29% d6i véi ca hai giai thuat diéu khién. Do d6, c6 thé két luan rang, giai thuat dé
Xuit bao toan duoc chat luong dién ap ngd ra so véi giai thuat ¢ [30]. Tuy nhién,
phuong phap dé xuat cé thé giam bién d6 dinh-dinh cia CMV xuéng con % so Vi
phuong phap [30]. Gia tri RMS cua CMV ddi véi giai thuat dé xuét va [30] do duoc la
35.8VRrms Va 46.4Vrms. Tir d6, co thé thay rang giai thuat dé xuét co thé giam 22.8%
gia tri hiéu dung caa CMV so vai [30]. Phd FFT cia CMV duoc biéu dién nhu hinh
3.11. Véi gia tri CMV nho hon, giai thuat dé xuat lam giam dang ké bién d6 CMV ¢

nhitng thanh phan tan s cao.

80

=6—[30]
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Gia tri hiéu dung cia CMV [V]

30

20 . . . .
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Chi sb diéu ché, M
Hinh 3.12. Khao sat CMV cua giai thuat dé xuat va giai thuat [30] véi su thay doi caa
chi s6 diéu ché.

Khao sat CMV cua giai thuat dé xuat va giai thuat [30] véi su thay doi cia hé s6 M
duogc trinh bay ¢ hinh 3.12. C6 thé thay ring, phuong phap dé xuat ludn c6 gia tri hiéu
dung caa CMV thap hon [30]. Ngoai ra, ca hai phuong phap déu dat dugc gia tri cuc
dai cia CMV tai chi sé diéu ché 0.5 vi thoi gian tac dung cua céac vector nho duogc cuc

dai tai diéu kién hoat dong nay.
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3.4.2 Két qua thuc nghiém

Tek Prevu [—t,—] Tek Prevu | ; % 4} ; Tek Prevu | ————————]
- Ie[1A/div] - : : i ! e[ 200V/div] : ([ iare : i - ls[1A/div]
i S i e o } _» L . I m Vsp[200V/div]
i : : : : : e b o e S, e .._..b.
VeJ100VIdiv]___ : il Whigacest | L) <'T, bd Tl
L ; s bop b el oo VeN[200VAgiV]
Ver[100V/div] : L VN[00V 1 ;
D : i : af oL
Ven[100V/div] : : - I
ef L L I - 1AIBAJIV] Bl Ven[200V/div] L
| _ _ _ o ; S R . ) ‘
: - t[4msidiv] : : t[4ms/div] - i 1 | t[40ps/div] «
@ (b) ©

Hinh 3.13. Thuc nghiém véi Vge = 200-V.

M6 hinh thyc nghiém duoc trinh bay ¢ chuong 2 dwgc s dung cho cac kiém
chang caa giai thuat nay. Thong sé hoat dong caa mé hinh thuc nghiém duoc trinh bay
trong bang 3.5. Ca hai trrong hgp 200-V va 100-V dién ap ngd vao duoc xem xét trong
phan thyc nghiém. Két qua thuc nghiém cho hai truong hop nay duoc trinh bay nhu
hinh 3.13 — 3.15.

Vi 200-V ngudn DC ngd vao, Vee va Von dugc ting ap dén 140V va 141V, nhu
dugc biéu dién & hinh 3.13(a). Dong dién ngd vao lién tuc, va c6 gia tri hiéu dung la
4.78-A. Dién 4p trén thanh cai Ven cuc dai 12 tong dién ap cua hai ty dién, va c6 gié tri
la 280V. Vi sir dung UST/LST, nén dién 4p DC-link dao dong trong khoang 140V dén
280V. Nhu duoc biéu dién & hinh 3.13(b), dang s6ng Vag ¢ 5 bac dién ap dao dong tur
-280V dén 280V. Dong dién ngd ra c6 dang sine va cd gia tri hiéu dung 1a 2.59A. Hinh
3.13(c) cho thay rang, cuén cam Lg hoat dong véi tan sé bang 20 kHz. C6 tan sé hoat
dong cao la mot trong nhitng nguyén nhan giGp cho giai thuat dé xuat giam do gon
song dong dién qua cudn day khi so sanh vai cac giai thuat da cong bd. Dong dién qua
cudn day ting va giam mot cach tuyén tinh. Dong dién ting trong trang thai UST/LST
dat dugc khi Ven bang 140V, va khi hai khéa Sp va Sy duoc kich dan ddng thoi.
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ILe[2A/div] o : i Its[2A/div] ]
- sp[200V/div] |
: vfgloowdiv] ol P el e |
- - B = -
; ; ; ‘ i+ YEN[200V/diV]
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Hinh 3.14. Thuc nghiém véi Vgc = 100-V.

Khi nguon DC ngd vao dat gia tri 100-V, hé s6 Do duoc ting cuong dén gia tri 0.84
nham dam bao bién do dong dién ngd ra cua mach nghich luu, theo 1y thuyét. Trong
trrong hop nay, Vce va Ven €0 gia tri 126V va 128V. Dong dién trung binh qua cudn
day 12 9.35A, nhu biéu dién ¢ hinh 3.14(a). Pién 4p DC-link dat duoc gia tri cuc dai la
254-V. Gia tri hiéu dung ctia dong dién tai la 2.52A.

Tek PreVu | i ol Tek PreVu | i
B VVAB[ZOOV/diV]
- 1A[5A/IV]- i
: : ; : : Lo t[4ms/di
a1 L L t[4ms/div] o) [4ms/div]
FET 0f Vg [L00V/di
FET of 1, [LA/div] OF Vas [ ]
L1 f[125kHZ/div]: ; ; T Cf[skHz/div]
(@) (b)

Hinh 3.15 Pho FFT cia dong dién va dién ap day ngo ra.

Phan tich FFT cua dang song dong dién tai va dién 4p day ngd ra duoc biéu dién
nhu hinh 3.15. Gia tri THD cua dién &p day Vas va dong dién ngd ra la do duoc la
45.9% va 2.15%.

Giai thuat dé xuat va giai thuat & [30] duoc xem Xét trong so sanh vé CMV. Két
qua thuc nghiém cho truong hop nay duogc trinh bay & hinh 3.16. C6 thé thay rang,
phuong phap SVM dé xuit c6 thé giam bién d6 dinh cua CMV khoang 50% so véi giai
thuat & [30] trong khi khong lam thay d6i dén dang song Vas. Két qua 13, chét luong
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dién ap ngd ra duoc duy tri & phuwong phap nay. Gié tri hiéu dung cia CMV ddi V6i
phuong phap dé xuét va [30] lan luot 12 36.7V va 48.4V. Khi nay, phuong phap SVM
dé xuat co thé giam khoang 24.17% gia tri hiéu dung cia CMV so vai [30].

(TekStDD | [ i 1 Tek Stop | ; i
27 : : : :

.

H H H H U

N CCMV[2 oV/div

- t[10ms/div] i t[10ms/div]

@ ®

Hinh 3.16 Két qua thuc nghiém CMV cua giai thuat dé xuat va [30]. (a) giai thuat [30],
(b) giai thuat dé xuat.

3.5 Két luan chwong 3

Trong chuong nay, giai thuat SVM cai tién duoc dé xuat diéu khién mach 3L-
qSBT2l nham giam CMV ma khdng lam anh huong dén cac wu diém nhu cai thién do
loi dién &p va THD cua dién ap day ngd ra duoc dé xuat trong chuong 2. Cu thé bién
do dinh-dinh cua CMV giam 50% so vai giai thuat & chuong 2.

Mic du viéc can bang dién ap st dung cac vector nho (dé xuét trong chuong 2) 1a
khong kha thi voi giai thuat nay. Thay vao do6, hé sé cong tac cua hai khda ban dan
phia nguén Z c6 thé duoc thay d6i dé dam bao can bang dién ap trén hai tu dién.

Mic du c6 wu diém trong viéc giam bién d6 CMV, giai thuat dé xuat c6 nhugc
diém trong viéc tao ra thém hai chuyén mach trén khoa ban dan phia nghich Iwu va hai
chuyén mach trén khéa ban dan phia mang nguon khang. Do d6, giai thuat nay thich
hop cho cac tng dung hoat dong & tan sé chuyén mach thap hoic cho cac thiét ké voi
linh kién c6 tén hao chuyén mach thap (nhu linh kién duoc ché tao véi cong nghé ban
dan SiC hoic GaN).
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Chuong 4
GIAlI THUAT PE XUAT CHO CAU HINH TLB-T?I
NHAM KHAC PHUC SU CO TAI CAC
KHOA CONG SUAT

Trong chuong ndy, cac phuong phap xir Iy su ¢ hé mach méi s& duoc dé xuat
nham khic phuc cac nhwgce diém con ton tai cia cac phuong phap truyén théng. Cau
hinh duoc xem xét dé thuc hién giai thuat d& xuat 1a mach 3L-qSBTZ nhu biéu dién &
hinh 4.1. Trong chuong nay, cu hinh nay con duoc goi 1a (three-level boost T-type
inverter — TLB-T?2I). Bé don gian, ba 16i ho mach sau s& dugc phan tich: 1) OCF tai Sp,
2) OCF tai Sia, 3) OCF tai Sza V& Ssa. Cac 16i ho mach con lai s& duoc xur Iy mot cach
twong tu. Ngoai ra, sy ¢6 hd mach va ngan mach xay ra tai mang nguén khang ciing

dugc xem xét xir ly trong chuong nay.

S1A
K A 4
SILT Sic T Lf .\ R
Yy e T:I***‘_
A I } |A1‘ |
SoaT S3AT | | \ |
+ \ \ | |
mm |
Ve T 'B | — I :
5251' SaeT c | i | |
|
w/YYYVL t ‘
lc————- G
Sgc'l' Sgc'l' —t k-1
SKNFINFSNE il
4A 48 4C SRR
Mach DC/DC tang ap Mach nghich luu 3 bac hinh T | B6 loc LC va tai

Hinh 4.1. CAu hinh TLB-T?l.
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4.1 Phwong phap xir Iy 16i cho ciu hinh TLB-T2|

4.1.1 Phwong phap xir Iy 16i hé mach cho khoa Sp

Gia st sy ¢b hd mach xay ra tai khda Sp. Khi do, dién &p trén hai tu dién bi mat
can bang mét cach nghiém trong do hoat dong khéng déi xtirng cua mang ngudn khang.
Diéu nay dan dén dién &p ngd ra cua bd nghich luu bi méo dang mot cach nghiém

trong.

Sector |1

7.non 1Y VooN

Sector 111 Sector |
_}
Vs /NOO 000 Vo
Sector IV Sector VI

Sector V

Phase A dugc dung dé chén UST
Phase B dugc dung d¢ chen UST
Phase C dugc dung dé chen UST

Hinh 4.2. Gian d6 vector khong gian dé sira 16i khda Sp ho mach.

Dé stra duoc 16i hd mach tai khoa Sp, phuong phap dé xuat diéu khién bo nghich
luu hoat dong tuwong ty nhu bo nghich luu hai ting hai bac truyén thong. Trong phwong
phap dé xuat, ngd ra ciia bo nghich luu Vxo (X = A, B, C) dat duoc hai gia tri 12 0-V va
-Ven trong subt qua trinh hoat dong. Hai gia tri nay duoc dai dién boi hai trang thai [O]
va [N] trén gian d6 vector khdng gian, duoc biéu dién nhu hinh 4.2. Gi4 tri 0-V tai ngd
ra dat duoc bang cach kich dong ddng thoi hai khoa ban dan Sxx va Sax. Khi hai khoa

Sax va Sax duoc kich dong mot cach dong thoi, dién &p -Ven duoc tao ra tai ngd ra Vxo
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caa bo nghich luu. Co thé thay rang, khoa Ssx luon duogc kich dong khi giai thuat dé
Xuat dugc st dung. T hop cac trang thai dién ap ngd ra cua giai thuat dé xuat duoc
biéu dién nhu hinh 4.2. Trong giai thuat nay, trang thai [NNN] (tao ra bang cach kich
déng ddng thai khoa Saa, Sus, Sac) khong dugc sir dung.

Giai thuat dé& xuit chia gian do vector khdng gian (hinh 4.2) thanh 6 sector (I —
IV). M6t céch tong quat, sector I dugc chon dé phan tich giai thuat dé xuat. Néu vector
dién &p tham chiéu V.., nim trong sector I, cac vector thanh phan Vg, V3, V;, duoc st
dung dé tinh toan vector dién ap ngd ra. Méi quan hé giita cac vector nay dugc biéu
dién nhu sau [71]:

V:;f T :\ZJ'tO +\Zt1 +\7;-t2
T=t+t +t,

(4.1)

Trong do: to, t1, t2 — thoi gian tac dung cuia cac vector thanh phan Vg, Vi, V,; T —

chu ky chuyén mach.
Céac vector V;, V5, V, va vector tham chiéu duoc dinh nghia nhu sau [71]:

V., =1//3.M V"
=0
V,=2/3V,, "

V, =2/3V,, "™

o

(4.2)

Thay phuong trinh (4.2) vao phuong trinh (4.1), thoi gian tac dung cua céac vector
thanh phan dugc xac dinh nhu sau [71]:

t =MTsin(z /3-6)
t, = MT sin() (4.3)
L=T-t-1
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Sau khi tinh toan thoi gian tac dung, cac vector Vg, V3, V, dugc sip xép mét cach
tly ¥ vao mot chu ky chuyén mach, T. Giai thuat nay dé xuat chudi xung cho sector |
nhu sau: [000] — [OON] — [ONN] — [OON] — [OOOQ]. Trong chudi xung nay pha A
lubn hoat dong & trang thai [O]. Do d6, dé ting cudng dién ap trén tu dién Cu, trang
thai UST duoc chén vao pha A bang cach kich dong khoa Sia, S2a va Saa. Khi nay mach
nghich luu hoat déng & hai ché do chinh la ché d6 1 va ché d6 2 duogc biéu dién nhu
hinh 4.3(b) va 4.3(c). Trang thai UST phé&n cuc nguoc diode D2 va phén cuc thuan
diode D1. Khi nay tu dién Cp dugc cach ly khoi mach cong suat. Luu ¥ rang, trang thai
UST duogc chén vao pha A khong 1am thay doi gia tri dién ap ngd ra Vao. Ddi véi
nhitng vi tri khac nhau cua vector dién &p tham chiéu, trang thai UST duoc chén vao

pha hoat dong ¢ trang thai [O] nhiéu nhat, cu thé duoc biéu dién nhu hinh 4.2.

y Ls Sp Lg Sp
I < ! > T |_|IJ T |_|IJ
0 /i'\‘: . Vg O‘ I—I

A DT ! L = D; CN
Sy [t— | -

TtEeTE e
0 L
(a) t (b) (c)

Hinh 4.3. (a) Tin hiéu diéu khién cua khda S, (b) ché do 1, (c) ché do 2.

Hoat dong ting ap dwgc dam bao bang cach diéu khién hé sé cong tac cua khoa
ban dan Sn. Tin hiéu diéu khién cua Sy dugc mé ta nhu hinh 4.3(a). Khi Sy dugc kich
dong, ché d6 1 dugc kich hoat nhu biéu dién & hinh 4.3(b). Khi nay, diode D4 phan cuc
nguoc trong khi diode D3 phan cuc thuan. Nho su hd tro cua trang thai UST phia
nghich luu, cudn day Ls dugc nap ning luong tir ngudn ngd vao Vee. Dién ap trén cuon

day tang &p duogc tinh toan nhu sau:

L ?j_lt =V, (4.4)
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Khi khéa Sy dugc Kich ngit, nhu mé ta trong hinh 4.3(c), diode D3 va D4 phan cuc
thuan. Nang luong tich trix trong cudn day Ls va ngudn ngd vao Vae nap cho tu dién Ch.
Dién ap dat trén cudn day tang ap trong truong hop nay dugc xac dinh nhu sau:

Ly % =V, —V\ (4.5)

Dya vao tin hiéu diéu khién cia Sy duoc biéu dién nhu hinh 4.3(a), ¢6 thé xac dinh
thoi gian tac dung cua ché do 1 va ché do 2 trong mdi chu ky chuyén mach lan luot 1a:
DT va (1 — D)T. Trong trang thai xé4c lap, dién 4p trung binh cua cudn day ting ap bang
khong. Do d6, dién &p trén tu Cn duoc xac dinh nhu sau [71]:

V

V,, =—%- 4.6
s (4.6)

Dién ap ngd ra trong trrong hop nay dugce xac dinh nhu sau [71]:
V, eakzixMxh:ixMxL 4.7

e 3 2 3 1-D
Do loi dién ap caa mach nghich luu dugc tinh toan nhu sau [71]:
\Y

_ _ X.peak _ 2 M (48)

V. /2 3 1-D

4.1.2 Phwong phap xir Iy 16i hé mach cho khoa Sia

Khi 16i hd mach xay ra tai khoa Sia, dién ap cuc ngd ra pha A, Vao, khdng thé dat
duogc trang thai [P] trong quéa trinh hoat dong. Piéu ndy dan dén su méo dang nghiém
trong cua dién ap va dong dién ngd ra vi mot nira ban ky duong cua dién ap ngo ra khi
nay bang 0. Dién &p trén hai tu dién bi mat can bang nghiém trong. Twong tu nhu 16i
hd mach tai khoa Sp, 16i ha mach tai khoa Sia ciing dugc xt ly bang cach diéu khién

mach nghich luu hoat ddng & ché d6 hai bac hai tang.

Cac ché do hoat dong cua TLB-T2I va tin hiéu diéu khién hai khéa ban dan phia
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nghich luu duge trinh bay nhu hinh 4.4. Trong truong hop ndy, giai thuat diéu khién
kich dong khoa Sp va kich ngat tin hiéu diéu khién cua cac khda Sia, Sis VA Sic phia
nghich luu. Biéu ndy dan dén viéc cach ly tu dién Cp khoi mach cdng suat. Diode D
phan cuc nguoc trong khi diode D, phan cuc thuan. Hai ché do hoat dong chinh cua

mach nghich luu dugc xac dinh théng qua trang thai dong ngat caa khoa Si.

A T
I /\":
0 : [
N T L SP__DIiJ Laé SP__DIiJ
Sp ; & o,| & % 1€ o, ¢ M
0 ! e Ve |, Ot O¢p——
A DT ! ot Dy Cn == Ds| Cw
s Tl OToHR ¢
| N N
0 Ly D4 “Ve | D4 “Ve
(a) t (b) (c)

Hinh 4.4. (a) Tin hiéu diéu khién cua khoa Sp, S, (b) ché do 1, (c) ché do 2.

Khi Sn duge kich dong, ché do 1 dugc kich hoat nhu biéu dién ¢ hinh 4.4(b). Khi
nay, diode D4 phan cuc ngugc trong khi diode D3z phan cuc thuan. Cudn day Lg dugc
nap niang lwong tir ngudn ngd vao V. Dién 4p qua cudn day ting ap duoc tinh toan
nhu sau:

L, % =V, (4.9)

Khi khéa Sy dugc Kich ngat, nhu mé ta trong hinh 4.4(c), diode D3 va D4 phan cuc
thuan. Nang luong tich trir trong cudn day Ls va ngudn ngd vao Vae nap cho tu dién Ch.
Dién ap dat trén cudn day tang ap trong truong hop nay dugc xac dinh nhu sau:

di
"o

Duya vao tin hiéu diéu khién cua Sy dugc biéu dién nhu hinh 4.4(a), c6 thé xac dinh

—V, —V, (4.10)
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thoi gian tc dung cua ché do 1 va ché do 2 trong mdi chu ky chuyén mach lan luot 1a:
DT va (1 — D)T. Trong trang thai xéac lap, dién ap trung binh cua cudn day ting ap bang
khong. Do d6, dién &p trén tu Cn dugc xac dinh nhu sau [71]:

V., = 1\1% (4.11)

Giai thuat dé xuat diéu khién mach 3L-T?I hoat dong nhu mot mach nghich Iuu hai

bac truyén théng bang céch kich ngét tin hiéu diéu khién cua ba khéa Sia, Sis, Sic. Ngd
ra ciia b nghich Iuu ton tai hai trang thai 1a [O] va [N] twong ng Vvoi hai gié tri dién
ap 12 0-V va -Vew. Gia tri 0-V tai ngd ra dat dugc bang cach kich dong dong thoi hai
khda ban dan Spx va Sax. Khi hai khoa Ssx va khoa Sax dugc kich dong mot cach dong
thoi, dién &p -Ven duoc tao ra tai ngd ra Vxo cua bd nghich luu. C6 thé thiy ring, khoa
Sax ludn duoc kich dong khi giai thuat dé xuat duoc s dung. T6 hop Ccéc trang théi

dién 4p ngd ra cua giai thuat dé& xuat duoc biéu dién nhu hinh 4.5.

Sector 11

7non PV Toon

Sector 111 Sector |
—
Va /NOO 000 \

Sector V

Hinh 4.5. Gian do vector khdng gian cho giai thuat stra 16i khoa Sia.
Khéac véi giai thuat dé xuat cho 16i hd mach tai khéa Sp, giai thuat dé xuét cho 19i
S1a cho phép sir dung trang thai [NNN]. Phuong phap xac dinh céc vector thanh phan

dé tong hop vector dién &p tham chiéu, tinh toan thoi gian tac dung duoc thuc hién
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gidng véi phuong phap xur 1y 16i hé mach cho khéa Se. Tuy nhién, chudi xung trong
truong hop nay cé sir dung vector [NNN]. Vi du, chudi xung tac dung ddi véi sector |
nhu hinh 4.5 dugc xac dinh nhu sau: [OOO] — [OON] — [ONN] — [NNN] va lap lai.

Dién ap ngd ra trong truong hop nay dugce xac dinh nhu sau [71]:

2 Vou _ 1 Ve (4.12)

—xMx-N=_"_xM

x,peak — \/g 2 \/5 XE

Do loi dién ap cua mach nghich Iuu dugc tinh toan nhu sau [71]:

V

v
_ Ve _ 2 M (4.13)
V,./2 3 1-D

4.1.3 Phuwong phap xir Iy 16i hé mach cho khéa Sza va Sza
Sector 11

Vis N V14
NPN A -CF Vs ~—/\ PPN

Sector 111 /, L/ 3\ >
o OPS\/ V5 PPO \
NPOA " NON > \PON

Vis /| opp VY ppp 0

NPP T NOO NNN /\GG0 ONN | /pNN

Vio OOR\N/ POP Vi
NOP \ NNO/AR A /PNO
Sector IV \. .~/ Sector VI
N N P_. T N\ V P N P
Viz Vi, ONP Vig
Sector V

Hinh 4.6. Gian d6 vector khdng gian cho giai thuat stra 16i khda Sza va Sa.
So véi 16i hd mach xay tai khoa Sp va Sia, 16i hd mach xay tai khda ban dan hai
chiéu Sza va Saa it nghiém trong hon. Bdi vai su ¢b nay, dién &p ngd ra Vao khdng thé

dat duoc trang thai [O]. Piéu nay lam ting gia tri THD cta dong dién ngd ra va mat

88



can bang dién thé diém trung tinh.

Pé xir Iy sy cb nay, giai thuat vector khong gian cai tién dugc sir dung. Gian dd
vector khdng gian cho su ¢b nay dwoc biéu didn nhu hinh 4.6. C6 thé thay rang khi 13i
hd mach xay ra tai Soa va Ssa cac vector khéng [OOO], vector nho [ONN], [OON],
[OPO], [OPP], [OOP], [ONO] va hai vector trung [OPN] va [ONP] khong thé dat duoc
tai ngd ra cua bd nghich luu. Khac vdi cac vector trung, cac vector nho va vector
khéng ludn co6 céac vector trung lap. Vi du, vector [ONN] co vector trung lap la vector
[POOQ], hai vector nay tao ra cung mot gia tri dién ap ngd ra. Do d6, hoat dong cua
mach nghich Iuu trong cac sector I, 111, IV, VI co thé duge dam bao tuong ty nhu trong
trang thai binh thuong nho sy trg giup cta cac vector trung lap. Phuong phap xac dinh
cac vector thanh phan va tinh toan thoi gian tac dung trong trudng hop nay duoc thyuc
hién twong tu nhu trong trang thai binh thuong. Tuy nhién, chudi xung trong truong
hop nay duoc stra ddi theo cac vector dy phong. Vi du, gia sir vector dién ap tham
chiéu nam trong ving 2 cua sector I, chudi xung tac dung dugc xac dinh nhu sau:
[PPO] - [PON] - [POO] - [PON] - [PPO].

Vi vector trung [OPN] va [ONP] khdng c6 cac vector trung lap nén hoat dong cua
mach nghich luu trong hai sector IT va V khong thé duy tri nhu trong trang thai binh
thuong. Trong trudng hop ndy, giai thuat dé xuat diéu khién mach nghich luu hoat
dong nhu mot mach nghich luu 2 bac. Mot céch téng quat, vector dién ap tham chiéu
dugc gia st nam trong sector II dé phan tich chi tiét vé giai thuat nay. Khi nay ba
vector thanh phan Vy, V,,, va V;. dugc sir dung dé tdng hop vector dién ap tham chiéu.
M&i quan hé giita cac vector ndy dugc biéu dién nhu sau [71]:

Vi T=Vt,+V, t, +V. b,

ref *
T =t +t,+1;

Trong do: to, ta, t15 — thoi gian tac dung cua cac vector thanh phan Vg, Vi, Vis.

(4.14)
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Cac vector VO), Viar @ va vector tham chiéu duoc dinh nghia nhu sau [71]:

V., =1//3.MV,, "
=0

V,, =213V, e"?
Vi, =213V, &>

|

o

(4.15)

Thay phuong trinh (4.15) vao phuong trinh (4.14), thoi gian tac dung cua cac

vector thanh phan dugc xac dinh nhu sau [71]:

t, =MTsin(2z/3-6)
t, = MTsin(@ -7 /3) (4.16)
t,=T—-t,—t:
Khi nay chudi xung tac dung d6i véi sector II dugc xac dinh nhu sau: [PPP]-
[PPN]-[NPN]-[NNN] va lap lai. Bdi véi giai thuat nay, pha A hoat dong & ché do hai

bac trong khi cac pha con lai hoat dong & ché do 3 bac.

4.1.4 Phwong phap xir Iy mat sé sw cé khac

Ba phuong phap xtr Iy sy ¢b hd mach tai khoa ban dan Sp, Sia va khoa béan dan hai
chiéu Sza va Ssa 13 3 dong gop chinh cta nghién ctu nay. Tuy nhién, cac phuong phap
nay cé thé dugc st dung dé xir Iy su ¢6 hd mach va ngan mach tai cac linh kién khac
cua mach TLB-T2I. C6 thé thay ring trong phuong phéap xur Iy su ¢b hé mach cho Sia,
hai khoa Sig va Sic ludn duoc kich ngit. Do do, phuong phap nay c6 kha nang xt Iy su
cb hé mach tai 3 khoa ban dan phia trén xay ra cung lac. Diéu nay khdng thé dat duoc
d6i voi phuong phéap truyén thong [62] — [67]. Ngoai ra diode D1 va D2 lubn ludn phan
cuc nguoc va thuan trong phuong phap ndy. Do d6, phuong phap nay c6 thé ma rong
cho su ¢6 hé mach tai diode D1 va ngan mach tai diode D,. Khéa Sp ludn kich dong
trong phuong phap nay, do dé, 15i ngan mach xay ra tai khoa Sp ciing duoc xir ly mot

cach twong tu. Do tinh déi xting cua mach TLB-T2I, cac 13i hd mach tai D4 va 15i ngin
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mach tai D3 va S ciing dugc xtr ly mét cach tuong tu.

Déi v6i phuong phap xur ly 16i hé mach ciia khoa Sp, diode D, bi phan cuc nguoc
trong khi diode D1 duoc phan cuc thuan. Do d6, phuong phép nay c¢é thé mé rong cho
su ¢d hé mach tai D2 va sy ¢b ngan mach tai Di. Phuong phap twong tu ciing c6 thé

duoc sir dung dé xur 1y su ¢b hd mach tai D3 va su ¢6 ngian mach tai Da.

Cac ty dién trong cau hinh TLB-T2I ¢6 kha ning xay ra su ¢ ngan mach va su ¢6
hd mach. Thong thudng, su ¢d ngan mach tai tu dién sinh ra dong dién cé gia tri rat 16n
chay qua hai cuc cua tu dién. Tir d6 pha hay cau trdc cua tu dién. Khi nay, 156i ngin
mach tai tu dién duoc chuyén thanh 16i hd mach. C6 thé thiy rang d6i véi hai phuong
phap xt Iy su ¢b hé mach cho Sp va Sia, tu dién Cp bi cach ly khoi mach cong suat. Do
d6, hai phuong phap nay cé thé dugc mé rong dé xir Iy su ¢6 ho mach tai tu dién Cp.

Phuong phap tuong tir ¢6 thé duoc st dung dé xir Iy su ¢d hé mach tai tu dién Ch.

4.1.5 Lwu d6 xix Iy sw co cia TLB-T2I

Luu d6 hoat dong ciia mach nghich Iuu duoc biéu dién nhu hinh 4.7. Phuong phap
chuan doan 16i trinh bay & nghién ctu [50] cd thé duoc sir dung dé gidm sat mach
nghich luu. Khi 16i hd mach/ngan mach duoc phét hién, n6 s& dugc phan loai va xt 1y.
Cu thé nhu sau, néu su ¢6 1a 16i hé mach tai tu dién Cp/Cn hozc I18i ngan mach tai khoa
Se/Sn, hoic 16i ha mach tai diode D1/Da, hodc 16i hé mach tai khda Six/Sax, giai thuat
dé xuat ¢ phan 4.1.2 s& duoc kich hoat dé khdi phuc hoat dong cua hé théng. Trong
truong hop, 16i duoc phat hién 1a 16i ha mach tai khéa Sp/Sy, hodc 16i ngan mach tai
diode D1/Ds, hoic 18i ho mach tai diode D2/Ds, phwong phap dé xuat & phan 4.1.1 dugc
sir dung. Néu I8i hd mach xay ra tai khda ban dan hai chiéu Sax/Ssx, phuong phap tai

phan 4.1.3 s& duoc kich hoat. Hé thong sé& dirng hoat dong ddi véi cac sy ¢b khac.
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I

| Chuén doén 16 |

Giai thuat diéu khién
o phan 4.1.3

Co

SCF Sp (Sn)?
OCF D; (DJ)?

OCF Sp (S):
SCF Dy (Dy)?
SCF D, (D3)?

Khong

Giai thuat diéu khién Giai thuat diéu khién
& phén 4.1.2 & phén 4.1.1 | Dimg hé théng

Hinh 4.7. Luu d6 hoat dong ciia mach TLB-T2I.

4.2 So sanh gitra giai thuat dé xuat va giai thuat truyén thong

Trong phan nay, giai thuat truyén thong duoc trinh bay trong [62] s& duoc so sanh
V6i phuong phap dé xuat. Luu ¥ rang, giai thuat truyén thong [62] cho 161 hd mach tai
S1a lam giam bién d6 dién ap ngd ra xudéng con Y% lan trong trang thai binh thuong. Do
d6, mach DC-DC tang ap duoc cai dit phia trudc bo nghich luu dé ting cuong dién ap
ngd ra, nhu biéu dién trong hinh 1.4. B4i véi cau hinh nay, khi 16i ho mach xay ra tai
khoa Sia, hé s6 cong tac cua cac khda Sp va Sy dugce tang cuong dé bu sy suy giam dién
&p tai ngd ra. Ngoai cau hinh nghich luu hai tng truyén thong, cac cau hinh nghich luu
3 bac twa ngudn Z (three-level quasi-Z-source inverter — 3L-qZSI) [65], cau hinh
nghich luu 3 bac tya khda chuyén mach (three-level quasi-switched boost inverter —
3L-qSBI) [66], [67] ciing duoc st dung dé so sanh vai giai thuat dé xuat. Trong nghién
ctiu [65] — [67], hoat dong ting ap dugc dam bao béi mang ngudn khang véi ché do
chuyén doi mot ting. Céc so sanh tong quat dwoc liét ké nhu bang 4.1. Trong dé, cac
ky hiéu F1, F2, F3 duoc sir dung dé chi phuong phap stra 16i hd mach cho Sp, Sia, va
khoa 2 chiéu Sa va Ssa.
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Bang 4.1. So sénh giira giai thuat dé xuat va cac cau hinh va giai thuat da cong bo.

Nghich luu hai .
ting (Hinh 1.4) 3L-qZSI [65] | 3L-qSBI [66] | 3L-qSBI [67] Dé xuét
1/(1 — 2D) d6i
o 1/(1-D) déi véi | 1/(1 - 2D) déi | 1/(1 - 2D) ddi véi F1 1/(1-D) déi voi
H¢ so tang ap, B i, i
F2 & F3 Voi F2&F3 | v6iF2&F3 | 21 _2p)déi | FL&F2&F3
v6i F2 & F3
MxB/~/3di | MxB/+/3 M xB/+/3 Mva,i/;:/ng'
v6i F2 dbiveiF2 | déivei F2 ° 2M xB/+/3
Do loi dién ap, G dbi véi F1 &
) 101 dietl ap, 2M x B /+/3
2MxB/\3 | 2MxB/3 | 2M xB/~3 d*ivx'iFi/;L F2 & F3
d8i véi F3 dbi véi F3 for F3 ° ‘;3
, , , B d6i voi F1 | B/2 ddi voi F3
e . B/2 d6i v6i F2 | (1—D)B/2 dbi | B/2 d6i véi , ,
bign ap tren tu dl@ﬂ, VeV & F3 voi F2 & F3 F2 & F3 B/2 d@6i voi F2 | B doi véi F1 &
& F3 F2
, , , B d6i voi F1 | B/2 ddi voi F3
A B/2 dbi voi F2 | B/2 dbi voi F2 | B/2 dbi voi , ,
Dl@n ap tren dIOde’ VD/Vdc & F3 & F3 F2 & F3 B/2 doi véi F2 B doi vdi F1 &
& F3 F2
A B/2 dbi véi F2 B/2 dbi véi B d6i voi F1 | B/2 ddi véi F3
Dbién ap trén Sp/ Sn, Vs/Vae & F3 NA F2 & F3

B/2 dbi véi F2

B dbi v6i F1 &
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& F3 F2
Dien 4D trén khoa Sex. VerdV B d6ivéi F2 & | Bddivéi F2 | B ddivoi F2 | B ddivéi F1& | B ddi voi F1 &
ien ap o TsaxHae F3 & F3 & F3 F2 & F3 F2 & F3
Tu dién 2 4 2 2 2
Diode 2 2 2 4 4
Xt 1y 13 F2 & F3 F2 & F3 F2&F3 | FI&F2&F3 | FL&F2 & F3
Xtr ly OCF tal nhicu khoa Khdng Khdng Khdng Khéng Co
Six/Sax
OCF tai D2/D3 i
Xir Iy OCF/SCF tai diode NA NA NA OCF/SCFtal
SCF tai D1/Ds | D1, D2, D3, Da
Xt Iy OCF/SCF tai Sp/S NA NA NA OCF OCF & SCF
Xt Iy OCF tai tu dién NA NA NA Co Co

F1: Sp OCF

F2: Sia OCF

F3: Soa & S3a OCFs
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Mot cach tong quat, cac cau hinh ndy can mang ngudn khang dé ting cudng dién
ap DC-link trong trang thai 13i hé mach khoa Sia dé bu su suy giam dién ap ngd ra do
giai thuat sinh ra. Trong cac cau hinh nay, mach 3L-qZSI st dung sé luong cuon day
va tu dién 16n nhit. Nghién ctu [66], [67], mach nghich luu hai ting truyén thong va

giai thuat dé xuat yéu cau sb luogng cudn day va tu dién thap hon nghién ciru [65].

Dé6i voi 161 hd mach xay ra tai Sia, khda ban dan hai chiéu caa pha xay ra 15i duoc
kich dan lién tuc, dbi vai giai thuat truyén thong. Hai pha con lai hoat dong véi tin hiéu
diéu ché dugc diéu chinh so véi trang thai binh thuong nham phyc hdi dién &p ngd ra
cua bo nghich luu [62], [65] — [67]. Do d6, nghién ctu [62], [65] — [67] chi c6 thé giai
quyét 16i ha mach xay ra tai 1 trong nhitng khoa phia trén hodc phia duéi caa 3L-T2l.
Mach nghich luu phai ding hoat dong khi nhiéu 15i hé mach xay ra cing ldc tai cac
khoa ban dan phia trén hoic phia duéi tai nhiéu nhanh khac nhau. Tuy nhién, giai thuat
dé xuat kich ngat tat ca cac khda phia trén khi mot 16i ha mach xay ra tai mot trong céac
khoa nay. Do d6, giai thuat nay cd thé xir ly 16i hé mach xay ra cing ldc tai nhiéu khoa
ban dan phia trén caa mach 3L-T2I. Ngoai ra, phuong phap dé xuat cé thé giai quyét da
dang cac 16i cia mach TLB-T?l so véi cac nghién ctru khac, nhu dugc liét ké & bang
4.1. T4t ca cac 16i ho mach va ngian mach cua céc linh kién ban dan phia mach TLB
(diode, khoa Sp va Sn) va 16i ha mach tai hai tu dién duoc giai quyét bang giai thuat dé
xuat thich hop.

Cac khao sat vé dién ap dat trén céc linh kién dbi véi nhiing giai thuat xu 1y su ¢b
tai khda ban dan khac nhau dugc trinh bay nhu hinh 4.8. Bé don gian hda qua trinh so
sanh, chi nhitng gia tri 16n nhat cua dién ap dat trén cac linh kién duoc théng ké so
sanh. Vi du, c¢6 4 tu dién trong cau hinh 3L-gZSI, tuy nhién, chi c6 tu dién c6 dién ap
dit cao nhat duoc st dung dé so sanh véi cac giai thuat khac. Hinh 4.8(a) biéu dién
dién ap roi trén cac tu dién. Trong cac nghién ciru ndy, phuong phap dé xuat, cau hinh

nghich luu 2 ting truyén thong va phuong phap [65] tao ra dién 4p roi trén tu dién thap
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nhat ddi véi ca ba phuong phap F1, F2 va F3. Uu diém nay c6 thé dat duoc nhd sir
dung nhiéu tu dién phia mang nguon khang [65], hoac sir dung chi sé diéu ché cao ddi
v6i phuong phap dé xuat va cau hinh hai ting. Phuong phéap [66], [67] tao ra dién ap

roi trén tu dién cao vi chi sir dung hai tu dién va hoat dong ¢ chi sé diéu ché thap.

9 9
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Tr 7r
s 6 26 ‘
§ . F2 nghich lru 2 ting > 5 F2 nghich luu 2 tang
N '\ Q [ K
S4ar % 4t
3 F3 [66] S F3 [65], [66]
a3r @ 37
F2[65 -
ol _“‘[ ] ol
1t 31651 & & 1t .
0 g nghich 1™ 0 & neme
0 1 2 3 4 5 0 1 2 3 4 5
b6 lgi dién ap, G b loi dién ap, G
(a) (b)
9 T T 18 T T
8r 167
7 J147
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2% 6 312r
> : A >
R F2 nghich luu 2 tang B
‘f 5¢ S10r F365], [66],
é 4l %‘ gl F1[67] :
= F3 [66
T3l 3 158) & gL F3 of nghich lru
©- . = A )
= @ 2 tang -,
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1r 2t
. &¥
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Hinh 4.8. So séanh giira giai thuat dé xuat va giai thuat truyén thong: (a) G va dién ap
trén tu dién, (b) G va dién ap trén diode, (c¢) G va dién ap trén khoa Sp/Sn, (d) G va dién
ap trén khoa Sax phia nghich luu.
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Dién ap dat trén cac diode va cac khoa ban din duoc biéu dién nhu hinh 4.8(b) —
4.8(d). Mot cach tong quat dién ap dat trén céac diode va cac khoa tich cuc phu thudc
vao dién 4p DC-link cia mach nghich luu. Trong khi do, dién 4p DC-link phu thudc
vao chi sb déu ché, M, nhu sau [71]:

2xV,

, peak
= 4.17
PN M ( )

Dua vao béu thirc (4.17), c6 thé két luan rang giai thuat st dung chi sé diéu ché

V

cao sé& tao ra it dién 4p roi trén diode va cac khoa ban dan. Trong cac nghién ciru nay,
phuong phap dé& xuat va cdu hinh nghich luu 2 tang truyén thong thé hién uvu diém
trong Viéc tao ra dién ap dat trén cac linh kién ban dan it nhat vi c6 chi sb diéu ché cao
hon céac nghién ctiru con lai. Bac biét, ddi vai 16i ha mach xay ra tai Sia, phwong phap
dé xuat c6 thé giam dién ap dat trén cac khoa Six/Sax xudéng bang % so véi cau hinh 2

tang truyén thong, duoc thé hién nhu hinh 4.8(d).

4.3 M6 phéng va thuc nghiém véi giai thuat dé xuat

4.3.1 Két qua md phéng
Bang 4.2 Thong sé md phong va thuc nghiém

Thong sb Giatri
bién ap ngd vao Ve 200V
bién 4p ngl ra VyRMS 110 Vrwms
Tan s6 ngd ra fo 50 Hz
Tan s6 chuyén mach fs 10 kHz
Cudn day tang ap Ls 3 mH/20 A
Tu dién Cp and Cy 1 mF/400 V
Mach loc Lt and Cs 3 mH and 10 pF
Tai Rx 40Q
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Hinh 4.9. Két qua md phong cho phuong phap xtr ly su ¢d hé mach tai khoa Se.
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Hinh 4.10. Két qua md phong cho phuong phap xir Iy su ¢d hd mach tai khoa Sia.
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Hinh 4.11. Két qua md phong cho phuong phap xir Iy su ¢6 hd mach tai khoa Sza&Ssa.

Két qua md phong duoc thuc hién vai su hé tro cia phan mém PSIM duoc trinh
bay nham kiém ching hoat dong cua giai thuat xir Iy sy ¢6 hé mach khda cong suat dé
xuat. Théng sé hoat dong caa mach duoc liét ké trong bang 4.2. Trong phan nay, 16i ho
mach duogc tao ra bang cach kich ngit khoa bi sy ¢d. Giai thuat xir Iy sy ¢ tuong (ng
duoc kich hoat vao chu ky ké tiép cua dién ap ngd ra tinh tir khi sy ¢6 bat dau xuat
hién. Két qua mod phong cho giai thuat d& xuat duoc trinh bay nhw hinh 4.9 — 4.11.

Trong trang thai hoat dong binh thuong, dién &p trén hai tu dién Cp va Cn duoc
tang cudng dén gia tri 200-V tir dién 4p 200-V phia ngd vao. Dién ap cuc Vao ¢ 3 bac
dién ap +200-V, 0-V, va -200-V.

Déi véi sy cd hd mach xay ra tai khoa Sp (F1), va sy cd hd mach xay ra tai khoa
Sia (F2), mach nghich luu tao ra hai bac dién &p tai ngd ra la 0-V va -Vcn nhu trinh bay
& hinh 4.9 va 4.10. bién ap trén ty dién Cn duoc ting cuong lén gap doi (400-V) so Vi
trang thai binh thuong dé khoi phuc bién do dong dién tai, nhu trinh bay & hinh 4.9 va

4.10. Khéc véi 16i F1, va 16i F2, 16i hé mach xay ra tai khda Sza va Ssa khong lam thay
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ddi gia tri dién &p trung binh trén hai tu dién, nhu biéu dién & hinh 4.11. Pha xay ra su
¢ (pha A) khi nay dugc diéu khién hoat dong voi 2 bac dién &p ngd ra la +200-V, va -
200-V. Hai pha khéng xay ra su c¢6 (pha B va pha C) tiép tuc hoat dong véi 3 bac dién
ap ngd ra. Do d6, dién &p day ngd ra co 5 bac dién ap +400-V, £200-V, va 0-V nhu
biéu dién ¢ hinh 4.11. Bién do dong dién tai duwoc duy tri bang véi trang thai binh
thuong.

4.3.2 Két qua thuc nghiém

=
<«
o
x 1
: ‘:
(2 \
L=} '\
>

i k@)

: B U3 i E al
- AR iRy SanSnSn
(= St Pa= (- - Qe -

"Mach kich = S, &»S4x_3 .

Hinh 4.12. M& hinh thuc nghiém.

Mot mé hinh thuc nghiém 1-kW duoc xay dung tai phong thi nghiém dé kiém
chung tinh dung dén cua giai thuat dé xuit, dugc md ta nhu hinh 4.12. Mach 3L-T2
duoc xa@y dung dua trén module 6 IGBT SKMGD123D, module SKM75GB12T4 va
diode DSEI60-12A. Mang ngudn khang TLB duoc xay dung dwa trén MOSFET
60R060P7 va diode VS-60APF12-M3. Thaong s6 cua hé thong duoc liét ké trong bang
4.2. Luu y rang, thyc nghiém chi tién hanh kiém chimg 3 phuong phap stra 1i chinh
cta cAu hinh TLB-T2L, d6 1a phuong phap stra 16i hd mach cho 1) Sp, 2) Sia, va 3) Sza
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va Saa. Phuong phap chuan doan 15i hd mach da duoc hoan thién trong cac nghién ciu
trude do6 [49], [50]. Bic biét, dién &p trén cac khoa cé thé dugc hdi tiép vé mach diéu
khién dé xac dinh su ¢d tai linh Kién twong tng mét cach nhanh chéng [50]. Do do,
nghién ciru ndy chi tap trung vao phwong phap stra 16i ma khéng tién hanh chuan doan
16i. Twong ty nhu [60], [61] 15i hd mach dwoc gia lap bang cach kich ngat tin hiéu diéu
khién twong ung. T4t ca cac 15i he mach duoc gia sir xut hién tai goc pha bang 0 cua
pha A va giai thuat xt Iy 18i ho mach twong @ng s& duoc Kich hoat tai diém bt dau cua
chu ky tiép theo.

Bang 4.3. Bién ap trén tu dién va THD dién ap day ngd ra

Trang thai binh thuong F1 F2 F3
Dbién ap tu Cp 200 V 200V ov 200V
bién ap tu Cn 200V 400V | 400V | 200V
THD cua Vas 49.4 % 96.3% | 99.8% | 66.7 %

Phuong phap dé xuit duoc kiém ching véi dién ap ngd vao 200-V. Trong trang
thai binh thuong, hai tu dién Cp va Cn dugc ting cudng dén dién ap 200-V, duoc bicu
dién nhu hinh 4.13 — 4.15 va bang 4.3. Dién 4p trén hai tu can bang. Két qua 1a, dién ap
DC-link, Vpn, dat dugc 400-V. Gia tri hiéu dung ctua dong dién trén tai la 2.66 Arws.
Dong dién trén tai c6 dang sine véi su hd tro ciia mach loc théng thap LC. Pién ap cuc
ngd ra Vxo cO ba gié tri: +200-V, 0-V, va -200-V. Pho FFT cua dién &p day ngd ra
duoc biéu dién nhu hinh 4.16. Gia tri THD cua dién ap day ciing duoc théng ké nhu
bang 4.3.

4.3.2.1 Két qua a@6i véi phwong phap xir Iy sw ¢6 hé mach tai khoa Sp

Két qua thuc nghiém khi xay ra sy ¢6 hd mach tai khoa Sp dugc biéu dién nhu
hinh 4.13. Trong khi xay ra 16i ha mach tai Sp, hai cuc céng suat drain-source cua Sp bi
hd mach, trong khi khoa Sy hoat dong binh thuong. Diéu nay lam cho dién 4p trén tu

Cp tang nhe trong khi dién ap trén tu Cn giam nhe, nhu dugc mé ta trong hinh 4.13(a).
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bién ap cuc ngd ra va dong dién tai bi
hinh 4.13(b) va 4.13(c).

méo dang nghiém trong, nhu biéu dién trong
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Hinh 4.13. Két qua thi nghiém cho giai thuat sira 16i ha mach Se.
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Khi &p dung giai thuat xa Iy 16i hé mach cho khoa Sp, trang thai UST phia nghich
lwu duoc kich hoat. Diéu ndy dan dén viéc ngét két ni tu dién Cp khoi mach cong suat.
Do d6, dién &p trén tu Cp dugc duy tri 1a hing s6 khi 4p dung giai thuat dé xuét, nhu
biéu dién ¢ hinh 4.13(a). Trong khoang thoi gian nay, dién 4p DC-link bang dién é&p
trén tu Cn. Véi 400-V tai Ven, dién &p DC-link trong trang thai 15i c6 gia tri bang véi
chinh né trong trang thai binh thuong. Diéu nay gitp dam bao bién d6 dong dién ngd
ra, nhu biéu dién trong hinh 4.13(b). Dién &p cuc Vxo ¢ hai gié tri 12 0-V va -400-V.
Vi phuong phéap dé xuat khdng str dung vector [NNN] nén dién 4p cuc ngd ra caa moi
pha duogc két ndi lién tuc vai diém giira caa DC-link [O] trong mdi 1/3 chu ky dién ap
ngd ra. Phd FFT cua Vag cho giai thuat dé xuat ddi vai 16i Sp dugc biéu dién nhu hinh
4.16(b). Gia tri THD cua Vas trong truong hop nay la 96.3% cao hon so véi trang théi
binh thudng (49.4%), nhu duoc trinh bay trong bang 4.3. Nguyén nhan chinh dan dén
su gia ting THD 1a do mach nghich luu khi nay hoat dong & ché do 2 bac dién 4p ngd

ra thay vi 3 bac dién ap ngd ra nhu trang thai binh thuong.

4.3.2.2 Két qua d@6i véi phwong phap xir Iy sw c6 hé mach tai khoa Sia

Hinh 4.14 trinh bay két qua thi nghiém cho phuwong phap stra 16i hd mach cho
khoa Sia. Khi 16 hé mach xay ra, dién ap cuc Vao khong thé dat dugc dién ap +200V
tai ngd ra, nhu biéu dién trong hinh 4.14(c). Piéu nay din dén sy méo dang song hai
trén dong dién ngo ra, nhu trinh bay trong hinh 4.14(b).

Khi st dung giai thuat dé xuat, dién &p trén tu Cp giam tir 200 V xuéng 0 V véi su
hd tro cta hai khoa ban dan Sis va Sic. Pién 4p trén tu Cn duogc ting cudng dén 400 V.
Trong trang thai xac lap, dién ap DC-link bang dién &p trén tu Cn vi dién &p trén tu Cp
bang 0V. Dién 4p DC-link va dong dién trén tai bang véi ching trong trang thai binh
thuong. Phd FFT cia dién ap Vae duoc biéu dién nhu hinh 4.16(c). Gié tri THD cua

Vag 12 99.8% Ion hon so vai trang thai binh thuong.
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Hinh 4.14. Két qua thi nghiém cho giai thuat sira 15i hd mach Sa.
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4.3.2.3 Két qua d6i véi phwong phap xir Iy sw ¢é hé mach tai khoa Sza va Ssa
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Hinh 4.15. Két qua thi nghiém cho giai thuat sira 15i hd mach Sza va Saa.
Két qua thi nghiém cho giai thuat sira 16i ha mach cho khéa ban dan hai chiéu Sza

va S3a dugce trinh bay nhu hinh 4.15. So sanh véi 16i hé mach tai khoa Sp va khéa Sia,
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16i hé mach tai Sza va Sza tao ra it do méo dang song hai trén dong dién ngd ra hon.

Phuong phap dé xuat sir dung phuong phap SVM cai tién dé khic phuc su ¢d nay. Nhu

dugc dé cap trude do, pha A hoat dong & ché do hai bac trong khi hai pha con lai duy

tri hoat dong ba bac. Trong hau hét thai gian ciia mot chu ky, pha A dwgc ndi véi diém

[P] hoac [N] cua dién &p DC-link. Bién do cua dién 4p DC-link va dong dién ngd ra

dugc duy tri nhu trong trang thai binh thuong. Phuong phap nay tao ra mot it sy dao

dong trén dién &p tu dién. Tuy nhién, su dao dong nay khdng lam anh huong dén chat

lugng dong dién ngd ra mot cach dang ké. Pho FFT cua dién ap day Vas duoc biéu dién

nhu hinh 4.16(d). THD cua Vag trong truong hop nay la 66.7%. So sanh vai giai thuat

stra 16i cho khda Sp va Sia, giai thuat sira 16i cho khéa hai chiéu cé gié tri THD t6t hon.

Uu diém nay c6 duoc 1 do giai thuat cho khoa hai chiéu duy tri dugc hoat dong 3 bac

cua bo nghich luu nho c&c vector trang lap trong 2/3 chu ky dién &p ngd ra.
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(d)

Hinh 4.16. Pho FFT caa Vas. (8) trang thai binh thuong va khi st dung phuong phap dé

xuat cho 16i hé mach tai (b) Sp, (C) S1a, (d) S2a Va Saa.
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4.3.2.4 Hiéu suat caa mach nghich heu
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Hinh 4.17. Hiéu suét saa mach nghich luu.

Hiéu suat caa mach nghich luu trong ché do hoat dong binh thudng va trong ché
d6 su cb khoa cong suit duoc thong ké nhu hinh 4.17. Hiéu suat caa mach nghich luu
hai tang truyén théng dugc biéu dién ¢ hinh 1.4 & trang thai binh thuong ciing dugc
khao sat trong phan nay. Vi st dung thém hai diode D2 va Dz dé dam bao hoat dong
trong trang thai 18i, nén cau hinh TLB-T?l ¢ hiéu suét thap hon cau hinh hai tang
truyén théng. Dbi véi phuong phép sira 16i cho khda Sp va Sia, dién ap trén ty ting 1én
va ché d6 hoat dong thay doi lam gia ting ton hao chuyén mach ciing nhu ton hao dan
ciia mach nghich luu. Vi dy, khi mach nghich luu chuyén tir hoat dong binh thudng
sang trang théi 18i Sp, giai thuat dé xuat ting cuong hé sé cong tac cia khoa Sp. Tir d6
lam gia ting ton hao dan cua khoa ndy. Ngoai ra, viéc sir dung thém trang thai UST d6i
véi 18i Sp ciing 1a mot trong nhimg nguyén nhan lam ting ton hao dan. Céc lap luan
trén giai thich nguy@n nhan suy giam hiéu suat doi véi 15i tai khda Sp va Sia S0 Véi hoat

d6ng binh thudng va 16i tai khda hai chiéu Spa va Saa.
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4.4 Két luan chwong 4

Trong chuong nay, giai thuat xir ly cac 186i hé mach va ngan mach tai céc linh kién
ban dan va tai cac tu dién cia mach TLB-T?I da duoc dé xuat véi uu diém 1am giam
dién ap dat trén céc linh kién cua mach nghich lwu. Cu thé, giai thuat xir Iy sy cb tai
khoa ban dan phia trén/dudi caa mach 3L-T2I lam giam 50% dién &p DC-link so véi
giai thuat truyén théng. Két qua 1a dién ap dat trén céc linh kién ban dan ciing duoc cai
thién 50% so véi giai thuat truyén thong. Uu diém nay c6 duoc 1a do giai thuat dé& xuat
chi sir dung duy nhat 1 tu dién dé phuc hoi dong dién tai ngd ra khi co su ¢ thay vi st
dung hai tu dién nhu giai thuat truyén théng. Tuy nhién, so véi trang thai hoat dong
binh thuong, dinh muc linh kién trong trang thai 161 ting gip d6i. Pay ciing 13 mot
nhugc diém con ton tai cua giai thuat xir Iy sy ¢6 dé xuat cling nhu truyén thong.

Ngoai viéc xu Iy mot 18i hé mach/ngan mach xay ra tai 1 khoa ban dan, giai thuat
dé xuat con cé kha niang xur Iy su ¢ xay ra tai nhiéu khoa ciing mét luc tir d6 ting do
tin cdy va tinh 6n dinh caa hé thdng. Vi du, giai thuat c6 kha ning xt ly cung luc sy ¢b
tai 3 khoa ban dan phia trén/dudi cia mach hinh T.

Do d6, cAu hinh nghich luu TLB-T?l véi giai thuat xir Iy sy ¢6 hd mach dé xuat
thich hop str dung cho cac hé théng yéu cau tinh 6n dinh cao nhu cac hé théng y té,

giao thong, tai chinh, ngan hang, v.v...
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Chuong 5
KET LUAN VA HUONG PHAT TRIEN

5.1 Két luan
T cac két qua da dat duoc cua luan an, mot sé két luan nhu sau duoc rit ra:

e Ludn an di trinh bay duoc tinh cip thiét cua viéc st dung cac bo nghich luu doi
Vvé6i su phét trién cia xu huéng niang luong hién tai va twong lai.

e Lun &n da trinh bay duoc wu nhuoc diém cua cac bd nghich luu mot ting va giai
thuat diéu khién trong trudng hop binh thuong va su ¢d xay ra tai cac khda cong
suat da cong bé.

e Giai thuat diéu ché vector khong gian dugc trinh bay cu thé trong luan an nham
tang cudng do loi dién 4p va can bang dién ap trén cac tu dién (chuong 2).

e Giai thuat diéu ché vector khéng gian cai tién dugc trinh bay cu thé trong luan &n
nhiam 1am giam bién d6 hiéu dung ciing nhu bién do6 dinh-dinh cua dién ap
common-mode (chuong 3).

e  Giai thuat diéu ché vector khong gian cho trudong hop su ¢6 hé mach va ngan mach
xay ra tai cac khoa cdng sut va céc tu dién ciing duoc trinh bay cu thé trong luan
an (chuong 4).

Véi cac giai thuat da trinh bay, mach nghich luu c6 thé cai thién dugc hiéu suit,
dién 4p dat trén cac linh Kién, va kich thudc hé thong. Nhirng wu diém nay da duoc

kiém chtng thong qua so sanh, md phong va thuc nghiém trén mé hinh thyc té.

5.2 Han ché va hwéng phat trién caa luan an
Bén canh céc wu diém néu trén, luan an van con ton tai mot sé han ché nhu:

e M5 hinh thuc nghiém duoc xay dung dé kiém chung giai thuat dé xuat, do do,
chua duoc thiét ké t6i wu. Vi ly do an toan, cdng suat thuc nghiém chi dat khoang

1-kKW. Viéc nang cao cong suat thuc nghiém khong dugc xem xét trong luan an
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nay.

Do cac han ché vé kinh phi nghién cau, cac linh kién ban dan hién dai nhu silicon
carbide (SiC) hoic gallium nitride (GaN) chua dugc dau tu. Do d6, hiéu suat cua
toan hé théng nhin chung con thip so véi cac san pham thuong mai hién cé trén thi
truong. Ngoai ra, giai thuat duoc thuc nghiém trén tai thuan tro ciing 1a mot trong
nhitng han ché cua luan an.

Tur nhitng han ché duoc liét ké nhu trén, hudng phat trién trong twong lai cia luan

an c6 thé duoc liét ké nhu sau:

Mach PCB véi céc linh kién duoc lva chon t6i wu nhdm hudng téi san pham
thuong mai s& dugc dau tu phat trién trong twong lai.
Céc giai thuat dugc dé xuat s& dugc xem xét kiém ching véi tng dung nang lugng

mat troi1 hoa ludi trong twong lai.
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