BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT

THANH PHO HO CHI MINH

PO PUC TRI

NGHIEN CUU BO NGHICH LUU BA PHA BA BAC VOI KHA
NANG TANG AP VA CHIU LOI

TOM TAT LUAN AN TIEN Si

NGANH: KY THUAT BPIEN TU

MA SO: 62520203

Tp. H6 Chi Minh, thang 05/2020




CONG TRINH BUGC HOAN THANH TAI
TRUONG PAI HQC SU PHAM KY THUAT

THANH PHO HO CHI MINH

Ngudi huéng dén khoa hoe 1: TS. NGUYEN MINH KHAI

(Ghi ro ho, tén, chiec danh khoa hoc, hoc vi va chir ky)

Nguoi huéng dan khoa hoc 2: TS. QUACH THANH HAI

(Ghi ro ho, tén, chiec danh khoa hoc, hoc vi va chir ky)

Luén 4n tién si duoc béo vé trude
HOI PONG CHAM BAO VE LUAN AN TIEN SI
TRUONG DPAI HOC SU PHAM KY THUAT,

Ngay thang 05 nam 2020




NHUNG DONG GOP MCI CUA LUAN AN

Trong nhitng nim gin ddy, cdu hinh nghich luu hinh T ba pha ba bac truyén
thdng dugc Gmg dung rt phd bién so v6i nghich luu hai bac. Boi vi, nghich luu hinh
T ba pha ba bic truyén théng c6 nhiéu vu diém nhu: chit lvong dién ning t6t hon,
yéu cau bo loc ngd ra AC nhé hon, dién &p déit trén cac khoa cong suét nho hon va
dién 4p ngd ra cao hon so véi nghich luu hai bac. Tuy nhién, cau hinh nghich luu
hinh T ba pha ba bac truyén théng la bo chuyén doi giam ap. Mat khéc, dé tao ra
dién 4p ngd ra cao tir dién ap ngd vao thap, mot bd DC-DC ting ap can phai dugc
lap dit phia trude bd nghich luu, lc nay, bo nghich Ivu 3 bac hinh T truyén thng
1am viéc nhu bd chuyén ddi hai ching. Ngoai ra, trang thai ngin mach (hai khoa
cong suit trén mot nhanh pha c6 thé duoc dong trong cung thoi diém) 13 bi cAm
trong nghich luu truyén thong. Nghich luu ngudn Z ba bac (dugc goi 1a bd chuyén
d6i cong sudt mot ching voi kha ning ting giam dién ap va chiju dung ngan mach)
duogc dé xuat dé khic phuc han ché cua nghich luu ba bac truyén théng. Tuy nhién,
bat 1oi caa ciu hinh nay la dong dién ngd vao khong lién tuc dan dén viéc han ché
cho cac tng dung trong hé théng PV va Pin nhién liéu.

Dé giai quyét nhitng bat lgi ctia cac b nghich luu ngudn Z ba bac, cac bd nghich
luu tua ngué)n Z ba bac duoc dé xuit. Cdu hinh nghich luu tya nguén Z ba bac co
vai wu diém nhu: dién ap dit trén cac phan tir cong suat thap va dong dién ngd vao
lién tyc. Tuy nhién, ciu hinh nghich luu twa ngudn Z ba bac str dung nhiéu phan tir
thu dong diéu ndy lam gia ting trong luong, kich thudc va tén hao cua hé théng
nghich luu.

Nham cai thién cac nhuge diém néu trén, nhom tac gia dé xuét cdu hinh nghich
lwu ting 4p tua khoa chuyén mach ba bac hinh T va giai thuat diéu ché d6 rong
xung (pulse width modulation - PWM) vé1 nhitng tinh ndng theo sau:

- Giam d6 gon song dong dién ngd vao so voi cau hinh tuwong tu;
- Do loi dién 4p cao so véi cAu hinh tuong tu;
- Chi s6 diéu ché cao so voi cau hinh tuong tu.

Trong qua trinh hoat dong, bo nghich luu tao ra di€n &p common mode (CMV),
qua trinh nay 1a nguyén nhan chinh din dén nhiéu vin dé bt loi cho bd nghich luu
nhu: dong 0, dién ap tryc trong cac tng dung diéu khién dong co ciing nhu nhidu

dién tur.



Dé giai quyét van dé dién 4p common mode ctia cdu hinh nghich luu ting ap
tua khoa chuyén mach ba bac hinh T, tac gia dé xuét giai thuat diéu ché do rong
xung (pulse width modulation - PWM) véi kha nang tri¢t tiéu dién 4p common
mode.

Tinh 6n dinh va dd tin cay cua cac bg nghich luu rat quan trong trong hé théng
phan phdi cong suat nhu 1a: hé théng cung cap dién khong ngat UPS, hé thong y té
cong suit cao va hé thdng chuyén ddi nang luong két ndi ludi. Trong thyc té, 16i cac
thiét bi dong/ngit thuong duoc chia thanh hai loai, 1a 15 ngan mach hodc 16i ho
mach. Su két hop giita ciu chi nhanh két néi ndi tiép véi cac nhanh cong suat ciia
nghich luu dan dén 16i ngén mach tré thanh 161 hé mach.

Pé dam bao tinh 6n dinh va do tin cdy cta cu hinh nghich luu ting ap twa khoa
chuyén mach ba bac hinh T, tac gia dé xuat giai thut diéu ché d6 rong xung (pulse
width modulation - PWM) v6i nhitng tinh nang theo sau:

- Cai tién thong sé diéu khién so v6i ciu hinh tuong tu;
- Kha ndng hoat dong & diéu kién binh thuong va diéu kién 15i;
- Giam dién ap dit trén cac khoa cong suét so véi cau hinh tuong tu.
Ngoai ra, tac gia di str dung phan mém PSIM va xdy dung mé hinh dé kiém
chtng nguyén 1y hoat dong ctia cau hinh nghich luu ting ap tua khéa chuyén mach
ba bac hinh T vé&i kha ning triét tiéu dién 4p common mode va chiu 16i hd mach céac

khoa cong suat.



CONTRIBUTIONS OF THE DISSERTATION

In recent years, the traditional three-phase three-level T-type inverter topology
has been used very commonly compared to the two-level inverter. Because the
traditional three-phase three-level T-type inverter has many advantages such as:
better power quality, smaller output AC filter requirement, lower voltage stress
across the inverter switches and higher output voltage compared to two level
inverter. However, the traditional three-phase three-level T-type inverter is an only
buck converter. On the other hand, In order to create a high output voltage from a
low input voltage, a DC-DC boost needs to be installed in front of the inverter which
the traditional three-level T-type inverter is works such as a two-stage converter. In
addition, a shoot-through mode, where both the upper and lower switches in one leg
are ON state in the same leg can be switched on at the same time, is forbidden in the
traditional inverter. The three-level Z-source inverter topology, known as a single-
stage power converter with a buck-boost capability and ST immune, is proposed to
overcome the limitation of traditional three-level inverter. However, the
disadvantage of this topology is the discontinuous input current which results in the
limitation of applications in PV and fuel cell systems.

In order to overcome the disadvantages of the three-level Z-source inverters, the
three-level quasi Z-source inverters were proposed. The quasi Z-source inverter
topology has some advantages, such as: low voltage stress on power elements and
continuous input current. However, the three-level quasi Z-source inverter topology
uses a large number of passive components that increase the weight, size, and loss
of the inverter system.

To overcome the aforementioned disadvantages, the author is proposed three-
level quasi switched boost T-type inverter topology and algorithm PWM with the
following features as:

- Reduced input current ripple compared with similar topology;
- High voltage gain compared with similar topology;
- High modulation compared with similar topology.
During operation, the inverter generates the common-mode voltage (CMV),

which causes a lot of disadvantage problems for inverter, such as: bearing currents



and shaft voltage in motor drives applications as well as electromagnetic
interference.

To address common-mode voltage problems of three-level quasi switched boost
T-type inverter topology, the author is proposed algorithm PWM with ability to
eliminate common-mode voltage.

Stability and reliability of inverters are important in power distribution systems
such as: UPS, high-power medical instruments, and grid-connected renewable
energy conversion systems. In fact, switching device faults are usually classified as
either a short-circuit switch fault or an open-circuit switch fault. The combination
of fast fuse serial connect with power switch legs of inverter results in a short-circuit
switch fault to an open-circuit switch fault.

To ensure the stability and reliability of the three-level quasi switched boost T-
type inverter topology, the author is proposed algorithm PWM with the following
features as:

- Improved control parameters in comparison with similar topology;

- Ability to operate in normal and fault modes;

- Reduced voltage stress in power semiconductors in comparison with
similar topology.

In addition, the author used PSIM software and constructed a prototype to verify
the operating principle of three-level quasi switched boost T-type inverter topology
with ability eliminate common-mode voltage and fault tolerance open circuit of the

power switched.



Chuong 1: Tong quan vé nghich lwu ting ap, kha ning chiju 16i
va triét tieu dién ap common mode
1. Qua trinh phit trién ngudn ning lrgng tai tao.

Ning luong tai tao dang c6 sy phat trién manh mé vi tinh bén viing va than thién
v6i moi truong trong khi tiém nang ing dung 1a v6 cling 16n. Trong nhitng nim gan
day, nang luong tai tao trén thé gidi c6 muc ting truong dang ké so voi muc ting
truéng ctia ning lugng tir dién gié mdi nam. Vi cac nude trén thé gidi da tap trung
khai thac niang lwong mit trdi cho nén chi phi pin mit troi ngdy cang giam, diéu nay
kich thich cho cac nudc Chau A (ndi bat nhat 1 An Do va Trung Qudc tiéu thu
luong ning lugng nhiéu nhat thé gidi) c6 nhitng ké hoach cua ho trong twong lai
gan. Vi nhiing 1y do nay, ning luong mit troi ngdy cang phat trién mot cach manh
m¢é nhu Hinh 1.1.
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Hinh 1.1. Chi phi dau tu cho ning luong mit troi va dién gi6 cua thé giéi

Tai Viét Nam, nam 2016, quéc hoi huy bo du an dién hat nhan nguyén tir do
nhiéu lo ngai lién quan dén moi trudng va 1y do tai chinh. Cac dy an thuy dién va
nhiét dién dong gop phan 16n vao hé thong dién qubc gia. Viéc tim kiém ngudn ning
luong mai du stre cung Gng sy thiéu hut nang luong dién hién tai va tuong lai 1a nhu
cau cip bach. Thong tu sb 16/2017/TT-BCT va thong tu bd sung sd 05/2019/TT-
BCT cua bo Cong thuong quy dinh nhitng wu dii va khuyén khich phat trién cac du
an va hop dong mua ban dién mat troi.
2. Khai quat vé nghich luu ting ap

Trong nhitng nim gan day, bo nghich luu ngudn ap (VSIs) dong vai tro rat quan
trong trong hé thong phan phdi cong suat bai vi chung chuyén doi ngudn cong suat
DC thanh ngudn cong suat AC dé két ndi ludi. VSIs da bac c6 nhiéu vu diém nhu
1a chat luong dién nang tdt, yéu cau bo loc ngd ra nho, dién ap dit trén cac khoda ban
dan thap, dién ap va cong suit cao va nhidu dién tir (EMI) thap. Trong thuc té, VSIs
thong thuong chi cung cap chuyén doi cong suat giam ap bai vi dién ap cuc dai ngd
ra AC khong thé cao hon dién ap ngudén DC. Mit khéc, trang thai ngan mach viéc
ma cé hai khoa cong suét trén cling mot nhanh pha (phia nghich luu) cing dan trong
mdt thoi gian 14 khong cho phép trong cac bo nghich luu béi vi né co thé 1a nguyén
nhan pha huy thiét bi. Nghich luu ngudn Z dau tién dugc trinh bay trong nam 2002-
2003 boi F. Z. Peng nhiam khic phuc nhuoc diém cua cac nghich luu thong thuong.
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Tuy nhién, cdu hinh nghich luu ngudn Z con tdn tai mot sé nhuoc diém nhu dong
dién ngd vao khong lién tuc cling nhu dién ap dit trén tu dién con kha 16n. bé cai
thién dong dién ngd vao va giam dién 4p dit trén cac phan tir thu dong, mot mang
quasi Z source (qZSI) dugc dé xuat. Tuy nhién, mang ngudén Z va mang qZSI sir
dung kha nhiéu phan tir thy dong 1am cho kich thudc, trong lwong va gia thanh cua
thiét bi gia ting. Gan day, nhiéu nha nghién ctru da phat trién nghich luu quasi-
switched boost (qSBIs) duoc dé nghi dé thay thé, boi vi chung sir dung it phan tir
thu dong ma van giit dugc cac tinh ning nhu: chiu dung ngan mach, chuyén do6i
cong suat mot ching va co kha ning hoat dong ting, giam ap.
3. Khai quat vé ky thuit tri¢t tiéu dién 4p common-mode

Trong qua trinh hoat dong, bd nghich luu tao ra di€n &p common mode (CMV),
qua trinh nay 1a nguyén nhan chinh din dén nhiéu van dé bt loi cho bd nghich luu
nhu: dong ro, dién 4p truc trong cac ing dung diéu khién dong co ciing nhu nhiéu
dién tir. Két qua cho thiy ring, dong co dién sé& bi giam thudi tho hoic anh hudng
dén cac thiét bi dién tir khac hoat dong gan bo nghich luu. Mot k¥ thuat triét tiéu
common mode dugc img dung trong cau hinh nghich luu nim bac dya vao k¥ thuat
diéu ché vector khong gian (SVM) va k¥ thuat SinPWM. Tuy nhién, phuong phap
vira néu trén van con mot sé nhuoc diém: chi gidm dién 4p common mode hodc triét
tiéu common mode nhung bd chuyén d6i phai lam viéc nhu mot bo chuyén doi cong
sut giam ap.
4. Khai quat vé nghich lvu ting ap véi kha niing chiu 13i

Tinh 6n dinh va d6 tin ciy ctia bo nghich luu rit quan trong trong hé thdng phan
phéi cong suat nhu 1a: hé thong cung cap dién khong ngit UPS, hé thong y té cong
sudt cao va hé thong chuyén doi nang luong két ndi ludi. Trong thuc té, 16i cac khoa
cong suat thuong duoc chia thanh hai loai, d6 1a 16i ngin mach va 16i hé mach.

Nghich lIuu chiu 13i ba bac hinh T tira ngudn Z hoat dong dira vao phuong phap
thay doi tin hiéu diéu ché sau khi 18i khoa cong sut xay ra ma khong can thém bat
ctr nhanh du phong va tinh toan phirc tap. Hon nita, bang cach st dung cau hinh
ting ap twa khoa chuyén mach, bd chuyén déi cé thé hoat dong khi xay ra 16i ho
mach khoa cong suit hinh T bang phuong phap thay dbi tin hiéu diéu ché.



Chuong 2: Phan tich toan hgc nghich luu tang ap, dién ap
common mode va kha niing chiu 16i hé mach khéa cong suat

2.1. Cé s6' 1y thuyét vé nghich hru ting ap twa khéa chuyén mach 3 bac hinh T
2.1.1. Cau hinh nghich luu truyén thong

Sta Sip Ste
KF K 3
Vel

Ll VNS
T a
@ @ S L 3-phase
Ve . p
—-% TS5 e b filter &
Va T S3p ' c load
T T Ssc

S4:|G S;!G S{'G
Hinh 2.1: B6 nghich luu hinh T (T-Type) ba pha truyén thong.

~ M-V
Vx = EN

=MV, 2.1)

2.1.2. B nghich lwu ngudn -Z

3-phase
filter &
load

Hinh 2.2: B nghich Iuu 3 bac hinh T nguén-Z (BL-ZST?).
Di¢n ap ngod ra cua nghich luu 3 bac hinh T nguén Z duoc xac dinh la:

MV, M
= Py
T Tioap, ¢ (2.2)

2.1.3. B nghich lwu hinh T 3 béc twa ngudn Z (3L-qZST2)

Li G L
e
N

C=—= 2, a
I; !l] [l?;-." Sop L 3-phase
=Ve O TS L s filier &
T S @—[;‘J ¢ | load
Ven

Hinh 2.3: B6 nghich lru hinh T tira ngudn Z ba bac (3L-qZST2I).

bi¢n ap ngo ra cua nghich luu hinh T tya nguén Z ba bac duogc xac dinh la:

S MV M v,
2 2(1-2D,)

(2.3)

2.1.4. Cau hinh nghich luu ting ap twa khéa chuyén mach ba bac NPC.

| Load

Hinh 2.4: C4u hinh nghich luu tang ap tua khoa chuyén mach NPC ba bac
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Dién 4p ngd ra cua nghich luu ting 4p tua khoa chuyén mach NPC ba bac duoc
xac dinh theo phuong trinh (2.4):

~ MV, MY,
Vi =—T—"= M . V ="
2 C (1 _ 2D0 ) (2 .4)
2.2 Cé s& 1y thuyét vé ky thuat diéu ché vector khong gian
SectArVIl
s ’ i
NPN “OPNNy; PPN

Sector 111 Vy

Sector V

Hinh 2.5. Gian db vector cho cau hinh nghich luu 3 pha 3 bac

- Vv
I/rg/' :M.T;V.e 0 (2'5)
VI =V,.T,+V,T,+V,T, (2.6)
t, =T, —2mT sin(6)
t, =2mTysin(z/3+0) T (2.7)

t, =T, —2mTsin(z/3—-6)
2.3 Cé s& 1y thuyét vé nghich lwu ting 4p véi kha ning chiu 18i
Hé théng Hinh 2.6 khong chi hoat dong nhu mét b nghich luu mot chang ma
con c¢6 kha ning ting-giam ap dé bu bién do cho pha bi 13i.

A

= %v
o

=z
i

e
lw
-2
0 <

Hinh 2.6: Nghich luu 3 pha tya nguén Z hoat dong trong diéu kién bi 16i.

Nhu Hinh 2.7 & diéu kién trudc 16i goc pha giita pha B va pha C 1a 120°. Khi
xay ra 13i tai pha A, dién ap V, bang khong, ltic nay dé dién ap day ngd ra khong
thay d6i, goc pha ctia pha B va pha C dugc thay doi mot goc 60° nhu Hinh 2.7 (b).
Hinh 2.8. Dién 4p trén tu dién V¢; va Vez duge xac dinh nhu phuong trinh (2.8):

V.
Ve=Ver =Ve 22_3% (2.8)
0
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Vs

(©) (d)
Hinh 2.7 Nhiing vector dién 4p tham chiéu trong (a) diéu kién binh thuong (b) 16
pha A, (c) 16i pha B, (d) 15i pha C.
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Hinh 2.8 C4u hinh 3L-qSBT?I
Hinh 2.7 va Hinh 2.8 dién ap dinh ngd ra trong trang thai 16i hd mach khoa Six
duoc xac dinh:

S MV MV M3 v (2.9)
NE) 3 2-3D,-d “

Tir phuong trinh (2.9) ¢6 thé thay rang, dién 4p ngd ra sé phu thudc vao ba thong

s6 diéu khién d6 1a M, Dy va d. Dé bu dién 4p ngd ra sau 16i ngudi nghién ctru co
thé thay do1 bdi cac thong so nay.

Két luin chuong 2:
Céu hinh nghich luu truyén thong c6 giai thuat don gian. Tuy nhién, ciu hinh

nay van con ton tai van dé ngin mach cta hai khéa ban dan trén cung mot nhanh
ctia bd nghich lwu. CAu hinh ngudn Z, ¢6 hai loai cau hinh: a) cdu hinh st dung cac
phan tir thy dong (L, C) dé tang ap va b) cau hinh sir dung cac phan ti tich cuc (D,
SW) dé tang ap. Tac gia nhan thay rang, khi st dung cau hinh cac phan tir tich cyc,
c4u hinh nay giam nhiéu phan tir thu déng ciing nhu giai thuat diéu khién linh hoat
hon so v6i giai thudt truyén thong (thong sé diéu khién M va D), tuy vao tiéu chi
lya chon cac muc ti€u ngd ra. Vi vay, trong ludn 4n nay tac gia s€ tap trung nghién
ctru cau hinh nghich luu ting ap tua khoéa chuyén mach 3 bac hinh T.
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Chuong 3: Nghich lvu ting ap twa khéa chuyén mach ba bic

hinh T

3.1. Cau hinh nghich lru ting ap twa khéa chuyén mach ba bac hinh T (3L-

qSBT2I)

3.1.1 So dd va nguyén 1y ciia 3L-qSBT2I

Ly
it
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Hinh 3.1: Céu hinh cta 3L-qSBTI
3.1.2 Nguyén ly hoat dong ciia 3L-qSBT?I
Nguyén 1y hoat dong ctia mach dwa vao giai thuat diéu khién PWM nay duogc

trinh bay trong Bang 3.1 va Hinh 3.3.

(ST).

Vst
1-Vsr

-Vsr

ALJ

I+
—|C]

T,' Di +V,

(d
Hinh 3.2: Trang thai hoat dong cua 3L-qSBT2L. (a) Trang thai khong ngin mach 1
(NST 1), (b) trang thai khong ngan mach 2 (NST 2), (c) trang thai khong ngan mach
3 (NST 3), (d) trang thai khong ngan mach 4 (NST 4) va (e) trang thai ngan mach

©)
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Shoot-through state

Hinh 3.3: Phuong phdp PWM diéu khién pha A cho 3L-qSBT?I
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Tan s6 cua dong di¢n cudn day Ir. trong Hinh 3.3 ¢c6 thé duoc xéac dinh nhu sau:
f,=4/T=4f, (3.1)

Nhu di trinh bay ¢ trén, d6 gon dong dién ctia cudn day tan sd cao cia 3L-

qSBT?I giam di dang ké so vdi cac bo nghich luu thong thuong. Ddy chinh la mét
trong ba wu diém dwoc dé xudt trong chwong 3 cia ludn dn.
3.2. Phan tich trang thai 6n dinh cho 3L-qSBT?I

Ap dung dinh 1y cin bang dién ap trén cudn day Lz va dinh 1y cin bang dong

dién trén tu C; va Cz, dién ap trén tu va dong dién cudn day duogc xac dinh:
_ 2V
4—6D, —d, —d,
__ 41-D,) ,
4—6D,—d, —d, """

Ve=Vey =Ves
3.2)

L

Dién &p pha dinh ngd ra dugc x4c dinh nhu sau:
N MV 2M

= VR A —
T “T4-6D,~d,~d, “ (3.3)

Heé s tang ap ctia 3L-qSBT?I dugc xac dinh nhu sau:
Voy 2V, 4

=_

% (3.4)

de Vdc :4_6D0_d1_d2'

Nhu trinh bay & Hinh 3.3, hing s6 dién 4p Veons va hing sb dién ap Veen: thay
do6i tir [1-Vsr, Vsr] dén [-Vsr, Vsr-1]. Do d6 d; va d> duoc thay d6i tir Dy dén 1-Dy
nhu sau:

D, <d,, d,<1-D,. (3.5)
Khi di= d,=Do, hé s6 ting ap nho nhat cua 3L-qSBT?I dugc dinh nghia la:
B, =1/(1-2D,). (3.6)
Khi d;= d>=Dy, hé sb ting ap nho nhit cua 3L-qSBT2 duoc dinh nghia 1a:
B, =2/(1-2D,)=2B,,. (3.7)

D0 loi dién ap cua 3L-qSBT?I dugc x4c dinh:

Vs 2M (3.8)

Come =773 =M B =0

Trong nhitng mach nghich luu ngudn khéng truyén thong, chi s6 diéu ché ludn
luén dugc lya chon sao cho dién 4p ngd vao nho nhét va duoc gitr ¢ dinh. Trong
khi thong s diéu khién 1a chu ky ngin mach Dy. Theo két qua dé, chi sé diéu ché
duoc lya chon trong nhitng nghich luu thong thuong 13 khong téi vu tai chu ky ngén
mach nho boi vi M nhé hon (I-Dy). V&i phwong phap diéu khién PWM cua 3L-
qSBT?L, ca hai hé s6 M va Dy duge chon gia tri ¢ dinh va M=1-Dy, khi d6 nhiing
hé s6 diéu khién cua 3L qSBT?I 1a d; va d>. Do d6, viéc lya chon chi s6 diéu ché
trong nhitng nghich luu thong thudng nhu nhitng nghich lvu mang ngudn khang 3
bac 14 thap hon 3L-qSBT2L. Pdy ciing la mdt trong ba diém mdi trong chwong 3 ciia

ludn an cai thién chi so dieu ché cao nhat co thé.
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Hinh 3.4: Phan trim giam cua d6 gon dong dién cudn day 3L-qSBT?I so véi nghich
lwu truyén thong.
3.3. Can bing dién 4p trén tu va én dinh DC-link cho 3L-qSBT?I

P ] ) Limiter | * Tl
| Khoi dicu khién can bang di¢n ap tu B

Hinh 3.5: Diéu khién dién ap DC-link va diéu khién cin bang dién 4p trén tu cho
3L-qSBT2I.

3.4. Két qua mé phéng va thwe nghiém

3.4.1. Két qua mé phong

Bang 3.1: Nhitng thong sé duoc st dung trong mé phong va thyc nghiém.

Thong sb/thanh phan Gia tri
bién ap ngd vao Ve 90-180V
bién ap ngd ra mong mudn Von 111 Vrms
Tan s6 ngd ra fo 50 Hz
Tan s6 song mang fs 5 kHz
Ty s6 ngan mach ST Dy 0.3
Chi s6 diéu ché M 0.7
Cudn day tang ap Ls 3 mH/ 20 A
Tu dién Ci=C 2200 pF/400 vV
Bo loc 3 pha LC Leva Cy 3 mH and 10 pF
Tai tr6 3 pha Rioad 40Q

wom

ey sEEEEEEE

) [
Vo F v ¥
x | §
0 ! 7
100 ‘ .
0 R Frovey ¥ prs e INE
o3 o% s ' L = $ . L 9

(a) (b)
Hinh 3.6: Két qua mo phong céu hinh 3L-qSBT2I khi Va- =180 V va di = d» = 0.3.
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Hinh 3.7: Két qua mo phong céu hinh 3L-qSBT2L khi Vae =90 V va d; = d>=0.7.

3.4.2. Két qua thwe nghiém

Mot moé hinh voi cong suat 1 KW dya vao vi diéu khién xtr 1y tin hiéu sb
TMS320F28335 dé kiém chtng hiéu qua cta 3L-qSBT2I v6i phuong phap diéu

khién PWM dé nghi.

Hinh 3.8: M6 hinh thyc nghiém cho ciu h1nh de ngh1 3L- qSBT21

+ ¥ Vg [200V/div]

Vag [200V/div]
i

Vo [200Vdiv]

A

(a)
B _.] ATE’%‘[’HV’&\-] -—"[

Vaso [25V/div]

Vo1 [200V/div]
Py [25V/div] ! e ] i } I

PLATILT, M...I_. sl -+ % i
1 il Fou [200V/div] VmJ Tih0v/div]
Vra [23V/div] \ | gmees ey | ™
f e
W R "
1= Dopsidiv | 1= 25ps/div
24 Ll

© (d)

Tek 2] @ Swp M Pos: 0.000s Harmonics.

N
Hatrmonic
l¢ [100» mx] i
000

Feg  SO0Hz  #Fund
T SN S SU- NS 260 ¢

V mo\ :m]

-

l Ve [100V/div]

10.0ms.
B=Jui=17 10:13

(M

Hinh 3.9 két qua thuc nghiém cau hinh dé xuét khi V. = 180 V vad; = d>=0.3.
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lvc [100V/div]
l Per [100V/div]

e |

Save
& Hatmnonics
1 HMIODDCSY.

B=dul=17 10:13

(e) 6y

Hinh 3.10 Két qua thuc nghiém cho 3L-qSBT2 khi Vu. =90 V vad; = d>=0.7.

Hinh 3.9 (a) va Hinh 3.10 (a) dang séng nhin tir trén xudng duéi 1a dién ap pha
ngd ra Vac va dién ap pha so véi trung tinh ngudn V0. Trong Hinh 3.9 (b) va Hinh
3.10 (b) dang song nhin tir trén xudng dudi 1a dién ap day ngd ra Vs va dang séng
dong dién tai Iz. Trong Hinh 3.9 (c) va Hinh 3.10 (c) dang séng nhin tir trén xubng
duéi 1a tin hiéu diéu khién ngdn mach Vso cho cac khoa phia hinh T va nhiing tin
hiéu diéu khién Vsoo, V71 va Vr2. Trong Hinh 3.9 (d) va Hinh 3.10 (d) dang song nhin
tir trén xudng dudi 1a dong dién ctia cudn day ting ap, dién ap diode Vp,, dién ap
diode Vps va di¢n ap DC-link. Trong Hinh 3.9 (e) va Hinh 3.10 (e) nhiing dang song
nhin tir trén xudng dudi 1a dién ap ngd vao Vae, dién ap trén tu Ca, dién ap trén tu C,
va dong dién ngd vao. Hinh 3.9 (f) va Hinh 3.10 (f) trinh bay d60 méo dang dong
dién tai (THD). Hinh 3.9 va Hinh 3.10 la dong dién ngd vao va ngo ra duogc do luong
b6i cam bién 4p LEM-LA 25-P.
Két luin chuong 3:

Trén co so phan tich bo nghich luwu ting ap, cac cong trinh nghién ciru vé nghich

lwu ting &p trong va ngoai nudc, Tac gia dé xuat cdu hinh nghich luu ting ap truc
tiép co cong suit nho, giam cac khoa ban dan cong sudt. Nghich luu ting ap truc
tiép trén dé xuét k§ thuat didu khién phu hop:

a) Giam dg gon dong dién ngo ra nguén dién mot chiéu;

b) B9 loi dién ap cao so voi cAu hinh tuong tu;

¢) Chi s6 diéu ché cao nhit c6 thé so v6i cAu hinh tuong tu;

d) Hiéu sudt ctia cau hinh va giai thuat dat 87%.
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Chuong 4: K¥ thuit diéu ché vector khong gian cho nghich luu
ting ap twa khoa chuyén mach 3 bac hinh T c¢6 kha ning triét
tiéu dién ap common mode
4.1. Nguyén ly hoat d9ng va giai thuit triét tiéu common mode cho 3L-qSBT?I.

Hinh 4.2: Trang thai hoat dong cua 3L-qSBT2L. (a) Trang thai khong ngin mach 1
(NST 1), (b) trang thai khéng ngin mach 2 (NST 2), (c) trang thai khong ngin mach
3 (NST 3), (d) trang thai khong ngan mach 4 (NST 4) va (e) trang thai ngan mach
(ST).

4.1.1. Nguyén ly hoat dong ctia 3L-qSBTL.
4.1.1.1. Trang thai khong ngin mach.

Trong trang thai NST1, khoa 77 dugc kich dong, trong khi khoa 7> bi kich ngit,
nhu trinh bay ¢ Hinh 4.2 (a). Diode D; bi phan cuc nguoc, trong khi cac diode D>,
D3 va D4 dugce phan cuc thuan. Cudn day Lp va tu C; xa nang lugng, trong khi dé tu
C> duogc nap.

Trong trang thai NST2, khoa 77 bi kich ngét, trong khi khoa 7> dugc kich dong,
nhu trinh bay & Hinh 4.2 (b). Diode D;, D2, va D3 dugc phan cuc thuén, trong khi
cac diode D4 bi phan cuc nguoc. Cudn day Lz va tu C> xa nang luong, trong khi do
tu C; dugc nap.

Trong trang thai NST3, cac khoa 77 va 7> dugc kich dong, nhu trinh bay & Hinh
4.2 (c). Céac diode D;, va D4 bi phan cuc ngugc, trong khi cac diode D> va D3 dugc
phan cuc thuan. Cudn day Lz nap nang luong, trong khi d6 tu C; va C> xa nang
lwong. Khoang thoi gian cua trang thai ndy 1a Dy T, véi Do 1a chu ky ngin mach
trong mot chu ky dong/ngit T.
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Trong trang thai NST4, cac khoa T; va T» bi kich ngit, nhu trinh bay & Hinh 4.2
(d). Céc diode D;, D2, D3 va D4 dugc phan cuc thuan. Cac tu C; va C> dugc nap
nang luong tir dién ap ngd vao Ve Trong khi cudn day Lz truyén ning luong tir
ngudn dén mach chinh, trong khi d6 tu C; va C> xa nang lugng. Khoang thoi gian
ctia trang thai nay 1a Dy T, voi Do 13 ti s6 ngin mach trong mét chu ky dong/ngit T.
4.1.1.2 Trang thai ngin mach (ST)

Trong trang thai (ST), cac khoa Si,-Ssx bén phia nghich Iuu hinh T dugc kich
dong dong thoi, trong khi cac khéa T; va T bi kich ngat. Mach twong dwong trong
trang thai nay dugc trinh bay ¢ Hinh 4.2 (e).

4.1.2. Phan tich trang thai on dinh cho 3L-qSBT?I
Veus :%:%Jﬁ 4.1)
4.1.3. Giai thuit diéu ché vector khong gian triét tiéu dién 4p common mode
cia 3L-qSBT?I.
VotV Ve
3
Trong subt qua trinh hoat dong, trang thai ngan (ST) mach duoc thém vao vector

(4.2)

Vo =Veo

zero dé khong anh hudng dén dién ap ngd ra ma van duy tri trang thai tang ap.

A
Vs

)
;|[oPN]
K

Sector III =" — |— X _Sector I
v, 7 Vi
4 N\ 2
INPO] / [PON]
-
/ Vef \
[PPPTN\J/| Sector I
Sector IV [000] g »
[NNN
\
\ /
7 g 7
INOPTY o " PNO]

N
Sector V Y Sector VI
7, [ONP]

Hinh 4.3: So db vector khong gian ctua 3LT2I

Chudi xung déng/ngat cho sector 1 dugc sip xép 1a [000]-[PON]-[PNO]-
[OOO]-[PNO]-[PON]-[OOO].

bé dat duoc trang thai ngén mach (ST), tat ca cac khoa cua cac nhanh bo nghich
lwu phai duoc kich dong ddng thoi. Nhu két qua, dién 4p ngd ra 1a zero ma két qua
nay giéng trang thai vector zero. Vector ngan mach dugc thém vao vector zero, vi
vay vector zero duoc thay d6i theo phuong trinh (4.3):

Vol =VTy =V T
{TJ=T0—TST=TO—DOTS' 43)

Dé dat dugc ky vong ma ludn an dat ra, tac gia két hop trang thai ngén mach va
chudi xung da trinh bay & Hinh 4.3. Khi d6 chudi xung duoc sip xép lai nhu sau:
[FFF]-[OOO]-[PON]-[PNO]-[OOO]-[FFF]-[OOO]-[PNO]-[PON]-[OOO]-[FFF].
V6i [FFF] 1a vector ngan mach.
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Hinh 4.4: Chudi xung va tin hiéu diéu khién cua sector 1 cho 3L-qSBT2-ECMV
4.2. Két qua méd phéng va thwe nghiém cho 3L-qSBT2I-RCMYV.

4.2.1. Két qua md phéng.

Bang 4.1: Thong s6 md phong va thuc nghiém cho 3L-qgSBT2-ECMV.

Tham sd/thanh phan Gia tri
bién ap ngd vao Vie 150V
bién ap ngd ra mong muodn Vxae 110 Vrms
Tan s6 ngd ra fo 50 Hz
Tan s0 song mang fs 5 kHz
Ty s0 ngan mach va chi so diéu ché Do, M 0.2,0.8
Cudn day tang ap Ls 3mH/20A,0.12 Q
Tu dién C=C 2200 pF, 44 mQ
B6 loc 3 pha LC Lrand Cr 3mH and 10 pF
Tai trd ba pha Rioad 40Q
200V -‘\.!
150V |-
100V
30V
oV L
Y Vs

200W | iaceas

100V

ov &

gA |
64
1A

094 096 0598 1
Time (5)

Hinh 4.5: Két qua mo phong dién ap ngd vao DC (Va), dién ap trén tu (Ve va Ve)
va dong dién cudn day ting ap (/) cua phuong phap 3L-qSBT?I-ECMV.

Hinh 4.5 nhin tir trén xudng dudi dién ap ngd vao (Vac), dién ap trén tu (Ves va
Ve2) va dong dién cudn day tang ap (/1) cuia phuong phap 3L-qSBT’I-ECMV. Viéc
md phong dugce tién hanh véi cac thong s6 nhu ¢ Bang 4.1. Két qua, dién ap trén tu
dién duoc ting ap 1én 194.8 V theo phuong trinh (4.1) va két qua mo phong do dugc
trén tu Vc; va Ve dat duge 196 V va 193 V. Gid tr1 dinh cua dién 4p DC-link (téng
dién &p hai tu C; va Cz) do dugc 389 V. Tri trung binh dong di¢én ngd vao (dong
dién cua cudn day tang ap) khi mo phéng dat dugc 6.1 A nhu da trinh bay trong
Hinh 4.5. Trong mdt chu ky dién &p tai ngd ra gia tri 1on nhat va nho nhat ciia dong
dién cudn day tang ap dat duoc 7 A va 5.2 A.
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Hinh 4.6: Két qua md phéong dién ap DC-link, dién ap pha (Vig) va CMV cua (a)
Phuong phap 1, (b) phuong phap 2 va (c) phuong phap 3L-gSBTI-ECMV.

Nhu da trinh bay & Hinh 4.6, gid tri CMV cta phuong phdp 1 c6 bién do 16n
nhit 2V¢/3 va dat 130 V. Phuong phap 2 c6 bién d6 CMV trung binh thay doi tir
+V/3 (65 V) dén -V/3 (-65 V). Phuong phap 3L-qSBT2I-ECMV c¢6 CMV gan
bang 0V.

Vig Vis
4007 4007 4007
00v 2007 2007
ov ov ov
ov 200 200V
,,,,,, ~s00v 400V
v Vi v
00v 200V ——— — 1 2007 )l
100v 100v 100v
A N ] o : =k
1007 | A0y \ \ 100v
00V = -200v 00V
! Iy Ly
e Vs N | [ = | At 1
o o o
1l 2 |
aa | | = an
0. 098 1 0. 096
Time (s) Time (s) Time (s)
(@) (b) ()

Hinh 4.7: Két qua mo phong dién ap day ngd ra (Vap), dién ap tai ngd ra (Vr4) va
dong dién ngo ra (14) cua (a) Phuong phap 1, (b) phuong phép 2 va (c) phuong phap
3L-qSBT?I-ECMV.

Hinh 4.7 Trinh bay két qua mé phong dién ap day ngd ra (Vap), dién ap tai ngd
ra (Vr4) va dong di€n ngo ra (14). Gia tri THD cua dién ap day ngo ra (V) ca ba
phuong phap md phdng dat dugc 42%, 67.3%, va 77.1%.

4.2.2. Két qua thue nghi¢m.

2’ 1;,‘[2‘00@"@5{-]” !
L 200V 7dn]
’Vb—{iﬂmfﬁwiflbms/dwf
1[4 fdi] : : : : : :
it
e

Hinh 4.8: Két qua thuc nghiém cua dién 4p ngd vao DC (Vao), dién ap trén tu C; va
C> (Vi va Vez) va dong dién cudn day tang ap cia 3L-qSBT2-ECMV.

(c)
Hinh 4.9: Két qua thuc nghiém cta dién ap DC-link, dién ap pha (Vac) va CMV cua
(a) Phuong phap 1, (b) phuong phéap 2 va (c) phuong phap 3L-gSBT’I-ECMV.
Nhu d3 trinh bay & Hinh 4.9 phuong phap 3L-qgSBT?I-ECMYV giam dugc 91.5%
va 85.7% so sanh voi phuong phép 1 va phuong phap 2.
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(c)
Hinh 4.10: Két qua thuc nghiém dién 4p day ngd ra (Vag), dién ap tai ngd ra (Vra)
va dong dién ngo ra (/4) cua (a) Phuong phap 1, (b) phuong phap 2 va (c) phuong
phap 3L-qSBT’[-ECMV.
Hinh 4.10 gia tri hi€u dung cta dién ap ngd ra va dong dién ngd ra la tuong tu
cho phuong phap 1, phuong phap 2 va phuong phap 3L-qSBT?I-ECMV va do duoc
tur thue nghiém 105 Veus, 104 Veus va 104 Vews.

Vac [20V/div] Vac 120V /div)

(a) (b)

(]
Hinh 4.11: Két qua thuc nghiém phan tich THD cta dién ap ngd ra (Vac). (a) Phuong
phép 1, (b) phuong phap 2 va (c) phuong phap 3L-qSBT’I-ECMV.

(L 1500mA jai) H L (500mmA i)

@ {b)

(0
Hinh 4.12: Két qua thuc nghiém phan tich THD cta dong dién ngd ra (L). (a)
Phuong phép 1, (b) phuong phap 2 va (c) phuong phap 3L-gSBT’I-ECMV.

Hinh 4.11 va Hinh 4.12 phéan tich FFT cua di¢n ap ngo ra (Vac) va dong dién
ngd ra (Ls) duoc thuc hién cho ca ba phuwong phap. Pho hai cia Vag va L« duge xem
x€t, bién d§ hai bac mot cua dién ap pha ngd ra va dong dién tdi ngd ra cua ba
phuong phap la tuong ty nhau va do dugc 104.5 V va 2.55 A.

Két luin chuong 4

Trén co s& phan tich 3L-qgSBT?2I-ECMV, céac cong trinh nghién ctu vé 3L-
qSBT2I-ECMV trong va ngoai nudc, tac gia dé xuat cau hinh 3L-qSBT2-ECMV
cong suit nho, v6i kha ning triét tiéu duge dién 4p common mode (CMV), mic du

THD: cao hon phuong phap 1 va phuwong phap 2. Tuy nhién gia tri 3.3% van nho
hon nhiéu so véi tiéu chuan cho phép 5%.
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Chuong 5: Nghich luu hinh T tiing ap twa khoa chuyén mach 3
bac v6i kha ning chiu 16i hé mach cac khoa cong suat
5.1. Nguyén ly hoat dong va giai thuat chiu 16i 3L-qSBT’I.

S TA n L4 R4
Sop B mm ‘s Rp G
S2c C YY g Rc
4 4 cTT l
3a S3p Sse g - .
2
—0o— = _@_Q_
SZX (X =a, bs C) T

Hinh 5.1 Cau hinh 3L-qSBT?I
5.1.1. Nguyén ly hoat dong ciia chiu 16i 3L-qSBTI.

KSR
Ls = #‘ S | A Ly iy R4
ifl  Da C1|—¢‘ = rm. =
0 /Szb B nm l_‘z Rz G
i J—o’

ic Rc
S

Ly R
4 R4

i) D, cl Su A nm, =
0 |_ - Sap B . l—“i Rs
+Vae ic Rc

= DY . Se ¢l rm S

+ é? 4 4 4 ===

Tz-‘ Dy S3a S3p Sse G

Tl D, |P Tl D, [P | D |P Tl D, [P
Ly lI C]"_ Six Ly ll C1“_ Six Ly '] ¢y N Ly 'y Cy N
- -+ -1+ =+

it D02 Vi Son it D02 Ve So it % Vi So it D02 Ver Soy
+ + + +
X X X X
D Ve D Ve D Ve D Ve
Vae|~ | 1) Vee| ™ | ay? V) Vae|” 3* +|i£ Vae|” 3* — ii
' T ' G Six T G Sax
| p, IN 2 p, |N L p, IN 5 D, N
© (d) (©) ()

Hinh 5.2 Trang thai hoat dong cia chiu 15i 3L-qSBT?I trong nhiing diéu kién 15i
khoa cong suit. (a) 151 hd mach Sia hodic Sza, (b) 16i hd mach cuia Sz, va (c) trang
thai NST5 véi 16i ho mach cta T; hodc T2 va (d) trang thai NST6 véi 16i hd mach
cua T hoac Ts.

Hoat dong chiu 16i 3L-qSBT?I ¢6 thé duogc chia thanh ba truong hop: 16i ho
mach Six hodc Ssy, 16i hd mach Sa (x=a, b, ¢) va 16i hd mach cta 7; hoic 7>. Hinh
5.2 trinh bay ba diéu kién 15i ctua pha A. Hinh 2.7 trinh bay nhirng vector dién ap
tham chiéu ctia nghich luu hinh T trong diéu kién hoat d6ng binh thuong (Va), Vb), va
VC)) va trong diéu kién hoat dong 15i (Va’), Vb’) va VC’)). Khi 16i xay ra tai S;» hodc Six
nhitng vertor dién ap tham chiéu cua nghich luu hinh T phai dugc dinh nghia lai
theo (Va’), Vb’) va VC’)) nhu Hinh 5.3 (b) dén 5.3 (d). Bang 5.1 trinh bay goc pha cua
nhiing vector dién ap tham chiéu ctia nghich luu trong diéu kién trudc va sau 15i.
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Bang 5.1: Nhitng goc pha chuan trong diéu kién binh thuong va xay ra 16i.

Tin hiéu diéu ché A v, /A b Ve Vea
Hoat dong binh thudong -2n/3 2n/3 /6 -1/2 5m/6
Loi pha A 0 -57/6 5m/6 /6 /2 5m/6
Lbi pha B /6 0 /2 /6 -1/2 S5n/6
Lbi pha C /6 /2 0 /6 /2 51/6

5.1.1.1. Piéu khién chiju 18i khi Six hoic S bi 13i

Khi 18i xay ra v6i S, hodc S;. nhu trinh bay & Hinh 5.2 (a), dién 4p ngd ra pha
A (Vo) khong thé tao ra dién ap +Vc hodc -Vc din dén dong tai mét d6i ximg va
méo dang. Dé duy tri dién 4p ngd ra lién tuc, Sz kich dan két ndi diém trung tinh
mang ngudn khang véi ngd ra pha A, trong khi hai khoa cong suat Sia va Sza duge
kich ngét. Mait khéc, nhiing vector dién &p tham chiéu Va) V;,Vé VC) duoc dinh nghia
nhu mé ta ¢ Hinh 5.3(b) dén 5.3(d) dé giit can bang dién ap day.
5.1.1.2. Piéu khién chiu 1i khi Sz« bi 16

Khi 18i xay ra v&i Sz, nhu trinh bay & Hinh 5.2 (b), dién ap cuc ngd ra ciia pha
A (Va0) khong thé két nbi v6i diém trung tinh ciia mang ngudn khang. Dé giai quyét
nhirng van dé 18i xay ra véi Sz, nhitng khoa cong suét chiu 16i 3L-qSBT2I 1, va Ssa
dugc kich dong dé hoat dong nhu mach nghich Iuu hai bac cho pha A, trong khi pha
B va pha C van hoat dong nhu mach nghich Iuu 3 bac.
5.1.1.3. Piéu khién chiu 18i khi T hoic T bi 15i

Khi 18i xay ra v6i T; hodc 7> cua mang ngudn khang, dién ap trén tu dién C; va
C> bi mét cin bang. Khi d6, dién ap pha ngd ra va dong tai bi méo dang ciing nhu
bién dd ctua chung bi gidm. Hinh 5.2 (c) va 5.2 (d) trinh bay hai trang thai khong
ngan mach khi tai ciu hinh voi 161 hd mach xay ra véi khoa cong suét 7.
5.1.2. Phan tich mach cho chiu 16i 3L-qSBT’I.
5.1.2.1 Trang thai khong ngin mach

Trong trang thai NST1. Dién &p cudn day tang ap dugc xac dinh nhu sau:

di,

LBE:Vdc_VCZ' (51)
Trong trang thai NST2. Dién &p cudn day tang ap dugc xac dinh nhu sau:
d, .,

LBE_Vdc VCl' (52)
Trong trang thai NST3. Dién ap cudn day tang ap duoc xac dinh nhu sau:
diL —

L b=V, (5.3)
Trong trang thai NST4. Dién &p cudn day tang ap dugc xac dinh nhu sau:
di,

LBE:V;/C Ve =Vea (54)

5.1.2.2 Trang thai ngin mach
Trong trang thai ST nay. Dién 4p cudn day tdng &p duogc xac dinh nhu sau:
di

L%~y :
Bdt dc (5 5)
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5.1.3. Phwong phap diéu khién PWM cho chiu 15i 3L-qSBT2I.

DﬁZ a2 darr2 ﬁ 2 m = Shoot-through state !
(a)

1 ,_—T.‘ v,,, sz

4""3' =7

L NS
S"SZO Il-l IIlIIl IIII|I l ||| ‘;.;‘ Bl
Sj“ i o i i ; 1 H ‘ 1

Sip= S26 ::31 : 1 . [ ] ‘ 1 L
SEmmE W m m e
] = = A = B =
I = =TT =T =~ N1
% 252 o I e e A e O s N
DoT/2 = S, ON at the same time

i I e 1 ] m N
S24=Saa i N e O e s o s o |
T NE t
ol ___ MPT2r [ [ [ [ [T '

(b)
Hinh 5.3 Phuong phap diéu khién PWM cho chiu 18i 3L-qSBT?I duéi nhimng diéu
kién (a) 16i ho mach ctia S1, hodc S3a (b) 16i hé mach cua T.
5.1.4. Phan tich trang thai 6n dinh cho chiu 15i 3L-qSBTI.

[

1

1

Sie ¢
1
1
1

___ ___ ___ VdL‘
VC_VCI_VC2_2_3DO_d (5.6)
Dién 4p dinh ngd ra dugc xac dinh:
MV MV, M3
"I h B 2—3D0—dV"C' (5.7)
Hé sb tang ap B cua chiu 16i 3L qSBT?I duoc xac dinh:
Vow Yo 2
"V, Vv, 2-3D,-d (5-8)

5.1.5. Phén tich trang thai 6n dinh cho chiju 18i 3L-qSBT2I khi khéa cong suit
T1 clia mang ngudn khang bi 15i.
14

V,=—-*=
< 1-2D, (5.9)

Dién 4p dinh ngd ra dugc xac dinh:

~ M~VC2_ M
TS (5.10)

5.1.6. Phwong phap diéu khién cho chiju 16i 3L-qSBT2I.
.
IN T V

de
G1 F= Z‘/—A Diéu kién 16i

V(]C

bieu kién thong thuong

(5.11)
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[Vio Pod =05, D=0, M=1]

|G1'v WV |GI, 2\/3V/V,

2M/(2 3Dyd)

M= d de,, D,,+k|

= 2M/A2-3Dy~d)

—‘
|

Hinh 5.4 Luu dd ciia phuong phap diéu khién dé nghi trude va sau 16i.

5.2. Két qua mé phéng va thwe nghiém

5.2.1. Két qua mé phéng

Bang 5.2: Nhitng thong sd duoc st dung trong mé phong va thyc nghiém.

Tham sd/thanh phan Gié tri
DPanh gia cong suat P, 1 kW
bién ap ngd vao V, 165V
bién ap ngd ra mong muon Vxc 110 Vrms
Tan s6 ngd ra fo 50 Hz
Téan s6 song mang fs 5 kHz
Cudn day tang ap Lz 3mH/ 20 A, 0.12 Q
Tu dién C=C 2200 pF, 44 mQ
B6 loc 3 pha LC Lrand Cs 3 mH and 10 pF
Tai trd ba pha Rioad 40Q
Diodes DSEI60-12A Di—D4 1200 V, 52 A
IGBTs FGL40N150D S1x=S3x, T1, T2 1500V, 40 A
B

800V

400V
200V
o

036 04 0.44 048 052
Time (s}

Hinh 5.5. Két qua mo phong cua chiu 16i 3L-qSBT2I duéi diéu kién hoat dong thong
thudng va 16i cia Sia khi tai cu hinh va bu bsi nhitng thong sé diéu khién.
Véi phuong phap dé xuat duoc ap dung cho chiu 16 3L-qSBT2I. Nhu két qua,
dién &p cua hai tu C; va C> duoc tang ap 1€n, dong dién ngd ra dugc khoi phuc.
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048 05 0.52 054 0.56

Hinh 5.6. Két qua mé phong cta chiu 16i 3L qSBT?I dudi diéu kién hoat dong thong
thuong va 16i ctia Sa, khi thay d6i phuong phap diéu ché.

Hinh 5.6 trinh bay két qua cua phuong phap diéu ché dé nghi duoc 4p dung sau
khi 18i. Két qua, sy méo dang dong dién da duoc xur Iy hoan toan.

038 04 042 044 0.46
Time (s)

Hinh 5.7. Két qua mé phong cta chiu 16i 3L qSBT?I dudi diéu kién hoat dong thong
thuong va 15i cua 71.

Hinh 5.7 trinh bay két qua mo phong khi khoa cong suat Ti ctia mang ngudn
khang xay ra 18i hé mach. Dién ap cua ty dién C; van giir khong doi 181V, trong
khi dién 4p tu Ca duoc tang ap 1én 458V sau khi xay ra 16i hd mach Ti. Dong dién
ngd ra duoc can bang va duoc khoi phuc.

5.2.2. Két qua thwe nghiém

Vg [200V7div]
[(llll IFHI"'I“‘ I = - C —

= 20ms/div

Hinh 5.8. Két qua thuc nghiém cua chiu 18i 3L-qSBT?I dudi diéu kién hoat dong
thong thuong va 15i cia S, khi tai cdu hinh va bu béi nhiing thong sb diéu khién.
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Hinh 5.8 trinh bay nhitng két qua thuc nghiém cua chiu 16i 3L-qSBT?I véi
phuong phéap diéu khién PWM dé xuét khi khoa cong suit Sy, bi 161 hd mach, voi
tai cau hinh mach (Reconfigured) va bu dién ap duoc ap dung. Bién d6 dong dién
va dién ap cta chiu 16i 3L-qSBT?I véi phuong phap PWM dé nghi duoc khoi phuc
hoan toan nhu gia tri trudc 16i.

I e SIS e e O S mrarr S AR e

i t=10ms/div

(b)
Hinh 5.9. Két qua thuc nghiém cta chiu 16i 3L-qSBT?I dudi diéu kién hoat dong
thong thuong va 16i ciia S», khi thay d6i phuong phéap diéu ché.

Nhitng dang séng trong Hinh 5.9 chi ra ring ké hoach bu duéi diéu kién 16i da
duy tri nhitng dang séng ngd ra nhu trong diéu kién binh thudng. Trong tinh hudng
nay, su méo dang dong dién ngd ra c6 thé duoc giam thiéu trong trang thai 16i nay.

ily 200V/div]
i

AT e ST
Ve [200V/div] :
112
i i = 40ms/div
(a)
o L 2O AN s S
{ AVAYATATA VA A AT Vel TLYATaTAN A\ 3 : : s
D AAUIXGO000 M A %é L |
3. / . V‘ \ -}4‘ __.f\) ) N/ 1 >
""" T e R R A I SR | | B e R
| L U Vel NS O S
E. I oL f | [
i 1=20My/diY = oomy/div

(b)
Hinh 5.10. Két qua thuc nghiém cua chiu 16i 3L-qSBT?I duéi diéu kién hoat dong
thong thuong va 13i cua T1.

Hinh 5.10 trinh bay nhitng két qua thuc nghiém cta chiu 16i 3L-qSBT?I véi
phuong phép diéu khién PWM dé nghi khi khoa cong suét 77 bi 16i hé mach. Khi
khoéa cong suat 77 bi 15, dién ap trén tu dién C> va dién ap DC-link dugc tang ap 1én
436 V, trong khi dién ap trén tu C; dugc giir khong d6i. Nhu di trinh bay trong Hinh
5.10 (b), bién do cua dong dién tai da dugc khoi phuc nhu gia tri trude 16i.
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Bang 5.3: THD cua dong tai va dién 4p pha trong diéu kién binh thuong va 15i

s Phuong phap trong [84] | Phwong phép dé nghi
biéu kién - ;
THDi THDv THDi THDv
Binh thuong 3.19% 70.1% 2.77% 62.42%
Lbi Sy, khi tai cau hinh mach 5.38% 119.8% 4.58% 91.68%
Lbi S», khi thay d6i ké hoach diéu ché 4.74% 125.8% 3.37% 86.96%
Loi T khi ti cau hinh mach NA NA 4.43% 119.8%

Két luin chuong 5:
Trén co s phan tich chiu 16i 3L-qSBT2I, cac cong trinh nghién ctru vé chiu 16i

3L-qSBT?I trong nudc va qubc té, tac gia dé xuat cau hinh chiu 18i 3L-qSBT?I ¢
cong suat nho, giam cac khoéa ban dan cong suat. Chiu 16i 3L-qSBT?I trén dé xuat
ky thuat diéu khién phu hop:
a) Bo nghich luu ting ap c6 kha niang hoat dong trong moi trudong 16i hd mach
phia mang ngudn khang va phia nghich lwu hinh T;
b) Giai thuat cai thién thong s diéu khién so véi cau hinh twong tu;
c) Dé xuét giai thuét chiu 15i khi hai khoéa cong suat mang ngudn khang (7;
va T>) bi 161 ho mach, khong thém bét ky phan tir cong suét nao.
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Chuong 6: Két luin va hwéng phat trién ciia luin an
6.1. Két qua dat dwoc

Trong luan 4n nay, tac gia di trinh bay bo bién doi ning lwong v6i nhitng chuong
nhu sau: chuong 1, tac gia trinh bay tong quan vé tinh hinh trong nuéc ciing nhu
tinh hinh qudc té vé nghich Iuu ting ap tya khoéa chuyén mach ba bac hinh T.
Chuong 2, tic gia trinh bay co s& 1y thuyét vé nghich luu ting 4p tua khoa chuyén
mach ba bac hinh T, nghich luu tang ap tua khoa chuyén mach ba bac hinh T véi
kha ning triét tiéu dién 4p common mode va nghich luu ting 4p twa khoa chuyén
mach ba bac hinh T vé&i kha ning chiu 18i hé mach cac khéa cong suat. Chuong 3,
tac gia trinh bay nghich luu ting 4p twa khoa chuyén mach ba bac hinh T. Chuong
4, tac gia trinh bay nghich luu ting 4p twa khoa chuyén mach ba béc hinh T véi kha
nang triét tiéu dién 4p common mode va chuong 5 tac gid trinh bay nghich luu tang
ap tua khoa chuyén mach ba bac hinh T véi kha ning chiu 16i cac khoa cong Sut.

Dua vao phén tich Iy thuyét, mé phong va thuc nghiém cua ciu hinh va giai
thuat dé xuét nhu da trinh bay & trén, Tac gia dua ra mot s6 nhéan xét nhu sau:

Trong chuong 3, véi nhitng bét loi vé kich thudc, trong lugng va chi phi ctia
cac bo nghich luu truyén thong con cao cho nén, nghich luu tang ap tua khoa chuyén
mach ba bac hinh T 1a mét giai phap dé hé thdng nghich luwu ting 4p ngay cang hoan
thién hon. Trong chuong nay, tac gia di dé xuat giai thuat diéu ché d6 rong xung
(pulse width modulation - PWM) c¢6 nhiing uu diém: a) véi k¥ thuat dich song mang
90° so v6i song mang chudn va phdi hop k¥ thudt chén xung xen ké& giup cho bd
chuyén doi giam d6 gon dong dién ngd ra ngudn dién mot chiéu, b) véi ky thuat
PWM dé& xuét gitp cho hé thdng c6 d6 loi dién 4p cao so v6i cAu hinh twong ty va
¢) chi s6 diéu ché cao nhit c6 thé so v6i ciu hinh tuong tu.

Trong chuong 4, triét tiéu dién ap common mode (CMV) 1a khong thé thiéu
trong cac bd nghich luu da bac. Boi vi, dién 4p common mode sinh ra dong ro
(leakage current), nhidu dién tir (electromagnetic interference) va ton tai dién ap trén
truc dong co (shaft voltage) anh huong dén tudi tho ctia hé thong. Dé triét tiéu dién
4p common mode (CMYV) trong khi van c6 kha ning hoat dong ting-giam dién ap,
giam do gon dong dién cia cudn day tang ap (dong di€n ngd vao) 1a mot thach thirc
16m cho nhitng nha nghién ctru.

Trong chuong 5, tinh on dinh va d tin cdy ctia b nghich luu rat quan trong
trong hé thong phan phdi cong suét vi nd gitp hé thong cung cip dién khong ngit
UPS, hé théng y té cong suat cao va hé thong chuyén doi ning luong két ndi ludi.
Vi thé, dé hé théng hoat dong trong diéu kién chiu 15i 1a mot van dé ma cic nha
nghién ctru trén thé gidi rat quan tdm hién nay. Trong chuong nay, ngoai viéc tac
gia thuc hién chiu 151 hd mach cho céc khoa cong suat bén phia nghich luu, tac gia
con dé xudt giai thuat chiu 16i hé mach cho hai khoa cong suat & mang ngudn khang
cling nhu cai tién thong s diéu khién dé giam dién ap dit trén cac khoa cong suat.
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