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TOM TAT

Trong nhitng nim gan day, cAu hinh nghich luu hinh T ba pha ba bac truyén thng
duogc tng dung rat phd bién so v6i nghich luu hai bac. Boi vi, nghich luu hinh T ba
pha ba bac truyén théng c6 nhiéu uu diém nhu: chat lugng dién nang tot hon, yéu cau
bd loc ngd ra AC nho hon, dién ap dat trén cac khoa cong suat nho hon va dién ap
ngd ra cao hon so v6i nghich luu hai bac. Tuy nhién, cau hinh nghich lyu hinh T ba
pha ba bac truyén thong 1a bd chuyén doi giam ap. Mit khac, dé tao ra dién 4p ngd ra
cao tir dién ap ngd vao thip, mot bo DC-DC ting ap can phai duoc 1ap dit phia trudce
bd nghich luu, lic nay, bd nghich luu 3 bac hinh T truyén théng 1am viéc nhu bo
chuyén d6i hai ching. Ngoai ra, trang thai ngan mach (hai khoa cong suét trén mot
nhanh pha c6 thé dugc dong trong cing thoi diém) 1a bi cdm trong nghich luu truyén
théng. Nghich luu ngudn Z ba bac (duoc goi 1a bd chuyén ddi cong suit mot chiang
v6i kha ning tang giam dién 4p va chiu dung ngan mach) dugc dé xuat dé khic phuc
han ché ciia nghich Iuu ba béc truyén thong. Tuy nhién, bét loi ctia cau hinh nay la
dong dién ngd vao khong lién tuc dan dén viéc han ché cho cac Gmg dung trong hé
thong PV va Pin nhién liéu.

Dé giai quyét nhitng bat lgi ctia cac bd nghich luu ngudn Z ba béc, cac bo nghich
luu tua nguén Z ba bac duge dé xuat. Cau hinh nghich luu tya nguén Z ba bac co vai
vu diém nhu: dién ap dit trén cac phan tir cong suat thap va dong dién ngd vao lién
tuc. Tuy nhién, cAu hinh nghich luu tya nguén Z ba bac su dung nhiéu phﬁn tr thu
dong diéu nay lam gia tang trong lugng, kich thudc va tdn hao cta hé théng nghich
luu.

Nham cai thién cac nhuoc diém néu trén, cau hinh nghich luu tang 4p tua khoa
chuyén mach ba bac hinh T va giai thuat diéu ché d6 rong xung (pulse width
modulation - PWM) dugc d& xuit v6i nhitng tinh ning theo sau:

- Giam dd gon song dong dién ngd vao so voi cAu hinh tuong tu;
- Do loi dién &p cao so véi cAu hinh tuong tu;

- Chi s0 di€u ché cao so v6i cau hinh tuong tu.
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Trong qua trinh hoat dong, b nghich luu tao ra dién &p common mode (CMV),
qua trinh nay 13 nguyén nhan chinh din dén nhiéu van dé bét loi cho bo nghich luu
nhu: dong ro, dién ap tryc trong cac Gmg dung diéu khién dong co ciing nhu nhidu
dién tur.

Dé giai quyét vin dé dién 4p common mode ctia cau hinh nghich lvu ting ap twa
khoa chuyén mach ba bac hinh T, gidi thuat diéu ché do rong xung (pulse width
modulation - PWM) véi kha ning triét tiéu dién 4p common mode duoc dé xuat.

Tinh 6n dinh va d¢ tin cy ciia cdc bd nghich luu rat quan trong trong hé thong
phan phéi cong suat nhur 1a: hé thdng cung cép dién khong ngit UPS, hé thong y té
cong sut cao va hé théng chuyén ddi ning lwong két ndi ludi. Trong thuc té, 18i cac
thiét bi dong/ngat thudng dugc chia thanh hai loai, 12 16i ngdn mach hozc 16i hd mach.
Su két hop gitra cau chi nhanh két ndi ndi tiép v6i cac nhanh cong suat cua nghich
luu dan dén 15i ngén mach tré thanh 16i hd mach.

DPé dam bao tinh 6n dinh va do tin cdy cua cAu hinh nghich luu tang ap tya khoa
chuyén mach ba bac hinh T, giai thuat diéu ché do rong xung (pulse width modulation
- PWM) duoc dé xuit voi nhitng tinh ning theo sau:

- Cai tién thong s diéu khién so v6i cau hinh twong tuy;
- Kha ning hoat dong ¢ diéu kién binh thuong va diéu kién 15i;
- Giam dién ap dit trén cac khoa cong suét so v6i cAu hinh tuong tu.
Ngoai ra, phén mém PSIM va mé hinh thuc nghiém dugc thuc hién dé kiém
chimg nguyén 1y hoat dong ctia cau hinh nghich luu ting ap twa khoa chuyén mach
ba bac hinh T véi kha nang triét tiéu dién 4p common mode va chiu 16i hé mach céc

khoa cong suat.
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ABSTRACT

In recent years, the traditional three-phase three-level T-type inverter topology
has been used very commonly compared to the two-level inverter topology. 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 the two-level inverter.
However, the traditional three-phase three-level T-type inverter is only a buck
converter. On the other hand, to create a high output voltage from a low input voltage,
a DC-DC boost converter needs to be installed in front of the inverter which the
traditional three-level T-type inverter will work as a two-stage converter. Besides, a
shoot-through mode, where both the upper and lower switches 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 the
traditional three-level inverter. However, the disadvantage of this topology is to have
the discontinuous input current which results in the limitation of applications in PV
and fuel cell systems.

To overcome the disadvantages of the three-level Z-source inverters, the three-
level quasi Z-source inverters are proposed. The quasi Z-source inverter topology has
some advantages such as low voltage stress on power switches 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 improve the aforementioned disadvantages, the three-level quasi switched
boost T-type inverter topology and PWM algorithm is proposed with the following
features:

- The input current ripple is reduced compared with the similar topology;
- High voltage gain compared with the similar topology;

- High modulation index compared with the similar topology.
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During its 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 the common-mode voltage problems of the three-level quasi switched
boost T-type inverter topology, the PWM algorithm with the ability to eliminate
common-mode voltage is proposed.

The stability and reliability of the 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 the fast fuses connected in series with the power switch legs of the
inverter results in converting the short-circuit switch fault into the open-circuit switch
fault.

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

- Improving control parameters in comparison with the similar topology;

- Having the ability to operate in normal and fault modes;

- Reducing voltage stress in power semiconductors in comparison with the
similar topology.

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

of the power switches.
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MO DAU

1. Tinh cap thiét ciia dé tai

Trong nhitng nim gan day, khi ngudn tai nguyén ning luong dang ngay cang
can kiét, nhiém vu tim kiém va phat trién cac nguén nang luong tai tao la v cung
can thiét. Viéc khai thac va str dung céc ngudn ning luong tai tao nhu ning luong
gi6, ning lugng mat troi hay nang lugng thiy triéu... dang duoc cac nudc trén thé
gid1 nghién ctru, phat trién rat manh mé vi tinh bén viing, than thién véi moi truong
cling nhu tiém nang ung dung la vo tan. Mat khac, gia nhién li¢u bién dong, su nong
1én ctia khi hau toan cau, dic biét van dé 6 nhidm mai truong do lwong khi CO; thai
ra moi trudng rat 16n, ddy ciing 13 mot trong nhimg 1y do rat thuyét phuc cho viéc
phat trién cac ngudn ning luong sach. Mat do khi CO2 trong khi quyén cao nhét
trong vong 800.000 nim qua. Theo théng ké [1], mat d6 khi CO, cham ngudng
407:4 ppm trong nam 2018, du bao ndm 2019 12 410 ppm. Ngoai ra, h¢ thong ning
luong tir thily dién da dat dinh diém do da khai thac hét tiém ning san c6 va cac
cong trinh thity dién c6 nhitng tac dong nghiém trong vé méi truong co6 thé ké dén
nhu pha v cin bang sinh hoc va cudc séng ciia ngudi dan trong long du 4n [2].

Dé khic phuc nhimg vin dé néu trén, chinh phu Viét nam d3 ban hanh quyét
dinh sb: 1 1/2017/Qb-TTg vé co ché khuyén khich phat trién cac du an dién mat troi
tai Viét nam. Cu thé tir ngay 01/6/2017, tap doan dién lyc Viét nam (EVN) ¢6 trach
nhiém mua toan bd luong di¢n tir cac du an dién mat tro1 (DMT) ndi luéi véi gia
mua dién tai diém giao nhan dién 1a 2.086 dong/kWh. Nhiing chu truong mang tinh
dot pha néu trén da khuyén khich nhiéu nha khoa hoc Viét nam day manh viéc
nghién ctru, khai thac va st dung ngudn ning luong tai tao ciing nhu dé xay dung
mot thi truong dién dam bao an ninh cung cép dién vai xu hudng tdi vu hoa hiéu
qua dau tu, than thién v6i moi truong.

Céc bo nghich luu c6 nhiém vu bién d6i dién dp mot chidu (DC) thanh dién ap
xoay chiéu (AC) dé hoa vao ludi dién qudc gia. Chi phi dé xay dung cac hé thong
nang luong tai tao kha cao trong khi ngan sach nha nudc c6 han, vi thé, chiing ta
can c6 nhimg nghién ctru vé giai phap cong nghé (dic biét 1 cac bd bién d6i DC/AC)
cho cac hé théng ning luong tai tao co cong sut nhod va vira dam bao chi phi dau tu

Trang 1



thap, c6 chat lugng dién ning tot dong thoi co kha nang dap ung su thay dbi cia
thoi tiét. Doi voi hé thdng chuyén doi nang luong, nghich luu ting 4p, tinh 6n dinh
va do tin cay hé théng 1a rat quan trong va dugc thé hién cu thé nhu sau:
» Nghich luu tang ap

Céc bo bién d6i DC/AC (nghich luu) ¢ cong suat nhé va vira thong thuong 1a
céc b nghich luu ting ap va s6 bac khong qua cao, thudng 1a 2 hoic 3 bac (dé giam
chi phi). Do dé, nhiing nha nghién ctru thuong sir dung mot trong cac cu hinh sau:

+ DC/AC/AC (tang 4p dién ra & phan bién d6i AC/AC sir dung may bién 4p tan

s6 thap).

+ DC/DC/AC- ting ap dién ra & bo bién d6i DC/DC

+ DC/AC/AC/DC/AC (Tang 4p voi may bién 4p AC/AC tan sb cao)

+ DC/AC — tang ap truc tiép.
- Vi cau hinh DC/AC/AC hé thong diéu khién kha don gian. Tuy nhién viéc st
dung bién 4p tan s6 thap lam ting thém kich thudc, trong luong va tén hao trén may
bién 4p ciing nhu ton tai trang thai ngan mach cta hai khéa trén cing mot nhanh.
- Vi cau hinh DC/DC/AC diéu khién hai chiang va kha ning ting ap tip trung &
b6 DC/DC, day 1a mot thach thirc rat Ién cho bd bién d6i DC-DC khi dugc tng dung
trong linh vuc nang lugng téi tao bdi vi chiing doi héi do 1oi cua bd bién doi rat 16n,
két qua la di¢n ap, dong dién dat trén cac khoa kha 1om. Ngoai ra, viéc ton tai trang
thai ngén mach cua hai khoa trén cung mot nhanh ciing la mdt nhugc diém lén cua
céu hinh nay. Két qua 1a chat lugng ctia hé thong giam, gia ting trong lwong, kich
thudc va chi phi du tu cho hé thong.
- V6i ciu hinh DC/AC/AC/DC/AC db loi dién 4p nho dan dén dién ap, dong dién
dat trén cac khoa thap. Tuy nhién do chuyén dbi nhiéu ching lam cho viéc diéu
khién tré nén phtc tap, tang ton hao, ton tai trang thai ngén mach cua hai khoa trén
cung mot nhéanh. Két qua la chat lugng cua h¢ théng giam, gia tang trong luong,
kich thudc va chi phi dau tu cho hé théng.
- Vi cau hinh DC/AC chuyén d6i mot ching giai thuat diéu khién linh hoat, kha
nang chiu ngén mach cua hai khéa trén cung nhanh, d¢ loi dién ap cao, dién ap dat
trén cac khoa nho, giam cac phan tir thu dong dan dén giam kich thudc, trong lwong

va chi phi cho hé thong.
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» Kha ning triét tiéu dién Ap common mode
Trong qua trinh hoat dong, bd nghich luu tao ra di€n &p common mode (CMV),
qua trinh nay 13 nguyén nhéan chinh din dén nhiéu van dé bét lgi cho bd nghich luu
nhu: dong 10, dién ap truc trong cac tng dung diéu khién dong co ciing nhu nhiéu
dién tir. Cac bo bién d6i DC/AC (nghich luu) c6 kha ning triét tiéu dién common
mode trong hé thdng dién tir cong suit nho va vira thuong cé nhimg cu hinh va giai
phap sau:
+ Giai phap triét tiéu dién common mode nghich luu truyén thong bang cach
thém cac phén tu thu dong.
4+ Giai phap triét tiéu dién common mode nghich luu truyén thong bang cach
thay doi giai thuat diéu ché xung PWM.
£ Giai phap triét tiéu dién common mode nghich luu twa nguén Z va thay doi
giai thuat diéu ché xung PWM.
- Vi giai phap triét tiéu dién common mode nghich luu truyén théng bang cach
thém cac phan tir thy dong, giai phap nay kha don gian. Tuy nhién, viéc sir dung bd
nghich luu truyén thong sé ton tai trang thai ngan mach cia hai khoa trén ciing mot
nhanh. Ngoai ra, viéc thém cac phan tir thu dong s& lam ting thém kich thudc, trong
lugng va chi phi.
- Vi giai phap triét tiéu dién common mode nghich luu truyén théng bang cach
thay d6i giai thuat diéu ché xung PWM, giai phap nay kha phuc tap. Ngoai ra, viéc
sir dung nghich luu truyén thong ciing s& ton tai trang thai ngan mach cia hai khoa
trén cung mQt nhanh.
- Vi giai phap triét tiéu dién common mode nghich luu tya nguén Z va thay doi
giai thuat diéu ché xung PWM, giai phap nay kha phirc tap. Tuy nhién, viéc str dung
nghich luu tya ngudn Z s& giai quyét trang thai ngin mach cua hai khoa trén cing
mot nhanh, dong thoi giam kich thudc, trong lugng va chi phi.
> Kha niing chiu 16i hé mach
Tinh 6n dinh va d6 tin cdy cua cac hé théng nghich luu rat quan trong trong hé
thdng phan phdi cong sudt nhu 1a: hé thong cung cap dién khong ngit UPS, hé thong

y t€ cOng suat cao va h¢ thong chuyén doi nang luong két noi ludi v. . .
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Céc bo bién d6i DC/AC (nghich luu) c6 kha nang chiu 15i trong hé théng dién
tlr cong suit nho va vira thuodng c6 nhitng cdu hinh va giai phap sau:
4+ Giai phap tai ciu hinh (Reconfigured) nghich Iuu truyén thong bang cach
thém nhanh du phong.
+ Giai phép tai ciu hinh nghich luu truyén thong bang cach thay doi giai thuat
diéu ché xung PWM.
4+ Giai phap tai ciu hinh bang nghich luyu twa ngudén Z va thém nhanh dy phong.
+ Giai phap tai cdu hinh bang nghich luu tua ngudn Z va thay ddi giai thuat
diéu ché xung PWM.
- Vi giai phap tai cau hinh (Reconfigured) nghich luu truyén théng bang cach
thém nhanh dy phong, gidi phap nay kha don gian. Tuy nhién, viéc st dung bo
nghich luu truyén thong sé ton tai trang thai ngan mach cia hai khoa trén ciing mot
nhanh. Ngoai ra, viéc thém nhanh dy phong s€ lam tang thém kich thudc, trong
lugng va chi phi.
- Vi giai phap tai ciu hinh nghich luu truyén théng bang cach thay do6i giai thuat
diéu ché xung PWM, giai phap nay kha phirc tap. Ngoai ra, viéc str dung nghich luu
truyén thong ciing sé ton tai trang thai ngdn mach cua hai khéa trén ciing mét nhanh.
Thém vao d6, dién ap va dong dién ngd ra ciia hé thong s& giam di V3 lan so voi
trang thai binh thuong anh huéng dén hoat dong ctia hé théng.
- Vi giai phap tai cau hinh bang nghich luu twa ngudn Z va thém nhanh dy
phong, giai phap nay kha don gian. Thém vao d6, viéc sir dung nghich luu tya ngudn
Z s& giai quyét trang thai ngan mach cta hai khoa trén cing mot nhanh. Tuy nhién,
viéc thém nhanh du phong s€ 1am tang thém kich thudc, trong lugng va chi phi.
- Vi giai phép tai cdu hinh bang nghich luu twa nguén Z va thay doi giai thuat
diéu ché xung PWM, giai phap nay kha phuc tap. Mat khac, sau khi tai ciu hinh
dién 4p trén céc ph?m tu thu dong va tich cuc gia ting mét cach dang ké. Tuy nhién,
viéc str dung nghich luu tya nguén Z s¢& giai quyét trang thai ngén mach cua hai
khoa trén ciing mot nhanh, dong thoi giam kich thudce, trong lwong va chi phi.
Két luan:
Vi nhitng phan tich nhu trén, luan 4n nay dé xuat: 1) cau hinh nghich luu ting

ap twa khoa chuyén mach 3 bac hinh T va giai thuat PWM véi kha nang giam do
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gon dong dién cudn day tang ap va tang do loi dién ap; 2) tri¢t tiéu dién 4p common
mode (CMV) cho nghich luu ting 4p tiwa khoa chuyén mach 3 bac hinh T & diéu
kién hoat dong binh thuong va 3) giai phap tai cdu hinh nghich luu ting ap twa khoa
chuyén mach 3 bac hinh T bang cach thay do6i giai thuat diéu ché xung PWM khi hé
thdng xay ra 16i hd mach ctia cac khoa ban dan cong suat.
2. Muc tiéu nghién ctru ciia luin an

Phan tich kha nang tang ap, chiu 16i hé mach cua cac khoa cong suat va triét tiéu
dién 4p common mode & diéu kién hoat dong binh thudong trong bd nghich luu ting
ap tua khoa chuyén mach 3 bac hinh T. Tt cac két qué nghién ctru vé nghich luu
tang ap va giai phap giai quyét 16i hd mach cac khoa cong suét cua cac cong trinh
nghién ctru trude do, ludn an nay sé dé xuat ky thuat PWM nham muc dich tang do
loi dién ap va giam do gon song dong dién trén cudn day tang ap. Ngoai ra, giai
thuat diéu ché do rong xung (pulse width modulation - PWM) nay dugc ép
dung dé dé& xuit giai phap giai quyét 16i ho mach cua cac khoa ban dan cia bo
chuyén doi cong suat. Mat khac, trong trang thai hoat dong binh thudng ciia bd
nghich luu, luan én sé€ dé xuit ky thuat PWM dua trén ky thuat déu ché Xung vector
khong gian nham triét tiéu dién ap common-mode cho bd nghich luu ma van dam
béo duge cac wu diém cua giai thuat diéu ché do rong xung (pulse width modulation
- PWM) d3 dé xuét trude do.

Trén co s¢ giai thich todn hoc vé nghich luu tang ap tya khoa chuyén mach 3
bac hinh T (3L-qSBT2), ky thuat triét tiéu dién 4p common mode (ECMV) bang
cach thay ddi giai thuat diéu ché xung PWM va giai phap tai cdu hinh (reconfigured)
khi xay ra 16i ho mach cac khoa cong suat sao cho k¥ thuat diéu khién phu hop voi
cac muc tiéu theo sau:

a) Giam dién ap dat trén cac phén tr cong suét thu dong va tich cuc so voi cAu
hinh tuong tu;
b) Giam THD dién 4p pha tai so véi cau hinh tuong tu;

c¢) Triét tiéu dién &p common mode & diéu kién hoat dong binh thuong so voi
c4u hinh tuong tu.

d) Cai thién thong s diéu khién so voi cau hinh twong tu;
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e) Giai thuat tai cau hinh (reconfigured) mach khi hai khéa cong suit & mang
nguén khang bi hé mach.
3. P6i twong va pham vi nghién ciru
Déi twong nghién ctru trong luan an 1a: nghich luu ting ap truc tiép (phan ctng),
giai thuat diéu khién nghich luu ting ap v6i kha nang triét tiéu dién 4p common
mode & diéu kién hoat dong binh thudng va chiu 15i hé mach cac khoéa cong suat
(phan mém).
Cong trinh nghién ctu nay gidi han cho bd nghich luu cong suét nho, k¥ thuat
diéu khién chi giéi han giai quyét 5 yéu cau:
a) Giam dién ap dat trén cac phén tr cong suét thu dong va tich cuc so voi cAu
hinh tuong ty;
b) Giam THD dién 4p pha tai so v&i cau hinh tuong tu (cing ti sé ngan mach);
¢) Triét tiéu dién 4p common mode (ECMV) khi b chuyén doi hoat dong &
diéu kién binh thuong so v6i cau hinh tuong tu;
d) Cai thién thong s6 diéu khién so voi cau hinh twong tu;
e) Giai thuat tai cAu hinh mach khi hai khoa cong suat & mang ngudn khang
cling nhu céc khoa cong suit & nhanh nghich luu hinh T bi 16i hé mach.
4. Cach tiép can va phwong phap nghién ctru
a. Cach tiép cin
Céc dbi tuong nghién ciru (cdu hinh va giai phap diéu khién) s& dugc tiép can
tryc tiép, trén co s& do tac gia phan tich nhitng diém manh va diém yéu cta nhiing
cong trinh nghién cru da duoc cong bd gan day trén cac tap chi khoa hoc chuyén
nganh c6 uy tin sau d6 dua ra cac két luan.
Tac gia da sir dung phuong phép tiép can toan hoc cia cac dbi twong duge
nghién cuu dé tir d6 c6 céac két luan co gia tri dinh lugng.
b. Lwa chon phwong phap nghién ctru
+ Phuong phép phan tich: dwgc thuc thi bang cach phan tich toan hoc dién ap va
dong dién ciia bo nghich luu ting ap twa khoa chuyén mach 3 bac hinh T hd trg cho
luan an c6 ké hoach tiép can mot cach cu thé, c6 khoa hoc va xac dinh ding trong

tam nghién clru.
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+ Phuong phdp mo phong: giai phdp giam do gon dong dién cua cudn day tang ap,
nang cao do 1oi dién 4p, cai thi¢n giai thuat giam dién ap dat trén phén tur thu dong
va tich cuc, giai phap triét tiéu dién 4p common mode (ECMV) va giai phap tai ciu
hinh mach (reconfigured) gitip hé thong vin hoat dong binh thudng khi xay ra 16
hd mach cac khoa cong suat ban dan (khong thém bat ky phan tir nao). Nhiing két
qua nghién ctu déu duoc kiém ching trén phin mém PSIM nham thé hién tinh
tuong minh va do tin ciy trong mién khao sat ky vong.
+ Phuong phap thuc nghiém trén mé hinh thyc nghiém: nhimng két qua nghién ctru
duoc kiém chung trén mé hinh thue nghiém véi vi diéu khién duoc sir dung phd
bién nhu DSP-F28335 va FPGA ALTERA EP2C5 ciing nhu céc thiét bi do chuyén
dung (dao dong ky, may phan tich cong suét, ddng ho . . . clia cac hing san xut c6
uy tin trén thé gidi) gitp nang cao do tin cdy ciia cac phép do va két qua thu thap
dugc dam bao tinh kha thi khi trién khai thuong mai.
+ Phuong phép thong ké, phan tich nham 1am rd hon cac két luan.
5. Dong gop mai vé mit khoa hoc dw kién va y nghia thue tién ciia luin 4n
a. Péng gép méi dw kién vé mit khoa hoc ciia luin an
v Dé xuit giai thuat diéu khién méi cho nghich luu ting 4p tua khéa chuyén
mach 3 bac hinh T véi cac muc tiéu theo sau:
4 Giam dién ap dat trén cac phén tor cong suét thu dong va tich cyc so voi cau
hinh tuong tu;
# Giam d6 gon dong dién cua cudn day tang ap;
4 Giam THD dién ap pha tai so véi cau hinh twong ty v6i cung ti sé ngan mach;
+ Tang d6 loi dién ap so vai cAu hinh tuong tu véi cung ti ) ngén mach.
v Dé xuét giai thuat SVPWM triét tidu dién 4p common mode khi hé thong &
diéu kién hoat dong binh thuong;
v Dé xuit giai thuat tai cAu hinh mach khi mot trong hai khoa cong suét & mang
ngudn khang bi hé mach.
b. Y nghia thue tién ciia ludn 4n
Viéc nghién ctru cac giai phap diéu khién mai s& gitp bo nghich luu ting ap tua
khoa chuyén mach 3 bac hinh T ¢6 nhiing wu diém theo sau: a) giam dién ap dat trén

ban din cong sudt, cai thién thong s6 diéu khién, cai thién THD dién ap pha tai, (b)
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triét tiéu dién 4p common mode va (c) hé thong van duy tri hoat dong khi hai khoa
cong sudt & mang ngudn khang ciing nhu cac khoa cong suat phia nghich luu bi 15
hé mach. Luan an nay sé gop phﬁn nang cao chét luong dién nang, do tin cdy va tinh
6n dinh ctia hé thong.

+ Viéc tmg dung nghich luu ting 4p twa khoa chuyén mach 3 béac hinh T véi
kha niing ting ap, triét tiéu dién 4p common mode va chiu 16i hd mach cac khéa
cong suit phu hop voi nhitng tng dung hé thdng nghich luu.

& Viéc dé xuét giai thuat méi giup cho hé théng c6 nhitng wu diém nhu: giam
tong do méo dang song hai (THD) dién ap pha tai va giam dién 4p dat trén cac ban
dan cong suét va cac phén tur thu dong, kha nang triét tiéu di€n &p common mode va
hé théng van duy tri hoat dong khi xdy ra 16i hé mach cac khéa cong suat.

+ Cac giai thuat dé xuét cling cho phép lam gidm kich thudce, trong luong, chi
phi thiét bi va gop phan nang cao chit luong dién ning ctia bd nghich luu. Khi dé,
hd trg cho viée ché tao va tu chii cong nghé véi chi phi hop 1y nham nang cao kha
nang canh tranh cda cac bd nghich luu.

& Cac thong sb cta linh kién va nhimg phuong phap diéu khién duogc lya chon
sao cho tiém can véi cac thiét bi thyc té dé ting kha nang canh tranh thi truong ning
lugng tai tao.

6. Cau triic du kién ciia luin 4n

CAu trac dy kién cua luan 4n gdm 6 chuong:

Chuong 1: Téng quan nghich luwu ting ap, triét tiéu dién 4p common mode va kha
nang chiu 16i ho mach céc khoa cong suit;

Chuong 2: Phan tich toan hoc nghich luu tdng 4p, triét tiéu dién 4p common mode
va kha nang chiu 18i hd mach cac khoa cong suat;

Chuong 3: Nghich luu ting ap tira khoa chuyén mach 3 bac hinh T (3L qSBT2I);
Chuong 4: K¥ thuat diéu ché vector khong gian cho nghich luu ting 4p twa khoa
chuyén mach 3 bac hinh T ¢6 kha nang triét tiéu dién &p common mode;

Chuong 5: Nghich luu ting ap twa khoa chuyén mach 3 bac hinh T véi kha ning
chiu 16i hé mach céac khoa cong suit;

Chuong 6: Két luan va hudng phat trién.
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Chwong 1: Tong quan nghich lwu ting ap, triét tiéu dién ap
common mode va kha niing chiu 16i hé mach cac khéa cong suat

1.1. Qua trinh phat trién ngudn ning hrong tai tao.

Nang lugng tai tao dang c6 su phat trién manh mé vi tinh bén viing va than thién
v6i moi trudng trong khi tiém ning ing dung 14 v6 cung 16n [3]. Trong nhitng nim
gan day, ning luong tai tao trén thé gidi co mirc ting truong dang ké so véi muc
tang truong cia nang lugng tir dién gié mdi nam [trich tir ngudn ning luong Viét
nam]. Nang luong sach da dugc nghién cuu va trién khai mot cach manh mé boi cac
nude c¢6 mirc 6 nhidm khong khi gan nhu 13 bao dong: Trung Qubc, An Do va Viét
nam. Céac qudc gia nay da dau tu rat 16n cho nguén nang luong sach nham cai tao
moi truong dang bi 6 nhiém ning né, xoa diu ap luc cta cic nha hoat dong moi
truong qudc té cling nhu vuot qua khing hoang kinh té.

Vi cac nudc trén thé gidi da tap trung khai thac nang lwong mit troi cho nén chi
phi pin mat trdi ngay cang giam, diéu nay kich thich cho cac nuéc Chau A (ndi bat
nhit 1a An Do va Trung Quéc tiéu thy lugng ning lwong nhiéu nhat thé gidi) co
nhitng ké hoach cuia ho trong twong lai gan. Vi nhimng 1y do nay, ning luong mat
troi ngay cang phat trién mot cach manh mé, don ctr qua khao sat [4] cho thay chi
phi dau tu cho ning luong mit troi ngay cang ting.
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Hinh 1.1. Chi phi dau tu cho ning lwong mat troi va dién gié cua thé gisi
Ddi véi nhitng hé théng cung cép dién ctia mot sb6 nude c6 dién tich 1ém va cac
khu vyc 13 hai dao cach ly voi hé théng dién ludi, chi phi ddu tu hé thong truyén tai
siéu cao 4p xuyén qudc gia 13 mot rao can 16n. Do d6, mot giai phap dang duoc sir
dung ¢ cac qudc gia nay 14 sir dung ngudn dién tir hé théng ning lwong tai tao bang

acquy hay pin mat troi [5]. Phuong tién giao thong nhu xe dién lai hodc sir dung
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hoan toan bang dién duoc quan tdm boi chinh phi cac nude va nguoi tiéu dung [6].
Ngudn du phong (UPS) dugc sir dung rong rii trong cac hé thong tai quan trong nhu
hé théng thong tin, may tinh, hé théng dién bénh vién, ngan hang . . .Vi vay, UPS
yéu cau cung cap dién ap va tan s6 khong do6i trong moi diéu kién van hanh. Mot bd
phan khong thé thiéu trong hé théng ngudn dy phong 13 bd nghich luu [7].

Tai Viét nam, nam 2016, quéc hoi huy bo dy 4n dién hat nhan nguyén tir [trich
tir ngudn van phong Chinh phii] do nhiéu lo ngai lién quan dén méi truong va 1y do
tai chinh. Cac du an thuy dién va nhiét dién dong gop phén 16n vao hé théng dién
qudc gia. Tuy nhién, hé thdng ning luong tir thuy dién di dat dinh diém do da khai
thac hét tiém nang sin cé va cac cong trinh thiy dién co nhimng tac dong nghiém
trong vé moi trudong [2]. Viée tim kiém ngudn niang lwong méi du stc cung Gng sy
thiéu hyt nang luong dién hién tai va twong lai 13 nhu cau cép bach. Thong tu sd
16/2017/TT-BCT va thong tu bd sung s6 05/2019/TT-BCT ciia bo Cong thuong quy
dinh nhimng wu dai va khuyén khich phat trién cac du 4n va hop dong mua ban dién
mat troi. Nhing thong tu va chinh sach khuyén khich trén da thuc day nhiéu du 4n
dién mit troi duoc xdy dung, gop phan 16n vao giam tai cho hé thong dién qudc gia.

Thong tu s6 39 /2015/TT-BCT néu rd nhitng yéu cau vé chat luong dién ning
ngué)n dién chuyén ddi cho hé théng dién ndi ludi nhu chat luong dién ap, dong
dién, tan s6 ngo ra, d0 méo dang song hai . . . Do do, viéc dam bao chat lugng bo
nghich Iuu tot 12 van dé can quan tim hang dau trong hé thong dién mat troi, dién
gi6 ndi ludi tai Viét nam.

Bén canh d6, nham muc dich xa hoi héa nganh dién véi myc ti€u gidm su dau
tu co s& vt chat ciia nha nudc, nhing niam gan day Viét nam di xuét hién thém cac
doanh nghiép mua ban dién nham tang sy canh tranh, kich thich phat trién nganh
dién, cac doanh nghiép nay dau tu dudng day méi dé san xuat ngudn dién phén tan.
Gan day, nhiéu nguén dién phan tdn da st dung nang lugng mat tréi ma nhiing
ngudn dién phéan tan nay yéu cau chit luong dién ning phai tot hon.

V6i nhitng 1y do da néu & trén nhiig mg dung ngudn nang lugng mit troi nhu:
nghich luu nbi ludi, hé thong dién khong ngit, xe dién . . . , nhitng bo bién ddi
DC/DC va bd nghich lvu DC/AC ngudn ap déng mot vai tro rat quan trong va dugc

mo ta ¢ Hinh 1.2.
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Hé théng Bo luu Bo Chuyén - B@ Chuyén - B0 loc ngd
Solar cell dién dbi DC-DC doi DC-AC ra

y

Luéi 3 pha

Hinh 1.2 CAu trac hé théng nghich luu

1.2. Khai quat vé nghich luu tang ap

Trong nhiing nam gan day, bo nghich luu ngudn 4p (Voltage source inverters-
VSIs) dong vai tro rat quan trong trong hé thong phan phdi cong suat boi vi ching
chuyén dbi ngudn cong suat DC thanh ngudn cong suat AC dé két ndi lugi. VSIs da
bac ¢6 nhiéu vu diém nhu 13 chat luong dién nang tdt, yéu cau bo loc ngo ra nho,
dién 4p dat trén cac khoa ban dan thép, dién ap va cong suét cao va nhiéu dién tur
(EMI) thép [8] - [11]. VSIs ba bac thudng duoc sir dung rong rii trong cong nghiép
nhu 13 trong hé thdng phan phdi cong suét, dong co AC, xe dién lai, hé thong ning
luong tai tao (PV), nhitng ngudn cung cip lién tuc (UPS) va nhiing hé thong bu
StatCom [12]-[22]. Trong thyc té, VSIs thong thuong chi cung cap chuyén doi cong
suat giam ap boi vi dién ap cuc dai ngd ra AC khong thé cao hon dién ap ngudn DC,
diéu nay gay khé khan cho nhiing ing dung hé thng ning luong tai tao, noi ma
dién ap ngd vao thip can duoc chuyén doi thanh dién ap ngd ra AC mong mudn.
Theo mét sd bai bao [23]-[29] nhitng bd chuyén d6i DC-DC dugc sir dung dé ting
dién ap ngd vao (cho bo chuyén d6i DC-AC). Tuy nhién, cic nghich luu ting ap
trong [23]-[29] chi cung cap chuyén dbi cong suat hai ching ma viéc chuyén dbi do
rat khé cho viée diéu khién do su doc 1ap cua hai bo bién d6i. Mit khéc, trang thai
ngan mach (Short Through-ST) viéc ma ca hai khoa cong suét trén cing mot nhanh
pha (phia nghich Iuru) cing dan trong mot thoi gian 1a khong cho phép trong nghich
luu tang 4p hai ching boi vi n6 ¢6 thé 1a nguyén nhan gy nén sy ngan mach dién
ap DC-link (ngd ra ctia bd chuyén d6i DC-DC) va pha huy thiét bi. Nghich luu
ngudn Z (ZSIs) dau tién dugc trinh bay trong nam 2002-2003 bai F. Z. Peng [30]-
[35] nham khic phuc nhugce diém cua cac nghich luu thong thuong. Trong [30], hai
mang ngudn Z doc 1ap duoc két ndi ndi tiép véi nhau nham tao ra ba bac dién ap tai
ngd ra cung cip niang lwong cho bd nghich luu NPC 3 bac truyén thong. Piéu nay
gitip cai thién chat luong dién ap ngd ra. Tuy nhién, cau hinh nghich luu ngudn Z

con ton tai mot sO nhuge diém nhu dong dién ngd vao khong lién tuc cling nhu dién
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ap dat trén tu dién con kha 1on. Dé cai thién dong dién ngd vao va gidm dién 4p dat
trén cac phan tir thu dong, mot mang quasi Z source (qZS) duoc dé xuét trong [36]-
[40].

Tuy nhién, mang ngudn Z va mang qZS sir dung kha nhiéu phan tir thy dong
1am cho kich thuéc, trong lwong va chi phi ciia thiét bi gia ting. Gan day, nhiéu nha
nghién ctru da phat trién nghich luu quasi-switched boost (qSBIs) dugc dé xuét trong
[41]-[49] dé thay thé, boi vi chung st dung it phan tir thy dong ma van gitr dugc cac
tinh nang nhu: chiu dyng ngén mach, chuyén doi cong sudt mot chang va co6 kha
nang hoat dong tang, gidm ap. So sanh véi [30]-[35] nghich luu dugc trinh bay trong
[43]-[47] c6 nhiéu hon hai khoa tich cuc nhung giam phan 16n cac phan tir thu dong.
Gan day, nghich luu ting 4p 3 bac hinh T mdt ngudn dugce trinh bay (1S3L-qSBI)
[48], [49]. So sanh vé&i nhitng nghich luu dugc trinh bay trong [43]-[48], [49] co
nhiing tinh ndng vu viét nhu: a) gidm do gon dong dién ngd vao, b) do loi dién &p
cao, ¢) tdi uu chi sb diéu ché.

1.3. Khai quat vé k¥ thuit diéu ché xung bang vector khong gian

Bai vi, su vuot troi vé bién do va chat lugng dién ap ngod ra, cho nén ky thuat
diéu ché vector khong gian (SVM) duoc ap dung cho 3L qSBT2I nhu da trinh bay
trong [52]-[57]. Do khong chira vector zero trong mot sé khu vuc ciia so dd vector
khong gian vi thé nhiing phuwong phap diéu ché trong [52]-[57] chi 4p dung phuong
phap ngin mach nira trén va ngan mach nira dudi. Tuy nhién, phuong phép ngin
mach ntra trén va nira dudi chi hoat dong véi nhitng vector nho dé dam bao do logi
dién ap ngd ra clia bd chuyén doi. Vi vay, kha nang ting ap duoc ting 1én trong khi
chat luong dién 4p ngd ra duoc cai thién mot cach dang ké.

Trong qua trinh hoat dong, bg nghich luu tao ra dién 4p common mode (CMV),
qua trinh nay 13 nguyén nhéan chinh din dén nhiéu van dé bét lgi cho bd nghich luu
nhu: dong ro, dién 4p truc trong cac ung dung diéu khién dong co ciing nhu nhidu
dién tir trong tai liéu [58], [59] d4 trinh bay. Két qua cho thdy rang, dong co dién sé
bi giam tudi tho hodc anh huong dén céc thiét bi dién tir khac hoat dong gan bo
nghich luu. Mot phuong phap gidm bién do cua dién 4p common mode dugc thiao
luan trong [60], [61]. Trong phuong phap niy, vector tham chiéu duoc tong hop

bang cach sir dung nhitng vector 16n, vector trung binh va vector zero. Phuong phap
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tong hop nay gitp gidi han bién do cua dién a4p common mode tir - Ve iin/6 dén
Ve 1ink/6. Dua vao phuong phap [60], [61], chudi xung sau d6 dugc cai thién dé chén
vao trang thai ngdn mach ma vin dam bao kha ning ting ap, trong khi bién do cua
dién 4p common mode van duy tri nhu [60], [61] va dugc ung dung cho nghich luu
tya nguon Z trong [62]. Tuy nhién, nhitng phwong phap nay chua triét tiéu common
mode hoan toan. Mot k¥ thudt triét tiéu common mode dugc Gmg dung trong cau
hinh nghich luu nim bac dya vao k¥ thuat diéu ché vector khong gian (SVM) va ki
thuat SinPWM duogc dé xuat trong [63]-[66]. Tuy nhién, nhitng phuong phap vira
néu trén van con mot s6 nhuge diém: chi giam dién &p common mode hodc triét tiéu
common mode nhung bd chuyén d6i phai lam viéc nhu mot bo chuyén ddi cong suat
giam ap.

1.4. Khai quat vé nghich hru tiing 4p véi kha niing chiu 15

Tinh 6n dinh va do tin cdy ctia bo nghich luu rit quan trong trong hé thong 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 ddi nang lugng két ndi ludi [67]-[73]. Trong nhimg cau
hinh nay, nhiéu truong hop 15i ¢6 thé xay ra trong qua trinh hoat dong ciia bo chuyén
d6i da duoc nghién ciru. Trong thyc té, 18i cac khoa cong suat thuong duoc chia
thanh hai loai, d6 1a 16i ngén mach va 16i ho mach.

Li ngan mach c6 thé xuét hién do mot sé nguyén nhan nhu qua ap, sai tin hi¢u
tai bo khuéch dai va cach ly hodc qué nhiét do. Loi hé mach thudng xay ra boi mat
tin hiéu tai bo khuéch dai cach ly va dong dién cuc C qué cao cling nhu nhiét d6 cao
tai cac khoa cong sudt [74]-[76]. So v&i 16i ho mach, 16i ngan mach khong duy tri
trang thai hoat dong boi vi dong dién gia ting dot bién va co thé pha hay cac khoa
cong suét trong thoi gian rat ngan. Vi 1y do do, hai phwong phap chuan doan 13i va
diéu khién 161 dugc thyc hién boi nhitng mach phan cing [77]-[79]. Trong khi do,
s0 voi nhimg 18i ngan mach, nhimg 15i hd mach dé giai quyét, tuy nhién dong dién
ngd ra bi méo dang, nhiéu dan dén giam chat luong dién nang cua bd chuyén doi.
Do su ton tai ctia cac van dé vira néu, voi nhiéu nd luc, tac gia da thyc hién nhiing
phuong phéap phat hién 156i va diéu khién 15i dugc trinh bay trong [80]-[86]. Trong
[80], trinh bay phuong phap chuin doan 151 hé mach bing cach xem xét vi tri ciia

khoa 151 va diode kep bi 16i cta nghich lru NPC ma khong thém bt ctr phan cimg
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hodc nhiing chuyén mach phtrc tap. Hiéu suit cua nghich luu hinh T dugc cai thién
mot cach dang ké bﬁng cach ap dung thuat toan chiu 16i khi xay ra 16i hd mach.
Phuong phap nay khong yéu cau thém bat ky nhanh du phong hay tinh toan phirc
tap [81]. bé duy tri dién ap ngd ra, mot bd nghich luu hai mang nguén Z voi trang
thai bi 161 khoa cong suat duoc trinh bay trong [82], ngoai ra viéc loai bo dién ap
common mode cling duoc dé cip trong bai bao nay. Mt khac, nghich luu chiu 15i
ba bac hinh T tya ngudn Z (qZST2I) duoc nghién ciru trong [83] v6i phan 16n 1a cac
phén tor cong suit thu dong. Nghich luu chiu 15i ba bac hinh T tya nguén Z hoat
dong dua vao phuong phap thay ddi tin hiéu diéu ché sau khi 161 khoa cong suit xay
ra ma khong can thém bat cir nhanh dy phong va tinh toan phirc tap. Hon nita, bang
céch st dung cau hinh ting ap tya khoa chuyén mach trong [84], ciu hinh nay co
thé hoat dong khi xay ra 16i ho mach khoa cong suét hinh T bang phuong phép thay
d6i tin hiéu diéu ché. Tuy nhién, dong qua do trong trang thai hé mach khoa cong
suat khong duoc khao sat trong [84]. Mit khéac, nhimg két qua thuc nghiém cua
nghich lvu ting 4p chiu 18i ba bac trong [84] khong hoan chinh vi chi khao sat &
trang thai xac 1ap. Nhitng k¥ thuat diéu ché trong [83] va [84] c6 mot s6 bét loi trong
trang thai 161, cu thé nghich luu hoat dong vdi ti sé ngan mach 16n hon so véi hoat
dong binh thuong, do gon song dong dién qua cudn day tang &p cao. Boi vi chung
sir dung ti s6 ngan mach (D) 16n va chi s6 diéu ché M nho dan dén gia ting d6 méo
dang song hai ngd ra va dién ap dat trén cac khoa cong suét cao hon so véi [85].
Viéc 4p dung ciu hinh nghich luu ngudn Z s& cho phép ting cung cap cong suit
chiu duoc cac diéu kién ngdn mach nhu trinh bay trong [85]. Mot nghién ctru khac
trén cau hinh nghich luu ba bac v6i hai mang ngudn Z cho nhiing tng dung chiu 15
dugc nghién ctru trong [86]. Cau hinh niy bao gém hai b nghich luu ngudn Z ghép
lai v&i nhau, ngo ra 1a ba bac khi hoat dong & ché do binh thuong va la hai bac khi
chung hoat dong & ché do 13i.

Két luin:

Trong chuong 1, tac gia trinh bay tong quan cac nghién ctru bd nghich luu ting
ap truyén thong ciing nhu cac b nghich luu ting ap ngudn Z, bd nghich luu ting ap
tya nguon Z va bd nghich luu tang ap tua khoa chuyén mach. Tong quan vé ki thuat

giam va triét tidu dién ap common mode cho cau hinh nghich luu ting ap ba bac
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hinh T. Téng quan vé k¥ thuat chiu 16i hé mach ciia cac khoa cong suét cho cdu hinh
nghich luu tang 4p ba bac hinh T ¢ trong nudc va nude ngoai. Tuy nhién, cac nghién
ctru dd néu trén con tdn tai cac van dé nhu: a) do gon song dong di¢n trén cudn day
con khé cao, do loi dién ap chua cao, téng do méo dang song hai cao, b) dién ap
common mode con cao va c) kha ning chiu 18i ciia cac khoa cong suat phia nghich
luu hinh T ciing nhu mang ngudn khang chua tt. Trong luan 4n nay, tic gia s& tip

trung nghién ctru cac van dé ton tai nhu vira néu & trén.
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Chuong 2: phan tich toan hgc nghich luwu tang ap, dién ap
common mode va kha niing chiu 16i hé mach cac khéa cong suat

2.1. Cé s6' 1y thuyét vé nghich luu tang ap twa khoa chuyén mach 3 béc hinh T
2.1.1. C4u hinh nghich luu truyén thong

Céc cAu hinh nghich luu 4p truyén théng bao gdm nhitng cdu hinh nghich luu:
nghich luu diode kep (NPC), nghich Iuu ghép tang (Cascade) va nghich luu tu kep
(Flying Capacitor), nhitng nim gan ddy mot s6 cdu hinh nghich luu méi duoc dé
xuét va cho thdy mot sé vu diém nhu cdu hinh lai (Hybrid), cdu hinh nghich luu
hinh T. Hinh 2.1 biéu dién c4u hinh nghich Ivu 3 pha 3 bac hinh T gom 12 khoa ban
dan S;,-Ss.

V6i cau hinh nghich luu truyén thong nhu trinh bay & Hinh 2.1 12 bo chuyén doi
gidm ap, bén canh do6 hai khoa ban dan trén cung mot nhanh (S va S, Six va Say,
Ssx va Sy 1a khong cho phép cung dan trong mét thoi diém vi sé xay ra hién tugng

ngan mach lam hu hong thiét bi.

Ve

Vcl_

1+

Slb{}
_|

Ste {I}
_|

1+

Sop L

T Ssp

S4;| G

S4;| G
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T Sac

S4c-| G

Bo6 loc
3 pha
va tai

Hinh 2.1: B nghich Iuu hinh T (T-Type) ba pha truyén thong.
Dién 4p ngd ra cua nghich Iuu ba bac hinh T truyén théng duogc xac dinh theo
phuong trinh (2.1):

Z M-V

Ve = =MV, 2.1

Véi M 1a chi s6 diéu ché, Vpy dién ap trén thanh cai, Ve 1a dién ap trén tu C.

Dbi véi nhitng ngudn ning luong mai nhu: pin mat troi (PV), pin nhién liéu
(Fuel Cell)..., dién ap ngd ra cua cac dang ning luong nay 1a dién ap mot chidu co
gia tri dién ap thap, khong 6n dinh phu thudc theo thodi gian, phu thudc vao moi

truong lam viéc. Khi stir dung cac ngudn nang luong maéi nay, viéc chuyén doi thanh
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dién ap xoay chiéu 220V/380V doi héi dién 4p mot chiéu truée khi dwa vao bd
nghich luu phai c6 gié tri 16n hon 541 Ve (7, = %

Dién 4p mot chi€u ¢ gia tri 16n nay co6 thé thuc hién bang cach mac ndi tiép cac

=5411).

tam pin dién ap thip véi nhau, ddng nghia véi sé luong pin phai nhiéu va lap dat
trén dién tich rong. Piéu nay chi thich hop véi hé thng cong suit 16n. Véi nhiing
hé thdng cong suat nho, dé tao ra dién xoay chidu 220V/380 tir ngudn dién ap thap,
ngudi ta thuong dung may bién 4p tan sb thap 50 Hz (Hinh 2.2) hay bo ting ap dién
mot chiéu (DC-DC Boost Converter) (Hinh 2.3) dé ting dién 4p xoay chiéu ngd ra.

KHOI NGUON DC
(PIN NANG LUQNG BQ NGHICHLUU .|  MAY BIEN AP TAIXOAY
MAT TROI HAY " DC-AC " 50Hz CHIEU
ACQUY) A A N
150-300VDC 110VAC 220/380VAC

Hinh 2.2: So d6 khéi ctia bo nghich luu truyén thong sir dung méy bién ap tan sb
thip 50Hz.

Cac thm pin mat troi hodc pin nhién liéu duogc két ndi v6i nhau tao thanh mot
day ngudn ap mot chiéu c6 dién ap thay doi tir 150 V dén 300 V (tuy thudc vao moi
truong va diéu kién 1am viéc). Dién 4p nay sau khi qua bo nghich luu sé& c6 dién ap
xoay chiéu 110 V. Sau d6 ngudi ta sir dung may bién ap 50 Hz dé nang mirc dién
ap theo yéu cau phia tai. D6i v6i giai phap sir dung may bién ap tan sb thap nay hiéu
qua khong cao vi 1am ting kich thudc, tao nhiéu séng hai, nhiéu, hiéu suit lam viéc
thap, khong 6n dinh va it duoc st dung. Giai phap thir hai ding bo ting ap DC-DC
nhu trinh bay ¢ Hinh 2.3 hién nay dang dugc st dung phd bién.

KHOI NGUON DC
(PIN NANG LUQNG .|  BOTANGAP BO NGHICHLUU TAIXOAY
MAT TROI HAY 7 DC-DC 7 DC-AC CHIEU
- ﬁ ﬁ ﬁ
150-300VDC 541VDC 220/380VAC

Hinh 2.3: So d6 khéi ctia b nghich luu truyén théng sir dung bo ting 4p mot chiéu
Tuy nhién, nhiing cau hinh nghich luu truyén théng két hop véi bo ting ap
DC/DC déu vao c6 mot vai bat lgi do 1a:
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& Str dung hai b chuyén doi (DC-DC va DC-AC) kha ning phéi hop giita hai
chang kém.

& Van dé ngén mach cua hai khoa ban dan trén ciing mot nhanh cia nghich luu
chua duoc giai quyét.

Dé giai quyét nhitng nhugc diém cia bd nghich luu truyén thdng, bd nghich luu
ngudn-Z (Z-source inverter) di dugc dé xuit [30]-[35] véi cac dic tinh co ban:

& C06 kha ning tang ap, giam ap voi mot chiang chuyén doi duy nhat (Single-
Stage) DC — AC.

& Cho phép ca hai khéa ban dan trén cing mot nhanh cing dan ddng thoi. Do
d6 khong can sir dung cac bd dead-time trong qua trinh diéu khién cac khoa ban
dan, vi thé tong d6 méo dang song hai ciia dién ap ngd ra (THD) duoc giam va hiéu
suat bod chuyén ddi duoc cai thién.

2.1.2. B) nghich lru ngudn -Z

Hinh 2.4 trinh bay b nghich luu ngudn-Z [16]. Mang ngudn-Z dugc két ndi

giita hai nguon DC d4u vao va bd nghich lvu. Mang ngudn Z nay bao gém hai cudn

cam c6 gia tri bang nhau, hai tu dién c6 gi tri bang nhau va hai diode.

Sia Siv Sie
3 4 4
Soa
a
Sab L 5
%S p | BOloc
3 pha
Ven ¥ S VA tai
VdC + 3b C -
T DC T S3c
b shE GRE (A3
— vy,
L2

Hinh 2.4: Bo nghich luu 3 bac hinh T ngudn-Z (3L-ZST).

Mach nghich luu ba bac hinh T nguén Z st dung mot mach dién khang gém 2
tu dién va 2 cudn cam duoc ndi véi nhau hinh chit X (Hinh 2.4). Uu diém cua ciu
hinh nay:

& C06 kha niang tang ap, giam 4p voi mot ching chuyén ddi duy nhat (Single-
Stage) DC — AC.
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& Cho phép ca hai khéa ban dan trén cing mot nhanh cing dan ddng thoi. Do
d6 khong can sir dung cac bd dead-time trong qua trinh diéu khién cac khoa ban
dan, vi thé 36 méo dang cta di¢n &p ngd ra (THD) dugc giam va hiéu suét bd chuyén
doi duoc cai thién.

Tuy nhién, bat 1oi ciia ciu hinh nay 1a dong dién ngd vao khong lién tuc dén dén
viéc han ché cho céac img dung trong hé théng PV va Pin nhién liéu [37].

Nguyén Iy hoat dong ctia nghich Ivu 3 bac ngudn Z dua vao hai trang thai chinh:
trang thai khong ngan mach (NST) va trang thai ngan mach (ST). Trong trang thai
NST mach nghich Iuu hoat dong tuwong tu nhu mot bd nghich luu 3 bac hinh T truyén
thong & d6 niang luong duoc chuyén tir ngudn DC sang dién ap pha — tim ngudn.
Trong khoang thoi gian hoat dong, dién 4p pha — tAm ngudn dat duoc mic dién ap
“+Vpn/2” khi dugce kich dong khoa Six, Sax hodc dat duge mure dién ap “-Ven/2” khi
duoc kich khéa Ss,, Su va bang “0 7 khi kich khoa Sz, Ss.. Két qua 13, ca ngudn
“Va’ngd vao va cac cudn cam “L;, L,” nap cho tu dién “C;, C>” ciing nhu cung cip
nang luong cho tai, trong khoang thoi gian nay 2 diode D; va D> dugce phén cuc
thuan. Tuong tu, trong trang thai ST, cac khoa “Siy, S« (véi x = a, b, ¢) ciia nghich
luu hinh T dugce kich dong “ON”. Do do, cac tu di¢n “C;, C>” s& nap cho cudn day
“L;vaL>”, trong khoang thoi gian nay 2 diode D; va D> dugc phan cuc ngugc. Dién

ap DC-link ctia nghich luu 3 bac hinh T ngudn Z duoc xac dinh 1a [16]:

__, ’s
PN 1 _ 2D0 ( . )
bi¢n ap ngo ra cuia nghich luu 3 bac hinh T nguén Z duoc xac dinh la:
~ M-V, M
Vi = N — V. (2.3)

2 1-2D,

0
2.1.3. B9 nghich Iru hinh T 3 béc twa ngudn Z (3L-qZST?I)

Céc nha nghién ciru [21]-[24] d3 trinh bay cu hinh qZSI nham khac phuc dong
dau vao khong lién tuc. Cau hinh nay duoc trinh bay nhu Hinh 2.5:
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Hinh 2.5: B nghich luu hinh T tya ngudn Z ba bac (3L-qZST2).

Mach nghich luu hinh T tya nguén Z ba bac su dung mdt mang nguén khéang
gém 4 tu dién va 4 cudn cam duge ndi véi nhau (Hinh 2.5). Uu diém cua ciu hinh
nay:

+ C06 kha ning ting-giam ap voi mot chang chuyén doi duy nhat (Single-Stage)
DC - AC.

& Cho phép ca hai khéa ban dan trén cing mot nhanh cing dan ddng thoi. Do
d6 khong can sir dung cac bd dead-time trong qua trinh diéu khién cac khoa ban
dan, vi thé 36 méo dang cta di¢n &p ngd ra (THD) dugc giam va hiéu suét bo chuyén
doi duoc cai thién.

+ Dong dién ngd vao duoc cai thién phi hop voi hé théng co cong sut trung
binh va thép nhu hé théng solar cell, pin nhién liéu, . . .

Tuy nhién, sy bét lgi cta cdu hinh nay 14 str dung qua nhiéu phan tir thy dong
ma diéu nay s& lam gia tang chi phi, kich thudc va trong luong cuia hé thong.

Nguyén 1y hoat dong ctia nghich lwu hinh T twa ngudn Z ba bac dwa vao hai
trang thai chinh: trang thai khong ngan mach (NST) va trang thai ngin mach (ST).
Trong trang thai ngan mach (NST) mach nghich luu hinh T tao ra 3 muc dién ap
“HVpn/27, <0 V7 va “-Vpn/2”, trén mdi pha ngd ra bang cach kich dan céc khoa ban
dan mot cach thich hop. Ngd ra dat duoc mirc dién ap “+Vpn/2”, khi kich dong Si»
va So,, khi kich dan S, va S;, dién ap ngd ra s& 1a “0 ¥’ va muc dién ap “-Ven/2”,
dat duoc khi kich dan S, va Sy. Trong trang thai nay, nang luong tir ngudn DC va

4 cudn day duoc truyén sang dién 4p pha — tim ngudn qua mach nghich luu hinh T.
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Tuong tu, tu C> va Cs dugce nap tu nguén Vae va 2 cudn day L; va L, tu dién C; va
Csduogc nap dién tir cudn day Ls va Ls. Qua trinh nay duogc thuc hién thong qua viéc
diode D; va D; duogc phan cuc thuan. Trong trang thai ngén mach (ST), tat ca cac
khoa ban dan trén nhanh nghich luu déu dugce kich dong. Tu dién tu C> va Cs nap
cho cudn day L; va Ly. Tu dién C;, C4va ngudn Ve nap cho cudn diy L; va L, diode
D; va D> bi phan cuc ngugc. Dién ap trén thanh cai (Vpy) ciia nghich luu hinh T tua
ngudn Z ba bac dugc xac dinh la:

e

dc

V. —_ de
™D, 24)

Dién &p ngod ra cua nghich luu hinh T tya nguén Z ba bac duoc xac dinh la:

A M-V, M
x = = V
' 2 2(1-2D,)

(2.5)

2.1.4. Céu hinh nghich lwu ting 4p twa khéa chuyén mach ba bac NPC (3L-
NPC- qSBT?D).

Nhu da trinh bay, cic cu hinh nghich luu ting ap ba bac & trén van con ton tai
nhing bét lgi can duoc cai thién nhu:

+ Dong dién ngd vao khong lién tyc trong nghich luu ngudn Z.

& Céu hinh sir dung nhiéu phan tir thu dong gy nén chi phi cao, trong nghich
luu ngudn Z va nghich luu twa ngudn Z (so sanh cing do 1oi).

Dé khic phuc cac bét loi nhu da trinh bay & trén cic nha khoa hoc [47]-[48] da
phat trién cdu hinh nghich luu ting 4p twa khoa chuyén mach 3 bac NPC (3L-NPC-
gSBI) va dugc trinh bay nhu sau:

L1 D1
_rm D
Sla S1b Sle
Vauls  s1 C1 . .
szaJs S2b Js S2¢
D2 D21 pax
n A Tai 3
S3a S3b pha
D D12 Dzzzls q;gg mzzlg @53
Vdcz_

.I+

M S <

Hinh 2.6: C4u hinh nghich luu tang ap twa khoa chuyén mach 3 bac NPC
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Nguyén ly hoat dong ctia nghich Iuu 3L-NPC-qSBI dya trén hai ché d6: ché
d6 khong ngin mach (NST) va ché do ngan mach (ST) nhu trinh bay & Bang 2.1.
Béang 2.1. Trang thai hoat dong cua 3L-NPC-qSBI

Trang Kich dan cac khéa | Cac Diode duoc
thai chuyén mach phan cyc thuin Vi
Slx, Sox +Ve
Dy, D2, D3, Dy
NST Sax, Ssx 0
S3x, S4x - VC
ST SI, S2, Slx, SZx, S3x, S4x 0

Trong trang thai khong ngan mach (NST), hai khoa ban din S; va S> ctia mang
nguén khang dugc kich ngét déng thot, mach nghich luu hoat dong tuong tu nhu
mot mach nghich luu 3 bac truyén théng. Két qua 13, cac diode Dy, Ds, D3, D4 duge
phan cyc thuan, tu dién C; va C> duoc nap ning luong tir ngudn ngd vao va cudn
day L; va L. Trong trang thai nay, dién ap “+V¢” dugce tao ra tai ngd ra cia bo
nghich luu bang cach kich déng cac khoa Sy, va Sa (x = a, b, ¢). Dién p “0 V’ giita
ngd ra va trung tinh ngudn duoc tao ra bang cach kich dong céc khoa Sz, va Sz, dong
thoi. Trong khi d6, khi khéa Si. va S« duoc kich dan, dién 4p ngd ra so véi trung
tinh ngudn c6 gid tri “-¥¢”. Trong trang thai ngin mach (ST), tit ca cic khoa ban
dan trén nhanh nghich luu dugce kich dan (S1x, Sov, S3x va Sy) déng thoi voi hai khoa
ban din cua mang ngudn khang S; va Sz, diéu niy lam phan cuc ngugc cac diode
Dy, D2, D3 va Dy. Do do, dién ap ngd vao Vaer va tu dién C; s€ nap cho cudn day L,
ddng thoi dién ap ngd vao Vae va tu dién Cz nap cho cudn day L,. Dién ap trén tu
dién ctia nghich luu ting ap tua khoa chuyén mach 3 bac NPC dugc xé4c dinh:

Vae

VC Zm (26)

Dién ap ngd ra cia nghich luu tang ap tua khoa chuyén mach 3 bac NPC duoc
xac dinh theo phuong trinh (2.7):
A M.VPN:M-V MYV,

Vi = c =m (2.7)
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Tir phuong trinh (2.1) v6i nghich luu truyén théng dé dat dugc dién ap ngd ra
220V thi dién ap ngd vao phai it nhét 13 541 Vg Vi vay, dé ung dung cho cac hé¢
thong ning luong tai tao (dién ap DC thip trong khoang 12-100 V) thi cac bd
nghich luu truyén thong phai cé thém mot bd chuyén d6i DC-DC. Tuy nhién, viéc
sir dung nghich luu hai ching chuyén d6i DC-DC, DC-AC thi viéc khai thac giita
hai ching chwa thyc sy t6i wu. Do d6, dé khic phuc nhitng bt loi cua cac nghich
luu da trinh bay & trén, nghich luu ngudn Z dugc dé xuét dé thay thé bang cach chén
céc xung ngin mach vao cac vector khong (vector zero) bén phia nghich luu dugc
thuc hién nhu Hinh 2.7 nham dam bao kha ning ting 4p ma khong anh huong dén
dién &p ngd ra:

A . T

1
Vst

0

'VST
-1
A]L] | |
! I
0 T T ; : i 1
¥ mi M
5,0 T t
0 L1 1
Soa | | L t
| | |
S 0 ; | ! i t
a I
i R i AR B 1 [ ml
| | | t
S4a b
“ | | EJ 1 1 ]
to bt Shoot-though state t

Hinh 2.7: Giai thuat diéu khién cho nghich luu ba bac ngudn Z va nghich luu ba
bac tya ngudn Z.

Hinh 2.7 giai thuat diéu khién cho nghich luu ba bac ngudn Z bang phuong phap
stt dung giai thuat ngan mach dong thoi boi cac khoa nghich luu (Si-Su). Voi
phuong phap chén xung ngin mach cho mach nghich luu nhu trinh bay ¢ Hinh 2.7
dién ap DC-link ting 1én ma khong anh hudng dén dién ap ngd ra. Mit khac, vai
phuong phap ngin mach ddng thoi s& giai quyét nhitng vin d& ma nghich luu truyén
thdng ton tai.

Nghich Iuu nguén Z dugc phat trién boi F. Z. Peng vao 2003 di dugc khai thac va
phat trién rat nhidu. Tuy nhién cho dén nay rat nhiéu nha nghién ctru [30]-[35] da
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cai thién giai thuat dya trén ¥ tuong nghich luu ngudn Z dién hinh nhu [49] st dung
giai thuat dich song mang so voi séng mang chuan dé giam d6 gon dong dién cua
cudn ddy ciing nhu cai thién do loi dién ap. Ky thuat diéu khién PWM theo phuong
phép dich pha (PS), song mang dugc dich trong pham vi tir 0° dén 180°. Tuy nhién,
vi tri sobng mang & goc pha nao la phu hop cho vi¢e gidm dd gon dong dién ctia cudn
day tang ap 1a mot van dé rat quan trong. Didu nay s& anh huong dén két luan cia
luan 4n trén co s& khoa hoc. Hinh 2.8 trinh bay song mang dugc dich pha 45° va

90°:

Hinh 2.8. K§¥ thuat dich song mang dé giam d6 gon dong dién ctia cudn day

Nhu hinh 2.8 a) truong hop dich pha song mang 45° so v6i song mang chudn
(truong hop 135° d6i xtng v6i trudng hop 45°). Két qua ty sé ngan mach Do bi gidi
han khi hoat dong khi 4p dung k¥ thuat chén xung xen k&. Mat khac canh xuéng cua
xung duoc mo rong ra, diéu nay 1am cho qua trinh nap xa cudn day ting ap khong
dbi xtng, ciing nhu phan bd cong suét gitra mang ngudn khang va bd nghich luu.
Ngoai ra, qua trinh diéu khién PWM khéng dbi xtng s& phirc tap cho qua trinh diéu
khién. Trudong hop dich song mang 180° so voi séng mang chuan, séng mang chuan
va song mang dich pha 180° s& dbi xtmg nhau. Diéu nay 1am cho k¥ thuat diéu khién
PWM chi ap dung dung k¥ thuat chén xung dong thoi. Nhu da phan tich & trén, dich
song mang mot goc 90° 14 giai phap duy nhét cho viéc giam do gon dong dién, phan
b cong suat gitra mang ngudn khang va bo nghich luu ciing nhu ting hé s6 ting ap.
Viéc phat trién giai thuat dich song mang 90° so v&i sdng mang chuan nhu hinh 2.8

b) s€ duogc tac gid phan tich va giai thich ro & chuong 3.
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2.2 Cé sé 1y thuyét vé ky thuiat SVPWM

SecthVH
— —
Vis / Vi
NPN /\ . "OPNNy, e \PPN
Sector 111 I_/; oPO\/ V3 ¢ PPO 3 1
—
—
Vis

NPP

Sector V

Hinh 2.9. Gian dd vector cho c4u hinh nghich luu 3 pha 3 bac

Viéc dong/ngat cac khoa ban dan trén nhanh nghich Iuu sé tao ra dién ap tuong
ung tai ngd ra so véi tam nguén, ddi v6i mach nghich Iuu 3 bac, dién 4p ngd ra s€
co ba gia tri dugc dai dién bdi 3 trang thai 1a P, O va N. Trong d6 P dai dién cho
mirc dién dp duong tai ngd ra, O dai dién cho muirc dién ap 0 V tai ngd ra va N dai
dién cho murc dién &p 4m tai ngd ra. Tap hop trang thai ngd ra ctia 3 pha s€ tao dugc
mot vector dai di¢n cho trang thai hoat dong ctia mach nghich luu. Vi moi pha c6 3
trang thai, do do, mach nghich luu 3 bac co thé hoat dong ¢ 27 trang thai khéac nhau,
dugce bicu dién nhu Hinh 2.9.
Vi tri ctia mdi vector trén Hinh 2.9 ¢6 toa dd [V, V] dugc xac dinh boi phuong trinh

(2.8):
4
v, \Fl 12 -2 VAO
- = , 2.8
Ve| 37032 Bl ” 2-8)
VCO

Trong do, Vo, Vo, Veo 12 dién &p ngd ra so véi tam ngudn cuia mach nghich luu. Co

thé biéu dién cac vector cia mach nghich luu dudi dang bién do va goc pha nhu sau:

K:m.ej.araan(%wﬂ) (29)
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Béng 2.2 Bién dd cac vector dién ap cua mach nghich luu 3 pha 3 bac [50], [51]

Trang o Trang o Trang A
Vector ) Bién do . Bién do ) Bién do
thai thai thai
Zero [O00] 0 [PPP] 0 [NNN] 0
Loai P [POO] s [PPO] Vo3 [OPO] V. /3
nho [OPP] P/ [OOP] P/ [POP] P/
Loai N [ONN] [OON] [NON]
\ Ven/3 Vpn/3 Ven/3
nhéd [NOO] [NNO] [ONO]
Trung [PON] [OPN] [NPO]
binh [NOP] Ven/\3 [ONP] Ven/\3 [PNO] Ven/V3
) [PNN] [PPN] [NPN]
Lén 2Vpn/3 2Vpn/3 2Vpn/3
[NPP] [NNP] [PNP]

Véi I_/;e £ la vector di€n ap tham chiéu dai dién cho dién ap ngd ra cua 3 pha, dugc
tinh theo phuong trinh (2.10):
V
7 Vv, \/5 1 -1/2  -12 VAG
= = |=. . 2.10
TV, N30 B2 B2l (2.10)
VCG
Trong d0, V4, Ve, Ve 12 song hai bac mot cua dién ap ngo ra ba pha so vdi tam tai

dugc tinh theo cong thuec:

V.= Mhsin(é?)

AG \/g

v =M 2 i -2713) 2.11)

NG

Vop = M 2 sin@+27/3)

3
Véi M 14 chi sb diéu ché:

0<M<I1 (2.12)

Thay biéu thirc (2.11) vao biéu thirc (2.10), c6 thé chimg minh duoc, véi gia tri 6
thay d6i tir 0 dén 21, V., cO bién do cb dinh voi gid tri 1a MVpy/V/3 va goc pha
thay d6i tir 0 dén 2m. Cu thé, I_/;e 5 dugc biéu dién thong qua phwong trinh sau:

7ol (2.13)

ref \/5
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Y tudng chinh ctia phuong phéap vector khong gian 1a sir dung mot vector dién
ap tham chiéu V,,; c6 bién d6 khong ddi va goc pha thay ddi tir 0 + 2 dai dién cho
dién &p ngd ra ba pha cua bd nghich luu. V)re £ € thay d6i trong gian dd vector khong
gian Hinh 2.9, gian dd vector nay s€ dugc phan chia thanh nhiéu vung dé thuan tién
cho viéc téng hop I_/;e - Viéc phan chia nay phu thudc vao muc dich cua viée tong
hop, vi du, dé giam THD dién 4p ngd ra hodc giam bién d6 CMYV, ... Gia su, gian
dd vector trong truong hop nay dugc chia thanh 6 sector duge danh sb tir I dén VI,
mdi sector duoc chia thanh 4 phﬁn duoc danh s6 tir 1 dén 4, duge biéu dién nhu
Hinh 2.9.

Tuy vao vi tri diém mut cua I_/)re ¢ ma no s€ dugc tong hop bai cac vector thanh
phan. Gia s, I7ref nam & sector I va viing 2 nhu duoc biéu dién ¢ Hinh 2.9. Luc

nay, I_/;e £ s€ dugc tong hop boi cac vector 17)1, 172, I77 theo phuong trinh (2.14):

—

I/re/ '

T, =V,.T,+V,T,+V,T, (2.14)
Trong d6, T, 1a chu ky dong/ngat cac khoa ctia mach nghich luu va T, Ty, T, 13
thoi gian ton tai clia cic vector 171, ‘72» 177 trong mot chu ky T,. C6 thé tinh toan thoi
gian tac dung ciia cac vector thanh phan trong viing 2 sector I nhu sau:
t, =T, —2M T sin(0)
t,=2M Tssin(z/3+60)-T, (2.15)
t. =T, -2MT,sin(x /3-0)
Thoi gian ton tai clia cac vector thanh phan khi vector V)re . nam trong cac sector
khéc dugc thuc hién mot cach tuong tu. Bang 2.3 trinh bay thoi gian tdc dung khi
17;6 . nam trong sector 1.

Béang 2.3 Thoi gian tac dung trong sector |

Vung T, T, T,
(T s _
1 2M. T, sin (5— 9) T, — 2M. T, sin (§+ 9) 2M. T, sin(6)
T T
2 T, — 2M.T, sin(6) 2M.T, sin (§ + 9) —T, | T, — 2M.T, sin (§ - 9)
. . (T Yz
3 2M.T, sin() — T, 2M.T, sin (§ ~0) |27, —2M.T;sin (§ +6)
. (T . . T
4 | 2T, — 2M.T, sin (§ +6) 2M.T, sin(0) 2M.T, sin (5 —0)-T,
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Sau khi xac dinh thoi gian ton tai ciia mdi vector trong mot chu ky séng mang
thoa man phuong trinh (2.14), cac vector 171, ‘72: 17)7 s& duge xip xép theo mot trat tir
tly ¥ vao mot chu ky Ty. Khi d6, tai mdi thoi diém bét ky, luén luén xac dinh duoc
duy nhat mét vector trang thai hoat dong cua mach nghich luu. Tur do, xac dinh dugc
trang thai dong/ngit cua cac khéa trong mach.

Véi cac mé ta trén, c6 thé thay rang phuong phap diéu ché vector khong gian 13
mot phuong phap diéu khién tuong minh b nghich luu va co thé chon duoc trang
thai hoat dong ctia mach nghich luu. Tir d6, giup cho viéc diéu khién bo nghich luu
theo cac muc tiéu khac nhau tré nén dé dang hon. Tuy nhién, so sanh véi gidi thuat
sir dung cac tin hiéu dang sine va tam giac dé tao ra xung kich cho cac khoa, phwong
phap nay duoc thuce hién véi khdi lugng tinh toan va do phuc tap cao hon. Pay la
mot nhuoc diém ddi véi phuong phap nay. Tuy nhién, voi su phat trién cia vi diéu
khién, van dé nay duogc giai quyét khong miy khé khin. Luc ndy, cac vu diém cia
k¥ thuat nay dugc bde 16 mot cach ti da, cho théy su vuot trdi trong diéu khién. Do
d6, ngay nay, phuong phap nay dang dugc quan tim va phat trién.

2.3 Cé sé 1y thuyét vé nghich lwu ting ap véi kha ning chiu 16i

Tinh 6n dinh va dd tin cay cua bg nghich luu rat quan trong trong h¢ théng phan
phdi cong sudt nhur 1a: hé thong cung cap dién khong ngit UPS, hé thong y té cong
sudt cao va hé thong chuyén doi niang lugng két ndi ludi [67]-[73]. Trong nhimng cau
hinh nay, nhiéu truong hop 15i ¢6 thé xay ra trong qua trinh hoat dong ciia bo chuyén
d6i da duoc nghién ciru.

Mit khéc, trong thuc té so v6i nghich luu ba pha hai bac, nghich luu 3 pha ba
bac ¢6 nhiéu linh kién cong suét hon, vi vay kha ning xdy ra 16i ciing cao hon.

Viéc chuin doan 13i va chiu 13i 12 mét phﬁn khong thé thiéu trong qua trinh hoat
dong cua hé théng nghich luu chiu 18i. Cac giai phap xac dinh 18i c6 thé dua trén
cac cam bién dé do dong dién va dién ap trén cac khoa ban din sau d6 dua ra giai
phép khic phuc cho hé théng. Dé hoat dong trong diéu kién chiu 18i, hau nhu c6 hai
giai phap chinh d6 1: a) giai phap tai cdu hinh bang cach thay doi phan ctmg, b) giai
phap tai cau hinh bang giai thuat.
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2.3.1. Giai phap t4i cau hinh bang phan cirng.

Phuong phép tai cau hinh (Reconfigured) bang phan cimg cho phép hé thong
van hanh trong diéu kién c6 sy cd (ngan mach — hd mach) xay ra ma khong 1am gian
doan viéc cung cép dién niang, dam bao duy tri san xuét trong cac nha may, xi nghiép,
cling nhu trong cac hd gia dinh.

Gan day cac nha nghién ctru da nghién ctru 16i hd mach hoidc ngan mach cac
khoa ban dan ciia nghich luu hinh T 3 bac. Tac gia [75] da dé xuét cdu hinh sir dung
nhanh dy phong (duoc trinh bay nhu Hinh 2.10) dé tai cau trac hé thdng khi bi 15i.
Véi cdu hinh nay hé théng s& tu cdu hinh lai (Reconfigured) khi mét trong 3 nhanh
nghich luwu bi 16i. Tuy nhién, vé6i cAu tric nay hé théng s€ gia tang kich thudc, trong
luong. Mit khac khi khéa ban dan bi 16i ngan mach, thoi gian cach ly nhanh bj 16
phéi duogc tinh toan k¥.

loc 3
pha
va tai

y o

Hinh 2.10: Nghich luu 3 pha hinh T st dung nhanh du phong.
2.3.2. Giai phap tai cau hinh bang giai thuat.
Niam 2016, cac tac gia [83] da cai thién xur 1y 151 bang cau hinh nghich luu twa
nguén Z ba bac dugc trinh bay nhu Hinh 2.11. Hé théng nay khong chi hoat dong
nhu mot bo nghich Ivu mot ching ma con c6 kha ning ting-giam ap dé bu bién do

cho pha bi 16i.

Trang 29



+/VYWA—.
Slaq{} Slbq{} SIC4G
L, R
A Y\ A
Vl___: Ssp N]\?‘\;)\ AR G
) C il R{R R
g ool s AT
3a 3b 3¢ T T
NN A : ik
L4 |_3 2x
A= —co— —
C, ﬂ?‘@‘

Hinh 2.11: Nghich luu 3 pha tua nguén Z hoat dong trong diéu kién bj 15i.

Vi cau hinh nay khi mot trong 3 nhanh nghich Iuu bi 16i, hé thdng s& cach ly
nhanh bj 16i sau d6 chuyén c4u hinh tir B6 (B6 bd nghich luu hoat dong trong diéu
kién binh thuong) sang ciu hinh B4 (B4 bo nghich luu hoat dong trong diéu kién bi
161) dong thoi thay dbi tin hiéu diéu ché sao cho dién 4p ngd ra khong thay dbi. K§
thuat didu ché tir B6 sang B4 duoc trinh bay nhu Hinh 2.12.

-
Vs

Hinh 2.12 Nhiing vector dién 4p tham chiéu trong (a) diéu kién binh thuong (b) 13i
pha A, (c) 16i pha B, (d) 16i pha C.
Khi h¢ théng 1am viéc ¢ diéu kién binh thudng dién ap pha ngd ra dugc mo ta

nhu sau:
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V.=V sin2xft

. 2
Vb - V;n Sln(zﬂf(‘)t _T) (2 1 6)

V.=V sin(2xfit+ ZTﬂ)
Dién ap day ngd ra dugc xéac dinh theo phuong trinh (2.17), (2.18), (2.19):

V,=V, =V, =V sin(2xfit) =V, sin2xft —2?7[) = \/ng sin(27z ft +%) (2.17)

V., =V, -V, =V sinQrft ——2”) —V sinQrft +—2”)
3 3
(2.18)
=3V, sin(2z £t - %)

V,=V. =V =V sin2xfi+ 2%) -V sin2x fit) = \/ng sin(27 ft + 5?”) (2.19)

Gia sir 16i ho mach xay ra & pha A. Phuong trinh (2.16) ¢ thé viét lai theo
phuong trinh (2.20):
V=0

a

;L ) b4
V, =V, sin(2x f,t —?) (2.20)

V=V sin2xfit+ 5?7[)

Nhu Hinh 2.12 ¢ diéu kién trude 161 goc pha giita pha B va pha C 1a 120°. Khi
xay ra 18i tai pha A, dién ap V. bang khong, lic nay dé dién ap day ngd ra khong
thay d6i (phuong trinh (2.17), (2.18) va (2.19)), goc pha ctia pha B va pha C dugc
thay d6i mot goe 30° nhu Hinh 2.12 (b). Tir phuong trinh (2.20) c6 thé thay ring,
bién do dién ap day sau 15i bi giam di v/3 1an so vé6i diéu kién trude 156i. Dé bu lai
bién d6 nhu ¢ diéu kién trude 151, hé thdng chi can thay d6i chi sé diéu ché va ti sd
ngan mach “M” va “D”. Tuy nhién, véi cau hinh nghich luu hinh T twa ngudn Z va
céu hinh nghich Iuu hinh T ting 4p tua khoa chuyén mach truyén thong chira nhiéu
phan tir thy dong, diéu nay rat kho thyc hién. D¢ cai thién van dé nay, tac gia dé
xuat cau hinh va giai thuat chiu 18i cho nghich lwu ting ap tya khéa chuyén mach

ba bac hinh T dugc trinh bay ¢ Hinh 2.12 va Hinh 2.13.
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T — S3a S3p S3c f T
54 N —co— = 5 H E; -
S (x=a,b,c¢) 22
Hinh 2.13 C4u hinh 3L-qSBT2I
Dién ap trén tu dién Vs va Vez duoe xéc dinh:
v
V.=V, =V,6 =—""%— (2.21)

Dién ap dinh ngd ra trong trang thai 16i hd mach duge xac dinh:

~ MV, M-V, M3
Vx: = = ch_
23 3 2-3D,-d

M 14 chi s6 diéu ché. Dy 14 ti s6 ngan mach phia nghich luu, 414 ti s6 ngan mach

(2.22)

cho hai khéa cong sudt mang ngudn khang.

Tir phuong trinh (2.22) c6 thé thy ring, dién 4p ngd ra sé& phu thudc vao ba
thong sb diéu khién d6 1a M, Dy va d. Bé bu dién p ngd ra sau 18i ngudi nghién ctru
c6 thé thay ddi boi cac thong sb nay.

Két luin:

Trong chuong 2, tic gia phan tich va danh gid cac cdu hinh nghich luu truyén
thdng, cau hinh nghich luu ngudn Z ciing nhu k¥ thuat diéu ché xung PWM.

Céu hinh nghich luu truyén thong cé giai thuat don gian. Tuy nhién, cdu hinh
nay van con ton tai van dé ngin mach cta hai khoéa ban dan trén cing mot nhanh
cua bg nghich luu. CAu hinh nghich luu nguén Z, ¢6 hai loai cu hinh: a) cAu hinh
sir dung cac phan tir thu dong (L, C) dé ting ap va b) cau hinh sir dung cac phan tir
tich cuc (D, SW) dé tang ap. Tac gia nhan thay rang, khi st dung c4u hinh cac phan
tr tich cyc, cau hinh nay giam nhiéu phan tir thu dong ciing nhu giai thuat diéu khién
linh hoat hon so v&i giai thuat truyén théng (thong sé diéu khién M va D), tiy vao
ti€u chi lya chon cac muc ti€u ngo ra. Vi vay, trong ludn an nay tac gia s€ tap trung

nghién ciru cau hinh nghich luu ting 4p tya khéa chuyén mach 3 bac hinh T.
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Chuwong 3: Nghich lwu ting ap twa khéa chuyén mach ba bac
hinh T

Nhu chuong 2 d4 phan tich va danh gia cic cu hinh va giai thuat cac bo nghich
luu truyén thong va bd nghich luu ngudn Z. Tuy nhién, cac cau hinh nghich luu 3
bac nay co nhiéu bat loi nhu: do gon dong dién cua cudn day ting 4p cao, dJ loi
dién ap va chi sb diéu ché thap so voi cdu hinh twong ty. Vi vy trong chuong 3, tac
gia s& trinh bay cau hinh nghich luu ting ap tua khoa chuyén mach 3 bac hinh T véi
nhiéu vu diém nhu: giam d6 gon dong dién cua cudn diy ting ap, 46 loi dién ap cao
va chi s6 diéu ché cao nhét c6 thé so v6i ciu hinh twong ty.
3.1. Céu hinh nghich luu ting ap twa khoa chuyén mach ba béac hinh T (3L-
qSBT?I)
3.1.1 So @6 va nguyén 1y ciia 3L-qSBT?I

My
LB§ D,
]l o G
V.
dC --_ D3
4 4
T S4a{|§ Sap

Hinh 3.1: C4u hinh cta 3L-qSBT?I

Hinh 3.1 trinh bay cau hinh nghich luu ting 4p tya khoa chuyén mach ba bac
hinh T (3L qSBT2I). Trong 3L-qSBT2I ¢ mot mang tang ap twa khoa chuyén mach
(qSB) dugc dit trude nghich luu ba bac hinh T thong thuong dé ting dién ap ngd
vao. Mang ting ap twa khoa chuyén mach (qSB) bao gdm mét cudn day ting ap
(L), hai tu dién (C;, C>), hai khoa tich cuc diéu khién dién ap DC-link (7}, T») va
bbn Diode (D;-Dy). Cau hinh nghich luu dé xuit c6 vu diém sir dung mot nguén DC
ngd vao so voi cac nghich luu thong thuong sir dung hai ngudn DC. Mach loc 3 pha
ngo ra dugc chon giéng nhu tai liéu [47], [48] dé thuan loi cho viéc d6i sanh. Mach

loc thong thap Ly, Crc6 nhiém vu loai bo thanh phan hai bac cao.

Trang 33



3.1.2 Nguyén ly hoat djng cia 3L-qSBT?I

Viéc st dung chén xung ngin mach dong thoi s& 1am cho d6 gon song dong
dién cua cudn day ting ap ting cao, boi vi trong mot chu ky song mang tan sd
dong/ngat cta cudn cam 1a 2 14n tan sd song mang nhu Hinh 2.7. Dé cai thién do
gon song dong dién ciia cudn day, tac gia dé xuat ting cuong thém mot séng mang
duoc dich 90° so v&i song mang chuan. Séng mang chuin dugc diéu khién cho cac
khoa bén phia nghich luu, song mang dugc dich 90° duoc diéu khién cho hai khoa
phia mach ting ap. Véi phuong phap chén xung ngan mach timg phan s& gitp giai
thuat tranh chén xung dong thoi gay nén d6 gon dong dién ctia cudn day cao. Nguyén
1y hoat dong ctia mach dua vao giai thuat diéu khién PWM va duogc trinh bay theo
Béng 3.1 va Hinh 3.3.

Bang 3.1 Trang thai kich dong/ngit ciia 3L-qSBT?I (x=a, b, ¢)

Trang Kich d(’)l}g cac Phéan cyc thudn Ve
thai khoéa chuyén mach cac Diode
NST 1 T D>, D3, Dy +Ve, 0or-Ve
NST 2 T Dj, D3, D3 +Ve, 0or -V
NST 3 T:, T> Dy, D3 +Ve, 0or-Ve
Sy, Sax +Ve
NST 4 Sox, Ssx Dy, D2, D3, Dy 0
Ssx, Sax -Ve
ST Stx, Sov, Szx, Sax Di, Dy 0

Nguyén 1y hoat dong ctia 3L-qSBT?I ¢6 thé duoc giai thich dya vao nhiing trang
thai kich dong/ngat trong Bang 3.1. Tuong ty nghich luu ba bac ngudn Z (ZSI), 3L-
qSBT?I ¢6 hai trang thai hoat dong chinh: trang thai khong ngan mach (NST) va
trang thai ngan mach (ST). Hinh 3.2 trinh bay nhiing trang thai hoat dong ctia 3L-
qSBT2I. Trong trang thai khong ngan mach dugc trinh bay tir Hinh 3.2 (a) dén Hinh
3.2 (d), bén phia nghich luu twong duong mot ngudn dong. Hinh 3.2 (e) trinh bay
trang thai ngén mach noi ma DC-link bi ngén mach boi cac khoa ban dan hinh T.
Gia su réng dién dung cia nhiing tu dién C; va C; 1a da 16n dé duy tri dién ap trén

tu la mot héng sbva C; = C,=Ckhi dé Vey =Ver = Ve.
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Hinh 3.2: Trang thai hoat dong cua 3L-qSBT?1. (a) Trang thai khong ngén mach 1
(NST 1), (b) trang thai khong ngan 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 ngin

mach (ST).
A ‘ T L 90° . Voil Vi
v A A N
e —= o
IVerl - 7/__:_4/:’\7\:1\ /'//17\ N\ /|4/\ N\
AV A VA 41N VAY 4T NN
Ve AT T TR A 7T SAAL S Veon2
-1 IHV:|| |||T/4MIM\| :\_V/V v [ N
Ll g | e L | “Vrefa il
A’LI”\‘/N/\VN/\VN/'\/\/\/\VNV\/
(IERENSNERaher '
|
0 T ||::d1m\: T RmE— — .
T [ [N | [ [
8 R e S S e O e R
= 1 Dy1/21 = L e 1
ol | IlHHbT/IZH L Lo t
o L AN I i Y I I B
S, | |||! |\!J|Id2T/2\| o | t
| R BN R | | |1 | |
SO r—[|: HI—IH :\]——|| I t
2a T Ll I \lll T
[ T A A R A |
0 ::Ii |\: :I\ |\::| :: r
I I N |
w SR AR R B
0 Lty —_— L
o e | t
S4a = Lo |
0 |—||: L1 | IH HDl D D D
| I o
oty hisly tstoty tgity tiotintn ! ot

Trang thai ngén mach
Hinh 3.3: Phuong phdp PWM diéu khién pha A cho 3L-qSBT?2I
3.1.2.1 Trang thai khong ngin mach (NST)
Trong trang thai khong ngan mach, bd nghich luu c6 thé tao ra ba bac dién 4p
khac biét: +Ve, 0, va —Vc, bang cach diéu khién cac khoa ban dan phia nghich luu
hinh T. Dé dat dugc dién ap ngd ra +Vc cac khoa Sy va Sz (x=a, b va ¢) duoc kich
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dong. Khi cac khoa Sa va S dong thi diém trung tinh (diém trung tinh ngudn O
nhu Hinh 3.1) két ndi véi tai. Dién ap ngd ra (Vo) 12 0 V. Dé dat dugc dién 4p ngd
ra -Vc ca hai khéa S3x va Sy, duoc kich dong dong thoi. Trang thai khong ngin mach
(NST) duogc chia thanh 4 truong hop: NST1, NST2, NST3, va NST4. Mach tuong
duong cho nhitng trudong hop khong ngan mach duoc trinh bay tir Hinh 3.2 (a) dén
Hinh 3.2 (d).

Trong trang thai NST1 khodng thoi gian [#-#; va f-¢3] nhu Hinh 3.3, khoa 77
dugc kich dong, trong khi khéa 7> bi kich ngat, nhu trinh bay ¢ Hinh 3.2 (a). Diode
D, bi phan cuc nguoc, trong khi cac diode D>, D3, D4+ dugc phan cuc thuan. Cudn
day Lp va tu C; xa nang lugng, trong khi d6 tu C> dugc nap. Cac cong thic dién ap

va dong dién qua cudn day Lz va hai tu dién C; va C> dugc xac dinh:

di G e _ g
LEE=V. V. & j’ 3.1)
t CZ VC - IL - load °
dt

Vi I10aa tuong duong véi dong DC bén phia nghich luu hinh T.

Trong trang thai NST2 khoang thoi gian [#5-17 va ts-t9] nhu Hinh 3.3, khoa 77, bi
kich ngit, trong khi khoéa 7> duoc kich déng, nhu trinh bay & Hinh 3.2 (b). Diode
D, D>, va D3 dugc phan cuc thuan, trong khi cac diode D4 bi phan cuc ngugc. Cudn
day L va tu C> x& nang lugng, trong khi do tu C; dugc nap. Céc cong thirc dién ap

va dong dién qua cudn day Lp va hai tu dién C; va C> dugc xac dinh:

d . q dd‘/c = ]L - Il()ad
1 t
LE=y v & 3.2
B d[ de dvc - ( )
2 dt load *

Trong trang thai NST3 khodang thoi gian [#;-£2 va ¢7-ts] nhu Hinh 3.3, c4c khoa
T; va T> dugc kich dong, nhu trinh bay & Hinh 3.2 (¢). Cac diode D;, va D4 bi phan
cuc nguoc, trong khi cac diode D> va D3 dugc phan cuc thuan. Cudn day Ls nap
ndng luong, trong khi d6 tu C; va C> x4 nang lugng. Khoang thoi gian cla trang thai
nay 1a Do.T, v6i Dy 1a chu ky ngén mach trong mot chu ky dong/ngét T. Céac cong

thirc dién 4p va dong dién qua cudn day Lz va hai tu di€n C; va C> dugc xac dinh:
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di d d
LB lL = Vdc & (jl vc = CZ VC = _Ilaad' (3'3)
dt dt dt
Trong trang thai NST4 khoang thoi gian [#3-14, ts-ts, to-tio va ti-t;2] nhu Hinh

3.3, cac khoa T; va T» duogc kich ngat, nhu trinh bay & Hinh 3.2 (d). Cac diode D,

D3>, D3 va Dy duge phan cuc thuan. Céc tu C; va C> dugc nap nang lugng tir dién ap
ngd vao V. Trong khi d6, cudn diy L truyén nang lugng tir ngudn dén mach chinh,
Céc cong thtc dién ap va dong dién qua cudn day Lz va hai tu dién C; va C> dugc
xac dinh:
%y oy & PP (3.4)
dt ’ dt dt
3.1.2.2 Trang thai ngén mach (ST)
Trong trang thai ST khoang thoi gian [#4-25, t10-¢;;] nhu Hinh 3.3. Céc khoa Six-

Sy phia nghich luu hinh T duoc kich déng dong thoi, trong khi cac khéa T; va To
dugc kich ngat. Mach twong duong trong trang thai nay duoc trinh bay ¢ Hinh 3.2
(e). Cac diode D, va D4 dugc phan cuc thuan, trong khi cac diode D, va D3 bi phan
cuc ngugc. Céc tu C; va C> khong két ndi v6i mach cong suét. Khoang thoi gian
clia trang thai ngan mach 1a Dy T. Trong trang thai nay cudn day Lz nap ning luong.

Cac cong thiric dién ap va dong dién qua cudn day Lp va hai ty dién C; va C> dugc

xac dinh:
L%y & Pe_cd_y (3.5)
dt dt dt

3.2. Phwong phap diéu khién PWM cho 3L-qSBT2I

Hinh 3.3 trinh bay phuong phap diéu khién PWM cho 3L-qSBT2I cho cac khoa
pha A. O Hinh 3.3, Vsz, Veons VA Veonz 12 dién 4p diéu khién ngén mach, dién 4p diéu
khién ciia cac khoa mang ngudn khang 77 va T>. Sau dién ap tham chiéu £vrers (x =
a, b, ¢) dugce str dung diéu khién dién ap ba pha ngd ra. Cac dién 4p tham chiéu nay
duge biéu dién nhu sau:

v,,=Msmn2nft

v, ,=Msin(27f1+120°) (3.6)
v, .= Msin(27rfat + 240°),

ref
V61 M va fo 1a chi s6 diéu ché va tan s6 ngo ra.
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Boi vi tan s6 cta cac dién ap tham chiéu £v.rx (x = a, b, ¢) nho hon song mang
6 tan sb cao vy rat nhidu, dang song dién ap tham chiéu trong mot chu ky song
mang c6 thé xem 1a mot hang sb vai gia tri tirc thoi 10n nhat cua dién ap tham chiéu
(£vrery) khong vuot qua pham vi £Vsr dé tranh anh huong dén cac trang thai hoat
dong ctia mach nghich luu trong qua trinh chén xung ngan mach. Khong mat tinh
tong quat, gia st rang vrer, tai thoi diém dang xét c6 gia tri tirc thoi tring voi Vsr,
duoc biéu dién nhu Hinh 3.3. Dién ap tham chiéu vier « V3 -Vrer « dwoc so sanh voi
song mang vy dé tao céc tin hiéu diéu khién Si, S, S3a, v Saacho cac khoa ban
dan pha A ctia mach nghich luu hinh T. Dién ap tham chiéu viet » va -vier » duroc so
sanh v&i song mang veis dé tao cac tin hiéu diéu khién Sis, Sas, S3, va S cho cac
khoa ban dan pha B ctia mach nghich luu hinh T. Twong tu, dién 4p tham chiéu vier
Va -Vrer « dugc so sanh véi song mang vy dé tao cac tin hiéu diéu khién Si., Sz, Sac,

va Sic cho cic khoa ban dan pha C ctia mach nghich Iuwu hinh T.

—»
-Vsr
o
—>
-
M Vrg a e
0] NV -1
M
T | Vi
3 .
TS

90° delay

Veont
Veor

Hinh 3.4: Mach logic diéu khién PWM pha A cho 3L-qSBT2I
Hinh 3.4 trinh bay phuong phéap diéu khién PWM cho 3L-qSBT2I. Cac tin hiéu
e; va e> dat dugc bang cach so sanh hang sb dién ap Vsr va —Vsr voi song mang tam
giac vy nhu sau:

17 (_Vsr) > Vi 1’ VST < Vi
e = & e = .
09 (_I/ST) < Vt O’ I/ST > v,

ril il

(3.7)
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Tin hiéu diéu khién ngin mach ST cho phia nghich Iuu hinh T (Sp) dugc tao ra
nhu sau:
S, =e Ve, (3.8)
Véi “v” dai dién cho cong logic OR.
Dé tao ra nhiing tin hi¢u diéu khién cho cac khoa pha A Si, dén Si,, hai dién ap
diéu khién vier o VA -Vret « dugc so sanh véi sdng mang vy, Nhitng tin hiéu ui dén w

dat dugc nhu sau:

1’ vrefia > Vtril 1’ (_Vre '711) < vtril
”1 . ) u2 - ’
;O, vrf;f_u < vtril O’ (_vré’f_“) > v”il
) (3.9)
1 ’ (_vre " a ) > vtril 1 o vrefia < vtril
U, = & u,= :
\O’ (_vref_u) < vtril O’ Vr(;f_a > vtril

Nhirng tin hi¢u diéu khién PWM cua cac khoa Sia, Sz, S3a Vi Ssqcho pha A phia

nghich luu hinh T dugc tao ra nhu sau:

S1a = (U1 &u,)vS, S3q0 = U &U, (3.10)

Soq = Us&U, Sia = (U3&u4)VS,,
Véi biéu tuong “&” dai dién cho cong logic AND va u phua dinh cua u.
Nhiing tin hiéu e; va es dat dugc bang cach so sanh hang sé dién ap ngan mach
Vsr va —Vsr voi sdng mang vyi2, vOi vz dugce tao ra béng cach dich pha 90° so v6i
song mang vy va dugc trinh bay nhu sau:
. {1, >V o {1, Vo <,

e =
O’ (_VST) < Voiz ' O’ VST >V,

ri2®

(3.11)

Tin hiéu diéu khién trong trang thai khong ngén mach NST3 cua hai khoa 77
va T» trong mang ngudn khang, Seo dugc tao nhu sau:
S, =e Ve,. (3.12)
Mot hang s6 dién ap Veons trong day [1-Vsr, Vsr] nhu Hinh 3.3, duoc so sanh véi
song mang vi» dé tao ra tin hiéu diéu khién cho khoa 7:. Mot hing s6 dién ap Veon2
trong ddy [-Vsr, Vsr-1], duoc so sanh véi song mang vii2 dé tao ra tin hiéu diéu khién

cho khoéa 7>. Nhitng tin hi€u h; va ho dugc dinh nghia nhu sau:
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h, =
0, V >v

tri2

(3.13)

1

h = {1 4 I/cnrrl < vtriZ 1:1 H I/mnz > Vm‘z

0, V <v

conl con2 i2

Tin hiéu diéu khién cho PWM cua hai khoa 7; va T» duoc tao ra nhu sau:
1T =S,Vh & T,=S,Vh,. (3.14)

Nhu da trinh bay & muc 3.1.2.1, trong trang thai NST3 cudn day nap nang luong,
trong khi cac trang thai NST1, NST2, va NST4 x4 ning luong. Nhu vay, trong sudt
mot chu ky T khoang thoi gian tir 7o &én ¢, nhu Hinh 3.3, cudn day nap ning lugng
trong boén khoang thoi gian [¢, t2], [t4, ts5], [¢7, ts], va [t10, ti17]. Chu ky nap/xa nang
luong cua cudn day la T/4. Do do, tan sd hoat dong cua cudn day tang ap la bon lan
tan s6 ciia dong/ngit ciia nghich luu hinh T. Tan sé cia dong dién cudn day I, &
Hinh 3.3 ¢6 thé dugc xac dinh nhu sau:

f,=4/T=4f, (3.15)

Véi f; 1a tan s6 dong/ngat ctia nghich luu hinh T.

Nhu di trinh bay ¢ trén, do gon dong dién ciia cudn diy tan sb cao ciia 3L-
qSBT?I duoc cai thién mot cach dang ké so voi cac nghich luu thong thuong [46],
[47]. Pay chinh 13 mot trong ba wu diém duoc dé xuat trong chuong 3 ciia luan an.
3.3. Phan tich trang thai x4c lap cho 3L-qSBT?I

Nhu trinh bay & Hinh 3.3, tong thoi gian trong khoang thoi gian NST1 1a (d-
Do)T/2, véi d; 1a thoi gian dong/ngét ciia khoa T duge diéu khién boi hang sé dién
ap Veons. Tong thoi gian ton tai ctia trang thai NST2 1a (d>-Do)T/2, v6i d> 12 thoi gian
dong/ngit ciia khoa T> duoc didu khién boi hang s6 dién p Veons. Khoang thoi gian
cua trang thai khong ngén mach NST3 va trang thai ngén mach ST 1a DyT. Do do,
khoang thoi gian con lai cua trang thai khong ngan mach NST4 1a (/-2Dy-d.1/2-
d2/2)T. Ap dung dinh 1y can bang dién ap trén cudn day Lz va dinh Iy can bang dong
dién trén tu C; va C> va tir phuong trinh (3.1) dén phuong trinh (3.5), dién ap trén
tu va dong dién cudn day dugc xac dinh:
V=V, =V =

4—6D —d —d,
_ 4(1-D)
" 4-6D,—d —d, et

(3.16)
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Tir Hinh 3.2, ¢6 thé thay rang dién ap dinh DC-link ctia nghich luu (Vew) 12 gap
hai 14n so véi dién ap trén tu (Vc). Vi vay, gia tri di€n ap pha dinh ngd ra dugc xac
dinh nhu sau:

c MV 2M

Ve = = = Vier 3.17
© 4-6D,-d —d, “ 3-17)
Hé sb tdng ap cta 3L-qSBT?I duogc x4c dinh nhu sau:
V 2V 4
B=1tE=—C (3.18)

I/dc I/dc :4_6Do_d1_d2.
Nhu trinh bay & Hinh 3.3, hang sb dién ap Veons va hing s6 dién ap Ve thay
ddi tir [1-Vst, Vsr] dén [-Vsr, Vsr-1]. Do d6 d; va d> duge thay ddi tir Dy dén 1-Dy
nhu sau:
D,<d,,d,<1-D,. (3.19)
Khi d;= d>=Dy, hé s6 tang ap nho nhét cua 3L-qSBT?I dugc dinh nghia 1a:
B . :1/(1—2D0); D, <0.5. (3.20)
Khi d;= d>=1-Dy, hé sb tang ap lon nhat cua 3L-qSBT?I dugc dinh nghia la:
B,.=2/(1-2D,)=2B,,,. (3.21)
Pé khong anh hudng dén dién ap ngd ra, dinh cta dién ap tham chiéu Ve « phai
nho hon hoac béng héng sb dién ap Vsr. Do do, chu ky ngén mach Dy bi gidi han

bai (1-M). DO loi dién ap cua 3L-qSBT?I duoc x4c dinh:

G= 3.22
Vil 2 (22
Cn =M “““:mjfl
21\; (3.23)
Gm:M-BmaX:2 : M>0.5.

Trong nhimg mach nghich luu ngudn khang truyén thng, chi s6 diéu ché luon
luén dugce lya chon sao cho dién ap ngd vao nho nhét va duogc gitr c¢d dinh. Trong
khi thong s6 diéu khién 1a chu ky ngan mach Dy. Theo két qua do, chi sb diéu ché
dugc lya chon trong nhirng nghich luu théng thudng 13 khong ti wu tai chu ky ngan

mach nho boi vi M nhé hon (/-Dy). Véi phuong phap diéu khién PWM cua 3L-
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qSBT?I, ca hai hé s& M va Dy duoc chon gia tri cd dinh va M=1-Dy, khi d6 nhiing
hé s6 diéu khién cta 3L qSBT?I 14 d; va d>. Vi chi sé diéu ché cb dinh, d6 loi dién
ap cia 3L-qSBT?I duoc thay doi tit Gpin dén Ger bang cach diéu khién ca hai hing
s6 dién ap Veons VA Veono. Khong gidng nhu nhitng nghich luu thong thuong, chi sb
diéu ché trong 3L-qSBT?I duoc lva chon theo dién 4p ngd vao 16n nhét. Do do, viée
lya chon chi s6 diéu ché trong nhiing nghich luu thong thuong nhu nhitng nghich
luu mang ngudn khang 3 bac [47], [48] 14 thap hon 3L-qSBT2I. Pay ciing 13 mot

trong ba diem mdi chuong 3 cua luan &n cai thién chi s6 di€u ché cao nhat co the.

100
935
90 véi didu khién
85 PWM I6n nhdt
80
75
70
65
60
35
50

761 dién khién

PWM nho nhat
——[26] max
=#=[26] min

Phén tram giam, R [%]

0 005 01 015 02 025 03 035 04 045 05
Ty s6 ngén mach, D,

Hinh 3.5: Phan tram gidm cua d6 gon dong dién cudn day 3L-qSBT?I so voi

nghich luu [48].
10 - 10 — =
=@ HB-SBI wpes P& nzhi qSBT-I max
o — Dé nghi gSBT min 9 o~ Dé nghi gSBTL min
8 | ww= DE nghi SBT3 max 4 8 wsies HB-SBI
L) . (LR
a o
< 6 4 26
on ¢ o
,E > .o @ 5
) 4 %_4
- — s
- ’ < 3 Ty W oeea,
2 A 2 "‘-u.‘ﬁ‘,,, ‘‘‘‘‘‘‘‘‘‘
1 Pl i aad i o osg I
o ARSI B 45 AARERRAsiE 06 065 07 075 08 085 09 095 |
Ty 56 ngén mach, 1 Chi sb diéu ché, M
(a) (b)
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8 : 258 ? =
— gt D nighi ¢ 3BT max < : s D& nighi qSBTT max 4
= i : 2 5 " - «
= A~ Deénghi qSBTT max = & Dé nghi q3BT min vi 3L-BI
. w=m= HB- 5
T g HERL B 45 | BB &
;; wge 3L-ZSI1LC Q o]
2. 5 g 3L-ZSI12.LC ﬁ 35 -
2 g
= 4 o «
D g
& @ 25 . )
= 3 =}
T -
20 i e
8- als >
f=] ~00
@ 1 5
[} Ny
0 —t—— s : : : .
1 2 3 4 5 6 7 8 1 2 3 4 5 6
Do loi dién dp, G Do lgidién ap, G
(c) (d)

Hinh 3.6: So sanh véi cdu hinh [30], [32], [46].

Hinh 3.6: (a) Hé s ting ap so vdi ti s6 ngan mach, (b) d6 loi dién ap so véi chi
s6 diéu ché, (c) so sanh dién ap dit trén tu dién C (Vc/Va) va (d) so sanh dién ap dat
trén ban dan thém vao (Vs/Va): (1) cau hinh 3L-ZSI v6i hai mang 2-LC [30], (2)
céu hinh HB-SBI [46], (3) cau hinh dé xuat v6i phuong phap PWM max, (4) cau
hinh dé xuét v6i phuong phap PWM min va cdu hinh 3L-BNI [47], va (5) cAu hinh
3L-ZSI vé1 mot mang LC [32].

3.4. Can bang dién 4p trén tu va 6n dinh DC-link cho 3L-qSBT?I

r AT P
| i g mand FI 03 y

Limiter | |

| ¥obi by ci bog i gty L
Hinh 3.7: Diéu khién dién ap DC-link va diéu khién cén bang dién ap trén tu cho
3L-qSBT2L.

Dé diéu khién 6n dinh DC-link tac gia dya trén luat diéu khién PID nhu trinh
bay ¢ Hinh 3.7. Dién ap hai tu Vc; va Ve duge doc hoi tiép dé xac dinh dién 4p DC-
link (dién 4p trén thanh cai). Pién ap DC-link hdi tiép vé so sanh véi gia tri dién ap
tham chiéu Ve rer. Sai 1éch ciia bo so sanh nay duge dua vao bo didu khién PID dé
tao ra chu ky ngén mach cho khéa 77, d;. BO diéu khién can bé“mg dién ap tu Ver va
Vc2[45] duoc trinh bay ¢ Hinh 3.7. Dé d6 1éch gitra hai tu V¢ va Vez 1 nhod nhat bo
diéu khién PID tao ra hé s ngén mach Ad. Chu ky ngén mach cua khoa 7>, d> duoc

xac dinh:
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d,=d +Ad.

3.5. So sanh véi nhirng nghich luu ba bac khac

(3.24)

So sanh voi nghich lwu hai chang 3L-Bis trong [18]-[28] cu hinh d& xuét sir

dung nhiéu hon hai diode véi kha ning chiu ngin mach ST. Do c4u hinh 3L-Bis

khong thé hoat dong & ché do ngén mach ST. So sanh véi cac cau hinh mot chang
nhu 3L-ZSIs v6i mot mang LC [32], va 3L-ZSIs v6i hai mang LC [30], c4u hinh
HB-SBIs [46], cdu hinh 3L-BNIs [47], va c4u hinh 1S3L-BNIs [48] két hop Bang

3.2 so sanh cau hinh dé xuat véi cac cau hinh khac.

Béang 3.2 Cau hinh dé xuat so v&i cac cau hinh khac.

3L-ZSI voi 1- 3L-ZSI voi 2-LC 3L-qSBT’I PWM
HB-SBI [46] 3L-BNI[47] |1S3L-BNI [48] N
LC[32] [30] de xuat
Cuén day 2 4 2 2 1 1
Tu dién 2 4 2 2 2 2
Diode 20 20 6 22 22 16
Ngudn mét chiéu 2 2 2 2 1 1
Céc khoa dong-ngit 12 12 4 14 14 14
He sé tine 4p. B 1 1 1-D, 1 1 1 2
¢ sotang ap, 1-2D, 1-2D, 1-3D, 1-2D, 1-2D, 1-2D,"1-2D,
o M M M M M [ M 2M }
Do loi dién 4p, G M1 M1 M2 M —1 oM -1 2M -1"2M -1
Dong ngd vao Khong lién tuc Khong lién tuc Khong lién tuc Lién tuc Lién tuc Lién tuc
Déng dinh dinh cug Do(l_Do)TV:h Do(l_Do)TVdc DO(I_DO)TV;Iz DO(I_DO)TV;Iz DO(I_DO)TV;Iz DoTle
cudn day 2(1-2D,)L, 4(1-2D))L, 2(1-3Dy)L, 2(-2D,)L,; (=2D)L, 2L,
Do gon dong dién Rat cao Rt cao Rt cao Thap Thap Rat thap
(1-D)¥, (1-D))7, (1-D))7, 0.5V, 0.5V, 057, 7,
Pién 4 it trén tu 0) " de dc de de R de
ién ap dat trén ty 71721)0 2(1—2D0) 2(1—3D0) 1-2D, 1-2D, 1-2D, 1-2D,
Dién 4p dit trén cac (1-D))7, 0.5V, 0.5V, 05V, ¥
) o Khong ap dun Khéng dap dun, d d { e }
khoa dong-ngét & ap aung & dp dung 2(1-3D)) 1-20, 1-20, 1-20,"1-2D,

bién ap ngd ra

Ba pha, ba bac

Ba pha, ba bac

Mot pha, ba bac

Ba pha, ba bac

Ba pha, ba bac

Ba pha, ba bac

3.5.1. Thanh phén linh kién trong cAu hinh 3L-qSBT?I so vé6i cac cAu hinh khac
Nhu trinh bay trong Bang 3.2, ciu hinh dé xuit 3L-qSBTI va cdu hinh 1S3L-

BNI [48] tiét kiém hon m6t cudn ddy so sanh véi ZSI véi mot mang LC [32], ciu
hinh HB-SBIs [46] va cdu hinh 3L-BNI [47]. So sanh c4u hinh 3L-ZSI véi hai mang
2-LC [30], c4u hinh dé xuat 3L-qSBT?I st dung it hon 3 cudn ddy, it hon hai ty va
nhiéu hon hai khoa tich cuc. CAu hinh HB-SBIs [46] chi tao ra mot pha 3 bac ngd

ra, trong khi nhimg nghich luu khéc tao ra 3 pha ba bac ¢ ngd ra. Hon nita, cau hinh

dé xuat 3L-qSBT?I va cau hinh 1S3L-BNI [48] chi sir dung mdt ngudn DC ngd vao,
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trong khi nhitng nghich Iuu khac str dung hai nguén DC ngd vao. So sanh cu hinh
1S3L-BNI [48], cau hinh d& xuit 3L-qSBT?I tiét kiém phan 16n diode kep.
3.5.2. D0 gon dong dién cua cudn day va d¢ gon dién ap cia tu dién

Gia st rang nghich Iuu hoat dong trong trang thai dan lién tuc, 46 gon dong dién
dinh dinh cudn diy va do gon dién 4p dinh dinh tu dién cua 3L-qSBT?I duoc xac
dinh tir phuong trinh (2.8) nhu sau:

V I
Al, =—%DT & AV,=24DT. 2
LT =50 (3.25)

Bang 3.2 so sanh do gon dong dién dinh-dinh cudn day cua nghich luu ngudn
khang ba bac. Béi vi ciu hinh 3L-ZSI véi mot mang LC [32], cdu hinh 3L-ZSI voi
hai mang 2-LC [30], cau hinh 3L-BNI [47] va cdu hinh 1S3L-BNI [48] c6 d6 loi
dién ap gidng nhau va cing chu ky ngan mach va chi sb diéu ché, d6 gon cudn day
ctia cdu hinh 1S3L-BNI [48] twong tng gip d6i va gip bdn lan cua ciu hinh HB-
SBIs [46] va cAu hinh 3L-ZSI véi hai mang 2-LC [30]. Tuy nhién s6 cudn déy trong
cAu hinh 1S3L-BNI [48], cAu hinh HB-SBIs [46] va c4u hinh 3L-ZSI véi hai mang
2-LC [30] 1a mot, hai va bdn. Do d6, dién cam cua cic nghich luu 1a nhu nhau. Boi
vi cdu hinh 1S3L-BNI [48] ¢6 s6 cudn day gidng nhu nghich lwu dé xuit 3L-qSBT2I.
Vi thé n6 duoc sir dung dé so sanh voi cdu hinh 1S3L-BNI [48].

Hinh 3.5 trinh bay phﬁn tram giam cua do gon dong di¢n cudn day cua cAu hinh
dé xuat 3L-qSBT2I vdi cau hinh 1S3L-BNI [48]. Nhu trinh bay ¢ Hinh 3.5, d6 gon
dong dién cudn day cua cdu hinh d& xuat 3L-qSBT?I v6i phuong phap diéu khién
PWM nho nhét giam dugc trén 50%. Khi sir dung phuong phép diéu khién PWM
16n nhat giam dugc trén 89%.

3.5.3. B¢ loi dién ap

Hinh 3.6 (a) trinh bay quan hé giira hé s6 ting ap va chu ky ngian mach cia cau
hinh mét ching 3L-Bis. Hinh 3.6 (b) so sanh d6 loi dién 4p cua céu hinh dé xuat 3L
qSBT?2 so v&i cu hinh 3L-Bis. Nhu trinh bay ¢ Hinh 3.6 (a) va Hinh 3.6 (b), cau
hinh dé xuat 3L-qSBT2I khi ap dung phuong phap diéu khién PWM tbi thiéu
(di=d>=Dy) ¢6 46 lgi dién ap gidng nhu céu hinh 3L-ZSI v6i mot mang LC [32],
cAu hinh 1S3L-BNI [48] va cAu hinh 3L-BNI [47]. Khi phuong phap diéu khién
PWM 1én nhét (d;=d>=1-Dy) dugc ap dung cho céu hinh d& xuit 3L-qSBT?I, cu
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hinh d& xuat 3L-qSBT2I ¢ d6 loi dién ap 16n v6i M>0.72 khi so sanh véi cdu hinh
3L-BIs.
3.5.4. Dién ap dat trén cac khoa va trén tu

Hinh 3.6 (c) va Hinh 3.6 (d) so sanh dién ap dit trén tu va dién ap dat trén cac
khoa T; va T>. Nhu da trinh bay ¢ Hinh 3.6 (c), cAu hinh 3L-ZSI v6i mot mang LC
[32] co dién 4p dit trén tu cao nhat bai vi cdu hinh 3L-ZSI v6i mot mang LC [32]
su dung nhiéu hon 2 tu dién vi vay dién ap trén tu dién la thép nhét. Nhu da trinh
bay ¢ Hinh 3.6 (d), dién ap dat trén hai khoa 7; va 7> cua céu hinh dé xuat 3L-
qSBT?I khi 4p dung phuong phap diéu khién PWM nho nhat 1a gidng v6i ciu hinh
3L-BNI [47]. C4u hinh d& xudt 3L-qSBT2I khi ap dung phuong phap diéu khién
PWM 16n nhat ¢ dién ap dit trén cac tu va cac khoa T; va T» thap hon cau hinh
HB-SBIs [46] v6i d6 loi dién ap thap hon 3.28.
3.5.5. Ton hao trong phwong phap diéu khién PWM dé xuit 3L-qSBT2I

T6n hao trong mach nghich luu ting ap twa khéa chuyén mach 3 bac hinh T bao
gdm ton hao day dan, ton hao mach kich cac khoa cong suat va ton hao cac khoa
cong suat trong mang ngudn khang ciing nhu phia nghich luu. Tuy nhién, trong cac
loai t6n hao dugc liét ké & trén, ton hao cac khoa cong suét trong mang ngudn khang
cling nhu phia nghich luu 1a dang ké. Ton hao cc khéa cong suat trong mang ngudn
khéang cling nhu phia nghich luu dugce x4c dinh nhu sau:

Pgy = Pss + Pes (3.26)

Vi Psy 1a ton hao trong 1 chu ky dién ap diéu khién trén khoa cong suat trong
mach nghich luu ting ap twa khoa chuyén mach 3 bac hinh T, Pss 1a ton hao do
chuyén mach, Pcs 1a ton hao do dan dién trong 1 chu ky dién 4p diéu khién trén khoa
cong suét trong mach nghich luu ting ap twa khéa chuyén mach 3 bac hinh T.

Trong phuong phap dé xuat 3L-qSBT2I nhu trinh bay ¢ Hinh 3.1 trang thai kich
dong/ngat ciia cac khoa nghich Iuu 13 gidng nhu cac phuong phéap didu khién PWM
thong thuong [48]. Trong mot chu ky dong/ngit. S6 trang thai kich dong va kich
ngat ciia cac khoa T; va T> trong ca hai phuong phap diéu khién PWM dé xuat va
phuong phap diéu khién PWM thong thuong 14 hai. S6 trang thai phan cuc thuan va
phan cuc nguoc cac diode cta ca hai phuong phap dé xuat va thong thuong 13 hai.

Do d6, ton hao dong/ngat 14 khong ting trong phuong phap diéu khién PWM dé
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xudt so voi phuong phéap diéu khién PWM thong thudng. Boi vi phuong phap diéu
khién PWM dé xuit st dung chu ky ngén mach nho ma van tao ra d6 loi dién ap
ngd ra tuong tu cac phuong phap diéu khién PWM théng thudng, ton hao dan trong
nhing khéa nghich Iuu giam khi 4p dung phuong phéap diéu khién PWM dé xuét.
So sanh phuong phap diéu khién PWM trong cdu hinh 1S3L-BNI [48] véi k¥ thuat
diéu khién PWM dé xuat. K¥ thuat diéu khién PWM dé xuét c6 khoang thoi gian
dan ctia c4c khoa T; va T» gia ting. Tuy nhién, khoang phan cyuc thuan ctia cac diode
D; va D4 giam. Do d6, khoang thoi gian dan cia cac khéa T; va T 1a mot hang sb,
trong khi ton hao dan cua cac diode giam dang ké khi ap dung k¥ thuat diéu khién
PWM dé xuét.
3.6. Hwéng din Ira chon céc phin tir trong nghich luu ting ap twa khoa chuyén
mach ba bac hinh T

Tir phuong trinh (3.23) chi s6 diéu ché duogc tinh toan theo dién ap ngd ra va
dién ap ngd vao ti da nhu sau:

M = L (3.27)
qv, -V

dc _max
V6i Vie max 12 dién ap ngd vao toi da khi d6 chu ky ngan mach duoc tinh Dy=1-M
3.6.1. Lua chon cudn day va tu dién

Trong cac bd chuyén d6i dién ap, bo bién doi ting ap dugc chia thanh 2 dang:
trang thai dong lién tuc (CCM) va trang thai dong gian doan (DCM). Mat khac, tuy
theo cac tng dung ciing nhu yéu cau thiét ké ctia khach hang ma cudn day ting ap
c6 do gon bao nhiéu phan trim cho phép (30% trong cau hinh d& xut). Trong ciu
hinh dé xuét 3L-qSBT?I str dung trang thai dong dién lién tuc. Do d6, do gon dong

dién cua cudn day Lp va d0 gon dién ap trén tu C; va C2 dugc dinh nghia nhu sau:

Al AV,
n%=—""= & r.%=—"=. (3.28)
' ]L VC

Twr phuong trinh (3.16), (3.25) va (3.27) gia tri cudn day va tu dién cia phuong
phap dé xuat 3L-qSBTI duoc tinh toan 1a:

; DIV _D(1-2D) TP

_ _C = e, (3.29)
21, %P r.%n(1=D,)V;
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Véi 5 13 hiéu sut cia nghich luu.
3.6.2. Lya chon ban dén

Dién ap dat trén cac khoa T, 1>, Soe va Sz (x = a, b, ¢) va cac diode D;-Dy béng
v6i dién ap trén tu Ve va dugc tinh nhu sau:

v

Vo=
=150 (3.30)

Dién &p dat trén cac khoa S va Sy la 2Ve.

Tu Hinh 3.2, dong di¢én cuc dai qua céac khoa va cac diode 1a béng dong dién
qua cudn day va dugc xac dinh bdi phuong trinh (3.16). Dong dién cuc dai qua cac
diode D> va Ds la:

1

D2 D3 L load 1—2D load (3 3 )

3.7. Két qua md phéng va thyc nghiém
3.7.1. Két qua mé phéng

Bang 3.3: Nhiing thong s dugc st dung trong mo phong va thuc nghiém.

Thong sb/thanh phan Gia tri
bién ap ngod vao Vae 90-180V
bién ap ngd ra mong mudn Von 111 Vrms
Tan s6 ngd ra fo 50 Hz
Tan so song mang fs 5 kHz
Ti s6 ngan mach ST Do 0.3
Chi s6 dicu ché M 0.7
Cudn day tang ap Lp 3mH/20 A
Tu dién Cr=C> | 2200 puF/400 V
B0 loc 3 pha LC Lyva Cr | 3mH and 10 puF
Tai trd 3 pha Rivaa 40Q

Dé kiém chimg hiéu sudt ciia cau hinh 3L-qSBT?I véi ki thuét didu khién PWM
dé xuat, phan mém PSIM duoc sir dung dé mo phong. Nhitng thong s ciia ciu hinh
dé xuat 3L-qSBT2I duoc trinh bay trong Bang 3.3 dugc tinh toan tir phuong trinh
(3.20) diéu kién cta ty s6 ngan mach dugc xac dinh D<0.5. Dé khong anh huong
dén dién ap ngd ra, dinh ciia dién ap tham chiéu Vs » phai nho hon hogc bang hang
s6 dién ap Vsr. Do @0, chu ky ngan mach Dy bi gii han béi (/-M). Khi Do hoat dong
trong diy tir 0.01 dén 0.49, day dién ap ngd vao dat dugc 10V dén 312 V tir phuong
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trinh (3.17). Trudng hop dién ap ngd vao 10 V, cac thong sb diéu khién dugc tinh
D¢=0.49, M=0.51, d=0.51, v&i cac thong sd diéu khién nay dién ap trén tu, cac khoa
cong suit cua hé thdng s& rit cao gdy nén nguy hiém cho bo chuyén d6i khi hoat
dong. Truong hop dién 4p ngd vao 1a 312 V, cac thong sb diéu khién duoc tinh
D=0, M=1, d=0, v&i cic thong sb diéu khién nay viéc ap dung cho cac tmg dung
PV c6 dién ap ngd vao thap la khong kha thi. Mat khac diéu kién phong thi nghiém
cling nhu co sé vat chat chua dap ung duoc cap dién ap ngd ra 220 V hiéu dung.
Tuy nhién, tic gia da cd gang dap tmg duoc cap dién 4p ngd ra 110 V hiéu dung phu
hop v6i cap dién ap cua thé gidi. Do d6, dé ap dung cho nhing tmg dung PV va an
toan cho hé théng hoat dong tac gia chon diy dién ap ngd vao tir 90V dén 180V cho
giai thuat dé xuat 3L-qSBT2L. Pé tao ra dién ap 110 V hiéu dyung tir dién ap ngd vao
t6i da 180 V va dién ap ngd vao tdi thiéu 90 V, véi chi sb diéu ché tir phuong trinh
(3.27) phai bang 0.7. Do d6 chu ky ngan mach dugc tinh 13 D=0.3.

Hinh 3.8 trinh bay két qua mo phong cho céu hinh 3L-qSBT?I khi Vy = 180 V
va d; =d>=0.3. Tir trén xudng dudi: (a) dién 4p pha ngd ra Ve, dién ap pha so véi
trung tinh ngudn Vo, dién ap day ngd ra Vg, dong dién tai Iz, dong dién ngd vao I
& tan sb cao, dién ap ngd vao Va, va dién ap tu dién C; va Cz; va (b) tin hiéu diéu
khién cuc cong cua T; va T», dién ap cua diode D;va Dy, dién ap DC-link, va dong
dién ctia cudn day & tan sd thap.

Hinh 3.8 trinh bay két qua mo phong cia céu hinh dé xuat 3L-qSBT?I voi
phuong phép diéu khién PWM dé xuat. Khi V2=180 V va d;=d>=0.3. Nhu trinh bay
¢ Hinh 3.8 dién &p cta tu C; va C>dugc tang ap 1én 225 V va 224 V tir dién 4p ngod
vao 180 V. bi¢n ap DC-link md phdéng dat duoc 449 V. Tan s6 hoat dong cda cudn
day Lp 12 20 KHz. Dién ap pha so voi tdm ngudn (V) co dién ap 225 V, 0 va -225

V. Dong dién ngd ra lién tuc.
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Hinh 3.8: Két qua mo phong cho ciu hinh 3L-qSBT?I khi V=180 V va di =d> =

0.3.
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Hinh 3.9: Két qua mo phong cu hinh 3L-qSBT?[ khi Ve =90V vad; =d>=0.7.
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Hinh 3.9: Két qua mé phong cho cau hinh 3L-qSBT2 khi V=90 V va d; = d>
=0.7. Tir trén xubng dudi: (a) dién ap pha ngd ra Vg, dién ap pha so véi trung tinh
ngudn Vo, dién ap day ngd ra Vs, dong dién tai Iz, dong dién ngd vao I, ¢ tin sb
cao, dién 4p ngd vao V., va dién ap tu dién C;va C; va (b) tin hiéu diéu khién cuc
cong ciia T; va T», dién ap cia diode D; va Dy, dién ap DC-link, va dong dién cia
cudn day ¢ tan s thap.

Hinh 3.9 trinh bay két qua mo phong ciia cdu hinh dé& xuat 3L-qSBT2I voi
phuong phép diéu khién PWM dé xuat. Khi V4=90 V va d;=d>=0.7. Nhu trinh bay
0 Hinh 3.9, di¢n 4p cta tu C; va C> dugc tang ap 1én 225 V va 224 V tr di€n 4p ngd
vao 90 V. bién &p DC-link md phdng dat dugc 449 V. Tan sb hoat dong cua cudn
day Lp 13 20 KHz. Dién ap pha so v6i tam ngudn (Vo) c6 dién ap 225V, 0 V va -
225 V. Dong dién ngo ra lién tuc.

3.7.2. Két qua thye nghiém

Hinh 3.10: M6 hinh thyc nghiém cho cau hinh dé xuat 3L-qSBT?I.

Mot md hinh véi cong suat 1 kW dua vao vi diéu khién xir 1y tin hiéu sb
TMS320F28335 dé kiém chimg hiéu qua cta cAu hinh dé& xuat 3L-qSBT?I voi
phuong phap diéu khién PWM d& xuat. Hinh 3.10 thé hién mé hinh thuyc nghiém.
Dién 4p ngd vio trong diy tir 90 V dén 180 V. Dién ap ngd ra mong mudn la 110
V. Tan sb ngd ra 1a 50 Hz. Tan s6 dong/ngat cia mach nghich luu cau hinh T 13 5
KHz. Tit ca IGBT FGL40N150D (san xuét tai Nhat) trong mo hinh thyc nghiém
duoc diéu khién boi nhiing mach khuéch dai va cach ly TL250. Bén diode cong suét
DSEI60-12A (san xuat tai Nhat). Cudn day ting ap Ls co6 gia tri 3mH va dong dién
dinh murc 20A. Hai tu dién C; va C> ¢6 gia tri 2200uF va dién ap dinh mac 400V.
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Dién ap ngd ra duoc loc boi mot bo loc thong thap 3 pha. Chi sé diéu ché va chu ky

ngan mach trong cau hinh dé xuét c6 thong s6 14 0.7 va 0.3.
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Hinh 3.11 két qua thyc nghiém cu hinh dé xuat khi V=180 V va d; = d>=0.3.
Hinh 3.11 trinh bay nhitng dang song thuc nghiém cta 3L-qSBT?I v6i phuong
phap diéu khién PWM nho nhit c6 cac thong sé Vi = 180 V va d; = d>=0.3. Dién
ap cua tu dién C;va C>dugc tang ap 212 V va 224 V, tir dién ap ngd vao 180 V.
bién ap dinh cua DC-link do dugc 436 V. Dong dién ngd vao lién tuc. Nhu hinh
3.11 (c) cac khoa dong/ngit cua T va T> dugc kich ciing mot thoi diém. Nhiing tin
hiéu diéu khién duoc dich pha 90° so vai tin hiéu diéu khién chu ky ngan mach V.

Dién &p hi€u dung pha ngd ra (V) do dugc 108Vims/S0Hz.
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Hinh 3.12 Két qua thuc nghiém cho cdu hinh dé xuat 3L-qSBTI khi Vz- =90 V va
dr=d>=0.7.

Khi dién ap ngd vao giam xudng 90 V, trong khi d6 chi s6 diéu ché va chu ky
ngan mach trong c4u hinh dé xuat duoc giit ¢ dinh 0.7 va 0.3. Hinh 3.12 trinh bay
nhitng dang song thuc nghiém ctia 3L-qSBT?2I v6i phuong phép diéu khién PWM
nho nhat c6 cc thong $6 Vae=90 V vad; =d>=0.7. Pién ap trén tu dién C;va (2
duoc tang ap 204 V va 212 V tu dién ap ngd vao 90 V. Di¢n ap dinh cua DC-link
do dugc 416 V. Di¢n ap hiéu dung pha ngd ra (V) do dugc 103V ms/50Hz.
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Nhu trinh bay ¢ Hinh 3.11 va 3.12, dong dién ciia cudn day ting trong subt chu
ky ngan mach hoidc ¢ trang thai khong ngan mach 3 (NST3), khi ca hai khoa T; va
T> duoc kich dong ddng thoi, tan sd hoat dong cua cudn day ting ap L 1a 20 KHz
mic du tan s6 dong/ngit ctia nghich luu cau hinh T 1a 5 KHz. Dién ap pha so véi
trung tinh ngudn co ba bac.

Hinh 3.11 (a) va Hinh 3.12 (a) dang song nhin tir trén xudng dudi 1a dién ap pha
ngd ra Vac va dién ap pha so voi trung tinh nguén Vio. O Hinh 3.11 (b) va Hinh
3.12 (b) dang song nhin tir trén xudng dudi 1a dién ap ddy ngd ra Vs va dang song
dong dién tai 7z. O Hinh 3.11 (c) va Hinh 3.12 (c) dang séng nhin tir trén xubng dudi
1a tin hiéu diéu khién ngén mach Vso cho cac khda phia hinh T va nhiing tin hi¢u
diéu khién Vs, Vs va Vr2. O Hinh 3.11 (d) va Hinh 3.12 (d) dang song nhin tir trén
xudng dudi 12 dong dién cua cudn day tang ap, dién ap diode Vps, dién ap diode Vo«
va dién ap DC-link. O Hinh 3.11 (e) va Hinh 3.12 (e) nhiing dang séng nhin tir trén
xubng dudi 1a dién ap ngd vao Va, dién ap trén tu Ca, dién ap trén tu C; va dong
dién ngd vao. Hinh 3.11 (f) va Hinh 3.12 (f) trinh bay d0 méo dang dong dién tai
(THD). Hinh 3.11 va Hinh 3.12 1a dong dién ngd vao va ngo ra dugc do luong bdi
cam bién ap LEM-LA 25-P.

Bang 3.4: Gia tri dién ap theo 1y thuyét, moé phong va thuyc nghiém khi M= 0.7 va

Dyp=10.3.

Vae=180V, d;-2=0.3 Vae=90V, d;.2=0.7

Tinh toan | M6 phong | Thuc nghiém | Tinh toan | M6 phong | Thuc nghiém
bien ap | osv | 224v | 212V | 225v | 225V | 204V
trén tu C;
bign 4p

! 225V | 225V | 224V | 225V | 224V | 212V

trén tu C>
Dién ap | ysov | a49v | 436V | 450V | 440V | 416V
DC-link
bien ap v v | otosv | v | oy 103 V
ngo ra

Bang 3.4 so sanh dién ap cuia cac két qua tinh toan, mé phong va thuc nghiém cia
cAu hinh 3L-qSBT?I v&i phuong phap diéu khién PWM dé xuat. Két qua mo phong
gan voi két qua tinh toan, trong khi két qua thyc nghiém nho hon két qua tinh toan.

Dién ap DC-link cia cdu hinh 3L-qSBT2I do dugc khi 4p dung hai phwong phap
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PWM nho6 nhét va phuong phap PWM 16n nhét c¢é gié tri it hon két qua tinh toan
3.1% va 7.6%. Boi vi dién ap roi trén céc linh kién dugc st dung trong moé hinh thuc
nghiém. Khi ap dung phuong phap diéu khién PWM 16n nhat v6i mong mudn dat
dugc dod loi dién ap cao nén dién ap roi trén linh kién nhiéu hon.

Béng 3.5 trinh bay gia tri THD cua phuong phéap 3L-qSBT?I so v6i phuong phap
trong [48]. Gia tri THDv ctia giai thuat dé nghi khi ap dung hai phuwong phap PWM
nho nhat va phuong phap PWM 16n nhét lan luot duoc tinh 1 63.2% va 70.5% va
phuong phap [48] duoc tinh 67.16%. Bai vi st dung bd 16¢ thong thap 3 pha ngd ra
nén gid tri THDi nho hon THDy. Gia tri THD1 cua giai thuat deé nghi khi ap dung
hai phuong phap PWM nho nhét va phuong phap PWM 16n nhit 1an luot dugce tinh
13 2.58% va 3.2% va phuong phap [48] dugc tinh 2.85%. Nhu két qua, khi giai thuat
dé nghi phuong phap PWM nho nhat c6 THDi nhé nhét so voi phuong phap [48] va
phuong phap PWM 16n nhat. Phuong phap PWM 16n nhét ¢6 THDi 16n nhat boi vi
mong mudn dat d6 loi dién ap cao nén téng do méo dang soéng hai dong di¢n cao.

Bang 3.5: THD cua dién 4p ngo ra (THDv) va dong dién ngo ra (THDy) khi M =

0.7 vaDp=0.3.
Phuong phap dé xuat
Phuong phap trong [48]
Vae=180V, d;2=0.3 Vae=90V, d;.2=0.7
THDi THDv THDi THDv THDi THDv
2.85% 67.16% 2.58% 63.2% 3.2% 70.5%

Hinh 3.13 két qua thyc nghiém cho cu hinh dé xuét 3L-qSBT2L. (a) khi Va
duoc thay di tir 120 V dén 144 V, (b) khi cong suét cua tai bi giam tir 900 W xubng
412 W va (c) qua trinh can bang dién ap trén ty. Nhin tir trén xudng dudi (a) dién ap
ngd vao va dién ap ngod ra, (b) dién ap va dong dién ngo ra, (¢) dién &p trén cac tu
CivaCa.

Hinh 3.13 (a) trinh bay nhiing dang séng thyc nghiém ctia ciu hinh dé xuét 3L-
qSBT?I khi dién 4p ngd véao bat thinh linh ting tir 120 V dén 144 V. Hinh 3.13 (b)
trinh bay nhitng dang séng thuc nghiém cta cau hinh dé xuit 3L-qSBT?I khi cong
sut tai bi giam tir 900 W xudng 412 W. Cac thong sé PID cua bo diéu khién nhu:
K»,=10.75, K;=0.95 va Ks=0.00602. Nhu da trinh bay & Hinh 3.13 (a) va 3.13 (b),
dién ap pha ngd ra dugc duy tri khong doi tai 110 Vs
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Hinh 3.13 (c) trinh bay dién ap trén cac tu C; va Cz khi chua diéu khién cén
bang tu voi Vae =120 V va dién ap pha ngd ra 1a 110 Vyms. Khi diéu khién can bang
tu C; va C> voi gia tri can bang 220 V.

: - TR ¥
¥ [50W/diy] " Rl2s5Addiv]
J_,.m—-—nm---n--— e t 3 : _ {
el / A A
E;f‘l [1 00 'd.'.l".'] T | ]
i a——— e S ——— I_I |
L denooviaw LYY b
L S im-n\' FRIE - Y :[t L00V/div]
= 25 ms/div. t =25 ms/div
{a) (b}
Ll ":11 "
112 can ST 1
bt i Vs [0V div]
f— T
e e — : .
Fep [30Vidiv] can bang tv

= 250 ms/div
(c)
Hinh 3.13 Két qua thuc nghiém can bang dién ap tu C; va C> va dién ap ngd ra cho
c4u hinh dé xuét 3L-qSBT?I.
Két luin:
Két qua mo phdéng va thuc nghiém cua giai thuat dé xuét dat duge cac vu diém sau:

Két qua mod phong va thuc nghiém Hinh 3.8 va 3.9 chi ra rang d6 gon dong dién
clia cudn ting ap dat duoc 1.8 A phu hop phuong trinh 1y thuyét (3.24); d6 loi dién
ap 1a 1.75; hé sb tang ap 1a 2.5. Khi chi s6 diéu ché 12 0.7; chi s6 ngin mach 0.3; chi
s6 ngan mach cho hai khéa T; va T> 12 0.3 va dién ap ngd vao 1a 180 V.

Két qua mo phong va thyc nghiém Hinh 3.11 va 3.12 chi ra rang d6 gon dong
dién cta cudn tang ap dat duoc 0.9 A phu hop phuong trinh 1y thuyét (3.24), d6 loi
dién ap 1a 3.5; hé $6 tang ap 1a 5. Khi chi s6 diéu ché 14 0.7, chi s ngén mach 0.3,
chi s6 ngén mach cho hai khéa T; va T> 13 0.7 va dién 4p ngd vao 13 90 V.

Trén co so phan tich bo nghich luu ting ap, cac cong trinh nghién ctru vé nghich

luu ting &p trong va ngoai nude, Tac gia dé xuit cdu hinh nghich Iuu ting ap truc
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tiép co cong suit nho, giam cac khoa cong suat. Nghich luu ting ap truc tiép trén dé
xuat ky thuat diéu khién phu hop:

a) Giam d¢ gon dong dién ngd ra nguén dién mot chiéu;

b) Do loi dién ap cao so voi c4u hinh tuong tu;

c¢) Chi s0 di€u ché cao nhat c6 thé so véi cau hinh tuong tu.
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Chuwong 4: K§ thuit diéu ché vector khong gian cho nghich luu
ting ap twa khoa chuyén mach 3 béc hinh T c6 kha ning triét
tiéu dién ap common mode

Chuong 3 d trinh bay cdu hinh nghich lwu ting 4p tua khéa chuyén mach 3 bac
hinh T vé&i nhiéu vu diém nhu: giam d¢ gon dong dién ctia cudn day tang ap, do loi
dién ap cao va chi s6 diéu ché cao nhat c6 thé so voi cdu hinh tuong tu. Tuy nhién,
trong qua trinh hoat dong, bd nghich luu tao ra dién &p common mode (CMV), qua
trinh nay 1a nguyén nhéan chinh dén dén nhiéu van dé bat loi cho bo nghich luu nhur:
dong dién o, dién ap tryc trong cac tmg dung diéu khién dong co ciing nhu nhiéu
dién tur. Vi vy trong chuong 4 tac gia sé trinh bay giai thuat triét tiéu CMV dua vao
k¥ thuat diéu ché xung vector khong gian. Ngoai ra, ky thuat SVM nay con giam do
gon dong dién cudn ddy ting ap cling nhu do loi dién ap va chi sé diéu ché cao.
4.1. Nguyén ly hoat d9ng va gidi thuit triét tiéu common mode cho 3L-qSBT?I.

Vé cAu hinh gidng nhu cu hinh nghich luu ting 4p tua khoa chuyén mach 3 bac
hinh T nhu da trinh bay & chuong 3. Hinh 4.1 trinh bay cau hinh ciia 3L-qSBT?I.
Trong 3L-qSBT?I, mt mang ngudn khang bao gdm mét cudn day ting ap (Ls), hai
tu (C1, C»), hai khoa tich cuc (77, T>) va bon diode (D;-D+) duge sir dung va ngd ra
clia mang ngudn khang két n6i véi nghich luu ba bac hinh T thong thuong. Nghich
luu ba bac hinh T thong thudng sir dung gdm 6 khda mot chiéu va ba khoa hai chiéu.

Diém trung tinh cia mang ngudn khang dugc két ndi noi tiép véi ba khoda xoay chicu

S24, S2p, Sze.
Tl_‘ 5'1 P S Sy, S'c
L ¢ 3 4 KE,
= f

L4 Ru
itl D VCll—(cSZa A m =
1% o ﬁSZb B nm lﬁ & G
= b Vo L—aro2 Ccl rm S Re
4 G 4 4 4 C -‘I:- -I- -L:r
T, " S3a Ssb Sse f T

b4 N —co— = _@—Q_
SZX(X:a)ba C)

o

Hinh 4.1 Cau hinh 3L-qSBT?I

Gidng nhu cau hinh nghich lyu ting ap twa khoa chuyén mach 3 bac hinh T
trong chuong 3, nghich luu tang ap tya khoa chuyén mach 3 bac hinh T véi kha
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nang triét tiéu dién 4&p common mode (3L-qSBT?I-ECMV) ¢6 hai trang thai lam viéc
chinh: trang thai ngén mach (ST) va trang thai khong ngan mach (NST). Trong trang
thai NST c¢6 4 trang thai NST phu nhu trinh bay ¢ Hinh 4.2. Trong trang thai khong
ngan mach dugc trinh bay tir Hinh 4.2 (a) dén Hinh 4.2 (d), bén phia nghich luu
tuong duwong mot ngudn dong. Hinh 4.2 (e) trinh bay trang thai ngan mach noi ma

DC-link bi ngan mach béi cac khoa doéng/ngit ctia mach nghich luu hinh T.

(d) (e)
Hinh 4.2: Trang thai hoat dong ctia 3L-qSBT?I. (a) Trang thai khong ngin mach 1
(NST 1), (b) trang thai khéng ngan 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).
Bang 4.1: Trang thai kich dong/ngat ctia 3L-qSBT?I (x=a, b, c)
Trang Kich dér}g cac Phan cuc thuan Ve
thai khoéa chuyén mach cac Diode
NST 1 T, D>, D3, D4 +Ve, 0or-Ve
NST 2 T Dj, D2, D3 +Ve, 0or-Ve
NST 3 T:, T D>, D3 +Ve, 0or -Ve
Six +Ve
NST 4 Sox Dy, D2, D3, Dy 0
Ssx -Ve
ST Stz S2x, S3x Dy, Dy 0
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4.1.1. Nguyén ly hoat dong cta 3L-qSBT>L
4.1.1.1. Trang thai khong ngan mach.

Trong trang thai NST1, khoa 7; dugc kich dong, trong khi khéa 7> bi kich ngét,
nhu trinh bay & Hinh 4.2 (a). Diode D; bi phan cuc nguogc, trong khi cac diode D>,
D3 va Dy dugc phan cyc thuan. Cudn day Lp va tu C; xa nang lugng, trong khi dé tu
C> dugc nap.

Trong trang thai NST2, khéa T} bi kich ngit, trong khi khéa T> dugc kich dong,
nhu trinh bay ¢ Hinh 4.2 (b). Diode D;, D, va D3 dugc phan cuc thuén, trong khi
cac diode Dy bi phan cuc ngugc. Cudn day Lz va tu C> xa nang luong, trong khi do
tu C; duoc nap.

Trong trang thai NST3, cac khoa 7} va 7> dugc kich dong, nhu trinh bay ¢ Hinh
4.2 (¢). Céc diode D;, va D4 bi phan cyc nguoc, trong khi cac diode D; va D3 dugc
phan cuc thuan. Cudn day Lz nap nang lugng, trong khi d6 tu C; va C> xa ndng
luong. Khoang thoi gian cua trang thai nay 1a DT, véi Dy 1a chu ky ngan mach
trong mot chu ky dong/ngit T.

Trong trang thai NST4, cac khoa T; va T bi kich ngat, nhu trinh bay ¢ Hinh 4.2
(d). Céc diode D;, D, D3 va D4 dugc phan cuc thuan. Cac tu C; va C> dugce nap
nang luong tir dién ap ngd vao V. Trong khi cudn diy Lp truyén ning luong tir
ngudn dén mach chinh, trong khi d6 tu C; va C> x4 nang luong. Khoang thoi gian
clia trang thai nay 14 Dy T, v6i Dy 1a ti s6 ngan mach trong mét chu ky dong/ngit T.
4.1.1.2 Trang thai ngén mach (ST)

Trong trang thai ngan mach (ST), cac khoa S;x-Ss: bén phia nghich luu hinh T
dugc kich dong dong thoi, trong khi cac khoa T; va T bi kich ngat. Mach tuong
duong trong trang thai nay duogc trinh bay & Hinh 4.2 (e). Cac diode D; va D4 dugc
phan cyc thudn, trong khi cac diode D; va D3 bi phan cuc nguoc. Céc tu C; va C>
khong két ndi v6i mach cong suit. Khoang thoi gian cua trang thai ngin mach la
Dy T. Trong trang thai ndy cudn day Lp nap ning lugng nhu di trinh bay chi tiét
trong Bang 4.1.

4.1.2. Phan tich trang thai xac 1ap cho 3L-qSBT?I

Tong thoi gian trong khoang thoi gian NST1 14 (d;-Do)T/2, véi d; 1a chu ky

dong/ngat ciia khoa T;. Tong thoi gian trong khoang thoi gian NST2 14 (d>-Dg)T/2,
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v6i d> 1a chu ky dong/ngit ctia khéa T>. Khoang thoi gian ciia trang thai khong ngan
mach NST3 va trang thai ngén mach ST 1a DyT. Do d6, khoang thoi gian con lai cia
trang thai khong ngin mach NST4 1a (/-Dy-d;/2-d>/2)T. Ap dung dinh 1y can bang
dién ap trén cudn day Lz, dién ap trén tu dugc xdc dinh nhu sau (voi luu y réng di

= d> = dy:

4
V=V, =V, =— %
S Oy e (4.1)

Véi:

Ver va Vez: dign ap trén tu Cr va Co;

Vae: dién ap ngd vao cua bd nghich luu;

Do: ti s6 ngan mach phia nghich luu;

d: hé sb cong tac cua khoa ban dan phia mang ngudn khang (v6i d=d;=d>).
Quan hé giira ti s6 ngdn mach Dy va d theo phuong trinh 4.2:

D, <d<1-D, 4.2)

Dién ap hi¢u dung ngd ra dugc xéc dinh nhu sau:

y MY, M W, ‘s
x,RMS \/5 \/5'2_3D0_d‘ ( . )

Voi:

Vx.rus: dién ap hiéu dung ngo ra;
M: Chi sb diéu ché cua bd nghich luu;

Dé tranh anh huong dén dién ap ngd ra, quan hé giita chi sé dicu ché M va ti s6
ngan mach Dy dugc trinh bay theo phuong trinh 4.4:

M<1
. (4.4)
M+ D, <1

4.1.3. Giai thuit diéu ché vector khong gian triét tiéu di¢n Ap common mode
cta 3L-qSBT?L

Trong qua trinh hoat dong, nhirng bo nghich luu da bac sinh ra dién 4p common
mode (CMV), dién 4p CMV nay duoc dinh nghia boi dién ap giira diém trung tinh
tai “G” va trung tinh DC-link “O”. CMV c6 thé dugc xac dinh bai dién ap 3 pha
ngo ra va dugc trinh bay nhu phuong trinh (4.5):

Trang 61



:VAO"'VBO"'VCO_
3

(4.5)

Vao, Vo va Vco: dién &p cuc 3 pha ngo ra.

Mit khac, c6 27 vector tuong ng voi 27 trang thai kich dong/ngat ctia 3LT2L
Tuong ung v4i mdi vector, 3LT?I tao ra mot gia tri CMV. Bang 4.2 liét ké gia tri
CMV cua 3LT2.

Bang 4.2: Gi4 tri di€n ap common mode (CMV) ctia nghich luu hinh T 3 bac
(BLT?I).

Vectors State Vemv State Vemv State Vomy
Zero [000] 0 [PPP] +Ve [NNN] Ve
P-Type  [POO] +Vc/3 [PPO]  +2V/3 [OPO]  +V(/3
Small [OPP]  +2V/3 [OOP]  +Vc/3  [POP]  +2V(/3
N-Type [ONN] —2V/3 [OON] —Vc/3 [NON] —-2V/3
Small [NOO]  —V(/3 [NNO]  —2V¢/3  [ONO]l  —V¢/3

. [PON] 0 [OPN] 0 [NPO] 0
Medium
[NOP] 0 [ONP] 0 [PNO] 0
[PNN] —Ve/3 [PPN] +Vc/3 [NPN]  —V/3
Large

[NPP] +Vc/3 [NNP] —Vc/3 [PNP] +Vc/3
Nhu da trinh bay ¢ Bang 4.2, bién do cuc dai cuia CMV dat duoc khi nhiing

vector [PPP] hoac vector [NNN] duogc chon, gia tri cua no 1a £V¢. Khi nhitng vector
nho duge chon dé téng hop vector tham chiéu, gia tri CMV duogc thay ddi tir -2V /3
dén +2V /3, trong khi d6 nhitng vector 16n chi tao ra CMV vdi gia tri dinh 13 V¢/3.
V&1 27 vector dugc 1iét ké trong Bang 4.2, vector zero [OOO] va nhiing vector trung
binh tao ra gia tri CMV nhé nhit (0%). Do @6, khi vector zero [0OO] va nhiing
vector trung binh dugc chon dé tao dién ap ngo ra, gia tri CMV dugc giam nhd nhéat.

Pé giam CMV nho nhét co thé tac gia dé xuat mot phuong phap diéu ché xung
vector khong gian SVM bang cach sir dung vector zero va nhitng vector trung binh,
dé tong hop vector dién ap tham chiéu 4p dung cho 3LT2I. Két qua, CMV dugc giam
nho nhét. Hinh 4.3 biéu thi rang bién do ciia vector zero v nhiing vector trung binh
la 0 va2V;/ V3. Bién d6 cuc dai cua vector tham chiéu la Ve. So dd vector khong
gian (Hinh 4.3) dugc chia 6 phan (6 sector), 6 sector nay duoc sir dung dé phan tich

nguyén ly hoat dong cua bd nghich luu.
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Trong subt qua trinh hoat dong, trang thai ngén mach (ST) dugc thém vao vector
zero dé khong anh huong dén dién 4p ngd ra ma van duy tri trang thai ting ap. Do
so do vector khong gian duge chia thanh 6 phan d6i xtmg nhau, trong phén tinh toan
thoi gian, sap xép cac chudi xung va chén xung ngin mach tac gia trinh bay don ctr

cho sector I, cac sector tir sector II dén sector IV duoc thuc hién tuong tu.

- -
Vy Va
[NPO] [PON]
[PPPIN\/ Sector I
Sector IV [000] 8 —»>
[NNN Va
\
\ /
— —
J v,
[NOPI N\ £~ [PNO]
X - 1 —
Sector V Y Sector VI

—

v, [ONP]
Hinh 4.3: So d6 vector khong gian cta 3LTI
Gia sur rﬁng, vector tham chiéu toa lac & sector I, vector zero I_/)O va nhitng vector

trung binh (171, 172) duoc chon dé tong hop vector tham chiéu, quan hé cta ching

duoc xac dinh nhu sau:

VL=V,

T+,
T=T,+T+T,

(4.6)

I_/;e £: Vector tham chiéu;
170: Vector zero;
171, 172: Nhiing vector trung binh;
Ts: Chu ky dong/ngit cta bo nghich luu;
Ty, Ty, T»: thoi gian ton tai ciia nhimg VO, Vl, \72.
Vector tham chiéu I_/;e £» VECtOr Z€ero I70 va nhiing vector trung binh I_/)l, 172 duogc

dinh nghia nhu sau:
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Vy=0
V=2V /3 e
V,=2V./\3e™"

(4.7)

Tur phuong trinh (4.6) vé (4.7), thoi gian ton tai ciia nhitng vector nay dugc xac

dinh nhu sau:
I, =T M.sin(z/6-0)
T, =T .M.sin(r/6+6). (4.8)
L, =T.-T-T,

Chudi xung dong/ngit cho sector I dugc sip xép 1a [OOO]-[PON]-[PNO]-
[OOO]-[PNO]J-[PON]-[OOO].

Dé dat duoc trang thai ngén mach (ST), tat ca cac khoa cta cac nhanh bd nghich
luu phai dugc kich dong dong thoi. Diéu nay s& lam dién 4p pha — tim ngudn la
zero. Do d6, ¢ dam bao kha ning ting 4p cia mang ngudn khang ma khong anh
huong dén dién 4p ngd ra, vector ngin mach dugc thém vao vector zero, vi vy

vector zero duoc thay doi theo phuong trinh (4.9):

{ﬁﬂ—ﬁ%—@ﬂ& wo)

L =Ty~Ty =T, - DT
Pé dat duogc ky vong ma luan &n 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].
Véi [FFF] la vector ngén mach. Cu thé, viéc chén Xung ngén mach va tin hiéu diéu
khién cho hai khoa dong/ngat (T; va T>) phia mang ngudn khang duoc trinh bay ¢
Hinh 4.4. Tin hi¢u diéu khién ngan mach phia mang ngudon khang dugc dich pha 90°
so sanh véi tin hiéu diéu khién phia nghich luu. Muc dich dich pha dé dam bao giam
dd gon dong dién cia cudn day ting ap nhu da trinh bay & chuong 3. Ngoai ra, hai
khoa T; va T> dugc chén thém trang thai phu gitip bd nghich luu ting cuong do loi
dién 4p nhu da trinh bay & chwong 3. Tuong tu chudi xung cuia sector I, nhitng chudi

xung tir sector IT dén sector IV dugc trinh bay nhu Bang 4.3.
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| To/d | PTW2 1 T2 | . To/2
| [000] } [PON] | [PNO] ! [000]

Hinh 4.4: Chudi xung va tin hiéu diéu khién cua sector I cho 3L-qSBT2I-ECMV
Bang 4.3: Chudi xung déng/ngit va phuong phap chén xung 3L-qSBT2I-ECMV.

Sector Chudi xung 3L-qSBT?I-ECMV
I [FFF]-[O00]-[PON]-[PNO]-[OOO]-[FFF]-[O00]-[PNO]-[PON]-[OOO]-[FFF]
i [FFF]-[000]-[OPN]-[PON]-[OOO0]-[FFF]-[O00]-[PON]-[OPN]-[OOO]-[FFF]
il [FFF]-[0O00]-[NPO]-[OPN]-[OOO]-[FFF]-[000]-[OPN]-[NPO]-[OOO]-[FFF]
v [FFF]-[O00]-[NOP]-[NPO]-[OOO]-[FFF]-[O00]-[NPO]-[NOP]-[OOO]-[FFF]
% [FFF]-[0O00]-[ONP]-[NOP]-[O0O0]-[FFF]-[000]-[NOP]-[ONP]-[OOO]-[FFF]
VI [FEF]-[000]-[PNO]-[ONP]-[O00]-[FFF]-[000]-[ONP]-[PNO]-[O0O]-[FFF]

4.2. Két qua md phéng va thue nghiém cho 3L-qSBT2I-ECMYV.
4.2.1. Két qua mo phéng.

Dé kiém chung hiéu suat ciia 3L-qSBT?I-ECMV, phan mém PSIM duoc sir
dung dé mo phong. Nhirng thong s6 ctia mach dugc trinh bay trong Bang 4.4.

Ba k¥ thuat PWM dugc sir dung trong mé phong va thuc nghiém dé chimg minh
hiéu sudt dat duoc trong 3L-qSBT2-ECMV: Phuong phap 1- phuong phéap
SinPWM truyén thong (PD). Phuong phéap 2- phuong phap SinPWM dich pha
truyén thong (PS) [54], [58]. Phuong phép 3- phuong phap 3L-qSBT2I-ECMV. Céc
két qua dat duoc cua phuong phéap 1, ap dung phuong phap chén xung ngan mach
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ntra trén (UST) va ngin mach nira dudi (LST) dwoc trinh bay trong [52], [54]. Khi
ap dung cac thong s6 diéu khién, M=0.8, Dy=0.2 va d dugc tinh theo phuong trinh
(4.3) 12 0.63 dé dat 110Vrus dién ap pha ngd ra tir dién 4p ngd vao Vg nhu mé ta &
Bang 4.4.

Bang 4.4: Thong s6 md phong va thuc nghiém cho 3L-qgSBT[-ECMV.

Tham s6/thanh phan Gia tri
bién ap ngod vao Vae 150V
Dién 4p ngd ra mong mudn Vxc 110 Vrms
Tan s6 ngd ra fo 50 Hz
Tan sb song mang fs 5 kHz
Ti s ngén mach va chi s diéu ché Do, M 0.2,0.8
Cudn day tang ap Lp 3mH/ 20 A,0.12 Q
Tu dién Cr=0C; 2200 pF, 44 mQ
B6 loc 3 pha LC Lyva Cr 3mH va 10 pF
Tai tr¢ ba pha Rivaa 40Q
Vae
200V
150V
100V
50V
ov
V-CI V'CE

200V

100V

ov

0.94 0.96 098 1
Time (s)

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

Hinh 4.5 nhin tir trén xudng dudi dién ap ngd vao (Vac), dién ap trén tu (Ver va
Ve2) va dong dién cudn day tang ap (/) cia phuong phap 3L-qSBT?I-ECMV. Viéc
mo phong duoc tién hanh véi cac thong s6 nhu ¢ Bang 4.4. Két qua, dién ap trén tu
dién dugc tang ap 1én 194.8 V theo phuong trinh (4.1) va két qua mo phong do dugc
trén tu Ver va Ver dat duoc 196 V va 193 V. Gia tri dinh cia dién 4p DC-link (tong
dién 4p hai tu C; va C3) do dugc 389 V. Tri trung binh dong dién ngd vao (dong
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dién cua cudn day ting ap) khi moé phong dat dugc 6.1 A nhu da trinh bay ¢ Hinh
4.5. Trong mot chu ky dién ap ngo ra gia tri 1on nhét va nho nhét cua dong dién cudn

day tang ap dat dugc 7 A va 5.2 A.

DC_link DC_link u DC_link
400V : 400V : q

Time (s) i Time (s) V Time (s)

a) b) o)

Hinh 4.6: Két qua mo phong dién ap DC-link, dién ap pha (Vi) va CMV ciia (a)
Phuong phép 1, (b) phuong phap 2 va (c) phuong phap 3L-gSBT?’I-ECMV.
Hinh 4.6 nhin tir trén xudng dudi, két qua mo phong cua dién ap DC-link, dién

ap pha (Vag) va dién 4p CMV cua ba k¥ thuat nhu da dé cap o trén. Trong sd nhitng
ky thuat nay, gia tri dinh cia dién ap DC-link 1a tuong ty dat dugc 389 V. Vi st
dung phuong phéap chén xung ngan mach nira trén va ngan mach nira dudi cho nén
dién 4p DC-link ctia phuong phép 1 thay d6i tir - Vae /2 dén Ve iink, trong khi d6
dién ap DC-link cua phuong phap 2 va phuong phap 3L-qSBT?I-ECMV c¢6 hai gia
tri OV va Vae ik vi hai phuong phap nay sir dung ngan mach toan phan dé ting ap
ngo ra tir dién ap ngd vao DC. Nhu da trinh bay ¢ Hinh 4.6, gia tri THD cua dién ap
pha ting dan tir phuong phap 1, phuong phap 2 dén phuong phap 3L-qSBT2I-
ECMV. Két qua mé phong THD ctia phuong phap 1, phuong phap 2 va phuong
phap 3L-qSBT?I-ECMV dat dugc 42.07%, 67.32% va 77.08%. Két qua, gia tri
CMV cuia phuwong phap 1 ¢6 bién do 16n nhat 2Vc/3 va dat 130 V. Phuong phép 2
¢ bién 46 CMV trung binh thay ddi tir +V¢/3 (65 V) dén -V¢/3 (-65 V). Phuong
phap 3L-qSBT2I-ECMV ¢6 CMV gan bang 0. Gia tri hiéu dung cia CMV trong
ba phuong phéap 1an luot 13 71 Vrus, 41.6 Vrus, va 0 Veus. Tuy nhién, vi ap dung
phuong phap 3L-qSBT?I-ECMV nhu trinh bay & Hinh 4.6 cho nén dién 4p pha ngd
ra con ba bac giéng nhu dién ap cuc, gia tri ba bac dat dugc 1a +V¢, 0 va—Ve.
Hinh 4.7 Trinh bay két qua mo phong dién ap diy ngd ra (Vag), dién ap ngd ra
(Vr4) va dong dién ngd ra (14). Khi phuong phap 3L-qSBT?I-ECMV duoc st dung

dé giam tdi thiéu anh huong ciia CMV, THD cua dién ap ngd ra bi ting 1én. Gia tri
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THD cua di¢n ap day ngd ra (V4s) ca ba phuong phap mé phong dat dugc 42%,
67.3%, va 77.1%. Bién d¢ dinh cua dién ap day ngo ra béng v6i dién ap dinh DC-
link, di¢én &p Vs thay ddi tir 0 V dén 390 V nhu trinh bay ¢ Hinh 4.7. Vi stt dung bd
loc thong thap (LC filter) & ngd ra cho nén gia tri THD dong tai ngd ra ciia ba phuong
phap dugc md phong dat duge 0.7%, 0.51%, va 1.28%. Gia tri cua di€n ap ngo ra
va dong dién tai ngo ra cho ca ba phuong phap 1a tuong tu 110 Veus va 2.77 Arus.

Vas

0.94 0.96 098 1 094 096 098 1 094 096 0.98
Time (s) Time (s) Time (s)

(a) (b) ©

Hinh 4.7: Két qua mo phong dién ap day ngd ra (Vag), dién ap ngd ra (Vr4) va
dong dién ngd ra (14) cua (a) Phuong phap 1, (b) phuong phép 2 va (c) phuong
phéap 3L-qSBT?I-ECMV.
4.2.2. Két qua thye nghi¢m.

Hinh 4.8: M6 hinh thyc nghi¢m cho c4u hinh 3L-qSBT?’I-ECMV.

Pé kiém chimg hiéu suit cia phuong phap 3L-qSBT2I-ECMYV str dung k¥ thuat
diéu ché xung vector khong gian, mot mé hinh thyc nghiém duoc xay dung dua trén
vi diéu khién xir 1y tin hiéu s6 DSP TMSF28335. Hinh 4.8 trinh bay mé hinh thuc
nghiém cho cAu hinh 3L-qSBT?I-ECMV. Céc thong s6 cua thiét bi duoc su dung
trong Bang 4.4. Cac Diode va IGBT dugc st dung trong mo hinh thuc nghiém Ia
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DSE160-12A va FGL40N150D (Nhat san xudt). Chi s6 diéu ché va ti s6 ngén mach
dugc st dung gidng nhu trong phan mé phong. Vi 150 V dién ap DC ngd vao, dién

ap trén hai tu C; va C> duoc ting ap dén 187 V va 190 V.

¥, 200 /div]
B e e
LI [44/div] | i : 5 : i i
IR 05 A LR AT B A IR AE AT
T L T — ek e i & U e o e e
{4 J

Hinh 4.9: Két qua thuc nghiém cua dién ap ngd vao DC (Va), dién ap trén tu C; va
C> (Ver va V) va dong dién cudn day tang ap cua 3L-qSBTI-ECMV.
Gia tri trung binh dong dién cudn day tang ap do thuc nghiém dat dugc 6.02 A
nhu trinh bay ¢ Hinh 4.9.

— link {200V /div]

@ T )

(©)

Hinh 4.10: Két qua thyc nghiém cta dién ap DC-link, dién 4p pha (Vag) va CMV
cua (a) Phuong phap 1, (b) phuong phép 2 va (c¢) phuong phéap 3L-qSBT?[-ECMV.
Nhu da trinh bay ¢ Hinh 4.10, phuong phap 1 va phuong phap 2 c6 sb bac dién ap
pha ngd ra cao hon phuong phap 3L-qSBT2-ECMV nhu d3 trinh bay & Hinh 4.10
(a) va Hinh 4.10 (b), vi thé chat luong dién 4p ngd ra cua phuong phéap 1 va phuong
phap 2 dugc cai thién hon phuong phap 3L-qgSBT2I-ECMV. Tuy nhién, trong s6 ba
k¥ thuat, dién 4p hiéu dung CMV ctia phuong phap 3L-qSBT?I-ECMYV dugc do tur
thuc nghi€ém 5.73 Vrus. Trong khi do, v&i phuong phap 1 va phuong phap 2 do dugce
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67.8 Veus va 40.2 Veus. Nhu két qua, phuong phap 3L-qgSBT2-ECMV giam duoc
91.5% va 85.7% so sanh v&i phuong phép 1 va phuong phép 2.

7,200V di

Hinh 4.11: Két qua thyc nghiém dién ap diy ngd ra (Vas), dién ap ngd ra (Vr4) va
dong dién ngod ra (14) cua (a) Phuong phap 1, (b) phuong phép 2 va (c) phuong
phéap 3L-qSBT?I-ECMV.

Hinh 4.11 Trinh bay két qua thuc nghiém dién ap day ngd ra (Vuz), dién ap ngd
ra (Vr4) va dong dién ngod ra (14) cia ba phuong phap. Tuong tu dién ap pha ngo ra
duoc dé cap o trén, dién ap day ngd ra duoc tao boi phuong phap 3L-qSBT-ECMV
c6 chat lugng dién ap thap nhit so véi ba phuong phap. Boi vi, phuong phap 3L-
qSBT2?I-ECMV chi 4p dung vector zero va cac vertor trung binh dé tao nén dién ap
ngd ra. Bién do 1on nhat ciia dién ap day ngd ra twong tu bién do cia dién ap DC-
link dat dugc 380 V. Vi str dung bd loc théng thap (LC filter) ¢ ngd ra cho nén gia
trif THD dong tai ngd ra ctia ba phuwong phap duogc cai thién dang ké. Két qua, gia tri
cua dién &p ngd ra va dong dién tai ngo ra co gia tri THD nhd nhu da trinh bay &
Hinh 4.11. Gi4 tr1 hi€u dung cta dién 4p ngd ra va dong dién ngd ra la tuong tu cho
phuong phép 1, phuong phap 2 va phuong phip 3L-gSBT?I-ECMV va do dugc tir
thuc nghiém 105 Veus, 104 Veus va 104 Verus va dong dién hi€u dung ngo ra cua ba

phuong phép do duoc 2.6 Arus, 2.58 Arms va 2.55 Arus.
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Hinh 4.12: Két qua thuc nghiém phan tich THD cua dién ap ngd ra (Vac). (a)
Phuong phép 1, (b) phuwong phap 2 va (c) phuong phap 3L-qSBT*I-ECMV.
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Hinh 4.13: Két qua thyc nghiém phan tich THD cta dong dién ngd ra (L4). (a)
Phuong phép 1, (b) phuong phap 2 va (c) phuong phap 3L-qSBT?’I-ECMV.

Hinh 4.12 va Hinh 4.13 phéan tich FFT cua dién ap ngd ra (V4c) va dong dién
ngd ra (I4) dugc thuc hién cho ca ba phuong phap. Phé hai cta Ve va Is duge xem
x¢ét, bién dJ hai bac mdt cua dién ap pha ngd ra va dong di¢n tai ngd ra cua ba
phuong phép 1a tuong ty nhau va do dugc 104.5 V va 2.55 A. Gia tri THD cua Ve
va I, dugce tinh toan boi két qua ciia pho hai nhu trinh bay ¢ Bang 4.5. Trong s6 ba
phuong phép, Gia tri THD cta phuong phap 3L-qSBT?I-ECMV 16n nhat dat
89.18%. Trong khi d6 gia tri THD cta phuong phap 1 va phuong phap 2 lan lugt
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tinh dugc 57.62% va 81.25%. Boi vi st dung bo 16¢ thong thap 3 pha ngd ra nén gia
tri THD1 nho hon THDv. Ca ba c6 gia tri THDg tinh toan dugc 2.62%, 2.34% va
3.3%.

Béng 4.5: Phan tich THD cua di¢n ap ngo ra (THDv) va dong dién tai (THD).

Phuong Phuong Phuong phap

phap 1 phap 2 3L-qSBT’I-ECMV
THDv 57.62% 81.25% 89.18%
THD1 2.62% 2.34% 3.3%

Két luan:

Trén co s& phéan tich 3L-qSBT?I-ECMV, céac cong trinh nghién ctru vé 3L-
qSBT?I-ECMV trong va ngoai nudc, tac gia dé xuat ciu hinh 3L-qSBT2I-ECMV
cong suét nho, voi kha nang tri¢t ti€u dugc dién 4p common mode (CMV), mac du
THD; cao hon phuong phéap 1 va phuong phap 2. Tuy nhién gi4 tri 3.3% van nhé
hon nhiéu so véi tiéu chuan cho phép 5% [87].

Ngoai k¥ thuat chén céc vector dé triét tiéu dién ap common mode, viéc phan
tich nguyén 1y hoat dong, xdy dung file mo phong va ché tao mo hinh thuc nghiém

14 can thiét.
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Chuwong 5: Nghich lwu ting ap twa khéa chuyén mach 3 bac
hinh T véi kha niing chiu 16i hé mach cac khéa cong suat
Chuong 3 tic gia di trinh bay c4u hinh nghich luu ting ap tya khéa chuyén

mach 3 béac hinh T véi vu diém nhu: giam d6 gon dong dién ngd ra ngudn dién mot
chiéu, d6 loi dién ap cao va chi s6 diéu ché cao nhat co thé so véi cau hinh tuong
ty. Chuong 4 trinh bay cu hinh nghich luu ting 4p twa khoa chuyén mach 3 bac
hinh T véi uu diém nhu: K5 thuat diéu ché xung vector khong gian c6 kha nang triét
tiéu dugc dién &p common mode. Tuy nhién, tinh on dinh va do tin cay cua bg
nghich luu rat quan trong trong hé thong phan phdi cong suat nhu 1a: hé thong cung
cap dién khong ngit UPS, hé théng y té cong suét cao va hé thong chuyén d6i ning
luong két néi ludi. Vi vy, chuong 5 tac gia sé trinh bay giai thuat chiu 161 hé mach
céc khoa cong suat trong bo nghich luu ting ap tua khoéa chuyén mach 3 bac hinh
T. Giai thuat diéu ché xung PWM nay khong chi chiu 16i cac khoa cong suat bi 156
hé mach bén phia nghich luu ma con ¢6 kha ning chiu 16i cho hai khéa cong suét &
mang ngudn khang bang phuong phéap diéu ché lai tin hiéu diéu khién. Ngoai ra, tac
gid con cai thién cac thong sé diéu khién dé giam dién ap dit trén cac khoa ban din
khi hoat dong & diéu kién binh thudng va diéu kién 16i. Giai thuat dé xuét hoat dong
trong diéu kién binh thudng va 15i hé mach khoa cong suit ma khong thém bat cir
phan tir cong suat nao. Piéu nay sé giup hé théng giam kich thudc va trong lwong.

5.1. Nguyén ly hoat dong va giii thuit chiu 16i 3L-qSBTL.

g J" r{?sfdzsr{}
Lp .
S2a L,f Iy R4

it  Diy Ve mnm =
0 :(»S?b B mm LTI
Vdc_l S i¢ Rc
™ Ds Ve 2 CL rrm
G

jl &k& K3 K3 AT

T_T_T

Szx(x—a b, c)— _@_Q_

T

Hinh 5.1 C4u hinh 3L-qSBT2I

Hinh 5.1 trinh bay cdu triic mach ciia 3L-qSBT2L. Trong 3L-qSBT?I, mot mang
ngudn khang bao gdm mét cudn day ting ap (Lg), hai tu (C;, C2), hai khéa tich cuc

(T, T>) va bon diode (D;-D4) duoc st dung va ngd ra cia mang ngudn khang két

Trang 73



nbi véi nghich luu ba bac hinh T thong thudng. Nghich luu ba bac hinh T thong
thudng sir dung gébm 6 khoa mot chidu va ba khoa hai chiéu. Diém trung tinh cia
mang ngudn khang dugc két ndi ndi tiép véi ba khoa hai chiéu Sz, Sz, Sa. Mot
trong nhiing tinh ning nghién ciru ciia luan 4n nay la: gidi thiéu mot sé kha ning
chiu 16i khi mot trong cac khoa cong suét trong nghich luu hinh T hodac mgt khoa
trong mang ngudn khang bi 16i hé mach. Nhu da trinh bay trong chuong 3, mach
3L-qSBT?I & ché d6 binh thuong c6 hai trang thai 1am viéc chinh: trang thai ngan
mach (ST) va trang thai khong ngan mach (NST). Trong trang thai ngan mach tat ca
cac khoa cong suit Si (i=1, 2, 3 va x=a, b, ¢) cia nghich luu hinh T déu duoc kich
dong ddng thoi, trong khi hai khoa T; va T»> ctia mang ngudn khang dugce kich ngit.
Cudn day tang 4p L dugc tich lily ndng lugng trong trang thai nay, trong khi tu dién
khong hoat dong.

5.1.1. Nguyén ly hoat dong ciia chiu 16i 3L-qSBT?I.

N
REABER R
L L6i Sy,
’ — |l:' S YA L iy Ra
it D, Cll—/‘ 2 A = =

g B
Ve Y = B . = G
=~ Ds VC_J—( S W

T Loi s; .

o) KK A e

[0
(a)

T, j D Sia Sty Sic
Ly 1 _C;lf_l_%‘@ "G "G Ly

. Sy , O 52

= D, Vo X T D; +Vc{ X

L6i AN G, H Ssx L6i T Co a Ssx
T D, |N , D, |N

Hinh 5.2 Trang thai hoat dong cua chiu 16i 3L-qSBT?I trong nhimg diéu kién 15i
khoa cong suat
Hinh 5.2 (a) 16i hé mach Si, hodc S3., (b) 16i hé mach cuia Sz, va (c) trang thai NSTS
vé6i 161 hd mach cua 7 va (d) trang thai NST6 véi 16i hé mach cuia T hodc (e) trang
thai NST5 véi 16i ho mach cia T va (f) trang thai NST6 véi 16i hd mach cta 7o,
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Bang 5.1: Nhimg goc pha chuan trong diéu kién binh thudng va xay ra 15i.

Tin hiéu diéu ché A A Vil vl vl
Hoat dong binh thuong 2n/3 | 2n/3 /6 -t/2 | Sm/6
Ldi pha A 0 Sn/6 | Sn/6 | w6 | -m/2 | Sm/6
Lbi pha B /6 0 w2 | w6 | -n2 | 516
Ldi pha C /6 | -m/2 0 w6 | -m2 | Sn/6

Hinh 5.3 Nhiing vector dién ap tham chiéu trong (a) diéu kién binh thuong (b) 16
pha A, (c) 16i pha B, (d) 15i pha C.

Hoat dong chiu 16i 3L-qSBT2I ¢6 thé dugc chia thanh ba trudng hop: 16i ho
mach S, hodc Siy, 161 hé mach S (x=a, b, ¢) va 16i ho mach cua 7 hodc 7. Hinh
5.2 trinh bay ba diéu kién 13i ctia pha A. Hinh 5.3 trinh bay nhiing vector dién ap
tham chiéu cua nghich luu hinh T trong diéu kién hoat dong binh thuong (Va) Vl;, va
V) va trong diéu kién hoat dong 15i (V;, V; va V). Khi 18i xay ra tai Si hodc S
nhing vertor dién 4p tham chiéu cua nghich luu hinh T phai dugc dinh nghia lai
theo (V;, V/ va V) nhu Hinh 5.3 (b) dén 5.3 (d). Khong mat tinh tdng quét, gia st
16i ho mach xay ra tai Sy, hodc Ss., dé duy tri dién ap ddy ngd ra tai gia tri trudc 16i,
gdc pha cta nhitng vector tham chiéu Vb’) va VC; phai duoc thay dbi, trong khi bién
d6 cuia nhitng vector tham chiéu nay khong doi. Dién 4p tham chiéu cia pha 15i s&

dich chuyén vé vi tri zero. Khi d6 bién do cua nhiing vector dién ap day (V,,, V.
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va V) trong diéu kién hoat dong 13i bi giam v/3 1an so v&i diéu kién hoat dong binh
thuong voi vector dién 4p pha cia chung khong doi. Bang 5.1 trinh bay goc pha clia
nhing vector dién ap tham chiéu ctia nghich Iuu trong diéu kién trudc va sau 16i.
5.1.1.1. Piéu khién chiu 18i khi S7. hoiic S« bi 16i

Khi 16i xay ra v6i Si. hodc Sz, nhu trinh bay ¢ Hinh 5.2 (a), dién 4p ngd ra pha
A (V0) khong thé tao ra dién ap +Vc hodc -Vc din dén dong tai mat d6i ximg va
méo dang. bpé duy tri dién ap ngd ra lién tuc, S», kich dan két ndi diém trung tinh
mang ngudn khang véi ngd ra pha A, trong khi hai khoa cong suit S, va Ss, duoc
kich ngit. Mit khac, nhimg vector dién 4p tham chiéu Va) Vl;,ve‘l VC) dugc dinh nghia
nhu mé ta & Hinh 5.3 (b) dén 5.3 (d) dé giir can bang dién 4p day. Khi pha A hoat
dong trong diéu kién 18i S;, hodc S3, nhiing goc pha tham chiéu Vb') va W duoc dinh
nghia boi -57/6 va +57/6. Tuong tu, khi pha B hoat dong trong diéu kién 15i Sy
hodc S3» nhitng goc pha tham chiéu Va’) va VJ dugc dinh nghia boi 7/6 va 7/2. Tuong
tu, khi pha C hoat dong trong diéu kién 16i S;c hodc Ssc nhiing goc pha tham chiéu
Va’) va Vb; dugc dinh nghia boi -7/6 va -z/2. Nhu da trinh bay trong Bang 5.1, nhiing
goc pha tham chiéu cua dién ap day trude va sau 16i 1a khong thay ddi khi ap dung
nhitng tin hiéu diéu ché mai [73].
5.1.1.2. Piéu khién chiju 15i khi S>. bi 15i

Khi 16i x4y ra v6i S>, nhu trinh bay & Hinh 5.2 (b), dién 4p cuc ngd ra ciia pha
A (V10) khong thé két ndi v6i diém trung tinh ciia mang ngudn khang. Dé giai quyét
nhitng van d¢ 18i xay ra v6i Sz, nhitng khoa cong suét chiu 16i 3L-qSBT2I S, v Ssq
duoc kich dong dé hoat dong nhu mach nghich luu hai bac cho pha A, trong khi pha
B va pha C van hoat dong nhu mach nghich luu 3 bac nhu trinh bay ¢ Hinh 5.2 (b).
Khi d6, nhitng thong s6 diéu khién dugc duy tri nhu hoat dong trude 16i. Tuy nhién,
THD cua pha A hoat dong trong dién ap hai bac cao hon pha B va pha C.
5.1.1.3. Diéu khién chiu 18i khi 7; hoic 72 bi 15i

Khi 16i xay ra véi T; hodc T>cua mang nguén khang, dién ap trén tu dién C; va
C> bi mét can bang. Khi d6, dién ap pha ngd ra va dong tai bi méo dang ciing nhu
bién d6 ciia chiing bi giam. Gia sir 16i hé mach xdy ra véi khéa cong suat 77, trang

thai ngan mach cua nghich luu hinh T va tin hi€u di€u khién cua 7> can dugc su
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dung dé can bang dién ap ngd ra. Hinh 5.2 (c) va 5.2 (d) trinh bay hai trang thai
khong ngan mach khi tai ciu hinh véi 16i hd mach xay ra v6i khoa cong suét 7). Dé
duy tri dién 4p ngd ra nhu trude 161, hai khéa cong suat Sa va Si. (x=a, b, ¢) dugc
st dung dé tao dién ap ngd ra hai bac voi mot dién ap DC-link méi gitra diém “O”
va diém “N” ctia mang ngudn khang, trong khi, khoa cong suat S, duoc sir dung dé
nap cho tu C>. Pién ap tu C> dugc nap va tang ap 1én bang v6i dién ap DC-link boi
vi tu C; khong duoc két ndi trong truong hop nay. Tuong tu, gia st 16i hé mach xay
ra voi khoa cong suit 7>, trang thai ngén mach cda nghich luu hinh T va tin hiéu
diéu khién ciia 77 can dugc sir dung dé can bang dién ap ngd ra. Hinh 5.2 (e) va 5.2
(f) trinh bay hai trang thai khong ngan mach khi tai ciu hinh véi 16i ho mach xay ra
v6i khoa cong suit T>. Dé duy tri dién ap ngd ra nhu trude 18i, hai khoa cong suat
Six va Sx (x=a, b, ¢) dugc str dung dé tao dién ap ngd ra hai bac véi mot dién ap
DC-link méi gitta diém “P” va diém “O” ctia mang ngudn khang, trong khi, khoa
cong suit Ssx dugc sir dung dé nap cho tu C;. Di¢n ap tu C; dugc nap va tang ap 1én

bang v6i dién ap DC-link boi vi tu C> khong duoc két ndi trong trudong hop nay.
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5.1.2.

Phin tich mach cho chiu 18i 3L-qSBTL.

Bang 5.2: Nhimg trang thai chuyén mach cta chiu 16i 3L-qSBT2I

Diéu kién 16i pha A
Nhiing khéa cong suat Nhiing diode dugc
Veohoac Vco
duogc kich dong phan cuc thuan
T D>, D3, Ds +Ve, 0 hoac -Ve
7> D1, D1, Ds +Ve, 0 hoac -Ve
Th, T> D», D3 +Ve, 0 hoac -Ve
S1b, Stc +Ve
Sab, Sac D1, D>, D3, Ds 0
S3b, S3c -Ve
St1b, Sty S2b, S2¢, S3b, S3c D1, Dy 0
Diéu kién 16i khoa cong suat 77 (x =a, b, ¢)
Slx, SZx, T2 0
D1, D3
S3x, T2 -Ver
Slx, S2x 0
D1, D3, Dy
S3x -Ver
Slx, S2x, S3x Dl, D4 0
Diéu kién 16i khéa cong suat 7> (x = a, b, ¢)
S2x, S3x, T1 0
D», Dy
Six, Th Vei
SZx, S3x 0
D1, D2, Ds
Six Vei
Six, S2x, S3x D1, Dy 0

Nguyén 1y hoat dong cta chiu 16i 3L-qSBT?I dua vao bang trang thai kich
dong/ngit trong Bang 5.2. Twong ty nghich luu ba bac ngudn Z truyén thdng, chiu
16i 3L- qSBT?I v&i 16i pha A nhu trinh bay ¢ Hinh 5.2 (a) va 5.2 (b) c6 thé hoat dong
trong hai trang thai chinh: trang thai khong ngin mach (NST) va trang thai ngin
mach (ST). Bang 5.2 trinh bay trang thai hoat dong cua chiu 16i 3L-qSBT?I.

Trang 78



5.1.2.1 Trang thai khong ngin mach

Trong trang thai khong ngén mach nay, chiu 16i 3L-qSBT?I tao ra ba bac dién
ap khac biét: +V¢, 0 va —Vc bang cach kich dong/ngit cac khoa cong suat phia
nghich luu hinh T. Khi khoa cong suét Si. duge kich déng (x=b hodc ¢) dudi diéu
kién 161 pha A dién ap cuc Vo 1a +Ve. Néu khoa cong suat So, duge kich dong diém
trung tinh nguén duoc két ndi vai tai, do d6 Vo 1a khong (zero). Khi khoa cong suat
S3x duoc kich déng dién ap cuc Vo 1a -Ve. Trang thai khong ngan mach duoc chia
thanh bén trang thai: NST1, NST2, NST3 va NST4.

Trong trang thai NST1, khoa cong suat 7> duoc kich ngét, trong khi khoa cong
suit 77 duoc kich doéng. Diode D2, Ds, D4 phan cuc thuan, trong khi diode D; bi
phan cuc nguoc. Tu dién C> dugc nap, trong khi d6 cudn day ting ap Lp va tu C;
khong tich Iy nang luong. Pién ap cudn day tang ap dugc xac dinh nhu sau:

L%y, v, 5.0
dt

Trong trang thai NST2, khoa cong suit 7> duoc kich dong, trong khi khéa cong
suat 77 dugc kich ngét. Diode D;, D>, D3 phan cuc thuan, trong khi diode D4 bi phan
cuc nguoc. Tu dién C; dugce nap, trong khi d6 cudn day tang ap Lp va tu C> khong
tich llly nang lugng. Dién &p cudn day tang ap dugc xac dinh nhu sau:

L%y v, 52)
dt

Trong trang thai NST3, khoa cong suat T; va T> dugc kich dong. Diode D va
D; phan cyc thuan, trong khi diode D; va D4 bi phan cuc ngugc. Tu dién C; va C>
khong dugc nap, trong khi dé cudn day tang ap Lp tich llly nang lugng véi khodng
thoi gian nap 13 DoT véi Do 1a ti s6 ngan mach. Pién ap cudn ddy ting ap duoc xac
dinh nhu sau:

LB%ZVM (5.3)

dt

Trong trang thai NST4, khoa cong suat 77 va T bi kich ngit. Diode D;, D>, D;
va Dy phan cuc thuan. Tu dién C; va C> dugc nap nang lugong tu nguén Ve, trong
khi @6 phia nghich luu nhan dugc nang lugng tir cudn day tang ap L. Pién ap cudn

day tang ap duoc xac dinh nhu sau:
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B de Cl c2

LﬂzV V. =V, (5.4)
dt

5.1.2.2 Trang thai ngén mach

Trong trang thai ST nay, nhiing khoa cong suét Sib, Sic, Sap, S2¢, S3p, VA S3c cua
phia hinh T dugc kich dong déng thot, trong khi, hai khoa cong suét 77 va T bi kich
ngét. Diode D> va D3 bi phan cyc ngugc, trong khi diode D; va D4 dugc phan cuc
thuan. Tu dién C; va C: bi cach ly khéi mach cong Suét, trong khi cudn day tang ap
Lg tich liy nang lugng vdi khoang thoi gian nap 1a DoT. Pién ap cudn day tang ap
duoc xac dinh nhu sau:

di,

LBEZVCM (5.5)
5.1.3. Phwong phap diéu khién PWM cho chiju 16i 3L-qSBT2I.

Hinh 5.4 (a) trinh bay phuong phap diéu khién PWM cho chiu 16i 3L-qSBT?2I
khi 16i xay ra tai khoa S, hodc Ss.. O Hinh 5.4 (a), Vsr, Veon1, VA Veon2 dai dién cho
nhimg tin hiéu diéu khién ngin mach cua khoa cong suit 7; va T>. Dé diéu khién
dién 4p ba pha tai sau khi 16i ho mach xay ra, dién ap tham chiéu ciia nghich luu
dugc dinh nghia lai nhu da trinh bay ¢ Hinh 5.3 (b), dién ap tham chiéu duoc dinh

nghia nhu sau:

v =0

v :Msin[zwfoz—%”] (5.6)

V' :Msin[27rfnt+5%r],

Véi M va fj 1a chi sé diéu ché va tan sé ngd ra

Hinh 5.4 (a), nhiing tin hiéu diéu khién cua S, Sz va S5 duoc tao ra bing cach

so sanh nhiing dién ap tham chiéu £V, véi song mang tan sb cao vy, trong khi,
nhitng tin hi¢u diéu khién cta Sy, Sz va Sse dugc tao ra béng cach so sanh nhiing
dién ap tham chiéu +V/ v6i sdng mang tdn sd cao vir. Luu ¥, khi xay ra 161 voi pha
A, khéa cong suat Sa, ludn kich déng, trong khi, hai khoa cong suat Si, va S, ludn
bi kich ngét. Tin hiéu ngén mach cua phia hinh T dugc tao ra béng cach so sanh hai
hang s6 dién ap Vsr va —Vsr v6i song mang tan s6 cao vy. Nhitng hang sé dién ap
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Veon1 va Veonz dugce so sanh vdi song mang tan so cao khac vyi2 dé tao ra tin
hi¢u di€u khién cho hai khoa cong suat 77 va T2. Luu y rang, hang so dién ap Veons

va Veon2 dugc gidi han trong khoang [1-Vsr, Vsr/ va [—Vsr, Vsr—1].

N A% NI ANNSNYAVANANEIAVA
bl SN NN

VvV )

D,I2  dT2  dT)2

-]
|
\9)

/\ /N\_/\
’W‘—- S ‘—A‘: \ _—~——
AN\ AN
N LSS 7=

=
= 1 1 i
s, DyT/2 = S, kich dan dong thoi
0 I 5 5 o Y o I o B B

t

B« B ) i i 1

2 e Y e N e N e N s I
(b)

—

Hinh 5.4 Phuong phap diéu khién PWM cho chiu 16i 3L-qSBT?I dudi nhimng diéu
kién (a) 16i hé mach ctia S, hodc S, (b) 16i hd mach ciia T hodc To.
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Hinh 5.4 (b) trinh bay phuong phap diéu khién PWM cho chiju 16i 3L-qSBT2I
khi 16i xay ra v6i 77 va T> cia mang ngudn khang. Nhitng dién 4p tham chiéu cia
nghich luu dugc so sdnh véi song mang tan s cao vy dé tao ra nhiing tin hi¢u diéu
khién S, S2x va Ssx. Tin hiéu diéu khién ngin mach ctia phia nghich Iuvu duoc tao ra
bang cach so sanh hai hiang s6 dién ap Vsr va —Vsr v6i song mang tan s cao viir.
Tin hiéu diéu khién cia khoa cong sudt 7> dugc tao ra bang cach so sanh hai hang
s6 dién ap Vsr va —Vsr v6i song mang tan s6 cao khac vio.

Gidng nhu phuong phap diéu khién PWM cua [49], phuong phap diéu khién
PWM dé xuit cho chiu 15i 3L-qSBT?I ¢6 nhitng uu diém giam dg gon dong di¢n
cuia cudn day ting ap boi vi cudn day co bon chu ky tich liiy ning luong trong mot
chu ky déng/ngit.

5.1.4. Phan tich trang thai xac 1ap cho chiu 16i 3L-qSBT?I.

O Hinh 5.4 (a), (d— Do)- T 1a khoang thoi gian cta trang thai khong ngan mach
NST1 va NST2, véi d 1a thoi gian dong/ngat cua hai khéa cong suit 77 va T> cia
mang ngudn khang va duoc diéu khién boi hang sé dién ap Veons va Veonz. Khoang
thoi gian cua trang thai ngin mach va trang thai khong ngan mach NST3 1a
Do-T. Khoang thoi gian cia trang thai khong ngin mach NST4 1a (1 — 2Dy — d)-T.
Gia st rang, tu dién C; va Cz ¢6 gid tri dit 1on dé dién ap cac tu co gia tri 1a hang sd
va bo diéu khién [49] dugc 4p dung cho chiu 16i 3L-qSBT2I. Khi 46, Ve = Ver =
Ve.

Ap dung dinh 1y can bang dién 4p trén cudn day Lg, dién ap trén tu dién Vs va
V2 dugce xac dinh:

%
V=V =V —— "d&
C C1 Cc2 2—3D0—d (57)

Dién ap dinh ngd ra trong truong hop xay ra 16i hd mach duge xac dinh:

~ MV M-V, M3

v, = = = . 5.8
23 3 2-3D,-d “ (58)
Hé s6 tang ap B cua chiu 16i 3L qSBT?I dugc xé4c dinh:
B Viy _ 2V, 2

I/dc V;ic :2_3D0_d. (59)
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5.1.5. Phén tich trang thai xac 1ap cho chiu 15i 3L-qSBT?I khi khoa cong suit
T; hoic T: ciia mang nguon khang bi 16i.

Khi 16i ho mach ctia 7; xdy ra, chiu 16i 3L-qSBT?I ¢6 thém hai trang thai khong
ngan mach nhu di trinh bay & Hinh 5.2 (¢) va 5.2 (d) cing véi trang thai ngin mach.
Dé duy tri dién 4p ngd ra, diém P trong mang ngudn khang nén duoc két ndi truc
tiép voi diém “0”. Khi d6, nghich luu s& hoat dong véi mot dién ap DC-link méi
giita diém “O” va diém “N” tao ra hai bac dién 4p tai ngd ra. Khi khéa cong suit Sy,
va S, dugce kich dong dé két ndi diém P v6i diém “O”, dién ap ngd ra pha A 1a Zero.
Néu khoa cong suat Sy hodc Sa (x = b hodc ¢) duoc kich dong, dién ap ngd ra cua
pha B hoic pha C 13 zero. Néu khoa cong sudt S3» va Sse dugc kich dong dién ap ngd
ra cua pha B hodc pha C 1a —Vc. Trong trang thai NST5 nhu da trinh bay & Hinh 5.2
(c), khoa cong suét T duge kich déng trong sudt khoang thoi gian Do T cudn day
tang ap Lp tich llly ndng lugng va dién ap cua cudn day dugc xac dinh nhu phuong
trinh (5.3). Twong tw, Khi 16i hé mach cta 7> xdy ra, chiu 16i 3L-qSBT?I ¢c6 thém
hai trang thai khong ngan mach nhu da trinh bay & Hinh 5.2 (e) va 5.2 (f) cing voi
trang thai ngan mach. Dé duy tri dién ap ngd ra, diém N trong mang ngudn khang
nén duoc két ndi tryc tiép véi diém “0”. Khi d6, nghich luu s& hoat dong voi mot
dién &p DC-link méi gitra diém “P” va diém “O” tao ra hai bac dién ap tai ngo ra.
Khi khoa cong suét Sz, va Ss. duoc kich dong dé két nbi diém N véi diém “0”, dién
4p ngd ra pha A 1a Zero. Néu khoa cong suét S hodc S3x (x = b hodc ¢) duge kich
dong, dién ap ngd ra cua pha B hodc pha C 13 zero. Néu khoa cong sudt Si, va S
duogc kich dong dién 4p ngd ra ctia pha B hoac pha C 1a V. Trong trang thai NSTS5
nhu da trinh bay & Hinh 5.2 (), khoa cong suét 7; duoc kich dong trong sudt khoang
thot gian Do T cudn day tang ap Lp tich Iy ndng lugng va dién ap cuia cudn day
duoc xac dinh nhu phuong trinh (5.3).

Trong trang thai NST6 nhu d3 trinh bay ¢ Hinh 5.2 (d), khoa cong suét 7> duoc
kich ngat. Cudn day ting ap Lp giai phong niang luong va dién ap trong cudn diy
duoc xac dinh nhu phuong trinh (5.1). Khoang thoi gian trong trang thai nay 1a (1 —
2Dy)-T. Tuong tu, Trong trang thai NST6 nhu da trinh bay ¢ Hinh 5.2 (f), khoa cong

suat T; duoc kich ngat. Cudn day ting ap Lp giai phong ning luong va dién ap trong
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cudn day dugc xac dinh nhu phuong trinh (5.1). Khoang thoi gian trong trang thai
nay la (1 —2Dy)-T.

Trong trang thai ngin mach, tit ca cac khoa bén phia hinh T duoc kich déng
dong thoi, trong khi khéa cong suat 7> hodc T; bi kich ngét trong sudt khoang thoi
gian Do T cudn day tang ap Lp tich Iy ndng luong va dién ap ctua cudn day dugce
xéac dinh nhu phuong trinh (5.5). Ap dung dinh 1y can bang dién 4p trén cudn day
Lp, dién 4p trén tu C> trong trang thai xac 1ap dugc trinh bay nhu phuong trinh (5.10):

14

V,=—=%=
T (5.10)
Dién ap dinh ngod ra dugc xéc dinh:
~ M-V M
v, = €2 — (5.11)

2 2.(1-2Dy) Vi
5.1.6. Phwong phap diéu khién cho chiu 13i 3L-qSBT2I.
5.1.6.1. Ky thuat diéu khién chiu 15i 3L qSBT2L.

Khi 16i ho mach xdy ra véi khoa cong suit S, hodc Sz, dién ap pha ngo ra bi
giam di v/3 1an so voi diéu kién hoat dong binh thudng. Trong trudng hop nay, bién
d6 dién ap ngd ra cta chiu 16i 3L qSBT2I phai dugc bu bang cach hodc gia ting chi
sO ngin mach hoic thay doi chi s6 diéu ché. Tuy nhién, su thay doi chi sé dicu ché
va gia tang chi s6 ngin mach nén bang vai dién 4p ngd ra bi giam di v/3 lan. Cac
thong sd diéu khién cta chiu 16i 3L-qSBT2I khi gia ting bién d6 dién ap ngd ra cd
thé ap dung phuong trinh (5.8). D& bu bién do bi giam cia pha 15i ba hé sé dicu
khién 1a M, Dy va d dugc yéu cau.

Hinh 5.5 trinh bay luu db ctia phuong phép diéu khién dé xuét cho chiu 18i 3L-
qSBT2L. Luu d6 5.5 1a mot phuong phap xac dinh cac théng sé diéu khién téi vu
mot cach tong quat. Cac thong sd diéu khién dugc lwa chon theo dién 4p ngd vao
Ve vadién ap dinh ngo ra Ve M day dién ap ngd vao cho truong hop ting ap 16n
nhit va truong hop ting ap nho nhét tir 60 V dén 622 V va dién ap ngd ra c6 thé 110
V hiéu dung hodc 220 V hiéu dung tiiy theo muc dich va nhu cdu st dung.

Luu dd c6 thé giai thich nhu sau. Pién 4p ngd vao va ngd ra dugc nhap vao dé
tinh toan d6 loi dién 4p mong mudn cua bd nghich luu trong trang théi trudc va sau
16i boi phuong trinh (5.12):
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_ 2,

G1 = % Piéu kién thong thuong
‘. (5.12)
- 230 kién 13i
\F

b

e

Vi Vo d=0.5,Dy=0, M= 1,k = 0.02|

N\ N\
Gin=2V/Va G =23V /Vy.

L [
L]

G2 = 2M/(2-3Dyd)

A

>y V
M=d=d—-k Dy= Dytk,

G2= 2M/(2-3D,-d)

- ‘a
Y §
Két thiic va xuét cac
thong sb: Dy, M and ¢

Hinh 5.5 Luu d6 ciia phuong phép diéu khién dé xuat trude va sau 13i.

Phuong phép diéu khién dé xuat duoc thiét ké wu tién chi s diéu ché cao nhit
6 thé. Do d6 gia tri dau tién cta chi sd diéu ché va chi s6 ngén mach duoc khoi tao
M=1 va D=0. Dé tang dién ap, chi s ngan mach cua hai khoa cong suét trong mang
nguén khang dugc khéi tao d=0.5 va dua vao d6 1oi dién ap nhé nhét dugc yéu cau
trong chiu 16i TL-qSBT?1. Sau d6, do loi dién 4p tinh toan, G2 duoc xac dinh theo
phuong trinh (5.13):

G=—2M (5.13)
2-3D,-d
Budrc ké tiép, gia tri do loi dién 4p mong mudn G,y trong diéu kién binh thuong
hoic gia tri do loi dién 4p mong mudn G trong diéu kién 15i dugc so sanh véi do
lo1 dién 4p tinh todn Go. Néu G cao hon dd loi dién ap mong mudn Gy hoic Gir
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luu dd s& két thic va thu thap nhitng thong sé diéu khién cua Dy, M, va d nhu da
nhap ban dau. Néu G- thip hon d6 loi dién 4p mong mudn Gy hodc Gir, chi sb ngén
mach d cia hai khoa cong suat mang ngudn khang sé& gia ting v6i hé sé bude k cho
dén khi d =1. Véi k 1a 56 budc. Luu ¥, khi k dugce chon quéa nho, gi tri tinh toan ciia
chi s6 ngan mach Dy va chi sd diéu ché M dat dugc t6t hon. Tuy nhién thoi gian tinh
todn lau hon. Do dd, qua phuong phap thur sai budc k dugc chon 1a 0.02. Khi d=1
va do loi dién 4p tinh toan G2 van thap hon d6 loi dién ap mong mubn Gy hoic Gir,
chi s6 ngan mach Dy dugc gia ting theo budc k, trong khi M va d 1a giam theo budc
k. Gia tri cia d6 lgi dién ap tinh toan G- c6 thé duoc tinh toan lai theo phuong trinh
(5.13). Su so sanh s& duoc 1ap lai cho dén khi d6 lgi dién ap tinh toan G> 16n bang
do loi dién ap mong mubn Gy hodc Gir va luu dd s& két thic va thu thap nhiing
thong s6 diéu khién toi wu ctia Do, M, va d.

5.1.6.2. So sanh k¥ thuat diéu khién chiju 16i 3L-qSBT2I dé xuit véi cac phuong
phiap PWM truyén théng.

Trong phan nay, k¥ thudt PWM dé xuat cho chiu 15i 3L qSBT?I duoc so sanh
v6i phuong phap PWM cuia chiu 161 véi mang ngudn khang trong [83], [84]. Nhu
da so sanh trong [49], nghich luu ba bac tdng ap hinh T tua khda chuyén mach (3L-
qSBT?I) sir dung it nhitng phan tir thu déng va nhiéu hon hai khoa tich cuc hon so
v6i 3L-qZST? trong [83]. Tuy nhién, do gon dong dién ngd vao cta cudn day ting
ap cta 3L-qSBT?I dudi phuong phap diéu khién PWM dé xuat dugc giam nhu so
sanh véi phuong phap diéu khién PWM trong [83] va [84]. Do d6, kich thudc va
trong lugng ctia chiu 16 3L-qSBT?I 14 thap hon nhitng phuwong phap chiu 15i khac
3L-qZSTA trong [83].

Trong phuong phéap diéu khién PWM cho chiu 15i trong nghich lvu mang ngudn
khang [83], [84], d6 loi dién ap duoc diéu khién boi chi sb diéu ché M va ti s ngin
mach Dy. Tuy nhién, chi sé diéu ché M dugc gidi han bdi (1-Dy). Khi nhitng nghich
luu ngudn khang [83], [84] hoat dong trong diéu kién 16i. Nhu két qua, M thap va
Dy cao phai duoc st dung dé duy tri dién 4p ngd ra nhu gia tri trudc 16i. Boi vi sir
dung M thap va Dy cao, chat luong dién ning ngd ra ciia nghich luu 13 thap va cong
suét t6n hao ciia nghich luu gia ting do dong dién ngin mach cao. Hon nita, dién ap

dat trén cac cong suat ban dan 13 gia ting boi vi dién ap DC-link cao ciing nhu M
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thap. Do loi dién 4p cia chiu 15i ba bac nghich luu ngudn khéng véi phuong phap

diéu ché trong [83], [84] duoc xac dinh nhu sau:

A

ve M
V./2 1-2D,

(5.14)

Véi phuong phap diéu ché dé xuat, ti sé ngan mach Dy thap dugc uu tién sao
cho Iira chon M 13 cao nhét c6 thé. Do d6, gié tri dau tién caa M va Dy dugc khoi tao
dé M=1 va D;~0. D¢ tang dién 4p, ti s6 ngan mach cia hai khoa trong mang nguén
khang, d dugc khai tao bang 0.5. Khi d6, phuong phap diéu khién trong lvu dd Hinh
5.5 s& 1am viéc. Nhu két qua, gia tri t6i uu cia cac thong sé diéu khién M, Dy va d
1a dat dugc. Do loi dién 4p cua chiu 16i 3L-qSBT?I v6i phuong phap diéu ché dé
xuit duoc trinh bay bai phuong trinh (5.15) nhu sau:

A

G— Vx _ 2M
V./2 2-3D,—d

(5.15)

Gi tri cua d duoc khoi tao nho nhét 14 0.5 trong phuong phap dé xuit cho chiu
16i 3L-qSBT2I. Thay thé d=0.5 va Dy=1-M vao phuong trinh (5.14) va (5.15), do loi

dién 4p ctia chiu 16i nghich Iuu ba bac duoc viét lai nhu:

= il Trong [83], [84]
=l (5.16)
2M oy
G =————Phuong phap dé xuat
3M—-1.5

Hinh 5.6 trinh bay su so sanh do loi dién ap cho phuong phap diéu khién trong
[83], [84] va phuong phap diéu khién d& xudt cho chiu 15i 3L-qSBT2L. Nhu di trinh
bay ¢ Hinh 5.6, phuong phap diéu khién dé xuét str dung chi s6 diéu ché cao dé tao
d6 loi dién ap gidng nhu phuong phap diéu khién trong [83], [84]. Nhu két qua, viéc
st dung chi s6 cao, phuong phap diéu khién dé xuat cho chiu 16i 3L-qSBT2I ¢6 dién
ap DC-link thip hon. Khi phuong phap diéu khién dé xuat dugc ap dung chiu 16
3L-qSBT?I bang cach lya chon cac thong sé diéu khién M, Dy va d thich hop, do loi
dién ap cua chiu 16i 3L-qSBT?I s& cao hon duong mau do (hodc duong sé 2) & Hinh

5.6.
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Hinh 5.6 Sy so sanh d¢ loi dién 4p gitra phuong phap [83], [84] va phuong phap
d8é xuét cho chiu 15i 3L-qSBT2L

Khi 16i hé mach xay ra, dién ap ting ap cao duoc yéu cau dé duy tri dién ap ngd
ra nhu trudce 16i. Hau qua 13, dién ap trén ty dién va dién ap DC-link bi gia ting dé
bu cho dién 4p pha 16i. Van dé nay ciing duoc tim thy trong nhitng nghich luu ba
bac ngudn khang trong [83], [84]. Tuy nhién, dién ap dit trén cac khoa cong suit va
cac tu cua chiu 16i 3L-qSBT?2I v6i phuong phap diéu khién dé xuit nhé hon nhiing
phuong phap diéu khién duoc mé ta trong [83], [84] do sir dung chi sé diéu ché cao
nhu da trinh bay & Hinh 5.6.

Khi so sdnh vé6i chiu 16i nghich luu hinh T thong thudng, chiu 16i 3L-qSBT2I
v6i phuong phap PWM dé xuat c6 nhitng wu diém. Khong giéng chiu 16i nghich luu
hinh T thong thuong, chiu 16i 3L-qSBT?I chiu duoc 16i ngén mach boi vi chiu 16i
3L-qSBT?I sir dung mang ngudn khang. Nhu két qua, nhitng ban dan cong suat ctia
chiu 16i 3L-qSBT?I 14 an toan trong mdt thoi gian nhét dinh da dé tat may hé théng
khi xay ra ngén mach trén thanh cai. Do d6, cac by dead-time 1a khong can thiét cho
viéc diéu khién khoa cong sudt nira trén va khoa cong suat nira dudi ciia méi nhanh
nghich luu. Két qua 13, chit luong dién ap ngd ra cua chiu 161 3L-qSBT?I duoc cai
thién. Hon nita, chiu 18i 3L-qSBT?I ¢6 kha ning ting-giam dién 4p ma diéu nay cd
thé hiéu qua trong viéc bu sy gidm 4p cho pha 18i va duy tri dién 4p ngd ra 1a hang

s6 nhu truée 16i.
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5.2. Hi¢u suit ciia chiu 16i 3L-qSBT?I
Bang 5.3: Nhitng thong s6 cac phan tir cong suit duoc sir dung trong cdu hinh chiu

16i 3L-qSBT?I

Chiu 16i 3L-qSBT?I

Diode DSEI60-12A 1200 V, 52 A
IGBT FGL40N150D 1500 V, 40 A

Bien trg ky sinh cva ) o) 6 30H 20A

cudn day

Tu dién C1-C; 450VDC, 2200 pF
Dién ap ngod ra 110 Vrums
Cong suét ngd ra 900 W

Do diéu kién phong thi nghiém cling nhu co s& vat cht con han ché. Vi thé viéc do
hiéu suit cta chiu 15 3L-qSBT?I khong thuc hién trén mo hinh thuc nghiém ma chi
thuc hién trén phan mém mo phong PSIM. Théng s6 cia cac phan tir cong suat dugc

st dung nhu ¢ bang 5.3

Trong trang thai xéac lap, hi¢u suat cua chiu 16i 3L-qSBT?I dugc xac dinh:

ndec—ch—ZPs _;L_ZPDC_ZPDSIOO%. (5.17)

de

Trong d6: Pac 1a cong suit ngd vao, TP Dc 14 tong ton hao dan trén diode D1 — D,
YP Ds la tong ton hao chuyén mach trén diode D — D4 va Py 13 ton hao cong suat
boi Rr. Ngudn cong suat de duge xac dinh boi:
B =V Larg (5.18)

YPc va TPs 1a tong ton hao din va ton hao chuyén mach cua cac IGBT.
Trong diéu kién hoat dong trudce 15i, ton hao dan va ton hao chuyén mach cua IGBT
duoc thuc hién cho pha A. Trong diéu kién hoat dong sau 151, bai vi khoa Sz, duge
kich din. Trong khi @6, cac khoa Sia va khoa Sza bi kich ngit. Do dé, tong ton hao
dan va ton hao chuyén mach ctia cac IGBT chi dugc tinh toan cho khoa Sa.

Bang 5.4 da chi ra rang, trong diéu kién hoat dong trude 1i tong ton hao 1a 75.5
W va trong diéu kién hoat dong sau 1i tong ton hao 1a 110.32 W. Do d6, hiéu suét

cua chiu 16i 3L-qSBT?I & diéu kién hoat dong sau 16i giam 3.0%.
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Béang 5.4: Théng ké tdn hao dan, tén hao chuyén mach va hiéu suét duge st dung

trong cdu hinh chiu 15i 3L-qSBT?I

vo| R[ L [Pe[=ZPc [ZPs[ZP[ZP [ ZP n
1@ | mH) | (W) | W) [(W)|Dc| Ds | (W)
T’i‘gfc 165 40 | 3 |1153]4731|216] 26003 755 | 93.452
Sau
15 | 16540 | 3 |1153| 67 |5.26|380.06 | 110.32 | 90.432
Ejz 1 Tén hao chnyén mach - Tén hao din
| :Tr:cﬁcléi = San 16 | o m Tnrde 16 m Sau 16

Hinh 5.7 Biéu d6 ton hao chuyén mach va t6n hao dan cho chiu 16i 3L-qSBT?L.
Hinh 5.7 trinh bay két qua mo6 phong ton hao dan va t6n hao chuyén mach cta chiu
16i 3L-qSBT?I. Két qua chi ra réng, khi hoat dong trong diéu kién 13i hiéu suét cua
hé théng giam 3% so v6i khi hoat dong & diéu kién trude 16i.

5.3. Két qua méd phéng va thue nghiém
5.3.1. Két qua mé phéng

Bang 5.5: Nhiing thong s dugc st dung trong mo phong va thuc nghiém.

Tham sb/thanh phan Gia tri
banh gia cong suat P, 1 kW
bién ap ngd vao Ve 165V
Pién ap ngd ra mong mudn Vxa 110 Vrms
Tan s6 ngd ra fo 50 Hz
Tan s6 séng mang fs 5 kHz
Cudn day tang ap Lp 3mH/20A,0.12 Q
Tu dién Cir=0C; 2200 puF, 44 mQ
B& loc 3 pha LC Lyva Cr 3mH and 10 pF
Tai tro ba pha Rioad 40Q
Diodes DSEI60-12A Di—Dy 1200 V, 52 A
IGBTs FGL40N150D SITT ijz 1500 V, 40 A
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Pé kiém chung hiéu suét cua chiu 16i 3L-qSBT?, phén mém PSIM duoc st
dung dé mo phong. Nhimng thong sb ctia mach duoc trinh bay trong Bang 5.5. Dé
tao ra dién ap 110 V hi¢u dung tir dién ap ngd vao t6i da 165 V. Nhu Hinh 5.5 Luu
dd cua phuong phap diéu khién dé xuat trudc va sau 16i khi dién ap ngd vao 165V
va dién ap ngd ra 110 V hiéu dung. Cac thong sd didu khién duoc xac dinh boi luu
dd 1a: M=0.87, Do=0.13 va d=0.7 khi hoat dong trong diéu kién binh thuong va
M=0.713, D¢=0.287 va d=0.7 khi hoat dong trong diéu kién chiu 1.

0.48 05 0.52 0.54 0.56
Time (s)

Hinh 5.8. Két qua md phong cua chiu 16i 3L-qSBT2I dudi diéu kién hoat dong
thong thuong va 16i ctia Sia

Hinh 5.8 dén Hinh 5.10 trinh bay két qua mo phong cia chiu 18i 3L-qSBT2I
trede va sau 16i Sy, khi dién 4p ngd vao 1a 165 V. Trong trudng hop nghich Iuu hoat
dong binh thuong, dién ap cua hai tu C; va C: dugce tang ap 1én 181 V va dién ap
DC-link mo phong duoc 362 V. Khi khoa S, xdy ra 16i, dién ap cta hai tu C; va Cz
12 khong can bang va dugc ting ap 1én 175 V va 195 V nhu di trinh bay ¢ Hinh 5.8.
Khi d6, dong tai bj mat dbi ximg va bi méo dang boi vi su mit can bang cia dién ap
hai tu C; va Cs. Hinh 5.9 véi tai ciu hinh mach (Reconfigured), dién ap trén hai tu
C; va C> va dién ap DC-link truéc va sau 16i duoc giit khong doi. Tuy nhién, dién
ap pha A bi giam v/3 lan. Bé bu cho sy giam dién 4p ngd ra pha A, phuong phéap dé
xuét duge ap dung cho chiu 16i 3L-qSBT?I. Nhu két qua, dién ap cua hai tu C; va
C> dugc tang 4p 1én 381 V sau khi 16i S;, nhu d trinh bay ¢ Hinh 5.10. Dién 4p DC-
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link trudc va sau diéu kién 15i 12 381 V va 762 V. Dong dién ngd ra duoc can bang
va dugc khoi phyc. Trong diéu kién binh thuong, dién ap cuc (Vo) c6 ba cuc la 181

V,0Vva-181V.

Tl T S —— T ———— T .

Hinh 5.9. Két qua md phong cua chiu 16i 3L-qSBT?I dudi diéu kién hoat dong
thong thuong va 15i ctia Si, khi tai cau hinh va chua bu boi nhimng thong sb diéu

khién.

Vet ve2
400V
200V
0 b ) . -
0.36 04 044 048 0.52

Time (s)
Hinh 5.10. Két qua mo phong cua chiu 16i 3L-qgSBT2I duéi diéu kién hoat dong

thong thuong va 15i cta Si, khi tai ciu hinh va bu boi nhimng thong sb diéu khién.
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Hinh 5.11 trinh bay két qua mé phong cua chiu 16i 3L-qSBT?I trudc va sau 10i
ho mach Sa,. Trong trudng hop nay, dién ap ciia pha A ¢ hai bac. Két qua, dong
dién ngd ra bi méo dang khi khong thay doi diéu ché nhung hé thong van c6 thé hoat
dong binh thuong nhu da trinh bay & Hinh 5.11. Hinh 5.12 trinh bay két qua ctia hé
thong khi phuong phap diéu ché dé xuat dugc ap dung sau khi 16i. Két qua, sw méo

dang dong dién da dugc xtr Iy hoan toan.

0.48 0.5 0.52 0.54 0.56
Time (s)

Hinh 5.11. Két qua mé phong cua chiu 16i 3L-qSBT2I dudi diéu kién hoat dong
thong thuong va 13i ctia Sz, khi khong thay doi phuong phap diéu ché.

VAG

VAO

048 05 0.52 0.54 0.56

Hinh 5.12. Két qua mo phong cua chiu 16i 3L qSBT2I duéi diéu kién hoat dong
thong thuong va 16i ciia S khi thay ddi phuong phéap diéu ché.
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(a)

Hinh 5.13. Két qua mé phong cua chiu 16i 3L qSBT2I dudi diéu kién hoat dong
thong thuong va 161 ctia 71 dudi diéu kién binh thuong va 18i hé mach voi phuong
phap diéu ché dé xuat.

Hinh 5.13 trinh bay két qua mo6 phong cua chiu 16i 3L-qSBT?I khi khoa cong
sudt T cia mang ngudn khang xay ra 16 hé mach. Dé bu cho sy giam dién ap ngd
ra, phuong phéap diéu ché dé xuat duoc ap dung cho chiu 16i 3L-qSBT2I nhu di trinh
bay ¢ Hinh 5.13, dién ap cta ty dién C; van giit khong doi 181 V, trong khi dién 4p
tu C> duoc ting ap 1én 458 V sau khi xay ra 16i hé mach 7. Dién 4p pha ngd ra co
hai bac. Di¢én &p dinh DC-link trudc va sau diéu kién 15i 1a 362 V va 458 V. Dong
dién ngod ra dugc can bﬁng va dugc khoi phuc.

Hinh 5.14 trinh bay két qua mé phong ciia chiu 16i 3L-qSBT?I khi khoa cong suit
T ctia mang ngudn khang xay ra 16i ho mach. Pé bu cho su giam dién ap ngd ra,
phuong phap diéu ché dé xuat dugc ap dung cho chiu 16i 3L-qSBT?I gidng nhu di
trinh bay ¢ Hinh 5.13, dién 4p cta tu dién C> vin giit khong doi 181 V, trong khi
dién ap tu C; duoc ting 4p 1én 458 V sau khi xdy ra 16i hé mach 7. Pién 4p pha ngd
ra ¢6 hai bac. Pién ap dinh DC-link trudc va sau diéu kién 18i 1a 362 V va 458 V.

Dong dién ngd ra dugc can bang va dugc khoi phuc.
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Hinh 5.14. Két qua mo phong cua chiu 16i 3L qSBT2I duéi diéu kién hoat dong
thong thuong va 16i ciia 7> dudi diéu kién binh thuong va 161 ho mach véi phuong
phap diéu ché dé xuit.

5.2.2. Két qua thue nghié¢m

Mot mé hinh thyc nghiém duoc xay dung dé chirng minh nguyén 1y hoat dong
ctia chiu 161 3L-qSBT2I. Hinh 5.15 trinh bay mé hinh thyc nghiém. Dé do 13i, cam
bién LEM-LA 25-P cam bién dong duoc sir dung dé thu thap nhing tin hiéu dong
dién ngd ra. Khi mot trong cac khoa cong suit xay ra 16i hd mach, cam bién dong
s& cap nhat sy thay ddi ciia nhitng dong dién ngd ra cho hé thong diéu khién dé giai

quyét 13i.

Gate Dviver |
DEP & Sewsors

B Appugng

L umy wp iy

Hinh 5.15. M6 hinh thuc cho chiu 16i 3L-qSBT?I.
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Hinh 5.16 trinh bay két qua thuc nghiém cua chiu 161 3L-qSBT?I khi khoa cong
suét Sy, bi 16i ho mach, két qua cho thdy dong dién tai bi mat ddi ximg va méo dang
néu ky thuat diéu ché dé xuit khong 4p dung. Sau khi tai cdu hinh mach
(Reconfigured) va diéu ché, dong dién ngd ra dugc can bang nhu da trinh bay &
Hinh 5.17. Tuy nhién, bién d6 cta chiu 16i 3L-qSBT?I bi giam nhu so sanh véi trang
thai hoat dong binh thudng.

T I
| Vao[200Vidiv] |

I bocoobirodl soll vine B e o ool AOERY

Hinh 5.16. Két qua thuc nghiém cua chiu 18i 3L-qSBT2I duéi diéu kién hoat dong

thong thuong va 18i cia Sia.
Hinh 5.16 dén Hinh 5.24 trinh bay két qua thuc nghiém cua chiu 16i 3L qSBT?I
dudi nhig diéu kién hoat dong khac nhau. O Hinh 5.16, 5.17, 5.18 (c), 5.19, 5.20
(b), 5.21 (b) va 5.22 (b), nhitng dang soéng tir trén xudng 14 dong dién pha ngd ra (Ls,

I, Ic), dién &p pha ngo ra (Vas), dién ap day ngo ra (V4p) va dién &p cuc Vio.

T

| 1 Iy I [2.5A/div]

................................................

: ; : i t= i101115‘/div
T Vg [200V/d1V] !

Y, [200V/div]

P f= IOm.s/div“

i i i i

Hinh 5.17. Két qua thuc nghiém cua chiu 16i 3L-qSBT?I dudi diéu kién hoat dong

thong thuong va 15i ctia Si, khi tai cau hinh va chua bu nhimng thong s6 diéu khién.
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(c)
Hinh 5.18. Két qua thuc nghiém cua chiu 18i 3L-qSBT2I duéi diéu kién hoat dong

thong thuong va 15i ciia S khi téi cAu hinh va bu boi nhiing thong sb diéu khién.

Hinh 5.18 trinh bay nhitng két qua thuc nghiém cua chiu 151 3L-qSBT2I véi ké
hoach diéu khién PWM dé xuét khi khoa cong sudt S, bi 161 hd mach, voi tai cau
hinh mach (Reconfigured) va bu dién ap dugc 4p dung. Dudi nhimg diéu kién 16
thong thuong, dién 4p cuc ba bac (V40) co babac: 176 V, 0 V va-176 V. Nhiing gia
tr1 d@ mo phong cao hon nhitng gia tri do dugc bai vi dién 4p roi trén linh kién 1a bd
qua trong md phong. Tir Hinh 5.18 (b), c6 thé thay rang dién ap trén tu va dién ap
DC-link duoc ting ap 176 V va 368 V tir dién ap ngd vao 165 V trong diéu kién
hoat dong binh thuong. Khi khoa cong suit Sy, bi 161, dién ap trén tu va dién ap DC-
link duoc ting ap dén 368 V va 736 V dé bu dién 4p ctia pha bi 16i. Nhu di trinh bay
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& Hinh 5.18 (c), bién d6 dong dién va dién ap cuia chiu 16i 3L-qSBT?I v6i phuong
phap PWM dé xuit duoc khoi phuc hoan toan nhu gié tri trudc 15i.

1= 10ms/div

A 1 i

Hinh 5.19. Két qua thuc nghiém cta chiu 16i T 3L-qSBT?I dudi diéu kién hoat

dong thong thudng va 13i ctia S, khi khong thay d6i phuong phap diéu ché.
! : ! 1 ¥ | AR T

1= 10ms/div

i A L i

(b)
Hinh 5.20. Két qua thuc nghiém cua chiu 16i 3L-qSBT?I dudi diéu kién hoat dong

thong thuong va 131 ctia Sz, khi thay dbi phuong phéap diéu ché. (a) Tin hiéu diéu

khién va dong dién ngd ra, (b) nhimg dang song ngd ra.
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Hinh 5.19 va 5.20 trinh bay két qua thuc nghiém cua chiu 16i 3L-qSBT?I duéi

diéu kién 16i khoa cong suat S».. Nhitng dong tai va dién dp ngd ra bi méo dang nhu

da trinh bay ¢ Hinh 5
thong thuong.

.19. Bién ap cuc bi anh hudng khi so sanh véi nhiing diéu kién

Nhitng dang séng & Hinh 5.20 (a) trinh bay nhiing tin hiéu diéu khién cho pha-

A va dong dién tai trude va sau 16i. Nhitng dang séng & hinh 5.20 (b) chi ra rang ké

hoach bu duéi diéu ki

ién 15i da duy tri nhitng dang song ngd ra nhu trong diéu kién

binh thudng. Trong tinh hudng nay, sy méo dang dong dién ngd ra c6 thé duoc giam

thiéu trong trang thai

161 nay.

h m [200V/div]
2 2 | LA

L Vo [200V/div] it

(k3 3
D.

Ve, [200V/div]

: ; _124[)1ns/div ]

(2)

:

i :' » 'VAG 200\/’/(‘1‘-’]

TLITZ: wdw]

s e,

1= 20Ms/diY

Vs [500V/dive]

_1=20ms/div

i L i L i

(b)

Hinh 5.21. Két qua thuc nghiém cua chiu 18i 3L-qSBT2I duéi diéu kién hoat dong

thong thuong va 15i cta 71 khi thay d6i phuong phap diéu ché dé xuat. (a) dién ap

DC-link va dién 4p trén tu C; va C> (b) nhitng dang séng ngo ra.

Hinh 5.21 trinh bay nhiing két qua thuc nghiém cia chiu 161 3L-qSBT?I véi ké
hoach diéu khién PWM d¢é xuét khi khéa cong suat 7; bi 161 hé mach. Tir Hinh 5.21
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(a), co thé théy rﬁng trong diéu kién binh thuong, dién ap trén tu dién va dién ap
DC-link dugc tang ap 1én 176 V va 348 V. Khi khoa cong suit 7 bi 13i, dién ap trén
tu dién C> va di¢n ap DC-link dugc tang ap 1€n 436 V, trong khi dién ap trén tu C;
duoc giit khong d6i. Nhu da trinh bay ¢ Hinh 5.21 (b), bién do cua dong dién tai da
duoc khoi phuc nhu gia tri trude 16i.

Vou[200V/div]

(a)
T\ JRI [2:5A iy

www

Vs [500V/div]

o VAD [soowdw] -
EWT‘— . .,.- . -

L= 20m§/ div

....... SGPRR RS RPN JRFSSRNI TS G RN SUVUTSII N [P BN S

Hinh 5.22. Két qua thuc nghiém cua chiu 18i 3L-qSBT2I duéi diéu kién hoat dong
thong thuong va 16i cua T> khi thay d6i phuong phap diéu ché dé xuat. (a) dién ap
DC-link va dién 4p trén tu C> va C; (b) nhitng dang séng ngo ra.

Hinh 5.21 trinh bay nhitng két qua thuc nghiém cua chiu 15 3L-qSBT2I véi ké
hoach diéu khién PWM dé xuat khi khoa cong sudt 7> bi 16i hd mach. Tir Hinh 5.22
(a), ¢ thé thy rang trong diéu kién binh thudng, dién ap trén tu dién va dién ap
DC-link dugc tang ap 1én 176 V va 348 V. Khi khoa cong suit 7> bi 131, dién ap trén
tu dién C; va dién ap DC-link dugc tang ap 1€n 436 V, trong khi di¢n ap trén tu C>
dugc gitr khong d6i. Nhu di trinh bay ¢ Hinh 5.22 (b), bién d6 cta dong dién tai da
duoc khodi phuc nhu gid tri trude 16i.
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Hinh 5.23. Pho séng hai cua dong dién tai va dién 4p pha. (a) dudi diéu kién hoat
dong thong thuong (b) sau khi 16i hé mach Sy, véi tai cAu hinh mach va bu dién
ap, (c) sau khi 15i hé mach cua Sa, voi ki thuat PWM dé xuat, (d) sau khi 16i ho

mach cua 77 véi ky thudit PWM dé xuét.

Hinh 5.23 phan tich FFT cua dién 4p ngd ra (Vac) va dong dién ngd ra (L4). Phd
hai cua Ve va I4 dugc xem xét, bién do hai bac mdt cta di¢n 4p pha ngd ra va dong
dién tai ngd ra cua Hinh 5.23 (a), Hinh 5.23 (b), Hinh 5.23 (c) va Hinh 5.23 (d).
Hinh 5.23 (a) trinh bay cua chiu 18i 3L-qSBT?2I khi hoat dong & diéu kién binh
thudong, Hinh 5.23 (b) cia chiu 16i 3L-qSBT?I khi hoat dong ¢ diéu kién 156i khoa
S1a, Hinh 5.23 (c) cua chiu 16i 3L-qSBT?I khi hoat dong & diéu kién 13i khoa Sz, va
Hinh 5.23 (d) cta chiu 18i 3L-qSBT?I khi hoat dong & diéu kién 15i khoa T;. Gia tri
THD cua Vag va Ly duge tinh toan boi két qua ctia phd hai nhu trinh bay & Bang 5.6.
Bang 5.6 trinh bay két qua so sanh THDi va THDv ctia phuong phép [84] va phuong
phap dé xuat. Khi chiu 16i 3L-qSBT?I hoat dong & diéu kién binh thuong THDi va
THDv cua [84] 13 3.19% va 70.1% trong khi 6 phwong phap dé xut 1a 2.77% va
62.42%. Khi chiu 16i 3L-qSBT?I hoat dong ¢ diéu kién hd mach khoa S;, THDi va
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THDv cua [84] 13 5.38% va 119.8% trong khi d6 phuong phap d& xuét 1a 4.58% va
91.68%. Khi chiu 16i 3L-qSBT?I hoat dong & diéu kién hd mach khoa S>, THDI va
THDv cua [84] 13 4.74% va 125.8% trong khi d6 phuong phap d& xuét 1a 3.37% va
86.96%. Khi chiu 16i 3L-qSBT?I hoat dong & diéu kién hé mach khoa 7; THDI va
THDv cua [84] khong c6 dir li¢u vi [84] chua thyc hién, trong khi d6 phuong phap
dé xuat 12 4.43% va 119.8%. So véi giai thuat [84] giai thuat dé nghi khi hoat dong
& diéu kién binh thuong THDi va THDv giam lan luot 1a 13% va 11%.

Bang 5.6: THD cuia dong tai va dién ap pha ¢ diéu kién binh thuong va 16i

Phuong phap Phuong phap dé
Piéu kién trong [84] Xudt

THDi | THDv | THDi | THDv

Binh thuong 3.19% | 70.1% | 2.77% | 62.42%
Ldi Sy, khi tai cau hinh mach 5.38% | 119.8% | 4.58% | 91.68%
Li Sz, khi thay d6i phuong phap diéu ché | 4.74% | 125.8% | 3.37% | 86.96%
Ldi 7; khi tai cau hinh mach NA NA 4.43% | 119.8%

" t=20ms/div

(b)
Hinh 5.24. Két qua thyc nghiém ctia dong quéa do cuia chiu 16i 3L-qSBT?I dudi
diéu kién 16i ho mach Sia khi dién 4p ngd vao 30 V véi: (a) Ky thuat diéu ché xung

PWM trong [84] va (b) phuong phap diéu ché xung PWM d¢é xuit.
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Hinh 5.24 trinh bay su so sanh dong quéa dé ctia chiu 16i 3L-qSBT?I giita phuong
phap PWM trong [84] va k§ thuat PWM dé xuat khi diéu kién d¢ loi dién ap nhu
nhau. Vi 1y do an toan, dién 4p ngd vao thip 30 V duoc st dung dé giam dong qua
dd cua chiu 16i 3L-gSBT?L. Nhu trinh bay & Hinh 5.24 (a), dong dinh ctia cudn day
v61 phuong phap PWM trong [84] 1a 4.5 A, trong khi 1a 2.1 A v6i1 phuong phap
PWM d¢é xuét. Ngoai ra, 46 gon dong dién cua cudn day thap va dinh dién ap ngd
ra thap dugc thé hién trong chiu 16i cho 3L-qSBT2I véi phuong phap PWM d¢é xuét,
két qua cho thay dién 4p dit trén khoa cong suit trong nghich luu 13 giam.

Két luan:

Trong chuong 5, tac gia da trinh bay k¥ thuat chiu 16i 3L-qSBT?I. a) k¥ thuat
chiu 16i hé mach ctia khoa Six hoic khoa Six, b) k¥ thuat chiu 16i hd mach cta khoa
Sax va ¢) k¥ thuat chiu 16i hé mach cua khoéa Ti hoic khoa T.

Trén co s& phan tich chiu 16i 3L-qSBT?I, c4c cong trinh nghién ctru vé chiu 16i
3L-qSBT?I trong nudc va qubc té, tic gia dé xuat cau hinh chiu 18i 3L-qSBT?I ¢
cong suit nho, giam cac khoéa ban dan cong suat. Chiu 18i 3L-qSBT?I trén dé xuat
k¥ thuat diéu khién phu hop:

a) Bo nghich luu ting ap c6 kha ning hoat dong trong méi truong 16i hd mach
phia mang ngudn khang va phia nghich lwu hinh T;

b) Giai thuat cai thién thong sb diéu khién so voi cau hinh tuong tu;

¢) Dé xuat giai thuat chiu 16i khi hai khéa cong suat mang ngudn khang (77
va T>) bi 16i ho mach, khong thém bat ky phan tir cong suat nio.

Tuy nhién, dé xuat trén van con ton tai dién ap DC-link kha cao khi hoat dong
& diéu kién 16i ho mach cac khoa cong suat phia hinh T. Trong nghién ciru tiép theo
tac gia dé nghi phat trién k¥ thuat chiu 18i 3L-qSBT?I véi kha ning giam dién ap
DC-link khi hoat dong & diéu kién 16i hé mach cac khoa cong suat phia hinh T,
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Chuong 6: Két luin va hwéng phat trién ciia ludn an
6.1. Két qua dat dwoc

Trong ludn 4n nay, tac gia da trinh bay bd bién doi ning luong véi nhirng chuong
nhu sau: chuong 1, tac gia trinh bay tong quan vé tinh hinh trong nuéc ciing nhu
tinh hinh qudc t& vé nghich lvu ting ap tua khéa chuyén mach ba bac hinh T.
Chuong 2, tac gia trinh bay co sé 1y thuyét vé nghich luu ting ap twa khoa chuyén
mach ba bac hinh T, nghich luu tang ap twya khoa chuyén mach ba bac hinh T voi
kha ning triét tiéu dién 4p common mode va nghich luu ting ap tua khoa chuyén
mach ba bac hinh T véi kha ning chiu 16i hé mach cac khoa cong suét. Chuong 3,
tac gia trinh bay nghich luu ting ap twa khoa chuyén mach ba bac hinh T. Chuong
4, tac gia trinh bay nghich luu tang ap tua khoa chuyén mach ba bac hinh T véi kha
nang tri¢t ti€u dién &p common mode va chuong 5 tac gid trinh bay nghich luu tang
ap tua khoa chuyén mach ba bac hinh T véi kha nang chiu 16i cac khoa cong suét.

Dua vao phan tich Iy thuyét, mo phong va thuc nghiém cia cdu hinh va giai
thuét dé xuat nhu da trinh bay & trén, Tac gia dua ra mot s6 nhan xét nhu sau:

Trong chuong 3, véi nhiing bat loi vé kich thuée, trong lugng va chi phi ctua
cac bd nghich luu truyén théng con cao cho nén, nghich luu tang ap tya khoa chuyén
mach ba bac hinh T 1a mét giai phap dé hé thong nghich luu ting 4p ngay cang hoan
thién hon. Trong chuong ndy, tac gia di dé xuat giai thuat diéu ché do rong xung
(pulse width modulation - PWM) ¢6 nhiing uu diém: a) véi ki thuat dich song mang
90° so v6i song mang chuan va phdi hop ki thuat chén xung xen k& gitp cho b
chuyén d6i giam d6 gon dong dién ngd ra ngudn dién mot chiéu, b) véi ky thuat
PWM dé xuit giup cho hé théng c6 do loi dién &p cao so véi cAu hinh tuong ty va
¢) chi s6 diéu ché cao nhét co thé so v6i cdu hinh twong ty dugc trinh bay trong bai
bao 01.

Trong chuong 4, triét tiéu dién 4p common mode (CMV) 1a khong thé thiéu
trong cac by nghich luu da bac. Boi vi, dién &p common mode sinh ra dong ro
(leakage current), nhiéu dién tir (electromagnetic interference) va ton tai dién ap trén
tryc dong co (shaft voltage) anh hudng dén tudi tho ctia hé thong. Pé triét tiéu dién

4p common mode (CMV) trong khi van c6 khd ning hoat dong ting-giam dién ap,
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giam dd gon dong dién cua cudn day tang ap (dong dién ngd vao) la mot thach thirc
16n cho nhitng nha nghién ctru dugc trinh bay trong bai bao 03.

Trong chuong 5, tinh on dinh va do tin cay cua bg nghich luu rat quan trong
trong hé théng phan phdi cong suat vi no gitip hé thong cung cip dién khong ngat
UPS, hé thong y té cong suét cao va h¢ théng chuyén ddi nang luong két ndi ludi.
Vi thé, dé hé thong hoat dong trong diéu kién chiu 15i 1a mot van dé& ma cac nha
nghién ctru trén thé gisi rat quan tdm hién nay. Trong chuong nay, ngoai viéc tac
gia thuc hién chiu 16i hd mach cho cac khoa cong suét bén phia nghich luu, tac gia
con dé xuét giai thuat chiu 151 hé mach cho hai khoa cong suit & mang ngudn khang
cling nhu cai tién thong sé diéu khién dé giam dién ap dat trén cac khoa cong suét
duogc trinh bay trong bai bao 02.

Dé 6n dinh dién ap DC-link ciling nhu dién ap ngd ra, tac gia da xay dung giai
thuat diéu khién PID. Vi giai thuat nay, tac gia da can bang dién ap hai trén tu dién
cling nhu dién ap DC-link. Trong khi d6, dé kiém chimg su 6n dinh ciia dién ap ngd
ra, tac gia di cho thay doi tai. Vi cach thyc hién nay da cho thay sy thay d6i dong
dién ngd ra trong khi dién ap ngd ra van khong doi. Két qua, dién ap trén tu can
bang, dién ap DC-link va dién 4p ngd ra on dinh.

Pé kiém ching co s ly thuyét, mot mod hinh thyc nghiém cta nghich luu ting
ap twa khéa chuyén mach ba bac hinh T di duoc ché tao v6i cong suat ngd ra la 1
kW. Hé théng d3 dép ting ding yéu cau phan tich ciia co sd 1y thuyét ciing nhu két
qua md phong. Ngoai ra, hé thong nghich lwu ting ap twa khéa chuyén mach ba bac
hinh T d3 duoc thiét ké sao cho cac linh kién cong suét c6 thong sd ki thuat phd
bién trén thi truong, chi phi thap voi muc dich phuc vu cho viéc thuong mai ciing
nhu lam chu cong ngh¢ sau nay.

Ngoai ra, cac k¥ thuat dé xuit trong luan 4n nay di dugc cong bd trén nhiing
tap chi va hoi nghi chuyén nganh khoa hoc k¥ thuét c6 uy tin trong nudc va quéc té.

Mot sd khuyén cdo cua luan an: a) cAu hinh nghich luu hinh T 3 béac nén duogc
st dung trong céc linh vyc cong sut trung binh va nho bdi vi hai khoa cong suat
nhanh T (Six va Ssx) c6 dién ap 16n gip d6i dién ap khoa hai chiéu (Sax) diéu nay

khong pht hop noi cong suét cao, b) khi triét tiéu dién 4p common mode THD s&
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tang 1én va c) khi bd nghich luu hoat dong & diéu kién 13i, cac khoa ban dan nén
duoc chon lya sao cho phu hop.
6.2 Huéng phat trién luin an

Trong ludn 4n, tac gia sir dung tai tuyén tinh, chwa diéu khién dong co trong moi
truong thuc té va diéu khién két ndi ludi. Dé luan an c6 thé duoc khai thac hidu qua
va chuyén giao cong nghé, luan an can dugc nghién ctru bo sung nhitng phan sau:

- Trién khai b nghich luu ting ap tua khéa chuyén mach ba bac hinh T diéu
khién dong co khong dong bd 3 pha trong thuc té.

- Phdi hop hé thdng PV véi bo nghich luu ting ap tua khoa chuyén mach ba
bac hinh T ndi ludi dién phu hop voi cong suat trung binh va nho.

- Trién khai b nghich luu ting ap tua khéa chuyén mach ba bac hinh T diéu
khién dong co khong dong bod 3 pha trong thyc té hoat dong trong diéu kién binh
thuong va chiu 16i.

- Panh gia tudi tho cua cac khoa cong suit trong bd nghich luu ting ap tua khoa

chuyén mach ba bac hinh T.
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PHU LUC
Phy luc 1.1
So d6 mé phong nghich luu ting ap twa khoa chuyén mach ba bac hinh T
e T e e T el

a) So dd mo phong khdi cong suit ctia nghich luu ting 4p tua khoa chuyén mach

ba bac hinh T.

b) So d6 mé phong khdi diéu khién ciia nghich luu ting 4p tua khoa chuyén
mach ba bac hinh T.

Chuong trinh diéu khién cho nghich luu tang ap tua khoa chuyén mach ba bac
hinh T cho pha A:

double vsina,vsina ,vcar,Sal,Sa2,Sa3,Sa4,vsh,vsl,s1,s0,sp,vcar90, vcar4, vshl,
vsll, spl,sn, snl;

vsina =x1;

vsina_ = x2;

vear =x3;
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vsh =x4;

vsl =x5;

vcar90=x6;

vshl1=x7;

vsl1=x8,;
T

if(vsina > 1)

{
if(vsina >= vcar)
{
if(vsina_<=vcar)
{
Sal=1;
b
else  {Sal=0;}
}
else {Sal=0;}
h

else {Sal=0;}
I i

if(vsina_ > 1)

{

if(vsina_ >= vcar)

{
if(vsina<=vcar)
{

Sa2=0;

b
else {Sa2=1;}

}

else {Sa2=1;}
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H
else {Sa2=1;}
T T
Sa3=1-Sal;
Sa4=1-Sa2;
T
if((vsh<vcar)||(vsI>vcar))
{

sl=1;
H
else {s1=0;}
T
if((vsh<vcar90)||(vsI>vcar90))
{

sO0=1;
H
else {s0=0;}
T
if((Sa2==1) && (Sa3==1))
{

Sal=Sal || s1;

Sa4=Sa4 || s1;
H
T
if((vsh1>vcar90)||(vsl1>vcar90))
{

sp=0;
H
else {sp=1;}
spl=sp||s0;
T
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if((vsh1<vcar90)||(vsl1<vcar90))
{
sn=0;
h
else {sn=1;}
snl=sn||s0;
T
yl = Sal;
y2 = Sa3;
y3 = Sa2;
y4 = Sa4;
yS =sl;
y6=s0;
y7=sp;
y8=spl;
y9=snl;

Chuong trinh diéu khién cho nghich luu ting ap tya khoa chuyén mach ba béc

hinh T cho pha B:

double vsinb,vsinb_,vcar,Sb1,Sb2,Sb3,Sb4,vsh,vsl,s1;

vsinb =x1;
vsinb_ =x2;
vear =x3;
vsh =x4;
vsl =x5;
sl =x6;
I
if(vsinb > 1)
{
if(vsinb >= vcar)

{

if(vsinb_<=vcar)
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Sbl=1;
}
else  {Sb1=0;}
}
else {Sb1=0;}
h
else {Sb1=0;}
s
if(vsinb_ > 1)

{
if(vsinb_ >= vcar)
{
if(vsinb<=vcar)
{
Sb2=0;
b
else {Sb2=1;}
}
else {Sb2=1;}
h

else {Sb2=1;}
T
Sb3=1-Sb1;
Sb4=1-Sb2;
T
if((Sb2==1)&&(Sb3==1))
{

Sb1=Sbl||s1;

Sb4=Sb4||s1;
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N

yl =Sbl;

y2 = Sb3;

y3 = Sb2;

y4 = Sb4;

Chuong trinh diéu khién cho nghich luu ting ap tya khoa chuyén mach ba béc
hinh T cho pha C:

double s1,vsinc,vsinc_,vcar,Scl,Sc2,Sc3,Sc4;
vsinc =x1;

vsinc_ =x2;

vear = X3;

sl =x4;

I

if(vsinc > 1)

{
if(vsinc >= vcar)
{
if(vsinc_<=vcar)
{
Scl=1;
b
else  {Scl=0;}
}
else {Sc1=0;}
H

else {Sc1=0;}
s
if(vsinc_ > 1)

{

if(vsinc_ >= vcar)

{
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if(vsinc<=vcar)

{
Sc2=0;
b
else {Sc2=1;}
b
else {Sc2=1;}

H
else {Sc2=1;}
s
Sc3=1-Scl;
Sc4=1-Sc2;
T
1f((Sc2==1)&&(Sc3==1))
{

Sc1=Scl||s1;

Sc4=Sc4||s1;
h
T
yl =Scl;
y2 = Sc3;
y3 = Sc2;
y4 = Sc4;
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Phuluc 1.2
So d6 md phong nghich luu ting ap twa khoa chuyén mach ba bac hinh T vé6i kha

nang tri¢t tiéu dién 4p common mode.

a) So dd mo phong khdi cong suit ctia nghich luu ting ap tua khoa chuyén mach

ba bac hinh T vé1 kha nang tri¢t tiéu dién 4p common mode.

b) So d6 mé phong khdi diéu khién ciia nghich luu ting 4p tua khoa chuyén
mach ba bac hinh T vi kha nang triét tieu dién &p common mode.
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Phu luc 1.3
So d6 mé phong nghich luu ting ap twa khoéa chuyén mach ba bac hinh T voi kha

ok
. REEREEREEE
2 T

Lyl
@t

a) So do mo phong khdi cong suit ctia nghich luu ting 4p tua khoa chuyén mach

ba bac hinh T v6i kha nang chiu 18i hé mach khoa cong suat.

b) So d6 mo phong khéi diéu khién cua nghich luu ting ap twa khoa chuyén
mach ba bac hinh T véi kha ning chiu 16i hé mach khéa cong suat.
Chuong trinh diéu khién cho nghich luu ting 4p twa khéa chuyén mach ba bac
hinh T véi kha niang chiu 18i hd mach khoa cong suat:
double goc,vax,vbx,vex,m,PLn,err,va_ref,vb_ref,vc_ref,ctrl _sw,vst;

PI=3.14159;
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goc=x1;

err=x2;
m=0.7;
vax=m*sin(goc*P1/180);
vbx=m*sin((goc-120)*P1/180);
vex=m*sin((goc-240)*PI/180);

va_ref=vax;

vb_ref=vbx;

vc_ref=vex;

if(err==0)

{

ctrl sw=0;

ctrl sw=1;
}
vst=m;
yl=va_ref;
y2=vb_ref;
y3=vc_ref;
y4=vst;
y5=-vst;
yo6=ctrl sw;
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Phuluc 1.4
So @6 mo phong nghich luu ting ap twa khoéa chuyén mach ba bac hinh T
Chuong trinh nhing mé hinh thyc nghiém
Code T-type 5Khz
#include "DSP2833x_Device.h"
#include "DSP28x_Project.h"
#include "math.h"
void Gpio_select(void);
void InitSystem(void);
extern void InitSysCtrl(void);
extern void InitPieCtrl(void);
extern void InitPieVectTable(void);
extern void InitCpuTimers(void);
interrupt void cpu_timero_isr(void);
extern void ConfigCpuTimer(struct CPUTIMER_VARS *, float, float);
void Setup_ePWM();
extern void InitEQeplGpio(void);
double fa=0,fb=0,fc=0,d5=0,d6=0,d7=0,d8=0,t=0,f=50,1i=0,x=0;
float p_old=0,Pos@,Posl,Veld,Vell;
#tdefine M 7500
#tdefine A 0.7
#tdefine DO.4
#tdefine pi 3.1415926535
[/
// main code
[ [ B
void main(void)
{
InitSysCtrl();
EALLOW;
SysCtrlRegs.WDCR = OxO0AF;
EDIS;
DINT;
Gpio_select();
Setup_ePWM();
InitPieCtrl();
InitPieVectTable();
EALLOW;
PieVectTable.TINTO = &cpu_timere_isr;
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EDIS;

InitCpuTimers();
ConfigCpuTimer(&CpuTimero, 150, 100);
PieCtrlRegs.PIEIER1.bit.INTXx7 = 1;
IER |= 1;

EINT;

ERTM;

CpuTimer@Regs.TCR.bit.TSS = 0;

while(1)
{
EALLOW;
SysCtrlRegs.WDKEY = 0x55;
EDIS;
x=1t/10000;

fa=A*M*sin(2*pi*f*x);

fb=A*M*sin (2*pi*f*x-2*pi/3);
fc=A*M*sin (2*pi*f*x+2*pi/3);
(fa);

EPwm1lRegs.CMPA.half.CMPA
EPwm1Regs.CMPB = (fb);
EPwm2Regs.CMPA.half.CMPA = (fa+M
EPwm2Regs.CMPB = (fb+M);
EPwm3Regs.CMPA.half.CMPA = (fc);
EPwm4Regs.CMPA.half.CMPA = (fc+M);
EPwm5Regs.CMPA.half.CMPA = D*M;
EPwm6Regs.CMPA.half.CMPA = D*M;

}

void cpu_timero_isr()
{
CpuTimer@.InterruptCount=CpuTimer®.InterruptCount+1;
t++;
EALLOW;
SysCtrlRegs.WDKEY = OxAA;
EDIS;
if (t>199) t=o;
PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;
}

void Gpio_select(void)
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EALLOW;

GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs
GpioCtrlRegs

GpioCtrlRegs.

GpioCtrlRegs
EDIS;

.GPAMUX1

.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.GPAMUX1.
.bit.

GPAMUX2.

void Setup_ePWM(void)

{

EPwm1Regs.TBPRD
EPwmlRegs.TBPHS.

M;

EPwmlRegs.TBCTL.bit.

EPwmlRegs.TBCTL.bit.
EPwm1lRegs.TBCTL.bit.

EPwmlRegs.TBCTL.bit.
EPwm1lRegs.TBCTL.bit.

EPwm1lRegs.TBCTL.bit.

EPwm1Regs.CMPCTL.bit.
EPwm1Regs.CMPCTL.bit.
EPwmlRegs.CMPCTL.bit.
EPwmlRegs.CMPCTL.bit.

EPwmlRegs.AQCTLA.bit
EPwmlRegs.AQCTLA.bit
EPwmlRegs.AQCTLB.bit
EPwm1Regs.AQCTLB.bit

EPwm2Regs.TBPRD = M;

bit.
bit.
bit.
bit.
bit.
bit.
bit.
bit.
bit.
bit.
bit.

all

PHSE
PRDL
SYNC

.GPADIR.all = 9;

GPIOO
GPIO1
GPIO2
GPIO3
GPIO4
GPIOS
GPIO6
GPIO7
GPIO8
GPIO9
GPIO10
GPIO11
= 0;

N
D

OSEL =

P R R R R R R R R R

e

e “e e e e e e e

“e

SN Y
-

[

.GPBDIR.bit.GPIO34 = 1;

half.TBPHS = 0x0000;
CTRMODE = TB_COUNT_UPDOWN;
TB_DISABLE;
TB_SHADOW;

TB_CTR_ZERO;
HSPCLKDIV = TB_DIV1;

CLKDIV = TB_DIV1;

SHD
SHD
LOA
LOA
.CAD
.CAU
.CBU
.CBD

WAMODE
WBMODE
DAMODE
DBMODE

CC_SHADOW;
CC_SHADOW;

CC_CTR_ZERO;
CC_CTR_ZERO;

AQ_SET;
AQ_CLEAR;
AQ_SET;
AQ_CLEAR;
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EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.
EPwm2Regs.

EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.
EPwm3Regs.

EPwm4Regs .
EPwm4Regs .
EPwm4Regs .
EPwm4Regs .
EPwm4Regs .

TBPHS.
TBCTL
TBCTL.
TBCTL.
TBCTL.
TBCTL.
TBCTL.
TBCTL.
CMPCTL

CMPCTL.
CMPCTL.
CMPCTL.
AQCTLA.
AQCTLA.

AQCTLB

AQCTLB.

half

.bit.

bit.
bit.
bit.
bit.
bit.
bit.

.bit.
bit.
bit.
bit.

bit
bit
.bit
bit

.TBPHS = 0x0000;
CTRMODE = TB_COUNT_UPDOWN;
PHSEN

TB_ENABLE;
TB_SHADOW;
SYNCOSEL =TB_SYNC_IN;

PRDLD

PHSDIR = TB_UP;
HSPCLKDIV = TB_DIV1;
CLKDIV = TB_DIV1;

TBPRD = M*2;

TBPHS.
TBCTL.
TBCTL.
TBCTL.
TBCTL.
TBCTL.
TBCTL.
TBCTL.

CMPCTL.
.bit.
bit.

CMPCTL

CMPCTL.
CMPCTL.
AQCTLA.
AQCTLA.
AQCTLB.
AQCTLB.

TBPRD

half
bit
bit
bit
bit
bit
bit
bit

bit
bit
bit
bit

=M;

bit.

SHDWAMODE = CC_SHADOW;
SHDWBMODE = CC_SHADOW;
LOADAMODE = CC_CTR_ZERO;
LOADBMODE = CC_CTR_ZERO;
.CAD = AQ_SET;

.CAU = AQ CLEAR;

.CBU = AQ_SET;

.CBD = AQ_CLEAR;

.TBPHS = 0;

.CTRMODE = TB_COUNT_UPDOWN;
.PHSEN = TB_ENABLE;

.PHSDIR = TB_UP;

.PRDLD = TB_SHADOW;
.SYNCOSEL = TB_SYNC_IN;
.HSPCLKDIV = TB_DIV1;
.CLKDIV = TB_DIV1;

bit.

SHDWAMODE

CC_SHADOW;
CC_SHADOW;
CC_CTR_ZERO;

SHDWBMODE
LOADAMODE

LOADBMODE CC_CTR_ZERO;

.CAD

AQ_ CLEAR;
.CAU

AQ_ SET;
AQ CLEAR;
AQ_ SET;

.CBU

.CBD

TBPHS.half.TBPHS = 0;
TBCTL.bit.CTRMODE = TB_COUNT_UPDOWN;

TBCTL.bit.PHSEN = TB_ENABLE;

TBCTL.bit.PHSDIR = TB_UP;
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EPwm4Regs.
EPwm4Regs.
EPwm4Regs.
EPwm4Regs.
EPwm4Regs .
EPwm4Regs .
EPwm4Regs .
EPwm4Regs.
Epwm4Regs.
Epwm4Regs.
Epwm4Regs.
Epwm4Regs.

EPwm5Regs.
EPwm5Regs.
EPwm5Regs .
EPwm5Regs .
EPwm5Regs.
EPwm5Regs.
EPwm5Regs.
EPwm5Regs.
EPwm5Regs.
EPwm5Regs.
EPwm5Regs .
EPwm5Regs.
EPwm5Regs .
EPwm5Regs .
EPwm5Regs .
EPwm5Regs .
EPwm6Regs.
EPwm6Regs.
EPwm6Regs.
EPwm6Regs.
EPwm6Regs.
EPwm6Regs .
EPwm6Regs.
EPwm6Regs .

TBCTL.bit.PRDLD = TB_SHADOW;
TBCTL.bit.SYNCOSEL = TB_SYNC_IN;
TBCTL.bit.HSPCLKDIV = TB_DIV1;
TBCTL.bit.CLKDIV = TB_DIV1;
CMPCTL.bit.SHDWAMODE

CC_SHADOW;
CMPCTL.bit.SHDWBMODE

CC_SHADOW;
CMPCTL.bit.LOADAMODE

CC_CTR_ZERO;

CMPCTL.bit.LOADBMODE CC_CTR_ZERO;

AQCTLA.bit.CAD = AQ_ CLEAR;
AQCTLA.bit.CAU = AQ_ SET;
AQCTLB.bit.CBU = AQ CLEAR;
AQCTLB.bit.CBD = AQ_ SET;

TBPRD = M;
TBPHS.half.TBPHS = @;
TBCTL.bit.CTRMODE = TB_COUNT_UPDOWN;
TBCTL.bit.HSPCLKDIV = TB_DIV1;
TBCTL.bit.CLKDIV = TB_DIV1;
TB_DISABLE;
TB_SHADOW;
TBCTL.bit.SYNCOSEL = TB_CTR_ZERO;
CMPCTL.bit.SHDWAMODE = CC_SHADOW;
CC_SHADOW;
CC_CTR_ZERO;
CC_CTR_ZERO;
AQ_SET;

TBCTL.bit.PHSEN

TBCTL.bit.PRDLD

CMPCTL.bit.SHDWBMODE
CMPCTL.bit.LOADAMODE

CMPCTL.bit.LOADBMODE
AQCTLA.bit.CAD
AQCTLA.bit.CAU
DBCTL.bit.OUT_MODE = DB_FULL_ENABLE;
DBCTL.bit.POLSEL

AQ_CLEAR;

DB_ACTV_HIC;
TBPRD = M;

CMPA.half.CMPA = @;

TBPHS.half.TBPHS = M/2;
TBCTL.bit.HSPCLKDIV = TB_DIV1;
TBCTL.bit.CLKDIV = TB_DIV1;
TBCTL.bit.CTRMODE = TB_COUNT_UPDOWN;
TBCTL.bit.PHSEN
TBCTL.bit.PRDLD

TB_ENABLE;
TB_SHADOW;
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EPwm6Regs . TBCTL.bit.SYNCOSEL = TB_SYNC_IN;

EPwm6Regs .CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm6Regs .CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm6Regs.CMPCTL.bit.LOADAMODE = CC_CTR_ZERO;
EPwm6Regs .CMPCTL.bit.LOADBMODE = CC_CTR_ZERO;
EPwm6Regs .AQCTLA.bit.CAD = AQ_SET;

EPwm6Regs .AQCTLA.bit.CAU = AQ_CLEAR;

EPwm6Regs .DBCTL.bit.OUT_MODE = DB_FULL_ENABLE;
EPwm6Regs .DBCTL.bit.POLSEL = DB_ACTV_HIC;
10;
EPwm6Regs .DBRED = 50;

EPwm6Regs .DBFED
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