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Abstract

The paper presents a novel offset based two-level pulse width modulations to balance neutral point voltage in
three-phase three-level neutral point clamped inverters. The proposed method uses local offset voltages to
calculate the value and identify the direction of neutral point current between two capacitors through the
feedback signals of load current and two capacitor voltages. With the pulse width modulation method and
flexible offset voltages, the proposed method can control and maintain the balance voltages between two
capacitors. Simulation and experimental results are provided in order to validate the proposed method.
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Toém tit'

Bai bao trinh bay k¥ thuat diéu ché chuyén mach hai
bac sir dung ham offset dé can bang dién 4p giira hai
tu dién mot chiéu trong b nghich luu 4p 3 pha 3 bac
dang diode kep. Ky thuidt nay dua trén co so su dung
ham offset cuc bo, thong qua cac tin hidu hdi tiép cua
dong dién tai va dién dp trén 2 tu dién mot chiéu dé
tinh toan gia tri va chiéu dong dién chay qua diém
giita 2 ty dién. Véi k¥ thuat diéu ché song mang két
hop str dung ham offset linh hoat, k¥ thuadt nay da
kiém soat va duy tri sy can béng dién ap trén 2 tu
dién. Nhitng két qua cua ky thuat dé xuat dugc kiém
chirmg bang md phong va qua trinh thyc nghiém.

Ky hiéu

Ky hiéu Y nghia

Vo Ham offset dinh dang, phan ving
Eo, Comin € omax Ham offset cuc b va cac cuec tri
inp Dong dién chay qua diém giira 2 tu
Chir viet tat

PWM Pulse Width Modulation

DPWM Discontinuous PWM

SVPWM Space Vector PWM

CBPWM Carrier based PWM

VSVPWM Virtual SVPWM

NPC Neutral Point Clamped

THD Total Harmonic Distortion

NP Neutral Point

FFT Fast Fourier Transform

DC Direct current
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Ngady chdp nhdn: 10/07/2019; Phan bién: Than Ngoc
Hoan, Vit Hoang Phuong.

TNV Three nearest vector
BNL B6 nghich lvu

1. Giéi thiéu
Bién tan da béac 1a thiét bi bién d6i dién ning c6 vai
trd ngdy cang quan trong trong cac linh vuc tng dung
khac nhau nhu phuc vu bién ddi dién co, giao thong
van tai, quan ly chét luong hé théng dién, chuyén ddi
cac dang nang lugng tai tao nhu nang lugng mat troi,
ning lugng gié vé hoa ludi dién [1-2]. Trong sb cac
bd nghich luu (BNL) da bac, bd nghich luu 3 bac
dang diode kep (NPC) dugc quan tam nghién ctru
phat trién va ing dung rong rdi vi ciu hinh don gian.
Trong cac ing dung thong thuong, hai by ngudn mot
chiéu can thiét cép cho nghich luu NPC 3 béc tao nén
boi 2 tu Cy, C, ndi tiép duoc cung cap tir ngudn chinh
luu V4, nhu trén Hinh 1. Ngoai céc dac diém vuot troi
so voi b nghich luu 2 bac nhu kha nang chiu 4p va
cong suét 16n, tan sb dong ngét cao, dat duoc chét
lwong d6 méo dang séng hai ngd ra t6t hon, kha ning
lam triét tiéu hodc giam anh hudng dién ap common
mode. BNL 3 bac NPC con dat hiéu suét 1am viéc cao
hon BNL 2 bac khi tan s6 chuyén mach & tam trén
10kHz [3-4]. Trong qua trinh hoat dong, viéc nap va
xa dién tich khac nhau cia cac dong dién pha vao cac
tu dién C,, C, da gay ra sy chénh 1&ch dién ap trén cac
tu dién, hinh thanh trang thai khong can bang dién ap
gitia cac tu dién. Hién tuong nira 1a sy dao dong dién
ap tu & tin sb thap [5-7]. Nguyén nhan gay ra hai hién
tuong trén giy ra bai cac thanh phan dong dién NP di
vao diém trung tinh DC cua cac pha trong qué trinh
qua do khac nhau. Mic khac, dung luong tu thuc té
khac nhau hoidc ching thay dbi do 16n theo thoi gian
st dung, do d6 dién ap trén cac ty C;, C; ¢o thé khac
nhau ngay khi dong NP triét tiéu. Thong sd linh kién
khong dong nhat, anh huong ciia deadtime. .. ciing co
thé dong gop vao qua trinh mat can bang ap tu. Khi sy
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mét can béng cua dién ap gifra cac tu dién va bién do
thanh phan dao dong cua cac ap tu du 16n sé gy ra
hién tugng qua ap trén cac linh kién cong suét va cac
tu dién. Dé c6 thé giam bién do thanh phan 4p dao
dong trén doi hoi st dung tu loc c6 dung lugng 16n
tén kém. Khi ap dung ky thuat PWM kinh dién, tac
dung khong cén bang ciia cac ap tu c6 thé gdy ra cac
thanh phan song hai ap ¢ ngd ra ngoai y muén. Trong
d6, thanh phan song hai bac 2 co thé vuot chuan cho
phép khi st dung bd bién d6i 1am nguon hodc két nbi
ludi [8]. Do d6, viée diéu khién duy tri cdn bang dién
ap giita cac tu dién s& kiém soat chit luong ngd vao
cia BNL 4p da bac NPC va dam bao chat lugng ngd
ra vé d6 méo dang THD, cho phép thiét ké BNL ap
v6i dung luong tu nho nhat, giam stress dién ap cho
linh kién.

Hai k¥ thuat diéu khién BNL da bac thudng duoc
quan tdm la ky thuat diéu ché vecto khong gian
(SVPWM) va ky thuat diéu ché séng mang
(CBPWM). K¥ thuat SVPWM cé tinh todn don gidn
khi &p dung cho BNL 2 bac, nhung khi ) bac tir 3 tré
1én, s6 vector 4p khong gian ting cao va viéc tinh toan
trd nén phuc tap. Ky thudt CBPWM thuc hién don
gian cho BNL 2 bac va d& dang mé rong khi sé bac
16n hon 2 bang cach ting thém sb song mang 1én (n-
1), n 1a sb bac téng quat. Cac ky thuat SVPWM va
CBPWM thong thuong duoc thiét ké véi gia thiét
ngudn dc cin bang, ¢ thé ap dung voi didu kién su
mét can bang va dao dong ap trén cc tu nim trong
gidi han cho phép [9].

Ky thudt SVPWM can bing 4p tu 1a k§ thuat
SVPWM c6 rang budc didu kién ddi voi dong NP; no
phu thudc vi tri vector yéu cu va tinh chit dong tai.
bé can bé“mg dién ap trén cac tu DC va dap duogc
thanh phan dao dong, can thiét didu khién dugc dong
dién di qua diém trung tinh NP, phu thudc dong dién
tai va trang thai dong ngat. Nhu vay, khi ap dung
SVPWM ngudi ta phan tich anh huéng clia moi trang
thai dong ngat 1én d 16n dong NP. Ddi véi vector ap
tai yéu cau cho trudc, cach giai quyét thuong hay gip
1a liét ké cac t6 hop trang thai lién quan va chon lya t6
hop trang thai c6 tong dong NP thich hop cho viée bu
mat can bang dién 4p tu dé thyc hién. Vi luén tao ra
dong NP khéc zero nén céc trang thai vector nhé va
vector vira thuong dugce st dung trong cac to hop
trén. Khi yéu ciu d6 méo dang song hai dong dién tai
nho, phwong phap SVPWM cén bang ap tu theo
nguyén 1y 3 vector gan nhat (TNV) thudng dugc quan
tam [5,7]. Tuy nhién, k¥ thuat TNV-SVPWM co
pham vi can bang ap tu DC gi¢i han, vi du khi p
dung no cho tai cam cé thé dat can bang ap tu DC
trong viing dién ap thap (co gidi han 16n nhat ~0.6) va
cho tai tr& ¢6 pham vi mé rong dén ving ap cao (gioi
han dat dén m~0.95) [5], [7]. Pé c6 thé thuc hién
SVPWM céan bang ap tu dat dugc gidi han toan pham
vi gian dd vector 4p cho tai c6 hé s6 cong suit (pf) bét
ky, k§ thudt SVPWM 4o (hay VSVPWM) duoc dé
xudt [10-11]. Mot gian d6 vector khong gian méi
dugc xay dung cho VSVPWM, bao gdm cac vector ap
nghich luu ma cia chung gy ra dong NP bing zero
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va bd sung thém mot sd vector ap 4o. Vector 4o bang
ham tuyén tinh cta 2 hay vai vector ap nghich luu
dugc thiét ké sao cho tong dong NP do né giy ra bang
zero. Khi éy, VSVPWM thyc hién tuong ty nhu
SVPWM théng thuong nhung st dung cac vector ap
trong gian dd vector VSPWM méi moé ta. Két qua 1a,
khi thue hién VSPWM, dong NP luon bﬁng Z€ero va su
can bang ap trén tu thiét 1ap ban dau s& dugc duy tri.
Trén thuc té, mot sd hiéu chinh duge thiét lap trong
VSPWM dé diéu chinh dong NP khac zero gitp cén
bang ap tu ludn dam bao trong cac didu kién qua do
khac nhau. Gian dd vector VSVPWM bao trum lén
dién tich cua gian d6 SVPWM nén c6 thé két luan
rang ky thuat VSPWM c6 kha ning can bang ap tu
trén toan pham vi dp ra cua BNL 3 pha NPC. Tu
nguyén ly dé thdy, VSVPWM s& thyc hién bang chudi
nhiéu trang thai hon trong chu ky lay mau so voi
SVPWM théng thuong. Diéu nay dan dén viéc tinh
toan phirc tap hon. Str dung nhiéu vector ap hon, lam
cho sb chuyén mach ting Ién, t6n hao dong ngét tang
Ién. Su tham gia cia mdt vai vector & xa vi tri vector
yéu cau s& lam do méo dang song hai ap cao hon. Tim
10 giai t6i wu cho bai toan can bang ap tu, tc rang
budc cac diéu kién giam ) chuyén mach, giam do
méo dang song hai, thoi gian tinh toan, ... hién van
thu hut sy quan tdm cua cac nha nghién ctru hién dai
[12-14].

Xét bai toan thuc hién SVPWM hogc VSPWM dé
dat gia tri dong NP cho trudc. Viée tinh toan tham sb
13 rang 13 bai toan nhiéu bién phuc tap. Khac véi
SVPWM, thyuc hién CBPWM can bang ap tu dé dang
hon. Nhu két qua dan giai trong bai bio nay, dong NP
c6 thé biéu dién theo bién ham offset. Tur d6, c6 thé
xac dinh gia tri ham offset cho ky thuat CBPWM khi
cho trudc dong NP yéu ciu. Ky thudt CBPWM thyc
hién thay d6i 4p nghich luu giira 2 mirc s& gay ra dong
NP tuong duong véi dong NP tao ra tr TNV-
SVPWM. Do d6, cac giéi han ctia pham vi can bang
ap tu DC xay ra ¢ ky thuat TNV-SVPWM ciing ap
dung cho k¥ thuat CBPWM chuyén mach 2 bac [5],
[15].

Cong trinh CBPWM cén bang 4p tu xac dinh dong
NP theo mot s& ham offset cu thé [15], tuy nhién
khong mé ta dugc pham vi ap dung trén gian do
vector. K§ thuat CBPWM ché do gian doan [16] thuc
hién can bing 4p tu gitp giam tén hao chuyén mach.
Tuy nhién, phan tich dong bu dya vao thong tin chiéu
dong dién khong thé xac dinh dong NP 16n nhét khi
xuat hién nhiéu kha ning lya chon. Phuong phap
dung k¥ thuat song diéu ché kép [17] gy ra sy ting
t6n hao do s6 chuyén mach ting lén.

Noi dung bai bao dé xuat k§ thuat CBPWM voi
ham offset thiét 1ap giup kiém soat can bang dién ap
tu dién & ché do gian doan (DPWM). Do o, giup
giam ton hao chuyén mach. Piéu khién dong NP theo
offset dugc gidi thich trén cac BNL 4o 2 bac ndm trén
gian dd vector khong gian ciia BNL NPC. Do dé, cho
thiy kha ning diéu khién dong NP trén mit phing
vector. Bai bao dé xuét tach ham offset thanh phan
dinh dang va ph?ln cuc bo dé 1am rd hé tuyén tinh
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dong NP theo ham offset cuc bd. Két qua phan tich
gitip chon offset dé thyc hién CBPWM can bang ap
tu. Dong NP ¢6 thé thiét lap gia tri 1on nhat nén c6 thé
gitip khoi phuc can bang ap tu nhanh.

+
VCI:_

- Vdc

+

V(,'Z = Cj

H.1 So do mach nghich luu ap 3 bac NPC

2. Phan tich ham dong di€n trung tinh
mach 1 chiéu nghich lwu NPC 3 bac
Gia su, cac tin hiéu dién ap tai 3f yéu cu cua BNL
biéu dién qua chi s diéu ché m, 0<m<1,nhu sau
(1):

2
y =2 cos(at)

E]

v, = 2m cos(at — 2—7[)

3 3 (1)

2m 2r

v, =—=cos(at +—)
NE) 3

Trong 46 m ="V, / (V4 /3], v6i ¥ 1a bién do dp

pha tai va Vd bién d6 nguén DC ctia BNL. Ta dinh

nghia dai luong max, mid va min la cac tin hiéu ap tai

3f sap x&p theo thu tu tir 16n nhat dén nho nhat va

dong dién tai tuong ung véicac phatrénla i, , ..,

I, - Céc gia tri tin hi¢u dién ap va dong dién noi trén
luén thoa didu kién (2), (3) va (4).
max +mid +min =0 2)
i +i =0 3)

max +imid min

max = max(va, v, vc)

min = min(va, vb,ve) 4)

mid = -max - min

GOi Vv, Vi, VA V., 12 tin hiéu diéu ché bo nghich

luu ap trong ky thuat CBPWM. Ky thuat CBPWM 2
bac trong BNL ap 3 pha 3 bac NPC thyc hién tai moi
chu ky lay mau sao cho trang thai dién ap tire thoi ngd
ra thay d6i gilra 2 mirc ap gan nhat. Vi du: néu cho ap
diéu khién 3 pha:v,, =1.8;v,,=15;v,=04; thi
pha A va B s& chuyén mach giita 2 muc 1 va 2; con
pha C s€ chuyén mach gitra 2 mtc 0 va 1. Ket hop cac
kha nang dong ngat cua 3 pha A, B, C gitra cac muc
(1;2), (1;2) va (0;1) thi s& tao nén gian do vector dién
ap cua nghich Iuu 2 béc 4o c6 tam tai [1,1,0]. Trong vi
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du nay, bang cach thay dbi offset, k thust CBPWM
s€ xay ra O BNL ég 2 béc c6 tam tai [1,1,0], khi do
quan h¢ ap diéu khién sau day théa man:

I<v' <20<v', <2,0<v' <I;

Xét CBPWM 2 bac trong sector thir 1 cua gian dd
vector khong gian luc giac trén Hinh 2. Pha A c6 gia
tri dién 4p trung binh 16n nhat (max); pha C nho nhit
(min) va pha B c¢6 tri trung binh murc giira (mid). Gian
dd vector lyc giac Hinh 2 duoc chia thanh 6 sector
nén ta chi can phan tich 1 trong 6 sector, cic sector
con lai s€ dugc suy ra tuong tu.

Sector thir 1 c6 thé chia ra thanh 4 ving, tuong
ung vdi 4 tam gidc nhd va dugc xac dinh tht tu tir (1)
dén (IV).

H.2 Gidn dé vector dién dp nghich heu dp 3 bgc NPC va
sw phdn chia cdc tam gidc con

Xét vector ap yéu cau nam trong ving (I), khi thay
ddi gia tri offset, c6 thé thiét 1lap CBPWM 2 béc c6
pham vi hoat dong & mot trong boén BNL ap 2 bac ao
ma tdm ctia ching nam tai vi tri tuong tng 1a [0,0,0],
[1,1,1], [1,0,0] va [1,1,0]. V&i vung (IIT), c6 kha nang
4p dung CBPWM 2 béc tai mot trong hai BNL 2 bac
4o, tam tuong ung la [1,0,0] va [1,1,0]. béi véi vung
(IT) va vung (IV), chi c¢6 kha nang ap dung CBPWM 2
bac cho mot BNL ao 2 bac, véi tam tai vi tri [1,0,0]
cho vung (II) va [1,1,0] cho vung (IV).

Dé thuc hién CBPWM, can thiét lap ham offset
voff. Trong bai bao nay, ham offset dé xuat dugc tao
nén béi 2 thanh phan dugc dinh nghia nhu sau:

Vo =Vo <) (%)
V, 1a ham offset dinh dang va é:() la ham offset cuc
bo (ludn thay dbi trong khoang cuc tri). Ap didu ché
3f thiét 1ap theo cong thirc:
Vo =V, TV T,
Vi =V TV, 1) (6)
Vg =V, v+,
Ddi v6i mot BNL 4o 2 bac, nhu s& dan gidi ¢ phan
sau, ta s€ xét 2 truong hop offset dac bict tao nén che
do  DPWM: Voginin = Vo (&g = Epn =0) v

V"/f/““i = Vo +§0/1a§ ) 50 = meax .



CONG TRINH KHOA HOC

Truong hop the 1, ham offset béng offset cuc bd
v,, dong NP trong ché d6 PWM gian doan thur 1

(DPWMI), s& 1a i, =i,

NP

. Truong hop thur 2, dong

NP iyp =iyp, dat duoc khi v

offmax

Vy + & » 10C dO

offset cuc b6 &, =¢,,. .., xay ra trong ché 4o DPWM
(DPWM2). Khi gia tri voff’ném gitra hai gia tri trén
CBPWM s& hoat dong & ché dc} diéu ché lién tuc vdi
dong céan bang ap tu iyp thay doi theo ham offset cuc
b9 <, . Do d6, ¢6 thé diéu khién thay doi dong NP
ném glfra cac glé’l han (iNPI’ inz). Néu iNP], va ing
khac diu, co thé xac dinh &, dé dong NP triét tiéu.

2.1Viung I
Diéu kién thoa man trong vung (I) 1a (max - min) <1.
Tur day ta xét 4 truong hop xay ra:
o  Truong hop la

BNL 2 bac 4o c6 gian dd vector tam tai [0,0,0],
ham offset dinh dang DPWM dugc xac dinh:
vo = -min . Ham offset cyc bd sé co gidi han:

é:Omin = 0’. aj()max

Vi tri 3 dién 4p diéu khién BNL ung véi ham

offset cuc bo bang 0 cho trén Hinh 3a. Dong dién iyp

khong thay dbi khi dich chuyén song diéu khién boi
tac dung cua ham offset cuc b trong pham vi (7):

= /- max +min @)

ZNP = ZNPI max. lmwc +mid. lmid +min. lmin (8)

¥
2 ),
__%4.
' VRS S LN S e
é:omax A f_wnﬂ i_ég B éo -
Y S | e ¢
e 3.

0 h ¢ ‘

Vo= - min Vo= I- max Vo= 1-mid Vo= 1-min

(a) () (c) (@

H. 3 Cac dai lvongpha max, mid va min twong vng voi cdc
pha A, B va C trong vung dién tich (I)

e Truong hop Ib .

BNL 2 béc c¢6 gian d6 vector tam tai [1,0,0] véi
ham offset dinh dang DPWM: vo = [ - max. Cac gidi
han ctia ham offset cuc bd:

aj()min = 0’. éf()max

Dong dién iyp voi offset cuc b béng Z€ero:
+mid.i ., +mini, (10)
Ham dong dién iyptheo ham offset cuc bo s¢ la:

- 25{) 'imzlx
| o (1

Biéu thuc (11) cho thay, c6 th¢ xac dinh ham
offset cuc bd khi biét gia tri dong NP yéu cau. Gia tri
dong iyp khi offset cuc bd dat cyc tri:

= max - mid )
Inp; = MAX.1,

iyp =max.i, +midi , +mini,
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iypy = (-max+mid)i, +(min-mid)i ., (12)

o Truong hop Ic i
BNL 2 béc c6 gian d6 vector tam tai [1,1,0] véi
ham offset dinh dang DPWM: vo = [ - mid . Cac gidi
han ciia ham offset cuc bo c6 thé xac dinh nhu sau:
Somin = O Sopman = Mid - min (13)
Dong dién iypbiéu dién theo ham offset cuc bova
cac cuec tri cua no sé la:

iyp; = (-max +mid)i, +(min-mid)i,, (14)
= (-max +mid)i,,, +(min-mid)i,, +2¢i, .
(15)

iyp, = -max.i, _-mid.i_ . -mini, (16)

o Truong hop Id .

BNL 2 bac c6 gian do vector tam tai [1,1,1] véi
ham offset dinh dang DPWM vo = [ - min , va cac giGi
han ham offset cuc bg:

50min = 0’. éOmax =2-max+min (17)

Dong dién iyp khong thay ddi khi thay ddi gia tri
ham offset cuc bo:

-mid.i, ., +mini,, (18)
Tir két qua phan tich trén, ta thay:

e Trong vung I, chi c6 truong hgp Ib va Ic anh
hudng dén dong iyp béng offset cuc bo.

e Dong NP 1a ham tuyén tinh theo offset cuc bo, do
d6 dat cac cuc tri 0 hai gia tri offset téi han. Do
do, CBPWM s¢ dat dong NP cuc tri tai mot trong
hai bién offset, twong mg voi ché do DPWM.
Chon dong NP nhu vay s& giup dat tc do cén
bang 4p tu nhanh nhét.

e Ving I co 3 gia tri offset 6 thé thuc thi DPWM
véi cac dong NP khac nhau. C6 1 cuc tri iyp ctia Ib
luén luén nguoc déu véi 1 cuc tri cua Ic, didu nay
cho thady CBPWM dé xuat luén dam bao can bang
ap tu trong vung L.

Iyp = -max.iy . mid

2.2 VungII
Diéu kién théa man trong vang II (max - min) > 1;
(max - mid) > 1,; (mid - min) < 1;

Ham offset dinh dang DPWM vo = -min, gian do
vector ¢ tam tai [1,0,0]. Céc dién 4p diéu khién BNL
nam & vi tri trén Hinh 4a.

y y v
2 o] -
Cfomax A A Sonar A
‘ﬁt_ 4 F :
—LA 14 i— "
! I “©3,
_dp, geebs
............ ..
0 t ! !
Vo= - min Vo= - min Vo= 1- mid Vo= - min
(a) (b) (c) (d)

H. 4 Cac dai lvong pha max, mid va min trong cdac vung 11
- truong hop (a), vung Il - truong hop (b) va (c) va
vung IV - truong hop (d).
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Ta c6 gidi han ham offset cuc bo:
Comin = 05 Soma = 2 - max +min (19)

Ham dong dién iyp va cac cuc tri:

iyp; = (2-max+min)i, +(mid - min)i ., (20)
ivp = (2-max+min-&))i, -
NP 0 21
+(mld -min+ 5{) )imid + Qt() 'imin
hay
ivp = linpp = 280 dx 22)

iypy = max.i,, +midi, ., +mini, -2 (23)
2.3 Vung III
biécu kién thoa man trong vung I1I la:
(max - min) > 1, (max - mid) < 1, (mid - min) < I;
C6 thé xay ra hai truong hop nhu mé ta trén Hinh
4b va Hinh 4c.

o Truong hop Illa
Ham offset dinh dang DPWM vo = -min, gian dd
vector c6 tam tai [1,0,0]. Gidi han ham offset cuc bo
xac dinh:
Comin = 0 Eppae = 1 - mid + min (24)
Ham dong dién iypva cac cuc tri:

iyp; = (2-max+min)i, , +(mid - min)i,,., (25)

iyp =(2-max+min-¢&,)i

max

. . . : (26)
+(m1d -min+ é:() )Zmid + é:()'lmin
Inp = Inpy = 280 Ly 27)
inpy = 3midi, _+(mid - min)i ., (28)

e Truong hop IlIb

Ham offset dinh dang DPWM vo = I - mid , gian
dd vector c6 tam tai [1,1,0]. Gi6i han ham offset cuc
b0 xac dinh:

mein =0; é‘:()mwc = 1- max+mid (29)
Ham dong dién iypva cac cyc tri:

iypy = 3mid.i,  +(mid - min)i, ., (30)

Inp = inpr = 260 i GD

iypy = ((max +mid)i,, +(2-3max)i, ,  (32)

24 Vung IV
biéu kién thoa man trong vung IV:
(max - min) > 1; (max - mid) < 1,; (mid - min) > 1
Ham offset dinh dang DPWM vo = -min, gian db
vector ¢6 tam tai [1,1,0]. Ba pha nghich luu duoc hinh
thanh co6 vi tri tuong doi nhu Hinh 4d. Cac giéi han
cua ham cuc bo sé la:
a-’:Omin =0; é‘:()mwc = 2-max+min (33)

Ham dong dién iyp va cac cuc tri:
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inpy = (2 - max+min)i, . +(2-mid +min)i,,
(34)
=(2-max+min-¢&, )i
+(2-mid +min-&) )i,y + &,

inp = Inpr T 280 Ly (36)

ZNPZ maxl _mld'lmid +m17’l.lml-n —Zmax.zmm

37

3. Thuit toan diéu khién cin bang dién ap
tu dién

Trong thuc té, dién ap trén 2 tu luén khong bang nhau

Ver # Ve2 . Dé giit cho dién ap can bang ta phai diéu

Kkhién dong NP lam sao bu lai d6 sai 1éch dién ap cta

2 ty dién Ver-Vez. Nguyén 1y diéu chinh can bang

dién ap nhu Hinh 5.

iy

S,

H.5 Nguyen Iy diéu chinh chénh léch dién ap hai tu mot
chiéu

Pic diém cua ky thuat diéu khién can bang dién
ap tu mot chiéu khi cai dat ham offset cuc bo bang cac
gia tri cuc tri gidp dat ché d6 diéu ché gian doan, qua
do cho phép giam ton hao do qué trinh dong ngat
Giai thuat tong quat dugc md ta trong luu dd tong
quat Hinh 6.

Gia sir xét truong hop vector yéu cau nam trong
ving (II), khi 46 diéu kién (max-min)> I,
(max - mid) > 1, (mid - min) < Ixady ra. Ham offset
dinh dang DPWM trudong hop nay sé& dugc chon
Vo = -min, ham offset cuc bd s€ c6 2 Iya chon do6 la
Comin VAL, ., viéc lua chon nay phu thudc vao gid tri

sai 1éch dién ap trén 2 tu dién:

e Néu (Ver-Ve2) > 0, tiac 1a dién ap V.;16n hon dién
apV.,, khi d6 dé cho dién ap can bang ta phai chon
ham offset cuc bd dé diéu khién cho dong iyp co
gia tri am, ta xét cac truong hop:

+ Truong hop 2 dong iypva iyp, cing diu (cing
am, hoac cung duong), ta s€ lua chon theo
dong iypc6 gia tri tuyét d6i nho nhét.

+ Trudng hop 2 dong iyp; va iyp; khac diu thi ta
s€ chon ham offset theo dong c6 gia tri am.

Céc lua chon khi (Ver-Vez) > 0 1iét ké trong bang

B. 1.
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max, mid, min

maxs Imids Imin

(max —min)>1
(max —mid)>1
id —min)< 1

Sai

(max — min)>1
(max - mid)<1

14
Voir, & i || Voi S avei ||| Vo Son e || Vi, o v
(i=1); (i=1,2,3,4,5, (i=2); (i=1.2) (i=3); (i=1,2,3) (i=4); (=1.2)
” | [ |
v
Vip = Vi T Vg
(x=abc
Vo
VAVAYA'A Logic J-LI-L
— Operation I
Song mang| < Xung kich

tam giac

H. 6 Gidi thudt tong quat diéu khién bé nghich heu 3 pha 3
bdc NPC

B.1 Lua chon ham offset & khi (Vei-Vez) > 0

Vimg 11 khi (Vcl - VcZ) > ()

inpi
+ _

. <i
5021 neu lNPI lNPZ

5021

L. >
5022 neu lNP[ lNPZ

inp2

A . > 7
021 neu lNPI lNPZ

- é:022

L. <i
6022 neu lNPI INPZ

o Néu (Ver-Ve2) <0, tirc 1a dién ap V., nho hon dién
ap V., khi d6 dé cho dién 4p can bang ta phai
chon ham offset cuc bo dé diéu khién cho dong iyp
c6 gia tri duong, ta xét cac truong hop:

+ Truong hop 2 dong inp; Va iyp, cing dau (cing
am, hodc cung duong), ta s€ lya chon theo
dong iypco gia tri tuyét ddi nho nhat.

+ Trudng hop 2 dong iyp; va iyp, khac diu thi ta
s& chon ham offset theo dong co gia tri duong.

Cac lua chon khi (Ver-Vez) <0 1iét ké trong bang

B.2.
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B. 2 Lua chon ham offset &, Egkhi (Ver-Ve2) <0

Vimg]) khi (Vc] - VcZ) <0

inpI

+ -

1. <i
¢,‘02[ neu lNP[ lNPZ

f()22

L. >
é:’022 neu ZNPI ZNPZ

inp2 -
fo
5021 heu lNP[ lNPZ

- 5021

A . <
5022 neu lNPl lNPZ

lIl

x
Voij, Soij, iNPij

(i=2); =1.2)

| é :éﬂll | é :é;zzl | &= |

o] o] [o]

& =8 |

Soif

Vo = Voij + [55)

Vorr

H.7 Gidi thudt can bang dién dp tu trong vimg II

4. Két qua md phéng va thue nghiém
4.1 Két qua md phéng
Mo hinh md phong duoc xiy dung trén phan mém
Matlab/Simulik véi cac khdi mé ta nhu trong Hinh 8.

YT F fr e k3

H. 8 M6 hinh mé phong bo nghich luu 3 pha 3 bac NPC
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Céc khéi co ban nhu: Khéi lap trinh xir 1y di liéu,
khéi cong sudt BNL, mach tai va cac khdi do luong
hién thi théng s va dang song. Thong sb co ban sir
dung cho m6 phdong duogc liét ké trong bang B. 3.

B.3 Théng sé mé phong

Ngudn DC V. =600[V]

Tu dién Cl C, = 100[puF]
TaiRLnéiY(pf =0.95) =12.5[Q]; L = 12.5[mH]
Tai R L nodi Y (pf=0.08) R = 1.25[Q]; L =50[mH]
Tan so ngo ra fo=50[Hz]

Tén sb dong ngit /s = 5[kHz]
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e Trudng hop tai c6 hé s6 pf=0.95 (R = 12.5[Q]; L =
12.5[mH])

Khi ap dung k¥ thuat SIN PWM chi sb diéu ché m
thay ddi khac nhau va dat cac gia tri m=0.2; 0.4; 0.6;
0.8 va 1 tai cac thoi diém tuong ung t= -0[s]; 0.1[s];
0.2[s]; 0.3[s] va 0.4[s]. Bién d6 thanh phan dao dong
c6 gia tri 16n va thay ddi tuong tng voi cac chi sb
diéu ché trén 1an lugt 1a 5V; 15V; 30V (10%); 55V va
60V (20%) nhu Hinh 9. B méo dang dong dién
tuong Ung 1a 2.69%; 1.71%; 1.6%; 2.5% va 2.65%
nhu Hinh 10.

ia, |b ic

u] 0.05 01 0.15 0z

0.25 k 0.

0.45

(vel,ve2)
T

350
300

250

400
200
o
-200
-400

0.15 0.2

o] 0.05 01

Offset=0

0.25 03

0.35 04 0.45 05

H. 9 Két qua mé phong ky thudt SIN PWM véi tdi RL ¢6 pf=0.95. Qud trinh céc dai lwong khi thay doi chi s6 diéu ché m. Tir
trén xuong: do thi dong dién tai 3f, dién ap trén 2 tu C;,C,; va dién dp nghich luu pha A

FFT analysis FFT analysis
Fundamental(50Hz) = 10.56 , THD= 1.71% Fundamental (50Hz) = 15.95 , THD= 1.60%

Mag (% of Fundamental)
Mag (% of Fundamental)

0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Frequency (Hz) Frequency (Hz)

FFT analysis FFT analysis

Fundamental (50Hz) = 21.38 , THD=2.50% Fundamental (50Hz) = 25.2, THD= 2.65%

Mag (% of Fundamental)
Mag (% of Fundamental)

0 00 400 600 B0 10000 0 00 400 600 8000 10000
Frequency (Hz) Frequency (Hz)

H. 10K¢ét qud phan tich FFT dong dién pha A k thudt SIN PWM véi tdi RL ¢6 pf=0.95 véi cic chi sé diéu ché m khéc nhau.

Tu trai sang: m = 0.4, m = 0.6, m = 0.8; m = 1.

ia, |b ic

20

-20 [~
0 0.05 0.1 0.15 0z 0.25 0.45
(vel,vec2)
350 F T T T T
300
550 | L L d L LT ERER N HI {43
] 0.05 0.1 0.15 0z 0.25 0.3 0.35 0.4 0.45 0.5
vAG
400 =
200
0
-200
-400 : - L & =
0 0.05 0.1 0.15 02 0.25 0.3 0.35 0.4 0.45 0.5
Offset=0

H. 11Két qud mé phong voi ky thudt CBPWM dé nghi véi tai RL c6 pf = 0.95. Qud trinh cdc dai lwong khi thay d6i chi s6
diéu ché m. Tir trén xudng: do thi dong dién tdi 3f, dién ap trén 2 tu C;,Cy; va dién dp nghich liu pha A.
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FFT anaysis
Fundamental (50Hz) = 8.216 , THD= 5.73%
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FFT analysis
Fundamental (50Hz) = 16.83, THD= 3.10%

FFT analysis
Fundamental (50Hz) = 24.23, THD= 3.76%

FFT anaysis
Fundamental (50Hz) = 26.61 , THD= 1.64%

Mag (% of Fundamental)

3

Mag (% of Fundamental)

L\

Mag (% of Fundamental)

Mag (% of Fundamental)

0 2000 4000

Frequency (Hz)

6000 8000

10000

0 2000 4000 10000

Frequency (Hz)

6000 8000

0 2000 4000

Frequency (Hz)

6000 8000

10000

0 2000 4000

Frequency (Hz)

6000 8000 10000

H. 12Két qud phdn tich FFT dong dién pha A ky thudt CBPWM dé nghij véi tdi RL c6 pf=0.95 véi cic chi s6 diéu ché m khdc
nhau. Tir trai sang: m = 0.4, m = 0.6, m = 0.8; m = 1.

NV \ A NV AV AV
o eI A X O OO A A A A A A R A S
G A A A A Y Y A

N | | VIAMAVAR ALAMALALA

(1] 005 01 015 02 (VC:Z:Cz) 03 0.1‘35 {)‘4 0;5 [ 1
0 Ao pg Iy 4 5
: R
: WAy
“ N dy 4
: |||Iq
. 1

- ‘ ‘ ‘ AR

Offset=0
H. 13Két qua m6 phong véi ky thudt SIN PWM véi tdi RL c6 pf=0.08. Qud trinh cac dai lwong khi thay doi chi sé diéu ché
m. Tuwr trén xuong: do thi dong dién tai 3f, dién ap trén 2 tu C;, Cy; va dién ap nghich luu pha A.

FFT analyss FFT analsis FFT analsis FFT andlysis
9 Fundamental (50Hz) = 8.905 , THD= 0.70% q Fundamental (50Hz) = 13.54, THD= 0.88% Fundamental (50Hz) = 18.39 , THD=1.51% Fundamental (50Hz) = 21.7, THD= 1.40%

3

Fost 325 325 325

; ; ; ;

S x e i

2 2 2 2

215 215 215 2

5 5 3 5

) g1 21 g1

o o i o

205' gns :;ﬂ& goa

i L | !
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency (Hz)

H. 14Két qua phan tich FFT dong dién pha A ky thudt SIN PWM vdi tdi RL c6 pf=0.08 véi cdc chi sé diéu ché m khdc nhau.
Tur trai sang: m = 0.4, m = 0.6, m = 0.8; m = 1.

20 T FaX lf\\ f\ N FAY

Loy essmmmsmsaRoRssa it ptp A A AL T A T
. VAV M ‘\ VAVAYAYY |\VX/ VU,
) oot LM
: RN,
- Iimiimi NN

- | N | .

e \ | |

H. 15Két qua mé phong véi ky thugt CBPWM dé nghi véi tai RL ¢6 pf = 0.08. Vong zﬁéu chinh cdn bang dp hysteresis véi &
= 1V. Qua trinh cdc dai luong khi thay doi chi so diéu ché m. Tuw trén xuong: do thi dong dién tai 3f, dién dp trén 2 tu
C,Cy; va dién ap nghich luu pha A.

10
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FFT analysis

Fundamental (50Hz) = 9.07 , THD= 2.87%

FFT anaysis

Fundamental (50Hz) = 13.27, THD=1.02%
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FFT analysis

Fundamental (50Hz) = 17.7, THD=1.33%

FFT analysis

Fundamental (50Hz) = 2252, THD= 1.79%

Mag (% of Fundamental)

Mag (% of Fundamental)
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10000

0 2000 4000 6000
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H. 16Két qud phdn tich FFT dong dién pha A ky thudt CBPWM dé nghi véi tdi RL c6 pf=0.08 véi cic chi s6 diéu ché m khdc

nhau. Tir trai sang: m = 0.4, m = 0.6, m = 0.8; m = 1.

Khi ap dung ky thuat CBPWM cén bang ap tu dé
nghi v6i mach hysteresis thiét lap & =1V, dién ap cac
tu can bang t6t dat dén pham vi chi s dién ap cao
(m=0 dén 0.8), thanh phan dao dong co6 bién do giam
xudng nho (~2%) c6 thé bé qua,. O chi s6 16n m = 1,
tac dung cén bﬁmg ap tu cua k¥ thuat CBPWM bi han
ché va bién do dao dong dugc gioi han khoang gan
50V. b6 méo dang dong dién tai dugc cai thién va dat
cac gia tri 0.38%, 0.84%, 0.52%, 0.66% va 1.49%
tuong tmg véi cac chi s6 didu ché 0.2, 0.4, 0.6, 0.8 va
1.

e Trudng hop tai c6 hé sé pf=0.08 (R = 1.25[Q]; L
=50[mH])

Khi p dung k¥ thuat SIN PWM va thay ddi chi sb
diéu ché lan lugt 5V (m=0.2); 16V (m=0.4; 5%); 30V
(m=0.6; 10%); 70V (m=0.8; 23%) va 100V (m=I;
33%) nhu mo ta trén Hinh 13. B§ méo dang dong
dién bang 0.25% khi m=0.4 va 0.56% khi m=0.6.
Bing cach ap dung k¥ thudt CBPWM dé nghi, bién do
dao dong ap trén cac tu giam xudng con khoang 1V
cho m=0.2 va 0.4. Véi m=0.6, bién d dao dong
khoang 18V (6%). O ving chi s6 1én (m=0.8 va 1),
phuong phép dé nghi cai tién giam bién d6 dao dong
khong dang ké. Két qua phan tich d6 méo dang dong
dién cho truong hop pf=0.08 dat gia tri twong tu k¥
thuat SIN PWM. Céac két qua phan tich ky thuat

CBPWM 2 bic can bang ap tu cho két qua tuong tu
v6i két ctia k§ thuat TNV-SVPWM [5].

Kha nang giam ton hao khi thyc hién ky thuat
DPWM & xuét rd rang phu thudc vao nhleu yéu tb
khac nhau nhu gia tri cai dat gioi han sai s6 & = Avc/2,
dung luong tu C,, Cy, hé s0 cong suét pf, bién do dong
tai va chi s6 didu ché m. D& nhan thiy va ¢ thé kiém
chimg mo phong, ché d6 DPWM giam ton hao thé
hién rd rang khi thiét 1ap céac gia tri € 16n, dung luong
tu Cy, C; 16n va bién d6 dong dién tai nho..

e Truong hop tai 3f khong can bang

Dap tmg cua ki thuat CBPWM d¢é xuat cho truong
hop tai khong can bang duwoc mo ta trén Hinh 17. Dé
tién viéc so sanh, két qua mo phong dung ky thuat
SIN PWM ciing duoc trinh bay trén Hinh 18 Tir két
qua mo phong, ta thiy, giai thuat dé xut dat can bang
va dap cac dao dong di¢n ap trén tu cho cac truong
hop chi sé diéu ché m=0.2;0.4;0.6 va 0.8. Véi m=1,
k¥ thuat dé xuat c6 anh huéng khong dang ké dén can
bang 4p tu.

B. 4 Thong s6 mé phong véi tdi khéng cdn bang

PhaA  R=12.5[Q]; L= 12.5[mH] (pf=0.95)
PhaB  R=5.5[Q]; L= 12.5[mH] (pf=0.81)
PhaC _ R=5[Q]; L=5.25[mH] (pf=0.95)

ia,ibic

025

(velve2)

-
-~
&
-~
s

0 005 01
Offsat=0

015 02 025 03 035 04 045 05

H. 17Két qua mé phong voi k thudt CBPWM dé nghi véi tai RL khéng cdn bang (thong $6 nhw bang B.4). Vong diéu chinh
cdn bang dp hysteresis v6i & = 0.5V. Qud trinh cdc dai lwong khi thay déi chi sé diéu ché m. Tir trén xuong: do thi dong
dién tai 3f, dién ap trén 2 tu C,;, Cy; va dién ap nghich luu pha A.

11
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ia.ib,ic

wsosipssa e NR /7(\%0(\%7(\\%/)(\%0(\ X?Q Iad Q%%)Q )6}% \%X\& W(\\X/)( | CK\ | | \\ /
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N B Vi Ty T P
: Y LA
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o 0.05 01 015 02 025 03 035 04 045 05

Offset=0

H. 18Két qud mé ) phong voi ky thudt SIN PWM véi tai khong cdn bang. Qud trinh cdc dai lwong khi thay doi chi sé diéu ché
m. Tir trén xuong: do thi dong dién tai 3f, dién dp trén 2 tu C,,C; va dién dp nghich heu pha A.

4.2 Két qua thye nghiém B.5 Thong 56 thue nghiém
M0 hinh thuc nghiém dugc xay dung dé chung minh Ngudn DC Ve =200[V]
cho k¥ thuat diéu khién can bang dién p tu dién trong Tudién C1 = C, = 1500[uF]
b6 nghic luu 4p 3 bac NPC da d& xuét. So d6 khéi Tai R-L ndi Y (pf=0.86) R=16[Q]; L = 30[mH]
nhu Hinh 19 va mé hinh thyc nghiém nhu Hinh 20. Tansongdra Jo=50[Hz]
Tan so dong ngat /s = 5[kHz]

Trong do, nguén 1 chiéu cung cip cho bd nghich
lwu duge cung cép tir may bién ap 1 pha (ngd vao
200-250VAC va ngd ra co the diéu chinh tr 0 —
230VAC) qua bd chinh Iuu cau 1 pha, cung cap
ngudn DC cho bd nghich lwu. Cac khéa ban dan 1a cac
linh kién IGBTFGL-60N100-BNTD. Cac cim bién
dong dién va dién ap 1a san phim cia hang LEM
(LA25 va LV25), dua trén hi¢u ung Hall, cam bién c6
d6 tuyén tinh cao va cach ly voi mach so cép voi phan
mach dién tr do luong phia thir cip. Ngoai ra con cd
cac linh kién va thong s6 khac duoc liét ké nhu trong
Béng V.

Chuong trinh thuc nghiém duoc diéu khién bang
card DSP TMS320F28335 cua hang Texas
Instruments.

NGUON
AC @ H. 20 Mo hinh thuc nghiém bo nghich lwu 3 bdc NPC
) e Truong hop tai 3f can bang:
CHIN | P> Thong s6 thuc nghiém cho & bang B.5.
I
+ * Tek Jl. .sm* MPosi 199908 MEASRE i  n. .Slup MPosi 193905 MEASURE
TU PIEN il— DSP2833s | CAM BIEN SR B S
DC -r— AP Vi N
it firif o
s WATH
\ J =120mV -gn;;rgv
: Y * 2
BO la—] MACH CAM BIEN 1Ll aw
NGHICH KIiCH DONG CH Dff £HA 011
LUU FiM i
f CHAS00YV M S ilms CHA 1L =200mé CHAS00Y M 500mms CHe II 200mé
CH3 0.0V MATH 50,0V 10Hz CH3 40.0v MATH 50,0/ 10¢
a)SIN PWM b) CBPWM
; R
TAI3PHA| i vin . .
H. 21 Tur trén xuong: Dién dp tu C; va C,, Sai so dién dp

H. 1950 dé khéi diéu khién b6 nghich leu 3 pha 3 bac NPC trén 2 tu C; va Cy, dién ap nghich heu A khim = 0.4.
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Trong Hinh 21 cho thay khi chi s6 diéu ché m=0.4, sai
lI&ch dién ap ctia phuong phap SIN PWM 1a 0.72V, va
trong phuong phap CBPWM 14 0.33V.

Tek Al [ ] Swp+ M Pos; 0,0005 MEASURE  Tek. i L] Sup* M Pos: 0,0008 MEASURE
o o2 0
Mean
MATH Ufl MATHOff
Mean
CH3
II H II P
CHY CHY
\ l| M
M00ms £Hd 1L 200m B00mA
CH3 400Y  CH4 5004  25-Feb= 1SDH‘D5 10Hz CH3 d00%  CHd 5004 25 F!h 15 00:40 \ H-
a)SIN PWM b) CBPWM
H. 22 Dién ap pha va dong dién pha A khi m = 0.4
Tek Sl [ ] SYW+ Pas; 250,0Hz MATH Tk Jl @ Stop Pos: 250.0Hz MATH
Dpiunﬂnn ¥ Operation
THD = 4.47% THD = 4.032%
Source Source
chi] i
L
Window Window
Flattcp) ot
FFT Zoorm FFT Zoom
ol i s, i, "
CHA10.0d6  50.0Hz €1,00k5 Flatton CH4 10,008 5ﬂﬂHl(1ﬂﬂkS/l) Flatton
25-Feb=19 00,04 10H; 25-Feb=13 00,41 10H;
a) SIN PWM b) CBPWM

H. 23 Phén tich phé dong dién pha A khi m = 0.4

Trong Hinh 23 12 hinh anh phén tich phd (FFT)
dong di¢én ngd ra. B méo dang dong dién véi phuong
phap SIN PWM 1a THD = 4.47%, va v6i phuong
phap CBPWM la THD=4.032%.

Tek L [ ) Stup* M Pos; 0.000s MEASURE  Tek. Ju @ Stop M Pos: 0,000 MEASURE
v
e o Py P O
L. o

o CH2 CH2
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55,94 P J5.

MATH MATH
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656 , -880my

CH3 CH3

Pl-Ph PP

01y Al
CHA D11 CHaOff

il [t

CHIS00Y M 5.00ms CHA 1L 200rmi, CHZS0.0% M 5.00ms CHA JL -800mA

CH3 40.0% MATH 50,08 10Hz CH3 40,0V MATH 100V 10H;
a)SIN PWM b) CBPWM

H. 24T trén xuéng.' Dién ap tu C; va C,, Sai $6 dién ap
trén 2 tu C; va C,, dién dap nghich luu khi m = 0.8

M Pos: 2.600ms MEASLRE

L] Stnn [ ] Stup

cre ot
W MATHU"
u u

CH

A

M Pos; 2.600ms MEASURE

r 1 n
MATH EIH

H IL
20

CHA L ~3.404
CH4 5004 zg r.u 151235 10H: Push an option button ta :hml Iu mmuramum

a)SINPWM b) CBPWM
H. 25Dién dap pha va dong dién pha A khi m = 0.8

Tek . [ Swn+ Pos: 250,0Hz MaTH - Tek L. [ SWP* Pos; 250,01z MATH

Operation Dpiunﬂnn

THD = 4.84% THD = 2.74%

Source Source
L L

Mnduw Mndnw

' ﬂ M MM n FFTZuum ' n m Mw n FFTZaam

CHA0.006  50.0Hz C1.00k5/5, F\mw CHA 10006 S0.0Hz (1.00k57s, FI ttop

25-Feb=19 0036 10H; 25-Feb=19 00:36 10H;
a)SIN PWM b) CBPWM
H. 26 Phan tich phé dong dién ngo ra khi m = 0.8
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Trong Hinh 24, két qua thyc nghiém khi m=0.8
cho thiy sai léch dién 4p trong phuong phap SIN
PWM 1a 0.656V, va trong phuong phap CBPWM la
0.088V. Trong Hinh 26 1a hinh anh phén tich phd
dong dién ngd ra. B méo dang cua phuong phap
SIN PWM la THD=4.84%, va cua phuong phap
CBPWM la THD=2.74%.

Tek JL. @St M Pas: 0,000s MEASURE  Tek . @ sm M Pas; 00005 MEASURE
+
e athn iy S S Ry
CH2 CH2
Mean Mean
102 35,14
MATH MATH
Mean Mean
100 Ay
CH CH3
Ph-P Ph-Ph
230% 2060
CHA 0f CHA 01
FMS R
1500 M500ms m H 200mA CHAS00V M S00ms CHA S ~B00mA
MATH 5004 W MATH 100V 10Hz
a)SINPWM b) CBPWM

H. 27 Twr trén xuéng.‘ Dién ap tu C; va C,, Sai s6 dién ap
trén 2 tu C; va C,, Dién ap nghich luu khi m = 0.9

Tek .. @ 5top Pos; 250,0Hz MATH Tek  JL. [ ] Stup* Pos: 250.0Hz MATH
¥ Operation Operation
a THD =2.67 % w
THD = 3.84% o B Soutce
[Cr
M
Window Window
A n ’l m" FFT Zaom
Wk i
[ 41DDHE EDDHI CT‘ (0kS s, ulmﬂl JIMH CHA 10008 50.0Hz ‘(!Jﬂﬂﬂhsbl)imnwulm mm Flatto

25-Feb-19 00:13 10H 25-Fub-13 00:27 10Hz

a)SIN PWZ\/{ b) CBPWM
H. 28 Phan tich pho dong dién ngo ra khi m = 0.9

Trong Hinh 27, khi m=0.9 két qua cho thdy sai
léch dién ap 1a 1.00V trong phuong phap SIN PWM,
va 0.411V trong phuong phdp CBPWM. Trong Hinh
28 1a hinh anh phan tich phd dong dién ngd ra. Po
méo dang dong dién cua phuong phap SIN PWM la
THD=3.84%, va cua phuong phap CBPWM la
THD=2.67%.

e Truong hop tai 3f khong can bang:
Céc thong sb thuc nghiém cho trong Bang VI.

B. 6 Thong sé thue nghiém véi tdi khong cdn bang

Pha A R =17[Q]; L =50[mH] pf=0.48

Pha B R=16[Q]; L = 30[mH] pf=0.86

Pha C R =40[Q]; L = 4[mH] pf=0.99

Tu dién C,= C,=1500uF

Tek . [ ] Sm* M Pos: 00005 MEASURE  Tek I, [ ] Stnp M Posi 00005 MEASURE
Mean Iean
-S‘UTIV . =386mY

CH2#S00Y M 5.00ms CHd 1L uumu:\ CH2S00Y M 5.00ms CHA 1L ”I:I'l
CHY 400% MATH 100V 10Hz CHY 400 MATH 100V 10Hz
a)SIN PWM b) CBPWM

H. 29 Twr trén xuéng: Dién ap tu C; va Cy, Sai $6 dién ap
trén 2 tu C; va C,, dién ap nghich luu pha A khi m =
0.8
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JL @ Stop M Pos: 0.000s MEASLRE Tek JL. @ 5Stop M Pos: 0,0005 MEASURE
- +

00 M5,00ms ch
25-Feb=1917.04

CH3 500% o %E'rnunﬂiwsv:nz ! u.:u‘. o CH3 5004
a)SIN PWM b) CBPWM
H. 30 Dong dién 3 pha tai khong can bang khim = 0.8

Két qua thuc nghiém trén Hinh 29 cho thdy truong
hop tai 3 pha khong can bang v6i phuong phap SIN
PWM vé6i m=0.8. BJ 1éch dién ap 1a khoang 3.01V.
Khi 4p dung phuong phap CBPWM, d6 léch di¢n ap
giam xudng con 0.386V. Két qua Hinh 30 13 dang
song dong dién tai 3 pha cua ca 2 phuong phap.

5. Ketluan

Mot nguyén ly méi vé ki thuat can bang dién ap cua
hai tu dién mot chiéu cho bd nghich luu 3 bac NPC
dugc d& xuit cho phép sir dung ham offset véi ky
thuat diéu ché chuyén mach 2 bac dé han ché hién
tuong mit can bang va dao dong dién ap trén cac tu
DC. Két qua mod phong va thuc nghiém di chung
minh rang k¥ thuat didu ché chuyén mach 2 bac cai
thién dang ké viéc duy tri dién ap trén cac tu DC can
bang so v6i ki thuat SIN PWM. Ly thuyét da ching
minh kha niang diéu khién tuyén tinh dong NP phu
thudc vao ham offset cuc bg. Str dung ché d6 diéu ché
gian doan va chuyén mach 2 bac s& gilp giam sb
chuyén mach nén giam ton hao déng ngét, dong thoi
cho tac dung dong NP t6i da. Ché do diéu ché gian
doan duoc thé hién 13 trong phén thuc nghiém véi
diéu kién dung luong tu 16n va dong dién tai thir
nghiém nhd.

Phuong phéap dé xudt CBPWM st dung nguyén 1y
cong ham offset nén thyc hién don gian. Vai dién ap
yéu clu cua tai, giai thuat tinh toan va so sanh cac
dong dién NP phu thugc ham offset. Tu trang thai ap
cua 2 tu, giai thuat chon ham offset phu hop dé thuc
hién ky thudt CBPWM.
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