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Abstract

This paper proposes to implement an improved carrier modulation technique to reduce the distortion of voltage and load currents for the four-
level NPC inverter. By changing the offset function compared to conventional carrier-based modulation methods, the proposed method adds
a sub-offset component of the control voltage in the two-level inverter, causes the duty-time to hold the redanduncy state vectors to be evenly
divided in a switching sequence, which improves the harmonic characteristics. Furthermore, this paper presents a strategy for changing the
offset based on the idea of reducing the common mode voltage amplitude in order to expand the working area of the inverter to reach the
modulation index m = 1 compared to the SinPWM (SPWM) method. From there, the improved carrier modulation techniques are proposed:
Improved average offset technique and Improved Extended SPWM technique. The proposed techniques to improve harmonic distortion

(THD), expand the operation region of inverter, shown by simulation results for 4-level NPC inverter.

Keywords: Multilevel inverter, NPC, PWM, Carrier-based modulation.

Chir viét tit
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THD Total Harmonic Distortion
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Bai bao nay d& xuét thuc hién ki thuét diéu ché séng mang cai tién
dé giam d6 méo dang dién 4p va dong tai cho b nghich luu NPC 4
bac. Bing phuong phap thay déi ham offset so véi cac ky thuat diéu
ché séng mang truyén théng, k§ thuat d& xuét thém vao thanh phéan
offset phu cua dién ap diéu khién trong nghich Iru 2 bac lam cho thoi
gian tic dong ciia cac véc to trang thai tring lp trong chudi trang
thai dong ngit dugc chia déu dé cai thién chit lwong séng hai. Ngoai
ra, bai bdo con d& xuét ky thuat thay ddi offset theo nguyén Iy cuc
tiéu bién do dién 4p common mode gilip m& rong viing lam viéc cua
nghich luu dat dén chi s§ diéu ché m = 1 so véi phuong phap
SinPWM (SPWM). Tir d6, 14n luot cac k§ thuat didu ché séng mang
cai tién duoc d& xuat: ky thuat offset trung binh cai tién va k§ thuat
SPWM mé rong cai tién. Céc ki thuat dé xuét gitp cai thién do méo
dang séng hai (THD), ddng thoi mé rong viing 1am viéc cua nghich
Iwru, thé hién qua céc két qua md phong cho b nghich lru NPC 4
bac.

1. Giéi thi¢u

Ngay nay, nghich luu ap (VSI) trd thanh b bién ddi cong suét
thong dung va duoc chuan héa trong cac bo bién tan cong
nghiép nho vao su phat trién trong cong nghé cua céc khoa
ban dan cong suét. C4c bo nghich luu 4p dwoc st dung rong
rai trong nhiéu ung dung, ké ca trong cong nghiép lan dan
dung, nhu diéu khién dong co, FACTS, thiét bi nang cao chit
luong dién ning hay cac bo chuyén ddi nang luong téi tao.
Trong d6, céu trac don gian va dwoc sir dung phd bién nhat Ia
nghich luu hai bac. Tuy nhién, trong cac wng dung cong suit
I6n, doi hoi dién ap cao, cling nhu chét lugng dién nang,
nghich luu hai bac c6 mét sé han ché khi hoat dong & tan sé
cao do tén that chuyén mach va han ché vé dinh muc linh kién.
Ngoai ra, bién tan hai bac cung cip dang soéng ngd ra vai hai
muc dién &p, lam cho dién &p va dong ngd ra méo dang, THD
kém, khong dap tng cac ing dung can chat lwong cao.

Do d6, cac bo nghich luu (BNL) da bac dang danh duoc su
guan tdm nghién ctu chuyén sau trong nhitng nim gan day,
nhu mot xu hudng day hira hen dé thay thé dan cac bo nghich
luu hai bac truyén thong trong nhiéu ing dung. Ly do la chiing
cung cap dién ap dau ra cao hon, giam dé méo dang séng hai,
dv/dt thap va hiéu suit cao so vai bo nghich Iuu hai bac truyén
thong [1]-[2]. Mot sb cau hinh da bac da dwoc nghién ctru nhu
b nghich Iuu diode kep (Neutral Point Clamped - NPC) [3],
bo nghich luu tu dién bay (Flying Capacitor - FC) [4], b6
nghich luu ghép ting cau H (Cascade H-Bridge - CHB) [5]
hay bo bién dbi da bac dang md-dun (MMC) [6]. Trong sb cac
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c4u hinh da bac ké trén, nghich luu NPC duoc st dung rong
rdi trong cong nghiép vi ciu tric don gian, hiéu cao va dé thuc
hién [3].

Véi nghich luu da bac NPC, cau hinh nghich luu NPC ba bac
tuong d6i phd bién vi nhitng wu diém ké trén so véi nghich
I hai bac truyén thong.

Bén canh sy phat trién vé céc cdu hinh nghich luu da bac, cac
ky thuat diéu khién nghich luu da bac ciing duoc quan tam
nham cai thién chat luong dién ning. Trong d6, hai ky thuat
diéu khién cho nghich luu da bac thuong dugc quan tam 1a ky
thuat diéu ché song mang va ky thuat diéu ché véc to khong
gian [7]-[8]. So véi ky thuat diéu ché véc to khong gian, ky
thuat diéu ché song mang dugc st dung rong rai vi uu diém
dé thuc hién. Ky thuat diéu ché do rong xung SPWM la mot
ky thuat dic trung cua ky thuat diéu ché song mang. Cac
nghién ciru da ching minh ky thuat SPWM cho chat lugng
s6ng hai tét va THD thap. Nhung ky thuat SPWM van ¢ thé
duoc cai hién hon nita vé THD dé c6 chat luong tét nhu cac
phuong phap diéu ché véc to khong gian. Tuy nhién, mot
nhuoc diém cua ki thuat nay 1a pham vi dién ap lam viéc han
ché [8]. K¥ thuat SPWM chi hoat dong & viing 1am viéc c6 chi
s6 diéu ché m < 0.866, diéu nay lam han ché kha ning tng
dung cho cac bién tan cong nghiép hién nay. Vi vay, diéu nay
dat ra nhu cau vé viéc cai tién k§ thuat SPWM cho nghich luu
da bac nham cai thién chét lugng hoa tan ciing nhu mé rong
vuing 1am viéc cho bo nghich luu. Bé khic phuc diéu nay, cac
k¥ thuat didu ché sng mang dua vao ham offset dwoc nghién
ctru dé cai thién chat luong séng hai va mé rong viing chi sé
diéu ché so véi ki thuat SPWM cho nghich luu da béc.
Ngoai ra, véi xu huéng hién dai cac nghién ctu gan ddy cho
cau hinh bic bon ciing da thu hat dwoc su chd y lon do nhu
cau cua cac ng dung thuong mai va cong nghi¢p doi hoi st
dung dién &p cao va chat luong dién nang ngay cang t6t hon
[9]-[12], trong d6 phai ké dén cau hinh nghich Iuu NPC 4 bac.
Do d6, bai bao nay dé xuat ky thuat diéu ché séng mang cai
tién cho nghich luu 4 bac. Ky thuat PWM cai tién dé xuat c6
dic diém cai thién do méo dang song hai (THD) so véi cac ki
thuat SPWM, ngoai ra vung lam viéc cua nghich luu dugc mo
rong dén chi sé diéu ché m = 1. Véi ky thuat d& xuat, bang
viéc khai thac ham offset cho tin hiéu diéu khién, ving lam
viéc cua nghich luu da bac duoc mé rong cho chi sé diéu ché
m > 0.866. Bén canh do6, viéc thém vao ham offset phu gilp
chat lwong song hai dwoc cai thién dang ké. Ky thuat dé xuit
s& duoc 4p dung va kiém chirng cho b nghich lwu ba pha NPC
4 bac.

Bai bao nay duoc Cau tric nhu sau: Phan 2 s& ndi vé “Cau triic
b6 nghich luu diode kep bdn bac”, tai muc 3 s& trinh bay vé
chc “Ky thuat diéu ché song mang PWM mé rong dé xuat cho
nghich luu NPC 4 bac”. Tir do, “K§ thuat diéu ché séng mang
cai tién cho nghich luu NPC 4 bac” s& dugc trinh bay trong
Phan 4. Trong Phan 5, chét luong ngd ra cua bd nghich luu
véi cac ky thuat néi trén sé dugc danh gia va so sanh qua do
méo dang séng hai THD%, cac két qua duoc thuc hién trén
phan mém mé phong PLECS cua hang Plexim.

2. Céu tric bd nghich hru NPC 4 bac

B6 nghich Iuu ba pha NPC 4 bac (Hinh 1) dugc cAu tao tir ba
nhénh pha. Mdi pha bao gém 3 cap khéa chuyén mach va 4
diode kep chia déu cho nhanh trén va nhanh dudi. C4c cap
khéa nay hoat dong theo nguyén tic kich dbi nghich: Six-S’1x,

Sox-S’ox VA Sax-S’3x (trong d’é X = {A,’ B, C} lAn luot 12 3 pha
tuong tng). Ta c6 nguyén tac kich doi nghich cho cac khoa
nhu sau:

Sy +S' =1i1=(12,3) Q)
PirnC
L Phazhug
% £ J 14
Uy D) J 2
J A L C
e Uy £ —1— 5B
el |- :
14
U, ~
U@ :
£
[;:d —= C;
J '
34
Y, ||
L] o) —

Hinh 1: C4u trdc bd nghich luu ba pha NPC 4 bac.
Bang 1: Bang trang thai cua mot pha trong bd NPC 4 bac

L S | Sy | Sy [ S [ Wy
0 0 0 0 0
1 0 0 1 Uu/3
2 0 1 1 2U,/3
3 1 1 1 Uy

Goi Sx 1a ham déng cit ciia pha X, Sx dugc dinh nghia bang
tong trang thai cta cic khoa nhanh trén nhu sau:
3
Sy =3 Sy = Siy + Sy + S5y, 08y, <8,y <8, <1 (2)
i=1
Dién &p ngudn Ug duge chia déu cho ba tu dién kep Ci, Co,
Cs, mi tu c6 dién &p duy tri & mic Ug/3. Gia sir dién &p trén
mdi tu duoc giir can bang, dién 4p nhanh mdi pha dugc dinh

nghia:
V S, S, +S,,+S
AO U, u, 1A T 924 T 934 (3)
Veo ? Sg |= ? Sig+S,5+55
Veo Se Sic +S5¢ + S5

bién ap nhanh mdi pha phu thugc vao trang thai dong ngit
cta cac khoa dugc md ta nhu trong Bang 1. Bién &p ba pha
tai cn bang dugc tinh theo dién ap nhanh nhu sau:

2 11
3 3 3
Y PR *)
XIB = _5 E _5 zBo
BEE S
3 3 3

Thay (3) vao (4), dién &p pha tai c6 thé dugc viét theo ham
trang thai dong cit ciia cac pha nhur (5):

2 1 1
Vis 303 3, (5)
vl Y 12 1
®l 3] 3 3 3|°°
Vtc 1 l 2 SC
3 3 3

Néu goi N 1a diém trung tinh cua tai 3 pha, thi dién &p offset
Vo (hay Vo) la dién ap xéac dinh gitra N va O. Luc do, dién
ap nhénh c6 thé xac dinh theo &p tai va &p offset nhu sau:
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Vo =Va +V,
Vao =Vig Vo (6)
Veo =Vie +Vo
T (4) va (6) suy ra:
V _ VAO +VBo +VCO (7
3

bién ap common dugc dinh nghia la dién ap giita trung tinh
tai va trung tinh nguén DC, lién quan dén p offset theo cong
thuc:

(8)

3. Ky thuit diéu ché song mang PWM mé rong
deé xuat cho bo nghich luu NPC 4 bac

3.1. Nguyén ly k¥ thuat diéu ché séng mang PWM

Do tinh don gian nén k§ thuat diéu ché séng mang PWM duoc
st dung rong rdi trong nghich Iuvu da bac hién nay. Theo
nguyén 1y diéu ché séng mang, tin hiéu diéu khién Vax s&
dugc so sanh véi mot séng mang tam giac Vex. Doi véi BNL
4 bac, ba tin hiéu séng mang Ci, C», Cs lan luot 12 séng mang
tuong ng cho céc khoa Six, Sax, Ssx. Néu song diéu khién
Vakx 16n hon séng mang C;, thi khéa Six twong (g dugc kich
dong, nguoc lai thi khoa diéu khién dugc kich khéa nhu trén
Hinh 2 va Hinh 3:

1if Vy, 2V,
00 V<V
Tir phén tich dién 4p nhanh & (3) va (6), dang song diéu khien
dugc thé hién dudi dang chuan hoa bai dién ap Ud/3:
Y V,, +V,
Voo =05 =0 7 O Ve <3 ©

Véi tai ba pha can bang, tic Via:Vis sV,

(10)

)=V, =V e, nén ba
tin hiéu song diéu khién c6 bién do nhu nhau nhung 1&ch pha
120°.

Vi tin hiéu séng mang, c¢é nhidu cach dé sip xép cac soéng
mang, trong d6 ky thuat thuong dung cho nghich luu da bac
la ky thuat séng mang dich mac — level-shifted PWM (LS-
PWM). Trong ky thuat LS-PWM, ba tin hiéu séng mang cung
tan s6 va bién d6 dinh-dinh, duoc xép chdng 1én nhau theo thir
tu C3=1[0,1], C2=1[1,2], C1=[2.,3]; trong do Ci, Cy, Cs 1an
luot 1a song mang tuong (g cho cac khoa Six, Szx, Ssx nhu
thé hién trong Hinh 3. Song mang dugc sip xép ciing pha nhur
trén Hinh 3 con duoc goi la ki thuat Phase-Disposition PWM
(PD-PWM). Céc séng mang cé thé dugc sip xép léch pha
nhau, nhung cac nghién ciru da chi ra rang viéc xép cac song
mang cuing pha s& dat dugc chét lwong séng hai tot nhét.

Tir (9), ta thay rang tin hiéu didu khién mdi pha phu thuc vao
dién é&p tai cua pha va dién p offset. Tuy vao viéc chon ham
dién &p offset, hinh thanh mot s6 ky thuat diéu ché séng mang
nhu SPWM, k¥ thuat offset trung binh. Céac ky thuat ndy s&
dugc trinh bay dudi day.

Vaix
C %S“
L —=
S'ix
1 Sox
C, - o
2X
y Six
C; —>—|§ .
3X
Hinh 2: Giai thuat didu ché séng mang cho nghich luu NPC 4 bac.
3 . ; C,
: Vax ¢
2
&
1 C;
0
S 1X 0 1 | 0
Sox I [
S3x i }
Sx | 2 3 | 2

Hinh 3: Tin hi¢u song mang, song diéu khién va trang théi cac khoa trong
diéu ché séng mang cho nghich luu NPC 4 bac.

3.2. Ky thuat SPWM

Ky thuat SPWM la mét trong nhirng k¥ thuat diéu ché séng
mang phd bién. Ky thuat nay dugc chimg minh dat dwoc chét
lwong hoa tan tot.

Co so chon ham offset cua ki thuat SPWM 1a dé dién ap com-
mon mode bang khong. Tir (8), diéu nay twong dwong véi:

v, = (11)

Ldc nay, tin higu diéu khién & (9) duoc viét lai dusi dang
chuan héa thanh:
Vi +V, V,cos6+U, /2 _Va cos@ 3

dkx:ud/s,_ U, /3 u, /3 2
Ky thuat diéu khién SPWM tuyén tinh khi bién d¢ ap ngd ra
khong vuét qua giéi han:

(12)

U
v, =—4 (13)
2
, L3 A2 oA AR £ S ud/2
tuong tng Vi chi s6 dieu ché cuc dai la m = TaE = 0.866.

3.3. Ky thuat PWM offset trung binh

Ky thuat PWM véi offset trung binh 1a mét trong nhiing
phuong phép didu ché séng mang dat duoc bién do dién &p
pha tai cuc dai & ving tuyén tinh bang U, /v/3. K§ thuat offset
trung binh c6 d6 lon dién ap offset cho béi céng thuc:
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v, = Yoms Vomn (14)
2

Trong d6, Vomax, Vomin 14 cc dién ap offset cuc dai va cyc

tiéu, duoc xac dinh nhu sau:
Omax_U MaX(VtA' tB? C)

Vomin = —Min(V,,,Vig,Vyc)

Trong do, Max va Mln 1a ham gia tri 16n nhét va nho nhét cua

céc bién.

Tir (14) va (15), ham offset trung binh duoc viét lai:

Vo:U Max(\/tA, B! 2) Mln(VtAl B c)

Tin hiéu diéu khién dang chuan héa luc nay s& duoc cap nhat

ham offset trung binh theo cong thuc (9) va so sanh véi song

mang dé tao ra tin hi¢u dong cat.

D6 thi ham offset, 4p common mode, tin hi¢u séng mang va

song diéu khién cia hai ki thuat SPWM va ki thuat offset

trung binh 1an luot duge thé hién ¢ Hinh 4 va Hinh 5.

(15)

(16)

20 Ham offset ki thuat SPWM

I : i Ham offset [
1.5- ' '
1.0

{ Ham common mode ky thugt SPWM

p AN AN — Ham common mode
N~ \\__ " ™= |- Ham common mode max
O———=———""——=—"— -1 Hémcommon mode min

Song mang va song dleu khién k¥ thuat SPWM

Thai glan (s)

Hinh 4: Ham offset, ham common mode chuén héa, song mang va séng diéu
khién cua ky thuat SPWM véi m = 0.8.

Ham offset ki thuat offset trung binh

2.0 -
A o ~ ; Py ‘ Hamuffset_
1.5 ' : :
1.0
1 Ham common mode k¥ thudt offset trung binh
: ~— Ham common mode
- Ham common mode max 4
U -

Ham common mode min |

Séng mang va song d\eu khlen ky thuat offset trung binh

TP — V_dka g
AV — v ks
AT

Y vies |

V.2
v (L}

x le-2

Thoi g|an (s)

Hinh 5: Ham offset, ham common mode chuin héa, song mang va song diéu
khién ciia k¥ thuat offset trung binh véi m = 0.8.

Bang viéc phan tich hai ky thuat diéu ché song mang truyén
thdng cho nghich luu NPC 4 béc, cac ham offset, sdng mang,
song diéu khién cho céc ky thuat truyén théng duoc trinh bay
nhu trén. C6 thé thay rang ky thuat SPWM lya chon ham off-
set sao cho dién 4p common mode (Veom) bang khong. Viéc
chon ham offset c6 Veom = 0 khong thé thuc hién duoc & ngoai
viing lam viéc tuyén tinh m > 0.866. Do d6, ky thuat SPWM

¢6 nhuge diém han ché viing 1am viéc & chi sb didu ché m <
0.866. Trong khi do ky thuat offset trung binh thém thanh
phan tha ty khong cua dién ap pha tai vao ham offset nham
cai thién dac tinh song hai so véi ky thuat SPWM.

3.4. Ky thuat SPWM mé rong dé xuit

Nhu @4 trinh bay, k¥ thuat SPWM chi thuc hién duoc & ving
chi s diéu ché m < 0.866, khi diéu kién dién 4p common
mode bing khdng thoa man.

DPé ma rong pham vi &p dung cho m > 0.866, diéu kién Veom =
0 c6 thé duoc thay thé bang gia tri do I6n dién &p common
mode [Veom| Cuc tiéu. Ky thuat SPWM mo rong dé xuat dugc
hinh thanh s& bao gém viing ap dung Veom = 0 va viing mé rong
VGi [Veom| Cuc tiéu.

Véi cac ham offset cuc dai va offset cyc tiéu dugc dinh nghia
¢ (15) va (16), gia tri dién ap common mode cuc dai va cuc
tiéu IGc nay a:

Vcommax =V0max _U_d
2 17
U
Vcommm _VOmln _7(‘
Vi: Vomin < Vo < Vomax, NEN:
Vcommax _VOmax Ud ZVO _U_d
2 2 (18)
0] U
V. ooV, —dcy 24
commin Omin 2 o 2
Hay:
U7d+vc0mmin SVO < U7+Vcommax (19)

Trong ky thuat SPWM mo rong, ham offset s& duoc thiét ké
sao0 cho |Veom| dat cuc tiéu khi dieu kién veom = 0 khéng thoa
maén. Tu d6, ham offset cua phuong phap SPWM ma rong s€
la:

U /2 Vcommm
V=4V, .. V

Omax’ ‘commax — 0
V

V,

Omin? Ycommin 2 0

Tir biéu thice (20), ta thy ky thust SPWM mo rong tuong
duong k¥ thudt SPWM truyén théng & ving m < 0.866 vi ham
offset luc nay bﬁng Ud2. O ving mo rong, ham offset dugc
chon sao cho bién do ap common cuc tiéu. Do do, ky thuat
SPWM mo rong con duge goi la ky thuat do 1én common
mode cuc tiéu. Khoang didu khién tuyén tinh ctia phuong
phap nay duoc cai thién dén chi sb diéu ché m = 1.

Ham offset, tin hiéu song mang, song diéu khién cta k¥ thuat
SPWM mé rong & duge thé hién nhu trong Hinh 6 & ving mo
rong m > 0.866. Tir hinh 6, ta thdy do thi ham Veom c6 phan
thoa man Veom = 0va phan con 1a1 dat gia tri veom # 0. Khi do,
Veom S€ lay bang gia tri Vcommin néu Veommin > 0 va bang gia tri
Veommax N€U Veommax < 0 dé dd 16n Veom ludn dat gia tri nho nhat.
Khi ¢ ving m < 0.866, gia tri cac ham nay dugc thé hién tuong
tu nhu trong Hinh 4 cua ky thuat SPWM.

<0<V

commax

(20)
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6 Ham offset kj thuat SPWM md rong Ap diéu khién méi ex’ cua diéu ché BNL 2 bac trén Hinh 7b
. . | Hem offset sé€ la:

1.5 . - [ ex ‘= ex + eo (28)

14: - Do 16n clia eo anh hudng dén kha nang cai tién cua ky thuat

Ham common mode ky thuat SPWM md rdng

== Ham common mode

~+ Ham common mode max
Ham common mode min [

) Y i i :
0.0 0.5 1.0 1.5 2.0 25 X le-2
Thdi gian (s)

Hinh 6: Ham offset, ham common mode chuén hoa, song mang, song diéu
khién caa ky thuat SPWM m¢ rong véi m = 0.9.

4. K thuit diéu ché song mang PWM cii tién
deé xuat cho nghich luu NPC 4 bac

Trong phan nay, ky thuat diéu ché séng mang PWM cai tién
cho nghich luu NPC 4 bac duoc dé xuét bang cach bo sung
thém thanh phan offset phu cua ki thuat diéu ché cua BNL 2
bac. Tir d6, diéu chinh gian d6 dong ngat BNL 2 bac va lam
cai thién THD so vai céc ky thuat PWM truyén théng.

Dé thiét ké ham offset phuy, truéc hét ap didu khién chuan héa
cuia bo nghich luu 4 bac duge dua vé thanh phan 4p caa nghich
luu 2 bac nhu sau:

Vax =Ly +€y (21)
Trong d6 Lx 12 thanh phan ap diéu khién nén, ex 1a thanh phan
4p diéu khién trong nghich luu 2 bac. Cac thanh phan nay
duoc tinh nhu sau:

_ floor(Vyy ), Vax <3 22)
g 2, Vi =3
e =Vax —Lx (23)

Trong gian db véc to khong gian cta nghich luu 2 bac, ¢6 2
trang thai trang 1ap c6 thé tao ra cing muc dién ap la trang
thai (000) va (111). Trong ky thuat SPWM cho nghich luu 2
bac thuc hién bang ap ey, thoi gian tac dong cua trang thai
(000) va (111) 12 khéng bang nhau nhu trén Hinh 7a, trong do:
DOOO * Dlll (24)
Nguyén ly ky thuat diéu ché séng mang cai tién dé xuat dya
vao thiét ké thanh phan offset phu (eo) dé cai thién d6 méo
dang séng hai. Cu thé, thanh phan offset phu eo nay thém vao
ap ex giup cho thoi gian tac dong cua hai trang thai trung lap
(000) va (111) bang nhau trong chudi trang thai dong ngat
Khi d6, nhu trén Hinh 7b, thanh phan offset phu eo duoc thiét
ké sao cho:

Do =D ) (25)
Thanh phan offset phu nay duoc thiét ké thoa (25) sé la:

eO _ eOmax ;—eOmin (26)
Trong do6, €omax, €omin dugc dinh nghia nhu sau:

€omx =1—Max(e,,e;,6e.) @7)
eOmin = _Min(eAl eB 1 eC)

PWM. Néu eo bang khong, thanh phan ap diéu khién s& khong
d6i (ex = ex’), nén tinh méo dang s& khong cai tién trong chu
ky song mang dugc xét. Nguoc lai, eo cang 16n sé tac dong cai
thién méo dang trong chu ky song mang cang manh, do do
THD cua ky thuat PWM cai tién s& duoc cai thién o rét.

Dé sir dung nguyén 1y cai thién méo dang bang ham eo cho k¥
thuat PWM nhiéu song mang thi ham vo trong (9) dugc thay
thé bang vo’ nhu sau:

Vo =V, +e€g, VO:U\:O/3 (29)
Trong d6 Vo 14 ham offset chinh duoc chuan héa va eo 1a ham
offset phu. Song diéu khién hiéu chinh dugc cip nhat va so
sanh voi song mang dé tao xung dong cét cho cac khéa nhu
da trinh bay trong phan 3. Ham offset, dang song diéu khién
hiéu chinh bang phuong phap dé xuat dwoc thé hién ¢ Hinh 8
va Hinh 9.

Sa

Sg

sc loiof T T T oo S

a) b)

Hinh 7: B4 thi chuyén mach trong nghich luu 2 bac véi ky thuat a) SPWM,
b) khi thém ham offset phu.

Ham Offset ky thudt SPWM cdi tién

Ham Offset ky thuat offset TB cai tién

~ Ham Offset k§ thudt SPWM md réng cdi tién

T
0.0 0.5 1.0 1.5 2.0 2.5

x le-2

Hinh 8: Ham offset cua cac ky thuat PWM cai tién dé xuat véi m = 0.8.



Measurement, Control and Automation

21

Hinh 9: Ky thuat didu ché séng mang cai tién dé xuét vaim = 0.8.
5. Ket qua mo phéng

Bo nghich luu NPC 4 bac dugc mo phong bang phan mém
PLECS. Théng s6 md phong dugc thé hién & Bang 2.

Béng 2: Bang trang thai caa mot pha trong bo NPC 4 bac

| Thong sb [ Gia tri
bién ép U, 300V

Tan s6 co ban 50Hz

Tén sb séng mang 5kHz
bién tro 33.3Q
Cudn cam 2.7 mH

D6 thi eo va do méo dang THD cua ki thuat SPWM mé rong
va ky thuat SPWM ma rong cai tién cho bd NPC 4 bac duoc
thé hién & Hinh 10 va Hinh 11.

Céc db thi trén Hinh 10 biéu dién qua trinh ham eo trong mot
chu ky cua dién 4p ngd ra twong (ng véi céc chi sé diéu ché
khé&c nhau. Vi du khi m = 0.1 va m = 0.6, eo ¢6 gia tri nho
trong ca chu ky nén it c6 kha ning cai thién do6 méo dang. D6
thi d6 méo dang THD; tuong ung thu dugc trén Hinh 11 xac
nhan két qua cai thién khong dang ké cua phwong phap
SPWM mé rong cai tién. Khim = 0.3 vam =1, ham eo c6 gia
tri 16n trong chu ky ap tai mod ta & Hinh 10, da din dén cai
thién THD r8 rang hon nhu md ta trén Hinh 11. Mét céch
tuong dbi, 6 thé danh gia tac dung cai thién THD theo chi s6
diéu ché m cua ham eo thong qua tri hiéu dung eorms trén Hinh
11. Két qua cho thay rd rét anh huong cua eoms dén sy cai
thién d6 méo dang. Pic biét, két qua THD cua phuong phap
SPWM ma rong cai tién duoc cai thién rd rét & ving 0.2<m
< 0.5, cu thé THD c6 thé giam tir 17% xubng con 14% (tai m
=0.3). THD ciing duoc cai thién & chi s diéu ché m > 0.866.
O ving mé rong, THD dugc cai thién nhiéu nhat dén 73% tai
m = 0.95 (ldc nay gia tri ham offset phu ciing 1a 16n nhit) so
vé6i phuong phap SPWM mé rong chua cai tién. Vi vy c6 thé
nhan thiy do 16n caa ham offset anh huang su cai thién THD
cua ki thuat SPWM cai tién ma rong so véi ki thuat SPWM
ma rong khong cai tién.

Twong ty, ¢6 thé theo ddi qua trinh ham eq(8) va eorms, THD;
cta phuong phap PWM offset trung binh cai tién trén céc
Hinh 12 va Hinh 13. Vi 0 < m < 0.4, ham eo = 0 nén khéng
c6 su thay doi THD khi &p dung phuong phap PWM offset

trung binh cai tién. Vi m > 0.8, eo c6 gié tri nho va su cai
tién THD khong dang ké. Do do, k§ thuat offset trung binh cai
tién c6 THD twong dwong nhu k thuat truyén thng trong hai
khoang nay. Trong khoang 0.4 < m < 0.8, ham eo va gié tri
eoms tang 1én dan dén sy cai thién THD dién ra trong ving
nay. Cu thé, eoms tai m = 0.7 dat cuc dai va lic ndy THD duoc
cai thién 1én dén dén 78%. Tir cac két qua trén, c6 thé két luan
rang cac ky thuat diéu ché song mang cai tién dé xuat cho
nghich Iuvu NPC 4 bac cai thién duoc THD so véi cac ky thuat
truc cai tién khi 4p dung ham eo.

Chat lugng séng hai THD cia hai phuong phap SPWM mé
rong cai tién va offset trung binh cai tién duoc so sanh trén
Hinh 14. G viing m < 0.4, k¥ thuat SPWM mé rong cai tién
¢6 d6 méo dang thap hon. O ving con lai thi PWM offset
trung binh cai tién c6 THD thap hon, dac biét & ving chi s6
diéu ché lon.

Hinh 15 - Hinh 20 lan luogt md ta két qua mé phong dién &p
day, dong pha tai va phan tich FFT dong dién cua b NPC 4
bac véi lan luot cac phuong phap SPWM mé rong cai tién va
phuong phéap offset trung binh cai tién & céc chi sé diéu ché
lan luot lam =0.3, m=0.6 vam = 0.9.

Vi m = 0.3, dién ap day va dong pha tai b NPC 4 bac duoc
thé hién & Hinh 15 véi ki thuat ) SPWM ma rong cai tién, b)
Offset trung binh cai tién. Két qua phan tich FFT dong dién ¢
Hinh 16 cho thiy chi s6 THD dong dién cua 2 ky thuat lan
luot 1a 14% va 14.5% cho thay k§ thuat SPWM mé rong cai
tién c6 THD t6t hon so véi ki thuat offset trung binh cai tién.
Tiép theo, dién ap day va dong pha tai duoc thé hién & Hinh
17 véi ky thuat a) SPWM mé rong cai tién, b) Offset trung
binh cai tién. Phan tich FFT dong dién & Hinh 18 cho thay chi
s6 THD dong dién cua ky thuat SPWM mé rong cai tién 1a
6.8% trong khi gia tri nay cua ky thuat offset trung binh cai
tién chi 125.7%.

Tai m = 0.9, dién &p day va dong pha tai duoc thé hién & Hinh
19 véi ki thuat a) SPWM mé rong cai tién va b) Offset trung
binh cai tién v&i phan tich FFT thé hién ¢ Hinh 20. THD dong
cua ky thuat offset trung binh cai tién 1a 4.05%, thap hon so
vé6i 4.5% cua ky thuat SPWM ma rong cai tién.

o B0 thi e (theta)
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|3333
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0 90 180 2720 360
Gdc theta [d8]

Hinh 10: D4 thi eo(6) tai cac chi sé didu ché m=1,m=06m=03vam=
0.1 khi &p dung ky thuat SPWM m¢ rong cai tién.
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Hinh 11: DS thi eoms(m) va THDi(M) cia ky thuat SPWM m& rong va
SPWM mo rong cai tién theo chi so diéu ché.
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Hinh 12: B4 thi eo() tai cac chi sé diéuchém =1, m= 0.8,m=0.6vams=
0.1 - 0.4 khi ap dung ky thuat PWM offset trung binh cai tién.
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Hinh 13: D thi eoms(m) va THD;(m) ctia ky thuat PWM offset trung binh va
PWM offset trung binh cai tién theo chi s6 diéu ché.
—#—0Offset TBcaitien  —&— SPWM md réng cai tién
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Hinh 14: Db thi so sanh THD dong dién gitra k§ thuat SPWM mé rong cai
tién va PWM offset trung binh cai tién.
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Hinh 15: Bién &p day va dong pha tai bd NPC 4 bac vai ky thuat a) SPWM mé rong cai tién, b) Offset trung binh cai tién tai m = 0.3
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Hinh 16: Phan tich FFT dong tai véi ki thuat a) SPWM m rong cai tién, b) Offset trung binh cai tién tai m = 0.3
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Hinh 17: Bién &p day va dong pha tai bd NPC 4 bac vai ky thuat a) SPWM mé rong cai tién, b) Offset trung binh cai tién tai m = 0.6
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Hinh 18: Phan tich FFT dong tai véi ki thuat a) SPWM ma rong cai tién, b) Offset trung binh cai tién tai m = 0.6
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Hinh 19: Bién &p day va dong pha tai bd NPC 4 bac véi ky thuat a) SPWM cai tién (viing mé rong), b) Offset trung binh cai tién tai m = 0.9
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Hinh 20: Phén tich FFT dong tai véi ky thuat a) SPWM cai tién (ving mé rong), b) Offset trung binh cai tién tai m = 0.9

6. Kétluin

Bai bao nay trinh bay cach tiép can mot BBD bac 4 gitip ting
cdng suat va cai thién dac tinh séng hai cho cac tng dung yéu
cau cao hon so vé&i cac BBD bac 3. Véi déi twong 1a b nghich
luu NPC 4 bac, bai bao da thyc hién ki thuat diéu ché song
mang cai tién bang phuong phéap thay ddi ham offset. Trudc
tién, dé xuat ma rong pham vi ap ra cia phuong phap SPWM
bang phwong phap SPWM ma& rong bang nguyén ly bién do
dién 4p common mode cyc tiéu. Do d6, md rong vang lam
viéc dén chi s6 diéu ché m = 1 cho bo nghich luu. Sau d6, cac
ky thuat diéu ché séng mang cai tién duoc d& xuét bang cach
thém vao thanh phan offset phu cua di¢n 4p diéu khicn trong
nghich luu 2 bac dé céi thién do méo dang song hai. Két qua
mo phong cho thay ky thuat diéu ché séng mang cai tién dé
xuit cho nghich Iuu NPC 4 bac cai thién dwoc THD dang ké
S0 vai céc ky thuat truyén thong, trong d6 ky thuat offset trung
binh cai tién c6 THD thap nhat trong phan 16n ving chi so
diéu ché giira cac ky thuat.
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