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TOM TAT

Bai bao nay trinh bay ky thudt diéu ché song mang thong qua viéc sir dung ham offset

nham giam sé lan chuyén mach cia cdc khéa cong sudt cho ‘nghich luu cau H-NPC 5 bdc. Ky

thudt nay sw dung ham offset la thanh phan bdc 3 dé chuyen cac song dién dp diéu khién vé

cac nguong cuc dai hodc cuc tiéu cia bién do séng mang dé gia giao cat giita séng diéu khién

va song mang dé giam s6 lan chuyén mach. Véi ky thudt xdy dwng ham offset trinh bay trong

nghién ciru, s6 lan chuyén mach cia cdc khéa cong sudt/pha trong mét chu ky c6 thé giam dén
33%. Két qua cia gidi thudt dwoc kiém chitng qua mé phong va qua qud trinh thire nghiém.

Tir khéa: diéu ché séng mang, ham offset, giam sé lan chuyén mach, nghich heu.
ABSTRACT

This paper presents the carrier pulse width modulation with a novel offset based to re-
duce the number of switching times in a five-level H-bridge neutral point clamped inverter. The
proposed technique uses the offset which is 3rd voltage component to shift the control voltage
signal to the maximum or minimum amplitude of the carrier in order to reduce the intersection
of the control signals and the carrier wave and thus to reduce the number of switching times.
With the pulse width modulation method and flexible offset voltages in this study, the number of
switching times/phase in a cycle can be reduced to 33%. Simulation and experimental results
are provided in order to validate the proposed method.

Keywords: carrier pulse width modulation, novel offset, reduce number of switching
times, inverter.

1. GIOI THIEU

Bién tAn da bac 1a thiét bi bién ddi dién  tdi da, kha ning can bang dién 4p trén tu DC

nang cd vai trd ngay cang quan trong trong
cac linh vuc ung dung khac nhau nhu phuc vu
bién ddi dién co, giao thong, van tai, quan ly
chét luong hé théng dién, chuyén doi cac dang
nang lugng tai tao nhu nang lugng mat troi,
nang luong gio vé hoa luéi dién. Hai k¥ thuat
diéu khién bién tan da bac thuong dugc quan
tam 1a k¥ thuat diéu ché vecto khong gian va
k¥ thuét diéu ché song mang dya vao ham off-
set. Kha nang khai thac ham offset trong tin
hiéu diéu khién c6 thé 1am ting cudng cic tinh
ning xac 1ap va cac tinh chat dién cua thiét b
nhu pham vi diéu khién dién ap (va dong dién)

link, kha ning gidm bét cac nhiéu do song hai
gay ra...

Dé dap tmg nhu ciu thyc té thi cong suit
nghich luu ngay cang 16n do dé doi hoéi phai
c6 cac khoa cong suat 16n. Tuy nhién, tan sd
chuyén mach ctia cac khoa cong sudt 16n ludn
bi gidi han (thoi gian chuyén mach 16n hon
rat nhiéu so voi linh kién cong suat nho). Mat
khac, ton hao trong mach nghich luu bao gdm
tén hao trén ngudn cung cap (Py), t6n hao trén
day nbi (P), t6n hao cho mach klch khoa cong
suat (P,,) va t6n hao trén khoa cong suat (Pgy)-
Trong céc ton hao ké trén thi ton hao trén khoa
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cong suit dong vai tro chinh, phu thudc nhiéu
vao giai thuat diéu ché va cAu tric mach. Tén
hao trén khoa cong suét cia mach nghich luu
trong 1 chu ky dién ap diéu khién c6 thé xac
dinh theo (1)

PSW = PSS + PCS (1)

V6i: P, la t6n hao trong 1 chu ky dién
ap diéu khién trén khoa cong suat trong mach
nghich luu; P va P 1a ton hao do su chuyén
mach va ton hao dan dién trong 1 chu ky dién
ap diéu khién trén khéa cong suat mach nghich
lwu. Theo [11] thi t6n hao do sy chuyén mach
phu thudc vao sb 1an chuyén mach trong mot
chu ky dién ap diéu khién cua cac khoa cong
suét. Do do, néu sb lan chuyén mach 16n sé
dan dén ton hao trén khéa ting va phai ting
chi phi dé 1am mat, dé san xuét cac khoa cong
suit c6 kha niang chiu ting nhiét t6t hon.
Chinh vi vay, viéc ngoai viéc nghién clru cac
dang nghich luu da bac thi mdt huong khac
duoc quan tam la nghién ctru gidi thuat lam
giam s6 1an chuyén mach.

Noi dung bai bao dé nghi mot ky thuat
diéu ché méi gitp giam sd lan chuyén mach
ctia cac khoa cong suat trén bo nghich luu ap
5 bac cau H-NPC thong qua viéc str dung ham
offset dwa dién ap diéu khién vé cic ngudng
cuc dai hodc cuc tiéu cua song mang. So véi
cac giai thuat diéu ché chuén, ky thuat diéu
ché méi dé xuit co kha nang giam dang ké sb
lan chuyén mach. Két qua dé xuat dugc kiém
chimg qua mé phong bang phan mém Mathlab
va thuc nghi¢m trén mo hinh vat 1y.

2. CAUTRUC NGHICH LUU 5 BAC
CAU H-NPC

ShH g gpyg —hE

v

Hinh 1. So d6 nguyén Iy bé nghich lvu ba pha
nam bdac H-NPC
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M&i pha ctia nghich Iuu 3 pha 5 bac cau
H-NPC duge ciu tao tir 2 nhanh NPC 3 bac
Hinh 1.

Do d6, thanh phan U dugc xac dinh
dua vao (2) nhu sau:

an = anT - anP (TSXT SxP) (2)
V6i T, , duge dinh nghia theo (3) voi
Ch=T,P (b1eu th1 nhanh trai va phai).
Tij = TSxPj - T5ij 3)

Trong d6 j 1a chi sé khéa chuyén mach
co gia tri 1-4 va T 1a trang thai khoa cong suat.

Do d6, dién ap pha tim ngudn DC duoc
xac dinh theo (4)
Uan Tour = Toar
Uy | = ttg| Ty = T (4)
('fu! IMJ - ]:V(."
Va c¢6 thé tinh dugc dién ap pha-tam tai
cua nghich luu cau H-NPC 5 bac theo (5) va
(6).

v, 2 -1 -1]u,,
U,|=4-1 2 -1 U,” (5)
U, -1 -1 2|U

(U b (R | .
[‘y:«u =“% -1 2 -1 7?\7-7_7:‘\:5-;4 (6)
E R S I R o

Do d6, thanh phan U_ chaa hai bac 3
con hai thanh phéan dién ap pha U va di¢n
ap day U s€ khong co hai nay [15]. "Chinh vi
vay co thé thdy rang neu ham offset trong giai
thuat nghich luu dé xudt 1a hai bac 3 thi s&
khong 1am anh huong dén bién do thanh phan
dién ap hai bac 3 trén tai. Bén canh do ciing
c6 thé thay rang dién ap pha — tim ngudn U,
s€ c6 5 muc véi 2 muc duong, 2 mirc am va
gia tri zero.

3.  GIAI THUAT PWM CAI BIEN

(SFO-PWM)

Giai thuat PWM cai bién 1a giai thuat
PWM bd xung thém thanh phan bac 3 vao
song mang dugc goi la dién ap offset. Theo do
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mdi dién 4p diéu khién (V sro) 18 tong dién ap
diéu khién cua giai thuat PWM va thanh phan
dién ap offset (V_; )[10]. Tuc la:

=V 4V, (7)

Vg

Mot trong cac dién ap offset c6 thé chon
c6 gia tri bang trung binh cua gia tri dién ap
16n nhit va nho nhit trong ba dién ap diéu
khién.

Goi Va, Vb, Vc la cac dién ap offset theo
phuong phap SFO-PWM (VxSFO) vura duoc
mo ta c6 thé biéu dién dudi dang toan hoc nhu
sau:

max(l ) +min(}".)

ri,_,rﬁw = _% (8)
Trong do: x 1a chi sb pha x=a,b,c.

Do thi 1 hinh 2 cho két qua mo phong
tao V. vaV_  tr3 dién ap diéu khién v,

V., va V_ap dung véi nghich luu 5 béc ciu
H-NPC

B VR IR ]
i

Hinh 2. Mé phong nghich luu 5 bac cau H-
NPC diéu ché SFO PWM

Giai thuat SFO PWM cho két qua gia tri
trung binh dién 4p common mode (V __,.,) s€
thap hon so voi giai thuat PWM. Vi vay, ham
tao dién ap offset (8) con dugc goi la ham off-
set diéu ché cuc tiéu common mode.

Bién d¢ dinh dién ap hai bac 1 cua
phuong phép SFO c6 gia tri:

udc

Visro = ﬁ 9

Do d6, khoang diéu khién tuyén tinh cua
phuong phap nay dugc cai thién 1én dén chi
so m_ =0.91. Mot s ham offset khac ciing
dugc dua ra nham cac muc dich khac nhau
nhu giam s6 lan chuyén mach, giam hé s
méo hai tong [5, 7, 10]. Vi Vay, bai bao nay
cling chu yéu tap trung vao viéc dé xut cac
ham offset nham thuc hién muc tiéu chuyen
mach ctia cac khoa cong suit.

4. GIAI THUAT PE XUAT
4.1. Nguyén ly gidi thuat

Theo [5, 11] thi ton hao do su chuyén
mach phu thudc vao dién ap dat 1én khoa dong
dién chay qua khoa va s lan chuyén mach
trong mot chu ky dién ap diéu khién cia cac
khoa cong suit. Do d6, giai thudt s& tap trung
giam su chuyén mach cua cac khoa c6 dién
ap diéu khién tuyét d6i 1a 16n nhat. Goi vx 1a
dién ap diéu khién pha x ban dau,vrx 1a dién
ap diéu khién tinh toan tir giai thuat (s& dua
vao mach diéu ché). Bién d6 cac song mang
tam giac déu bang nhau va bang 1. Vi nghich
luu 5 bac cau H NPC, lic nay cac ngudng so
sanh chuyén mach trén cing va dudi cing s&
1a+2 va -2. Goi m 1a chi s6 diéu ché. Gié tri m
dugc dinh nghia theo

- far 3 (10)

Vx :VLX -COS(O)~t+jx )+V01fset

(11)

Goi Px va Nx la chénh I¢ch dién ap gitra
pha x voi cac nguong dién ap trén cung va
dudi cung cua song mang.

P=2-V (12)
N =V —-(-2)=V _+2 (13)
bat Min, =min (P, P, P) (14)
VaMin =min (N, N, N) (15)

Luc nay Min, bang gia tri P_cua pha
nao thi pha d6 co bién do dién ap diéu khién
gan ngudng +2 nhat. Tuong ty, Min, ¢6 gia
tri bang N cua pha nao thi pha d6 ¢6 bién do
dién 4p diéu khién gan ngudng -2 nhit. Do
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d6 néu dién 4p offset (V

(16)

i) duoc xdc dinh theo

Minp nu Minp < Miny
—Miny nu Minp > Miny

(16)

Thi ham offset lic nay s& 1a thanh phan
béc 3 va dién ap diéu khién sau khi cong offset
s& doi vé vi tri méi voi do dich chuyén 1a nho
nhit dong thoi pha c6 bién d6 gan cong hoic
trir 2 nhat s& doi vé ngudng +2 hoic -2 (Hinh
3).

Voffset = [

Hinh 3. M6 ta nguyén Iy gidi thudt dé xudt
4.2. Luu d6 giai thuat
Vi céac phan tich tir 4.1.1 c6 the xay
dung luu do giai thuat nhu Hinh 4.

/ Nhap V, Vi, V, /

|

TinhP,=1-V,
TinhN,=1+V,

¥

Minp = min (P, Py, P, )
Miny =min ( N,, Ny, N. )

Y N

Voﬂsel = minp l

Voitsot = - MiNy

VIX = Vx * Voffsel

R’

_ End

Hinh 4. Luu d6 gidi thudt dé xudt

Luu dd giai thudt cho thay giai thuat dé
xuét str dung céc 1énh don gian nhu cong, tri,
so sanh trong chuong trinh. Do d6, khi trién
khai giai thuat thi thoi gian tinh toan s& rét
nho, rat phit hop voi viée diéu khién vong kin
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hodc diéu khién theo cac dinh huéng ky thuat
khac nhau.

5. KET QUA MO PHONG VA THUC

NGHIEM

Pbiéu kién md phong, thuc nghiém
ngudn DC 150V, tan sé soéng mang 3000Hz,
tai R=82Q), L=50mH, may do Tektronix TPS
2024B, may do THD: Hioki , Vi diéu khién
DSP 28335.

Két qua md phong (a) va thyc nghiém
(b) dién ap pha tam tai va dong dién pha tai
dugc trinh bay ¢ Hinh 5. V&i dang song nhéan
dugc co thé thay rang két qua mo phong va
thuc nghiém kha twong dong.

**’#*i*ﬁ*#

288 .8 Wadiw

1.18 & [FsUm
1.89 p, (1[4

1 MaG I Mag T Mag HOLLD
b)
Hinh 5. Két qud mo phong va thwc nghiém
giai thuat dé xuat tai chi soO diéu ché m=1.

A @7
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Tai chi s6 diéu ché m=1, dién ap pha
tai va dong dién tai déu ¢ hé s méo hai téng
(THD%) lan luot 1a 3,8 va 3,9 nho hon gia
tri yéu cau theo tiéu chuan Viét Nam hién
nay (TCVN-7909 2.2-2008) dong thoi ciling
dap g tiéu chuan vé nhidu dién tir theo tiéu
chuan quéc té EN6100-2-2 (Hinh 6).

VIEW
SET
]

Hinh 6. Phan tich THD ap pha tai va dong
dién tai thuc nghiém giai thudt dé xuat tai chi
s6 diéu ché m=1.
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Hinh 7. Quan hé chi s6 diéu ché va THD%
dién ap pha tam tai giai thudt dé xudt va giai
thuat medimum common mode

Hinh 7 cho thdy giai thuat dé xut co hé
s0 méo hai tong (THD) cua dién ap pha tam
tai nho hon so voi khi &p dung giai thuat me-

dimum common mode trén toan by vung chi
s0 dicu ché.

Dic tuyén diéu khién cia giai thuat dé
xuét ciing kha tuyén tinh va so véi giai thuat
medimum common mode thi khé twong duong
nhau (Hinh 8).
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Hinh 9. S6 lan chuyén mach trong mét chu ky
theo chi so diéu ché cua giai thudt dé xuat va
giai thuat medimum common mode

Hinh 9 cho thay su so sanh vé sb lan
chuyén mach trong mét chu ky dién ap diéu
khién cua giai thuat dé xuét va giai thuat me-
dimum common mode. Tir d6 thi c6 thé thay
rang s6 1an chuyén mach cia giai thuat dé xuét
ludn it hon so véi khi dp dung giai thuat me-
dimum common mode va s6 1an chuyén mach
giam nhiéu nhit 1a 30% ung véi truong hop
chi s6 diéu ché 1a m=0.9
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6. KETLUAN

Bang cach st dung ham offset méi dé
xuit theo c6ng thire (15) ¢6 thé giai quyét tot
bai toan giam sd lan chuyen mach trong mot
chu ky dién 4p diéu khién. Gia tri giam ciia s6
lan chuyen mach c6 thé dat den 33% theo ly
thuyet nhung trén thyc té v6i tan s6 song diéu
khién sd lan chuyén mach giam 30%. Bén
canh d6, cac thong sd chat lugng dién ning
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nhu THD% cua dién &p pha tai cting dam bao
ludn thdp hon so voi khi 4p dung giai thuat
Medimum common mode (Hinh 8). Giai thuéat
nay c6 thé md ra kha ning giam s6 lan chuyén
mach qua d6 giam ton hao do chuyén mach
ctia khéa cong suét cho nghich luu lai cau H-
NPC 5 bac ma van dam bao cac thong s6 chat
luong nhu THD% va do tuyén tinh cua dac
tuyén diéu khién.
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