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TOM TAT

Bai bao nay gl(n thiéu mo hlnh thu"c nghiém 3 pha 3 bdc NPC. Bé bién doi nay cho phép
dat dwoc cong sudt cao hon khi néi tiép cdc khéa ban dan cong sudt véi nhiéu nguon dién ap
DC thdp véi nhau va chuyén doi thanh dang séng nang lirong bdc thang ngé ra. Vi thé, dién dp
pha tdm nguon DC véi ba bdc sé ¢6 chat lirong dién ndng tot hon so véi khi sir dung cau hinh
nghich luu hai bdc truyén thé'ng. Cu thé dién ap nguoc dat lén khoa cong sudt, toc do tang dién
dp trén khéa, sé lan chuyén mach trong mét chu ky ciia cac khéa va THD% déu dwoc cdi thién
S0 voimo hinh 2 bac. Voi 27 trang thai chuyén mach so voi 8 trang thdi cua cau hinh 2 béc, cdu
hinh nghich leu 3 béc cho thdy kha nang diéu khién véi nhiéu yéu cau khéc nhau trong thuc té.
Bai bao nay tdp trung so sanh su khdc biét cua bién tan ba bdc va ky thuat SFO PWM dwoc dé
xudt dé xdy dung mé hinh chuyén déi bién tan ba bdc cdi thién dé méo hai tong THD. Két qud
cia bai bdo dwgc kiém chirng qua mé phéng va thwe nghiém.

Tir khéa: SFO PWM,SPWM, THD, PWM, giam sé lan chuyén mach.

ABSTRACT

This paper presents experimental model of a three-phase, three-level NPC inverter. This
multilevel inverter helps achieve higher electrical power by connecting in series the power
semiconductor switches with lower voltage DC sources to produce step-waveform AC output.
Accordingly, the generated 3-level phase voltage has higher quality than the phase voltage
produced by the traditional 2-level inverter configuration does, such as less reverse voltage
on switch power, lower voltage increasing speed on switch and higher number of switching in
a cycle and less total harmonic distortion THD%. With 27 states of switching in comparison
with only 8 states in the 2-level structure, 3-level inverter configuration shows more control
flexibility for more different requirements in practice. This paper focuses on the new achieve-
ments by the 3-level inverter which is built up basing on SFO PWM technique. Simulation and
experimental results are provided in order to validate the proposed method.

Keywords: SFO PWM, SPWM, THD, PWM, switching reduction.

1. GIOI THIEU

Bién tn da bac 1a thiét bi bién ddi dien  set. Kha nang khai thac ham offset trong tin
ning c6 vai trdo ngdy cang quan trong trong Niéu diéu khién c6 thé lam tang cudng cac tinh
céc linh vuc Gng dung khac nhau nhu phuc vu ~ 1ang xac 1ap va cac tinh chat dién cua thiét bi
bién dbi dién co, giao thong, van tai, quan ly nhu pham vidiéu khién dién ap (va dong di¢n)
chét luong hé théng dién, chuyén ddi cac dang  tO1 da, kha nang can bang dién ap trén tu DC
nang luong tai tao nhu nang luong mét troi, link, kha ndng giam bot cac nhiéu do song hai
nang 1u’0‘ng glo Ve hoa lu6i dién. Hai ky thuat g4y ra... . ) )
diéu khién bién tan da bac thuong dugc quan D¢ dap g nhu cau thyc t¢ thi cong suat
tam 1a k§ thuét diéu ché vecto khong gian va  nghich luu ngay Céﬂg 16n do do doi héi‘ phé’i
k¥ thuat diéu ché song mang dya vao ham off-  ¢6 cdc khoa cong suat 16n. Tuy nhién tan so
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chuyén mach cta cac khoa cong suit 16n ludn
bi gi6i han (thoi gian chuyén mach 16n hon rat
nhiéu so voi linh kién cong suit nho).
2. CAUTRUC NGHICH LUU 3 BAC
NPC
Mbi pha nghich luu 3 pha 3 bac dugc
cu tao tir 4 khoa chuyén mach IGBT chia
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Hinh 1. Cdu triic cua nghich lvu NPC ba bdc

Néu goi S . vaS ’lakhoa cong sudt thir
i & nhanh trén va nhanh dudi cia pha x.

X=(a,b,c)vai=(1,2).

Trang thai kich cac khoa cong suit
nhanh trén (K ) va nhanh dudi (K | ;) cung
chi s6 luon 601 nghlch nhau;

Nghiala K . +K .’ =1 (D)

Goi T, ; la trang thai cua khoa cong sut
thiri pha x (S, ). T, ; = 0 tirc khoa mo, nguoc
lai T, . =1 la khoa dong. Nhu vay, trang thai
ra mot pha s€ phu thudc trang thai cac khoa
cong sut.

Va2

Néu goi T la trang thdi cac khéa cong
sudt nhanh x thi T duoc dinh nghia:
TSx= TSX,I + TSX,2 -1 )

Do d6, thanh phan dién ap pha tam
nguén DC ng duoc xac dinh dya vao (3) nhu
sau:

U, =u,. Ty /2 3)

Va dién 4p pha tAm ngudn cia 3 pha
dugc xac dinh (4)

‘T Sa
_ n 2, T, (4)
T,

Va c6 thé tinh dugc dién dp pha tai va

g

Do d6, thanh phan U, chura hai bac 3
con hai thanh phan dién ap pha U _ va dién
ap day U s€ khong co hai nay [3]. Chll’lh vi
vay c6 the thay rang néu ham offset trong giai
thuat nghich luu dé xuit 12 hai bac 3 thi s&
khong lam anh huéng dén bién do thanh phan
dién &p hai bac 3 trén tai. Bén canh do6 cling
c6 thé thay rang dién ap pha — tim ngudn U,
s€ c6 3 muc véi 1 mirec duong, 1 muc am va
gia tri zero.

3. GIAI THUAT PIEU KHIEN

Giai thuat diéu khién SPWM dugc st
dung rat pho bién trong ky thuat bién tan dugc
thé hién nhu hinh 2. Ngudi ta so sainh mot song
mang tam giac u_ voi tin hi¢u diéu khién dang
sine u, (x 1a chi sb pha, x=a, b, ¢), cac diém
giao nhau s¢& xac dinh diém chuyén mach cua
cac khoa dong ngit, co 8 trang thai dong ngit
trong nghich Iuu 3 pha 2 bac va 27 trang thai
dong ngit trong nghich Iuu 3 pha 3 bac. Dang
song diéu ché do rong xung ba bac duogc tao ra
boi su so sanh gitra song mang u_va song diéu
khién u,_theo quy luat (7)[2,9].

1 lfutlkx > ucl > ch

TS.\' = 0 !f'ucl > u:]k\' > ch (7)
_ll.f‘ ucl > ch > u(lk\‘

vO1 X =a, b hoac ¢

Ba tin hiéu diéu khién c6 bién do gidng
nhau nhung goc pha léch nhau 120°, hai song
mang dugc 1ay cing pha v6i nhau qua truc toa
d6 (PD). Bdi voi bd nghich luu n béc, sb song
mang duoc st dung 12 n-1, chung ¢ cung tan
50 va bién d6 dinh. Goi A_ va f_1an luot 1a
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bién d6 dinh — dinh va tan sb cua song diéu
khién; A_va f_ 1an luot 1a bién d6 dinh — dinh
va tan s song diéu khién (song diéu ché).
Song diéu khién thay ddi quanh tim cua hé
thong soéng mang. Néu song diéu khién 16n
hon song mang nao do6 thi linh ki¢n tuwong
g d6 duoc diéu khién kich dong tuong Gng
nguoc lai néu song diéu khién nho hon soéng
mang nao do thi linh kién bi kich khoa.

Goi m_ chi s6 bién d§ va duoc xic dinh

Am
(n—=1).4,

m =

(8)

Néu m_< 1 thi bi€n d¢ song sin nho hon
song mang, quan h¢ gitra thanh phan co ban
cua ap ra va ap dicu khién 1a tuyén tinh.

Goi m, 1a ti s0 di€u ché tan s6

mfzi

)

Vigc tang gid tri m_ s€ dan dén viéc ting
gia tri tan so song hai xuat hi¢n. Diém bat lgi
cua viéc ting tan sd song mang 1a van dé ton
hao do déng ngat 16n.

Song mang n-1 Song mang 2 Séng mang 1
+ San-1 + Sa2 4 Sal
mp Sa’n-1 P Sa2 - Sa’1
Sb n-1 t Sb2 t Sb1
1> Sb’ n-1 1 Sh2 ~ Sb’1
T+ Scn-1 1+ Sc2 T Sel
—= Se’ n-1 — = Sc2 Se'1
Va
Vb

Ve

Hinh 2. Gidi thudt diéu khién nghich luu 3
bac NPC diéu che SPWM.

4. GIAI THUAT PWM CAI BIEN

(SFO-PWM)

Giai thuat PWM cai bién 1a giai thuat
PWM b6 xung thém thanh phan bac 3 vao
song mang ma ta goi la di¢n &p offset. Theo
do moi dién ap diéu khién (V g, ) 1a tong dién
ap dicu khién cua giai thuat SPWM va thanh

Pién ap didéu khién va s6ng mang [V]

phan dién ap offset (V. )[1]. Tc la:

offset

\F() V +1

offset

(10)

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

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

~ max(V ) +min(F)
offser 2

(11)

Trong do, x 1a chi sb pha x=a,b,c.
D6 thi 1 hinh 3 cho két qua mo phong
tao V. va 'V tr3 dién ap diéu khién v,

V., va VC ap dung véi nghich luu 3 bac NPC

AR~
VWVWWWW VNI e
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—Tin hiéu dibu
| | | | | | |

Khién Udke
—Tin higu song
0302 0304 036 038 031 032 03 036 0318 032
Time(s)

mang Vel

—Tin higu song

Hinh 3. Dién dp diéu khién nghich luwu 3 bac
NPC diéu ché SFO PWM

S

T

=

=

mang Ve

Tir phuong trinh (7) tin hiéu diéu khién
Ugpr Uggy Ug SO sanh voi song mang V., dicu
khién cho cac khoa Sal, Sa2, Sbl, Sb2, Scl,
Sc2 va tin hiéu diéu khién u akar U Ugge SO
sanh véi song mang V., diéu khién cho cac

khoa Sal’, Sa2’, Sb1’, Sb2’, Sc1’, Sc2’.

Giai thuat SFO PWM cho két qua gia tri
trung binh dién 4p common mode (V__ ) s€
thap hon so voi gidi thuat PWM. Vi vay ham
tao dién ap offset (11) con dugc goi 1a ham
offset diéu ché cuc tiéu common mode.

Bién d6 dinh di¢n ap hai bac 1 cua
phuong phap SFO c6 gia tri:

I’ r ug&

1870 = ﬁ (12)
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Do d6, khoang diéu khién tuyén tinh cua
phuong phap nay duoc cai thién 1én dén chi
5O m_ =0.91. Mot s ham offset khac ciing
duoc dua ra nham cac muc dich khac nhau
nhu giam sd lan chuyén mach, giam hé sb
méo hai tong [4, 5, 6, 8]. Vi vay bai bao nay
cling chii yéu tap trung vao viéc dé& xuat cac
ham offset nhim thuc hién muc tiéu chuyén
mach ctia cac khoa cong suit.

Tir co so 1y thuyét nhu trén tac gia xay
dung chuong trinh mo phong dé thir nghiém,
két qua ching minh tir hinh 5~8. Mat khac
Tac gia dé xuit sit dung Card DSP F28335
dé lién két giita chuwong trinh mé phong va
mo hinh thuc va kiém ching sy twong dong
ctia co so 1y thuyét va tinh tng dung. DSP
F28335 ¢6 thé dugc lap trinh trén ngdn ngir
CCS tuy nhién ching ta ciing c6 thé lap trinh
trén ngon ngit Matlab bang cach cai cac driver
tuong ng. Trong bai bao nay cac module diéu
khién vao ra da niang GPIO sé& duogc sir dung
dé tao ra 12 xung kich kich cho cac IGBT trén
mach dong lyc. Vi cac ung dung khac chiing
ta hoan toan c6 thé sir dung cac module khac
cua vi mach DSP F28335 nhu module ADC,
module PWM va ap dung cac phan tich trong
[9] dé thuc hién diéu khién.

ANBHD
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—

Hinh 4. Nhung chuong trinh mo phong vao
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5. KET QUA MO PHONG VA THUC
NGHIEM
Tac gia tién hanh moé phong va thuc
nghiém dé cai tién THD cua dién ap va dong
dién cua nghich luu 3 pha 2 bac va nghich luu
3 pha 3 bac tai RL v6i cac thong sb sau:
Biing 1. Céc théng s6 mé phong va thuc nghiém

Thong | Chgenang | Gig g | PO°VE
i} tinh
R |DPiéntrophantng | 50 [Q]
L Dién cam 0.024 [H]
v, bién ap ngo vao 200 [V]
m | Hé sb diéu ché 0,85

. Eﬁir:é nsé ap diéu 50 [Hz]
fC Tén s6 song mang | 3000 [Hz]

1. Mo phong THD dang song di¢n ap va
dong dién nghich luu 3 pha 2 bac tai RL.

2. Mo phong THD dang song dién ap va
dong dién nghich luu 3 pha 3 bac tai RL.

3. Thuc nghiém THD dang séng di¢n ap
va dong di¢n nghich luu 3 pha 3 bac tai
RL, st dung may do HIOKI 3197.

Selected signal: 17.5 cycles. FFT window (in red): 2 cycles

100
o
-100
-200

0.305 0.31 0315 0.32 0.325 033 0335 034 0345 0.35
Time (s)

— FFT analysi

Fundamental (50Hz) = 149.5 , THD= 57.61%

151

flag

o 10 20 30 40 50
Harmonic order

mé hinh thuc nghiém s dung Card DSP  Hinh 5. Két qud mé phong THD va dang song

F28335

dién ap pha tam tai nghich luu 3 pha 2 bdc
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. \ \ . \ \ .
0305 0.31 0315 032 0325 0.33 0335 0.34 0345 0.35
Time (3}

— FFT analysi

= Fundamental (50Hz) = 1.032 , THD= 2.48%

x 1

o 10 20 30 40 50
Harmonic orcer

Hinh 6. Két qua mé phong THD va dang séng
dong dién tai nghich luu 3 pha 2 bdc

Selected signal: 17.5 cycles. FFT window (in red): 2 cycles

0.305 0.31 0315 0.32 0.325 0.33 0.335 0.34 0345 0.35

Time (3)
— FFT analysi
Fundamental (50Hz) = 3109 . THD= 28 34%
4
3
=1
=
=2
1
u)
o 10 20 30 40 50

Harmonic order

Hinh 7. Két qua mé phong THD va dang song
dién ap pha tam tai nghich luu 3 pha 3 bac

Selected signal: 17.5 cycles. FET window (in red): 2 cycles

2
1
o
=]
2k . . . . X X .
0306 031 0315 032 0325 033 0.335 034 0.345 035
Time (s)
— FFT analy
«1dF Fundamental (50Hz) = 2.153 , THD= 1.27%
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0
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Hinh 8. Két qua mé phong THD va dang séng
dong dién tai nghich luu 3 pha 3 bdc
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Hinh 9. Két qua thuc nghiém dang séng dién
dp pha tai va dong dién tai nghich luu 3 bdc
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Hinh 10. Két qua thye nghiém THD dién dp
pha tam tai va dong dién tai nghich luu 3 pha

3 bdc
Bing 2. Két qua so sanh (theo diéu khién dé
xudat)
Bac| THD | S6 |U,_. .| Sblan S6
khoa/ ' chuyén | trang
pha mach/chu | thai
ky diéu
£=3000Hz | khién
2 |5761| 2 400 20 8
3 12934 4 200 10 27
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6. KET LUAN

Két qua md phong cia bién tan 3 pha
2 bac va 3 pha 3 bac giai thuat SFO-PWM.
Két qua cho thidy hé s méo hai tong THD
ctia dién 4p pha tam tai cdu hinh nghich luu
3 pha 3 bac giam 49.07% so véi cau hinh 2
bac, dong di¢n tai cAu hinh nghich luu 3 pha 3
béc giam 51.2% so voi ciu hinh 2 béac. S6 1an
chuyén mach/khéa/chu ky dién ap diéu khién
c4u hinh 2 bac cao hon ciu hinh nghich luu 3
bac 50%[10]. Piéu nay that su co ich khi can
xdy dung cac b bién tan cong suat 10n.Véi
dién ap nguoc dit 1én chuyén mach chi bang
50% so v&i cau hinh 2 bac, cu hinh nghich
lwu 3 bac cho phép sir dung cac khoa chuyén
mach chiu dugc dién ap ngugc nhé gitip giam

35

gia thanh khoa cong suat. Tuy nhién sé khoa
chuyén mach/pha (do d6 sb mach kich) nghich
luu 3 pha ba bac tang cao so véi nghich luu 2
bac chinh la mot trong cac nhuoc diém cua
cdu hinh nay ma s& phai c6 nhiing cai tién.
Tuy nhién v6i kha nang diéu khién tot hon (27
trang thai so véi 8 trang thal) nghich luu 3 pha
3 bac hira hen sé& giai quyét dugc nhiéu van
dé k¥ thuat ma nghich Iuu 3 pha 2 bac khong
thé thuc hién. Mat khac tac gia da ung dung
Card DSP F28335 d¢ nhung chuong trinh mo
phong vao mo hinh thuc dé kiém ching két
qua. Cac két qua thyc nghiém cho thdy viéc
str dung phan mém Matlab véi cac driver diéu
khién cho card DSP F28355 c6 thé thuc hién
dé dang va giup rat ngan thoi gian 1ap trinh.
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