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TOM TAT

Bai bdo nay trinh bay kj thudt diéu ché song mang thong qua viéc sir dung ham offset
nham giam sé lan chuyén mach tir dé giam ton hao do sw chuyén mach ciia cdc khéa cong sudt
cho nghich lwu cau H-NPC 5 bdc. Ky thudt nay sir dung ham offset la thanh phan bdc 3 dé
chuyén cdc séng dién dp diéu khién vé ngurong so sanh la cuc dai hodc cuc tiéu cua bién dg cdc
séng mang trén co sé diéu ché gian doan. Viéc chuyén dién dp diéu khién ciia pha nao vé nhiéu
ngudng khéac nhau va dwoc lya chon téi wu sao cho bién dé dién dp offset la nhé nhat. Véi ky
thudr xdy dung ham offset trinh bay trong nghién ciru toan bo cdac ngudng so sanh cua song
mang sé duwoc sir dung dé giam sé lan chuyén mach cia cdc khéa céng sudt. Sé lan chuyén
mach/pha/chu ky cé thé giam dén 33% theo Iy thuyét va ¢ thé dat 15.25% & tan s6 séng mang
3000Hz. Két qua cia gidi thudt dwoc kiém chitng qua mé phong va qua qud trinh thue nghiém.

Tir khéa: diéu ché song mang; ham offset; giam sé lan chuyén mach; nghich lieu cau H-NPC;
5 bac.

ABSTRACT

A new carrier pulse width modulation with a novel offset base to reduce switching times
and thus, all switching loss in five-level H-brigde neutral point clamped inverter will be
presented in this paper. The proposed technique uses the offset which is the 3™ voltages to
transfer the control voltage into the extremum levels of each carrier in a discontinuos manner.
This transferring depends on the distances of control voltage to levels is minimum. So that in this
research five levels of carrier will be used to reduce the intersection of control and the carrier
wave to reduce the amount of switching losses. With the pulse width modulation method and
flexible offset voltages in this study, the number of switchings/phase in a cycle can be reduced by
about 33% in theory and 15.25% in experimental at f carrier frequency 3000Hz. Simulation and
experimental results are provided in order to validate the proposed method.

Keywords: carrier pulse width modulator; offset function; reduce switching; H bridge NPC
inverter; five levels.

1.  GIOITHIEU

Bo nghich luu da bac 1a thiét bi bién vén tai, quan 1y chéat luong hé thong dién,
d6i dién ning co vai tro ngdy cang quan chuyén ddi cac dang ning luong tai tao nhu
trong trong cac linh vuc tng dung khac nhau  ning lwong mit troi, nang luong gié vé hoa
nhu phuc vu bién doi dién co, giao thong, Iudi dién. Hai ky thuat chinh diéu khién
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nghich luu da béc 1a k¥ thuat diéu ché vecto
khong gian va k¥ thuat diéu ché song mang
dua vao ham offset. Kha nang khai thac ham
offset trong tin hiéu diéu khién c6 thé lam
tang cuong cac tinh nang xac 1ap va cac tinh
chat dién cua thiét bi nhu pham vi diéu khién
dién 4p (va dong dién) tdi da, kha ning can
bang dién 4p trén tu DC link, kha ning giam
bot cac nhiéu do song hai gay ra...

Pé dap ung nhu cau thuc té thi cong
suit nghich luu ngay cang 16n do d6 doi hoi
phai co cac khoa cong suat 1on. Tuy nhién
tan s6 chuyén mach cua cac khoa cong suat
I6n 1udn bi gisi han (thoi gian chuyén mach
I6n hon rat nhiéu so véi linh kién cong suét
nho). Trong mach nghich luu, tn hao vé
dién bao gdom ton hao trén ngudn cung cap
(Ps), ton hao trén day ndi (P.), tén hao cho
mach kich khoa cong suét (Ppr) va ton hao
trén khoa cong suat (Psw). To6n hao trén cac
khoa cong suit gom ton hao dan dién (Pcs)
va ton hao do sy chuyén mach (Pss) va co thé
xac dinh theo (1).

P.w = Pss + Pes (1)

Theo [10] thi ton hao do su chuyén
mach (Pss) phu thuoc vao s lan chuyén
mach trong mét chu ky dién ap diéu khién
cua cac khoa cong sudt duoc xac dinh bing
cong thuc (2).

n
Pss = Z Eon - VcEi- Ici
=1 2)

+ Y21 Eorr - Vegj- Igj

Trong d6 n 1a s6 lan khoa chuyén mach
tir OFF sang ON; m 1a sd lan khoa chuyén
mach tir ON sang OFF. Eon va Eopr 1a nang
lwong lam khoa cong suat din va ngat; Do do
néu s6 lan chuyén mach I6n s& dan dén ton
hao trén khoéa ting va phai ting chi phi dé lam
mat, dé san xuat cac khoa cong suat co kha

ning chiu ting nhiét tét hon. Chinh vi vay
viéc nghién cau giai thuat lam giam sé lan
chuyén mach. Céc nghién ctru [4, 5, 7 va 10]
cho thay viéc giam sb lan chuyén mach thong
qua giam tan sé diéu ché thuong co hiéu tng
phu 1a lam tang THD, do d6 ndi dung bai bao
dé nghi mot ky thuat diéu ché méi gitp giam
s6 1an chuyén mach cua cac khoa cong suit
nhung khong thay ddi tan sd song mang dé
khong phat sinh hiéu ang phu ting THD.
Trong nghién ctru [11] cac tac gia da thuc
hién diéu nay nhung dua trén ky thuat diéu
ché cho nghich Iuu 2 bac do d6 bién do ham
offset kha 16n nhat 1a ¢ ving diéu ché co chi
s6 diéu ché thap. Giai thuat dé xuat méi trong
nghién ctru nay cho phép giai quyét triét dé
cac van dé trén va duoc thuc nghiém trén bo
nghich luu ap 5 bac cau H NPC.
2. CAU TRUC NGHICH LUU 5 BAC

CAU H-NPC

Mbi pha cua nghich lvu 3 pha 5 bac
cau H-NPC duoc CAu tao tir 2 nhanh NPC 3
bac nhu hinh 1.

l'u'c1= : X
vd ]\11:)

Ve *

Hinh 1. Pha a nghich luu 5 bdc cau H-NPC.

Do d6, thanh phan Uyy dugc xic dinh
dua vao (3) nhu sau:

UXg = UXgT - ngp = udc.(TSxT - TSXP) (3)

V61 Tsyen duge dinh nghia theo (4) véi
Ch=T,P (biéu thi nhanh trai va phai).

Tsxj = Tsxpj = ToxTi (4)
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Trong d6: j 1a chi s6 khéa chuyén
mach co6 gia tri 1-4 va T 1a trang thai khoa
cong suat.

Do d6, dién 4p pha tam ngudn DC
duogc xac dinh theo (5):

C

ag

|
|TSbT =T

LTSCT - TSCP J

C

o

|—TSaT - TSaP —I
|

()

SbP

(e

fu, |
| |
| ls] | =u dc
Va c6 thé tinh duoc dién ap pha-tam

tai cua nghich luu ciu H-NPC 5 bac theo (6)
va (7):

v,1 T2 -1 -17u 1

Iubn I:i}—l 2 —1Hubgl (6)
. ] [-1 -1 2 ]u, |

v, 1 (2 -1 -1[Tgy Tl

Iuhn I: u3"c I—l 2 —1I‘TSbT - Ty I (7)
ol [t -1 2 [T -Te |

Do d6, thanh phan Uyq chtta hai bac 3
con hai thanh phan dién ap pha Uy, va dién
ap day Uyy s€ khong c6 hai nay [4]. Chinh vi
vay c6 thé thdy rang néu ham offset trong
giai thuat nghich luu dé& xuét 1a hai bac 3 thi
s& khong lam anh huong dén bién do thanh
phan dién ap hai bac 3 trén tai. Bén canh d6
cling co thé thiy rang dién ap pha — tam
ngudn Uy S& ¢6 5 mic véi 2 muc duong, 2
murc &m va gia tri zero.

3.  GIAl THUAT PWM CAIl BIEN

GIAM SO LAN CHUYEN MACH

[11]

Giai thuat PWM cai bién giam sé lan
chuyén mach trong bai bao [11] 1a giai thuat
PWM bé xung thém thanh phan bac 3 vao
song mang ma ta goi la dién ap offset voi
muc dich giam sy chuyén mach cua cac khoa
c6 dién ap diéu khién tuyét dbi 1a 16n nhat.

Goli vy la dién ap diéu khién pha x ban dau,
Vix 12 dién ap diéu khién tinh toan tir giai
thuat PWM cai bién giam sb lan chuyén
mach (s& dua vao mach diéu ché). Bién do
cac song mang tam gidc déu bang nhau va
bang 1. Véi nghich luu 5 bac cau H NPC,
ngudng ma dién ap diéu khién dich chuyén
d6 1a £2 tuy thudc khoang cach nho nhit tur
dién ap diéu khién dén cac ngudng trén. Do
d6 ham offset dugc dinh nghia theo (8):

Minp néu Minp < Miny
—Miny n€u Minp > Miny

Vottset = [ (8)

Trong d6, Minp va Miny la khoang
cach cuc tiéu tir cac dién ap diéu khién dén
ngudng +2 va -2.

Nhu vy, ham offset luc nay s€ 1a thanh
phan biac 3 va dién ap diéu khién sau khi
cong offset s& doi V& vi tri méi véi d6 dich
chuyén 14 nho nhét (trong 3 pha) dong thoi
pha c6 bién d6 gan cong hoac trir 2 nhat s&
doi vé ngudng +2 hoic -2 (Hinh 2).

2 2 V.

[N | AR - JAEE

Hinh 2. Mo ta nguyén ly giai thudat PWM cai
bién giam sé lan chuyén mach [11].

Nhu vay, co thé thiy ring giai thuat
nay chi tan dung 2 murc so sanh +2 va -2 nén
n6 can khoang dich chuyén co thé 16n hon
bién d6 cua séng mang khi chi s6 diéu ché
nho. Giai thuat dé xuat méi s& tan dung toan
bo cac ngudng so sanh gdm £2, +1 va 0
ddng thoi khoang dich chuyén 1a nho nhét
va ludn nho hon 1 (bién d6 dinh — dinh cua
song mang).
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4.  GIAI THUAT PE XUAT
4.1. Nguyéen ly giai thuat

Goi Vy 1a dién ap diéu khién pha x ban
dau, Vi 12 dién ap diéu khién tinh toan tir giai
thuat (s& dwa vao mach diéu ché). Chon diém
0 1a day cia séong mang c6 bién d6 nhé nhét
va bién do dinh cac séng mang tam giac déu
bang nhau va bang 1 thi luc nay cac ngudng
so sanh cua song mang s€ 1a 0, 1, 2, 3 va 4.
Dién 4p diéu khién pha x 13 vy dugc xac dinh
theo (9):

Uy = V1x COS(wt + jy) + 2+ Vorrser 9)

Nhu vay, tai moi thoi diém gia trj dién
ap diéu khién cua mdi pha ludn nam gitra 2
ngudng so sanh cua séng mang gan ké. Do

d6 néu dat Ly va Hy nhu sau:

int(v,)
int(v,) — 1

if int(v,) < 4

else (10)

Ly =1

H. =L,+1 (11)

Thi ngudong dudi so sanh cua song
mang V&i pha x 1a Ly con Hy chinh 1a ngudng
trén. Vi vay, khoang cach tir dién 4p diéu
khién dén cac ngudng so sanh dudi va trén
cua pha x 1a Ny va Py dugc xac dinh theo(12)
va (13):

Ny=v,—L, (12)
Pe=Hy — vy (13)
Pit N = min(N,, Ng, N¢) (14)
Va P = min(P,, Pg, Pc) (15)

Luc nay ham offset dugc xac dinh theo
(16) va 1a thanh phan bac 3:

PnéuP <N
—NnéuN<P

Voffset - [ (16)

Dién ap diéu khién sau khi cong offset
s& doi V& vi tri méi trong d6 pha ma dién ap
didu khién co khoang cach dén cac ngudng so
sanh nho nhat s& c6 gia tri dién ap diéu khién
bang dién 4p ngudng cua sdng mang gan nhét.

Hy Hp He

Hinh 3. Mé ta dich chuyén dién dp diéu
khién theo gidi thudt dé xuat

Két qua & Hinh 4 cho thay su thay doi
dién ap diéu khién mét pha & cac chi sé diéu
ché m=0.9 va m=0.4. Cac két qua mé phong
cho thdy dién ap diéu khién dich vé (va c6
nhitng khoang thoi gian) bang cac ngudng so
sanh cua song mang. Do d6, nhitng khoang
thoi gian nay, pha tuong tng s¢€ khong co su
chuyén mach cua cac khoa cong suit. Tong
thoi gian khong chuyén mach cua cac pha la
nhu nhau nén mdi pha s& khong co6 su chuyén
mach trong 1/3 chu ky. Hay noi cach khac la
s6 l1an chuyén mach s& giam 33%.

AN
N

a) b)

Hinh 4. Dién dp diéu khién ban dau va sau
khi dp dung gidi thudt dé xuat
a)m=0.9, b)m=0.4.

V6i dang song dién ap didu khién 1a
d6i xtng nén dién ap pha ciia nghich luu sé
khong c6 thanh phan DC va thanh phan hai
bac chan.

4.2. Luwu d0 giai thut

Véi cac phan tich tir 4.1.1 c¢6 thé xay
dung luu d6 giai thuat nhu hinh 5.
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Hinh 5. Luu d6 gidi thudt dé xudt

Luu dd giai thuat cho thay giai thuat dé In
xuat st dung cac 1énh don gian nhu: cong, LJ'IJ—_j
trir, so sanh trong chuong trinh. Do do6, khi y | Coarse
trién khai giai thuat thi thoi gian tinh toan s&
rat nho, rat phu hop véi viée diéu khién vong
kin hodc diéu khién theo cac dinh huéng ki i

A 4 14 2.50ms
thuat khac nhau' CHE B00% 25—Jar-16 1653

5.  KET QUA MO PHONG VA THUC

; ¢) Pién dp pha tam nguon khi m=0.4
NGHIEM

YIEW Wy

Piéu kién mé phong, thuc nghiém ngudn
DC 100V, tan s song mang 3000Hz, tai R=10
Q, L=30mH, may do Tektronix TPS 2024B,
HIOKI 3197, Vi diéu khién DSP F28335.

Vioa Va

3

d) Dong dién pha tam nguon khi m=0.4

ek im [ R TA Fos: 7.000ms THZ
+

Caupling

B Limit
200rHz

Wolts/Div

Prabe
1008
‘aoltage

Intvert
M 2.50ms
25-Ja-16 16:43

a) M6 phong m=0.4 e) Pién ap pha tam nguon khi m=0.9
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S.88 Asdiv

/) Dong dién pha tdm nguon khi m=0.9

Hinh 6. Két qua mé phong (a, b) va thuc
nghiém (c, d, e, f) gidi thudt dé xudt tai chi sé
m=0.4 va m=0.9.

Két qua mo phong va thuc nghiém cho
thiy khi dién ap diéu khién nam & cac
ngudng séng mang thi chuyén mach trén pha
twong ung khong dién ra va chi 2 pha con lai
¢6 su chuyén trang thai cia cac khoa cong
suat. So vai giai thuat cai bién giam sé lan
chuyén mach [11] thi giai thuat nay ciing
giam sb chuyén mach tuong tu 1a khoang
30% ddng thoi bién do dién ap offset nho
hon. Do d6, dién 4p pha tdm ngudn DC va ca
dién ap day s€¢ THD% giam so voi giai thuat
[11]. Tai chi s6 diéu ché m=0.9, dién ap pha
tai va dong dién tai déu c6 hé sé méo hai
tong (THD%) lan luot 14 5,6 va 2,5 nho hon
gia tri yéu cau theo tiéu chuan Viét Nam hién
nay (TCVN-7909 2.2-2008) déng thoi ciing
dap tmg tiéu chuan vé nhiéu dién tir theo tiéu
chuan québc té EN6100-2-2 (Hinh 7).

H.
H.
H.

HOLLD
Hinh 7. Phan tich THD ap pha tai va dong
dién tai thuc nghiém giai thudt dé xudt tai chi
56 diéu ché m=0.9.
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Hinh 8 1a két qua khao sat quan hé giira
chi s6 diéu ché m va tong méo hai dong dién
dén hai bac 49.

60 H A T N T A I
50 Giai thuat dé xuat
40 —=— EN 61000-2-2
30
20 "
10 ﬁ -
0 T T T T T
0 0,10,20,30,40,50,60,70,80,9 1 1,T

Hinh 8. Quan hé chi s6 diéu ché va THD%
dién ap pha tam tai gidi thudt dé xudt va gidi
thudt medimum common mode.

Két qua khao sat tai hinh 8 cho thay giai
thuat dé xuat co hé s6 méo hai tong (THD)
cua dién 4p pha tdm tai dam bao tiéu chuan
TCVN-7909 2.2-2008 va EN6100-2-2 ¢ ving
diéu ché m > 0.7. Véi céc chi s diéu ché nho
hon can phai co cac bd loc d& dam bao déap
g cac tiéu chuan trén. Bén canh do6 két qua
khao sat ti 1€ % cua cac song hai so véi thanh
phan co ban cho thay cac hai bac chin khong
XUt hién, cac hai bac 3 va boi 3 bi triét tiéu
nhu da trinh bay qua cac cong thic (5), (6) va
(7). Vi cac hai bac I¢ khac (dudi bac 51 nhu
yéu cau cua tiéu chuan) két qua khao sat cho
thdy cac hai co bién d6 I6n 1a bac 5, 7, 11
tuong tng Voi cac hinh 9 (hai bac 5), hinh 10
(hai bac 7) va hinh 11 (hai bac 11).

7 T

u5/ul
°1 %
° ——giai thuat d& |
4 xuat H
3
2 ’\ Py 'Y
1 /A TJ\ Avj\%«/\

4

0 VV &l
03 04 05 06 0,7 08 09 1 11

Hinh 9. Ti I¢ % bién do hai bdc 5 va thanh
phan co ban theo chi so diéu ché m
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%

—— Giai thuat dé xuét
——EN 61000-2-2

1
s A I \ . « A

AN WL

03 04 05 06 07 08 09 1 11

Hinh 10. Ti I¢ % bién do hai bdc 7 va thanh
phan co ban theo chi so diéu ché m

O B N W b~ 01 O

4 —

35 | ull/ul
% \ r

3 +-— Giai thuat dé xuat ||
2’2 ——EN 61000-2-2
1,5

. A !
ARy |

0 vv m

03040506070809 1 11

Hinh 11.Ti1é % bién do hai bac 11 va thanh
phan co ban theo chi sé diéu ché m.

Tuy nhién so vai TCVN-7909 2.2-2008
va EN6100-2-2 thi van hoan toan phu hop.
Véi hai bac 5 gia tri bién do lon nhat 1a tai
chi s6 diéu ché m=0.6. Tai d6 bién do hai dat
cuc dai va c6 gia tri 1a 2.6% bién do hai co
ban. Khao sat dic tuyén diéu khién cua giai
thuat ciing cho thiy kha ning diéu khién
tuyén tinh v6i chi s6 m tir 0 dén 1.

200

150 -

1
]
100 - ;
—+—Medimum CM i

0 T —e—Giai thuat [11] 1777777
o Giai thuat dé xuat |

0 0,2 0,4 0,6 0,8 1

Hinh 12. 56 lan chuyén mach trong 4 chu ky
theo chi s6 diéu ché cia gidi thudt dé xudt voi
giai thudt [11] va giai thudt medimum
common mode.

Hinh 11 cho thiy su so sanh vé sé lan
chuyén mach trong bbn chu ky dién ap diéu
khién cua giai thuat dé xuat voi giai thuat
giam s lan chuyén mach [11] va giai thuat
medimum common mode. Tir dd thi co thé
thdy rang sé lan chuyén mach cua giai thuat
dé xuit luon it hon so véi khi 4p dung giai
thuat Medimum Common Mode va nhiéu
hon giai thuat giam s 1an chuyén mach [11].
Véi tan sé soéng mang 1a 3000Hz, thi giai
thuat dé xuit giam duoc nhiéu nhéat la
15,25% so véi giai thuat truyén thong
Medimum CM song lai nhiéu hon dén 28%
so voi giai thuat [11]. Tuy nhién, do vung
giam chuyén mach rai trén nhiéu khoang thoi
gian khac nhau nén sé€ linh hoat hon so véi
giai thuat giam s6 1an chuyén mach [11].

6. KETLUAN

Bai bao nay cho théy c6 kha nang 4p
dung ham offset dé giam s6 lan chuyén mach
& nhiéu khoang thoi gian khic nhau trong
chu ky dién ap diéu khién. Sé lan chuyén
mach c6 thé giam tuy khong duoc nhu giai
thuat [11] da dé xuat nhung véi do linh hoat
c¢6 dugc trong toan chu ky séng diéu khién
(do tan dung duoc ca 5 ngudng séong mang),
giai thuat nay cho thdy c6 kha ning wng dung
v6i nhiéu ham muyc tiéu khac nhau vi du nhu
ham muc tiéu giam dién ap Common mode,
giam nang lugng ton hao do sy chuyén mach
gdy ra... Gia tri giam cua sd lan chuyén
mach trén thuyc té véi tan sé séng mang
3000Hz dat dén 15.25%. Déi chiéu véi Tiéu
chuan Viét Nam TCVN-7909 2.2-2008 va
Tiéu chuan quéc té EN6100-2-2 thi giai thuat
c6 thé ap dung véi ti sb diéu ché m>0.7.
Ngoai ving chi s trén can c6 thém cac mach
loc tai ngd ra ctia mach nghich Iuu. Vi kha
nang linh dong trong diéu tiét chuyén mach &
nhiing ngudng séng mang khac nhau, giai
thuat co thé giai quyét nhidu ham muc tiéu
khac nira.
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