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TOM TAT

Bién 4p common-mode (CMV) gy nén nhiéu anh hudng xau dén cac hé théng dién ti cong suat
ndéi chung va trong mach nghich luu hai bac (2L VSI) ndi riéng. Bai bdo nay trinh bay mot ki thuat
diéu ché do rong xung séng mang (CBPWM), 4 trang thai (45) vai kha ndng giam CMV (RCMV) cho
mach 2L VSI. Ky thuat dé xuat dugc dat tén la 45 RCMV CBPWM. Nguyén ly ctia ki thuat 45 RCMV
CBPWM dua trén phuong phap diéu ché vector khéng gian 4 trang thai (4S SVM), trong dé loai bd
cac vector zero trong trinh tu déng ngat, va chi st dung cac vector tich cuc, do dé bién do6 CMV
dugc gidi han trong pham vi 1/6 gia tri dién ap nguén DC. Ngoai viéc gidi han bién do CMV, ky
thuat 4S RCMV CBPWM dugc trinh bay & day con xét dén muc tiéu cuc tiéu hoa trj trung binh CMV
trén toan bd ving lam viéc clia gidn dé vector khong gian. DE thuc hién ky thuat dé xuét, trudc
tién ham CMV dugc phan tich, tir d6 xac dinh diéu kién cuc tiéu hoa tri trung binh CMV. Bién ap
diéu khién dugc suy ra ti dién 4p tham chiéu va gia tri offset tuong tng nham dat dugc tri trung
binh CMV yéu cau. Ky thuat séng mang cho phuong phéap dé xuat ciing dugc phan tich. Cac phan
tich ly thuyét dugc ki€ém chiing bang cac mé hinh trong méd phong va thuc nghiém. Céc tiéu chi
vé do méo dang song hai dugc st dung dé danh gia chat lugng clia phuong phap dé xuét.
Tukhoa: dién dp common-mode, mach nghich luu 2 bac, diéu ché dé rong xung song mang, diéu
chévector khéng gian, d6 méo dang séng hai téng, d6 méo dang séng hai téng cé xét dén trong sé
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GIGI THIEU

Mach nghich luu nguén ap hai bac (2L VSI) da va
dang dugc sti dung rong rai trong nhiéu hé théng nang
lugng khéc nhau nhu Hinh 1. Mét s6 ting dung quan
trong co thé ké dén nhu: hé thong truyén dong dién
téc do thay d6i (VSD), hé thong nghich Ivu néi luéi
trong pin mit troi (PV), hé théng bd nguén lién tuc.
Qud trinh diéu khién cac khéa déng ngit trong mach
lam phét sinh dién 4p common-mode (CMV) xem &
Bang 1. CMV dugc biét dén la mot yéu t6 gay nhiéu
tac hai khéc nhau, vi du nhu: sinh ra dong dién 8 bi
tan s6 cao '3, lam ting btic xa dién ti (EMI)4, gay
nén hién tugng qua ap trong 16p cach dién gitia cac
cudn dy clia dong c6>°. Trong hé théng VSD st
dung mach nghich luu PWM, CMV dugc ghi nhin
la mot co ché tao ra dién 4p ddu truc va dong dién
6 bi, din dén cac sy ¢ va phd huy bé mat 6 bi, lam
giam tudi tho va dd tin ciy ctia méy dién 2357 pg
dap tng cic quy dinh vé EMI, nhiéu cin phai dugc
han ché, diéu nay cling dan dén lam ting chi phi hé
théng. Ngoai ra, trong cac hé thong PV két néi ludi
st dung mach VSI diéu khién bang PWM va khong
st dung may bién ap, CMC sinh bdi CMV sé chay qua
cac dién dung tan gitia cac tdm pin mdt trdi va xuéng
dat, sinh ra cac vin dé vé an toan dién [6].
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Hinh 1: Mach nghich luu nguén ap 2 bac (2L VSI):
(a) So d6 mach; (b) Gian d6 vector khéng gian véi 6

sector (l...VI)

Trich dan bai bdo nay: Phong L N H, Nh& N V. Ky thuat PWM séng mang 4 trang thai giam dién ap
common-mode cho nghich luu 2 bac. Sci. Tech. Dev. J. - Eng. Tech.; 4(3):1134-1147.
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Nhiéu giai phép diéu khién gidam CMV (RCMV) khéc
nhau d3a dugc d¢ xuit va cé thé chia lam nhém
giai phap phan cting*8-14
mém >, Nhugc diém cia giai phap phin cing 1a
can sti dung thém linh kién, do d6 lam tang kich thudc
va chi phi ctia hé théng. Ngoai ra, cac linh kién bé

va nhom giai phdp phin

sung c6 thé lam tang t6n hao, ddn dén lam giam hiéu
sudt hé thong. Ngugc lai, cac giai thudt RCMV phan
mém c6 tinh kinh té€ cao hon. Nhom ky thuéat phan
mém cing dugc chia thanh 2 nhém nho: ky thuét
dua trén PWM (RCMV PWM) va ky thuit dya trén
diéu khién dy bdo mo hinh (RCMV MPC). Céc ky
thuat RCMV MPC khong cin st dung khau diéu ché,
bo diéu chinh va c6 thé tao ra dong dién ngo ra dép
tng ca vé do nhdp nho yéu ciu lan phan hoi qua do
nhanh!. Tuy nhién, cac ky thudt nay c6 mot s6 nhugc
diém nhu viéc lya chon trong s diéu khién khd phic
tap va doi hoi tan s6 14y méiu cao 2627 tin hiéu dau
ra c6 phé séng hai trii rong trén pham vi tin 6 16n !
va do d6 yéu ciu thém cac bo loc b6 sung. Do vay,
trong bai bdo nay sé chon nghién ctiu kj thuait RCMV
PWM.

bic diém chung ctia phuong phap RCMV PWM 1a 2
vector zero Vo va V7 mé ta & Hinh 1b dugc loai bd
trong chubi dong ngit, va chi nhiing vector tich cuc
dugc chon dé téng hgp nén vector dién dp tham chiéu
7,6]«. Vi vay bién do CMV ludn dugc gidi han trong
pham vi +Vd/6. Mot s6 phuong phap RCMV dua ra
khdi niém vector zero tich cuc (AZSPWM), sti dung 2
vector ngugc chiéu nhau véi thoi gian tac dong bing
nhau dé€ thay thé vector zero, nhu dugc hién thi trong
Hinh 2(a) 28. Phuong phép nay khong triét tiéu dién
ap CMV trung binh va su ton tai thanh phan boi ba
CMV sé anh hudng tiéu cyc dén dong ro phit sinh 21,
Mot phuong an RCMV khéc st dung cic trang thai
vector xa, ky hiéu RSPWM, cic t6 hgp 3 vector dugc
lya chon nhu minh hoa trong Hinh 2(b) va (c). Ky
thuit PWM st dung vector gin (NSPWM) dugc minh
hoa trong Hinh 2(d) c6 kha nang lam giam CMV véi
diéu ché gian doan, tuy nhién phuong phap nay chi
c6 thé ap dung d6i véi chi s diéu ché 16n.

Gan day, nghién ctiu gidm tri trung binh CMV
(ACMYV) dugc quan tam?!, cho thdy thanh phén boi
ba dién 4p CMV lam ting bién d6 dong dién ro
trong hé truyén dong dién dong co. Nghién ctiu?! st
dung ky thuat diéu ché vector khong gidn do (Virtual
SVPWM) stt dung cac vector ap c6 d6 16n CMV bing
zero.

Céc ky thuat SVM ¢6 uu diém vé tinh tryc quan,
nhung cé nhugc di€ém & khéi lugng tinh toan 16n.
Ngugc lai, cac kj thuat PWM duya trén séng mang
(CBPWM) don gian va dé thuc hién hon. Bai bdo
trinh bay ky thuat RCMV CBPWM sti dung 4 trang
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Bang 1: Cac vector thuc hién va bién d6 CMV tuong
tng

Vector Bién do CMV
Vector zero 70 (0,0,0) -Vyl/2

V7 (1,1,1) +V4/2
Vector tich cuc ?1 (1,0,0) -V,1/6

V5 (1,1,0) +V,/6

V3 (0,1,0) Val6

V4 (0,1,1) +V,/6

V5 (0,0,1) V6

Ve (1,0,1) +V,4/6

thai vector va cé tén la 45 RCVM CBPWM, véi
kha ning gidm bién d0 CMV cuing véi cuc tiéu hda
ACMYV. Khéc vé6i ky thuat VSVPWM?2! ¢6 bién d¢ ap
tai giéi han trong chi s6 diéu ché 0,866, phuong phéap
dé xult c6 pham vi dién dp trong toan gidi han cua
gian d6 vector khong gian. D€ thyc hién bai toan nay,
trudc tién ham CMV dugc phén tich va cac diéu kién
cyc tiéu héa ACMV dugc xdc dinh, qua d6 xac dinh
ham offset tuong tng cho tin hiéu diéu khién trong
ky thuat CBPWM. Cuoi cung, phuong phap diéu ché
song mang dugc dé xudt. Ky thuat dé xudt dugc kiém
chting bing m6 hinh mé phong va thuc nghiém.

PHAN TiCH HAM DIEN AP
COMMON-MODE
Gié tri CMV tiic thoi, ky hiéu v, duge xdc dinh tit
biéu thic:
+vpo+
Vom = W 1)
Tu Hinh 1(a), c6 thé suy ra:

Va0 =vaG —Va/2
vgo =vpG —Va/2 @)
veo =veG —Va/2
Thay (2) vao (1) thu dugc két qua nhu sau:
_vactvectvee Va
vem = A6 VBGHVCG _ Va 3)
3 2
Trong mot chu ky séng mang, gia tri dién ap tiic thoi
xem nhu khong thay d6i, do d6 tri trung binh béng

véi tri tiic thoi nhu sau:

_Vag+Ves+Veg  Vu

cm — 3 2 (4)

trong d6 Vem, Vag, Ve, va Vg lan lugt 1a tri trung
binh cta vy, vag, VBG> Va Veg. Phuong trinh (4)
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w, (T)
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T
dyv, v(1,0,0)
@

Hinh 2: Céc ky thuat RCMV dua trén SVM: (a) AZSPWM; (b) va (c) RSPWM; (d) NSPWM

dugc chuin hoa theo V; nhu sau:

“rﬂ.\u\ .
Eom = Vem Sdl Soff cAl
on =y N N 4
:VAG/Vd+VBG/Vd+VCG/Vd _l (5) —@—@—.—:l—
3 2 i
+3Sp+ 1 SB
o a 5; S ! e ]
$BI ;;73& $B1
. . N B -~ X
Trong d6 &x = Vag/Va» &8 = Vbe/Va va &c = Ge—{ + O [ 1—o¢N
Ve /Vy. Theo dinh nghia nay, 0 < &4 < 1,0 < &p 2
<1va0<éc < 1. Cac dailugng &4, Ep, va & 1dn KE_C_\
lugt 1a céc tin hiéu diéu khién ting v4i mdi pha. ’Q;C{ ;’g’gf]_’\ /‘3'_{/1"
C
PHUONG PHAP DIEU CHE PO RONG 1 ( ) E ) -

XUNG GIAM PIEN AP =
COMMON-MODE DE XUAT

Ky thuat PWM RCMV dé xuat

Xdc dinh ham offset va dp diéu khién

Mo hinh dp trung binh dugc st dung d€ phén tich

Hinh 3: M6 hinh &p trung binh cdia mach nghich luu.

Vn, Venk:

mach 2L VSI, nhu Hinh 3.
Ky hiéu vector tham chiéu 7,6 =V fe-i Orer | c4c dién

ap pha tai tham chiéu trong 1 chu ky séng mang {V4y,

Van = Vref cos 6ref
Ven = Vref Cos(eref - 27[/3)
Ven = Viepcos(6yep —4m/3)
Van +Ven +Ven =0

(6)
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Céc gia tri tuong ing chuén hoa theo V4 14n lugt duge
xac dinh nhu sau:

Ear =Van/Va
Ep1 =Van/Va )
&t =Ven/Vy

a1 +Ep1+&Ec1 =0
bién dp di€u khién dugc xdc dinh bang cach cong

thanh phan offset vao dién 4p tham chiéu:

Ca =81+ &y
Ep=Ep1+&opr ®)
Sc=C8c1+&yy

Thay (8) vao (5), dong thoi két hop diéu kién &41 +
Ep1 +Ec1 = 0, thu duge két qua:

_ S8+ +38r 1

cm —
3 2
o ©
Gid tri §,rr ndm trong pham vi gitta &, ppmin VA
éoffmux:

goffmin < ‘goff < éoffmax (10)

Gia tri tuong ting ctia & ., dugc biéu dién bai:
g()mml‘n S é(,'m S é(,'mm(lx (1 1)

Viéc thay déi &, 7y trong (10) sé ddn dén sy thay d6i
gia tri &, trong (11).

e e e ais v Ve s
Vé6i dinh nghia ty s6 diéu ché m = T dang

séng ctia & pmax V& & cpmin tuong Ging véi cac gid tri
khéc nhau ctia chi s§ diéu ché dugc minh hoa trén
Hinh 4. Muc dich ctia ky thuét d€ xuét 1a cyc tiéu hoa
d6 16n 4p common mode trung binh, *,,. TU d6,
c6 thé thiy c6 thé phin chia vung lam viéc cta vec-
tor dién 4p tham chiéu theo quan hé gitia & cjmax v
& cmmin 5 va ta phén biét 3 truong hgp nhu dugc minh
hoa trong Hinh 5.

Trong viing lam viéc thit 1 (Area 1), khi cac dién ap
CMV cuc dai va cyc tiéu khac ddu, d6 16n £*(,; o
thé dugc thiét lap nho nhit bing zero nhu chira &
Hinh 5(a). Trong vung lam viéc thid 2 (Area 2), ca 2
dién 4p CMV cung duong nhu trén Hinh 5b, &, sé
nho nhdt khi thiét 1ap bang gid tri &* n=E cpmin ; va
trong vung lam viéc thii 3 (Area 3), hai gia tri cuc tri
ap CMV cuing am & trén Hinh 5¢, thi ham CMV cuc
tiéu dugc chon bing &* =& cmax. Dua trén (9) va
(12), ham &, 7y trong ky thuat PWM song mang dinh
nghia cho 3 ving lam viéc nhu sau:

goff = 1/2Area_1

é”ff =1 /2 + écmmin Area_2
g(’ff = 1/2 + écmmax Area_3

(12)
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Trong phan nay, ta xac dinh pham vi ctia cac viing lam
viéc trong gian d6 vector khong gian. Viéc dan gidi
sé dya vao gian do6 trang thai cta ky thuat 4S-PWM.
Xéttrudng hgp V . r ndm & Sector I. Chudi trang thai
thuc hiéen RCMV 1a Vg, V1, V2 va V3. Biéu thic
cua Vp:

Vref = d171 +d272 +d373 +d676
di+dy+d3+dg=1
dy =dg
0<d,dy,ds,dg <1

(13)

Chubi trang thai duge minh hoa trong Hinh 6, trong
d6 céc hé s6 tac dong ctia mdi vector dugc xac dinh:

de =&
dy=1—(ds+&p)
dy=Ep—ds (1)
dy=1-&4

[Eomae = Eonmin> 0]

[Eommax > 0> Comia]

1 1. e
" m<0.866 m=0.8) " 0.866 <m<1(m=0.9)" m=1

Hinh 4: Dang séng CMV cuc dai va cuc tiéu tGng vdi
cac hé s6 diéu ché khac nhau.

Senmmax Semmae 0

0 Semmin S cmmax

0 Semomin

o
e
§

@ ®) ©

Hinh 5: Cac trudng hop clla méi quan hé gitta
écmmax va écmmin: (a) écmmaxz()Zécmmin (Area 1), (b)
écmmaxZécmmin >0 (Area 2), va () Ozgc'mma;cz&cmmin
(Area 3)

de=&c1+1/2
dy =&a1 (15)
dr = —&c
dy ==& +1/2
Tu (15) véi diéu kién dy,da,d3,dg > 0 suy ra:
Ec1+1/2>0
—-1/2
Sa1 >0 N [2<&c1 <0 (16)
—&c1>0 0<&y<1/2
—Eq+1/2>0
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1 1 j1J0/011]1 1

0| o T 1 (T [1]0o [0 s,

11 0 Jololololo |1 s
dy? dy2 di2 dy2 dy2d2 dy2? dy?

Hinh 6: Chubi xung RCMV (Sector I).

T (16), c6 thé x4c dinh vi tri vector 7,6 ¢ ndm trong
cac Area 1, 2, 3 theo diéu kién nhu sau (17):

Areal: 0< &y <1/2
—1/2<&01 <0

Area2: —2/3 <&cp < —1/2
Area3: 1/2< &4 <2/3

(17)

Déi véi cac sector con lai (IL...VI), nguyén ly tinh todn
14 tuong tu. Céc viing diéu khién cuc tiéu ACMYV trén
toan bo gian d6 vector dugc thé hién trong Hinh 7(b).

122 Eey = =213
’ -

l:‘ Area 1
. Areal
. Area 3

v, (1.1,0)

1
0<Eus<l2 12 <&;<273

(n
& l:l Area 1l
. Area2

. Area3

(1) (L)

™)

(®)

Hinh 7: Phan vung diéu khién cuc tiéu héa ACMV:
(a) Sector I; (b) Toan b gian doé vector khéng gian.

Thuic hién kj thudt séng mang

Nguyén ly ky thuat séng mang dua trén sy so sanh
gitia tin hiéu diéukhién {£ 4, £ g, &} v6i tin hiéu song
mang tam gidc. Viéc lya chon kiéu séng mang cho
tiing pha phu thudc vao méi quan hé tuong déi gitia
cacgiatri& 4y, Epy va &y, nhu théhién trong Hinh 8.

cCl1

/3 Si/3\ 2n

I [II (@D, v | Vv | VI,

Hinh 8: D6 thi cac tin hiéu &4y, Ep; va E¢y trong 1
chu ky ctia dién &p tham chiéu.

Xét Sector I ta c6 E41 > Epy > Ec1. Két hop vdi (8),
suyra &4 > Ep > E¢, thc 1a &pa=Ea VA Epin=Ec.
Ky thuét dé€ xuit st dung 2 song mang léch pha nhau
1807, dugc ky hiéu 14n lugt 1a séng mang kiéu P va
soéng mang kiéu N, nhu thé hién trong Hinh 9. Tu
Hinh 6, séng mang ting v6i pha A va pha C la séng
mang kiéu N, con séng mang ting v6i pha B la song
mang kiéu P. Tt 6 xédc dinh dugc t6 hgp séng mang
cho Sector I 1a NPN. T6 hgp séng mang nay dugc st
dung dé trién khai ky thuat 4S RCMV CBPWM, nhu
dugc thé hién trong Hinh 10 (b), (¢) va (d), 1an lugt
cho cac ving lam viéc Area 1, Area 2 va Area 3. Bang2
trinh bay cach bé tri t6 hgp séng mang va chudi trang
thai déng ngt cho toan bo 6 sector.

Vearl

0 0 Vear2

0] 1 ]0 1] 0 J1
(@ (®)

Hinh 9: Hai loai séng mang: (a) S6ng mang loai P;
(b) SGng mang loai N

Hinh 11 minh hoa giai thuit 4§ RCMV CBPWM. Tu
vector dién ap tham chiéu va dién ap nguén DC, cac
dién dp tham chiéu & 41, €y, € duge xac dinh. Tu
(17), 6 thé xdc dinh vung lam viéc (Area 1, Area 2,
Area 3) ctia dién ap tham chiéu; tii d6 suy ra dién 4p
&osf» va t6 hop song mang xdc dinh tit Bang 2. Ti
d6, khoi tao xung kich dung séng mang sé dugc thuc
hién.
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Bang 2: Chuéi trang thai déng ngat trong ky thuat 4s remv cbpwm

Sector TG hop Chubi xung
séng mang
Area 1 Area 2 Area 3
I NPN 101-100-110-010-110-100- 100-110-010-110-100 101-100-110-100-
101 (6c=0) 101 (§4=1)
I NPP 100-110-010-011-010-110- 100-110-010-110-100 100-010-011-010-
100 (Ec=0) 100 (£5=1)
111 NNP 110-010-011-001-011-010- 010-011-001-011-010 100-010-011-010-
100 (£4=0) 100 (£5=1)
v PNP 010-011-001-101-001-011- 010-011-001-011-010 011-001-101-001-
010 (£4=0) 011 (&c=1)
\Y% PNN 011-001-101-100-101-001- 001-101-100-101-001 011-001-101-001-
011 (§B=O) 011 (éc=1)
VI PPN 001-101-100-110-100-101- 001-101-100-101-001 101-100-110-100-
001 (£5=0) 101 (§4=1)
1 phind | S —2 w— A -
1 v, =V,¢" %] Xic dinh Xc dinh
Vi San €1 Sa1 vimng lam viéc
g IROY0) an
‘ | Xdc dinh Gor
0 0 <Pk
01 )l 1 0 1 E ll 1 101/ 1 1
0 1 1 1] o Sp [ 1[1[1] 0 | 0lSs Xac dinh
0 1 0 S [Tl o |ololol o [Tls &,?i{ s i
+172] 1 ( M Sz
+1/6] 41 Xac dinh ™ sc
. 1] = ™ VarbVan [T
. L vl | (Bang 2)
12 o T.
. e I A - Hinh 11: Qué trinh tinh toan cdia ky thuat 45 RCMV
CBPWM (sector [)
0 Ll 0 o
1 11011 1 111 1 1 1
o FHF o s olo 10 |ols dinh nghia l4n lugt nhu sau:
0 ololo| o s 1] o 0 o ITsc
. g 18
:0 j& I | THD (vap) = Yo <VABrms(n)) /VABrms(l) (18)
T, T,

(¢) Area2 (d) Area3

Hinh 10: Chuéi trang thai dong ngat trong Sector I:

2
WTHD (vpp) = /X (v ) v (19)
(a) Ky thuat SPWM; (b)-(d) K§ thuat 45 RCMV CBPWM (vaz) \/):"—2 Asrms(n)/) [ Vasrms(1)

Trong do n 1a s6 bac ctia séng hai va V4 Brms(n) la tri
hiéu dung thanh phan hai bic n cta dién ap day.

Tiéu chi danh gia KET QUA VA THAO LUAN

Bén canh bién d¢ va tri trung binh ctia CMV, ky thuat
dé xudt con dugc danh gid qua cac hé s6 méo dang
séng hai, bao gdbm d6 méo dang s6ng hai tdng (THD)
va d0 méo dang séng hai téng cé xét dén trong s6

(WTHD) ctia dién 4p ngd ra. Cac chi s6 nay dugc
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Dé kiém chiing giai thuat d€ xuét, mot mo6 hinh mo
phong MATLAB/Simulink da dugc xay dung. Bén
canh d6, m6 hinh thyc nghiém ciing dugc trién khai.
Céc thong s6 dung cho moé phong va thuc nghiém
dugc liét ké trong Bang 3.
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Bang 3: Théng s6 mé phéng va thuc nghiém

Ky hiéu Tén dai lugng Gid tri
V4 dién ap ngudn dc 100 V
R dién tro tai 16 Q

L dién cam tai 60 mH
fear Tan s6 séong mang 5 kHz

Két qua mé phéng

Hinh 12 hién thi két qua m6 phong céc tin hiéu dién
ap day (vap), CMV (v), dong dién pha A (iy), va
CMV dugc chuén héatheo V4 (o). Hiéu qua ciaky
thuét dé xudt trong viéc gidm bién d6 CMV dugc thé
hién véi két qua bién do CMV dugc giii trong pham
vi +16,7 V ting v6i V,; = 100 V, tiic 1a bing +V,/6.
Dang séng &, =0 khi m=0,8 (m<0,866), dat gid tri
& comin (Area 2) va & pmax (Area 3) v6i m>0,866, cu
thé1a m=0,9 va m=1 nhu trong Hinh 12.

Phé séng hai cta v4p va ve, duge hién thi lan
lugt trong Hinh 13 va Hinh 14. Tu Hinh 13(a),
THD(v4p)=88,8% va WTHD(v4p5)=0,85% ting véi
m=0,8. Cdc gid tri tuong ing cho m=1l4n luotla 47%
va 0,46% (Hinh 13 (c)). Xét thanh phan hai bac 3 cua
CMYV, ky hiéu V,,,(3), (a) cho thdy V,,,3)=0 véi
m=0,8 (m<0,866) va gia tri nay la 8% ting v6i m=1,
nhu hién thi trong Hinh 14(c).

Bang 4 va Bang 5 trinh bay céc gia tri THD va WTHD
thu dugc tit md phong. Cac dic tuyén THD(v4p),
WTHD(v4g), va V 3y ddoc biéu dién lan lugt
trong Hinh 15 (a), (b), va (c). Méc du & cac hé s6
diéu ché thap, ky thuat dé xuit c6 méo dang séng hai
cao hon dang ké so v6i cac ky thuat truyén thdng, tuy
nhién tai cac gia tri m 16n, d6 chénh léch gitia cic
ky thuat dugc rut ngan ding k€ Vi du tai m=0,866,
THD(v4p) cta cac ky thuat 4S RCMV CBPWM, MO
CBPWM, va SPWM lan lugt 1a 75%, 42%, va 49%,
trong khi cac gid tri WTHD(v4p) tuong ting lan lugt
la 0,73%, 0,36%, va 0,46%. Ky thudt MO CBPWM c6
cic gid tri méo dang song hai thdp nhat. Tai m=1,
THD(v4p) ciia ky thuat 4 RCMV CBPWM la 47%
va cia MO CBPWM 12 40%. WTHD(v4p) cua cac ky
thuat 1an lugt 14 0,46% va 0,38%.

Trong cung diéu kién, ¢ sy khac biét nho gitia ky
thuét dé xuit véi cdc ky thuét truyén théng, xét theo
cc hé s6 méo dang séng hai. Tuy nhién, vu diém cua
ky thuat 4S RCMV CBPWM dugc thé hién rd trong
Hinh 15 (c). Ky thuét d€ xuit mang lai ZACMYV trong
pham vi m<0,866 gi6ng nhu SPWM, trong khi ky
thudt MO CBPWM c6 gid tri V,,,(3) cao nhat, gid
tri nay tdng tuyén tinh tit 0,02 pu (tai m=0,2) dén 0,1
pu (m=0,866). Mac du trong pham vi 0,866<m<1, ky

thudt d€ xudt c6 V,,(3) >0, tuy nhién gid tri nay van
nho hon so véi ky thuat MO CBPWM. Vi du, gid tri
16n nhétctia V., (3) trong 4S RCMV CBPWM 12 0,08
pu tai m=1, trong khi gia tri nay cia MO CBPWM la
0,12 pu, tiic 1a cao hon 1,5 1an.

Dién ap dau ra (vas)

100

-100 I : ]
0 0,04 0,08 0,12

Dién ap common-mode (v ;)
1007 ]  Bifn 0§ vt £167V
U e
-100 5
0 0,04 0,08 0,12

Déng dién dan ra (iy)

0 0,04 0.08 0,12
Tri trung binh CMV (&)

Sem ™ Sommun

Cem ™ emmin

Sem [~ Commac

] 0,04 0,08 012

! w=0,8 |

Hinh 12: Dang séng dau ra trong mé phéng clia ky
thuat 4S RCMV CBPWM.

Két qua thuc nghiém

Hinh 16 mo6 td mach thuc nghiém. B¢ xt ly tin hiéu
s6 (DSP) TI TMS320 F28377D dugc sti dung lam bd
diéukhién. Gid tri dead-time dugc dit béng 2 us. Cac
dang song thuc nghiém dugc hién thi trong Hinh 17,
cac két qua phan tich phd tuong tng dugc thé hién
lan lugt trong Hinh 18 va Hinh 19.

Dang séng thuc nghiém cho thdy bién d6 CMV
cua gidi thuit dé xuit gidm va bing V,/6. Xét
két qua trén Hinh 18 (a), THD(v4p)=952% va
WTHD(v4p5)=1,38% tai m=0,8 trong khi tai m=1, cac
gia tri nay lan lugt1a 57,3% va 1,26%. Phé CMV trong
Hinh 19 cho biét tai m=0,8, V ,,,(3)=0,035 pu va tai
m=1, gia tri nay la 0,08 pu.

Bang 6 va Bang 7 lan lugt trinh bay két qua THD va
WTHD tu thyc nghiém. Cac dic tinh ctia phuong
phép dé xuit thé hién trong Hinh 20. Ky thuit MO
CBPWM c6 d6 méo dang song hai t6t hon 2 ky thuat
conlai. Vidu tai m=0,866, THD(v4p) clia cac ky thuat
4S RCMV CBPWM, MO CBPWM, va SPWM dugc
hién thi trong Hinh 20(a) 1an lugt la 86%, 46% va 55%.
Cac gid tri WTHD(v, p) tuong ting véi 3 ky thuét trén,
nhu Hinh 20(b) I4n lugt 1a 1,36%, 0,98% va 1,35%.
Két qua phan tich song hai béi 3 CMV V., 3)cho
thdy, phuong phdp 4§ RCMV CBPWM dé xuit cé
chét lugng t6t nhét, nhu thé hién trong Hinh 20(c),
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1 Vaem/Vy 1 Vaem/Vy 1 Vaem/Vq
THD(vag) =88.8% THD(vag) =67.9% THD(vag) =47.0%
WTHD (v55)= 0.85% WTHD (v,g) = 0.66% WTHD(vss) = 0.46%
0.5 0.5 0.5
) l !
L] 5 1 0 5 1 0 5 10
f (kHz) f (kHz) f (kHz)
(2) (b) (c)

Hinh 13: K&t qud mo6 phong phé dién p ngé ra: (a) m=0,8, (b) m=0,9, va (c) m=1 (fuaurrr=10 kHz).

0 Veomm/Vg 0 chmNa DlzvuﬂmNd
0.1 0.1 0.1
0 5 10 0 5 10 0 5 10
f(kHz) f (kHz) f (kHz)
() (®) (c)

Hinh 14: K& qua mé phong phd CMV: (a) m=0,8, (b) m=0,9, va (c) m=1 (fuuxrrr=10 kHz).

Bang 4: Gia tri Thd(V,,) mé phéng

m

0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,866

0,9

THD(vag) (%)

RCMV CBPWM SPWM
498 95
330 88
243 80
186 71
145 62
114 55
89 50
75 49
68 -
47

MO CBPWM

95

89

81

72

62

53

46

42

41

40
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Bang 5: Gia tri Wthd (V,,) md phéng

m WTHD(VAB) (%)
RCMV CBPWM SPWM MO CBPWM
0,2 5,06 0,50 0,59
0,3 3,32 0,48 0,51
0,4 2,38 0,46 0,46
0,5 1,79 0,44 0,42
0,6 1,39 0,43 0,39
0,7 1,08 0,44 0,37
0,8 0,85 0,45 0,36
0,866 0,73 0,46 0,36
0,9 0,66 _ 0,36
1 0,46 _ 0,38
Vemm(3) giam khong vugt qua 0,03 pu trong pham vi
—— m<0,866, khong chénh léch bao nhiéu so véi ky thuat
W MM A MO st SPWM. V6i m>0,866, V,p(3) clia ki thuat dé xudt
=y tang lan lugt dén 0,04 pu (m=0,9) va 0,08 pu (m=1).
400 n oy - i Trédilai, V iyp(3) cta MO CBPWM téng gin nhu tuyén
e W i PRI _ X _ -
& tinh tit 0,03 pu (m=0,2) dén 0,12 pu (m=0,866). Ky
00 e ——— thuit SPWM khong thé md rong pham vi diéu ché
a5
A | 16n hon 0,866 nhu déi véi MO CBPWM va 4S RCMV
_‘_-—-—-a_ )
0 ; A CBPWM. Tai m=1, V,,,,(3) bing 0.14 pu, cao hon
e 75% so véi gia tri tuong ting clia ki thuat dé xuat.
@ BANG 8 trinh bay sy so sanh gitta cic ky thuat SPWM,
ot . . MO CBPWM, va 48 RCMV CBPWM. Tit BANG 8
ss.ue RCMVCEPWM  —A— MOCBPWM  ——SPWM c6 thé thﬁy, k)? thuat dé xuit co cung pham vi diéu
L ché v6i MO CBPWM, va md rong pham vi diéu ché
4 il = ase tuyén tinh thém 15,5% so v6i SPWM. Tuy nhién,
- —yc 046 A A .
n oz Fom bt | o bién do cuia CMV trong phuong phap 4S RCMV

0.7 0.8 0866 0.9

L ——p
0.2 RCMV CBPWM  —i— MO CBPWM  —%— SPWM

012
010 O11

0.08

0.01

A 0.00
——-—.

—- — m
0.2 0.3 0.4 0.5 0.6 0.7

o
0.80.8660.9 1

Hinh 15: Cac dac tuyén mé phong: (a) THD(vp); (b)

)

WTHD(V4B); (€) Veymm(3)/Va

CBPWM thdp hon 3 lan so véi bién d§ trong cac
ki thuat SPWM va MO CBPWM. Thém vao dé, ky
thuét dé xudt dat cuc tiéu zero CMV trong pham vi
0<m<0,866 giong nhu SPWM, trong khi tri trung
binh CMV ctia MO CBPWM cao hon so v6i SPWM
va 4S RCMV CBPWM.

.

chinh lvu
va tu dién
DC

Hinh 16: Mach dién thuc nghiém
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Bang 6: Gia tri Thd (V,,) thuc nghiém

m THD(v4p) (%)
RCMV CBPWM SPWM MO CBPWM
0,2 536 141 127
0,3 317 100 94
0,4 272 93 92
0,5 198 86 92
0,6 164 71 68
0,7 120 65 66
0,8 95 56 53
0,866 86 55 46
0,9 73 _ 44
1 57 _ 46
Bang 7: Gia tri Wthd (V) thuc nghiém
m WTHD(vAB) (%)
RCMV CBPWM SPWM MO CBPWM
0,2 5,62 3,75 2,86
0,3 4,78 3,54 2,34
0,4 4,06 3,17 1,42
0,5 2,65 2,32 1,55
0,6 2,16 1,70 1,48
0,7 1,62 1,46 1,20
0,8 1,38 1,22 1,18
0,866 1,36 1,35 0,98
0,9 1,09 _ 1,07
1 1,26 _ 0,91
Bang 8: So sanh cac ky thuat copwm cho mach 2l vsi
Dai lugng SPWM MO CBPWM 4S RCMV CBPWM
1/2 (Ecmmax > 0> Ecmmin)
G tri £, 172 i i 1/2++ Eanmin (Bermas > Eanmin > 0)
1/2+ Ecmmax (0 > Ecmmax > Eemmin)
Pham vi diéu ché tuyén tinh 0<m<0,866 0<m<1 0<m<1
Bién d6 CMV CAO (£V4/2)  CAO (£Vd/2) THAP (£Vd/6)
Bién d¢ hai bac 3 trong CMV 0 CAO 0 (0<m<0,866)

THAP (0,866<m<1)
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Tek Ju @ Stop M Pos: 0.000

vag (100Vidiv) *

s (2A/div)

M 5.00ms

ek JL @ Stof MPos: 00005 |

vae (100V/div) *

ia (2A/div)

_M5.00ms

Tek

R @ Stop
vas (100Vidiv) ¥

NI

ia (2A/div)

M Pos: 0.000s

(@)

®)

©

Hinh 17: Dang séng thuc nghiém cua ky thuat 4S RCMV CBPWM: (a) m=0,8; (b) m=0,9; (c) m=1

1Vagm/Va

THD(vae) = 95.2%
WTHD(V,g)= 1.38%

1 Vasm/Va

THD(vag) = 73.0%
WTHD(vag) = 1.10%

1 Vaem/Va

THD(v,g)

=57.3%

WTHD(vsg) = 1.26%

0.
AL
0 5 10
f (kHz) f (kHz) f (kHz)
(a) ®) ()
Hinh 18: Phé thyc nghiém clia dién ap v ctia ky thuat 45 RCMV CBPWM (fuxrrr = 10 kH2): (a) m=0,8; (b) m=0,9;
(c) m=1

0.2Vemm/Va 0.2Vemm/Va

0 : 5 10 0
f (kHz)

0.2Vemm/Va

0.1

5 10 0o 5 10
f (kHz) f (kHz)

(a)

®) (©

Hinh 19: Ph§ thuc nghiém CMV trong ky thuat 45 RCMV CBPWM (f,..crrr = 10 kH2): (@) m=0,8; (b) m=0,9; (c) m=1

KET LUAN

Bai bao da trinh bay ky thuat giam CMV cho mach
nghich luu 2 bac véi tri trung binh CMV cuc tiéu.
Phuong phap dé xuidt RCM CBPWM c6 mdt s6 uu
diém nhu: don gian, dé thyc hién, yéu cdu tinh todn
it va c6 thé dé dang md& rong cho mach nghich luu da
bac. Két qua mo phong va thuyc nghiém cho thay ky
thuét dugc dé xuét c6 kha ning gisi han bién do CMV
trong pham vi £V /6, tiic 1a giam 66,7% so véi cac ky
thuét thong thuong nhu SPWM hay SVM. Bén canh

d6, tri trung binh CMV dugc cuc tiéu héa. Pham vi
cyc tiéu dién 4p CMV dugc mé rong dén toan dién
tich gian d6 vector khong gian dién ap, diéu nay co
y nghia trong viéc tdn dung kha nang lam viéc t6i da
ctia bién tin véi yéu ciu han ché dong ro do hai bac
thép ctia CMV géy ra, didc biét 1a hai bac 3. Két qua
md phong va thuc nghiém déu xdc minh tinh dung

dan cta gidi thuét dé xuit.
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THD{v.s) %
600, REMVCBPWM  —A—MO CBPWM  —+—SPWM

125 120

0.2 0.3 04 0.5 06 0.7 0.8 0.866 0.9 1

WTHD({v,,) %
i e RCMVCEBPWM  —&— MO CBPWM - SPWM
2

LE2 136 |

135 |
146
T € |

4 | AT
xlls_,,___ 1 058 1|

VemmzfVa

02 RCMV CBPWM  —A— MO GBPWM  ——SPWM

0.2 0.3 0.4 0.5 0.6 0.7 0.80.8660.9 1

(c)

Hinh 20: Céc dac tuyén thuc nghiém: (a) THD(vp);
(b) WTHD (V4); (€) Veyum(3)/Va

LOI CAM ON

Nghién ctiu dugc tai trg bdi Pai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
DE tai ma sd C2021-20-12

DANH MUC CAC TU VIET TAT

2L VSI: Mach nghich Iuu nguén ap 2 béc - Two level
voltage source inverter

CBPWM: Diéu ché d6 rong xung séng mang -
Carrier-based pulse-width modulation

SVM: biéu ché vector khong gian - Space vector mod-
ulation

CMV: Dién 4p common-mode - Common-mode
voltage

SPWM: biéu ché d¢ rong xung sin-Sinusoidal pulse-
width modulation

THD: D6 méo dang song hai téng-Total harmonic
distortion

WTHD: D6 méo dang séng hai tdng c xét dén trong
s6-Weighted-total harmonic distortion
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RCMV: Gidm dién 4p common-mode-Reduced
Common-mode Voltage

ACMV: Tri trung binh dién 4p common-mode-
Average Common-mode Voltage

MACMYV: Trj trung binh dién 4p common-mode
dugc cuc tiéu hoéa-Minimized Average Common-
mode Voltage

ZACMYV: Trj trung binh dién 4p common-mode bing
khong-Zero Average Common-mode Voltage
AZSPWM: Diéu ché d6 rong xung st dung trang thai
zero tich cuc-Active Zero State Pulse-width Modula-
tion

NSPWM: Diéu ché d rong xung sti dung trang thai
gan-Near State Pulse-width Modulation

RSPWM: biéu ché d¢ rong xung st dung trang thai
xa-Remote State Pulse-width Modulation
MAZSPWM: Diéu ché do rong xung st dung trang
thai zero tich cuc cai tién-Modified Active Zero State
Pulse-width Modulation

XUNG POT LOI iCH

Nhom téc gid xin cam doan raing khong c6 bt ky xung
dot loi ich nao trong cong bé bai bao.

PONG GOP CUA CAC TACGIA

Lé Nguyén Héng Phong thuc hién phan tich Iy thuyét,
x4y dung md hinh m6 phong, mé hinh thuc nghiém,
thu thép va phan tich s6 liéu, viét ban thao ban dau.
Nguyén Vin Nho dua ra y tudng nghién ctu, phan
tich mach, huéng dan thuc hién, dénh gid két qua va
hiéu dinh bai viét.
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A four-state CBPWM technique for common-mode voltage
reduction in two-level inverter

Phong Nguyen-Hong Le, Nho-Van Nguyen®
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% ABSTRACT
Common-mode voltage (CMV) leads to a large number of failures in power electronics systems,
i for example, in two level voltage source inverter (2L VSI)-based circuits. This paper presents a four-
Use your Smaftphoﬂe to scan this state (4S) carrier-based pulse-width modulation (CBPWM) technique which yields the reduced CMV
QR code and download this article (RCMV) for a 2L VSI. The proposed algorithm is called as 45 RCMV CBPWM. The principle of 4S RCMV

CBPWM technique is based on the four-state space vector modulation (4S SVM), which removes
the zero vectors in the switching sequence and utilizes the active vectors so that the magnitude of
CMV is limited to one-sixth of DC source voltage. In addition, the proposed technique also consid-
ers the target of minimizing average CMV values on the whole operation area of the space vector
diagram. To implement the proposed algorithm, the CMV function is firstly analyzed so that the re-
quirements for minimized average CMV values are achieved. Control voltages for 2L VSl is deduced
from the reference voltages and offset function, thus the required average CMV is achieved. Carrier
implementation for proposed algorithm is also analyzed. The theory study is verified by simula-
tion and experiment models the quality of proposed method is evaluated in terms of harmonics
distortion factors.

Key words: coommon-mode voltage, two-level voltage source inverter, carrier-based pulse-width
modulation, space vector modulation, total harmonic distortion, weighted-total harmonic distor-
tion
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