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ché cac spike, néng cao chét luong dién ap dau ra, giam ton hao chuyén
mach, dong thoi duy tri 6 6n dinh va tin cay cia hé thong.
Doi: https://doi.org/10.54644/jte.2025.1998
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1. Gioi thiéu

Trude bbi canh ngudn ning luong truyen thong dang ngay cang can kiét, viéc phat trién va khai thac
céc ngudn nang luong tai tao tro nén cap thiét. Cac dang nang lugng sach nhu nang lwgng mat troi, gio
va thiy triéu ngdy cang thu hut su quan tam va dau trr nho tinh bén ving va kha nang giam thiéu tac

dong moi truong. Trudce nhitng bién dong vé gia nang luong, bién d6i khi hau va 6 nhidm méi truong,
phat trién nang luong tai tao da trd thanh wu tién chién lugc [1]-[3].

Trong hé thong ning lugng tai tao, cac thiét bi dién tir cong suat, tiéu biéu 1a bo nghich luu, gilr vai
tro trong yéu trong viéc chuyen d6i dong dién mot chiéu (DC) thanh dong dién xoay chiéu (AC) dé hoa
ludi [4]. Tuy nhién, viéc trlen khai cac h¢ thong nay thuong di kém chi phi dau tu cao, trong khi ngudn
ngan sach han ché, 1am ndi bat nhu cau nghién ctru cic giai phap céng nghé hiéu qua. Trong do, cac bo
bién d6i DC/AC cho cac hé thong quy mo nho va vira tro thanh trong tim, nham vira t6i wu hoa chi phi,
vira dam bao chét luong dién ap ngd ra va kha ning linh hoat thich (mg voi cac bién dong ctia didu kién
thoi tiét [5].

Trong nhitng niam gan déy, bd nghich luu ngudn ap (VSI) di tro thanh thanh phan then cht trong
cac hé thong phan phdi dién. Dic biét, bo nghich luu ba pha hai mic (3P 2L-VSI) cung cip chit luong
dién 4p cao, dién ap dit 1én cac khoa ban dan thap, kha ning dép ung dién ap va cong suét 16n, dong
thoi xtr Iy EMI & mue thap [6], [7].

Tuy nhién, trong qua trinh van hanh, b6 nghich luu tao ra dién ap common mode (CMV), h¢ qua truc
tiép tir qué trinh chuyén mach trong diéu ché PWM [8]. CMV duoc xac dinh 1a nguyén nhan chinh gay
ra hu hai cach dién ddy quin, mon bac dan, dong ro, dién 4p truc trong cdc (mg dung truyen dong dong
co, dong thoi 1am gia ting nhidu dién tur (EMI) [9]. Khi tan s6 chuyén mach ting, vin dé CMV cang tré
nén nghiém trong, anh hudng truc tiép dén do an toan, do tin cay ctia hé théng cling nhu kha niang tuan
thi1 cac tiéu chuan twong thich dién tir (EMC).

Cac giai phap giam dién 4p common mode (CMV) thuong duge phén thanh hai nhom: phan ctng va
phin mém [10]. Giai phap phan cimg bao gdm bd sung cudn khang CM, bo loc thu dong hodc chi dong,
hodc thay d6i cdu trac mach nghich luu. Méc du hiu qua, cac bién phap nay lam tang chi phi, kich
thugce va d6 phuec tap trong diéu khién. Nguoc lai, giai phap phan mém diéu chinh tryc tiép tin hiéu diéu
khién hodc thuit toan diéu ché, mang lai tinh kinh té va linh hoat cao, dic biét khi két hop voi cong nghé
xtt 1y tin hidu sé (DSP), va da thu hit sy quan tdm nghién ctru dang ké trong thoi gian gan day.

Dua trén nhitng co so nay, bai bao dé xuAt mot thuat toan SVPWM cai tién, trong do6 cac vector thich
hop duge bd sung vao nhiing thoi diém chién luge nham giam cac CMV spikes dong thoi giam tong s6
lan chuyén mach. Cau tric bai bao gdm nam phan: 1) Gidi thigu, 2) Cac giai thuat giam CMV dya trén
SVPWM, 3) Giai thuat SVPWM cai tién véi kha ning giam CMV Spikes va sé 1an chuyén mach, 4)
Két qua thuc nghiém, 5) Két luan.

2. Céc giai thuat giam dién 4p common mode (CMV) dwa trén SVPWM

+
Vdc -

CTTT

Common mode
_____—voltage

Hinh 1. Pién ap CMV ciia nghich luu 3 pha 2 bdc.
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Gia tri dién ap common mode (CMV), dugc minh hoa trong Hinh 1, dugc xac dinh theo biéu thirc
sau.

UAO +UBO +UCO

Ueo = 3 (1

Bang 1. Gia tri CMV cua 8 vector co ban.

Vector  V,[000] V[100] V,[110] V,[010] V,[011] V,[001]  V,[101] V,[111]
CMV -Uge/2 -Uqc/6 Uqc/6 -Uqc/6 Uqc/6 -Uq4c/6 Uqc/6 Udgc/2

Ké tir cudi thé ky 20, nghién ciru vé géc phuong phép diéu ché xung nham giam dién ap common
mode (RCMV-PWM) da tap trung chi yéu vao ky thuat dya trén vector khong gian. Ky thuét di€u ché
vector khong gian (SVPWM) véan hanh bang cach quay vector dién 4p ngd ra theo quy dao gin tron
thong qua cac t6 hop khac nhau ctia cic trang thai chuyén mach. Nhu trinh bay trong Bang 1, cic gia tri
dinh cua dién ap CMV phat sinh tir cac trang thai vector khong V0 [000] va V7 [111]. Viéc loai b6 hoan
toan cac vector khong nay trong ﬁiéu khién mach nghich luu ba pha hai bac cho phép giam bién do
CMV lén téi 66,7% tr U, /2 xudng con U, /6. Dua trén su lya chon céc trang théi tic dong (active
states), cac chlen lugc diéu ché SVPWM hién nay duoc phan thanh ba nhom chinh: AZSPWM, RSPWM

va NSPWM, mdi nhém c6 dic trung riéng va tiém ning g dung khac nhau trong viéc giam thiéu CMV
[11] - [16].

2.1. Piéu ché trang thai Zero chi dpng (AZSPWM)
AP
V7 [o10] \/, [110]

Vs o01] o1y Vg

Hinh 2. Gian do vector ciia AZSPWM.

Giai thuat AZSPWM (nhu minh hoa ¢ Hinh 2) la mdt phuong phap didu chéq vector khong gian trong
d6 hai vector d6i nghich c6 cung do 16n va thoi gian tac dong dugc str dung dé thay thé cho hai vector
Zero \Tové \77, trong khi hai vector con lai ctia sector tham gia vao qua trinh tdng hop vector dién ap
tham chiéu van duogc giit nguyén nhu trong SVPWM truyén théng [17].

Viéc loai bo hai vector zero nay giup giam bién do dién 4p common mode (CMV) tir U, /2 xudng
con U, /6, nhu trinh bay trong Bang 1. Uu diém ndi bat cua phuong phép 1a giém dién 4p CMV gip ba
1an so véi SVPWM truyén thdng, dong thoi van duy tri bién d¢ dién ap dau ra 6n dinh véi phuong phap
diéu ché tuong dbi don gian. Tuy nhién, nhugce diém cua _phuong phép la s6 lan chuyen mach cao hon
do sy chuyén mach tai cac thoi diém chuyén sector, dan dén t6n hao chuyén mach tang, dan dén gia ting

tong hao trén toan by hé thdng. Ngoai ra, phuong phap nay co thé sinh ra cac thanh phan song hai khong
mong muon, lam gia tang gia tri THD%, anh hudng dén chat lugng dién ap dau ra [13].

JTE, Volume 20, Issue 04S1(V), 11/2025 48


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham Ky thuat Thanh phd H6 Chi Minh

HCMIUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

2.2. Piéu ché trgng thai xa (Remote PWM - RSPWM)

RSPWM la mot phwong phap nham giam dién ap common mode (CMV) va don gian hoa thuét toan
diéu ché [18]. Nguyén 1y co ban ciia RSPWM la sir dung mot trong hai bd vector: cac vector 16 \71,\73,\75
hoic cac vector chin \72,\74,\76 dé tong hop dién ap ngd ra. Gian do vector khong gian cua cac phuong
phap nay dugc trinh bay ¢ Hinh 3.

":JIDIUI V;l 110 i[010] ¥na)

¥io11) A ¥1100]

Va[oo1] Vel101] ioo1) To1)

(@ (b) (©
7 Hinh 3. Gian d6 RSPWM va gidn d6 NSPWM:
(a) To hop 03 vector le; (b) To hop 3 vector chan, (c) Gian do NSPWM.
Uu diém ndi bat cia RSPWM (nhu thé hién & Hinh 3(a) va Hinh 3(b)) 1a duy tri CMV gan nhu hing
s0 6 £U,. /6, triét tieu dong mode chung (CMC) hi¢u qud, dong thoi gidm thiéu do phirc tap tinh toan.

Voo Vo1 —

Bén canh d6, d¢ loi dién ap ngd ra la han ché cua phuong phéap nay véi gia tri chi bang U, /3, thip
hon so véi SVPWM truyén thong 1a U, /+/3 . Diéu nay lam giam kha nang khai thac dién ap t6i da. Tuy
nhién, trong cac (mg dung nhay cam v6i EMI hodc yéu cau giam CMV, RSPWM van 1a mét Iya chon
t6i wu nho su 6n dinh va don gian cua thuit toan.

2.3. Diéu ché trgng thai 1an cgn (Near State PWM - NSPWM)

Hinh 3(c) trinh bay phuong phiap NSPWM cho phép giam bién d6 CMV tir U, /2 xudng con U, /6
nho loai bo cac vector zero, dong thoi giam ton hao chuyén mach so voi SVPWM truyén thong. Tuy

nhién, nhuoc diém cua phuong phap bao gdm ting ham luong séng hai va pham vi diéu ché han ché
(0.61<m<0.91) [19].

3. Giai thuat SVPWM cii tién véi kha ning giam CMV Spikes va s6 1an chuyén mach

Céc phan tich 6 Muc 2 da chi ra rd uu va nhuoc diém cua cac phuong phéap giam CMV trudc day.
Bén canh d6, trong thyc té hién tugng CMV spikes do dead-time va chuyén sector luén xuat hién trong
qua trinh hoat dong ctia bd nghich luu 3 pha 2 béc, diéu nay dan dén cac hé qua tiéu cuc nhu gy nhiéu
dién tir gia tri 16n dén hé thong [20] — [22]. Thuat toan dé xuit dua trén nén ting AZSPWM két hop
SVPWM tép trung triét ti€u CMV spikes, tdi wu sb 1an chuyén mach, déng thoi duy tri chét lugng dién
4p ngd ra va nang cao hi¢u suat hé thong.

3.1. Phan tich va tinh todn ciia gidi thudt dé xudt

Vol ¥ (110) V3110 V3 (110)

V, (011) / .
¥y (100)

V; (100) Vi (100)

(@ (o) (c)

. (101) V; (0o1)

Hinh 4. Cac phwong phap tong hop vector zero trong giai thudt dae xuc?t:
(a) Phuong phap tong hop I; (b) Phuong phap tong hop I1; (c) Phwong phap tong hop I11.
Trong thuat toan dé xuat, téng hop vector zero dugc thyc hién linh hoat theo tirng sector hoat dong:
- Sector II va Sector V: ap dung phuong phap Hinh 4(a).
- Sector I va Sector IV: 4p dung Céch tiép can Hinh 4(b).
- Sector III va Sector VI: 4p dung Cach tiép can Hinh 4(c).
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Xét don ctr trong hoat dong cua Sector I dugce trinh bay nhu Hinh 5.

Tafd 1 To/4  To/2y Te 1 To/2 Taf4 To/d
Vit P Pt il

wo o100} 1o ) on ) o110 ) 100 ) 100

ro11)

] ) |

.
@ (b)

Hinh 5. Phuwrong phdp tong hop I: (a) To hop vector ciia Sector 1; (b) Chuyén mach trong sector 1.

Pon cir xét trong Sector I ctia giai thuat dé xuat (Hinh 5), dua trén nguyén Iy SVPWM dé xé4c dinh
thoi gian tac dong, trinh ty tuan tu clia cac vector trong phuong phap tong hop thir nhat dugc xac 1ap
nham t61i wu héa phan phoi dién ap va gidm dién ap common mode:

Vector \To dugc tong hop boi \Ta va V, , sector 1 ¢6 vector dién ap ngdrala \Tef dugc tong hop tir

cac vector thanh phan dugc biéu dién nhu sau:

TS\E :Tb\7|:; +Tc\7c +Ta\7a; +Td%

T, =T, +T.+T, +T, 2)
T, =T,

Céc vector dién 4p thanh phan va vector dién ap tham chiéu dugc biéu dién nhu sau:
V. =mU,~3/(2)e"

V, =V, =2U, [ (3)e; V. =V =2U, / (3)e/™" 3)
\Z :\Z = 2'Udc /(3)'ej2”/3; \Z :\7(; = 2'Udc /(3)'ej5”/3

Trong d6 m 14 hé sé diéu ché (0<m<1), 6 la géc cua vector dién &p tham chiéu \E :
Theo (2) va (3), thoi gian tac dung cua cac vector dién ap dugce xac dinh:

T, =2 [msin(Z-0)ssin(o)]

. T
T, =T..msin(=-6
b S (3 ) (4)
T, =T,.msin(6)

T, =T—25[1-m.sin(%-0)+sin(9)]

Bang 2. So sanh trang thai chuyén mach ciia SVPWM, AZSPWM gidi thudt dé xudt.

Sector SVPWM AZSPWM Giai thuit dé xuit
I 0127 > 7210 6123 > 3216 124 > 421
I 0237 = 7320 1234 > 4321 1234 > 4321
11 0347 > 7430 2345 > 5432 134 > 431
v 0457 = 7540 3456 > 6543 154 > 451
\Y% 0567 > 7650 4561 > 1654 1654 > 4561

JTE, Volume 20, Issue 04SI1(V), 11/2025 50


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham Ky thuat Thanh phd H6 Chi Minh

HCMIUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn
VI l 0617 - 7160 5612 > 2165 164 > 461

Cu thé, phuong phap tong hop thir nhat twong tng véi thuat toan AZSPWM truyén théng, trong do
\TO dugc tao thanh tir hai vector d6i xtng \Ta va \Td c6 cung bién do va cung thoi gian tac dung. Trinh
tu tac dong lién tiép tuan thu nguyén 1y cia SVPWM.

Trong thyc té, co nhiéu tiéu chi khécq nhau dé lya chon mau dong cét’cﬁa cac khoa ban dan, tuy thudc
vao muc ti€u cy thé nhu gidm meo hai tong (THD) cua dién ap ngd ra, toi thi€u hoa gon dong dién, giam
ton hao hodc gidm tan so6 chuyén mach. Thong thudng, mau dong cat duoc st dung pho bién nhat la
phéan bo déu cac xung trong sudt chu ky lay mau Ty nhu minh hoa trong Hinh 6(b).

Co thé nhan thiy, so v6i cac thuat toan SVPWM truyén théng va AZSPWM, giai thudt dé xuét st
dung tong s& vector it hon, mang lai loi ich 10 rét vé giam sb 1an chuyén mach, giam t6n hao nhiét va
rit ngan dead-time. Tuy nhién, viéc giam s6 vector nay ciing kéo theo mot s6 han ché nhét dinh, bao
g6m bién dang dang song dién ap ngd ra va taing THD cua dién ap va dong dién.

3.2. Tinh toan théi gian tac dung va lwa chen chudi xung.

Bang 3. Trang thdi chuyén mach gitta hai sector:

Sector | Sector 11
SVPWM V, 5V, -V, 5V, 5V, 5V 5V, V, >V, >V, >V, 5V, 5V, >V,
AZPWM V, 5V, >V, 5V, >V, 5V, 5V, V, 5V, 5V, 5V, 5V, 5V, 5V,
Giai thuat dé xuat V, -V, 5V, 5V, 5V, V, 5V, 5V, 5V, 5V, 5V, 5V,

~ Nghién ctru [13] da phén tich dnh hudng cua dead-time 1€n bd nghich luu. Mot trong nhitng tac dong
noi bat 1a sy tang dot ngot cua dién ap common mode (CMV). Cu thé, véi phuong phap AZSPWM, mac
du gia tri CMV trung binh giam tir £U /2 xuong +U /6 van xuat hién cac thoi diém dinh CMV ting
vot Ién U, /2, hién tuong nay thuong duoc goi la CMV spike. Sy bat 6n trong dang song CMV nay
dan dén nhiéu hau qua tiéu cuc trén dong co, bao gdm dong ro, dién ap truc va tang nhiéu dién tir (EMI).
Nguoc lai, SVPWM truyén thong khong gap phai hién tugng nay, diéu nay dugc giai thich boi dic tinh
chuyén mach trong qué trinh chuyén sector [13].

Su chuyén magh gira cac sector duoc dinh nghia la sy khéac biét gilta vector cudi cling cua sector
trude va vector bat dau cua sector ke tiép. Nhu trinh bay trong Bang 3, ngoai viéc giam tong so lan
chuyén mach trong mét chu ky, phuong phéap dé xuat con triét tiéu dién ap CMV spikes bang cach loai
bo cac chuyén mach xay ra trong qué trlnh chuyén sector, vén 1 nguyén nhan chinh gay ra cac CMV
spikes. Nho d6, gid tri CMV duoc duy tri on dinh trong giéi han tir -U,, /6 dén +U,_ /6.

Piéu dang chu ¥ 13, trong mdt chu ky, su chuyén mach ciia cac khoa cong suit khong chi xay ra bén
trong tirng sector ma con xuat hién khi chuyén tir sector nay sang sector khac, do d6 viéc kiém soat
chuyén mach trong giai doan chuyén sector 1a yéu to then chot d€ han ché CMV spikes va cai thién chat
lugng dién ap ngo ra.

Tir Bang 3 c6 thé thy, phuong phap SVPWM khong c6 su chuyén mach khi nhay sector vi vector
cudi cting cuia sector I 1a V, va vector bat dau cia sector II van 12V, , tuong tu cho cac sector con lai.
Tuy nhién, voi phuong phap AZSPWM, di co sy chuyén mach khi chuyén sector, cu thé 14 vector cudi
cling clia sector I va vector bat dau ciia sector II 1a khac nhau V, va V, . Véi séu sector trong gian do

vector khong gian, phuong phap AZSPWM sé ¢6 6 lan chuyén mach khi chuyen sector. Mat khac, giai
thut nghién ctru da giai quyét dugc van dé nay khi khong tao ra su chuyén mach khi chuyén sector I

sang sector II véi vector két thiic ctia sector I va vector bat dau ciia sector IT déu la V1 , twong tyr voi cac
sector con lai cling khong xay ra hién twong chuyén mach khi chuyén sector.
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Tir cach suy luan trén ta c6 thé tinh duoc tong sé 1an chuyén mach trong mot chu ky lay mau nhur
Sau:
N

sw

=(N +N f (5)

sw-sector sw-trans )

Trong do:

New: TONg s6 lan chuyén mach trong mot chu ky chuyén mach.

New_sector: SO 1an chuyén mach trong mét sector.

New trans: SO 1an chuyén mach tai diém chuyén tiép giira cac sector.

fs: Tan s6 séng mang.

Vi hoat dong cua hé thong c6 tan s6 chuyén mach f; = 10kHz, va chu ky lay mau Ia Ts = 0.0001s,
Bang 4 trinh bay so 1an chuyén mach trong mot gidy cua céc giai thuat.

Bang 4. So sanh s6 lan chuyén mach giita cdc phwong phdp.

S6 chuyén mach khi
chuyén sector

S6 chuyén mach trong

A Téng s6 chuyén mach
mot sector g y N

SVPWM 6 0 60.000

AZSPWM 6 1 70.000
L, Sector 2,4: 6

Giai thuit dé xuat 0 46.667

Sector 1, 3,5,6: 4

Giai thudt nghién ctru giam dén 23.333 lan chuyén mach trong mot gidy so v6i phuong phap
AZSPWM. Ddng thoi giam 13.333 1an so v6i phuong phap SVPWM dong thoi giai thuat nghién ctru
c6 phan vuot troi hon vé mit giam gié tri dién ap CMV. Tir d6 co thé thay, giai thuat nghién ciru c6 thé
giam sy that thoat nhiét trong qua trinh bd nghich luu hoat dong, do dé ting tuéi tho cho céc khoa ban
dan Phuong phéap ndy cang vuot trdi khi sir dung cho nhirng bd nghich luu c6 tan s6 chuyén mach 16n,
tan s6 chuyén mach cang 16n thi su chéch 1éch trong viéc giam tong s6 1an chuyen mach cang duoc thé
hét r5 rét. Pac biét khi hién nay cac card DSP c6 thé xir 1y voi dao dong 1én dén vai MHz. Tuy nhién,
khi ting tan sé chuyén mach, ton hao chuyén mach ciing ting theo, nén can c6 su danh doi va can nhic
ki cang gitra hai thong sé nay.

Bt diu

Va,Vp, Ve, Ts
,Ugc ,Fear

Tinh V, Vp 6
Chia cac sector

@ s

<D

b b
Céch téng Céch téng
hop a hop b

v

Chon gian ddl.,
kichdong |~

PWM

A

in hiéu
diéu khién

Hinh 6. Luru do diéu ché gidi thudt dé xudt.
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Hinh 6 minh hoa tong quan k¥ thuat diéu khién cua thuat toan dé xuét Trude hét, tir dién ap ngo ra
mong rnuon cua bo nghich luu, xac dinh dién ap mot chiéu tdi thleu can cung cap. Cac thong s6 vé chu
ky lay mau va tan sb song mang duoc xac dinh trudc. Tiép theo, tién hanh tinh toan cac dai luong Vi,
Vi, Viet, goc 0 va thyc hién chia sector. Dya trén sector hién dang dugc kich hoat, lya chon phuong phap
tong hop vector zero phul hop véi nguyén 1y cua gidi thuat. Sau do, lya chon trinh tu kich thich t6i wu
va thyc hién diéu ché PWM vdi séng mang c6 tan s tring voi tan s6 chuyén mach.

Cudi cung, cac tin hiéu diéu khién c6 chén dead-time duoc tao ra cho cac khoa cong suit Sy, Sy, Ss,
S4, Ss va Sg dé cap cho b nghich luu.
4. Két qua md phong va thue nghiém

Nhom nghién ctru tién hanh xay dyng m6 hinh b nghich Iuu 3 pha 2 béc tai RL dé kiém chig tinh

dung dén cua giai thuat dé xuit va nhimg wu diém cta giai thuat nay. Thong sb thuc nghiém duoc thé
hién thong qua Bang 5.

Bang 5. Cdc thong sé thuc nghiém.

Théng s6 Gia tri Pon vi

bién ap DC ngd vao Udc 320 \Y
bién ap AC ngod ra Vo 110 Vrms
Tén s6 ngd ra fo 50 Hz
Ti s6 diéu ché m 0.9
Tén s6 chuyén mach fs 10 kHz
Dead-time Tq 1 Us

Ly 1 mH
Mach loc

Cs 10 MF

R 50 Q
Tai RL 3 pha

10 mH

01
Time (s)
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Hinh 7. Két qua mé phong dién dap CMV: a) Gidi thudt dé xudt; b) SVPWM; ¢) AZPWM.

Két qua mo phong the hién dién ap CMV cua ba giai thuat nhu sau: a) giai thuat dé xuét, b) giai thuét
vector khong gian truyén thong (SVPWM), va c) gidi thuat AZPWM vo6i dién 4p DC ngd vao Uge =
540V. Tur két qua md phong co thé nhan xét rang, dién ap CMV clia phuong phép truyén thong tao ra
dién ap CMV co gia trila U, /2 ,trong d6 phuong phap AZPWM ¢ Hinh 7(c) giup dién ap CMV cua

bo nghich luu giam tor +U /2 xudng +U,. /6 . Tuy nhién, phuong phap nay van con tao ra spike CMV
tao ra dién ap CMV + U, /2 khi chuyén cac sector. Phuong phap dé xuit duoc trinh bay ¢ Hinh 7(a)
gitip giam dién 4p CMV d6ng thoi han ché spike khi chuyén cac sector.

Tek Prevu o e | Moise Filter Off [Tek Ste e Noise Filtes 011 Tek prevy e Nolse Filter Ot

P H : Leakage currént [S00mA/div]
CMV [100Vidiv] :

Lo CMV [100V/div]

. : : t=10mis/div. T i : R U= 20psidiv = 10ms/div
i H N 730V <0ms . L 015 Ta0v___ T st ————
(@@ 100V~ @rvs sV Tisaesa ) E W%~ @A asy 124254 (@ s00mA ™ 7 led03s )
(@
Tek prevy e Noise Fitter Off Tekrens ——————— e T O Tek prevy — Nolse Fier Oft

(MV[lOl]V/dlv[

Leakage turremj S00mA/div]

£= 10ms/div i ' H 1= 20ps/diy 1= 10madty

s o s RTINSOV IEE.. ...l : figmms Y& 7-womh <0
[10.0ms @ 7200V <10H s & 160V < T
100V~ (@RS 20V hasss2 ) fam _i00v @5y Tiesssz || (@ sooman g‘»\: s30ma E.m |
Tek Stop g Noise Filter Off ek vy — Noise Filter Off Tek prevy ey MNoise Fitter Off

Leakage curr‘fnl [500mA/div]

E CMV [100V/div]
T ; CMV [100V/div]

£=10ms/div

= 10ms/div
: i R H : : (100ms ﬁ 400mA <10H)
[10:0ms 7200 <0H g.—w o
100V @RS @36 hszoss ) J&B 1wy & (@ So0ma - hewss )

Hinh 8. Két qua thire nghiém dién dp CMV va dong ro: a) Gidi thudt dé xudt; b) SVPWM; ¢c) AZPWM.

Hinh 8 cho thiy bién d6 CMV cua ba giai thuat SVPWM, AZSPWM va giai thuat dé xuét. Viéc loai
bo hai vector \To va \77 trong AZSPWM di gitip bién d6 CMV giam tir £160 V xudng +54 V. Tuy nhién,
dang song van xut hién CMV spikes do dead-time va chuyén mach khi dbi sector, gly nhiéu dién tir
dang ké. Giai thuat d€ xuat loai bo hoan toan hién tugng nay bang cach tranh chuyén mach khi doi
sector, giup dang song CMV 0n dinh hon va nang cao chat lugng dién ap dau ra.

Hinh 8 con cho théy trong mot chu ky, dV/dt va s6 bac clia dang song CMV & gidi thudt dé xuat déu
nho6 hon SVPWM, déan dén giam dinh va gia tri rms cuia CMC, qua d6 cai thién EMC va giam EMI. Mac
du AZSPWM ciing giam dV/dt va s0 bac, nhung van xuat hién spikes & mét so thoi dieém.

Hinh 8 minh hoa sy giam dong CMC — dong r6 hinh thanh khi di qua tu ky sinh gitta tdm tai G va
tam nguon O trong qua trinh nghich luu hoat dong. Dong CMC gay ra nhiéu tac dong tiéu cuc, dic biét
1a nhiéu dién tir, anh huong dén hé thong cap ngudn va cac thiét bi xung quanh. Viéc giam CMC 1a rat

quan trong, nhat 1a trong cac ung dung doi hoéi do nhay cao nhu thiét bi y té hodc hé thong dién tir chinh
Xac.

Tek s - - Motse Fives Ot Tek Pevy Nowe Fites Off Tek swp — Nese Filtes O
Vies Vi ¥ e 1100VIdiv) VeV ',,,ﬁl',,, 1100V/div] Vo r Vae iVee [100V/div]
7\ A : (\\ l /\
i \/
1= 10ms/div = 10ms/div 7= 10ms/div
@ I J& /v <o oV (32w 5 - /v <y WV~ Yt Tamv S
v e Y By . Y fems oy e fiezmo |
(@ (b) (c)

JTE, Volume 20, Issue 04S1(V), 11/2025 54


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham Ky thuat Thanh phd H6 Chi Minh

HCMIUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

Hinh 9. Két qua thue nghiém dién dp ngé ra sau loc: a) SVPWM; b) AZSPWM; ¢) Gidi thudt nghién ciiu.

Két qua thi nghiém trinh bay trong Hinh 9 cho thay dién 4p ba pha ngd ra sau b loc khi ap dung cac
giai thuat diéu ché khac nhau. Cuy thé, v6i giai thuat vector khong gian truyén théng (SVPWM), chat
lugng dién &4p ngo ra dat muc tot nhat, dang song gén chuin hinh sin va bién d6 dién ap dugc duy tri on
dinh. Trong khi d6, giai thuat AZSPWM mic du c¢6 vu diém rd rét trong viéc giam thiéu dang ké dién
ap CMV nhimng chit luong dién ap dau ra chua dam bao. Di véi giai thuat dugce dé xuat, két qua cho
théy dién ap CMV ciing dugc triét giam hiéu qua tuong tuy AZSPWM, dong thoi chat luong dién ap ngd
ra dugc cai thién dang Ké, dang song tiém can voi chét lugng cia SVPWM.

Tek prevy ———e— Yosse Fives 1 Tek frevs Noise Fines 81 Tek pevu Noise Fiter O1f

V. iy 1S00V/div] Vi 1S00V/div] Vs [500V/div]

Vg [SO0N/div} - -

o

1= 10msdiv = |()m'./di\- 1= 10ms/div

§ ey e & /owv <vor
Lo - o@D 25V 2V e
& Js WV gpies 3V frsree ) @ = 36V gl 50V hewn |

(b) (©)
Hinh 10. Két qua thiee nghiém dién dp ddy Vag va Vec: 8) SVPWM; b) AZSPWM; ¢) Gidi thudt nghién ciru.

Két qua thuc nghiém Hinh 10 cho thiy ca ba giai thuat déu tao ra dién ap day ba bac (-Uge, 0, +Uqc)
va dién ap pha hai bac (0, Ugc) nhu ky vong. Tuy nhién, AZSPWM xuat hién méo dang dién ap day rd
rét va dao dong dién ap pha do CMV spikes, 1am suy giam cht luong dién ap. Nguoc lai, SVPWM va
dic biét 1a giai thuat dé xuat duy tri duoc dién ap day on dinh, giam dao dong dién 4p pha va han ché
nhidu dién tir. Nhu vay, giai thuat nghién ctru cho chét lugng dién ap tét hon AZSPWM, phu hop véi
cac ung dung yéu cau chat luong dién ning tot va EMC cao.

Tek JL Tig'd M Pos: 0.000s Hamonics  Tek 1L Tiig'd 14 Pog: 00005 Hamorics  Tek  JL T RIEK M Pos: 00005 Hatmonics
Source Source Source
CH| CHI LH1
Hasmonic Harmonic [T il Harmonic o
Freq Sh1Hz *Fund 100.0% Setup Fieq SO0z %Fund 100.0% Satup Freq S0.0H *fFund 100.0% Setup
WRMS TSV @ 0.00¢ JRutomatic] WRME  TIONY  & 00 hRMS  TIEV 0.00°

Show

. Save Sawe Save
rivnics Hatrrionics Harmonics
fFrio] HMOG06.C54 Fod HMO006,C5Y = HMOOE.CSY
M 10.0ms M 10.0ms M 10.0ms
23-May-24 0330 23-May-24 0356 23-May-24 08:30
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Hinh 11. Két qua thwee nghiém gid tri THD% dién dp pha A: a) SVPWM; b) AZSPWM; ¢) Gidi thudt nghién ciru.

Két qua thyc nghiém hinh 11 cho thiy AZSPWM boc 1§ nhuoc diém 16n khi THDY% dién 4p pha A
dat gan 10%, vuot xa gi6i han tiéu chuan (<6,5%) do anh hudng dong thoi ciia song hai bac cao va
CMV spikes. Nguoc lai, giai thudt nghién ctru va SVPWM truyén thong déu dam bao chit luong dién
ap tdt véi THD% lan lugt 2,60% va 2,07%. Mac du THD% cua giai thuat nghién ctru nhinh hon SVPWM
truyén théng, su chénh léch nay khong dang ké so voi loi ich dat dugc: giam s6 1an chuyén mach, triét
tieu CMV spikes, giam nhiéu dién tir, va nang cao hi¢u suét tong thé cuia hé thong. Dleu nay chung minh
giai thudt nghién ciru mang lai su can bang tdi uu giita chat lugng dién ap, hiéu sut, va do tin cay khi
van hanh lau dai.

5. Két luan

Bai bao trinh bay mot giai thuat méi cho nghich luu ba pha hai bac, c¢6 kha nang giam cac CMV
spikes dong thoi giam tong s6 1an chuyén mach. Phén tich 1y thuyét cho théy thuat toan dé xuat tong
hop zero-vector hoan toan tir cac vector hoat dong, twong tu AZSPWM truyén thong, nh¢ d6 gisi han
bién d0 CMV ¢ +Uqc/6 thay Vi £Uqc/2. So sanh v6i SVPWM va AZSPWM truyén thong cho thay giai
thuat d& xuat dat sb lan chuyen mach thap nhat, tuong duong SVPWM, gitip giam t6n hao chuyén mach
va céi thién hiéu suit nhiét, dong thoi han ché nhidu EML Tinh hiéu qua cua thuat toan dugc xac nhan
qua md phong va két qua thuc nghiém, chimg minh tinh canh tranh vuot troi trong viéc can bang gitta
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giam nhiéu EMI va giam t6n hao so véi cac phuong phap truyén thdng, pht hop cho cac ing dung diéu
khién dong co cong nghiép hi¢u suat cao.
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