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TOM TAT

Bai bao nay trinh biay mot phuong phap diéu ché xung chuyén mach nhim dam bao dién ap
common mode trén bo nghich luu 3 pha 5 bac cascade trong gidi han +1/3 lan dién ap cap ngudn cho
mo-dun. Phuong phap duoc trién khai dua trén k¥ thuat lya chon t6 hop cac vec-to dong cat ma ching
tao ra gia tri dién ap giira tdm pha tai va tdm cua pha nguon nam trong gidi han cho phép. Do bién thién
dién ap day dugc xem xét trong qué trinh lya chon chudi xung chuyén mach, dam bao bién thién dién
ap day theo thoi gian c6 gid tri thap nhat. Cac két qua duoc kiém ching va dénh gia thong qua mo hinh
mo phong trén phan mém Matlab/Simulink va Plecs.

Tir khéa: SVPWM (Space Vector Pulse Width Modulation-Biéu ché d6 rong xung vec-to khong gian),
bo bién ddi cong suét da bac cascade, giam dién 4p common mode, by nghich luu da bac.

1. GIOI THIEU

Trong truyén dong dong co cam tmg, dién 4p common mode xuét hién gitra diém ndi sao cua dong
co cam ung va dat. Pién 4p common mode nay tao ra dién ap ¢ phia truc rotor ctia dong co. Néu dién
ap sinh ra trong truc dong co vuot qua dién ap danh thung ciia chét boi tron trong 6 bi truc dong co, thi
n6 s& gy ra dong dién trong 6 bi. Didu nay khong tot cho dong co va cudi cing dan dén hong hoic su
¢d trén dong co. Ngoai viéc anh hudng dén cac 6 bi cta dong co, dong dién chay trong cac 6 bi con gay
ra hu hong cho cac cuc dau ra va cic thanh phan dién tir dugc két ndi vai dong co. Ngoai ra, dién ap
common mode con gay ra hién tuong nhidu dién tir, dong rd 16n gy nguy hiém cho nguoi va giy ra
nhing kich hoat khong mong muon cho cac hé thong bao vé. Chinh vi vy, kiém soat dién ap common
mode 12 mot trong nhitng vin dé quan trong trong nghién ctru va thiét ké cac bo bién ddi cong suit.

Phuong phap thiét ké, diéu khién céc bo bién doi dién tir cong suat theo ciu trac mo-dun dang
dugc chu trong nghién ciru va phat trién [1, 2]. Viéc nghién ciru cach thirc ing dung phuong phap nay
vao thyc tién 1a mot nhiém vu quan trong va can thiét dé chuyen nang luong tir ngudn dén tai v6i higu
suat cao nhat c6 thé [3]. Mot trong nhimg uu viét phai ke dén cua viéc thlet ké theo c4u trac mo-dun 1a
¢6 thé linh hoat ket nbi, thay thé nham dap tng cong suat, dién ap yéu cau [4]. Hién tai, day 1a hudéng
nghién ctru rat co tlem nang. Viée trién khai nghién ctru, img dung theo hudng diéu khién ciu trac dang
mo-dun 1a xu thé tit yéu [5].

Nang cao chat lugng dién ning, nang cao chat lugng diéu khién va hiéu suat clia cac bo bién doi
cong suat ludn 1a mbi quan tim cua cac nha nghién ctru trén thé gidi, trong d6 c6 van dé lam giam hodc
triét tidu dién ap common mode [6-8]. Cac k¥ thuat giam dién ap common mode dwa trén mach phan cing
nhu sir dung may bién ap cach ly, dung b loc thu dong hodc chi dong. .. Tuy nhién, nhimng giai phap phén
cling nay lam tang dang ké vé chi phi, tang kich thudc mach va phtc tap trong van hanh hé thong.

Hién nay, giai phap giam dién 4p common mode dang dugc nghién ciru va trién khai duya trén hiéu
chinh xung chuyén mach cua linh kién. Giai phap nay dwoc xem 14 t6i wu va mang lai hiéu qua kinh té
cao [9-11].

Nghién ctu vé cac bd bién d6i cong suét ndam bac dang nhan duoc sy quan tam cia nhiéu nhoém
nghién ctru. Dic biét cac nghién ctru vé cau hinh 3 pha nam bac dang mo-dun cascade, cau hinh sir dung
cac nguén ap mot chiéu ddc 1ap, nén khong c6 su dao ddng dién ap trén cac bac khi van hanh, tang d6
tin cdy cua hé thdng so vdi cac cu hinh nam bac khac nhu lién két ty dién hay trung tinh kep diode [12,
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13]. Cac nhom nghién ciru cia cac trudng dai hoc trén thé gidi ciing dang c6 nhiitng nghién ctru va cong
b6 ve cac ky thuét di€u ché dg rong xung (PWM - Pulse Width Modulation) cho bo nghich luu d4p ndm
bac nham cai thién chat lugng dién ap ngd ra, can bang dién ap tu, giam ton that [13-15] ...

Céc b nghich luu ngudn ap da bac ngay cang duoc tmg dung trong rt nhidu trong linh vuc cong
nghiép nhu hé thong quang dién, hé thong pin nhién lidu, hé thong tuabin gio, hé thong diéu khién dong
co xoay chiéu (AC - Alternating Current) va hé thong phan phéi dién [16, 17]. Cac bo nghich luvu nay
dugc sir dung rong rai boi nhimg thuan loi nhu: hiéu suat cao, chi phi thip va van hanh don gian. Hién
nay cac phuong phép diéu khién bd nghich luu da va dang duoc nghién ciru, ing dung ngay cang nhiéu,
cu thé 1a cac b nghich luu da bac. Vi chung c6 thé tao ra dang song dién ap ngo ra co chat luong cao,
dd meo dang hai tong thap (THD - Total Harmonic Distortion), ton hao chuyén mach thap va ciing
khong can bo loc ngd ra lon [18, 19]. Cac diéu kién chinh dé tao ra s lwong cac bac dién ap ngd ra khac
nhau 1 sir dung nhiéu nguon mdt chiéu (DC - Direct Curent) doc 1ap hoic lién ket cac nguon DC 4o
nhu ty dién hodc may bién 4p két hop vai nhiéu thiét bi chuyén mach [20]. Céac c4u hinh da bac phd
bién nhu: diode kep (NPC - Neutral Point Clamped), tu kep (Flying Capacitor) [21] va ghép tang cascade
[18]. Tuy nhién khi st dung cac bo nghich luu nay ciing c6 mot nhugce diém di kém l1a su phat sinh dién
ap common mode. Dién ap common mode 1a dién &p giita trung tinh tai va tim ngudn DC. Céc nghién
ctru cho thdy anh hudng cua dién 4p common mode 1én céc tai quay 1a rat dang ngai. Vi thé c6 kha nhidu
nghién ctru nhim giam dién 4 ap common mode trong cdc bo nghich luu [6, 8]. Nghién ctru [9, 12] chi ra
rang nghich luu da bac véi so bac 1é cd mot sO vec-to dong cat khong sinh ra hodc sinh ra dién ap
common mode thip va thyc hién mé ta vec-to dién 4p mong mudn qua cac vec-to nay gitip giam hodc
loai bo dién 4p common mode, tuy nhién viéc lya chon cac vec-to khong sinh dién 4p common mode
trong bai bao trén van con phirc tap.

Phuong phap diéu ché d6 rong xung song mang (CPWM - Carrier Pulse Width Modulation) da
dugc trién khai rit phd bién trong cac b bién doi cong sudt da pha da bac. Cac k¥ thuat dicu ché do
rong xung séng mang da bac co thé ké dén 1a PS (Phase Shift), PD (Phase Disposition), POD (Phase
Opposition Disposition), APOD (Alternative Phase opposition Disposition).. . Uu diém 16n nhat cua ky
thuat CPWM la thyc hién d& dang. Uu diém nay cang thé hién rd rét khi sé pha cua bo bién ddi cong
suét tang 1én vi k¥ thuat nay trién khai diéu khién ting pha riéng biét. Do d6, viéc trién khai CPWM
trong cic bo bién dbi nhidu pha kha don gian. Tuy nhién, phuong phép didu ché do rong xung song
mang duoc thuc hién dua trén nén ky thuat twong tu va khong c6 mot thuat toan chung cho tat ca cac
cAu hinh [22-24].

Trong k¥ thuat diéu ché da bac, ky thuat didu ché do rong xung vec-to khong gian xt ly ddng thoi
tét ca cac tin hidu nhu mot qua trinh tong thé [25]. Do d6, phuong phap SVPWM noi bét voi kha nang
t6i wru hoa cac trang thai chuyén mach, rat phu hop khi trién khai trén cac vi mach ky thuat s6 [26].
Phuong phap SVPWM da chimg minh tinh hiéu qua, mang lai rat nhiéu loi ich vé néng cao hi¢u suét
trong cac hé thong mot pha, ba pha [9]. Nhin chung, giai thuat, phuong phap diéu che SVPWM da bac
dugc tinh toan dua trén cau hinh cho trudc véi s6 lugng mo-dun trong moi pha, so lugng pha da xac
dinh trudc va ching khong thay d6i trong qué trinh van hanh. Xét Ve cau tric két nbi IGBT, SVPWM
da dugc sir dung nham giai quyét bai toan cac bo bién ddi cong suat 3 pha, 5 pha, 6 pha, 2x6 pha, 2x3
pha [17, 27, 28]. Ngoai nhiém vu chinh la cung cap cac giai phap chuyen mach linh hoat cho céc cong tic
IGBT, cic nghién ctru vé SVPWM tép trung gidi quyét cac van dé: can bang dién ap cua cac ty dién trong
md hinh NPC da bac, can bang dién ap giita cic mo-dun trong céc bo bién doi cong suat da bac dang mo-
dun (MMC-Modular Multilevel Converter), giam dién ap common mode, giam THD, giam t6n that chuyén
mach, giai quyét bai toan khi bo bién doi cong suat lam viéc trong ving qua déu ché [9, 29].

Nghién ctru trinh bay trong bai bao nay dinh hudng tép trung giai quyét bai toan giam dién ap
common mode trén by nghich luu 3 pha 5 bac cascade dya trén nguyén tic st dung td hop cac chuyén
mach c6 cac trang thai dong ngat sinh ra dién ap common mode trong gia tri gidi han sir dung phuong
phap diéu ché vec-to khong gian. Giai thuat dé xuat dé Iya chon cac vec-to phat sinh dién 4p common
mode trong gidi han cho phép thuc sy don gian. Giai thuat dé xuat duoc thyuc hién trén mé hinh mo
phong Matlab/Simulink; d4nh gia va so sanh ton that cong sudt dugc thyuc hién trén phan mém Plecs.
Bai bao nay bao gém 4 ndi dung nhu sau: 1. Gidi thiéu. 2. Diéu ché xung déng ¢t theo phuong phap
vec-to khong gian cho bd nghich luu 3 pha 5 bac cascade giam dién &p common mode. 3. Két qua md
phong va ban luan. 4. Két luan
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2. PIEU CHE XUNG PONG CAT THEO PHUONG PHAP VEC-TO KHONG GIAN CHO BQ
NGHICH LUU 3 PHA 5 BAC CASCADE GIAM PIEN AP COMMON MODE

=

2.1. Vec-to khong gian ciia

0 nghich luu

Hinh 1. Nghich Iuu 3 pha 5 béc cascade

Sector 2 >

Bxo40 140 240 340 440

/004 104 204 304 404

Sector

Hinh 2. Gian dd vec-to dién &p cua bo nghich luu dién &p 5 béc.
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Qué trinh déng ngit cac linh kién tao ra dién ap ba pha tai. Theo 1y thuyét vé khong gian vec-to
thi dién ap ba pha d6 c6 thé biéu dién dudi dang vec-to khong gian va n6 s& thay ddi nhay cép trén hinh
luc gidc da bac. Vi tri cia mdi vec-to dién ap trong khong gian s& phu thudc vao cac trang thai dong
ngit ctia linh kién. Xét bo nghich luu ap 3 pha 5 bac cascade trinh bay nhur

Hinh /, trong qua trinh dong ngat, quy luat dong ngét d6i nghich phai dugc tuan thi dé tranh bi
ngan mach:
S+8 =1
Theo dinh nghia vec-to khong gian, trong ung 125 trang thai dong cit linh kién ta thu duoc 66 vi
tri vec-to khong gian ctia vec-to di€n ap tao thanh. Trong d6, tai tm cua lyc giac c6 nam trang thai khac

nhau cho cfmg vi tri, tai d6 1a vec-to khong (0000, 1111, 2222, 3333, 4444). Cac trang thai vec-to dién
ap duogc biéu dien trong gian do vec-to nhu Hinh 2 trinh bay.

2.2. Giai thuit diéu ché vec-to khdng gian cho bd nghich lwu ba pha nim béc
2.2.1. Xdc dinh vi tri ciia vec-to diéu khién trong khéng gian dién ap 3 pha nam béc
Vec-to diéu khién dién ap ba pha ciia bién duoc xac dinh theo biéu thirc (1):
v, =v, sinrxft)+2
=<V, =V, sinx ft+27/3)+2 (1)
V.=V, sinrft+4r/3)+2

Vi

Véi v lé'biép do (jinh cua dién ap diéu ché. Goi n s6 bac cua dién ap phangd ra, fla tan s dién
ap ngod ra, h¢ so dicu ché dién ap m; dugc trinh bay trong phuong trinh (2):

Bx Bx
3/\3/\3/\3 3/\2/\1/\0
3IN/3\/3\/3\/3 3N/2\/1\/0o\/0
3/N2/\2/\2/\3 2/N2/\1/\0/\0
3IN/2\/2\/2\/2\/3 2\ /2N /1N /0\/0\/1
2 /\ 1 1 3 1/\1/N\1/N0/\0/\1
3\/2 1 1IN/1\/2\/3 1 1 IN/oN/oN/1\/2
1/\2 0/N0/N0/N0/\N0/\1/\2
332211000 1 23 0 0 0 0 0 1 2
A 0/\0/\0/\0/\0/\1/\2 A
33 211000112233 0N/0 0\N/0N\/0 1 2
1/\1 1/N0/\0/\1/\2
3322111112233 . | ANVANVANZ
2/N2/N1/N0/\0/\ 1
332 222 2/\ 3 AANVANIND
2/\ 1 0
3/03/3\3/3\3/3\3 3/ 0N\ \V1\Y,
1% ¢/
Hinh 3 1\/[Xn Hinh 4. de
By B,
0 1 2/\ 3 0/\0/\0/\0
o\/0 1 2\ /3 0\ /1 1 1\N/0
1/N0/\0/\0/\1
10000112222 0N/0 1 1 0N\/0
1/\1/\0/\0 1/\ 1
2110000111111 0ON/ON/ON/TN/ON/O0N/O
1 1 1/N0/\1 1 1
TANANDNONNNE o\/0\ /0N /0o\/0\/0\/ 0\ /0
0/N\0/N0/N0/\No0/\N0/\No0/\0/ A
322110000000000A | | N o\/1 1N/
2110000111111 0101001001010
0/\0 1 1/N0/\0
100001122 2 0 0 0
0/\ 1 1 1/\0
0/\0 1/N2/\3 oN/0\/0\/0
o Hinh 6. L

Hinh 5. M
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Bdng 1. Mbi quan h¢ gitra ham Max, Mid, Min trong 6 sec-to.

Sec-to 1 2 3 4 5 6
Vra Max Mid Min Min Mid Max
Vib Mid Max Max Mid Min Min
Vre Min Min Mid Max Max Mid

v

m=———— )
Q/m).mn-1nr,

Vec-to V,rdugc dinh vi trong khong gian vec-to 3 pha, 5 bac nhu Hinh 2 bang cach xac dinh sec-
to dang chira V,rva vi tri cta V,rtrong cac sec-to d6. Co tat ca 6 sec-to dugc phan chia. Trong moi sec-
to, cac trang thai chuyén mach dugc phan chia thanh 16 vung, va dugc danh so tir 1 dén 16. Bang cach
str dung phuong trinh (3) dén (5) va tra

Bang 1 vé mdi quan hé giita cac ham Max, Mid, Min véi vec-to tham chiéu, voi max 1a truy tim
gia tri 16n nhat cua (v, vis, Vi), ham mid truy tim gia tri gitta gia tri 16n nhat va nho nhat (v, vis, vic),
ham min truy tim gia tri nho nhat cia (Via, via, Vic).

Max = maX( ,a, rb’vrc) (3)

Min= n’]ll’l( m:v;bﬂvrc) (4)

Md mld( m’ ;b’vw) (5)

M, = Int(Max — Min) (6)
= Int[max(v,,,v,,,v,. ) —min(v,,v,,"v,)]

M, = Int(Max — Mid) (7
= Int[max(v,,,v,,v,. )—mid(v, ,v,,v,.)]

M, = Int(Mid — Min) (8)

= Intf{mid(v,,v,,v,.)—min(v,,v,,v,.)]

Trong mdi sec-to, can xac dinh xem vec-to tham chiéu  dang thudc ving didu ché nao. Khong gian
diéu ché duoc chia thanh 16 vung dgc 1ap khac nhau, dé xuit st dung cac giai thudt thong qua cac biéu
thirc (6) dén (8) nham tim kiém vi tri cta vec-to tham chiéu. Bang cach trién khai cac biéu thirc (6) dén
(8) cho tét ca cac ving trong khong gian diéu ché 3 pha, 5 bac thi két qua dugc trinh bay trong cac Hinh

3 dén Hinh 5. Mot vi du minh hoa, gia sir tai thoi diém ¢, dién 4p diéu khién (V,,,V,,,V,.) ¢ gia tri
tuong tmg 13 (2,139, 3,079, 0,7819)V, do V,, >V, >V, nén vec-to diéu khién V,; dang thudc sec-to 2.
Céc gia tri My, My, My, 14n Tuot 12 2,0,1, nén dinh vec-to diéu khién Vs dang thudc ving 6 cua sec-to 2.
2.2.2. Xac dinh thoi gian dung tai 3 vec-to dinh

Thoi gian dung K, Ky, K3 tai 3 vec-to dinh vang diéu ché dugc thyc hién bang cac phwong trinh
(9) dén (11). V6i tham so6 L dugc tinh theo bi€u thue (12) va ket qua duge tong hop trong Hinh 6.

_ |1+ Int(Max — Min) — (Max — min) for L =0 ©)
"1+ Int(Mid — Min) — (Mid — Min) for L =1
_ |(Max — Min) — Int(Max — Mid)  for L=0 (10)
> 1= (Max — Mid) + Int(Max — Mid)) for L =1
K,=1-K, K,
_ | (Mid — Min) — Int(Mid — Min) forL=0 (11)
| (Max — Min) - Int(Max — Mid) for L =1
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L = Int(Max — Min) — Int(Mid — Min) — Int(Max — Mid) (12)
2.3. Gidi thuit gidm ap common mode cho b§ nghich luu 3 pha 5 béc cascade
Dién ap cua pha a dén tim ngudn dugc xac dinh theo phuong trinh (13):
=V, (S +S,x +S54 +S,, —2) (13)
Dit Sy 14 to hop trang thai diéu khién cac khoa cong suat ctia pha X (X = a,b,c) (14), vec-to dong
cit 3 pha 1a \;dugc xac dinh theo phuong trinh (15).
Sy =08, +S,y +S;, +S,,—2) (14)

v=(8,,5,5) (15)

Dién ap common mode phat sinh 1a dién ap giira diém N va G trong mo hinh
Hinh 1 trinh bay duogc xac dinh theo cong thire (16):
S, +8,+S5.-6
VNG = I/cmm = I/dc % (16)

Pién 4p common mode phat sinh tuy theo trang thai cia S = (Sa + Sg + Sc) dugc trinh bay trong
Bang 2. Trong truong hop S =5,6,7 bién d9 dién 4p common mode nam trong gidi han +£1/3 V.. Vec-to
khong gian 3 pha 5 bac trong Hinh 2 dugc lugc bo cac trang thai lam phat sinh bién do dién &p common
mode cao nhu trinh bay ¢ Hinh 7.

Tir Bang 2, dién 4p common mode phat sinh ¢6 bién d6 tir -(5/3)* Ve dén +(5/3)* V. Triét tiéu
dién ap common mode (dién 4p common mode bang 0) doi hoi ky thudt phire tap va khong kha thi trong
nhi€u truong hop. Chinh vi vy, kha di nhat 1a kiém soat dién 4p common mode trong mot pham vi gi6i
han. C¢ thé thay dugc cac vec-to dong cat sinh ra dién ap common mode thap nhat 1a cac truong hop
ma vec-to v= (SA,SB,SC) c6 nhu (17) trinh bay:

S, +8Sp+Sc=
S, +Sz+S.=6 (a7
S,+Sp+Sc=

Do d6, tir gian d6 vec-to dién ap Hinh 2 ban dau, loai bo cic vec-to dién ap khong thoa diéu kién

va thu dugc gian do vec-to dién ap mdi nhu Hinh 7.

Vi 52 vec-to dong cét thoa diéu kién, phuong phap diéu ché xung chuyen mach thong thuong,
trong mdi chu ky PWM, sir dung cac vec-to nén ¢ gia tri S = 5, trang thai chuyén mach 1an luot s& 1a
5-6-7-7-6-5. Mot vi du minh hoa, vec-to V,rdang & ving 6 cla sec-to 1, dién ap ngd ra dugc diéu ché
tir t6 hop 3 vec-to (3,1,1), (3,2,1) va (4,2,1); trang thai chuyén mach duqc trinh bay trong Hinh 8a.

Béng 2. Mbi quan hé gitta Sa, S, Sc vdi gia tri dién 4p common mode

S, +S5+S¢ Vemm S, +Sp+S8. Vemm
0 -2Vde 8 2/3Ve
1 -5/3Vge 9 Ve
2 -4/3Ve 10 4/3Ve
3 -Vie 11 5/3Vde
4 -2/3V4e 12 2Ve
5 -1/3V4e
6 0Vdc
7 1/3Vde
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Bx 140 240 340

o) % S o

vb

1
e | 1 1 1 1 1 ve 1 0 1 1 1

(a) (b)
6 6 7 6 5 6 6 7 6 5 6 6
va 3 3 3 [ 4] 3 3 3

w 2 2 2 2 2 2 2 4 2 2 2 2

7

va 3 4 3 3 3 4
2 2

1

(© (d)
Hinh 8. Céc trang thai chuyén mach tir ving 6 sang ving 7 sec-to 1 ciia vec-to tham chiéu

Khi vec-to Viy chuyen ttr vang 6 sang vung 7 sec-to 1, vec-to nén (3,1,1) chuyen sang (3,2,0), Sz
chuyén tir 1 1én 2, Sc¢ chuyen tir 1 xudng 0, dién ap day us. c6 thay dbi 2 V. Dleu tuong ty cling Xudt
hién khi vec-to Vs chuyén tir ving 9 sec-to 1 sang ving 5 sec-to 2, vec-to nén (3,2,0) chuyén sang
(2,3,0), S4 chuyén tir 3 xudng 2, Sz chuyén tir 2 1én 3, dién ap diy uas c6 thay ddi 2 V.

Nhim tranh cac trang thai chuyén mach xuét hién sy thay dbi dién ap cua 2 pha c6 bién do 2V,
gdy ra tress dién ap ddy, mot dé xuat dwoc ap dung bang cach bd sung cac vec-to nén co S = 6. Trang
thai chuyén mach ctia nghich luu 3 pha 5 bac c6 thé 1a 5-6-7-7-6-5 hodc 6-5-6-7-6. Gia st vec-to Viy
dang ¢ vi tri ving 6 trong sec-to' 1, dién ap ngd ra dugc didu ché tir t6 hop 3 vec-to (3,1.1), 3.2,1) va
(4,2,1), trang thai chuyén mach duoc trinh bay trong Hinh 9. Trong trudng hop Vyy chuyén sang ving
7 sec-to 1, ¢d 3 trinh t chuyén mach c6 thé 4p dung 13 6-5-6-7-6 nhu Hinh 8b, 6-5-6-7-6-5-6 nhu Hinh
8c, 6—7-6-5—6—7-6 nhu Hinh 8d. Trong 3 phuong an diéu ché xung chuyén mach, phwong phép trién khai
theo Hinh 8c,d cho thay ¢6 mot pha chuyen mach 2 lan trong mdt chu ky chuyén mach. Trén quan diém
chon Iya s6 1an chuyén mach thap nhat trong mot chu ky déng cat, nghién ctru nay dé xuét sir dung xung
PWM bit dbi ximg (ASPWM - Asymmetrical Pulse Width Modulation) cho cac vec-to nén co S =6 va
xung PWM déi xtmg cho cac vec-to nén ¢6 S = 5 nhu Hinh 8a trinh bay. Trong trudng hop vec-to Vy
chuyén sang ving 7, vec-to nén chuyén tir (3,1,1) sang (3,2,1), chi c¢6 Sp ciia pha b thay d6i tir 1 sang 2,
dién ap day chi bién thién trong khoang 1V,.. Vi phuong phap PWM dé xuat nham giir bién do dién
4p common mode ndm trong gidi han £1/3 Vg, trong mdi chu ky xung PWM, 2 trong 3 pha thyc hién
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mot lan chuyén mach, mdt pha con lai khong thyc hién chuyén mach. Nhu viy, trong mot chu ky PWM,
moi pha chi chuyén mach nhiéu nhat 1a mot lan, van dé ton that cong suat trong qua trinh dong cat duoc
dam bao.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Céu hinh va thong s6 mé phéng

Bdng 3. Thong sb md phong bd nghich luu 3 pha 5 bac cascade giam dién 4p common mode

Tham sb Ky hiéu Pon vi Gid trj
Cudn cam L H 0,01
Dién tr6 tai R Q 10
bién 4p mo-dun Ve \% 100
Tén s chuyén mach Sow kHz 10
Tén sb dién 4p tham chiéu £ Hz 50
Thoi gian ldy méu Ty s le-6

Céc d& xuét dugc kiém chimg thong qua mé hinh mé phong trén phan mém Matlab/Simulink. Bo
nghich Iuu ba pha nam bac dugc céu tao tir 2 mo-dun cascade cho mdi pha, mdi mé-dun c¢6 1 ngudn
mot chidu doc 14p 6 gia tri bang nhau va bang V. M6 phong duoc tién hanh véi tai RL, cic thong sb
chinh trong qua trinh mé phong dugc trinh bay trong Bang 3. Két qua mé phong nham kiém ching kha
ning diéu ché dién ap theo dién ap tham chiéu dam bao dién 4p common mode trong gi6i han. Phuong
phap SVPWM véi xung dbi xung, bat d6i ximg, ky thuat CPWM duogc 4p dung trong qua trinh mo
phong nham danh gia, so sanh v€ do bién thién dién ap day theo thoi gian, d méo dang song hai tong,
ton that cong suat. Cac Hinh 9 dén Hinh 13 trinh bay cac khdi chinh trong mé hinh mé phéng trén phan
mém Matlab/Simulink.
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Hinh 9. M6 phong két ndi IGBT 3 pha 5 bac cascade

42



Ky thuét diéu ché vec-to khéng gian gidm dién &p common mode cho bién tan 3 pha 5 bac

ving 1 >
P Va
ving 2 >
0.64
MI va ving 3
vr vb —» Vb [select_section]
f1 Ve ving 4 [P
ving 5[
—»{ Ve
viing 6 [—
Hinh 10. Dién dp tham chiéu 3 pha Hinh 11. Tinh toan sector
Interpreted
I
I min rl "
o max-min
1 hax [max_mid_min
1 i Interpreted | , | )
> MR‘?I:‘XS Ecn > floor
mid ' max-mid
" Interpreted - +
T e Ll '
mid-min

) —‘ »—;-i -=0 J_H_ [K1]

K1
+

H~-=0 [K2)

I
7]
A

" »

K2

;
I

B — K3
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3.2. Két qua md phong

3.2.1. Bién dp common mode va dé bién thién dién dp ddy ngo ra
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Hinh 13. Tinh toan vector chuyén mach
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Mo phong duoc khao sat trong truong hop sir dung qua trinh chuyén mach théng thuong va giai
thuat dé xuat. Hinh 14 trinh bay d¢ bién thién dién ap diy ngd ra khi str dung giai thuat chuyén mach
thong thuong. Véi hé sé diéu ché 0.64, trong mot chu ky dién ap didu ché, dién 4 ap day ngd ra xudt hién
3 trang thai dv/dt c6 bién do 200V. Tai cac trang thai lam phat sinh dién ap chuyén mach tang cao 2 lan
doi hoi cac linh kién déng cat phai c6 dién dp dinh mirc cao hon mot lan dién ap cap ngudn cho mo-
dun. Trong khi d6, véi phuong phap chuyén mach ASPWM dé xuit, d6 bién thién dién ap day cua ngd
ra chi 12 100 V nhu Hinh 15 trinh bay. Trong toan bo qua trinh diéu ché véi cac hé sé diéu ché thay doi,
d6 bién thién dién ap day ludn dugc kiém soat & gia tri mot lan dién ap cung cép ngudn cho mo-dun,
diéu nay cho phép viéc lya chon linh kién c6 dién ap chuyén mach chi can béng mot 1an dién ap mot
béc. Céc két qua mé phong cho thy co so Iy luan vé xung chuyén mach 13 phi hop. Hinh 16 trinh bay
dién ap day 3 pha ngo ra va dién ap common mode phat sinh gilra tdm cua pha tai va tam nguon mot
chiéu trong truong hop sir dung xung ASPWM dé xuét. Dién ap ngd ra dap g t6t theo hé s diéu ché,
dién ap common mode c6 bién dé trong pham vi £1/3*100V, pht hop véi 1y luan ban dau.

dvab/dt (V)
o

dVbc/dt (V)
(=]

dVbc/dt
L

-200 ¢ 1 1 | 1 1 1

T T T T T T T T T

200

dVac/dt (V)
o

‘200 1 1 1 1 1 1
002 0022 0024 0026 0028 003 0032 0034 0.036 0.038 004
Time (seconds)

Hinh 14. Bién bién dién ap day 3 pha ngd ra v6i phuong phap thong thuong
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NS
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00 0 L O
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Hinh 15. Bién bién dién 4p day 3 pha ngd ra v6i phuong phap dé xuat
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Hinh 17. D6 méo dang di¢n ap ngo ra giira phuong phap SPWM va phuong phap ASPWM
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300 m spwMm 214,18 246-82
§250 B ASPWM 18030 124671
gt 147.19 21401
=
Z 200 11544  180.11
& 150 147.06
& 58.72 115 10
= 100 33.43 85. 91
g 58.73
H

, i
0.35

0.15 0.25 045 055 065 075 0.85

Hé s6 diéu ché
Hinh 18. Tén thét cong suit giita phwong phap SPWM va phuong phap ASPWM

Hinh 17 trinh bay két qua khao sat vé do méo dang hai tong cuia dién ap pha ngd ra trong truong
hop str dung phuong phap sin PWM (SPWM - Sin Pulse Width Modulation) va xung PWM bét ddi
xtng. Khao sét tién hanh v6i hé sd dleu ché tir 0,15 den 0,85. Két qua phén tich phd cho thay, phuong
phap ASPWM c6 d6 méo dang hai tong chénh léch rat nho so véi phuong phap SPWM. Véi wu thé
khong lam phat sinh dién ap dy chuyén mach 16n, dam bao dién 4p common mode nam trong giGi han
cho phép, phuong phap dé xuat hoan toan dép tng tdt trong cac hé thong chuyén d6i nang luong. Trong
khi d6, Hinh 18 trinh bay khao sat ton that cong suat trong hai truong hop: SPWM va ASPWM. Qua
trinh danh gi4 ton thit cong suit duoc kiém ching trén mé hinh nhiét cua Plecs. Bang viéc nhiing mo
hinh nhiét ciia cac khoa cong suat trén phdn mém Plecs vao mo hinh mé phong trén Matlab/Simulink,
thong tin v& ton that cong sudt s& dwoc phén tich va danh gia. Tong ton that cong sudt trong cac bo bién
dbi cong suit bao gdm hai thanh phan chinh 1a ton that dién din va ton that chuyén mach. Két qua mo
phong cho thiy, tong ton that cong suét ciia hai phuong phap 1 tuong dwong nhau trong moi khoang
gié tri diéu ché tir 0,15 dén 0,85.

4. KET LUAN

Bai bao da trinh bay giam dién 4&p common mode cho bd nghich luu 3 pha 5 béc cascade dung ky
thuat didu ché vec-to khong gian. Nghién ctru da xem xét van dé bién thién dién ap day ngd ra va danh
gi4 ton that cong sut ciing nhu d6 méo dang hai tong gitra phuwong phap dé xuit v6i phuong phap
SPWM. Cac két qua mo phong cho thy cac giai thuat va phuong phap dé xudt 1a hoan toan phu hop va
¢6 thé ap dung trién khai. Nghién ctru méi chi dimg lai & két qua mo phong trén Matlab/Simulink, can
phai c6 nhirng nghién ctru thyc nghiém dé kiém chimg. Két qua s& duoc tién hanh va cong bd trong thoi
gian toi.

Loi cam on: Nghién ciru nay do Truong Pai hoc Cong Thuong Thanh phé HO Chi Minh tai trg (Hop
ddng s6 255/HP-DCT ngay 15 thang 11 nam 2022).
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ABSTRACT

SPACE VECTOR MODULATION TECHNIQUE FOR COMMON-MODE VOLTAGE

REDUCTION IN A 3 PHASE 5 LEVEL INVERTER

Xuan Tuyet Tran Thi, Phu Cong Nguyen*
Ho Chi Minh City University of Industry and Trade
*Email: congnp@huit.edu.vn

This paper presents a switching pulse modulation method to ensure that the common mode voltage
on a 3-phase 5-level cascade inverter is within +1/3 times of the power supply voltage to the module.
The method developed is based on the technique of selecting combinations of switching vectors that
produce a voltage value between the center of the load phase and the center of the source phase within
the allowable limits. Line voltage variation is considered during the selection of the switching pulse
sequence, ensuring the lowest value of line voltage variation over time. The results are verified and
evaluated on the simulation model using Matlab/Simulink and Plecs software.

Keywords: SVPWM (Space Vector Pulse Width Modulation), cascade multi-level power converter,
reduced common mode voltage, multi-level inverter.
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