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1. Giéi thigu

B6 nghich Iuu (BNL) da bac ngély cang nhan duoc sy quan tim dic biét nho tiém nang vuot trdi
trong cac ung dung dién tu cong suét. Nhung cai tién xoay quanh BNL da bac khong chi mé ra co hoi
phat trién cac hé thong truyén dong tién tién, bo bién ddi trong xe dién ma con gbp phan cai thién hiéu
suét cua cac nguon nang lugng tai tao. Voi cAu hinh phuc tap hon so voi BNL hai bac, BNL da bac
mang lai pho dién 4p muot ma hon, giam méo dang séng hai va CMV, tir d6 dap tmg tt cac yéu cau
ctia hé théng dién ap cao va cong suat 1n.

Viéc phat trién cdu triic va phuong phap diéu khién cho BNL da béc cho phép tdi wu hoa hiéu ning
ctia cac hé thong truyén dong. Vi kha nang cai thién chét luong song hai, BNL da bac di tré thanh giai
phap thay thé hiéu qua, khic phuc han ché ctia BNL hai bac [1]-[2]. Mic du ¢6 nhiéu vu diém, BNL da
bac van gip mot sb khuyét diém, dic biét 1a van dé dién ap Common Mode (CMV). CMV dugc dinh
nghia 1a sy chénh 1éch dién 4p giira diém trung tinh tai va diém gitra ngudn mot chiéu (DC).

Maic du CMV trong BNL da bac thép hon so v&i BNL hai bic, n6 van ton tai va c6 thé lam hao mon
6 truc va gay nhidu dién tir (EMI) [3]-[4]. Trong cAu hinh BNL NPC da bac, CMV nho hon so véi BNL
hai bac [5], tuy nhién gid tri vin du 16n dé gy ra cic van dé trén. Do d6, viéc kiém soat va giam thiéu
CMV tré thanh muc tiéu quan trong trong cac bd truyén dong dong co xoay chiéu (AC).

Nhiéu nghién ctru d3 tap trung vao viéc giam CMV véi hai huéng giai phap chinh: phan ctng [4] va
phan mém. Dbi véi phan mém, cac phu’ong phap diéu ché dua trén k¥ thuat vector khﬁng gian va song
mang da duoc trién khai. K§ thuat didu ché xung dong pha (PDPWM) va K¥ thuét diéu ché xung nguoc
pha (PODPWM) 14 hai k¥ thuat didu ché song mang dién hinh trong viéc giam CMV [6]-[7]. Tuy nhién,
k§ thuat vector khong gian du hidu qua nhung c6 khéi luong tinh toan 16n va do phirc tap khi diéu khién
(8l.

Nghién ctru nay dé xuat mot phuwong phap u ng dung k¥ thuat DPWM c6 tich hop ham dién ap offset
dé giam CMV. Ham offset nay duoc tinh toan bang viéc lya chon cic vector dinh c6 kha ning giam
CMV trong gian do hinh luc gic ciia vector khong gian. Tin hiéu diéu ché ban dau dugc cong thém
ham offset nay nhdm tao ra tin hiéu diéu ché méi voi kha ning giam CMV hiéu qua. Bén canh do,
phuo‘ng phép dé xuét giup giém dang ké khoi lu0’ng tinh toan so voi phuong phép vector khéng gian
truyén thong cho phép hé thdng str dung vi didu khién phd théng vai tbe do xir Iy thip hon ma van dam
bao hiéu suét, diéu nay dac biét hitu ich trong cac ung dung nhu diéu khién xe dién, bo nghich luu ndi
lu6i va hé théng truyén dong cong sudt 16n, nhitng tng dung can thoi gian tinh toan nhanh gitp ting do
6n dinh va giam d6 tré phan hoi.

2. Phan tich CMV va dé xuit phwong phap diéu khién giam dién 4p common mode véi ham dién
ap offset

2.1. Céu triic ciia bp nghich lwu NPC ném bic

Céu tao BNL NPC nam béc gom ba nhanh véi cac linh kién ban dan. Trong mdi nhanh, 4 cong tic
ban din ndi tir ngd ra cua tai dén cuc duong ciia nguén DC goi 13 b khoa trén (ki hiéu Six, Sax, Sax,
Sux), bon khoa con lai goi 1a bd khoa dudi (ky hiéu Ssx, Sex, Sx, Sex) va sau diode chia thanh ba cap
két ndi diém giita cta dién ap DC (véi X=A,B,C) nhu Hinh 1.

Ngudn DC cung cdp cho BNL c6 d6 16n Vg duoc chia déu thanh cac dién ap nho hon nhd vao bbn
tu dién méc ndi tiép. Néu cac tu dién c6 dién dung nhu nhau thi dién 4p trén mdi tu dién 1a Va/4. Mdi
cap diode ndi voi diém gitia 2 tu dién goi 1a cap diode kep. Cac cap diode nay tao diéu kién cho qua
trinh truyén tai cong suat giita nguon DC va tai AC, han ché hién tugng dong chay nguoc phét sinh khi
ngét cac khoa. Cu tric BNL NPC nim bac ung dung thuc té tbt hon hon so v&i cac BNL nidm bac khéc
nén thuong dugc sir dung rong rii trong cac tmg dung truyén dong, néi ludi [1]-[2].
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Hinh 1. Cdu tric BNL NPC nim béc
Ky hiéu trang thai hoat dong cta cac khoa 14 Sjx, trong d6 1 1a tin hi¢u dong khéa, 0 14 tin hi¢u ngat
khoa véi X = A, B, C vaj = 1+ 4. Cac cap khoa cung vi tri tai nhom trén va nhéom dudi ludn duy tri
trang thai hoat dong doi 1ap, cu thé: Six + Ssx = 1, tuong tu cac cdp Sax VA Sex, Sax Va Srx, Sax va Segx.
Céc trang thai dong ngat cta cac khoa va dién ap dau ra caia BNL NPC nam bac trong Bang 1.

Bang 1. Bdng gid tri dién dp dau ra ciia BNL theo trang thdi dong ngdt khéa

Trang thai dong ngét
Sx Vxo
Six Sax Sax Sax

0 0 0 0 0 0

1 0 0 0 1 Vac/4
2 0 0 1 1 Vac/2
3 0 1 1 1 3Vul/d
4 1 1 1 1 Ve

Nhu vay, cong thirc tong quat ctia dién ap Vyo (X = 4, B, C) co thé duge suy luan nhu sau:
Vyo =Sx *Vac [ 4 1)

2.2. Dién ap Common Mode

CMV ctia BNL NPC nam bic 1a dién 4p gitta diém trung tinh cta tai va diém trung tinh cua ngudn
DC. CMV dugc xac dinh dua trén cac phuong trinh [9]:

Vac =Vao = Vo = Vao + Vneg — Vo ()

Ve = Vso = Vo = Vo + Vg — Vo 3)
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Vee = Veo = Veo = Veo + Ve — Vo

“)

Véi tai ba pha can bang, thay (1) vao hé, cong ba phwong trinh (2), (3), (4), ta suy ra:

Sa+Sg+Sc 1
Veom = Vg = (T - E)Vdc

(®)

Bang 2. Bdng gid tri CMV theo t6 hop trang thdi déng ngdt khéa

Trang thai dong ngat

Sa+Sg+ Sc Sx Sn S Gia tri CMV
0 000 -Ve/2
1 001; 010; 100 -5Vq/12
2 002; 011; 020; 101; 110; 200 -Vo/3
3 003; 012; 021; 030; 102; 111; 120; 201; 210; 300 -Vl
4 004; 013; 022; 031; 040; 103; 112; 121; 130; 202; 211; 220; 301; 310; 400 -V4c/6
5 014; 023; 032; 041, 104; 113; 122; 131, 140; 203; 212; 221, 230; 302; 311, V12

320; 401; 410
6 024; 033; 042; 114; 123; 132; 141; 204; 213; 222; 231; 240; 303; 312; 321; 0
330; 402; 411, 420
7 034; 043; 124, 133; 142; 214, 223; 232; 241; 304; 313; 322; 331; 340; 403; V12
412; 421; 430
8 044; 134; 143; 224, 233; 242; 314; 323; 332; 341; 404; 413; 422; 431; 440 V4c/6
9 144; 234; 243; 324; 333; 342; 414; 423; 432; 441 Vcl4
10 244; 334; 343; 424; 433; 442 Ve/3
11 344; 434; 443 5Vu/12
12 444 Vo2

2.3. Gidn db hinh luc gidc

Diéu khién déng ngat cac cong tic ban dan trong cdc nhanh pha ctia BNL tao ra dién 4p ba pha, trong
d6 vector khong gian c6 dién ap thay doi theo ting budc nhay trén gian do hinh luc giac da bac nhu

Hinh 2. Béi voi cdu triic NPC ba bac, c6 tong cong 125 trang thai dong ngit khac nhau.

Hinh 2 ¢6 thé duoc chia thanh sau tam giac déu 16n goi 13 cac section va co thi ty tir I dén VI. Mdi
tam giac 16n dugc chia thanh mudi sdu tam gidc nhé goi 1a cac region, ky hiéu tir 1 dén 16. Cac region
duoc tao thanh boi cac vector khong gian nhu Hinh 2. Theo Bang 2, cac trang thai Sa, Sg, Sc c6 bién d6
CMYV nho nhat (tir -Vge/12 dén Ve/12) bao gdm cac trang thai c6 tong gia tri (Sa + Sg + Sc) trong khoang
tir 5 dén 7. Céc trang thai c6 bién do CMV nho nhét duoc biéu dién trén gian db hinh luc gidc va co
trang thai dong ngét tvong ing nhu Hinh 2.
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(@) (b)

Hinh 2. Gian dé hinh luc gidc ciia khéng gian vetor. (a). Céc section; (b). Cdc region ciia section
2.4. Tinh toan ham di¢n ap offset

bé dam bao giam thiéu CMV mdt cach hiéu qua, ham dién ap offset dugc st dung trong k¥ thuét
DPWM cén dugc tinh toan mot cach chinh xac. Phuong phap tinh toan nay dya trén viée lwa chon céac
vector dién 4p co6 bién &6 CMV nho nhat.

Véi mdi vector dién ap can diéu ché, trudc tién can xac dinh ba vector gan nhét trong gian dd hinh
luc giac cua vector khong gian. B0 trang thai cta cac vector nay dugc chon dua trén bang gia tri CMV,
trong d6 cac trang thai co tong Sa + Sg + Sc nam trong khoang tir 5 dén 7 s& c6 gia tri CMV tbi thiéu.
Vi du, khi vector dién ap can diéu ché ndm trong region 1 - section I, bd trang thai cic cong tic ban dan
cua ba vector gﬁn nhét va co S = {5; 6; 7} 1a 322; 222; 221. Nham tao ra chudi trang thai voi tén hao
chuyén mach 1a thip nhat cho mdi chu ky, chudi trang thai 6 chi c6 mot nhanh chuyén trang thai mdi
lan chuyén mach. Nhu vay, chudi trang thai cho region 1 - section I ¢6 thé 1a 322 - 222 - 221 - 222 -
322.

Bang 3. Bdang ham dién dp offset theo section va region

Section .
_ I 1 11| v \ VI Tong quat
Region
1 2-Vp 2-Va 2 -V 2-Vp 2-V, 2-Ve 2 - mid
2 3-Va 3-Vp 3-Vp 3-Vve 3-Ve 3-Va 3 - max
3 2-Vp 2-V, 2 -V 2-Vp 2-V, 2-Ve 2 - mid
4 1-ve 1-ve 1-Va 1-v, 1-vp 1-wp 1-min
5 1-ve 1-ve 1-va 1-va 1-vp 1-wp 1-min
6 1-ve 1-ve 1-va 1-va 1-vp 1-wp 1-min
7 2-Vp 2-Va 2 -V 2-Vp 2-V, 2-Ve 2 - mid
8 3-Va 3-Vp 3-Vp 3-Vve 3-Ve 3-Va 3 - max
9 3-Va 3-w 3-w 3-ve 3-ve 3-Va 3 - max
10 4 -v, 4-vy 4-vy 4-v 4-v 4-v, 4 - max
11 4 -v, 4-vy 4-vy 4-v 4-v 4-v, 4 - max
12 4 -v, 4-vy 4-vy 4-v 4-v 4-v, 4 - max
13 2-Vp 2-Va 2- Ve 2-Vp 2-V, 2 -V 2 -mid
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14

- Ve - Ve -Va - Va - Vp - Vp -min
15 - Ve - V¢ -V, - Va - Vp - Vp -min
16 - Ve - Ve -V, -V, - Vb - Vb - min

Tin hiéu diéu ché ban dau duoc diéu chinh bing cich cong thém mot ham dién ap offset phu hop,
sao cho trang thai chuyén mach giir nguyén cac vector co6 CMV nhé nhat. Sau khi diéu chinh, tin hiéu
diéu ché méi s& duoc str dung dé diéu khién dong ngit cac cong tic ban dan, dam béao trang thai chuyén
mach téi uu cho myc tiéu giam CMV [10]-[11]. Cong thic tong quat cta tin hiéu diéu ché sau khi hi¢u
chinh dugc xac dinh nhu sau:

v; () = v;(t) + v (t) (6)

Trong d6, v;(t) (véii= A, B, C) 1 tin hi¢u diéu ché ban dau, v,(t) 1a ham dién ap offset va v} (t) la
tin hiéu didu ché sau khi hiéu chinh. Vi vi du chudi trang thai 322 - 222 - 221 - 222 - 322, tin hiéu Sg
lubn 1a 2, ta c6 thé suy ra v}, =2, vy, v Va v}, va dugc tinh toan nhu sau:

v0=2_vb (7)
Vp =V, +2 -1 (8)
Ve =V, +2—vy 9

Thyc hién twong tu véi cac region va section khac, ta thu dugc Bang 3. Trong do, mid, max, va min
dugc dinh nghia 1a gia tri v;(t) (voi i = A, B, C) tai region va section dang xét. O dang tong quat, ta
théy ham offset khdng con phu thudc vao viéc nhan dién section [ — VI.

Dit ham Int 14 phép ldy phan nguyén ctia mot s thuc. Theo [11], cach x4c dinh region dugc thé hién
trong Hinh 3. Vi duy, doi vdi region 16, ta ¢ gia tri tuong ung cia Int(Max-Min)=3, Int(Max-Mid)=0, va

Int(Mid-Min)=3.
AVAYAVAAN
Ne/ANe/ N/ /o
AVAVAVAVAVAVAN

JaNAVAVAVAN
322223
IN/NININN/N/N
A/ NN/ N A

/NSNS

2\1/1\0/0\0

(@) (b) (©
Hinh 3. Gid tri cac phuong trinh theo region. (a). Int(Max-Min); (b). Int(Max-Mid); (c). Int(Mid-Min)

Dé gitip ngudi doc dé hiéu, gia sir can tim ham dién 4p offset dé diéu khién cac cong tic ban din,dau
tién vi x1r Iy tim cac gia tri max, mid va min, sau d6 tinh toan cac gia tri Int ciia (max-min), (max-mid),
(mid-min). Dya vao nhing gi4 tri tinh toan dugc c6 thé tim ra region chira vector dién ap can diéu ché,
vi du v6i ba gia tri 0;0;0, c6 thé xac dinh vector dién 4p dang ndm tai region 1, tir d6 dua vao Bang 3
tim ham dién ap offset, voi region 14 (2 - mid). Ham offset ndy sau d6 duoc bd sung thém vio tin hiéu
diéu ché, tir d6 dam bao vira c6 gi6i han gia tri cia CMV vira c6 thé diéu ché chinh xac.

3. Panh gia phwong phap diéu khién giam di¢n 4p common mode théng qua mé phéng

Dé kiém ching hiéu qua ctia k§ thuat PDPWM c6 ham dién ap offset, qua trinh md phong dugc thuc
hién trén phan mém PSIM. Thong s0 cac phan tir st dung trong mo6 phong dugc thi€t 1ap nhu sau:
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+ Dién ap ngudn DC Vg = 400V;

+ Tai RL ba pha can bang R = 12Q; L =25mH
+ Tansb diuraf= 50Hz;

+

Tan s song mang fear = 10kHz

Mirc dién 4p ngudn 400VDC ciing la mirc dién ap cao nhét ngd ra (Vg nhu thé hién ¢ Bang 1). Do

d6, dién ap ngd ra la phi hop voi da sb tai ba pha (0.4kV - 50Hz). Vi nghién ctru tap trung vao giai thuat
giam CMV, dién 4p trén cac tu dugc gia dinh la bang nhau va dién ap 1y twdéng cho mdi tu 1a 100V. Véi
ty s6 diéu ché 13 0.8, cac gia tri dién ap cta hé thong dugc md phong bang PSIM va két qua thé hién

trén Hinh 4(a) va Hinh 4(b) voi truong hop khong c6 va c6 ham offset.

18ms/div
0.25Vv/div

(@) (b)
Hinh 4. Tin hiéu diéu ché. (a). Khong c6 ham offset; (b). C6 ham offset.

1ems/div
200v/div

1ems/div
200Vv/div

(@) (b)
Hinh 5. Bién dap day tdi. (a) Khong cé ham offset; (b) c6 ham offset.

18kHz /div 10kHz/div
lev/div 1ev/div
| AdAs, TR A

(a) (b)
Hinh 6. Phé dién dp day tai. (a) Khéng c6 ham offset; (b) C6 ham offset.

10ms/div
SA/div
THD = @.3%

1@ms/div
SA/div
THD = 0.2%

(@) (b)
Hinh 7. Dong dién pha tdi. (a) Khéng cé ham offset; (b) Cé ham offset.
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10ms/div
20v/div

(@) (b)
Hinh 8. Pién dp Common Mode. (a) Khong cé ham offset; (b) Cé ham offset.

So v6i Hinh 4(a), tin hiéu bu duoc thém vao dé hiéu chinh dang song diéu ché nham giam bién do
CMV. Piéu nay khién cho dang song diéu ché c6 dang khac song sine. Dang song diéu ché nam ngang
thé hién mot trang thai khoa Sa hodc Sb hodc Sc duoc c¢b dinh trong section/ region tuong tmg, nhim
giam ton hao dong cit cho BNL.

So v6i phuong phap PD-PWM thong thuong, tin hi€u sau khi thém ham offset c6 dang song khong
sine v6i chu dich nham giam thiéu mic CMV trong hé théng ma khong lam anh hudng nhiéu dén chat
lwong dién ap dau ra, nhu ta c6 thé thiy trong Hinh 5(a) va (b). Khi phan tich ph cua dién 4p day trong
hinh Hinh 6 (a) va (b), thdy su khac biét rd rang vé phan bd cac thanh phan séng hai bac thap (phan hinh
chit nhét vién dé tai Hinh 6a) khi khong c6 ham offset c6 bién dd cao hon, din dén méo dang séng lon
hon. Khi 4p dung phuong phéap diéu ché c6 ham offset, bién do ctia cac thanh phan séng hai nay giam
dang ké (phan hinh chir nhat vién do Hinh 6b), gitp cai thién chat lugng dién ap dau ra. Ngoai ra, thanh
phan hai tan s6 thap kho bi loc hon khi ding bo nghich Iuu 5 bac vao tng dung ndi ludi. Dong dién pha
trén tai nhu trén Hinh 7(a) va (b) thé hién tinh lién tuc, on dinh, va it bi anh hudng boi viéc thém vao
ham offset, do d6 hoat dong cia dong co (xem nhu tai RL) it bi &nh hudng.

Két qua m6 phong tai Hinh 8(a) va (b) cho thiy bién dé cia CMV di giam dang ké khi ap dung
phuong phap diéu khién bo sung ham dién ap offset voi CMV tir -33.33V dén 33.33V (Hinh 8(a)), bang
1/2 so v6i phuong phap PDPWM tir -66.67V dén 66.67V (Hinh 8b).

Diéu nay dong nghia véi viéc giam dong dién ro va giam nguy co pha huy cach dién trong dong co.
Hinh 4(g) thé hién phan tich phd ciia dién ap CMV, cho thiy cac thanh phan hai bac cao trong dién ap
CMYV da dugc giam 10 rét. Diéu nay c6 tac dong tich cuc dén viéc giam nhiéu dién tir (EMI) va han ché
dong ro trong hé thong truyén dong. Viéc giam thiéu phd tan s6 cao ciing gitip hé théng van hanh 6n
dinh hon, kéo dai tudi tho cua céc linh kién cong suit va hé thdng cach dién.

4. Két luan

Nghién ctru da dé xuét mot phuong phéap diéu khién cho BNL NPC nim bac nhim giam CMV ma
trong d6 c6 nhimg loi ich so voi nhitng nghién ciru giam CMV ciia cac BNL ndm bac khéc, bao gdm
tang d6 phan giai CMV va gidi han & mirc nho nhét, ¢6 hiéu qua vai ty sé diéu ché thap, phu hop cho
g dung thyc tién. Phuong phap duoc dé xuat img dung k¥ thuat PWM c6 ham dién ap offset dé quyét
dinh trang thai dong ngét khoa. Ham dién ap offset dugc tinh toan dua trén gian dd hinh luc giac cua
vector khong gian. Két qua mo phong cho thay phuwong phap nay gitip giam CMV hiéu qua con £Vg/12,
bang 1 nira khi so v&i phuong phap PD-PWM truyén thong. Nho d6, hé thong nang do tin cay va han
ché cac van dé nhu dong dién ro, hao mon b truc va nhiéu dién tir. Bén canh do, giai thuat diéu khién
don gian ciing gitip giam qua trinh tinh todn so v&i k¥ thuat vector khong gian truyén thong. Pong thoi,
viéc timg dung ham dién 4ap offset trong quyét dinh trang thai dong ngit khoa giup don gian hoa thuat
toan diéu khién, giam dang ké khdi lwong tinh toan so vé6i ky thuat vector khong gian truyén thong. Vi
nhiing wu diém nay, phuong phép dé xuit mé ra tiém nang ing dung rong rai trong cac hé thong truyén
dong dién ap cao va cong suét 16n, dac biét 1a trong cac linh vuc nhu xe dién va nang luong tai tao.

Loi cam on

Chiing t6i xin cam on Trudng Pai hoc Bach Khoa, PHQG-HCM da hd tro cho nghién ciru nay.
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Xung dot lgi ich

Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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