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Abstract

Recently, high-voltage and high-power devices in industrial applications and power grids in the form of Nested Neutral Point Clamped
(NNPC) multi-level inverters have been proposed and developed. Control methods for these converters have received significant research
attention to provide low output harmonic distortion and reduced Common Mode Voltage (CMV). Carrier-Based Pulse Width Modulation
(CBPWM) is a preferred choice due to its simplicity. This paper investigates and compares the characteristics of various Sine-triangle
CBPWM techniques applied to the five-level NNPC inverter, such as In-Phase-Disposition PWM (IPD-PWM), Phase-Opposition-
Disposition PWM (POD-PWM), and Alternative-Phase-Opposition-Disposition PWM (APOD-PWM). The balancing of DC capacitor volt-
ages is realized by repetitive voltage states. Both simulated and experimental results reveal that the IPD-PWM method yields the lowest
harmonic distortion. The POD-PWM technique excels in limiting the Common Mode Voltage (CMV) magnitude. Meanwhile, APOD-
PWM offers better harmonic waveform quality compared to POD-PWM but still exhibits higher CMV magnitude during high-voltage op-
eration. The results also demonstrate that the capacitor voltage balancing algorithm is effective for all three techniques, including IPD-
PWM, POD-PWM, and APOD-PWM.

Keywords: NNPC inverter, Multi-carrier PWM, Phase Disposition, Phase Opposition Disposition, Alternative Phase Opposi-

tion Disposition

Tém tit

Gén day, cac thiét bi bién ddi cong suét dién &p cao va cong suét
16n trong cong nghiép, trong ludi dién dang bo nghich luu da bac
NNPC (Nested Neutral Point Clamped) duwgc dé xuit va phat trién.
Céc phuong phap diéu khién cho b bién ddi nay dugc chi trong
déu tu nghién ctru nhim cung cip dién 4p va dong dién ngd ra chat
lwogng cao nhu dat do méo dang séng hai thip, giam dién 4p Com-
mon mode. Phuong phap diéu ché do rong xung da séng mang
(CBPWM) I1a mét lya chon do nguyén 1y don gian, dé& thuc hién.
Bai bdo nay nghién ctu va so sanh dac tinh cac ky thuat Sin
CBPWM 4&p dung cho bo nghich luu ndam bac NNPC. Céc ky thuat
CBPWM phé bién bao gdbm k§ thust bé tri cing pha (IPD -
phase disposition), bb tri ngwoc pha (POD - Phase opposition dis-
position) va bé tri ngwoc pha luan phién (APOD - Alternative phase
opposition disposition). K¥ thuat diéu khién can bang dién &p trén
cac tu DC nho tan dung cac trang thai di¢n ap trung lap cling duoc
ap dung. Két qua khao sat bing md phong ding phan mém PLECS
va kiém chimg boi md hinh thuc nghiém cho thiy, phuong phéap
IPD-PWM cho d6 méo dang séng hai nhé nhét, phwong phap POD-
PWM c6 uu diém vuot troi vi ¢6 thé han ché gia tri dién 4p Com-
mon mode (CMV - Common mode voltage) & muc thip nhit,
phwong phap didu ché APOD-PWM c6 chit lwong séng hai tt hon
s0 v&i POD-PWM nhung van con xuét hién cac xung 4p CMV cao
khi 1am viéc & pham vi dién &p I6n. Két qua nghién cau cho thiy,
giai thuat can bing &p tu &p dung tt cho ca 3 ki thuat IPD-PWM,
POD- PWM va APOD-PWM.

1. Gi6i thi¢u

Bo nghich luu c¢6 @ng dung trong nhiéu linh vyc khéc nhau
nhu thiét bi bién dbi ning luong tai tao két ndi lugi, bd
ngudn bién ddi ngudn dién 4p tan sb khong ddi, bo bién tan
cho cac hé truyén dong dién [1-3]. Do céu triic don gian va
dé diéu khién, gia thanh re, bo nghich luu 4p hai bac duoc ap
dung phd bién khap cac linh vyc cua cong nghiép. Tuy
nhién, khi phéat trién bo nghich luu hai bac cho cac nhu cau
thuc té doi hoi dién &p cao va tan sé déng ngat Ion, nhu cac
hé thong truyén dong dién cong suat 16n, cac bo nguon chat
lwong c6 yéu ciu dd méo dang thap, dic tinh caa bo nghich
lwu hai bac ¢6 nhiéu bat lgi nhu ton that chuyén mach cao,
nhidu dién tir va téng do méo dang hai (THD%) I6n [4]. Bo
nghich luu da béc duoc phat trién dé khic phuc cac van dé
néu trén. Trong d6, mot cau hinh méi dwoc goi 1a bo nghich
luu kep diém trung tinh 1ong nhau (NNPC) da duoc dé xuat
trong nhimg nam gan day dé st dung trong truyén dong
trung 4p [5-7]. So véi cac cau hinh nam bac NPC théng
thuong, cau hinh NNPC nam bac chi can hai diode mdi pha
thay vi 12 diode m&i pha ctia cau hinh NPC [8] va bo nghich
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Hinh 1: C4u hinh nghich lru NNPC niam bac.

luu NNPC c6 kha ning can bang dién ap trén cac ty DC tbt
hon do ton tai cc trang thai du cho phép diéu khién nap/xa
dong qua tu bay. So vai cau hinh nghich luu nam béc tu bay
co ban (FLC - Flying capacitor clamped), cu tric nghich
luu NNPC nam béc st dung it tu hon [9], do d6 c6 thé tiét
kiém linh kién nay va d6 phuac tap cho nap tu khi khaoi dong.
Do it tu bay hon nén giai thuat can bang ap trén cac tu thyc
hién duoc thuan loi hon va do tin cay cua hé thong duoc cai
thién. So véi cac cau hinh nghich luu nam bac dang Cascade
hoiac nghich luu cau H-NPC can trang bi tr ba dén sau
ngudn ap DC doc lap thi nghich luu NNPC chi can mot
ngudn 4p DC [10]. Khac véi ciu hinh ANPC nam bac, dién
&p stress cua céc linh kién bo nghich lvu NNPC gidng nhau
nén thuan tién cho viéc chon lua linh kién va lap dat thiét bi
[11].

Khi thyc hién didu khién diéu ché PWM céc bd nghich luu,
dién ap Common mode (CMV - Common mode voltage)
xuét hién c6 thé gay thiét hai cho thiét bi va an toan cho con
ngudi. CMV ¢6 dang xung tan sé cao va sy thay doi dv/dt
16n cua nd giy ra hai van dé chinh: hién tuong dn mon bé
mit cta cac vong dém 6 bi qua qué trinh phong xa dién tich
trong moi truong dién mdi cua mdy dién, bién ddi nhanh
dv/dt tao dong 16 ¢ tan s6 cao gay nhidu dién tir EMI, c6 thé
gdy ra su ¢b hoat dong khong 6n dinh hodc 13i cac thiét bi
lam viéc gan do6 [12]. Do d6, khao sat ddc tinh CMV ciia cac
phuong phap PWM la can thiét, dé tir d6 c6 thé chon lya
phuong phap PWM va hé thong phan cting thich hop.

Ngay nay, dbi voi cac bo bién ddi cong sut lon, t6n hao va
hiéu suat 14 cac tiéu chi quan trong dénh gia vé mat k¥ thuat.
Tdn hao cac linh kién 16n s& lam giam hiéu suit va hiéu qua
sir dung thiét bi. Tén hao cac khoa ban din bo bién doi da
béc chiém ti trong 16n trong tén hao hé thong thiét bi bién
d6i cong suat. Ton hao cac khoa ban dan thuong gdm ton
hao cua Transistor va tén hao cua Diode, bao gdm tén hao
khi linh kién dan dién (Conduction loss) va ton hao khi linh
kién dong/ngit (Switching loss). Ngay nay, van dé tinh toan
nhi¢t kha phtc tap nay da dugc tich hop trong cac tién ich
clia cac phan mém mo phong dién tir cong suit voi do chinh
xac cao. Chuong trinh tinh toan st dung cic duong dac

tuyén trong Datasheet cta linh kién ban dan thyc té luu trix
trong thu vién nhiét cia phin mém. Trong nghién ctru khao
sat hoat dong cua bo bién d6i ndm bac NNPC, phﬁn mém
PLECS s¢€ dugc st dung.

Trong bai bao nay, phén tich ky thuat Sin PWM da song
mang voi giai thuat can bang dién ap cac tu bay bo nghich
luu NNPC niam bic s& dugc nghién ciu. Ngoai ky thuat
IPD-PWM nhu mot s6 tai liéu da cong bd, bai béo nay quan
tdm khao sat cac ky thuat CBPWM sbéng mang nguoc pha
(POD) va ky thuat song mang ngugc pha luan phién (APOD)
[13-14]. Hiéu qua cua ting ky thuat duogc kiém chimng dua
trén chét luong dién ap va dong dién ngd ra (THD%), dién
ap Common mode, ton hao cong suat trén cac khoa va hiéu
suit cua bo chuyén d6i qua md phong bang phan mém
PLECS. Két qua thuc nghiém ciing dugc thuc hién dé khing
dinh tinh dung dén cua céc giai thuat.

2. Phéan tich mach

Hinh 1 m6 ta so dd bo nghich luu 4p NNPC ndm bac mic
vao ngudn dién ap DC khong dbi Vdc [15]. Cau hinh nhénh
nghich lwu mdi pha x (x = a, b, ¢) gébm tdm khéa ban dan Sy,
Sx2, Sx3, Sx4, Sxs, Sxs, Sx7 Va Sxg; hai diode kep va ba tu phén
ép Cx1, Cx2, Cxa.

Goi Vyz 1a dién ap nghich luu pha x; Vex, Vexe, Vexs 1a dién
ap trén cac tu DC Cyi, Cxz2, Cxs. Goi Sxi, Sxa..., Sxs la trang
thai cac khoa ban dan voi gia tri trang thai bang 1 khi khoa
dan va bang 0 khi khoa ngat. Gia sir 4p trén cAc tu Cy va Cyo
bing nhau Vea = Ve = Vad4 va ép tu Cys bing Ves =
3Vu/4.

Phan tich chi tiét cac trang thai mach dién cho thiy, dién ap
ngd ra Vxz c6 thé dat 5 muce dién ap khac nhau tur 12 t6 hop
trang thai dong ngét Sxi, Sxz...., Sxs VA su thay dbi dién &p
trén mdi tu dugc thé hién nhu trong Bang 1.

Goi Sy la ham trang thai nhanh pha x:
Sx = le + sz + Sx3 + SxA (1)
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Bang 1: Trang thai khoa ban dan ting véi cac mic dién 4p va trang thai nap/xa cia cac tu dién.
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bién ap day duogc xac dinh nhu sau:
Voo =Va =V,
Ve =V = Ve
V, =V, -V,

(4)

Dién &p giira cac trung tinh tai AC va nguon DC:
Vdc

s ©)

Vcom = (Sa + Sb + Sc)%_
Chiéu duong dong dién tu di vao cuc duong cua ty thi
tu nap dién, dién 4p trén tu tang; nguoc lai dong dién ty am
s& xa dién, dién ap trén tu giam. Trong Bang 1, ky hiéu “|”
dién &p trén tu dang giam, “1” dién ap trén tu dang ting, “-
dién é&p trén ty khong bi anh huong. D4i véi cac truong hop
Sx khac nhau s& c6 céc trang thai du dé tao ra muc dién ap
nghich luu nam bac (-V4o/2, -Va/4, 0, Va4, Vad2). Mbi
trang thai du nay cung cip dong dién nap va xa cho timng tu.
Dua vao dic diém ndy, cac trang thai du co thé duoc su
dung dé diéu khién can bang dién &p trén céc tu dién.

3. Ky thuat PWM da song mang

Didu ché bo nghich lvu NNPC nam béc véi ky thuat Sin
PWM va séng mang dich muc (Level Shift CBPWM) s& can
4 s6ng mang Vert, Verz, Vers, Vers €6 bién d6 dao dong trong
cac giGi han lan luot 1a (3,4), (2,3), (1,2) va (0,1), xem Hinh

PlPr P OOOO0ORrR O OoOOo|lo

PO F FRIkF OPF Ok O O|O0
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I

2-4. Vi 4 song mang mo ta ¢ trén, song diéu khién Sin 3
pha c6 thé biéu dién theo chi s6 diéu ché m nhu sau:

4
=—mcos(at) + 2

Varef \/§
4 2r
Vit = —=Mcos(ot ——) +2 (6)
ref \/g
4 27
V. =——=mcos(at +—)+2
aref \/§ (a) 3 )
trong d6: m — chi s didu ché (modulation index):
3V,
m= Q ,10<m< ﬁ (7)
v, 2

o — tan s6 goc co ban

Tir d6, gia tri trang thai dong ngét Sy cua pha x theo nguyén
Iy sng mang s& dugc xac dinh nhu sau:

if (eref < Vcr4) 2> 5=0
e|Se |f (eref > Vcr4 && eref S Vcr3) 9 Sx = 1
e|Se if(eref > Vcr3 && eref S VCI‘Z) 9 Sx = 2
e|Se |f (eref > Vcrz && eref S Vcr]_) 9 Sx = 3
else Sy =4

®)

3.1. Ky thuat IPD-PWM

Trong k¥ thuat nay, bon séng mang Vert, Verz, Vers, Vera cho
bo nghich Ivu NNPC niam béc déu cung do I6n, cling pha va
dugc so sanh voi mot séng Sin chuan nhu Hinh 2. Pay la
phuong phép dwoc st dung nhidu nhat vi noé cho d6 méo
dang hai thip nhat so véi hai phuong phap con lai.

4 - = LA AR

0.02 0.025 003
Time (seconds)

Hinh 2: Ky thuat IPD-PWM

0.015 0.035
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3.2. Ky thuat POD-PWM

Hinh 3 minh hoa ky thuat da song mang POD, ntra s6 s6ng
mang nam phia trén (Ve va Ver) s€ cung pha va nua so
séng mang nam phia dudi (Vs va Ver) € léch pha 180°.

AAA'AA-‘I\
Verl

Ver2

Verd
Verd

Reference signal 1
VVVVVV]

Il L
0.005 001 0.015 0.02 0.025 003 0.035 0.04
Time (seconds)

Hinh 3: Ky thuat POD-PWM.

3.3. Ky thuat APOD-PWM

Phuong phap diéu ché nay hoan toan khéac véi hai phuong
phap trén, trong d6 cic song mang léch pha 180° xen k&
nhau. Ky thuat APOD-PWM cho NNPC nam bac nhu trong
Hinh 4, nhém song mang Ve, Ve cung pha va nhom Ver,
Vera léch pha 180°.

4 A - T

Vert

ver2

3 ver3
MAAARA S A A \ noA LA Verd 1

Reference signal | |

VIVV VY

T

1 1 I I I
0.005 00 0.015 0.02 0.025 003 0.035 0.04

Time (seconds)

Hinh 4: Ky thuat APOD-PWM.

Tir nguyén ly sip xép cac song mang nhu trén, Hinh 5 minh
hoa cach tao ra trang thai dong ngit cua pha Sx (X = a, b, ¢)
trong cac phuong phap PWM truyén thdng ding séng mang
bang cach so sanh song diéu ché Vier Vi 4 s6ng mang tam
giac. Do phai thuc hién can bang dién &p cac tu dién, tur
trang thai Sy thu dwoc, mot giai thuat dya vao chiéu dong
dién iy va diéu kién can nap hoic xa tu s& chon td hop trang
thai kich cac khéa ban dan pht hop dé thyc hién can bang ap
tu. Vi du, tur trang théi Sx = 2 thu dugc tir ky thuat CBPWM
trén, gia thiét ring dong dién ix>0 va gié tri dién ap trén tu
Cx1 dang c6 sai 1éch voi gia tri dat nhiéu nhit. Trang thai C1
theo Bang 1 s& dugc chon dé phét xung kich cho céac khoa.

IPD-PWM APOD-PWM

2 s 2 - 2

Sx 3 2 3 3 2 3 2 3 2

Hinh 5: Xac dinh S, (x la pha a, b, c).

4. Can bing dién ap tu dién

Ddi voi cac bo nghich luu da bac NPC, viéc can bang dign
ap trén tu la rat quan trong. Bién ap trén cac tu Cyi, Cxo, Cxs

duoc duy tri giit khong ddi theo gid tri dat nho kiém soét
dugc chiu dong dién nap Xa tu i, icxe VA icxs thich hop. Tur
Bang trang théai 1 cho thay, khi & trang thai Sx = 0 va Sy = 4
s& khong c6 dong dién di qua cac tu Cy1, Cyo, Cxa. Nguoc lai,
& céc trang thai Sx = 1, Sx = 2 va Sx = 3, do ¢6 nhiéu trang
thai du nén dong dién tai c6 thé din qua cac tu theo cling
chiéu hoic nguoc chiéu dong dién tu bang cach chon trang
thai thich hop. Dé minh hoa ta theo ddi Bang 1 va xét yéu
cau chon trang thai dong ngat tir cAc t6 hop kich B1, B2 va
B3 dé thyc hién ap ngd ra tvong ung muc Sx = 1. Gia sir
dong dién tai duong i,>0. R& rang, dién &p trén tu Cy, c0 thé
diéu khién tang 1én bang cach chon trang thai du Bl va giam
xudng bang &p dung trang thai B3. Tuong tu, dién &p trén tu
Cxs €O thé diéu chinh ting 1én bang trang thai B2 hoic giam
xudng bang trang thai B1. Quan sat trang thai dong dién qua
tu Cy ta thiy khong thé didu khién giam dién 4p Vea ma
nguoc lai 4p Vea duy tri ting 1én. Nhu vy, trong thoi gian
ap nghich luu gitr ¢ gia tri -Vg/4 twong ung Sx = 1, dién 4p
trén tu Cxz va Cxs hoan toan c6 thé diéu khién can bang va tu
Cx1 c6 dién 4p tang lién tuc. Ciing tir Bang 1 ta thiy &p trén
tu Cx1 c6 thé didu khién can bang khi Sx = 2 hodc Sy = 3.
Giai thuat can bang dién ap trén 3 tu c6 thé thiét ké theo
nhiéu phuong phap khac nhau. Mot phuong phap can bang
&p tu don gian duoc dé xuat trong [15] dugc chon dé sir dung
trong bai bao nay.

Theo d6, vi du: khi ngd ra S, = 3 va tu dién Cu; can dwoc xa,
néu dong dién i, duong thi chon trang thai D1 dé xa cho tu
Ca nhu Hinh 6, néu dong dién i, &m thi chon trang thai D3
nhu Hinh 7. Vi vay, viéc kiém soét chidu dong dién vao/ra
dé nap/xa cho tu dién s& gitip dam bao dién ap trén céc tu it
bi sai léch so véi c4c gia tri mong mudn.

5. Két qua mé phong va thwe nghi¢m
5.1. Két qua md phong
B6 nghich luvu NNPC nam bac dung ky thuat IPD-PWM,

POD-PWM va APOD-PWM dugc md phong bing phén
mém PLECS vai cac thdng so6 nhu Bang 2.

Thong sb Gia tri
bién 4p DC 1000 V
Tan s6 co ban 50 Hz
Tan s6 séng mang 5 kHz
Tu dién C1, C2, C3 1000 pF
bién tro 30 Q2
Cuon cam 2.7 mH
Khoa ban dan IGB20N60H3

Hinh 8 m6 ta két qua md phong dién &p nghich luu Vaz,
dién p day Vap va dong dién ba pha ia, ib, ic. Ky thuat IPD-
PWM, POD-PWM va APOD-PWM déu cho két qua dién ap
nghich Iuu ndm béc va dién 4p day chin bac phu hop véi bo
nghich luu NNPC la nghich luvu ndm bac khi m = 0.8. BJ
méo dang dién ap THDU(IPD) = 17.17%, THDU(POD) =
28.06%, THDU(APOD) = 28.16%. Dong dién ba pha c6
dang hinh Sin v&i ¢6 méo dang THDI (IPD) = 3.07%, THDI
(POD) = 8.04%, THDI (APOD) = 7.97%.
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Hinh 9: B thi mo phong dién ap trén céc tu pha a: Ve, Veaz, Veaz khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM
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Hinh 10: B4 thi m6 phong qua trinh qué d6 dién 4p day Va, dong dién tai 3 pha va dién &p CAC tu Vear, Veaz, Veas khi thay ddi chi s6 diéu ché tur
 m=0.55 (1<0.055) dén m = 0.85 (1>0.055) cho (2) IPD-PWM (b) POD-PWM (c) APOD-PWM.
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Hinh 11: B4 thi mé phong qua trinh qua do dién ap day Vap, dong dién tai 3 pha va dién &p cac tu Vea1, Vea, Veas khi €6 va khdng c6 ap dung giai thuat
can bang ap tu khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM.

——PD ——APOD ——POD —+—PD ——APOD ——POD
130 40
110 35
30
g 20 325
70 20
E 50 E 15
10
30 5
10 0
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09
Modulation Index (m) Modulation Index (m)

(@) (b)
Hinh 12: (a) THD dién ap day Va, ngd ra (b) THD dong pha i,ngd ra.
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Hinh 13: B thi md phong CMV tai m = 0.8, f, = 50HZ, feanier = S5kHz cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM.
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Hinh 14: Bién d6 dién 4p Common mode theo chi sb diéu ché.
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Hinh 15: (a) Tn hao dan (b) Tén hao chuyén mach (c) Téng tén hao.
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Hinh 16: Hiéu suét cia bo chuyén déi

Dién 4p trén ba tu dién pha a tai m = 0.8 thé hién trong Hinh
9. Vea1 Va Veaz dao d@ong quanh gia tri 250V (Vac/4), Veaz dao
dong quanh gia tri 750V (3Vac/4) véi sai s6 16n nhat ¢ tu Cay
lin Tuot 1a 11.69V, 11.54V, 11.51V, tuong tng 4.67%,
4.61%, 4.60% cua ca ba phuong phap.

Qua trinh qua do cua dién ap day Va, dong dién tai 3 pha va
dién &p trén cac tu Vea, Ve, Veas khi thay d6i chi sé diéu
ché tir 0.55 1én 0.8 dugc md ta trén Hinh 10. Ca ba phuong
phép déu cho dong pha hinh Sin ¢6 bién do thay dbi khi thay
d6i m. Dién 4p trén cac tu dién pha a van duy tri can bang ¢
Vac/4 va 3Vy/4 véi sai s6 khong déng ké.

Hinh 11 md ta dap Gmg qua do khi thuc hién cac k¥ thuat
CBPWM c6 ap dung va khong ap dung giai thuat can bang
dién &p céc tu DC ldy vi du m = 0.8. O ca ba ky thuat PWM,
khi khong duoc can bang (0.03s<t<0.065s), d6 léch dién &p
trén tu I6n dan dan dén dién 4p day Vab méo dang va dong
dién ba pha ngd ra khong Sin; khi 4p dung chuong trinh diéu
khién can bang ap tu, cac tu dao dong nho xung quanh Ve
ref = Vcaz_ref = 250V Vé Vca3_ref = 750V (Vdc = 1000V)

THD% dién 4p day Va, va dong dién pha i, bién thién theo
chi sb diéu ché m dugc thé hién trong Hinh 12. IPD-PWM
¢6 dic tinh THDU va THDI tét nhét so vai hai phuong phap
con lai, véi hé s6 THDU = 17.02% va THDI = 3.45% khi m

= 0.866. APOD-PWM thé hién chit luong méo dang song
hai kha tét khi cac gia tri THDU va THDI cua n6 nam gita
c4c gioi han cho boi hai phuong phéap IPD va POD. O trong
viing chi sé diéu ché 0.45<m<0.55, APOD-PWM dat chi s6
méo dang gan bang IPD-PWM.

Hinh 13 mé ta két qua md phong CMV cua cac phuong phép
CBPWM khi m = 0.8. Két qua cho thay IPD-PWM ¢ Hinh
13a chiu tAc dung CMV I6n trong tieng chu ky song mang,
va dat cac gié tri +168.6V. POD-PWM c6 uu diém loai bo
cac xung 4p CMV 1én va duy tri 4p CMV khong vuot qué
87.35V nhu trén Hinh 13b. D6 thi 40 CMV cuaa phuong phép
APOD trén Hinh 13c cho thdy xung &p CMV giam rd rét so
V6i phuong phép IPD, tuy nhién xung 4p CMV 16n bang
164.34V van xuit hién & mot sb vi tri trong chu ky ap tai.

Két qua khao sat chi tiét CMV trong toan vung chi s diéu
ché mo ta trén Hinh 14 cho thay bién d6 4p CMV cua
phuong phap POD trong toan pham vi lam viéc & muc thap
1a 83.58V, trong khi phuong phap APOD xuét hién mot sé
xung &p CMV 1én 164.61V khi chi sé diéu ché lon hon
m>0.45. Tt nguyén ly cac phuong phap song mang mo ta
trén céc Hinh 2-4 ¢6 thé giai thich dugc dap ung dién &p tai,
ap CMV va dong dién giong nhau cua 2 phwong phap POD
va APOD khi m<0.433.

Biéu d6 Hinh 15 mé ta ton hao dan, ton hao chuyén mach va
téng ton hao trong mach (W). Hiéu suat cia bo nghich luu
theo %Poy S& thay doi nhu trong Hinh 16, ton hao trong
mach va hiéu suat cua bo chuyén déi ¢ ba ky thuat PWM
gan nhu nhau, hiéu suit khoang 97% khi hoat dong &
100%Pou: VA giam nhanh khi hoat dong & %Py cang thép.
Khi hoat dong & 10%Poy thi hiéu suat chi con khoang 78%.

5.2. Két qua thuc nghiém
B6 nghich luvu NNPC ba pha nam bac duoc qua kiém ching

trén mo hinh thuc nghiém cbng Ssuat nho nhu Hinh 17 voi
cac théng s6 nhu Bang 3.



Measurement, Control, and Automation
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Bang 3: Thong sb thuc nghiém

Théng sb Gia tri
bién ap DC 60 V
Tan sb co ban 50 Hz
Tén s6 séng mang 5 kHz
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bién tro 16.6 Q
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Hinh 17: M hinh thuc nghiém cho b nghich luu NNPC ba pha nam bac.
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Hinh 18: Két qua thuc nghiém V.z, Viez, Vez khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM (Y -axis: 40V/div, X-axis: 5ms/div).
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Hinh 19: Két qua thyuc nghiém dién ap céc tu pha a khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM (X-axis: 50ms/div)
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Hinh 20: Keét qua thuc nghiém Vap, ia, ib, ic khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM (Y-axis: 40V/div, X-axis: 5ms/div).
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Hinh 21: Két qua phan tich phd FFT dién &p day V., thuc nghiém khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM.
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Hinh 22: Két qua phan tich pho FFT dong dién pha i, thuc nghiém khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM.
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Hinh 23: Két qua thuc nghiém CMV khi m = 0.8 cho (a) IPD-PWM (b) POD-PWM (c) APOD-PWM (Y-axis: 10V/div, X-axis: 5ms/div)
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Bang 4: Két qua so sanh cua cac ky thuat PID, POD, APOD tai m = 0.8 theo thong sé Bang 3 khi (a) M6 phong (b) Thuc nghiém.

(a) M6 phéng

(b) Thuc nghiém

IPD-PWM  POD-PWM  APOD-PWM IPD-PWM POD-PWM  APOD-PWM
THD Vab 17.44% 28.59% 28.48% 18.95% 29.97% 29.96%
THD ia 1.44% 3.22% 3.25% 3.42% 4.03% 4.06%
Bién d9 CMV 1ov 5v 1oV 1ov 5v 1ov

Hinh 18 1a két qua trén md hinh thuc nghiém dién &p nghich
lwu Vaz, Vibz, Vez €6 nam bac. Hinh 19 thé hién két qua thuc
nghiém dién ap cac tu pha a 1a Vea1, Veaz Va Veasz khi cé ap
dung giai thuat can bang ap tu duoc trinh bay trong tai liéu
[15], dién &p trén tu Ca va Ca dao déng xung quanh gié tri
15V, é&p tu Cys dao dong xung quanh gia tri 45V (twong ung
Ve = 60V). Hinh 20 md ta dién ap day Va ¢6 chin bac, dong
dién ba pha c6 hinh Sin léch pha nhau 120° & chi sb diéu ché
m = 0.8 cua ba phuong phap PD-PWM, POD-PWM, APOD-
PWM. Céc két qua thuc nghiém hoan toan phu hop voi két
qua mod phong mac du cé chut dao dong ¢ dién &p va dong
dién do su nhap nho dién &p khi tu dién nap xa.

Hinh 21 va Hinh 22 1a phan tich phd FET dién &p day Va, va
dong dién pha i, ciia két qua thuc nghiém khi m = 0.8. Theo
nhu mé phong, phuong phap b tri cac song mang da bac
cung pha PD-PWM cho d& méo dang ap day va dong pha
nho nhit véi THDU = 18.95%, THDI = 3.42%; hai phuong
phap con lai cho két qua gan bang nhau twong ng Vi
THDU = 29.97%, THDI = 4.03% cua POD-PWM va THDU
=29.96%, THDI = 4.06% cua APOD-PWM.

Hinh 23 la két qua thyc nghiém CMV khi m = 0.8, c6 thé
thiy PD-PWM nhu Hinh 23a ¢c6 CMV Ién nhét va dat dinh
tai CAc gi& tri + Vdc/6 = 10V. Phuong phap POD ¢6 wu diém
loai bo cac xung CMV [6n va duy tri CMV khong vuot qué
Vdc/12 = 5V nhu trén Hinh 23b. CMV cua phuong phap
APOD trén Hinh 23c da giam so voi IPD, nhung van con
mét sb xung CMV 16n bang Vdc/6 = 10V xuét hién. Do cu
hinh ¢6 nhiéu tu nén su dao dong dién &p trén cac tu ciing
gay ra CMV Ién bat thuong & mot sb vi tri trong chu ky ap
tai cua ca ba phuong phap.

Bang 4 so sanh két qua md phong va thyuc nghiém theo théng
s6 Bang 3 cua cac ky thuat IPD-PWM, POD-PWM va
APOD-PWM Vé d6 méo dang dién ap day, do6 méo dang
dong pha va bién d6 dién &p Common mode & m = 0.8. Cac
két qua gan nhu nhau & md phong va thuc nghiém.

6. Kétluan

Bai bdo nay trinh bay cac phwong phap diéu ché do rong
xung PWM da song mang dua trén séng Sin bao gém IPD-
PWM, POD-PWM va APOD-PWM cho b nghich Iuu ba
pha NNPC nim béc, dugc kiém ching théng qua mé phong
bing phin mém PLECS va do dac trén mo hinh thyc
nghiém. Thuat toan cin bang &p tu cho ting k¥ thuat diéu

ché gilp giam chénh léch dién ap trén cac tu dwoc thiét ké
dya vao cé4c trang thai dong ngat du cua dién ap nhanh. Két
qua cho thdy trong ba phuong phap bd tri song mang,
phuong phap IPD-PWM phi hop cho céc yéu cau doi hoi
dién ap ngd ra va dong dién ngd ra c6 do méo dang thap
trong vung chi sé diéu ché m < 0.866, néu ung dung thyc té
¢ yéu cau giam THD% nhung khong quan trong dién ap
Common mode va dong rd thi ¢ thé st dung phuong phap
nay kém céc thiét bi nhu may bién &p cach ly, bo loc,...;
POD-PWM c6 uu diém lam giam CMV tét nhat trong ving
chi sé didu ché m < 0.866, tir d6 giup bao vé thiét bi va ting
tudi tho, giam nhidu dién tir (EMI) va dam bao an toan cho
con ngudi, phuong phap nay phu hop cho cac hé thdng
khong yéu cau d6 méo dang dién ap va dong dién nho, phu
hop cho cé&c ing dung diéu khién dong co, ning lugng mat
troi két ndi ludi,...; phuong phap APOD-PWM lam giam
mot s6 xung CMV 16n khi chi s diéu ché nho hon m<0.433,
trong viung 0.45<m<0.55, APOD-PWM cho méo dang dién
ap va dong dién gan bang IPD-PWM. Tén hao dan, tén hao
chuyén mach va hiéu suit caa bo chuyén d6i gan nhu nhau &
ca ba phuong phap diéu ché.
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