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TOM TAT

Bai bdo nay thiee hién ky thudt diéu ché séng mang cé kiém sodt théng qua viéc céin
bang dién dp trén hai ty nham giam d¢ méo dang séng ngé ra cung cdp cho tdi trong bé
nghich lwu NPC 5 bdc lai. Ky thudt nay s dung viéc gidm sdt dién dp trén hai tu dé diéu
khién déng ngidt cdc khéa céng sudt mot cach hop Ii nham dam bdo dién dp cung cdp ra
tai it bi méo dang nhat. Véi ky thuat xdy dung gidi thudt can bcing dién ap trén tu duoc
trinh bay trong nghién citu, chi s6 THD dién dp cé thé gidm tir 28,10% xuong 27,57%,
THD dong dién giam tir 2,35% xuong mirc 1.10%. Trong bai bdo nay, tic gid c6 so sanh
gitta hai gidi thudt diéu khién c6 can bang dién dp trén tu va khéng diéu khién cin bang
dién dp trén tu. Két quad cua gidi thudt dwgc kiém chitng qua mé phong va qua qud trinh
thwe nghiém

Tir khéa: diéu ché séng mang cé kiém sodt, nghich lwu NPC 5 béc lai, THD.

ABSTRACT

In this paper, the Controlled Pulse Wide Modulation (CPWM) is performed through the
balance of two capacitors voltage to reduce output waveform distortion provides load on
a hybrid 5 level NPC inverter. This technique is applied to monitor the voltage on the
capacitor to control two switching the power lock sensibly to ensure the load voltage
supply at least distortion. With techniques balancing algorithms on the capacitor voltage,
the voltage THD index decreased from 28.10% down to 27.57%, the current THD down
from 2.35% to 0.75%. This study presents a comparative study of Capacitor Voltage
balance and unbalance techniques. The proposed results can be verified through the
simulation and the experiment.

Keywords: Controlled Pulse Wide Modulation, hybrid 5 level NPC inverter, THD.



1. GIOI THIEU

Bién tan da béc 1a thiét bi chuyén ddi
dién nang tor di¢n mot chiéu sang dién
xoay chiéu, c6 vai trd rat quan trong trong
vi€c ng dung ¢ cac linh vuc khac nhau
nhu phuc vu trong van tai, chuyén do6i cac
dang nang lugng xanh nhu song bién, mit
troi, gio dé hoa luéi dién. Ky thuat diéu
ché song mang va ky thuat diéu ché vector
khong gian 13 hai k¥ thuat diéu khién bién
tan da bac phd bién nhat. Viéc khai thac
ham offset trong tin hi¢u diéu khién ciing
dugc ap dung lam tdng cudng cac tinh
chat xac lap va tinh chét dién cua thiét bi
nhu pham vi diéu khién dién ap t6i da, kha
ning can bang dién 4p trén ty DC link, kha
nang giam bdt cac song hai gay ra.

Pé dap tmg nhu cau thuc té thi cong
suat nghich luu cang 1én doi hoéi can co
cac linh kién cong suat 16n. Nhung, cac
linh kién cong suét 16n ludn bi gi61 han
tan s6 chuyén mach. Bén canh d6, ton hao
trong nghich luu bao gdm t6n hao trén
ngudn cung cip (Ps), toorn hao trén day
ndi (P1), ton hao trén mach kich (Pdr) va
t6n hao trén céc linh kién cong suat (Psw).
Trong d6, t6n hao trén cac linh kién cong
sudt 1a dang ké, phu thudc nhiéu vao giai
thuat diéu ché va céu triic mach. Theo [1]
thi t6n hao do su chuyén mach phu thude
vao s6 lan chuyén mach trong mot chu ky
dién ap diéu khién céc linh kién cong suit.
Do d6, néu s6 lan chuyén mach 16n sé& dan
dén ton hao trén khoa ting 1am ting chi
phi lam mat.

Viéc giam do méo dang séng hai tong
(THD) ciing 1a mét van dé rt duoc quan
tam trong nghich luu da bac. Vi bo

nghich luu c¢6 sé bac cang cao thi THD
cang thap. Tuy nhién, viéc diéu khién cac
khoa cong suét trong bo nghich luu bac
cao s& phtrc tap hon nhiéu so véi diéu
khién cac khoa cong suit trong cic bd
nghich lIuu bac thap.

Trong bai bao nay, tac gia dé nghi mot
giai thuat diéu ché gitp giam THD, diéu
khién cac khoa cong suat don gian. D6 1a
giai thuét diéu ché do rong xung c6 kiém
soat (CPWM) trén cau hinh mach nghich
luu 5 bac lai H-NPC gdém hai by NPC 3
béc. Giai thut nay két hop viéc diéu ché
d6 rong xung séng mang két hop can bang
dién &p tu s€ giup lam giam do méo hai
téng trén dong va ap tai. Két qua dé xuét
duge kiém ching qua mo phong bang
phan mém Matlab va thyc nghiém trén
mo hinh vat ly.

2. CAU TRUC NGHICH LUU 5
BAC LAI H-NPC

Avazs
fﬁ‘
A Fswe AR Fse AN Fse
va

HK[} HKI}SM Hﬁ}
Hinh 1: So do nguyén li bd nghich luu
3 pha 5 bac lai H-NPC

Trong so d6 hinh 1, mdi pha gdm mot
bo nghich luu ciu H 3 béc, céc pha hoat
dong twong tu nhau va cach nhau 120°
dién. Py 1a c4u hinh mach 3 pha 6 day.



3. GIAI THUAT PWM
Phuong phap SPWM st dung song
diéu khién dang sin dé so sanh véi cac
song mang dang tam gic tao gian do kich
dong cho linh kién. i véi bd nghich luu
n bac, s6 song mang duoc sir dung la n-1,
chung c6 cung tan sd va bién d6 dinh-
dinh. Goi Am va fin 1an lugt 12 bién do dinh
— dinh va tan s cta song diéu khién; A.
va f. 1an lugt 12 bién d6 dinh — dinh va tin
s6 song diéu khién (song diéu ché). Séng
diéu khién thay d6i quanh tdm cia hé
théng séong mang n-1. Néu song diéu
khién 16n hon séng mang nao d6 thi linh
kién twong ung d6 dugc didu khién kich
dong tuong tmg nguoc lai néu séng diéu
khién nhé hon séng mang nao d6 thi linh
kién bi khoa.
Dbi voi nghich luu ap da bac, chi
s6 bién do ma va chi sb tAn s ms duoc
dinh nghia nhu sau:

Am

Mq = (n—-1)Ac (1)
fc

my =L ©)

Néu m, < 1 thi bién d¢ song sin nho hon
song mang, quan hé gitta thanh phan co

ban cua ap ra va ap diéu khién 1a tuyén
tinh.

Khi gia tri m, > 1, bién d6 tin hiéu diéu
ché 16n hon bién d6 séng mang thi bién
do ap hai co ban dién &p ra tdng khong
tuyén tinh theo ma.. Liic nay, bat dau xuét
hién luong séng hai bac cao tang dan cho
dén khi dat dwoc mic giéi han cho boi
phuong phap sau budc. Truong hop nay
con goi 1 qua diéu ché.

Dbi voi bd nghich luu 1 pha, bién d6
ap pha hai co ban :

Ut(l)m =mg, X Vy 3)

Vé6i Vq 12 tong dién ap ngudén DC

Dbi voi b nghich luu 3 pha, bién d6
dién &p hai co ban:

Ut(l)m =mg X % 4)

Phuong phap SPWM dat duoc chi sd
16n nhat trong vung tuyén tinh khi bién do
song diéu ché bang bién do song mang.
Khi do:

MepwM_max = U(1)7:(—1;Z:_step (5)

Vi: U(m 12 bi€n d6 hai co ban

Um-six_step 12 bi€n d6 cuc dai hai

bac cao theo phuong phap 6 budc.

Va

2 =2=10.785(6)
Vg4

MspwM_max = i
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Hinh 2: Dang séng mang, song diéu
khién va xung kich diéu ché lién tuc
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Hinh 3: Dang séng mang, séng diéu
khién va xung kich diéu ché gidn doan

4. GIAI THUAT DPE XUAT

Thay vi str dung 1 song diéu khién uax;
va nhiéu song mang voi bién d6 khac
nhau (0,1), (1,2),..., (n-2,n-1), c6 thé st
dung k¥ thuat CPWM v6i1 mdt song mang
don vi (0,1) cho cac cap linh kién (Sj1,
S’i), (Siz, S’i2)y-., (Sjn2, S’jn1). Tuy
nhién, k¥ thut ndy can (n-1) song diéu
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khién &, &,,..., &
kién.

€

cho (n-1) cap linh

jn-1

&3

Hinh 4: Tach udkj thanh 4 song diéu
khlén éla &29 E.>39 &4
* Xac dinh gid tri &,

Ta phén tich: uaj = Int(ua) + &

(7)
& = uag - Int(ua)
®

Véi: Int(uayj) 12 phan nguyén cua ugyj

Va ¢ la phan du cta uag sau khi 13y di
phan nguyén.

So sanh céc ap diéu khién ¢ ; vOi song
mang chuan c¢6 bién d6 (0,1) s€ duogc cac
xung kich tung udng cho céc cap linh
kién.
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Hinh 5: So d6 khéi k§ thuat PWM
dung mot sobng mang

i

5. KET QUA MO PHONG VA
THUC NGHIEM

Diéu kién mé phong, thyc nghiém véi
tan sd song mang 5kHz, song diéu khién
tan sd 50Hz, tai R=40Q, L=50 mH, tu
dién C=1000uF, DSP 28335, may do
Tektronik TPS 2024B, Hioki.
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Hinh 6: Dang séng xung kich cho cac
IGBT khi chua can bang dién ap tu trong

mo phong (a) va thuc nghiém (b)
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Hinh 7: Dang séng xung kich cho cac
IGBT khi can bang dién ap tu trong md
phong (a) va thuc nghiém (b)

Trong hinh 6 va 7, dang song xung kich
cho cac IGBT trong mé phdéng va thuc
nghiém tuong déng nhau
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Hinh 8: Dang song dién &p trén pha a

khi chua can bang dién ap ty trong mo
phong (a) va thuc nghiém (b)

Trong hinh 8, dang song di¢n &p trén
tai bi méo dang kha nhiéu khi tic gia chua
thuc hién can bﬁng dién ap trén tu.
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Hinh 9: Két qua phan tich THD khi
chua can bang dién 4p ty trong md phong
(a) va thyc nghiém (b)

Trong hinh 9, két qua phan tich THD
cho thdy khi thuc hién mé phéong THD
dong dién trén tai la 2.68%, khi thuc
nghiém la 4.06%
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Hinh 10: Dang séng dién ap tim ngu6n
pha a khi thyc hi¢n can béng dién ap tu

trong mo phong (a) va thuc nghiém (b)

Tek L WP IO Famancs
o THOE 365 S
M5 197N THO-R 365K
Farmanic [

Freq  S02H  NFnd  1000% Setup
MRMS 1988 ¢ 0.00°

5

Save
,,,,,,,,,,,, Hamonics
@7 345 6 789101 1213 HOWICH

MS5.00ms CH4./ 0N

CHA200Y  16-Sep-150950  <loth
(a) (b)

Hinh 11: Két qua phan tich THD
dong dién trén tai khi thyc hién can
bang dién ap tu trong mo phong (a)
va thuc nghiém (b)

Trong hinh 11, khi thyc hi¢n can
bang dién ap trén ty, dang song dién
ap va dong dién it bi méo dang hon.
Két qua phan tich THD dong dién khi
mo phong 1a 1.10%, khi thyc nghi¢m
1a 3.65%.

THD dong di¢n
Giai tai (%)

thuat Mo Thuc

phong nghiém

Khong
cin bang | 2.68 4.06
ap tu

Co can| 4, 3.65

bang 4p tu
Bang 1: So sdénh THD dong dién trén
tai gitra 2 giai thuat
Nhan xét: Khi thyc hién diéu khién can
bang dién 4p trén tu, dién ap ngd ra can

bang, dong tai hinh sin. Tuy nhién con
mot lwgng hai bac 2 va bac 3, ti 1€ hai bac
3 giam con gan bang 3.65%. Khi ta so
sanh két qua gitta moé phong va thuc
nghiém ca hai giai thuat khong cn bang
dién 4p tu va c6 can bang dién ap tu, THD
dong dién tai ¢ giai thuat can bang dién ap
tu thdp hon nhiéu so v&i giai thuat khong
can bang dién 4p tu. Nén giai thuat can
bang dién ap tai duoc dé xuat dé thuc hién

D&c tuyén THD Uta-m 2383
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Hinh 12: Pic tuyén THD dién 4p theo
chi s6 m



Trong hinh 12, tac gia khao sat THD
dién ap theo chi s6 diéu ché m. Theo khao
sat, chi s6 m t6i wu khi ca mo phong va
thuc nghiém 1a 0.866.

- Khao sat dang song dién ap trén ca

3 pha

Pé thyc hién khao sat dang song dién
ap trén ca 3 pha. Tac gia thuc hi¢n mod
phong va thyc nghiém véi cac thong sb
sau day:

R=40 Ohm, L=50Mh, fs=3kHz,
C=1000uF, tan so séng sin S0Hz.

Két qua nhu sau:
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Hinh 13: Dang séng dién ap 3 pha trén

mo phong (a) va thuc nghiém (b)
Va khao sat dg 1éch pha gitta 3 pha
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Hinh 1: éo sat do 1éch pha cua 3
pha

Két luan: Khi khao sat trén ca 3 pha,
ta nhan thiy dang séng trén ca 3 pha la
nhu nhau. Céac pha cach déu nhau 120°
dién.

6. KET LUAN

Trong bai bao ndy, tac gia di tiép can
cac phuong phap vé phan tich ky thuat
diéu ché d6 rong xung séng mang cho bd
ngudn ba pha gdm hai mach NPC ba bic
dé cung cép cho phu tai ba pha vong ho.
So voi cac nghién cuu trude day, khi su
dung bd nghich luu 5 bac NPC can nhiéu
linh kién hon va viéc diéu khién phirc tap
hon, tir d6 din dén do on dinh cla hé
thong khong cao, 4o bén kém. Tir cac két
qua mo phong va thuc nghiém cho thiy
mudn nang cao chat luong dién ap ngd ra
phai nang s6 bac cua bién tan, cac bién tan
lai ra doi v6i nhiéu nhirmg wu diém diéu
khién vuot trdi so v&i cac ciu hinh bién
tan co ban, hay st dung linh hoat s6 luong
ngudn cap DC (nhu mot ngudn cho cong
nghiép hay dan dung, da ngudn cho ting
dung ngudn ning lwong moi). Trong cac
c4u hinh bién tan lai thi ciu hinh gém hai
mach NPC ba béc c¢6 nhiéu vu diém, cu
thé 1a: kha ning diéu khién linh hoat, c6
thé sir dung cAu hinh 6 tu hodc 2 tu, cac
giai thuat diéu khién linh dong va hiéu
qua. Pay 1a diém méi cua bai bao
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