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TOM TAT

Bai bao nay trinh bay két qua khao sat tong méo dang song hai trén bd nghich luu
mot pha nam bac kep tu (FLC-5L) véi tai R-L. N6i dung bai bao nghién ctru cac phuong
phap diéu khién PWM va danh gia so sanh chi sé méo dang song hai khong mong mudn
& bo nghich luu 4p mot pha kep tu FLC-5L. K§ thuat diéu ché song mang (PWM) duoc
str dung trong nghién ctru nay don gian va dé thuc hién. Cac k¥ thuat diéu khién duoc
mo phong trén phan mém Matlab/Simulink phién ban 2021. Céc két qua nghién ctru cho
thay ¢ chi s diéu ché m = 1 va tan s6 song mang fc= 5kHz thi k§y thuat diéu khién PS dé
xuat dat THD 1= 1.68% thap hon so v&i k¥ thuét diéu khién PD, POD APOD.

Tir khéa: Bo nghich luu ap; k§ thuat PWM; Tong méo dang song hai (THD); Nghich
luu kep tu nam bac.

ABSTRACT

This paper presents the survey results on the total harmonic distortion on a five-level
capacitor clamped single-phase inverter (FLC-5L) with a load using R-L. The article
studies the PWM control methods and compares unwanted harmonic distortion in the
FLC-5L capacitor clamped single-phase voltage inverter. Carrier modulation (PWM)
technique is used in this study because it is simple and easy to implement. Control
techniques are simulated and compared on Matlab/Simulink software version 2021. The
research results show that at modulation index m = 1 and carrier frequency fc = 5kHz,
the proposed PS control technique achieves THD I = 1.68% lower than that of PD,
POD and APOD.

Keywords: Voltage inverter, PWM technique, Total Harmonic Distortion (THD),
Five-level capacitor clamped inverter (FLC-5L).
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1. GIOI THIEU
Bang 1: Mo ta ky hiéu va chir viét tit.

Ky hié¢u

va chir

viét tat
THD

Mo ta

Total Harmonic Distortion

Neutral Point Clamped
Multilevel Inverter

Pulse Width Modulation
In Phase Disposition

NPC

PWM
PD
POD | Phase Opposition Disposition
APOD | Alternative Phase Opposition

PS Phase Shift

Céc bo bién d6i cong suat ngay nay
duoc ung dung rong rai trong cong nghiép
nhu: diéu khién céac hé truyén dong, tao bo
ngudn c6 kha ning cung cip dién lién tuc
(UPS Unmter-ruptlble Power Supplies) va
ngudn cung cap dién cho may bay khi may
bay ¢ mat dat (GPU Ground Power Unit)
[3] [4].

Séng hai ludn xudt hién ¢ ngd ra cua
cac bd bién d6i cong sut va la song khong
mong mudn, 1am qua tai duong day va
bién ap, lam ting nhiét do hé thong va gay
nhidu 1én ludi dién [1][2]. Néu khong c6
su kiém soat, song hai c6 thé lam qua tai
hé thong, tang cong suit yéu cau va lam
ngung hé thong.

Bai bao nay nghién ctru vé cac k¥ thuat
diéu khién nghich luu 4p mot pha FLC-5L
[5]. Pay la cau hinh nghich luu dang da béac
gitip giam chi s6 THD ¢ ngd ra. Nghién
clru nay tién hanh so sanh cac phuong phap
diéu khién voi tai R-L. Tir co so nghién
ctru dé xuét phuong phap diéu khién ti wu
cho bo nghich luu FLC-5L ¢ tan sb song
mang 5 kHz.

Céu tric bai bao dugc trinh bay nhu
sau: Trong phan 2 s& trinh bay vé nguyén
Iy hoat dong bd nghich luvu FLC-5L, phﬁn

ISSN 2681 5-9945

3 s& trinh bay vé k¥ thuat diéu khién song
mang cho cdu hinh FLC-5L, phan tiép theo
trinh biay mo6 phong va phan tich két qua
mo phong va cudi cung 14 phan két luan
cua bai bao.

2. MO HINH TOAN BO NGHICH
LUU MOQT PHA FLC-5L

2.1. Nguyén Iy diéu khién b nghich
luru mét pha FLC-5L

Hinh 1 mé ta so d6 bd nghich luu mdt
pha FLC-5L gbm c6 8 khoa IGB S1, S2,
S3, S4vaS 1,S°2, S 3,S’4. Biém giita cua
ngudn V /2 dugce ndi vao 3 tu kep Cl, C2
Va C3. Dlen ap V, co thé sir dung nguon
cap tor cac pin dlen ac quy, tor cac nguoén
chinh luu diode riéng, hodc tir cac pin mat
troi. Dong dién qua tu dién 1 la i, dong
dién qua ty di¢n 2 la i ,, dong di¢én qua tu
dién 3 1ai_,. Dién ép trén tai 1a V va dong
dién trén tai la 1.

Quy tic dong cét linh kién nhu sau:

S +8.=1;i=1,2,3.4 (1)
o) o o)
N N N N
+ sil s2l s3T sal”
 Vdi2
ic1l::c1 iczl::cz icsl:: c3
. 3vd/4 vd/2 Vd/4
- Vdi2
S| S2| s3] S4
7N 7N 7~ 7
Lot L LT
Vi it
Load

Hinh 1: So d6 cdu tric FLC-5L.

Trong do S, la trang théai cua khoa
IGBT; S. =1 néu khéa ¢ trang thai dong,
vas, -0 néu khoa & trang thai ngit.

Dién ap tai giita hai diém A va B dugc
xac dinh nhu sau:
A%
V, =V= 'Td +S\V, + (S2_Sl)Vcl

+ (S3'Sz)Vc2 + (S4'33)Vc3 (2)
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icl= (Sl' Sz) * iLoad
i02= (Sz' Ss) *iLoad (3)
1,=(5;-5,)*i

Load

Ttr phuong trinh (2) va (3) ¢6 thé tinh
duogc ap tai phu thudc vao trang thai dong
ngit ctia cac khoa S1, S2, S3, S4 nhu &
bang 2, v6i gia thuyét V_ =3V /4, V =
V/2,V_ =V /4

2.2. Céc ky thuat diéu bd nghich lru
mét pha cAu FLC-5L bing PWM

a. Nguyén Iy ky thudt diéu réng xung
song mang (PWM)

K¥ thuat diéu ché dong rong xung song
mang mo ta ¢ hinh 2 gdm bdn séng mang
dang tam giac so sanh véi ap diéu khién
V., d€ tao cac trang thai dong ngat cua cac
khoa S1, S2, S3, S4.

pv Vvdk | m

Vcearl S1 L
M— D

; I
2y ol [52

Vear3 > 3 S3 I
M—» S 2] ="

N sa I -

Ve,

Hinh 2: So dé ky thudt PWM

Trong d6 V hinh sin véi thanh phan
V. vaflan luot 1a bién d6 va tan sb.

b. Cadc ky thudt PWM cho by nghich
luu FLC-5L.

e Ky thudt PD-PWM (Song mang
dong pha)

KV thuat PD-PWM ¢ hinh 3 dung tin
hiéu diéu khién Vdk so sanh v6i 4 song
mang c6 cung tan s, cing pha nhau dé so
sanh v&i song diéu khién.
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3 card
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Hinh 3: Dang séng mang diing trong ky thudt diéu
khién PD-PWM
Ky thuat nay dugc xem la ky thuat
truyén thong vi né dugc st dung nhicu
trong cac nghién ctru trong va ngoai nudc.
e Ky thudt POD-PWM (Song mang

nwa chu ky dwong va nira chu ky am cia
ap tai léch pha 180°)

——— Vdk
4 Vear1
———— Vear2

———vear3
3 ——— Vear4

2

1
: WWAVAVAYAV
Hinh 4: Dang séng mang diing trong ky thudt diéu
khién POD-PWM

V6iky thuat POD-PWM 6 hinh 4 dung
tin higu dicu khién V,, so sanh voi 4 song
mang voi hai song Vcarl, Vcar2 cung tan
50, cung pha nhau va bé tri dbi xtmg véi
hai sébng Vcar3, Vcar4.

e Kj thugt APOD-PWM (Séng
mang tudan tw léch pha 180°)
4 —— vk

o s

Hinh 5: Dang séng mang diing trong ky thudt diéu
khién APOD-PWM

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG




Joupnal ol( Science - \/ L U T E

Vi ky thuat APOD dung tin hi¢u V
so sanh voi 4 song mang dang tam giac
V... V. V. V., bd tri dich pha 180°
nhu hinh 5.

o Ky thuat PS-PWM (Song mang
tudn tw léch pha 90°, cung bién dj)

5:‘:’:‘:‘" i &W,N

car3’

li

|

Hinh 6: Dang séng mang diing trong ky thudt diéu
khién PS-PWM
Voi k§ thuat PS dung 4 séong mang
dang tam gidc, cung bién do, bo tri dich
pha 90° nhu hinh 6.

2.3. Chi tiéu danh gia do méo dang
song hai

Str dung chi tiéu vé tong méo dang
song hai (THD) dé danh gia chat lugng ngd
ra ctia bo nghich luu FLC-5L. Thay d6i chi
sO diéu ché m tir 0.1 dén 1 dé phan tich
THD cua di¢n ap va dong dién.

Dai lugng khong sin tudn hoan 13 tong
ctia tin hiéu hinh sin & tin sb co ban va céc
tin hiéu hinh sin c6 tan sb 13 boi sé nguyén
14n cua tan sb co ban. Céc tin hiéu hinh sin
c6 tan sb 1a boi s6 nguyén lan cia tan sd
co ban duoc goi 1a cac song hai. Chung la
nguyén nhan gay ton hao trén ludi dién, boi
s6 nguyén nay dugc goi 1a bac song hai.
Toéng cac song hinh sin, duoc biéu dién
theo cong thirc chudi fourier sau:

Jo=4+ i[An cos(n.w,.t) + B, sin(n.o,.t)]

n=l1

=4, + i C, .sin(naw,t+y,) 4)

n=l1

70
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Véi 4 la thanh phan mot chiéu
C,.sin(n.w,t +y,)1a song sin bac n, n=1;
C,.sin(w, +y,)1a song sin & tan sd co
ban. Pé do d6 méo song hai ta c6 thé
st dung cong thtc tong sé méo dang
THD:

>
THD(%) = C; )

1

Trong do: C, 1a bién d6 dong dién/
dién ap co ban.

C, la bién d6 dong dién/dién ap song
sin thir n

3. KET QUA MO PHONG

Véi phan mém MATLAB/Simulink

c6 thé xay dung mo hinh va kiém chimg
hiéu qua cac ky thuat PWM sir dung dé
giam THD% dong dién va dién 4p cua bd
FLC-5L.

Bang 2: Bang tham s6 mo phong bo
nghich luu FLC-5L

Tham sb Gia tri
Cong sult dinh muc Pim=3 KW
bién ap dinh muac Uim =220V
bién ap DC V4=620V
bién tro phu tai R=15Q
bién khang phu tai L=20mH
Pién dung tu dién C=1700 uF
Tén sb co ban ngd ra f=50Hz
Tén s6 séng mang f.=5KHz

M6 hinh bd nghich luvu FLC-5L dugc
xdy dung nhu hinh 7 nhu sau:
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Hinh 7: Mé hinh bé nghich luu FLC-5L trén phdn mém
MATLAB/Simulink
D6 thi dién ap tai va dong dién tai cho
hai gia tri chi s6 diéu ché m=0,2 va m=1
nhu hinh 8 va hinh 9 nhu sau:

+ O chi s6 diéu ché m=0.2:

ANANNANANANANN
WAV

t_rms =2.66 A, f = 50Hz, THD%=2.02%
DANG SONG BIEN AP TAI Vt -

VI_rms = 43.37 V, f = 50Hz, THD% =148.55%

Hinh 8: Dang séng dong dién va dién dp & chi sé diéu
ché m=0.2
O chi sb diéu ché m=0.2 dong tai ¢
gia tri hiéu dung 2.66A, tan s6 50Hz, d6
méo dang THD 1% = 2.02%. Pién ap tai
c6 gia tri hiéu dung 43.37V, tan s6 50Hz,
THD V%=148.55%.

+ O chi s6 diéu ché m = 1:
'SONG DONG TAI It

WAV

A, 1=50Hz, THD%=1.68%
DANG SONG DIEN APTAI VE

w
5_’"-= 2187V, 1= 50Hz, THD%=27.06%

Hinh 9: Dang séng déng dién va dién dp & chi sé diéu
chém=1
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O chi sb diéu ché m = 1 dong tai ¢
gia tri hiéu dung 13.42A, tan sb 50Hz, do
méo dang THD 1% = 1.68%. Dién ap tai
c6 gia tri hiéu dung 218.7V, tan sd 50Hz,
THD_V%=27.06%.

a) Tong méo dang hai dong dién
(THD_1%)

Tdng méo dang song hai dong dién & cip

ha &p theo ti€u chuan & Viét Nam hién nay cho
phép chi s6 THD 1% < 5% (TT39-BCT)

THD%_|
N
N

0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
—e—PD 4.29 353 | 2.89 237 2.05 19 1.92 191 1.87 1.8
—e—POD 4.32 3.55 291 239 2.07 1.92 1.93 1.92 1.88 1.81
—e—APOD 4.33 3.56 292 239 2.06 191 1.92 191 1.87 1.8
~o—PS 2.86 2.02 1.95 1.89 1.69 1.72 1.88 1.72 171 1.68
Chi s6 diéu ché m

—e—PD —e—POD —e—APOD —+—PS

Hinh 10: Budng déc tuyén THD_I1% ciia bé nghich luu
FLC-5L

Hinh 8 cho thay vé6i chi s6 diéu ché
trong khodn 0.1 <m < 1 thi ca ba k¥ thuat
diéu khién PD, POD, APOD, PS déu c6 chi
s6 THD 1% < 5%.

O chi s6 diéu ché m = 1 thi THD 1%
cua ky thuat ky thuat PD = 1.8%, POD =
1.81%, APOD = 1.8% va PS = 1.68%.

Tir hinh 8 ¢ thé thay bo nghich luu
FLC-5L & cac chi s6 diéu ché tr m=0.1 + 1
thi ky thuat PD, POD va APOD c¢6 két qua
THD 1% twong dong, k¥ thuat PS cho két
qua THD 1% thap hon.

b) Khdo sdt tong méo dang hai dp
(THD _U%)

Toéng méo dang song hai dién ap duoc
khao sat voi ky thuat PD, POD, APOD va
PS dugc thé hién nhu hinh 9 nhu sau:
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250

200

150

THD_U%

100
50

° 0.1 0.2 03 0.4 0.5 0.6

0.7 0.8
—e—PD 231.75 147.38 105.66 76.66 5202 4428 41.74 } 3831 3351 ‘ 27.06 ‘
—e—POD 23191 147.45 105.71 | 76.7 | 52.05 4431 4176 ‘ 3833 | 3353 ‘ 27.07 ‘
—e—APOD| 231.65 147.32  105.62 | 76.63 | 52.02 | 44.28  41.74 ‘ 3831 | 33.52 ‘ 27.06 ‘
~o—PS 236.09 | 148.55 | 106.06 | 76.95 | 52.12 | 44.36 | 42.01 ‘ 383 | 3355 ‘ 26.95 ‘

Chi 56 diéu ché m

09 | 1

~e—PD —e—=POD —e—=APOD -—o—PS

Hinh 11: Budng ddéc tuyén THD_U% ciia bé nghich
Iuu FLC-5L

Hinh 9 cho thiy vdi chi s diéu ché
trong khoang 0.1 <m < 0.5 thi THD U%
ky thuat didu khién PS cao hon k¥ thuat
PD, POD, APOD. Khi chi sb diéu ché 0.6 <
m < 1 thi THD_U% k¥ thuat diéu khién PS
thip hon ky thuat PD, POD, APOD

O chi s6 diéu ché m = 0.1+1 thi
THD U% cua, ky thuat PS c6 gia tri cao
hon k¥ thuat PD, POD k¥ thuat APOD.

O chi s6 diéu ché m = 1 thi THD U%
cua, k¥ thuat PS co gia tri thap nhat, gia tri
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1an luot 1a: K§ thuat PS = 27.95%, k§ thuat
POD = 27.07%, k¥ thuat PD = 27.06% va
ky thuat APOD = 27.06%.

C6 thé thdy bo nghich lvu FLC-5L khi
& chi s6 diéu ché thap thi st dung k¥ thuat
APOD va PD s€ giam THD U% hon so
voi k¥ thuat POD va PS.

4. KET LUAN

Bai b4o di nghién ctru ding phan mém
Matlab/Simulink dé mé phong, so sdnh cac
k¥ thuat diéu khién b¢ nghich Iuvu FLC-5L
bang k¥ thuat PWM.

Két qua cho thiy ky thuat PWM rat dé
thuc hién, pham vi diéu ché rong. vé6i chi
sO diéu ché 0.1 <m < 1 ca ba ky thuat PD,
POD, APOD, PS déu dat tiéu chi vé chit
luogng THD 1% theo tiéu chuan dién luc
trong nudc.

Nghién ctru cho thdy & chi sé diéu ché
m = 1 va tan sd séng mang fc= SkHz thi
ky thuat diéu khién PS dat THD 1% tdi uu
nhat nhung THD U% lai cao nhét
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