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TOM TAT

Bai bdo nay nghién ciru so sanh cac ky thudt diéu ché d¢ réng xung phirong phap song
mang (CPWM). Trong dé hai ky thudt diéu ché song mang dong pha (PD PWM) va diéu ché
song mang dich pha (PS PWM) dap dung trén bg nghich lwu mot pha cascaded 5 bdc (CHB
Inverter). Chat luvong cua thiét bi chuyén doi dwoc danh gia dwa trén tong do méo dang hai
(THD%) dong dién va dién dap ngo ra cua bo nghich luu sé dwoc khao sat, phan tich, danh gid
va so sanh. ‘Viéc mé hinh hoa va mo phong chor nghich luu mot pha cascac{ed 5 bac de’.O’C thuc
hién boi phan mém MATLAB/SIMULINK va két qua mo phong sé dwoc kiém chirng bang thuc

nghiém trén mo hinh pfzc?n‘cdng bo nghich luu Cascaded 5 bdc xdy dung theo dang module
linh hoat va  diéu khién bang vi diéu khién DSP 28379D.

Tir khoa: Té?ng‘ dé méo dang hai (THD%); Piéu ché dj réng xung séng mang (CPWM); Ky
thugt PWM dong pha (PD PWM), Ky thudt PWM dich pha (PS PWM),; bé nghich luu
cascaded (CHB_Inverter)

ABSTRACT

This paper studies and compares carrier-based pulse width modulation (CPWM)
techniques. In which, two techniques of co-phase carrier modulation (PD PWM) and
phase shift carrier modulation (PS PWM) are applied on a 5-levels cascaded single-phase
inverter (CHB Inverter). The quality of the converter is evaluated based on the total
harmonic distortion (THD%) output current and voltage of the inverter to be investigated,
analyzed, evaluated, and compared. The modeling and simulation for the 5-levies
cascaded single-phase inverter are done by MATLAB/SIMULINK software and the
simulation results will be experimentally verified on the 5-levels Cascaded inverter
hardware model built according to flexible module form and controlled by DSP 28379D
microcontroller.

Keywords:  Total harmonic distortion (THD%); carrier based pulse width
modulation(CPWM),; PWM technique in phase (PD PWM), phase-shift PWM technique (PS
PWM); Cascaded inverter(CHB inverter).

1. GIOI THIEU bac. Sau dé, cac bd nghich luu da bac lan
lugt dugc phat trién. Nam 1981, bo nghich
lru dang diode kep (NPC) dugc dé xuat [2].
Nam 1992, nghich luu da bac dang tu kep
duoc dé xuit. So do mot pha cua cac bo
nghich luu da bac dugc minh hoa ¢ Hinh 1.

B6 nghich luu da bac cascaded dau tién
dugc dé xuit vao nam 1975. Cac cau H voi
ngudn DC cach ly dugc ghép ndi ting nhau
dé tao dién ap ngd ra nhiéu bac [1]. B bién
d6i nay 1a céu trac dau tién ctia nghich luu da
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(NPC) Inverter

Hinh 1. So do cua 3 dang nghich luvu da bdc
co ban

Cascaded H-bridge
(CHB) Inverter

Bo nghich luu dang cascaded la b
nghich luu gom nhiing module cau H dugc
ghép xép tang. N6 c6 uu dlem hon cac bd
nghich luu khéac 1a khong can diode hodc tu
kep va c6 tinh module nén dé dang thyc hién,
ting va giam sb bac hodc sta chira, thay thé
mot cach linh hoat [3]. Tan s6 dong ngit
trong mdi module ctia dang mach nay cé thé
giam di n lan va dv/dt cling giam di nhu vay.
bién ap dit trén cac linh ki¢n gidm di 0.5n
lan [4].

Trong bai bao nay, cac tac gia sé so sanh
tong d6 méo dang hai (THD%) cia bd
nghich luu mdt pha cascaded 5 bac vdi cac
phuong phap diéu ché song mang [5]. Cac ky
thuat diéu Che do rong xung da song mang
(CPWM) gdm bé tri cac song mang dong pha
(PD PWM), va dich pha (PS PWM) tuong tu
nhu[6] s€ dugc so sanh va danh gia.

Chét luong cta cac phuong phap diéu
khién PWM d6i v6i BNL 4p 1 pha 5 béc
cascade s€ dugc danh gia, va so sanh thong
qua thong sé d6 méo dang dong dién ngd ra
(THD%)

Céc phan chinh trong bai bao nay gom:

o Ky thuat diéu ché do rong xung song
mang (CPWM) trén cau tric cascaded 5
bac.

e Phan tich mo phong, thuc nghiém kiém
ching cac ky thuat song mang trén bo
nghich luu.

e So sanh cac phuong phap diéu khién.

2. CAU TRUC BO NGHICH LUU
CASCADE 5 BAC

B6 nghich lru trong hinh 2 ¢6 thé tao ra
mot dién ap pha voi nam bac dién ap. Khi
cac khoa Sia, Sza, S3a, va Ssa cung dong
dién ap ngd ra cua cau 2 cau Vi=Vm=E, va
két qua dién 4p pha bo nghich luu
Vac=Vm+Vm=2E. Giéd tri dién ap nghich
luu Vag theo trang thai cac khoa Sia, Soa,
S3a, Saa dugc mo ta day du trén bang 1.

Tong d6 méo dang hai THDY% (Total
Harmonic Distortion), dugc tinh theo:

1}2 I(J)
j#l (1)

THD, =4

®

b6 meo dang trong truong hop dong
dién khong chtra thanh phan DC dugc tinh
theo hé thirc sau:
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Trong do:
I(j): tri hi¢u dung song hai bac j, > 2.

I (1): tri hiéu dung thanh phan hai co ban cta
dong dién.

~A-
F__Eg _______ O
s e |
glLE |
I ! I
| vV
| e Vg |
| —— ] O
TH 3]
I S:l S’4:| |
| |1+ T |
T |
|
| I Ve k|
| LG |

Hinh 2. Cdu triic bé nghich lwu cascaded 1 pha
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Bing 1. Trang thdi chuyén mach bg nghich
luu mot pha cascaded 5 bdc

1<Ve3<2, 0<Ved<l va dugc so sanh v&i mot
dién &p diéu khién (Vref). T d6 cac xung

Trang thai cac khéa | Pi¢én | Dién PWM dugc tao ra co6 trang thai mac cao khi
bién dp ap tin hiéu dién ap tham chiéu 16n hon tin hiéu
alf cau | cau song mang. Doi vai bo nghich luu cascaded
pha H H 5 bic, nguyén 1y tat ca 4 song mang déu clin
S S S S , , ac, nguyen ly g g g
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E ) ) ) ) v E Hinh 3. (’han do xung klci.zﬁ‘vm czﬂc gia tri
khac nhau cua ap diéu khién.

3. KY THUAT DPIEU CHE PQ RONG
XUNG SONG MANG (CPWM)

Trong phuong phap nay dé tao gian dd
kich dong céac linh kién trong cung mdt
nhanh cua bo nghich luu, phai st dung mot
sO song mang dang tam gidc va mot tin hi¢u
diéu khién dang sin dugc trinh bay trong [7].
Pbi véi bo nghich luu da bac (n), sd song
mang duogc su dung 1a (n-1).

Céc ky thuat diéu khién trén trong bai
bdo nay cac tac gia s€ trinh bay va so sanh
trén hai ky thuat diéu khién song mang la
diéu ché do rong xung 4 song mang dong pha
(PD PWM), va diéu ché d6 rong xung dich
pha (PS PWM).

3.1 B tri song mang dong pha (PDPWM)

Nhu hinh 4 cac song mang dugc bé tri
trong cac khoang 3<Vcl<4, 2<Vc2<3,

s

Hinh 4. Qua trinh tao xung kich theo
phwong phap PD _PWM.

3.2 B tri song mang dich pha (PS_PWM)

Trong phuong phap nay, cac song tam
giac sé bi léch pha ¢ bai mot goc pha nhat
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dinh giita cac séng mang lién ké&. Géc pha 4. MO PHONG KY THUAT PWM CHO
@ c6 thé dugc tinh theo cong thirc (7). BNL CASCADE 5 BAC
360° (1)

n-1 ' = 0 5 | | [

¢):

Trong dé: n la s6 bac cua bd nghich luu.

Phuong phap dich pha 4 séng mang cua
b6 nghich luu cascaded 5 bac sir dung. Hai
song mang lién ké s& 1éch nhau 90° dugc mo
ta trong hinh 5, trong do tin hi¢u cua mot
dién ap tham chiéu (Vref) dugc so sanh véi 4
tin hiéu song mang tam giac léch pha tao
xung cho bd nghich luu 5 bac nhu hinh 6.
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Trong phan nay phan mém MATLAB
dugce sir dung dé mo phong cac ky thuat diéu
ché song mang cho BNL cascaded 5 bac. So
/ d6 m6 phong dugc mo ta trén hinh 7.

Y N x 7\ Hinh 7. So d3 mé phong BNL 5 béc.

Bing 2. Théng sé6 mé phong

Vi Tén goi Ponvi Do lén
0 [1] Dién 4p ngudén DC \ 50
Dién trd tai Q 45

Sy 1 lo] 1 0 7 0
Sul0 1 0 0 0 Cudn cam H 0.08

Tan s6 song mang kHz 5

Vxe
-E . . A X
2 [T Thoi gian 1ay mau us 2

Hinh 5. Nguyén Iy déng ngat sit dung ky Tan s6 co ban Hz 50
thudt PS PWM. 4.1 Mo phéng phuwong phap PD_ PWM

Dang tin hiéu chuyén mach trén cac khda
IGBT sur dung ky thuat PD PWM thu duoc
két qua mo phong trén MATLAB nhu sau:
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Hinh 6. Qua trinh tao xung kich theo phuwong
phap PS PWM. Hinh 8. Dang xung kich PD_PWM
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Hinh 9. Dong dién va dién dp ngo ra PD
PWM

4.2 MO phéng phwong phap PS_PWM

Tin hiéu cta cac khoa cong suét Sy,
S2, S3, S4 khi 4p dung phuong phap PS
PWM dugc trinh bay nhu hinh 10:
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Hinh 10. Dang xung kich ky thudt PS PWM
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Hinh 11. Dong dién va dién dp ngo ra PS
PWM

Két qua va phan tich 6 méo dang dong
dién THDI theo tin s6 song mang khi
m=0.866 duogc bd tri trén hinh 12. O day, tan
s6 song mang duogc chon thay d6i trong pham
vi 1kHz-10kHz.

1,8
1,6
1,4
1,2

THD%

0,8
0,6
0,4
0,2

1kHz 2kHz 5kHz 7kHz | 9kHz 10KH

a=PD

1,57 0,59 0,34 0,26 0,36 041
e—pPS PWM 1,85 1,28 0,52 04 0,57 0,78

Hinh 12. Pdnh gic THD% khi thay doi tan
50 song mang fc

Tir hinh 12 cho thiy d6 méo dang dong
dién giam, khi f. thay ddi trong pham vi
(1kHz,7kHz) va tang trong pham vi
(7kHz,10kHz). B0 méo dang cua phuong
phédp PD PWM lu6n nho hon so véi phuong
phap PS PWM. Chang han khi fc=2kHz,
THD» cua phuong phap PD_PWM la 0.59%
thdp hon gia tri cia phuong phap PS PWM
la 1.28%. Gi4 tri THDr nho nhét cta hai
phuong phéap xdy ra khi fc = 7kHz, luc do
THD;g cua phuong phap PD_ PWM 1a 0.26%
va phuong phap PS PWM la 0.57%.

3
2,47

25 fc=5kHz

2

1,37
1,5

THD%

1
0,71

0,5

0,4 0,52 0,51 0,46

0,36
0,32 0,27 0,260,28

02 04 06 07 08 09 1
1,37/0,71 0,36 0,32 0,27 0,26 0,28
= PS_PWM 2,47 1,18 0,62 0,4 0,52 0,51 0,46

e P

Hinh 13. Danh gi¢ THD% khi thay doi chi
5o diéu ché m
Két qua va phan tich do meo dang dong
dién THDI ‘gheo chi s6 diéu chf: khi fc = 5
kHz dugc bo tri trén hinh 13. O day, chi so
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diéu ché (m) duoc chon thay ddi trong pham
vi 1-10.

Tir hinh 13 cho thay d6 méo dang dong
dién giam, khi m thay ddi trong pham vi
(0.2,0.8) va thay d6i khong dang ké trong
pham vi (0.8,1). P méo dang cua phuong
phap PD PWM lu6n nho6 hon so voi phuong
phap PS_PWM. Chang han khi m=0.4, THD;
ciia phuong phap PD PWM 1a 0.71% thap
hon gia tri cia phuong phap PS PWM Ila
1.18%. Gia tri THD; nhd nhit cia hai
phuong phap xay ra khi m=0.8, luc d6 THD;
cua phuong phip PD PWM Ia 0.27% va
phuong phap PS PWM la 0.52%.

5. THUC NGHIEM BNL CASCADED 5
BAC
Mﬁ hiqh duogc thyc nghiém lap trinh trén
vi di€u khién DSP TMS320F28379D véi cac
ky thuat diéu ché song mang.

Hinh 14. M6 hinh thyc nghiém bo nghich luu
cascaded 5 bdc

Céac s6 lidu cia md hinh thyc nghiém
dugc trinh bay trong bang 3

Bing 3. Thong sé6 mé phong thiee nghiém

Gia tri

Dai lwgng

Chi s6 diéu ché (m) 0.866
Tan s song mang (fc) 5kHz
Tai R 45Q
Tai L 80mH
Tan s 4p ra 50Hz
Dién ap trén 1 nguén DC 50V

51 Thuc nghiém k§ thuit PD_PWM

Tek I @ Stop M Pos: 37.20ms CH4
+

Coupling
B'W Limit

CHZ 50,0V
CH4 50,0%

M 10.0ms

CH3 50,0V 26-Mar-21 15:34

Hinh 15. Dang xung ky thuat PD_PWM

Tek .. ®Stop MPos: 3360ms  TRIGGER
+

Type

Source
CH1

Slope
Mode
Coupling

M 10.0ms
26-Mar-21 15:24

Hinh 16. Dong dién ngo ra su dung ky thudt
PD PWM

Tek o 0% @ Stop M Pos: 37.20ms

M 10.0ms
26-Mar-21 1527

Hinh 17. Dién ap ngo ra sur dung ky thudt
PD PWM

Tek A Pos: 250,0Hz MATH

-
Operation

Source
CH1

M

i | Window
= i
h ! fadeent FFT Zoom

i 1

| ..hm]bmmmmmml y @

CH1 10.0d6 50.0Hz (1.00kS/s) Flatton
26-Mar-21 15:30

Hinh 18. Phén tich phé hai dong sir dung ky
thudt PD PWM
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Selected signal: 5 cycles. FFT window (in red): 2 cycles
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Hinh 19. Phan tich FFT hai dong ngo ra sw
dung ky thuat PD PWM

Phan tich két qua:

Hinh 15 cho thiy xung kich trén céc
khoa IGBT c6 dang song tuong tu nhu két
qua md phong ¢ hinh 8.

Dong dién va dién ép’ng() ra c1:1a bd
nghich Iuvu ¢ hinh 16, 17 giong nhu két qua
da mo phdng trén hinh 9.

_ Phan tich FFT ¢ hinh 18,19 v6i chi s6 diéu
ché m=0.866, tan so6 song mang fc= SkHz tong
dd méo dang hai d(:)ng dién ngd ra THD% la
4.9% dat chi tiéu chat lugng theo [8].

5.2 Thwe nghiém Ky thuit bd tri séng
mang dich pha (PS_PWM).

Tek g ® Stop M Pos: 40.80ms CH4

3 1Z.x:|ng

11T A

0 O | | | (9 U

] | | O O | | R <
Invert
0ft

H2 50.0V M 500 us
CH1 vertical position 1,36 divs (68.0Y)

Hinh 20. Dang xung kich ky thuat PS PWM

Tek s ® Stop M Pos: 40.00ms
+

M 10.0ms
26—rar—21 16:.07

Hinh 21. Dong dién ngo ra su dung ky thudt
PS PWM

® Stop M Pos: 40,00ms CH

CH2 50,0V M 10.0ms
26-Mar-21 16:08

Hinh 22. Dién dap ngo ra sw dung ky thudt PS
PWM

il Pos: 250,0Hz
-

Tek MATH

Operation

Source
CH1

Window

FFT Zoom

Flatton

CH1 10.0dB

50.0Hz (1.00kS /s
26-Mar-21 16:10

Hinh 23. Phén tich phé hai dong ngé ra sir

dung ky thuat PS PWM
Signal Avaiable signals
Selected signal: 5 cycles. FFT window (in red): 2 cycles o
50
& Name: iabc <
8
E
s 0 put: input 1 v
2
S
2 Signal number: [ <
-50
Display: @ Signal
0 001 002 003 004 005 006 007 008 009 0.1 -
(O FFT window
Time (s) U
FFT analysis FFT seltings
Fundamental (50Hz) = 57.26 , THD= 5.54% Start tme (5 004
7
Number of cycles: 2
6 Fundamental frequency (Hz): 50
3 Max frequency (Hz): 1000
£s
£ Max requency for THD computaton:
B4 Nyquist frequency e
5
e
5, Display sty
2 Bar (relative to fundamental) |
g
32
; v
Display Export

oL
0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Hinh 24. Phan tich FFT tong hai dong ngé
ra sw dung ky thuat PS  PWM
Phan tich két qua:

Hinh 20 xung kich trén cac khoa IGBT
c6 dang song tuong tu nhu két qua md phong
¢ hinh 10.

Dong dién va dién ap ngd ra cua b
nghich luu & hinh 21, 22 giong nhu két qua
da mo6 phong trén hinh 11.
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Phan tich FFT ¢ hinh 23, 24 v&i chi sb
diéu ché m=0.866, tin s6 soéng mang fc=
5kHz téng d6 méo dang hai dong dién ngd ra
THD% la 5.54%.

Phan tich thuc nghiém THD% cho
phuong phap PD PWM, PS_ PWM theo chi

s6 diéu ché m=0.866, tan s6 song mang thay
d6i tir 2kHz<fc<5kHz.

(=)
2 6
T 4
2
0
1kH 2kH 5kH 7kH 9kH 10k
z z z z z Hz
=P 10,986,71 4,9 4,35 3,98 3,42

PS_PWM 11,237,54 5,54 6,29 5,68 6,61

Hinh 25. Bdnh gid thuc nghiém THD% khi
thay doi tan so song mang

Tu hinh 25, thay dugc gia tri THD%
dong dién giam dan khi tin sb song mang
tang. Phuong phap PD-PWM c6 THD% nho
hon so v&i phuong phap PS-PWM trong toan
vung khao sat 1kHz<fc<10kHz.Vi dy, ¢ gia
tri fc=2kHz, thi THD% cta phuong phap PD
la 6.71%, trong khi cua PS-PWM la 7.54%.
Véi chi s6 m 16n, fe=5kHz thi THDY% cua
phuong phap PS-PWM la 5.54% va giam
xubng con 4.9% khi ap dung phuong phap
PD-PWM.

T hinh 26, thdy duoc gia tri THD%
dong dién tai giam dan khi chi sé diéu ché
tang. Phuong phap PD-PWM c6 THD% nho
hon so v&i phuong phdp PS PWM trong
toan vung khao sat 0.2<m<0.9.

Cuy thé ¢ gia tri m= 0.2, thi THD% cua
phuong phap PD_PWM la 13.73%, trong khi
ciia PS-PWM 1a 20.98%. Vi chi s6 m 16n,
m=0.8 thi THD% cua phuong phap PS-PWM
1a 5.1% va giam xudng con 4.98% khi ap
dung phuong phap PD-PWM.

25
20,98
fc=5kHz
20
15 12,07
(=]
& 13X3
T 10
T 6,28
5,8,984,75

48
483 %3 863,55

02 04 06 07 08 09 1
13,738,09 6,14 4,89 4,8 3,86 3,55
PS_PWM 20,9812,077,34 6,28 5,1 4,98 4,75

a— PD

Hinh 26. Banh gid thuc nghiém THD% khi
thay doi chi s6 diéu ché
6. KET LUAN

Bai bdo nay tap trung phén tich cac ky
thuat diéu ché do6 rong xung séng mang
(CPWM) ap dung vao cdu trac bd nghich luu
mot pha cascaded 5 bac sir dung tai myén
tinh RL.

Két qua mo6 phong dong tai ngd ra ciia bd
nghich luu cho cac ky thuat diéu ché song
mang PD PWM, PS PWM cho thiy tong do
méo dang hai (THD%) giam dan khi ting dan
tan s6 song mang (fc) va chi s6 diéu ché (m).

Trong d6 k¥ thuat didu ché PD PWM
cho két qua THD% tot hon. Két qua md
phong ciing duge kiém ching bang thuc
nghiém va cho két qua phu hop.
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