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NANG CAO CHAT LUQNG PIEN AP RA NGHICH LUU CAU H
NHO GIAM TONG LUQNG SONG HAI BANG CACH THAY POI
THOI GIAN PHAN BO TRANG THAI PIEN AP 0 VA KHAC 0

Lé DPirc Tiép!, Lwong Thi Thanh Hal", Nguyén Thi Ngoc Mail
YWién Ky thudt diéu khién, Truong Pai hoc Ky thudt Lé Quy Pén

Tém tit

Bai bao trinh bay mot phuong 4n nang cao chat lwong dién ap xoay chiéu dau ra nghich luu
cau H duya trén co s thay ddi quy luat phan b trang thai dién 4p 0 va khac 0 cia nghich
Iwu khi diéu khién chuyén mach nghich Iuu cau H. Céac két qua duoc khao sat, phén tich, so
sanh va danh gia bang mo hinh md phong trén phan mém Matlab-Simulink. Trong d6, chi
s6 muc hai co ban va tong luong séng hai bac cao (THD) dugc ding dé so sanh, phan tich
va danh gia chit lugng cac dién 4p ra nghich luu cAu H & cac ché d6 chuyén mach khéac
nhau nhu diéu ché d6 rong xung theo quy luat sin (sinPWM), diéu chinh rong xung (SIR)
va luat diéu ché do rong xung cai tién dé xuat. Két qua thu duogc da chi ra dang dién ap
xoay chiéu dau ra nghich luu cau H véi luat chuyén mach tudn tu cai tién cho chat luong tdt
hon so v&i ban dau. Didu nay c6 ¥ nghia thuc tidn trong nghién ctru thiét ké cac mach bién
d6i nguon cho cac hé truyén dong dién xoay chiéu.

Tir khéa: Piéu chinh do rong xung; SinPWM; SIR; nghich heu cau H; téng lwong séng hai TDH.

1. Pit van dé

Ngay nay, véi su phét trién manh mé cua cac bo bién d6i ban dan, céc khda chuyén
mach tan s6 cao nhu IGBT, MOSFET, BJT thi cdng nghé inverter duoc sir dung rat rong
rdi va pho bién trong cong nghiép trong cac hé truyén dong dién mot chiéu, xoay chiéu.
Dic biét, trong linh vic quan sy qudc phong, cac thiét bi bién d6i ngudn theo céng nghé
cii (cha yéu 13 bién d6i dién co) dang dan duoc thay thé bai cac bo bién doi nguon tng
dung cdng nghé dién tir cong suat. Cac bo bién doi nay cd nhiéu wu diém vuot troi vé kich
cd, gia thanh, dé dang thay thé, san xuat, cling véi do tinh on dinh ngay cang dugc nang
cao. Thuc té, co rat nhiéu ky thuat chuyén mach khac nhau cho cac dang nghich luu cau
mét pha (cau H), cau nghich luu ba pha... Trong d6, ndi bat véi cac ché do diéu ché do
rong xung PWM khac nhau nhu diéu ché do rong xung theo luat sin (SinPWM), diéu
chinh bé rong xung (SIR), diéu ché d6 rong xung theo md dun vecto khong gian
(SVPWM) [1, 2]; c4c luat chuyén mach s6 nhu luat chuyén mach ddi xéng, luat chuyén
mach tuan ty, luat chuyén mach tuan tu tiét kiém nang luong, luat chuyén mach khong
d6i xtmg [3]... Pic diém chung cua cac ky thuat chuyén mach nay la dang dién ap dau ra
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la cac xung vudng vai cac kiéu bién d6 khac nhau, trong dé cac trang thai dién ap 0 va khéac
0 dugc phan bé theo nhiing quy luat nhat dinh. Vi cac dang dién &p nay thi téng luong
song hai (Total Harmonic Distortion) c6 anh huéng 1on t6i hiéu ning cua hé thong, gia tri
hiéu dung, gié tri dinh va dang dong dién ciing nhu dién ap [4-6]. Trong d6, viéc phan b
c4c trang thai dién &p 0 va khac 0 cua cau nghich luu c6 anh huong to 1on téi chat luong
xung dién &p [1, 7, 8]. T nhitng anh huong ndy dan téi céc van dé nhu lam ting dang ké
nhiét d6 cac thiét bi tai nhu dong co va day dan, anh huong dén do bén cach dién cua vat
liéu, anh huong dén sy hoat dong cua cac thiét bi bao vé nhu cau chi, cac thiét bi do dém co
thé nhan sai dir liéu, anh huong téi cac thiét bi vién théng, ton hao cong sut trén duong
truyén, dao dong toc do hay do on dinh caa hé thdng. Vi vay, viéc cai thién chét luong dién
ap dau ra bang cach giam tong luong song hai c¢6 ¥ nghia to 16n va gia tri thyuc tién cao.
2. Pé xuat thuat toan chuyén mach va phan tich so sanh

So db dau néi nghich luu cau H vai tai dién tro ¢d dang nhu hinh 1 [1, 5]. Trong d6
U1, U2, U3, U4 la cac tin hiéu diéu khién dong cit cac khoa ban dan S1, S2, S3, S4 cua
nghich luu cau H, R 12 tai dién trg dau ra nghich luu cau H.

TEEICRIED O

Hinh 1. So' do6 dau noi nghich lwu cau H véi tai [1, 5].

Thuc té, viéc diéu khién nghich luu ciu H thuong & cac ché d6 diéu ché do rong
xung SinPWM hoac SIR. Vi ché do diéu ché do rong xung SinPWM thi dang dién 4p
dau ra ¢ ban ky duong s& c6 dang nhu hinh 2 véi truong hop c¢6 5 xung dién ap va co
dang tuong ty voi truong hop co sd xung ap nhiéu hon; ¢ ban ky 4m dang dién ap hoan
toan tuong ty nhung voi dau dao chiéu.

Hinh 2. Dang dién &p ra nghich luu cau H trén niza ban ky dicong ¢ ché dg SinPWM.
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Trong ché @6 diéu ché do rong xung SinPWM, toa do tdm cua cac xung s€ dugc
xac dinh theo cac cong thurc sau:
_T(@i-0.5)
= Z—p
trong d6: T - chu ky cua dién ap hinh sin chudn mong mudn dau ra; p - s6 luong xung trong

d.

1)

ntra chuky T/2;i1=0, 1,2 ..., p. P rong cua xung thtr i dugc xac dinh theo cong thirc:
- k,T sin(wd;) @
2p
trong do, kp - hé s6 diéu chinh dién ap trong khoang tir 0 t&i 1, @ = 2r/T 14 tan s goc
dién ap sin chudn mong mudn.

Véi k¥ thuat diéu chinh rong xung SIR thi cac xung dién ap dau ra khac 0 c6 do
rong xung bang nhau, cac xung dién ap 0 ciing c6 do rong xung bang nhau, véi cac luat
chuyén mach s6 dang dién 4p dau ra ciing twong tu theo nguyén tic diéu chinh rong
xung SIR [1, 3, 7]. Dang dién 4p dau ra trén nira ban ky duong sé c6 dang nhu hinh 3,
v6i nira ban ky am ciing twong tu nhung xung ap c6 gia tri d6i diu am.

Hinh 3. Dang dién ra nghich lweu cau H trén nita ban ky dwong & ché dg SIR
hodc mot ) luat chuyén mach 6.

Dé nang cao chat luong dién ap dau ra, nhom tac gia dé xuat phuong an moi dé
phan b trang thai dién ap khac 0 va dién ap 0 nhu sau: Gia sur ta can diéu ché dién ap
xoay chiéu dang xung c6 chu ky T gidy véi hé sb diéu chinh dién &p kp. Nhu vay, tong
thoi gian luu giir cac trang thai dién ap khac 0 trén mot chu ky T s& 12 kp.T gidy, tong
thoi gian luu giit cac trang thai dién ap 058 1A T - kp.T = (1 - ko) T gidy. Véi p 1 s6 cac
xung dién &p khéac 0 can diéu ché trong mot ban ky thi do rong xung dién &p tha i cua
no sé dugc xac dinh theo cdng thirc sau [6]:

_k,Tsin(iz/(p+1))
2§sin(iﬂ/(p+1))

Dé dam bao tinh ddi xing trong quy luat phan b céc trang thai dién &p 0 va khac 0,
ta diéu ché s xung dién &p 0 1a p + 1, khi dién 4p trung binh nho hon dién &p dinh mic,

©)

Pi
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tire 1a kp > 0 thi thir t diéu ché sao cho trong mét nira chu ky dién &p xoay chiéu ludn
bit dau va két thuc 1a gia tri dién ap 0, khi d6 do rong xung cua xung dién ap 0 thi i s&
duogc xac dinh nhu sau [6]:

1-k_ )T|cos(iz/(p+2

’ Zg‘cos(ifz/(p + 2))‘

Nhén thay:
- Vé6i biéu thire (3), ta thiy rang ti 16 do rong xung giita cac dién ap khac 0 s&

duoc phan bd ti 18 véi ham sin cua cac goc tuong ung la i72'/( p +1) véii=1,2,.,p.

- Véi biéu thirc (4), ta théy réng ti 1€ do rong xung gilra cac dién ap 0 s€ dugc
phan bb ti 18 véi tri tuyét dbi ciia ham cosin cua cac goc tuong tng 1a iz / ( p+ 2) voi
i=1,2,..,p+1

Nhu vay, voi quy luat phan bd dién ap khac 0 va dién 4p 0 nhu trén, ta co thé goi
phuong an dé xuét 1a ché do diéu ché do rong xung theo quy ludt sincos, viét tat 1a
SincosPWM.

So sanh voi ché 46 SinPWM, xét biéu thire (1) va (2), thy rang d rong xung cua
cac xung dién ap khac 0 dugc phan b ti 18 v6i ham sin cua cac goc ¢ ti 1é twong tng
theo phép chia la 0,5 : 1,5 : 2,5..., nghia la cac goc ctia ham sin xung thir i s€ 16n hon
gdc ham sin cua xung dau tién v6i boi sé theo quy luat 1an luot 14 1, 3, 5, 7,... va tam
ctia cac xung ap khac 0 duoc phan bd déu trén truc thoi gian cach nhau mot khoang 1a
T/2p. Nhu vay, thoi gian luu gitt cac trang thai dién ap 0 ¢ gilra hai trang thai dién ap
khac O thorivai+1la:

T ka[sin(a)di+l)—Sin(a)di)]
2p 2p
Con & ché do SincosPWM dugc dé xuat thi boi sé nay theo thir tw 1a 1, 2, 3, 4,..., tam
clia cac xung ap khac 0 phan bd khong déu trén truc thoi gian, dong thoi ¢ ché do

(®)

SinPWM viéc phan b thoi gian luu gir trang thai dién ap 0 khong theo quy luat cua
ham cosin.
3. M6 phéng danh gia, so sanh két qua

Pé kiém tra, danh gia, so sanh ché do diéu ché do rong xung SincosPWM duogc dé
xuat trong ndi dung bai bao voi cac phuong phap thudng dung trude day, ta sir dung
cong cu Matlab véi cac mo hinh mé phong véi tai thuan tré nhu hinh 4, véi tai RL nhu
hinh 5.
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Mo hinh mé phéong bao gém céc khdi sau:

- C4c khoa ban dan IGBT S1, S2, S3, S4 cta nghich luu cau H;

- U _DC la ngudn dién mot chiéu cap cho nghich luu cau H véi gid tri 100 V;
- SincosPWM 1a khdi mo phong thuat toan diéu ché do rong xung dé xuit;

- SinPWM 1a khdi mé phong thuat toan diéu ché do rong xung theo luat sin;
- SIR 14 khéi tao tin hiéu diéu chinh bé rong xung SIR;

- Utai 12 khdi hién song dién 4p dau ra nghich luu dit trén tai.

' |

Outi . | 4 ¢ ,
i ! » @ o @ o
i
SincosFWM | Logical 51 HG 53 Hm
i Operatorl
i P NOT | > " .
i
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—> - R
N — ' = :
_____ 2 = o = o
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SIR | s2( 54|
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powergui :l
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Hinh 4. M6 hinh mé phong diéu khién chuyén mach nghich lwu cau H 6 cdc ché dé diéu ché
do rong xung khdc nhau véi tdi thuan tré.
Két qua md phong véi truong hop riéng tai thuan tra khi tan s dién 4p mong
mudn 1a 50 Hz, s6 xung diéu ché trén mot ban ky 14 9, tan s6 dinh muc cho tai 1a 60 Hz
duoc thé hién trén céc hinh 5-8.
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) UFULR FOIGHITLE] 3. STHES UL LA

Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the
branch.

Parameters

Branch type: [RL -

Resistance (Ohms):
3

Inductance (H):
53%1e-3

[T] Set the initial inductor current

Measurements [Branch current ~

i 0K ” Cancel ][ Help Apply

(b)
Hinh 5. M6 hinh mé phong (a) diéu khién chuyén mach nghich heu cau H 6 cdc ché dé

diéu ché dg rong xung khdc nhau véi tai RL ¢6 thong so (b).
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b)

Hinh 6. Dang dién ap (a) va phé dién &p ra (b) cia nghich heu cau H & ché d SincosPWM
dé xudt trong trong hep tai thuan tro.
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(b)
Hinh 7. Dang dién ép (a) va phé dién ap ra (b) cua nghich heu cau H ¢ ché d@é SinPWM
trong truong hop tdi thuan tré.
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(b)
Hinh 8. Dang dién ap (a) va phé dién &p ra (b) cua nghich heu cau H ¢ ché dé SIR
trong trirong hop tai thuan tre.
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Két qua md phong voi truong hop riéng tai RL khi tan sé dién 4p mong mubn 1a
50 Hz, sb xung diéu ché trén mot ban ky 12 9, tan sb dinh mirc cho tai 1a 60 Hz duoc thé
hién trén hinh 9 va 10.
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(b)
Hinh 9. Dang dién ap (a) va phé dién ap ra (b) cua nghich leu cau H
& ché dp SinPWM trong triong hop tdi RL.
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(b)
Hinh 10. Dang dién &p (a) va phé dién ap ra (b) cia nghich heu cau H
& ché dé SincosPWM trong trieong hop tdi RL.
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Trong truong hop tai thuan trg, tir két qua md phong thu dwoc trén cac hinh 6, 7, 8
thdy rang ¢ cling hé sb diéu chinh dién ap kp va sd xung vudng trén mdi ban ky dién &p
xoay chiéu mong mudn bang 9 thi voi phuong phap diéu ché do rong xung SincosPWM
dé xuit cho chét luong dién &p tét nhit theo cac chi tiéu murc hai co ban va téng s6ng hai
lan luot 12 113,3 va 49,76. Trong khi d6, véi hai phuong phép con lai 12 SilPWM va SIR
cho céc chi sb chat luong dién ap theo cac tiéu chi trén 1a kém hon. Md phéng tuong tir
nhu trén véi cac trudng hop sé xung khac nhau, ta thu dugc bang so sanh, danh gia két
qua dudi day, trong d6 F 1a ky hiéu chi sé hé s6 hai co ban tai f = 50 Hz.

Bang 1. Céc chi s hai co ban (F) va téng lwong hai (THD) cua cac dang dién dp dau ra
nghich lueu véi s6 lwong xung khac nhau & cac ché d@g SincosPWM, SinPWM va SIR

£ 3 5 7 9 27
S0 xung

P F |THD| F |THD | F |THD | F | THD | F | THD

SincosPWM | 114,90 | 45,89 | 113,80 | 48,50 | 113,40 | 49,43 | 113,30 | 49,76 | 112,80 | 50,72

SinPWM 82,96 | 75,70 81,68 | 74,45 81,46 | 73,67 81,66 | 73,09 81,59 | 72,99

SIR 105,40 | 66,26 | 104,50 | 68,23 | 104,20 | 68,75 | 104,10 | 68,98 103,9 | 69,32

Tir bang so sanh két qua, thiy rang céc chi tiéu chat luong dién 4p mic hai co ban
va tong song hai & phuong phap SincosPWM dé xuét thi dién 4p ra nghich luu cau H
Vv6i cing hé s6 diéu chinh dién ap kp va sé xung vudng trén mdi ban ky xung dién &p
xoay chiéu diéu ché giong nhau déu tét hon so v4i hai phuong phap kinh dién la
SinPWM va SIR.

Trén thuc té, song hai cua dién ap nghich Iuu con phu thudc vao tré khang hé thdng
va sy bién dang ciia dong dién. Truong hop tong quat, xét két qua mé phong caa phuong
phéap mai voi truong hop tai RL, két qua duoc thé hién trén cac hinh 9 va 10 cho thiy ¢
cling hé sé diéu chinh dién &p ky va s6 xung trén mdi ban ky dién ap xoay chiéu mong
mudn thi voi phuong phap diéu ché do rong xung SincosPWM dé xuit cho chat lwong
dién ap t6t hon rat nhiéu theo cac chi tiéu mirc hai co ban va tong séng hai lan luot 1a
1,192 va 66,45 so véi phuong phap SinPWM cac théng sb twong tng 1a 0,59 va 92,72.

Téng luong hai co ban cao hon x4p xi 2 1an, tong song hai bac cao giam 26,27%.
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4. Két luan

Bai bao d trinh bay mot phuong phap méi dé phan b tinh toan d6 rong céc xung
dién 4p 0 va khac 0 dau ra cia nghich luu cau H va duoc goi 1a SincosPWM. Trén co s
ly thuyét duoc trinh bay, nhom tac gia da tién hanh 1ap trinh mé hinh mé phong trén
Matlab-Simulink, tir d6 phan tich danh gia, so sanh chit luong xung dién ap ra thong
qua cac chi s6 hé sé hai co ban va téng luong séng hai bac cao trén cac phd dién é&p thu
duoc voi dang dién &p cua cic phuong phéap kinh dién nhu SinPWM va SIR. Két qua
md phong budc dau di khang dinh, véi phuong phap dé xuat véi cing chi sé diéu chinh
dién &p kp da xac dinh va sé xung vudng trén mdi chu ky xung dién ap xoay chiéu duoc
diéu ché, dang dién ap dau ra cho chi s6 hai co ban va tong hai bac cao tét hon so véi
cac phuong phéap thong dung trude day.
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POWER QUALITY ENHANCEMENT OF H-BRIDGE INDIRECT
OUTPUT VOLTAGE BY CHANGING TIME DISTRIBUTION
OF VOLTAGE STATUS 0 AND DIFFERENT 0

Abstract: This article proposes a plan to improve the quality of the output AC voltage of
the H-bridge inverter based on the change of the law of distribution of zero and non-zero
voltage states of the inverter when controlling the H-bridge inverter. The results were surveyed,
analyzed, compared, and evaluated by simulation model on Matlab-Simulink software. In which
the fundamental harmonic level index and the total harmonic distortion (THD) are used to
compare, analyze and evaluate the quality of H-bridge inverter output voltages in different
switching modes such as pulse width modulation according to sine law (sinPWM), pulse width
adjustment (SIR) and the proposed improved pulse width modulation law. The results show that
the H-bridge inverter output voltage form with improved sequential switching law gives better
quality than the original. This result has practical significance in the research and design of
power conversion circuits for AC power transmission systems.

Keywords: Pulse width adjustment; SinPWM; SIR; H-bridge invert; total harmonic
distortion (THD).

Nhdn bai: 22/09/2023; Hoan thién sau phan bién: 22/02/2024; Chcfp nhdn dang: 05/04/2024
a

104



