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BO DIEU KHIEN BANG TRE (HCC) DUA TREN LY THUYET
CONG SUAT TUC THOT P-Q CHO BO LOC CONG SUAT TiCH CUC

BA PHA KIEU SONG SONG

HYSTERESIS CURRENT CONTROL (HCC) BASED ON THE INSTANTANEOUS POWER THEORY (P-Q THEORY)

FOR THE THREE-PHASE SHUNT ACTIVE POWER FILTER

TOM TAT

Cac phu tdi dién ngay nay thudng st dung bd bién doi dién tir cong sudt co
Cc tiristo, IGBT chuyén mach, 1am thay ddi dang song dong dién, dién ap. Do goi
la cac phu tai phi tuyén, n6 phat sinh song hai trén ludi dién. Song hai gay ra tén
hao khong mong mudn, hién tugng rung ctia cac thiét bi dién, gdy sai so cho cac
thiét bi do va lam nhiéu cac thiét bi dién ti trong hé thong dién, lam gidm chat
lugng dién nang cla nguon dién. DE gidm anh hudng clia song hai can sit dung
bd loc tich cuc mdc phia trudc mdt nhom phu tai c6 nhiém vu bl céc séng hai bac
cao va b cong sudt phan khang thong qua mot bién tan ngudn ap dé diéu chinh
dong cap bi 1én ludi. Tiép theo cac nghién ciu vé thiét ké diéu khién cho bo loc
tich cuc, trong bai bdo nay, nhom tac gid ti€p tuc trinh bay mdt nghién cliu vé
thiét ké bo diéu khién bang tré (HCC) cho bo loc cong sudt tich cuc ba pha kiéu
song song.

Tir khéa: B6 loc cong sudt tich cuc (APF), bé diéu khién bdng tré (HCC).

ABSTRACT

Eletrical loads nowadays are normally integrated with a static converter that
has thyristor or commuting Insulated Gate Bipolar Transistor (IGBT) which can
change the current and potential’s waveforms. That is called non-linears loads
and it generates harmonics on the circuit. Harmonics can cause unexpected loss,
cause the vibration of electrical equipment and cause errors for the
measurements. They can also jam the electronic equipment in the power system
and reduce the quality of the electric power. In order to reduce the harmonic’s
influence, an active power filter needs to be slung in front of a group of loads
which are used to reduce the high order harmonics and compensate the reactive
power through a voltage source inverter that can reduce or compensate the
current of the circuit. Further to the study of the control design for active filter, in
this paper, the authors continue to present a study on the design of Hysteresis
Current Control (HCC) for the three-phase shunt active power filter.

Keywords: Active power filter (APF), hysteresis current controller (HCC).
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Nguyén Hai Binh"”, Vii Duy Hung’,
Hoang Thi Thu Giang?

1.DAT VAN BE
1.1. S6ng hai la gi
S6ng hai la séng diéu hoa bac cao co6 tan so la bodi s6
cUa tan s6 song co ban. Trong ludi dién song cc ban cla
nguén cdp la song sin tan s6 50Hz, cac song co tan s6
150Hz, 250Hz lan lugt la céc song hai bac 3, bac 5, bac 7...
(minh hoa trén hinh 1). S6ng hai gdy nhiéu, anh hudng truc
ti€p t6i chat lugng ludi dién va can dugc cha y téi khi téng
cac dong dién hai cao han muic d6 gidi han cho phép.
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Hinh 1. S6ng ¢ ban va cdc song hai

Cac thiét bi dién trén lugi dién khong hoat déng dugc
vGi cac séng hai. Vi vdy, séng hai sé bi chuyén hoa sang
dang nhiét nang va gay tén hao.

Mot tham s6 quan trong dé danh gia tadc ddong clia séng
hai la hé s6 méo dang (Total Harmonic Distortion: THD):
Trén thé gidi dua ra mét s6 tiéu chudn nhu IEEE 519-2014,
IEC 1000-4-3 vé gidi han thanh phan song diéu hoa bac cao
trén ludi, déi véi mai loai tai qui dinh THD < 5%, riéng déi
vGi tai ky thuat sé THD < 3%.

1.2. Nguyén nhan phat sinh séng hai

Nguyén nhan phat sinh séng hai do cac tai phi tuyén
céng nghiép nhu: Céac thiét bi dién ti cong suat, 10 hé
quang, may han, bé khéi dong dién tl, ddng mach may
bién ap céng suat 16n,... Cac tai dan dung: Dén phéng dién
chat khi, tivi, may photocopy, may tinh, 16 vi song,....
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Hinh 2. Dong dién lu6i gdy bdi chinh luu cdu ba pha khdng diéu khién

Fundamental (50Hz) = 36.07 , THD=35.01%
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Hinh 3. Phg ctia dong dién chinh luu cau ba pha khdng diéu khién

Hinh 2 va 3 minh hoa dang va phé ctia dong dién ludi
gay bai chinh luu cau ba pha khéng diéu khién. B6 loc tich
cuc nham gidm séng hai dong dién va bu cong suat phan

khang.
Sang ngubn Sang hai i Song hai b loc Song lang
$ 1 ngudn { g <:
Ngném Tai phi tuyén

e

Bé loc
tich cure

Hinh 4. Nguyén Iy hoat ddng ctia bg loc tich cuc

BO loc céng sudt tich cuc st dung cac phan ti dién tu
cOng suat dé loc cac séng hai bac cao trén hé théng dién
bang cach tao nén cac séng hai bang va ngugc pha vdi
song hai phat sinh trong mach. Trén hinh 4 ta thiy tng
cla séng hai do nguodn lhgusn Va séng hai do bo loc tich cuc
phat ra l,c bang khéng. Tuy nhién, cac song nay luén thay
d6i, do d6 bo loc tich cuc can dugc diéu khién theo tin hiéu
dang s6ng nguén va dang song tai va dugc phan anh qua
phan héi dong dién. Nha bé loc tich cuc, chat lugng dién
ap cling dugc nang Ién va tén hao céng suat trong luéi sé
gidm di.
1.3. Cau tric cta bé loc cdng suat tich cuc

Hién tai, c6 ba cdu truc ca ban clia bé loc cong suét tich
cuc [1]: Bo loc song song (Shunt APF), B6 loc néi ti€p (Series
APF), b6 loc két hop (Hybrid APF). Sau khi danh gia so sanh,
dinh hudng, bai bao nay sé st dung cau tric bo loc song
song (Shunt APF).

SAPF (Shunt Active Power Filter) la mét bé nghich luu
nguén &p ba pha dugc sit dung dé 6n dinh hiéu suat cta hé
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théng cong suat bang viéc tao ra cac dong dién tham chiéu
cho mach cau IGBT nham lam gidm hodc triét tiéu cac song
hai bac cao va bu cong sudt phan khang, minh hoa nhu
hinh 5.
Trong d6: - is Ia dong dién clia nguén phat
-ic la dong dién ctia bo loc tich cuc
- i la dong dién tai.

Ta co: is=ic+iL (1)

Bo6 loc cong suat tich cuc kiéu song song (SAPF) nhu
hinh 5, c6 thé lam gidm tén hao Iuéi dién bang viéc nang
cao hé s6 cong sudt va triét tiéu cac thanh phan song hai
bac cao, bén canh dé SAPF ciing lam gidm sut 4p trén
dudng day truyén tai ma khong can st dung cac may bién
ap tang 4p. SAPF sé lam tang kha nang truyén tai cong suat
dinh muc (céng suat tadc dung) cla cac tram bién thé, do
vay SAPF c6 thé gidm thgi gian hoat déng trong trudng
hop qua tai [2].

Viéc xac dinh vi tri dat bé loc can phai dugc tinh toan
theo mét s6 nguyén tac nhu:

- Gidam thiéu t6i da thoi gian truyén, khoang céach lan
truyén clia séng diéu hoa trén dudng day. bBiéu nay dugc
thuc hién bang viéc dat thiét bi loc gan nguén sinh séng
diéu hoa.

- Dat thiét bi loc gilra nguén vdi cac thiét bi nhay cam
V@i séng diéu hoa dé han ché anh hudng clia séng diéu
hoa tai thiét bi.

- D& thuc hién chiic nang nay bd loc APF hoat déng nhu
mot bd ngudn ba pha tao ra dong dién thich hgp bom lén
dudng day. Dong dién nay sé triét tiéu cac séng diéu hoa
bac cao sinh ra bgi tai phi tuyén la thanh phan ngugc pha
V@i téng séng diéu hoa dong dién bac cao.

, AN |

e .
PWM c
control

active
filter
controller

Hinh 5. Cau tric co ban cda bd loc cong sudt tich cuc ki€u song song

Theo hinh 5 ta c6 thé phan tich thanh phan dong dién
tai i. thanh t6ng clia dong co ban va dong song diéu hoa
bac cao:

i =i +i, =i +i +i, 2)
Trong d6: - ir la dong dién tan s6 co ban

- iv 13 téng cac dong song diéu hda bac cao
Do vay dé dong dién nguén sin: i, =i;

thi: i +i, =0 < i =i, 3)
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Nhu vay, hoat dong clia bo loc cdng suat tich cuc dam
bdo phat dugc dong dién ic cé vector dong cung do I6n
vector dong téng song hai nhung ngugc pha. D& thuc hién
dugc chiic nang nay, bo loc cong suat tich cuc can dam bao
thuc hién hai van dé sau:

- Trén co sé tin hiéu dong (i), dién ap (V) do dugc tu tai
trén hé théng dé tinh toan dong bu téng song hai (i*c = in);

- B6 diéu khién dong thuc hién diéu khién vong kin c6
phan héi dé thuc hién diéu khién ddng/cat IGBT phat ra
dong ic dua lén ludi sao cho (i*c = iw),...

2. TIM DONG PIEN PAT CHO BO PIEU KHIEN DUA THEO
LY THUYET CONG SUAT PHAN KHANG TUC THOI (p-q)
2.1. Khai niém

Trén ca s& ly thuyét p-q, dong dién dat dugc tinh theo
dong dién va dién ap do, réi chuyén déi sang hé quy chiéu
(a,B) st dung phucng phép chuyén ddi Clarke [3], tu d6
dong chuyén déi dugc st dung dé tao ra cac xung kich
IGBT sau qua trinh udc tinh dong ba pha tham chiéu s
dung bién d6i ngugc Clarke, chi tiét cia phuang phéap nay
dugc thao luan trong tai liéu [4, 5].

Hinh 6 thé hién so d6 khéi cla khau tinh dong dién
tham chiéu dua theo ly thuyét p-g. Hinh 6 chi ra ma tran
chuyén déi chi ti€t ctia khau tinh dong dién tham chiéu,
viéc tinh dong dién dat cho bd diéu khién chi tiét bang cac
phuang trinh toén hoc va céc phép bién di nhu trong tai

liéu [6].
m.._,
A
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Wl e libi i k*
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Hinh 6. So d6 cdu tric cia khau dong dién tham chiéu dua trén Iy thuyét p-q
2.2. Ung dung céng suat tic thai trong tinh toan dong
bu song hai

Ly thuyét cong sudt tdc thoi [7] duge ing dung vao qua
trinh tinh toan va thiét ké bo loc céng suat tich cuc mét
cach hiéu qua trén co sd nhiing uu diém sau:

- Ly thuyét cong suat tuc thai 4p dung cho hé 3 pha;

- Ly thuyét cho phép ap dung véi hé théng 3 pha céan
bang va 3 pha khong can bang, hé théng c6 hodc khéng cé
séng hai & ca dién ap va dong dién;

- Tinh toan tuc th&i nén cho phép téc dé dap ing nhanh
vGi hé théng;

- Tinh toan dan gian trén cc s& cac phép chuyén déi hé
truc toa do.
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Nhu céc biéu thiic phan tich trén va biéu dién trén hinh
7 thi p la thanh phan duy nhat tai can nhan, con cac thanh
phan khac sé dugc trao déi thong qua bd loc SAPF. p, la
thanh phan dugc cung cap ti nguén dén tai, n6 sé trao ddi
vGi bo SAPF d@é truyén dén tai ma khéng phu thudc vao
hoat déng cta b6 SAPF.

i
&)
&l
=

bl

NGUON TAI

bl ¢
BO LOC
TICH CUC

Hinh 7. Céc thanh phén bl cong sudt p , q, p, va p, theo toa d6 a-b-c

Phan tich trén cho thay bo SAPF chi can bu cac thanh
phan p va p, va cac thanh phan nay dugc trao déi tuc thoi
gitta bd SAPF va tai. Thanh phan céng sudt phan khang
dugc bu théng qua bd SAPF ma khéng phu thudc vao
dung lugng tu C. Nhu vay cong suat b loc tich cuc can bu:

pAF} _ {—p} @
_qAF _q

Va dong can bu:
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Hinh 8. Tong hop vé ma tran chuyén ddi cho qua trinh tim dong dién tham
chiéu theo Iy thuyét p-q st dung bién ddi Clarke.

Tuy nhién do dién ap trén tu la khéng én dinh, do d6 dé
dam béo dién &p trén tu khéng d6i thi nguén can cung
cap mot cong sudt P d€ duy tri dién &p trén tu khéng
déi. B&i vay, cong thic tinh dong bu can thiét trong hé ap
khi két hgp ca chiic nang loc séng diéu hoa va bu cong suat
phan khang:

i:a _ 1 VG V|3 _FS + plose (6)
i | Vetve|Vs —Vo |l —q

Tu céng thuc nay, ta tinh dugc dong bu trong hé toa dé
abc.
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Phép bién déi ngugc nay nham tim ra dong ba pha dat
cho bé nghich luu IGBTs, tir d6 c6 thé sit dung bo diéu
khién Pl két hop bd phat xung PWM dé kich m& cac cap van
IGBTs nham diéu chinh dong dién bu do bd nghich luu c6
thé tao ra.

Trong cac biéu thuc (5), (6), (7): D&u hoa thi “*" 1a gia tri
dat hay gia tri tham chiéu, dugc tinh tir cong suat tuc thoi
p-q cho cac pha
3. THIET KE BO PIEU KHIEN BANG TRE (HCC) DUA TREN
LY THUYET CONG SUAT TUC THOI P-Q CHO BO LOC
CONG SUAT TICH CU'C BA PHA KIEU SONG SONG
3.1. Cau truc téng quat

Cau tric cta bé loc cong sudt tich cuc st dung bé diéu
khién bang tré (HCC) nhu hinh 9. HCC [8] la phuang phéap
don gian va dugc st dung phé bién nhat véi d6 6n dinh
cao, dap ung nhanh va thich tng vdéi diéu kién tai thay déi,
tuy nhién nhugc diém I6n nhat ctia phucng phéap nay la tan
s6 déng cat cla IGBTs phu thudc vao tinh chat cda tai. Tan
s6 dong cat IGBTs dugc xac dinh bai sai léch gilra dong dién
tham chiéu va dong dién thuc vé6i céc nguéng cho phép
(HB+) va (HB-). Do vay dong dién thuc sé dugc hiéu chinh
sao cho bam dong tham chi€u trong mét dai tré cho trudc
HB (hysteresis band). Ham sai Iéch dugc tinh theo phuong
trinh (8).
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Hinh 9. Cau tric b loc tich cuc st dung bd diéu khién bang tré (HCC)

Gia thiét dong dién qua tai phi tuyén bi méo do song
hai iy, bd loc cong sudt tich cuc sé do dong i

& =iy —l 8)

Trong dé:
e;: Sai léch dong cua phai;
r: Ky hiéu cho dong dat;
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f: Ky hiéu cho dong dau ra ctia bé loc cong suat tich cuc;

i: Ky hiéu cho A, B, C nghia la pha A, B, C.

Véi dau vao la sai lech dong gitia dong dat va dong dau
ra ctia bd loc thi cdu tric cda bo diéu khién bang tré (HCO)
két hgp véi bo tao xung kich maé IGBTs dugc dua ra & hinh 10.

Nguyén ly hoat déng déng cat dugc thiét lap bai luat
dusi day:

- Néu sai s6 dong dién thdp hon can dudi (HB-) thi trang
thdi chuyén mach sé & muic cao (SSor).

e, <HB =SS, =1 9)

- Néu sai s6 dong dién I6n hon cdn trén (HB+) thi trang thdi
chuyén mach sé & muc thap (SSor).

e,>HB" =SS, =0 (10)

- Néu sai léch dong dién ndm trong ddi tir can dudi (HB-)
dén can trén (HB+), thi trang thdi chuyén mach sé gii nguyén
nhu trang thdi tru&c d6 (SSremain)-

HB <e <HB" =SS =SS (11

remain pre—state

A 2

Switching T3
logic Ta
pulses TS

misg
1
/\ /KN
> SAVAAVARVAY
Lo ] 1
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Hinh 10. Cau tric va nguyén Iy b diéu khién bang tré (HCC)

ira +? ; i,
ifa -
irb * €
i
e * €jc
i~

Upper band

e

Hoat ddng ctia bd diéu khién bing tré mé ta qua trinh
trao d6i nang lugng gilta bd loc tich cuc va tai hé théng
nhu hinh 11.

~
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Hinh 11. B6 diéu khién bang tré (HCC) PWM dong dién
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Minh hoa trang thai déng mé ctia Transistor cé cuc diéu
khién cach ly (IGBT: Insulated-gate bipolar transistor) théng
qua qua trinh phéng nap tu C nhu bang 1.

Bang 1. Qué trinh phéng nap tu C

=0ffvaT,=0n
D; =0nva D, = Off
Nap tu G
T1=0nvéT4=0ff
D, = Off va D, = Off
Phéng tu G
T1 =0ffva T4=0ff
=0ffvaD,=0n
Nap tu G
=0ffvaT,=0n
D, = Off va D, = Off
Phéng tu G
D6 rong cha bang trén va bang dudi trong bo diéu
khién bang tré anh hudng truc ti€p dén chat lugng ctia bd
diéu khién. Trén cd s& ly thuyét thi dé rong bang nay cang
nhd thi sai s6 gilra gia tri dat va gia tri diéu khién cang nho.
Tuy nhién trén thuc t€ dé rong bang tré nay khéng thé
bang 0 ma phu thudc vao tan s6 dong cat cta bd nghich
luu IGBT. Mbi bd IGBT c6 tan sé dong cét cuc dai theo nha
san xudt, tan s dong cdt cang I6n thi tén hao cong suat
cang cao va tudi tho thiét bi giam.

ix>0va di<0
dt

ix<Ova di<0
dt

ix<Ova di>0
dt

ix>0va di>0
dt

3.2. Két qua mé phéng

Pé danh gia chat lugng hé théng dién khi st dung bo
loc tich cuc véi bd diéu khién HCC, ta c6 thé thuc hién
théng qua mo hinh mo6 phéng nhu hinh 12. Bay [a mé hinh
cla bo loc tich cyc ba pha mac song song, viéc tinh dong
dién can bu dya theo ly thuyét cdng sudt tiic thoi p-q thuc
hién trén phan mém Matlab/Simulink.

Sensor! Vabo
B4 s _G e V_Labc Direte
- .. 5 Ts=1eld
A I | _-_@ |__abc S=1elbs
:. B ‘ '
b ,[ 18 a A —J{‘
© | T
1} a5
il  Load
5 2 t id IT‘ g8
Three-Phase Source |_Fabe Sersor?
2 Diode bridge
Figure out the Curenis

I |

Tabe -

Sensar) Famt —

Rl e e . o o RS

o L

4&0

L ET\J
ldahe !

22

W Fam2 —L_

s e Sibgysem O

[IFabcly e : 84 i ‘J—T —

.me B J TC Hlkdel
Adzptive hysteresscument controler |_. c 2 '—|_!

IG8T Brdge
Hinh 12. M6 hinh cla b loc tich cuc ba pha mdc song song dua theo ly thuyét
cong suat tic thai p-q thuc hién trén phan mém Matlab/Simulink
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S6 lieéu dau vao clia hé théng cho nhu trén bang 2.
Bang 2. Thong s6 cia hé thong

Théng s6 clia hé théng
Nguon Tai phi tuyén Shunt APF
V=380 Cau Diode véi dién tré (R = 600Q) (=2mF
f=50Hz L=2mH

Hinh 13 la dién &p ba pha, hinh 14 la dong dién pha A va
hinh 15 1a phé cta dong dién khi tai phi tuyén va chua cé
b6 loc tich cuc. Luc nay THD la 29,97% vugt xa gia tri cho
phép [THD] = 5%.

—Phase A
o PraseB|
[l =Sase

Three phase voltage (V)

I
0 002 0.04 006 0.08 04 012 014 016 0.18 02
Time (s)

Hinh 13. Dién ap ba pha ctia hé thong khi chua o bd loc téc ddng
6 - : - - - - : - :

-~

~

The current of phase A (A)
N =

.

] | |
0 0.02 0.04 0.06 0.08 01 012 014 0.16 0.18 02

Time (s)

H|nh 14. Dong dién pha A dnh hudng bdi ngudn séng hai (chinh luu cau) khi
khéng 6 bo loc

Signal
FFT window: 1 of 25 cycles of selected llnnll

- -

04 408 041
Time (=)

Fundamental [SOHR] 5 474 | THD-?Q 51'/.

i

Hinh 15. Dang song dong dién va THD clia dong dién pha A khi khdng c6 bo loc
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Hinh 16. Dong bl ma b loc tich cuc can taora

Hinh 16, qua tinh toan bang ly thuyét céng suat tuc thoi
p-q, tim dugc dong dién bu ma b loc tich cuc can tao ra.

Tién hanh mé phdng hé théng khi bo diéu khién HCC
c6 d6 tré HB = £0,5, dong dién bu do b loc tich cuc tao ra
dugc thé hién nhu hinh 17.
The compensating current generated by APF due to HCC with fixed band (+/- 0.5)

Amplitude (A)
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Hinh 17. Dong b tao ra béi bd loc diéu khién béi bd diéu khién HCC vdi dai
tré (+/-0,5)

Hinh 18 la dong dién pha A va hinh 19 la dang dong
dién va phé ctia né khi cé su tham gia cla bo loc tich cuc
khi cé tac dong clia bo loc tich cuc sir dung bo diéu khién
HCC vai dai tré HB = £0,5. Sau khi st dung bé loc tich cuc
dugc diéu khién bai bdé HCC véi dai tré c6 dinh (+0,5) thi
THD 14 10,21% va tan s6 dong cat (fna,) vao khoang 30kHz.
The current of phase A due to HCC with fixed hanc‘l (#-05)

Amplitude (A)
L

£

&n

il ik L . 1 il i L 1
0 002 004 006 008 Od 012 044 0% 018 02
e Time (s)

Hinh 18. Dong dién cla pha A khi c6 tac dong cta b loc véi dai tré clia bo
HCCla (+0,5)
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Signal
FFT window: 1 of 25 cycles of selected signal
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Hinh 19. Dang song dong dién va THD cta dong dién pha A khi ¢d bd loc va
dai tré ctia o diéu khién HCCla (+0,5)
The compensating current generated by APF with zero band

f

~ e

Aamplitude (A
~o e
T

.
T

| | I ] |
0 00 oM 006 0 01 02 0% 06 0 02
Time 5)

Hinh 20. Dang bu tao ra béi bo loc diéu khién bdi bo diéu khién HCC véi dai
tré (0)

Tién hanh mé phdng hé théng khi bd diéu khién HCC
c6 do6 tré HB = 0, dong dién bu do bé loc tich cuc tao ra
dugc thé hién nhu hinh 20.

Hinh 21 la dong dién pha A va hinh 22 la dang dong
dién va phé cta né khi ¢ su tham gia clia bd loc tich cuc
khi c6 tac dong clia bo loc tich cuc st dung bd diéu khién
HCC véi dai tré HB = 0. Sau khi s&r dung bo loc tich cuc dugc
diéu khién bdi bo HCC vai dai tré ¢6 dinh HB =0 thi THD Ia
1,93% va tan sé dong cat vao khoang 500kHz.

The current of phase A due to HCC with zero band
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Hinh 21. Dong dién ctia pha A khi c6 tac dong cda b loc véi dai tré clia bd
HCCla (0)
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Hinh 22. Dang séng dong dién va THD clia dong dién pha A khi ¢6 b loc va AUTHORS INFORMATION
dai tré ctia b diéu khién HCCla (0) Nguyen Hai Binh', Vu Duy Hung', Hoang Thi Thu Giang?
3.3. Nhan xét "Faculty of Electrical Engineering, University of Economics - Technology for
D3i vai bd diéu khién bang tré (HCC) thi chat luong bam Industries
cla dong bu phu thuéc vao dai tré (HB+) va (HB-). Néu dai %Faculty of Electrical Engineering, Hanoi University of Industry

tré HB (dai ti ngudng thap t&i nguéng cao) tang, tan s
dong cat IGBT (f_s) giam, tuy nhién THD tang, ngugc lai néu
dai tré nhd, THD sé gidm nhung tan s6 dong cét IGBT sé
tdng rat cao. Diéu nay c6 thé dan tdi hé théng khoéng co6
tinh kha thi do cau tric mach luc phu thuéc vao dac tinh
cUa IGBTs, néu tan s6 dong cat clia IGBTs han ché sé dan téi
mach nghich luu khéng dap ung dugc.
4, KET LUAN

Nghién ctru vé diéu khién bd loc tich cuc bang bo diéu
khién HCC cho thay: Chat lugng cla hé théng phu thudc rat
I6n va d6 tré HB dudc lua chon. Khi HB tién cang gan vé 0
thi THD cang nhé nhung tan s6 chuyén mach cang tang. Vi
vay, cac nghién cuu tiép theo sé theo hudng tim sy tuong
thich clia HB véi THD va tan s6 chuyén mach nhd cac cong
cu tim kiém théng minh.
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