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UNG DUNG BO DPIEU KHIEN DEAD-BEAT NANG CAO PQNG HQC CHO HE
PIEU KHIEN CHINH LUU TiCH CU'C TREN CO SO NGHICH LUU PA BAC

NOI TANG CAU CHU H
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Truong Pai hoc Cong nghiép Ha Ngi

Hé thong chinh Iuu tich cuc ngay cang dugc (ng dung rong réi trong cac mang dién ¢ sy tham ra
clia CAC ngudn nang lugng tai tao. Cau trdc ciia hé chinh luu tich cuc dugc xay dung trén co so bo
nghich luu nguon &p. Trong nhiing hé thong cong suat Ién dién &p cao, bo nghich luu nguon &p
truyén thong thuong dugc thay thé bang cac bo nghich Iuu da bac nguon ap nham nang cao chat
lwong hé thong. Bai bao nay trinh bay viéc wng dung luat diéu khién Dead- Beat cho bo diéu khién
dong dién caa chinh luu tich cyc trén co s& bo nghich luu cau H ndi tang véi phia mot chiéu cach
ly, nhim nang cao tinh d6ng hoc cho hé théng va thuan loi hon trong viéc trién khai thuat toan
diéu khién bang vi didu hay DSP. Két qua m6 phong bang Matlab/Simulink cho thiy cau tric diéu
khién nay thoéa man cac yéu cau dat ra véi hé chinh luu tich cuc, cho dap ung dong hoc cua hé

thong nhanh.

Tw khoa: Chinh luu tich cuc, Dead-Beat, Nang luong tai tao; nghich luu da bdc, Matlab-Simulink

MO DAU

Chinh luu tich cuc 1a by bién déi AC-DC
(chuyén dbi xoay chiéu sang mot chiéu), xay
dung trén co s bd nghich luu ngudn &p
(Voltage Source Inverter — VSI), ndi véi ludi
thong qua cudn cam L, nho d6 dam bao dong
dau vao hinh sin va hé sb cong suat diéu
chinh duoc dén bing mot, c6 kha ning trao
do6i cong suat hai chiéu giita ludi AC va phia
tai DC [1]. Trong nhiing tmg dung cong sut
16n, dién ap cao, VSI thong thuong dugc thay
thé boi cac nghich luu da bac. Diéu nay lam
cho hé théng phan nho cac budc nhay dién ap
ra phia xoay chiéu, nho d6 giam duoc tbc do
ting dién 4p dU/dt trén tai, cac van ban dan
chi phai dong cit & mirc dién ap thap, tan sd
dong cat cla cac té bao mach luc thap trong
khi vin dam béao tan sé dién 4p ra cia qua
trinh diéu ché cao. Két qua la cac hé thong
xay dung trén nghich Iuu da bac sé giam dang
ké ton that trong qué trinh déng cat van, dam
bao tot chit lwong thanh phan séng hai cua
dién éap ra.

CAu trac hé théng chinh luu tich cyc mét pha
7 bac ndi tang cho nhu hinh 1, phia DC déng
vai tro la phuy tai. Néu cac tu dién DC va phu
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tai phia DC 1a nhu nhau thi c6 thé hi vong
dién 4p trén mdi khau DC 13 bang nhau. Néu
dién ap trén mdi khau DC khong can bing
chat lugng song hai ctia dong xoay chiéu s&
giam. Dé giai quyét van dé nay tai liéu [1] da
dé xuét thuat toan can be‘ing dién ap trén ty,
bai bao nay khong dé cap vin dé do. Piém
dong gop chinh cta bai bao nay dé xuat viéc
thiét ké bo diéu khién Dead —beat cho mach
vong dong dién nham muyc dich ning cao tinh
dong hoc ctia hé théng va chua st dung dén
thuat toan cin bang dién ap trén tu da dé cap
& 1. Két qua md phong dd cho thiy chat
luong dong hoc cuia hé thdng tét hon so voi
viée str dung bo didu khién PL

NOI DUNG CHINH

Thiét ké by diéu khién Deadbeat cho hé
chinh lwu tich cwe 1 pha trén co sé nghich
lwu da béc noi ting

Thuét toan diéu khién dead - beat 1a phuong
phép diéu khién k¥ thuat s da dugc dé cap
kha nhiéu ¢ cac tai liéu [2,3,4,5]. Khi ap dung
phuong phéap nay trong hé thong dién tir cong
sudt, phuong phap nay sé du doan do rong
xung dua toi van ¢ chu ky ti€p theo dua trén
md hinh hé théng va phan hdi cua théng sd
cAn diéu khién do dwoc & chu ky hién tai.
Theo [3] khau Dead-beat (DB) cho phép thuc
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hién qua trinh qua d¢ trong khoang thoi gian
hitu han dinh trude 1am triét tiéu sai léch diéu
chinh sau mot lugng hiru han chu ky trich
mau. Ta c6 thé thiét ké khau Dead-beat theo
dic tinh chii dao hay dic tinh nhiéu. Nguyén
ly diéu chinh dead-beat chi c6 thé thuc hién
dugc trong cac hé théng diéu khién sb.
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Hinh 1. Chink heu tich cwe cau H néi ting

Phan tiép sau day bai bao s& lan luot xdy
dung mé hinh toan hoc cho bd bién ddi va
Thiét ké bo diéu khién Deadbeat cho hé chinh

luu tich cuc 1 pha trén co s& nghich luu da
béc ndi ting.

Chinh luu tich cuc cau H ndi tang nhu hinh 1
¢6 so d6 twong duong nhu hinh 2.

Us Ucom,®

Hinh 2. So do twong dicong ciia mach mét pha

Tt hinh 2 ta ¢6 dugc phuong trinh (1).

diz_ﬁl +l(u(:unv—us) (l)

d L' L
Bé qua dién tro thuan ctia cudn cam va roi rac
héa cong thic (1) v6i T 1a chu ky trich mau ta
thuc hién phép xap xi nhu (2).

di . .
d_tL = [IL(k +1)— IL(k)]/T

)
L(k+D =i (k)+ Tt(uconv —u,(k))

Khi d6 ta c6 cong thtrc tinh gia tri dat cho
dién ap ngay dau vao bo bién ddi nhu (3).

LK+ =100+ 1 (U (0~ 1,00) = U (0 = SR -R (O +iLk+D) @)

Tir (3) ta xdy dung so d6 ciu trac mach vong diéu chinh dong dién nhu hinh 3 véi R; 1a bd diéu
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Hinh 3. Cdu triic mach vong diéu chinh dong dién

Phuong trinh d4u ra ctia bd didu khién dong cho nhu (4).

YO =R, [, (=i, ()|
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Muc tiéu dat ra khi thiét ké bo diéu chinh dong c6 dong hoc cao sao cho gia tri thuc dudi kip gia
trj dat trong hai chu ky trich mau théa man biéu thuc (5).

i, (z)=27i,(2) (5)
Thay (5) vao (4) ta co (6).
y@)=R[iL.(2)-i.(2) |=R/(*-D)i (2) (6)

Mit khac nhin vao cdu trac diéu khién d xay dung nhu hinh 3 ta ¢6 (7).

U (K +1) =T5[y(k)+{us(k +1)}:> Y(K) = U (€ D) = 0, (k4D

T ()
= I z (uconv(z) - US(Z))
Két hop (7) vai (3) ta co (8).
T T T (LT . .
y(Z) - E z (uconv(z) _Eus(z)j - E z (? (E'us(z) - IL(Z) + ZIL(Z)) —US(Z)) (8)
=2(z-1)i.(2)
Thay (8) vao (6) ta c6 (9).
_22—2_1—27l ©)
2o 1-77
Tur phuong trinh (9) ta cé gia tri y(k) nhu (10).
1-z7 Yy(2)
Ri=——=====Yy(K) =x(k)-x(k-1)+y(k-2) (10)
1-77 x(2) = -

Sau khi thiét ké xong bo diéu khién dong dién, ta co cdu trac diéu khién cic mach vong cho ca hé
thong nhu trén hinh 4. Vong diéu khién bén ngoai van 1a vong diéu khién dién ap tong hop theo
thuat toan PI quen thudc da sir dung trong [1], vong diéu khién dong dién Ri tong hop theo
phuong phéap dead-beat. BO PWM s& dong vai tro phat xung diéu khién vao cac van cia ting cau
H (HB1,2,3).

\H+
ifs)
—

S1 S3
.J |
0D =0
] N R Ude,2
S2 sS4

1

R Ude,1

L2

L
\H+
ils)

L= G_HB1

Yerer ) m D, PWM > G_HB2

= G_HB3

Ud,av:(Udcl+Ud02+Udc3)/3v
Hinh 4. Cau tric diéu khién hé thong chinh luu tich cuc
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X4y dung so dd md phong
Trén co s& thiét ké bo didu khién & muc 2.1, ta xay dyng so dd mé phong cho bd diéu khién
dong dién nhu hinh 5 va so d6 mo6 phong toan hé théng nhur hinh 6.

Bang 1. Théng s6 mé phong

STT Théng sb Gia tri
1 Cudn cam L 45mH
2 Tu dién, va dién tro trén moi ph?m DC Nhu hinh 6
3 Hé s6 Kp cua bo didu khién dién ap 0,002
4 Heé s6 Ki cuia bo didu khién dién ap 0,356
5 Hé s6 do dong 1/150
6 Dién 4p ludi phia xoay chiéu 220V
7 Gi4 tri dat dién ap mot chiéu trén mdi tu 150V
8 Tham s6 Kp mach vong dong dién khi sir dung PI ~ 1.6965
9 Tham s6 Ki mach vong dong dién khi sir dung PI ~ 126.8201
Voref

a0

Hinh 5. Cdu triic mé phong ciia bé diéu khién dong dién kiéu deadbeat
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Hinh 6. So' @6 mé phong toan hé thong véi bo diéu khién dong Dead-bead
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KET QUA MO PHONG VA THAO LUAN

Sau khi chay mo phong ta co két qua mod
phong dang dién ap mot chiéu tong trén cac tu
cho nhu hinh 7 cho théy gia tri dién ap mot
chidu trén cic tu bam gia tri dat trong thoi

gian rat ngan ¢ 0.03s, nhanh hon nhiéu so
v6i truong hop st dung bo didu khién PI nhu
6 hinh 11.
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Hinh 7. Két qud mé phong dang dién dp mot chiéu tong trén cdc tu va gid tri ddt theo thudt todn dead beat
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Hinh 8. Dang dong dién bom vao ludi ciia b chinh luu tich cuc

FFT window: 2 of 20 cycles of selected signal
I

ra \

o Iy
\ / \
50 ~.\ -«\‘ I
0.1 0.105 011 0115 0.12 0.125 013 0.135
Time (s)
FFT analysis

Fundamental (50Hz) = 66.91 , THD= 5.91%

Mag (% of Fundamental)

o 100 200 300 400 500 800
Frequency (Hz)

signs
FFT window. 2 of 20 cycles of selected signal
50
/ “ 4 \
; 1 S h!
0 = \
I \ 5
50 / %
02 0205 021 0215 052 0225 023 0235
[z Time(s)
FFT analysis
Fundamental (50Hz) = 66.94 , THD= 5.92%
6
St
£ at
15
@ 3r
k-]
=
B2r
1
° -
300 400 500 800
I'qu tency (Hz)

Hinh 9. Két qua phdn tich séng hai dong dién.

Két qua phan tich dang dong dién bom vao
ludi va phan tich dang song hai dong dién tai
cac thoi diém 0,1s va 0,2s nhu hinh 8, hinh 9
cho thiy chit lwong song hai kha t6t, d6 méo
THD khoang 5,9% la tét hon so voi két qua

phan tich song hai néu str dung thuét toan PI
da thé hién & hinh 12.

Két qua md phong trén hinh 10 cho thiy dang
dong bom vao ludi va dién ap ludi dong pha
nhau. Diéu nay chung t6 hé s6 cong suét dat
toi 1.
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Hinh 10. Dang dong di_én bom vao ludi va dang dién ap luoi trén cimg mot truc toa do
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Hinh 11. Két qud mé phong dang dién dp mét chiéu tong trén cdc tu va gid tri dat theo thudt todn PI ¢
mach vong dong dién
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Hinh 12. Két qua phan tich séng hai dong dién khi sir dung thudt todn PI & mach vong dong dién

KET LUAN

Thuét toan didu khién dead beat dugc tng
dung cho mach vong dong dién cho chat
lugng dong hoc tot hon so véi bd dicu khien
PI, gi4 tri tong dién 4p mot chiéu trén cac tu
nhanh chong hoi tu vé gia tri dat. Két qua
nghién ctru ndy hoan toan c6 thé mé rong cho
cac hé théng phtc tap hon chéng han hé
thong c¢6 nhiéu cau H ndi tang hon, hé thong
chinh luu tich cyc 3 pha.

LOI CAM ON

Nhém tac gia cam on sy hd tro cua Trudng
Pai hoc Cong nghiép Ha Noi va bd mon Tu
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ABSTRACT
DYNAMIC IMPROVEMENT OF CASCADED H-BRIDGE ACTIVE
RECTIFIERS USING DEAD-BEAT TYPE CONTROLLER

Bui Van Huy*, Pham Van Minh, Quach Duc Cuong
Hanoi University of Industry

Active rectifier systems (ARS) are widely used in power networks with renewable energy sources.
The structure of the active rectifier system is based on a voltage inverter. In high-voltage high-
power systems, traditional voltage inverters are often replaced by multilevel inverters to improve
system quality. The paper proposed a deadbeat current controller design for cascaded H-bridge
(CHB) active rectifier with isolated DC sources to improve dynamic response of the ARS and to
take advantage of implementation algorithms based on microprocessors or Digital Signal
Processing (DSP) systems. Result, simulated by Matlab/Simulink, shows that this control structure
satisfies established demands toward ARS and has fast dynamic response.

Keywords: Active rectifier, Dead-Beat, Renewable energy sources, Multilevel inverter, Matlab-
Simulink
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