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Abstract

Temporary voltage swells and sags appear with high frequency in electric power systems, and they significantly
affect sensitive loads such as industrial manufacturing or communication devices. The paper presents a control
strategy with proportional-resonant controllers for three full-bridge Voltage Source Converters with a common
DC-link to create a dynamic voltage restorer. The control strategy permits the system to overcome the temporary
voltage swells and sags in certain circumstances: single-phase or double-phase voltage sags up to 55%, three-
phase voltage sags up to 70%, and voltage swells up to 110% in a duration less than one grid-voltage cycle. The
simulation results are carried out in MATLAB/Simulink and experimental results are deployed in Typhoon HIL
402 device to demonstrate the ability of the proposed control method.
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Tém tit'

Bién dong 151, 16m dién ap ngin han xuat hién véi tan
sudt cao trong hé thng cung cip dién, va sy cb nay
anh huong nghiém trong dén nhing tai nhay cam
trong hoat dong san xuat cong nghiép hodc thiét bi
thong tin lién lac. Bai bdo nay dua ra chién lugc didu
khién cho bo bién doi sir dung ba mach cau H ghép
chung DC trong hé diéu ap lién tuc bang cach str dung
cac bo diu chinh kiéu cong huong, chién lugc dleu
khién cho phép khic phuc sy c¢b 16i/16m dién ap ngén
han trong cac truong hop: 10m dién ap mdt pha hoac
hai pha téi 55%, 16m dién ap ba pha t&i 70%, 16i dién
ap ba pha 110%, thoi gian tac dong nhé hon 1 1an chu
ky dién ap luéi. Két qua mé phong bang phan mém
Matlab, két qua thyc nghiém trén thiét bi HIL 402 cua
hang Typhoon da minh ching kha nang cua phuong
phap diéu khién duoc dé xuat.

Ky hi¢u

Ky hiéu Donvi Y nghia

G ( S) Ham trgyén bd diéu chinh PR
trén mién lién tuc

Gy (s) Ham truyén bg diéu chinh PR
trén mién gian doan

Chir viet tat

UPS Uninterruptible Power Supplier

APF Active Power Filter

AVC Active Voltage Conditioner
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Than Ngoc Hoan, Poan Quang Vinh, Nguyén Phing
Quang

PR Proportional Resonant
PLL Phase Locked Loop
HIL Hardware in the Loop

1. Phin mé dau

Theo két qua khao sat hing ABB, 16m do mét pha
cham dit chiém t6i 68%, 16m do hai pha cham dat
chiém 19% va 16m ca ba pha can bang chiém 13%
[1]. Céc bién dong dién 4p ngin han nay (thoi gian
duoi 60s) thuong gdy hu hong, tam dung lam viéc db6i
v6i mot sb thiét bi dién va dién tu, trong truong hop
thiét bj nay dong vai tro quan trong ¢6 the phai dung
toan bo ddy chuyén san xuit. Ngoai ra néu phu tai la
hé thdng xtr 1y s liéu co thé dan t6i gian doan hoic
mit thong tin, diéu nay ciing dan dén nhitng hau qua
nghiém trong.

Hé thdng diéu ap tich cuc AVC la giai phap phu
hop nhit dé khic phuc sy ¢d 16i 16m dién ap ap. Hé
théng AVC bao gf)m bd bién d6i phia ludi va bo bién
dbi phia tai két ndi v6i nhau qua mach DC trung gian,
va may bién ap mic nbi tiép giira tai, nguon, so a6
mach lyc AVC duogc chi ra trén H. 1 [1]. béi véi bo
bién d6i phia tai cAn phai diéu khién ca thanh phan
dién ap, dong dién thir ty thuan va thir ty nghich dé c6
thé bu dugc dién 4p 16i 16m timg pha, diéu nay dan
dén hé thong diéu khién rat phic tap va giam do tin
cay [2][3]. Pé giai quyét triét dé van dé bu 16m cho
tung pha, mét vai cAu triic mach lyc dugc dua ra phéan
tich: nghich Iuu c6 diém trung tinh do tu DC tao ra,
nghich luu 3 pha 4 day, bo bién doi sir dung 3 cau H
chung Bus DC[4]-[6], trong d6 bd bién ddi sir dung 3
cau H chung Bus c6 uu diém hon ca do phuong phap
didu ché d6 rong xung don gian.
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H.1 Sq dé khéi bo diéu ’dp tich cuc dé khdc phuc sy 6
1oi/lom dién ap ngan han

D3 c6 mot vai ciu tric diéu khién ap dung cho b
bién ddi sir dung 3 cau H chung Bus DC:

e Diéu khién phan hdi dau ra (feedback) két hop véi
khau bu xudi (feed-forward) trén hé toa d6 quay
[7]. Céu tric diéu khién nay khong c6 mach vong
dong dién nghich Iuu, nén khong bu dugc sut ap
roi trén mach loc dau ra nghich luu va ton thit
may bién 4p, dn dén kha nang dap tmg dién ap bu
dua 1én ludi cham.

e Céu trac diéu khién khac st dung phuong phap
phan hdi trang thai (state feedback) két hop khau
bu xudi (feed-forward) dong tai, cdu triic nay cé
nhuoc diém phai do chinh xac cac bién trang thai

Bo diéu chinh dién ap

u, i
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va c6 gia tri chinh x4c phan tir mach thy dong [8].
e M0t cu trac didu khién khac, mach vong dién ap

su dung bd diéu chinh kiéu cong hudng PR hodc

Hinr két hop véi bo didu chinh dong dién kiéu ty 18

va thuc hién trén hé toa dd tinh af, cAu truc khong

phat huy hi¢u qua khi 16m dién ap khong cin bang
bang cach diéu khién 2 thanh phan dién ap theo

truc aff [9].

e M0t céu triic diéu khién khac déu st dung bo diéu
chinh kiéu P cho mach vong dién ap va dong dién
va duoc diéu khién riéng r& cho timg pha [10], ciu
trac nay ¢ wu diém thoi gian bu dién ap nhanh va
nhugce diém khong triét ti€u sai 1¢ch tinh do dai
luong didu khién c6 dang xoay chiéu.

Dé nang cao dap tng dong hoc va triét tidu sai
l&ch tinh,, bai bao nay dé xudt ra mot ciu trac diéu
khién ndi cdp 4p dung cho hé DVR, cau tric diéu
khién nay st dung bo diéu chinh cong huéng cho ca 2
mach vong dong dién va dién ap. Céu trac diéu khién
dé xuat c6 kha nang bu 16m dién 4p mot pha, hai pha
con 55% gia tri, 16m dién ap ba pha con 70% gia tri,
16i dién 4p 1én téi 110%, thoi gian tic dong nho hon 2
chu ky luéi. Két qua md phong va thyc nghiém trén
thiét bj Typhoon HIL 402 da chimg minh hiéu qua
phuong phap diéu khién duoc dé xuit.
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H.2 Cdu tric triic diéu khién by bién doi phia tdi trong hé thong diéu ap lién tuc

2. Chién lugc dieu khién
Céu tric diéu khién cho bo bién ddi phia tai sir dung
phuong phép diéu khién vé huéng cho mdi mach cau
H, twong ung va&i dién ap ting pha nhu trén H. 2.
Trong cau tric nay, ba pha dugc diéu khién doc lap
v6i nhau vi thé c6 lgi thé 1a khong can tach thanh

phan thir tu thudn va ngudi khi 1am viée véi su ¢b 10
16m dién ap khong can bang, tuy nhién nhuoc diém
ctia phuong phép nay 1a phai st dung dén 6 bo diéu
chinh PR. St dung céu tric diéu khién ndi cip cho
mdi pha, mach vong ngoai 1a mach vong diéu chinh
dién ap voi thong tin dién ap do vé & phia thir cip
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may bién 4p, mach vong trong 1a mach vong diéu
chinh dong dién du ra cuia mdi mach cau H. Lugng
dit ciia mach vong diéu chinh dong dién 13 mach
vong diéu chinh dién 4p, luong dat ciia mach vong
diéu chinh dién ap dugc tinh toan dua vao hi¢u gilra
gia tri dién ap hiéu dung mong mudn (vi du 220Vac)
va dién ap hi¢u dung cia ludi. Ngoai ra, dé déng bo
v6i dién ap ludi, bd PLL mot pha can thiét dugc sir
dung bang cach do dién ap timg pha ciia ngudn cap
[12].

Mo hinh toan hoc cua mdi mach cau H trong bd
bién ddi phia tai c6 dang (1), giébng nhu nghich lwu
nguén ap mot pha hoat dong doc 1ap véi dau ra 1a
mach loc LC [11], L 1a dién cam tan may bién ap.

Ll:.v +ri =v,—v,
Cv, =i —i,

Mb hinh (1) cho thdy st dung céu trac didu khién
hai mach vong la phu hop, dé triét tidu léch tinh cua
dién 4p va dong dién trong cac mach vong nén sur
dung bo diéu chinh By dleu chinh PR ¢6 ham truyén
dat cho & (2) v6i w; 1 tan s6 goc co ban cua dong
dién va & 1a bac song hai [12].

G (5) =k +——22 @)
s”+ (hwl)

Dé cai dat vao vi didu khién, thanh phan toan tir
Laplace trong (2) can phai dwoc xap xi sang mién anh
7 dé dua ra cac phuong trinh sai phan. Bo diéu chinh
PR can phai xét dén tré do vi diéu khién thuc thi (it
nhit mot chu ky trich mau), theo [13][14] ham truyén
bo diéu chinh PR dugc viét lai (3).

. cos(&d)sfhw1 sin(é’d)
Gy (S ) = 2 2
s+ (hwl)

Trong d6, 0, = hw,NT. (N — s6 nguyén va dugc
chon bang 2, T, — chu ky trich mau bo diéu chinh PR,
h — bac séng hai). Doi v6i thanh phan séng hai bac 1
(h = 1), bd diéu chinh PR trén mién lién tuc ¢ so do
khdi nhu trén H. 3.

(1)

k, +k, 3)

Y
=~

H.3 M6 ta bg diéu khién PR trén mién lién tuc.

Thanh phéan tich phan trong bo didu chinh cong
~ 1/ l—sT (xép xi theo
Backward-Euler). Tuy nhién trong qud trinh gian
doan, dé tranh vong lap dai s, nguoi lap trinh s& sir

dung tin hi€u v,,, thay cho v, didu nay duoc thuc hlen
bang cach bo sung khau tao tré 1 chu ky didu ché z”

huong duoc xap xi z =e™
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vao mo ta by diéu khién PR trén mién gian doan

[14]+]16].

\ 2
&

H.4 M6 ta bo diéu khién PR trén mién gian dogn

T H. 4, ta ¢6 hé phuong trinh sai phan dé cai dat
b0 diéu chinh PR cho vi diéu khién nhu sau:

u(k)=u(k—1)+k, [x(k)—x(k=1)]-wiTv,, (k)
v(k)=v(k—1)+Tu(k)

(k)= y(k=1)+k, [x(k)—x(k—1)]

)]V (K) =V, (k= 1)| = Toc sin (6, ),., ()
Ve (K) = v(k—1)

“)

-I—COS

2.1 Tong hop tham s6 mach vong dong dién
Phuong thirc thlet ké bo diéu chinh nay dugc thiét ké
trén mién tin sb, trén co s& lya chon bing thong
(bandwidth) cho ham truyén hé théng. Bing thong
duoc lya chon trong khoang 10 14n tin s co ban va
1/10 tan sé phat xung PWM [17]. Ham truyén kin
mach vong dong dién (xét & tan s6 co ban: A=1):

(ki + Feys + k)

G . (s)=
e (5) Ls’ + kpl.s2 + (k”. + wlzL)s + kpiwlz
®)
Bién d6 cua G; (s )cho & (6)
|Gi7kin (]W)| =
\/(kn'w)z + klzn' (le —w’ )2 (6)

R \/[k”. +L (wlz -’ )r W’ + kpl.2 (wlz —u? )2

Tién hanh téng hop tham ) ki, ki qua hai budc
sau:
e Buocl:Chok,=0

k.

|G ()] = T (M

Néu bang thong w, duogc xdc dinh thi hé ) ki
dugc xac dinh nhu sau dé c6 hé s6 suy giam bién do
la -3dB.

kpi = Lw, (3

e Budc 2: Pua thanh phén tich phan vao biéu thic
bién do
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Véi: w;: bang thong ban dau va oy bang thong

két thic ciia mach vong dong dién (do anh hudng boi
thanh phan tich phan thém vao).

22 Tong hop tham s0 mach vong dién ap
Tien hanh tong hop tham so mach vong dién ap tuong
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két thiic cuia mach vong dong dién va dién ap lan luot
c6 cac gid tri sau: ;=900 rad/s, w~1000 rad/s,
;=80 rad/s va co,v—100 rad/s, M6 phong véi bon
truong hop 16i 16m dién ap 1a: THI. Sut 4p 1 pha con
55% dinh mirc, TH2. Sut ap 2 pha con 55% dinh mtc,
TH3. Sut ap 3 pha con 70% dinh muc, TH4. Lbi ap 3
pha 110% dinh muc. Két qua mo phong cho bon
trueong hop 16i 16m dién 4p cho ¢ H. 5.

B.1 Tham s6 mach luc va bé diéu khién

ty nhu mach vong dong dién, ta c6 thong s6 bo didu Dién 4ap mot chidu 700 A%
chinh PR dién 4p nhu (10), (11). Théng s& may bién ap
k,, =Cuw, (10) Ty sb may bién ap 2:1
(w; - W12 ) \/— Cong suit may bién ap 45 kVA
— S~y s 2 2 _ 2 2 }
o o, [ (Cwp)’ =2k, +Cuy Dién o, dign cam tan R, = 0,009Q
’ phia so cap Li;=0,15mH
. o . (D Tpien o, dién cam tan R, = 0,002Q
Véi: w;,: bang thong ban dau va wp: bang thong ket phia so cip L, = 0,007mH
thic cia mach vong dién ap. Tu loc 80uH
3. Két qué mé phéng Théng s6 by diéu khién
Clu tric diéu khién bo bién doi phia ludi dugc m6 B4 didy chinh dién 4p Kpy 6.1875
phong bang phan mém Matlab / Simpower Systems / kn 705.5216
Simulink, tham s6 m6 phong cho trén bang B. 1. B5 didy chinh done dié kyi 6.0811
Lu6i dign 380V xudt hién sy ¢6 10i 1dm dién ap tr edenchimdongden 11990
thoi diém thir 0,1s. Bang thong ban dau va bang thong =
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H. 5 Pdp img déng hoc ciia bg bién doi

Két qua mo phong cho thiy trong ca 4 truong hop
khao sat, bo bién doi phia tai trong hé théng AVC
gitip cho dién ap khoi phuc vé gia tri dinh muc véi
thoi gian tac dong nho hon 20ms (1 chu ky dién ap
ludi) va khong c6 qua diéu chinh. Thoi gian tré 16n
nhét trong hé thong diéu khién chinh 1a tinh toan gia
tri hiéu dung dién ap ludi.

4. Két qua mé phong thoi gian thue
Céu trac diéu khién bo bién doi phia tii mot 1an nira
duogc kiém ching trén thict bi di€u khién thoi gian

i phia tdi khi dién dp luGi bién dong

thuc cia hing Typhoon [18]. Thiét bi nay bao gom
card HIL402 mé ta ludi dién, tai va ba mach cau H
ghép chung DC sir dung van ban dan IGBT, budc tinh
mo hinh phan climg nay la lps. Céu triic dleu khién:
phwong phap diéu ché do rong xung co tan sd SkHz,
cac bo didu chinh dién 4p va dong dién, thuat toan
vong khoa pha..dugc cai dat trén DSP
TMS320F2808. Thong qua mach “DSP interface”,
Card HIL402 cung cap toi 16 cong ra tuong tu (AO),
cac cong nay duoc thiét 1ap dé guri cac tin hiéu dién ap
va dong dién dén mach ADC cua DSP
TMS320F2808. Tin hiéu xung dua ra tr kénh PWM
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ctia DSP TMS320F2808 sé& giri dén cng DI cua Card
HIL402 duge cAu hinh 1a cac tin hiéu diéu khién
dong/ct van ban din IGBT. Hinh anh thiét bi thi
nghi¢m HIL cua Typhoon duogc chi ra trén hinh H. 6.

Osciloscape

HiL402

H. 6 Hinh danh thiét bi diéu khién thoi gian thue ciia hing
Typhoon

Ngoai ra, sit dung phin mém “Typhoon HIL
Control Center* cho phép thay dbi ngudi thiét ké c6
thé thiét lap tham sd, lya chon cac dic tinh hién thi
dudi dang d6 thi va thay doi cac diéu kién van hanh
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theo thoi gian thyc. M6 ta hé thng didu khién thoi
gian thuyc ctia hang Typhoon dugc chi ra trén H. 6.
Két qua mod phong thoi gian thuc ciing dwoc kiém
chimg véi 4 trudng hop nhu ¢ muc 3, véi cac két qua
chi trén cac hinh H. 7 va Error! Reference source
not found..

Thong qua giao dién cua phan mém “Typhoon
HIL Control Center sy c¢6 16i/Iom dién ap ludi cia
hé théng duoc tao ra. Khi do, vi diéu khién phat hién
su cb 161 16m dién ap va bit dau thyc hién cac bo diéu
chinh va phat xung PWM, dién ap trén tai da duoc
diéu chinh dén gia tri dinh mirc 220V va can bang cho
timg pha. Tir cac diém do trén mach “DSP interface”,
st dung Osiloscope Hameg —200MHz cho phép do
duoc cac dap ung dién ap trong qua trinh qua d¢ nhu
trén Error! Reference source not found. (Ty 1¢ do
100mV/div, hé s6 khuéch dai cia “DSP interface”
1:1500).
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H.7  Két qua thi nghiém thoi gian thuc danh gid kha néng bt dién dp cho hé AVC
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a2) Lom dién ap 1 pha: Dién ap bu do AVC duwa ra
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HMOGOZ4 (HW D101 30001, SW 04 532)

2017-10-18 11-04

Auta-Trig [ Complata
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H. 8 Két qua mé phong thoi gian thie (HIL) khi do bing
Osiloscope

5. Kétluan

Bai bao nay dua ra ciu trac diéu khién cho bo bién
dbi phia tai trong hé théng diéu 4p lién tuc, cau tric
didu khién dugc thiét ké cho timg mach nghich luu
ngudn ap mot pha. Cac két qua md phong Matlab va
cac két qua thi nghiém trén thiét bj thoi gian thyc
HIL402 cua hang Typhoon cho thay kha ning bu
16i/1dm dién 4p trong ca 4 trudng hop: 16m dién ap
mot pha hodc hai pha xudng t6i 55%, 16m dién ap cén
bang ba pha con 70% gia tri va 16i dién ap lén toi
110%. Céc két qua nghién ctru nay 1a tién dé quan
trong dé trién khai tiép trén thiét bi phin cimg trong
phong thi nghiém va trong cong nghiép.

Bai bao nay nam trong chuong trinh nghién ctru khoa
hoc cép‘Nhé qu(’yc ma s0 KC.05.03/16-20 do Vién Ky
thuat diéu khién va Ty ddng hoa chu tri thye hién.
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