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Tém tit: Bai bdo 1ap trung vao viéc thiét ké va diéu khién bé khoi phuc dién ap dong
(DVR) nham han ché tic dong cua sy 6 lom dién ap dén cdc thiét bi tiéu thu dién yéu cau do
on dinh cao. DVR dwoc lcfp phia trudc phu tai, co thé phat hién lom dién dp va chen thém dién
dp bii @é dam bao dién dp cung cap khéng bi gidn doan. Diém néi bdt ciia nghién ciru la dé
xudt cdu triic DVR khéng ding tich triv nang heong, thay vao dé ldy nguon cdp triee tiép tir ludi
théng qua phan con lai cia dién ap khi xdy ra sw co. Cach tiép cin nay gitp t6i wu chi phi va
gidm kich thiede thiét bi ma van déap g yéu cau vin hanh, voi cdc nghién ciu gan day cho
thay kha ndang bu lom dp dén 37-50% va giam 20—-30% chi phi dau tw so véi DVR ¢6 leu triv
(Merchan-Villalba, et al., 2020) (Abuthahir & Periasamy, 2012) (Moghassemi & Padmanaban,
2020). Bai bdo trinh bay chi tiét cdau hinh, cach lwa chon théng sé cia hé thong va mé phong
trén nén tang MATLAB/Simulink. Két qud khang dinh kha nang bix dién dp nhanh, chinh xdc va
on dinh ciia DVR, g6p phan cdi thién chat heong dién ning trong cdc vmg dung cong nghiép.

Tir khoa: bo khoi phuc dién ap dong, chat lwong dién nang, lom dién ap, bao vé tai nhay cam

I. Dat van deé hai 161 c6 tan suat xay ra nhi€u nhat, chiém

~ A r hY A ~ 0 a 18 1 A
Lom dién ap la mot trong nhiing 23,6%, gay thi¢t hai lon.
su ¢ phd bién va gdy anh hudng nghiém
z z , e A Cn = Lom dién ap
trong nhat dén céc thiét bi tiéu thu dién « Giin dogn thi gian ngin
yéu cau do on dinh cao trong h¢ thong * Gian dogn thot gian dai
“A v . o v e A Song ha
dién hién dai, dac biét trong boi canh cong « Qui 8 vi qui ik chinh
nghiép hoa va ty dong hoa ngay cang phat » Cic van ¢ khic
trién. Theo két qua khao sat (Manson &

Targosz, 2008), 1om dién ap la mdt trong Hinh 1. Ti 1& cac su cb vé dién ap

!'Truong Pai hoc Mé Ha Noi



Céc giai phap nhu UPS thuong thich
hop cho cac phu tai nho do chi phi dau
tu rat cao khi mé rong cho hé thong cong
suat 16n. Trong nhitng nim gan day, bo
khoi phuc di¢n ap dong (DVR) da thu hut
nhiéu sy quan tdm nghién ctru nhu mot
giai phap kha thi va hiéu qua dé han ché
tac dong cua hién tuong 10m dién ap. Cling
da c6 nhiing cong trinh tap trung vao cai
tién cAu trac DVR va thiét ké bo loc dong,
trong khi mot sé nghién ctru khac hudng
dén chién luoc diéu khién ngudn tich trix
hodc giai quyét cac van dé lién quan dén
bao vé va kha niang chdng nhiéu ciia DVR.
Trong nghién ciru ndy, mot cau trac DVR
méi duoce dé xut, str dung truc tiép nguén
tir phia tai ma khong can tich hop bo luu
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trit nang lwong. CAu hinh nay khong chi
gitip tiét kiém chi phi dau tu va giam yéu
cau vé khong gian ldp dat, ma con van
dam bao dugc kha niang duy tri dién ap on
dinh cho cac phu tai quan trong trong h¢
thong dién.

II. Co s& ly thuyét

2.1. Tong quan vé DVR

2.1.1. Céc thanh phan chinh ciia DVR

biac trung cia DVR dugc nghién
clru ¢ day 1a khong c6 hé thong riéng dé
luu trir nang lugng. Ngudn cdp mic du
dién ap bi giam khi 1dm, nhung van du
dé cép cho DVR, ¢6 cac b bién do6i duoc
diéu khién phu hop dé xuét ra dién ap bu
cho dién ap tai.
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Hinh 2. C4u hinh co ban cia DVR l4y ning lugng phia nguon

Ciu trac ciia DVR bao gdém céc
thanh phan chinh dam nhiém céac chuc
nang riéng biét nham dam bao hiéu qua
hoat dong cuia hé thong.

Bo bién d6i AC/DC ¢6 nhiém vu
lay nang luong tryc tiép tir ngudn cip va
chuyén d6i thanh dién ap mot chiéu on
dinh dé cung cép cho hé théng.

Thanh phan trung tdm 1a bo bién
d6i ngudn 4p ba pha (Voltage Source

Converter — VSC), duoc diéu khién thong
qua phuong phap diéu ché d6 rong xung
(PWM) nhim tao ra dién ap bu phu hop
véi su ¢d dién ap trén luoi.

Dé han ché song hai do qua trinh
chuyén mach cua VSC gay ra, mdt bd loc
(line filter) dugc sur dung, gitp ting chét

lugng song dién ap duoc chén vao tai.
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May bién ap dam nhdn chic ning
cach ly dién ap gitta DVR va hé théng luéi
dién, dong thoi diéu chinh muc dién ap bu
theo yéu cau.

Ngoai ra, hé théng con duogc trang bi
mach chuyén mach bypass nhim dam bao
an toan, cho phép cach ly DVR ra khoi
hé thong dién trong cac tinh hudng bat
thuong hodc khi can béo tri..

2.1.2. Cdc ché dg hoat dong ciia DVR

Hé théng DVR c6 thé hoat dong
trong ba ché d6 chinh (Trinh, Minh, Lién,
& Minh, 2014), tuong g v&i cac trang
thai van hanh khac nhau:

- Ché d6 bypass: Trong ché do
nay, DVR duoc tach khoi hé thong thong
qua mach chuyén mach bypass. Ché do
nay thuong dugc kich hoat khi can thuc
hi¢n cong tac bao tri, stra chira thiét bi
hodc khi xdy ra sy cd nghiém trong trén
ludi dién, nhim dam bao an toan cho hé
théng DVR.

- Ché d¢ cho (standby mode): DVR
duoc két ndi voi hé théng dién nhung
khong thuc hién bu dién ap. Thiét bi van
duy tri trang thai hoat dong va sin sang
phan tmg ngay khi phat hién sy c¢6 16m
dién ap. Day la trang thai mac dinh khi h¢
thong van hanh 6n dinh.

- Ché @6 bu (active mode): Khi phat
hién su suy giam dién 4p vuot ngudng
cho phép, DVR s& nhanh chong chuyén
sang ché do by, tinh toan va chén dién ap
can thiét dé duy tri mac dién ap tai o gia
tri binh thuong, giup phu tai hoat dong

lién tuc.

2.2. Thiét ké cdc thanh phan ciia
DVR
2.2.1. Nguén cdp cho DVR

Céc BBD AC/DC dung trong DVR
thuong dugc lya chon 1a mach chinh luu
cau 3 pha nhu hinh 3.

BBD AC/DC
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Hinh 3. BBD AC/DC dung trong DVR

Dién ap mot chiéu sau chinh luu 1a
(Chinh, Hai, & Minh, 2004):

Us
7 (M

Vi U la dién ap day cua ngudn

Uge = 2.34

cung cap.

Tu dién DC-link dong vai trd quan
trong trong viéc dam bao ngudn ning
luong tirc thoi cho bo bién doi VSC trong
qua trinh bu 16m dién ap. Dé dap ung yéu
cau van hanh 6n dinh, tu DC-link phai luu
trit du ning lugng nham cung cap cong suat
bu trong sudt thoi gian dién ra su ¢6. Thong
thuong, dung luong cua tu dugc thiét ké
dua trén kich ban 16m dién ap nghiém trong
nhat 14 ba pha bi suy giam dién ap dong
thoi (Choi, Li, & Vilathgamuwa, 2002).
Gia tri dién dung can thiét co thé duoc xéac
dinh theo cong thuc:

oo 26P,At
@ UZ 2 AUdC _ (AUdC)Z (2)
de Udc Udc

Trong do, 0 1a dJ sau cua 1om, Af 1a
thoi gian 10m, P, 1a cong suat dinh mirc



cua tai, AU, la do giam tdi da cua dién ap
DC-link.

2.2.2. Thiét ké b¢ bién doi

VSC ctia DVR su dung cac khoa ban
dan diéu khién hoan toan nhu IGBT, GTO,
IGCT. Trong do, IGBT duoc chon nho kha
ning diéu khién dé dang, chuyén mach
nhanh va phu hop véi dai cong suét tmg
dung thyc té (Nielsen & Blaabjerg, 2005).

Céu trac mot pha ctia DVR duoc minh
hoa trong Hinh 4, d4 bao gdm b loc LC va
MBA ni tiép. B loc LC gitip loai bo hai do
diéu ché PWM, con MBA dam béo céach ly
va tang dién ap bu. Pién 4p hiéu dung dau
ra ctia bd nghich luu cdu mot pha duoc xac
dinh bdi (Chinh, Hai, & Minh, 2004):

1Upc
Uconv = 3)
V2
Vi p la hé so6 diéu che.
iload
—
Supply Uavr Load
Transformer AN
In (YY)
]
l’(‘unvlg lef Line-filter
id R Uconv
+ 3|
Enegy | ——| U

Supply

VsCc

Hinh 4. Ciu tric 1 pha cia DVR
Dong dién di qua bd bién d6i bang
tong cua dong tao ra boi cac chuyén
mach, dong tir hoa cia mdy bién ap va
dong tai.
iVSC - in (l) + imagnitization (l) + niloaa’ (l) (4)
bién 4p dat 1én cac van va diode
dugc tinh bang:
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Ur = Ugioge = Upc = 515V (%)

Dong 16n nhit qua van va diode
bang (Chinh, Hai, & Minh, 2004):

I

Iy = 7(1 + 1) (6)
.

Ip = 7(1 — 1) (7)

Véil, =v2nl;1a bién d6 dién ap ra
ctia BBD (n 1a ti s6 MBA).

2.2.3. Thiét ké may bién dp néi tiép

Cong sudt MBA bang dang véi cong
sudt mat di cua tai trong khi 16m, kém theo
hé sb qua tai cho phép k-

Stra = kqt05, (8)

Dién 4p phia so cdp cua may bién
ap (MBA) bang véi dién ap dau ra cua bd
bién ddi. Trong khi d6, dién ap phia thi
cép cia MBA chinh 1a dién ap DVR chén
thém dé bu cho tai khi xay ra 16m dién ap.
Do d6, ty s6 bién ap (hé sé MBA) dugc
xac dinh theo cong thirc:

_ Usec _ UDVR

©)

Upre  Uconw

2.2.4. Thiét ké bé loc

B0 loc duoc lép dat phia sau bd bién

d6i VSC nham giam thiéu song hai sinh ra

do diéu khién PWM. Vi dugc bo tri & phia

VSC, so do twrong duong mot pha cta hé

thdng DVR ¢6 dang nhu Hinh 5 (Choi, Li,
& Vilathgamuwa, 2002).

is L
M

) |

Hinh 5. So d6 biéu dién mot pha cua h¢
théng st dung bd loc LC
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O hinh trén, U biéu thi cho dién 4p
tuong duong ciia hé théng phia dau ra bo
loc, Z, = R +jwL, 1a tr6 khang ngoai cua
DVR, U, biéu thi cho dién ap trén phia
BBD cua b loc va duoc coi nhu 1 ngudn
c6 song hai.

Nguyén ly hoat dong ctuia bo loc LC
1a loai bo cac thanh phan hai cao tan ra
khoi hé théng. bé dat dugc muc tiéu nay,
dung khang cua tyu C duoc lya chon sao
cho (Choi, Li, & Vilathgamuwa, 2002):

|Zeamy| = Kp|Zeamy| K <1 (10)

Trong d6, Zem) = o= va w,=2xf,
bicu thi cho tan s6 co ban va m 1a bac song
hai nhé nhat duoc giam. Tu hinh 5, U, "
vaU, o la dién &p song hai bac thur n bén
phia BBD va tai cua bd loc LC va n = m,
m+ 1, m+ 2 .. M, M]labac cua song
hai 16n nhat dugc giam. Tir (10), ta co thé

nhén dugc quan hé sau day:

Urtny = KoyUsin) (11)
Trong d6, K =1/((nw)’LC-1).
Vi vay:
1
14—
__ Km (12)
(nwy)?C

Nhu vay, gia tri L va C ¢c6 thé nhan
duoc bﬁng viéc chon gia tri thich hop cua
K p vakK e Viéc lya chon nay da dugc thuc
hién ¢ tai liéu [3].

2.3. Lwgc khdo nghién ciru lién quan

Trong hai thap ky qua, DVR da duoc
nghién ctru rong rii v&i nhiéu cau hinh va
phuong phap diéu khién khac nhau. Dic
biét, DVR khong dung bd luu trilt nang
luong ngay cang nhan dugc sy quan tam
nhd vu thé vé chi phi va do tin cay.

Merchan-Villalba va cong su
(2020): gidi thiéu DVR dya trén matrix
converter voi diéu khién tuyén tinh tach
biét (decoupled), cho phép nang cao do 6n
dinh dién 4p ngd ra. Két qua méd phong
chirng minh kha nang bu sut ap td1 khoang
37% va dam bao chét luong dién ap theo
chuan IEEE 1159.

Abuthahir & Periasamy (2012):
phat trién DVR dua trén direct converter,
loai bo bo luu trit ndng lugng va cho phép
bu td1 50% sut ap cling nhu 100% qua ap.
Céac thi nghiém thyc té khing dinh ciu
hinh nay c6 tinh kha thi cao trong bao v¢
tai nhay cam.

Moghassemi & Padmanaban (2020):
dua ra mot tong quan toan dién vé cac cdu
hinh DVR, so sanh wu — nhuge diém cua
DVR c6 va khong luu trir. Nghién cou
nhdn manh DVR khong luu trir 1a lya
chon t6i wu cho mdi trudong coéng nghiép,
noi nhu cau chinh la ngan chan cac sy )
sut ap ngan han thay vi duy tri dién lién
tuc khi mét dién toan phﬁn.

Tong hop céc nghién ctru trén cho
thiy DVR khong dung bo luu trit ¢6 kha
nang dap Gng yéu cau k¥ thuat vé bu ap,
déng thoi1 mang lai lgi ich o rét vé kinh té
va bdo tri, 1a co s¢ ly luan quan trong cho
nghién ctru nay.

I11. Phwong phap nghién ciru

M6 hinh mé phong hé théng duoc

xdy dung trén phan mém Matlab phién ban
2015a cung thu vién Simulink véi mot tai
c6 cong sudt nho, 5kW, dién ap dinh mirc
3 pha 380V, tan s6 50Hz.

Lom dién ap dugc mod phong co do
sau la 50%, thoi gian xay ra khoang 0.1s.
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bién 4p nguén, dién 4p bu tr DVR - Lom dién 4p mot pha cham dat.
va dién ap tai dugc do dac dé kiém ching - Lom dién 4p hai pha cham dat.
trong céc kich ban sy cb: - Lom dién ap ba pha d6i xtng.

- Lom dién 4p hai pha cham nhau.

vabe
E— | s
=]
Toeisew
(EI
o
[l e
s
9 [Vabe ¢
X,
it
(Bt em -
w pes e o 10 |
ey of e : = BepREpfEE R 3E
m_“<m|
Udvr -—»-Iﬂ'!'al EES
.m )
[ e ot
(s e £ 2 -
e s flconv_0] leony_ 0
e e BOK

Hinh 6. So d6 mo phong trén Matlab — Simulink
IV. Két qua nghién ciru va thao luin
4.1. Két qud mé phong

Céc hinh dudi day thé hién két qua mo phong cho dién ap ngudn cip, dién ap bu tir
DVR va dién ép tai khi 1om x4y ra.

e e oo

i N AN NN *
vv\/vv ~

;; o'o't't'mo'c'o'o'c'c'o'o'o'&'&'o'o'c'o'o'&'c'o'o'o'o'
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2

2

Hinh 7. Ldm dién &p 1 pha

Két qua trong Hinh 7 cho thiy hé Vi phan ung tuc thoi, DVR da kip thoi
théng DVR hoat dong hi¢u qua khi sy chen dién ap cho pha gap su ¢, gitp dién
¢ 16m dién ap mot pha cham dét xay ra ap tai tai hau nhu khong suy giam so voi

trong khoang thoi gian tir 0,1s dén 0,2s. trang thai ban dau.
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VR T o0 SR e v

Hinh 8. Lom dién &p 2 pha
Hé théng c6 sa dung DVR duge

moé phong trong tinh hubng xuat hién 16m
dién ap do su cb cham dit hai pha. Do
mirc d6 suy giam dién ap khong dong déu
gitta hai pha nén di¢n &p bu tr DVR cho
mdi pha ciing khac nhau. Trong qua trinh

khoi phuc, xuat hién hién tuong qua diéu
chinh nhe tai thoi diém dau, tuy nhién bd
diéu khién da nhanh chéng hiéu chinh,
dua dién ap tai tré vé trang thai on dinh,
twong duong voi muc dién &p trudc khi

xay ra sy cO.

R esmassssassass g
OO

0.05 015

Udvr
I

Ulcad

25

Hinh 9. Lom dién &p 3 pha

Hinh 9 minh hoa kha nang bu dién
ap cua hé thong DVR trong trudng hop
xay ra 16m dién ap d6i xtmg do su cd
cham dit dong thoi & ca ba pha cua luéi
dién. So véi céac truong hop mot pha hoac
hai pha cham dt, thoi gian dép Gng cua

DVR trong tinh hudng nay dai hon do khéi
luong tinh toan va diéu khién 16n hon. Tuy
vay, DVR van c6 kha ning bu dién ap kip
thoi, giup dién ap tai 6n dinh va khong gay
gian doan cho phu tai.
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Hinh 10. Lom dién ap 2 pha cham nhau

Trong tinh hudng 16m dién 4p do sy
¢d hai pha cham nhau, hé¢ théng DVR van
thuc hién bu dién ap kip thoi cho ting pha
mdt cach doc 1ap. Dang song thu dugc cho
théy dién ap tai tai chi dao dong nhe tai
thoi diém bat dau va két thic 16m, khong
gdy anh huong qua nhiéu dén hoat dong
cua tai. Piéu nay cho thdy kha ning dap
ung va do chinh xac cia DVR trong cac
tinh huéng mét can bang dién ap phc tap.

4.2. Khio sdt thwc té va danh gid
hiéu qua gidi phap DVR khong dung bo
luu trit nang luong

Trong nhiing nam gan day, DVR
khong st dung b luu trit nang lugng da
thu hiit sy quan tdm 16n nhd vu thé vé chi
phi va dg tin cdy. Thay vi st dung pin hoac
siéu ty dién, DVR loai nay khai théc truc

tiép nang luong tir ludi dé bu sut ap.

- Kha nang bu sut ap: dat muc
30-50% tiy cdu hinh va chién luoc diéu
khién (Merchan-Villalba, et al., 2020)
(Abuthahir & Periasamy, 2012).

- Kha ning bu quéa ap: co thé dat
dén 100% trong truong hop dung direct
converter (Abuthahir & Periasamy, 2012)

- Chat luwong dién 4p ngd ra: on
dinh, dap tng céc tiéu chuan qudc té IEEE
1159 (Merchan-Villalba, et al., 2020)
(Moghassemi & Padmanaban, 2020).

- Chi phi dau tu: giam 20-30% do
loai bo phan tir luu tri.

- Chi phi bao tri: thdp hon vi khong
can thay thé pin/siéu tu sau 3—5 nam.

- Tudi tho hé théng: cao hon, khong
bi gidi han boi vong doi b luu trit.

Bang 1. So sdnh hiéu qua st dung

Tiéu chi DVR c6 lwu trir ning lugng

DVR khong dung lwu trir ning lwong

Kha nang bu sut 4p | Rong, ké c4 mét dién ngén han

Bu dén ~37% (Matrix Converter)
(Merchan-Villalba, et al., 2020); ~50%
(Direct Converter) (Abuthahir &
Periasamy, 2012)

Kha nang bu qua

ép (swell) Co, phu thuoc dung lugng luu trix

B dén 100% (Direct Converter)
(Abuthahir & Periasamy, 2012)
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Tiéu chi DVR c¢6 lru trir ning lugng DVR khong dung luu trir néng lwgng
Chét luone dién 4 Dap tmg [EEE 1159, 6n dinh trong di€u
1o 12 ong dien ap Cao, it phu thugc nguon ludi kién sut ap (Merchan-Villalba, et al., 2020),
& (Moghassemi & Padmanaban, 2020)
o o Thép hon 20-30% nho loai bo bg I trit
Chi phi dau tu Cao do pin/sicu tw (Moghassemi & Padmanaban, 2020)
s A y Thap, chi bao tri b bién doi va phan tir cong
Chi phi bao tri Cao (thay pin/si€u tu sau 3—5 ndm) S}lé t (Moghassemi & Padmanaban, 2020)
2. A A Ao Cyn . On dinh, tudi tho cao hon (Moghassemi
Tudi tho hé thong | Phy thudc vao vong doi bd luu trir & Padmanaban, 2020)
, . Trung tAm di liéu, hé thong can dién COP £ ngP 1¢p‘A nhay ca‘m Vol s;u ! aE’
Ung dung phu hop lién fuc khong yéu cau duy tri khi mat dién
j (Moghassemi & Padmanaban, 2020)

4.3. Pong gop, han ché va hwong
phit trién

- Pong goép khoa hoc: dé xuit mo
hinh DVR khéng luu trir, khung thiét ké
thanh phan, mé phong minh hoa hiéu qua.

- Pong gop thyc tién: giam chi phi
dau tu, tudi tho cao, bao tri don gian, phu
hop cong nghiép.

- Han ché: méi dimg & mic md
phong, chua thir nghiém thyc té.

- Hudng nghién ctu tiép theo: trién
khai thuyc nghiém, toi uu diéu khién, mo
rong ung dung cho nhiéu loai su ¢6 khéc.

V. Két luén

Bai b4o da chung minh DVR khong

dung b luu trir nang lugng c6 kha nang
bu 10m di€n &p nhanh, chinh xac va on
dinh, v6i hiéu qua twong duong DVR
truyén thong nhung chi phi thap hon 20—
30%. DAy la giai phap tiém ning cho cac
ung dung cong nghi¢p nhay cam vdi su
cd sut ap.
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DVR SOLUTION WITHOUT ENERGY STORAGE
SYSTEM

Dinh Khac Long’, Nguyen Manh Hung’, Do Phuong Nhung’

Abstract: This paper focuses on the design and control of a Dynamic Voltage Restorer
(DVR) to mitigate the impact of voltage sags on sensitive electrical equipment. Installed in
series with the load, the DVR detects voltage sags and injects compensating voltage to ensure
an uninterrupted supply. A key feature of this study is the proposed DVR configuration, which
operates without energy storage, drawing power directly from the grid through the remaining
voltage during faults. This approach reduces cost and device size while maintaining reliable
operation. Previous studies indicate that such DVRs can compensate for voltage sags up to 37—
50% and reduce investment costs by 20—-30% compared to storage-based designs (Merchan-
Villalba et al., 2020) (Abuthahir & Periasamy, 2012) (Moghassemi & Padmanaban, 2020).
System configuration, parameter selection, and MATLAB/Simulink simulations are presented.
The results confirm the DVR s fast, accurate, and stable compensation capability, highlighting

both its technical effectiveness and economic advantages for industrial applications.

Keywords: dynamic voltage restorer (DVR), power quality, voltage sags, sensitive load

protection
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