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TOM TAT

Sut giam dién 4p ngan han (SAG) 1a hién twong chat lugng dién ning (CLDN) trong
d6 tri s6 hiéu dung cua dién ap giam xudng dudi 0,9 pu trong thoi gian dudi 1 phut.
Nguyén nhan chinh dan d&én SAG chu yéu 13 do ngin mach trong ludi dién, khai dong cac
dong co, dong dién khong tai may bién 4p, trong d6 ngan mach 1 nguyén nhan dan dén
trén 90% cac sy kién SAG trong hé thdng dién. Hién tugng SAG c6 thé gay nén nhiing
hau qua thiét hai vé kinh té. Dé khic phuc hi¢n tuong SAG, nang cao CLDN, kinh té 6n
dinh cho doanh nghiép, hién c6 nhiéu giai phap ma trong d6, hién nay, str dung céc thiét bi
FACTS néi chung, cac thiét bi nhu bo diéu 4p dong (Dynamic Voltage Restorer — DVR)
két ndi ndi tiép néi riéng 1a hudng giai quyét ngay cang duoc ap dung rong rii. Viée xac
dinh vi tri dat thiét bj bu dién ap dong (DVR) cho cac nha may xi nghié€p la nhi€ém vu quan
trong dé cho dam bao chét luong dién 4p nhim mang lai hiéu qua kinh té.

Twr khéa: ludi phan phéi; chét luong dién ap; sut gidm dién ap ngén han (SAG); thiét
bi diéu hoa cong suat DVR; tdi wu hoa

ABSTRACT

Short-term voltage sag (SAG) is a power quality phenomenon in which the effective
value of voltage drops below 0.9 pu for a duration of less than 1 minute. The main cause
of SAG is typically due to short circuits in the power grid, motor starting, and no-load
transformer energization, with short circuits being responsible for over 90% of SAG
events in the power system. The SAG phenomenon can result in economic losses. To
mitigate SAG, enhance power quality, and ensure economic stability for businesses, there
are various solutions, among which, the use of FACTS devices in general, and devices
such as Dynamic Voltage Restorers (DVR) in particular, are increasingly being widely
applied. Determining the optimal location for installing DVR in industrial plants is an
essential task to ensure power quality and maximize economic benefits.

Keywords: power distribution grid; power quality; short-term voltage sag (SAG);
dynamic voltage restorer (DVR), optimization.
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Gid6i Thi¢u

Chat lwong dién ap va ton that dién nang
trong van hanh ludi phan phdi dién luon
duoc quan tam ddi vé6i cac don vi van hanh
tai Viét Nam ciling nhu tai Vinh Long hi¢n
nay nhu cac cong ty Dién lyc thuong xuyén
bi su c¢b gay sut giam dién ap theo thong
ké hang nim khoang 10 lan/nim. Géan day,
c¢6 nhiéu phuong phap dugc nghién ciru vé
viéc xdy dung mo hinh md phong thiét bi
DVR va cic tac dong khic phuc SAG cua
né nh¢ céc diém thun loi nhu thye hién
don gian va c¢6 kha nang lam viéc hiéu qua,
tin cdy trong giai doan xay ra su cO[1][2]
[3][4]. Viéc xac dinh vi tri dat thiét bi DVR
trude hay sau MBA cho céc phu tai trong
xi nghiép vé tac dong bién do dién ap, goc
pha, cong sudt DVR chua duoc quan tim
trong thuyc té nén coéng trinh nghién ciru
nay mo phong DVR dat trudc va sau MBA
nhiam khic phuc SAG trong ludi phan phdi
6 nut, xay duyng mo hinh toan DVR trong
Matlab dé t6i wu hoa vi tri cia DVR.

2. M6 ta hé thong luéi phan phéi
Phat tuyén 479 cua Long H, Vinh
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Long bat dau tir Tram bién ap 110kV
Phuéc Hoa, Hoa Phi dén Tram may bién
ap ba pha 10MVA cho Nha may nudc da
Long Phudc sé 162A, Long Thuan, Long
Phuéc, Long Ho, Vinh Long. Theo ludi
phan phdi 22kV theo miu 6 nut dugc thuc
hién trong bai bdo nay c6 dang hinh tia,
chiéu dai khoang 20km. Tram bién ap
110kV/22kV. Nguén dién cép cho tram
bién ap nay tir lu6i dién Qudc gia thong
qua tuyén duong day 110kV chay doc
theo tuyén Qudc 16 1A. Hinh 1 mo ta ludi
phan phdi cua phat tuyén 479 theo cau
hinh mau mang phan phdi 6 nit. Cac phan
tir déu 13 tai ba pha, ciu trac hinh tia va
lién thong véi nhau.

Mo hinh luéi dién phét tuyén 479 theo
6 nat

DVE

If NS @ @ 4 @ L J
— 1 2 4 5 6
Hinh 1. Mang phdn phéi phdt tuyén 479

3. So d6 nha may khi DVR dit truéc
va sau may bién ap

(98]

MBA-DVR
()

Ngufm

Hinh 2. Vij tri dat DVR truéc va sau MBA nha mdy

Tir cc vi tri ndy, tién hanh khao sat
va mo6 phong trén Matlab dé phan tich, so
sanh va chon vi tri tot nhat dyua trén céc
thong s6 k¥ thuat va kinh té [3][4]. Dién
ap U, 1a 22kV va dién ap sau méy bién 4p
U, 1a 0,4kV. Gia tri dién ap hoat dong hi¢u
qua ctia cac thiét bi trong nha may tir 0,9pu
dén 1,1pu.

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG

Nguyén tic tic dong bu dién ap cua
bd DVR 14 chi bu ap cho phat tuyén khong
bi su ¢ ngén mach truc tiép, tire 1a bu sut
ap lan truyén do ngan mach gy nén. Khi
tuyén c6 dat bo DVR xay ra ngén mach,
DVR s€ khong tac dong va co6 1ap voi ludi.

4. Mb hinh toan dé bu dién ap bing
hé théng DVR [5]
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Xem xét so do thé hién trong hinh 3
Z,=R,+X, (0.1)

th
14 +V, =V, +2,1, (0.2)

DVR

Khi d6 dién ap roi ?iéy ra tai VL , DVR

s€ bom mdt dién ap noi tiep ¥V thong

qua may bién 4p cach ly do d6 bién do dién
ap V, co thé dugc phuc hoi.

L
VDVR = VL +ZthlL _Vth

] — PL+jQL
L v,

Trong d6 VL 1a dién 4p mong mudn

Vpypia= V,20°+Z,1,(B-0)-V,25 (0.5)

O day o, p va & 1a goc cua V.
Zth va V , tuong g va 0 1a goc he so
cong suat i voi

6 =tan™' [&j
B

Cong suét phat ciaa DVR 1a
=Vl Z

(0.3)

(0.4)

SDVR
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Hinh 3. Mé hinh todn ctia DVR

DPé thuc nghiém khdo sat cac truong
hop néu trén bam sat mdé hinh toan cua
DVR, nghién ciru ndy di xac dinh cau trac
bd diéu khién DVR nhu hinh 4 sir dung[6]
[7]: vong khoa pha PLL 1a mot hé thong
diéu khién phan hoi vong khép kin tao ra
mat tin hidu cing tin sd va goc pha cia tin
hiéu dau vao, bao gém 3 giai doan: tach
pha, tao dao dong va vong phan hoi. Khi
c6 su thay doi ctia tan sb va goc pha cua tin
hiéu dau vao, bo tao dao dong thay ddi tan
s6 goc pha tao ra bang vdi tin sb goc pha
cta tin hiéu dau vao, xac dinh gia tri bién do
sut giam di¢n ap luc su cb dé tac dong bo
chuyén d6i DC-AC, bd loc dé bu dang dién
ap sut giam ltc sy ¢ va tac dong cac khoa
tu m& ra khi su ¢b duogc 1an can dugce ¢d 1ap.

Hinh 4. Cdu tric bé diéu khién DVR trong hé théng

5. Khio sat cac trwong hop

5.1 DVR dat trwéc MBA

Mb hinh mé phong DVR dugc két ndi
trudc MBA, diém méc ndi tiép cia MBA
cach ly cua bo DVR phia cao ap 22kV. Bo
DVR dugc két ndi ty dong thong qua 03 bd
dong cit ty dong. Hai bo dong cat ndi tiép
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dé bu ndi tiép dién ap két hop dién 4 ap hién
hitu cua hé thong giup cho dién & ap dau vao
MBA trung thé gan nhu khong d6i va vi thé
dién thir cAp MBA giir 6n dinh va phu tai nha
may hoat dong binh thudng lic su ¢b xay ra.
Mot bd dong cat dé ndi tat bdo DVR lac phu
tai 1am viéc binh thuong khi khong co su cb.
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Hinh 5. Mé phéng DVR ddt truéc MBA
Trong so dd céu tric, ¢ dat thiét bi do dé xac dinh cong suat bu cia DVR khi
dat trude va sau MBA dé thu thap dir lidu.

5.1.1 Trwong hop luéi dién 3 pha hoat dong binh thwong
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Hinh 6. Dang song dién dp lic binh thuong.
Dién ap tai thanh cai sau may bién ap 13 1pu, cac pha ddi xing.

5.1.2 Khi ngin mach 3 pha chwa ¢6 DVR

UAMARL A RN REREER LA AR KRR EARE AR AKKARA RN
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Hinh 7. Dang séng dién dp ltic su c6 ngdn mach véi téng tré ngdn mach Z, =Z, =0,2574+j1,675.10*
va khéng c6 DVR
Bién do dién ap lac ngin mach anh dong khong chinh xac (nhu cac thiét bi
huong tai nha may chi con 0,56pu. Trong  lam viéc theo bién do, sb, goc pha..) giy
thoi gian nay, cac thiét bi nhay cam ciia  thiét hai rat lon vé kinh té cling nhu tudi
nha may s& ngung hoat dong hodc hoat tho cua cac thiét bi dung dién.
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5.1.3 Khi ngin mach 3 pha ¢6 DVR
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Hinh 8. Dang séng dién dp liic su' 6 ngdn mach véi téng tré ngdn mach Z, =Z =0,2574+j1,675.10*
va c6 ddt DVR truéc MBA

Hé théng cho thiy bién do dién ap
lac xay ra ngan mach tir Is dén 1,2s, bién
d6 dién 4p sau MBA van bang 1, goc pha
van duy tri nhu trude dam bao cho thiét
bi l[am viéc hiéu qua khong gdy hau qua
kinh té va tudi tho thiét bi dam bao. Tuy
nhién, lac thoi diém xay ra su ¢d (1s), co
su qua do dao dong tuy rat nho it nhiéu
cling anh hudng dén hé thng. Vi vay, cdu
triic bo diéu khién DVR va bo loc clia no
dong vai trd quan trong quyét dinh hiéu
qua va do tin cay khi bao vé cho nha may.
Dién ap bu nbi tiép vao ludi 1a 0,44pu véi
dong cong suét chay qua phia so cip dinh
mirc cia may bién ap tuong tmg 1a 260A.
Cong suit DVR bu cho trudng hop nay 1a:

4359,2kVA.
5.2 DVR dit sau MBA

Mo hinh mé phong DVR duge két nbi
truéc MBA, diém miéc ndi tiép cuia MBA
cach ly cua by DVR phia cao ap 22kV. Bo
DVR dugc két ndi ty dong thong qua 03 bd
dong cét ty dong. Hai bo dong cat ndi tiép
dé bu ndi tiép dién ap két hop dién 4p hién
hitu ctia hé théng gitip cho dién 4p dau vao
MBA trung thé gan nhu khong doi va vi thé
dién thir cap MBA giit 6n dinh va phu tai
nha may hoat dong binh thuong lac sy cb
xay ra. Mot bo dong cat dé ndi tit bd DVR
ltc phu tai lam vi¢c binh thuong khi khong
co su cd.
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P
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Hinh 9. Mé hinh cdc thiét bi DVR
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5.2.1 Trwong hop lwéi dién 3 pha hoat dong binh thudng
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Hinh 10. Dang séng dién dp Ilic binh thuong.

Dién 4p tai thanh céi sau may bién ap 1a 1pu, cac pha di xtng.

5.2.2 Khi ngin mach 3 pha chwa c¢6 DVR
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Hinh 11. Dang séng dién dp lic su' c6 ngdn mach véi téng tré ngdan mach Z, =0,2574+j1,675.10*
va khéng c6 DVR

Bién do dién ap lac ngin mach anh
hudng tai nha may chi con 0,56pu. Trong
thoi gian nay, cac thiét bi nhay cdm ctia nha
may s€ ngung hoat dong hoéc hoat dong
khong chinh xac (nhur cac thiét bi lam viéc
theo blen do, sb, goc pha..) gay thiét hai rat
16n vé kinh té ciing nhu tudi tho cua cac
thiét bi dung dién.

5.2.3 Khi ngin mach 3 pha c6 DVR

Hé thong cho thay bién do dién ap lac
xdy ra ngan mach tr 1s dén 1,2s, bién do

dién ap sau MBA van bang 1, goc pha van
duy tri nhu truée dam bao cho thiét bi lam
viéc hiéu qua khong gay hau qua kinh té va
tudi tho thiét bi dam bao. Tuy nhién, lac thoi
diém xay ra su ¢ (1s), qua do dao dong dai
hon, do anh hudng dén hé thong. Vi vay, cdu
triic bo diéu khién DVR va bg loc clia nd
dong vai trd quan trong quyét dinh hiéu qua
va do tin cdy khi bao v¢ cho nha may. Dién
ap b phia ha ap ciing bang 0,44pu va dong
tai dinh murc 13 14.433A. Cong suat DVR bu
cho truong hop nay la: 4399,76 kVA
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Hinh 12. Dang séng dién dp ltic s c6 ngdn mach véi tong tré ngdn mach Z, =0,2574+j1,675.10*
va co dat DVR sau MBA

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG
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6. Két luan.

Tuy nhién trong qua trinh nhan dang
song dién ap tai thoi diém bat dau bu c6 thé
xdy ra hién tugng vot 16 dién ap tirc thoi
tai thoi diém bat dau bu ap nhu hinh 8 va
hinh 12.

Qua nghién ctru vé mo hinh toan hoc
DVR, cau tric b diéu khién DVR va khao
sat mo phong hai vi tri dat b DVR trudce
va sau MBA cho thy rang: 1. Dién ap bu
ciia bd DVR cho hé thong 14 tin cdy, hiéu
qua, bu ca bién do va goc pha gitp phu tai
nha may vuot qua sut ap ngan han do ngin
mach giy ra; 2. Cong suét dit cia DVR
truong hop dat trudc MBA 1a 4359,2 kVA
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va sau MBA 1a 4399,76 kVA, chi phi dau
tu ban dau cho hai trudng hop nay 1a trong
duong nhau vé cong suat; 3. So sanh vé ki
thuat, thong s bu, hiéu qua kinh té nghién
ctru chon dat DVR tai phia cao ap tot hon
vi ¢6 tinh k¥ thuat tdt, van hanh d& dang,
an toan va dic biét khi c6 su ¢6 ngin mach
xdy ra ¢ vung lan can DVR bu dién ap
trudc MBA nhanh chong va hi¢u qua hon.
Ngoai cac truong hop nghién ctru trén, tac
gia dinh hudng s€ khao sat cac truong hop
bu 4p khi ngan mach khong ddi xing ciing
nhu tac dong higu qua vé k¥ thuat ciing nhu
kinh té cua truong hop nay dé xac dinh vi
tri DVR phu hop hon.

TAI LIEU THAM KHAO

[1] B. Rong Sunl, Haifeng Qiu2(2016), “Voltage sag improvement using DVR and SVG

in power systems”.

[2] A. Pradesh (2017), “Support Dynamic Voltage Restorer ( DVR ) to reduce the rating
of Voltage Source Converter ( VSC ) applied”.

[3] V. Van Thang, N. Van Vien, and T. D. Tung(2019), “Tinh Toan Vi Tri Va Dung
Luong Bu Toi Uu Trong Ludi Pién Optimal Allocation and Sizing of Capacitors in
Distribution,” vol. 195, no. 02, pp. 55-60, 1859.

[4] Tran Duy Trinh(2014), “Nghién ctru didu khién bo khoi phuc dién ap dong (DVR) dé
bu 10m dién ap cho phu tai quan trong trong xi nghi¢p cong nghi€p. Luén an tién si
dicu khién va tu dong hoa- Truong Dai hoc Bach Khoa Ha N6i.”.

[S] INAGENDRABABU VASA 2SREEKANTH G, 3NARENDER REDDY NARRA,
4Dr. SRUJANA A(2012), “Series Compensation Technique for Voltage Sag

Mitigation”.

[6] N. H. M. Tran Duy Trinh , Nguyén Vin Lién , Tran Trong Minh(2014), “Thiét ké mo
phéng va thuc nghiém bd khoi phuc dién ap dong (DVR) cho bu [16m dién ap trén ludi
dién cong nghi¢p,” vol. 7, pp. 67-74, 2014.

[7] Michael H. Bierhoff and Friedrich Wilhelm Fuchs(2009), “Active damping for
three-phase PWM rectifiers with high-order line-side filters”.

108

TAP CHi KHOA HOC | rvsn2%aons



