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(/NG DUNG THIET BI DVR DE GIAM SONG HAI

TREN LUGI DIEN PHAN PHOI

HARMONICS REDUCTION IN DISTRIBUTION GRID USING DVR
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TOMTAT

Chat lugng dién nang hién la mdt trong nhiing van dé dugc cac don vi
quan Iy van hanh lugi dién quan tdm ddc biét. Song hai la dang nhiéu khong
mong mudn trong ludi dién; c6 thé gay ra cac téc hai nhu tang phat néng cla
day dan dién, thiét bi dién sinh ra nhiét cao gy hu hong thiét bi, hda hoan va
nguy co chdy nd; lam cho tu dién bi qua nhiét va trong nhiéu trutng hop 6
thé dan tdi pha hy chat dién méi. Bai bao nay dé xuat st dung thiét bi khoi
phucdién &p dong Dynamic Voltage Restorer (DVR) nham gidm thiéu song hai
trong ludi dién theo quy dinh. M6 hinh cla thiét bi DVR va mot xudt tuyén
trung ap cla ludi phan phdi Vinh Phic dugc xay dung trong phan mém
Matlab/Simulink. Hiéu qué ctia phuong phép dé xudt dugc kiém chiing béng
két qua mo phong.

Tirkhéa: Sing hai, sut gidm dién dp ngdn han, thiét bi bi dién dp dong.

ABSTRACT

Harmonics generated by non-linear critical loads are major anxiety for the
industries. This paper proposes a method for dynamic voltage restorer (DVR)
to limit voltage harmonics. DVR is a well-known a commercially available,
popular device to eliminate voltage sags and swells in the distribution lines.
Close loop control for DVR and a distribution grid of Vinh Phuc province are
modeled and simulated using Matlab software. The simulation results of
Vinh Phuc province distribution grid are presented to demonstrate the
effectiveness of the proposed DVR system.

Keywords: Harmonics, least square method, voltage sag, dynamic voltage
restorer.
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1. GIGI THIEU

Do muic d6 phtic tap vé cau tric, ngudn dién va phu
tai trong ludi dién phan phéi, nén cac van dé lién quan
dén chat lugng dién nang nhu sut giam dién dp ngan han
va séng hai ngay cang dugc quan tam réng rai.

Song hai la mét dang nhiéu khong mong mudn trong
hé thong dién. Cac song dién ap va dong dién nay la boi
sO nguyén cla tan s6 co ban (50Hz hoac 60Hz) va gay méo
mo, bién dang séng sin & tan s ca ban. Séng hai co thé
lam cho cap bi qua nhiét, pha hong cach dién. Déng co
cling c6 thé bi qua nhiét hoac gay tiéng én, cong huéng
co khi va gay rung lac. Tu dién bi qua nhiét, phan I6n céc
trudng hgp co6 thé dan t6i pha huy chat dién moéi. Nhu
vay, séng hai c6 anh hudng khéng t6t téi phu tai va gay
anh hudng truc ti€p dén ké hoach san xuat va thiét hai vé
kinh t&. Do dé can phai giam thiéu téi da anh hudng cda
séng hai ddm bao cho céng tac van hanh hiéu qua, nang
cao chat lugng dién nang cung cap cho phu tai.
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Hinh 1. Minh hoa song hai

Thiét bi Dynamic Voltage Restorer (DVR) [1] la mét
thiét bi FACTS dugc st dung dé ngan chan hién tugng sut
gidm dién 4p ngan han. DE& tan dung kha ndng va tinh linh
hoat clia thiét bi DVR, tac gia dé xuat sirdung thiét bi DVR
dé cai thién dién ap va han ché anh hudng cda s6ng hai
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trong ludi dién trong bai bdo nay. Hiéu qua ctia phuong
phap dé xuat sé dugc kiém chiing bang két qua tinh toan
mo phong cho mot lugi dién tinh Vinh Phic bang phan
mém Matlab/Simulink.
2. PHUONG PHAP UGC LUONG PIEN AP VA GOC PHA
BE XUAT
2.1.Co'sé toan hoc

Phuong phap uéc lugng dién ap va géc pha dua trén
cd s& thuat toan binh phuong cuc tiéu [3-6] da dugc tac
gia ung dung va xay dung mo hinh bo udc lugng dién ap
va goc pha trong bai bao [2].
2.2. Mé hinh b uéc lugng dién ap

B6 udc lugng dién ap va géc pha dugc mo hinh hoa
trong Matlab/Simulink nhu hinh 2.
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Hinh 2. M hinh b udc lugng dién dp va goc pha

Khoi tin hiéu Sine Wave1, Sine Wave3, Sine Wave5,
Sine Wave7: la tin hiéu dau vao cac bac 1, 3, 5, 7. Khoi LES:
xU ly tin hiéu st dung hé phuaong trinh véi thai gian hoat
doéng datt =0,02s.

Khéi Voltage1, Voltage3, Voltage5, Voltage7 thu thap
tin hiéu dién ap dau ra clia cactan sé bac 1, 3,5, 7.

Khéi Angular1, Angular3, Angular5, Angular7: thu
thap tin hiéu goc pha clia cactansé bac 1, 3,5, 7.

Vi du: Khao sat bo LES vdi tin hiéu dau vao gbm cac
thanh phan tan s6 co ban va séng hai cac bac 3, 5, 7.

Gia sur dang tin hiéu dau vao cé dang nhu sau:

v(t) = 220sin(50t)+ 50sin(3 * 50t— g)

2
+30sin(5*50t+ g) +20sin(7*50t+ ?")

Tap chi Khoa hoc va Cong nghé Trueng Dai hoc Cong nghiép Ha Noi
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Hinh 4. Dién ap udc lugng thanh phan bac co ban va cac thanh phan béc
3,57

Nhan xét: K&t qua mé phong (hinh 4) cho thay, gia tri
d6 I6n thanh phan co ban clng nhu cac thanh phan bac
cao déu dugc udc lugng nhanh, chinh xac vai sai sé rat
nho. Tu dé, tin hiéu hiéu sau khi dugc phan tich sé dua
vao bd diéu khién dé dua ra dién ap bu thich hap.
3. CAU TAO VA NGUYEN LY LAM VIEC CUA THIET BI
DVR

3.1.Cautao

Thiét bi khoéi phuc dién ap déng DVR bao gom: bd
phan cdp nang lugng, bd bién déi, bo loc tan sé chuyén
mach, may bién ap, bo diéu khién [7] nhu hinh 5.
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Hinh 5. S¢ d0 cdu trdc 1 pha cdia DVR két ndi ludi
3.2. Nguyén ly lam viéc

Khi c6 su thay déi dién ap tai di€ém két ndi thiét bi DVR
thi b udc lugng dién ap dé xuat & trén sé phat hién su
chénh léch gilra phia nguén cap va phu tai. Tin hiéu dién
ap chénh léch nay sé dugc gti dén khéi diéu khién. Khéi
diéu khién c6 chiic nang tinh toan bién do6 dién ap can bu,
tin hiéu dién ap bu nay dugc gui dén bo diéu ché xung
diéu khién cla thiét bi nguon ap VSC. Xung diéu khién
mach nghich luu cau Full H-Bridge, mach nghich luu ap
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nay bién déi dién ap DC tir nguén du trlr thanh dién ap
xoay chiéu dung vdéi tin hiéu dién ap can bu clia khéi diéu
khién.

4. AP DUNG TiNH TOAN XUAT TUYEN 474E25.5 LUGI
DIEN VINH PHUC

4.1.So d6 tinh toan

Dua trén s6 liéu thuc té cla lugi dién trung thé tinh
Vinh Phuc, tac gia da xay dung xuat tuyén 22kV474E25.5
cung cap dién cho cac phu tai ti tram bién ap 110kV Vinh
Tudng trén phan mém Matlab/Simulink.

So dé mé phong gom nhiing khéi chinh nhu sau:
ngudn 22kV dau xuat tuyén 474E25.5, khoi phu tai va
dudng day tu cot 1 dén cot 162 vatr cot 162 dén cot 208,
may bién ap 22/0,4kV, dudng day AC50, ngudn hai cap
380V, nguén hai 22kV, dong co khong déng bo 2kVA, phu
tai tuyén tinh c6 cong suat 2kVA va thiét bi DVR. Thong
s6 cua thiét bi DVR: VDC = 150V; bo nghich luu IGBT ¢6
tan sé wsw = 30kHz; mach loc L = 3.10*H, C = 4.10"*F; MBA
t6 dau day Y/Y, ti s6 bién déi 1/2,5 va céng suat 3kVA.

So d6 mo phéng dugc thé hién chi tiét qua hinh 6.
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Hinh 7. Dién dp dong co vi THD = 11,77%
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Hinh 6. So @ md phong xudt tuyén 474E25.5
4.2, Cac kich ban mé phéng

Theo bao cdo clia dién luc Tam Duong (Vinh Phtc),
hang ngay c(f vao khodng thai gian 22h ngay hém trudc
dén 5h00 ngay hdom sau chat lugng dién nang khong tét,
mot s6 bo tu cla dién luc dat tai mét s6 vi tri trong ludi
rat nhanh bi hu hong. Qua quan sat cac bd tu héng
thudng bi phéng do qua nhiét.

Kich ban 1: Song hai tir déng co (nut 1)

Trong két qua mé phdng nay, mé hinh dong co khéng
déng bo c6 cong suat 2kVA dugc sir dung véi thai gian
md phdng trong 0,3s trong céc kich ban khac nhau.
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S Ngudn hai 22kV Ngudn hai 380V
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Hinh 8. a) Dién dp phia ngudn vdi THD = 1,76% b) Dién ap DVR

Két qua mo phong hinh 7, 8 cho thay, DVR da giam
thiéu séng hai phat sinh tir dong ca 1én |udi dién cu thé
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THD phia d6ng co khi chua lap DVR la 11,77%, THD khi c6
DVR phia ludi dién l1a 1,76%. D6 méo dién ap tai mot s6
nut trong hé théng dugc théng ké trong hinh 9 qua chi

N
s6 THD.
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Hinh 9. THD tai mdt s6 nt trong hé thong

Tai nut 2 va 3, séng hai da dugc loai bd dang ké, chi s
THD gidm r6 rét nhé hon 5% da nam trong gidi han cho
phép.

Kich ban 2: Séng hai tirnit 3

Trong kich badn nay, xét sy anh hudng clia séng hai
phat sinh tir nhanh 380V lan can (THD = 19,44%). Nguon
hai dat tai phu tai 2 (nut 3) bao gém cac bac 3,5,7, 11...
Su ¢6 phat sinh tir phu tai 2 trong khoang thaoi gian tu
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Hinh 10. Dién dp phu tai 2 véi THD = 19,44%
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Hinh 11. a) Dién ap tai trudc khi ba vdi THD = 8,24%, b) Dién ap tai sau
khi b véi THD = 3,95%, c) Dién ap DVR
THD trudc va sau khi dat thiét bi DVR tai nat 1 1an lugt
la 8,24% va 3,95%. D6 méo dién ap tai cac nut dugc théng
ké trong hinh 12.
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Hinh 12. THD tai mt s6 nut trong hé thdng
Kich bdn 3: Séng hai tir xudt tuyén 22kV (nut 5)
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Hinh 13. Dién ap tai ndt 5 véi THD =11,75%
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Hinh 14. a) Dién ap tai ntt 1 trudc khi bu véi THD = 9,73%, b) Dién dp tai
nut 1 sau khi bu vai THD = 4,48%, ) Dién 4p DVR

Trong kich ban nay, séng hai phat sinh tU phu tai céng
nghiép lay dién truc tiép tur cap 22kV. Nguon hai dat tai
nut 5 trong hé théng vai gia tri THD = 8,47% lam 6 nhiém
song hai trén toan tuyén. Hé thong xuat hién su ¢ song
hai tur thoi diém 0,05s dén 0,25s.

TU két qud mo phdng, cé thé thay thiét bi DVR dat
trudc déng co khéng déng bo, séng hai da dugc giam
thiéu rat dang ké cu thé d6 méo THD da giam tur 9,73%
xuéng con 4,48%. Phu tai 2 tai nut 3 do chua dugc lap
thiét bi DVR tri s6 THD tai nut 3 rat cao 9,73%. D6 méo
dién ap tai moét sé nut dugc thé hién qua hinh 15.
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Hinh 15. THD tai cac niit trong hé thdng
5.KET LUAN

Trong pham vi nghién ctru clia bai bao, tac gia da dé
xudt phuong phéap udc luong dién ap va goéc pha cho
thiét bi khoi phuc dién ap dong DVR nham ngan ngura sut
giam dién ap ngan han va anh hudng xau clia séng hai
dén ludi dién. Két qua mo phdng clia cac kich ban khac
nhau cho xudt tuyén 474E25.5 tinh Vinh Phuc cho thay
phuang phap dé xuat da gidm thiéu dnh huéng ctia séng
hai trong lugi dién va ngdn ngta hiéu qua sut giam dién
ap ngan han.

Vol. 60 - No. 8 (Aug 2024)

Cac két qua budc dau nay co thé la can cit dé xem xét
|ap dat thiét bi DVR trong luéi dién phan phéi nham dam
bdo céng tac van hanh, nang cao chat lugng dién ap.
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