JOLIPI’ICII o]( Science - V L U T E ISSN 261 5-9945

KHAC PHUC SUT AP NGAN HAN LUOI PHAN PHOI
15 NUT SU DUNG D-STATCOM

OVERCOMING THE SHORT-TERM VOLTAGE DROP IN 15-BUS
DISTRIBUTION NETWORK USING D-STATCOM

NGUYEN THE HOANG!®, NGUYEN VIET TRUNG'®,
NGUYEN VAN MINH'*
"Truong Dai hoc SPKT Vinh Long

Email: ‘nguyenthehoangkg@gmail.com,
Ytrungnv@vlute.edu.vn, ‘minhnv@yvlute.edu.vn.

Nhdn bai (received): 07/3/2022; Phdn bién (revised): 30/3/2022; Chd'p nhdn (accepted): 13/4/2022

TOM TAT:

Bai bao trinh bay mé hinh toan va md phong hé thong st dung thiét bi D-Statcom dé
khéc phuc sut ap ngén han hé théng dién. Cu thé, cac thong s6 trén luéi phan phéi va phu
tai dugc tham khao tai nhanh 371 thudc tinh Kién Giang, nhanh c6 téng cong 15 nat bao
gdm céc phu tai 1a cac cong ty, xi nghiép. Hé thong duoc xay dung va mo phong trén phan
mém MATLAB/Simulink. Trudng hgp ngan mach ba pha trong khoang thoi gian 1-1,2s
tai ntit 01. Két qua mo phong cho thay dién ap tai cac nat dugc cai thién rd rét khi hé thong
c6 str dung thiét bi D-Statcom. Cu thé dién ap tai cac nat ¢ dau, giita va cudi dudng day
déu co bién do trén 0,9pu.

Twr khéa: D-Statcom, sut ap ngén han, ngén mach ba pha, Matlab/Simulink.
ABSTRACT:

This paper presents mathematical model and system simulation using D-Statcom
device to overcome the short-term voltage drop of the power system. Specifically, the
parameters on the distribution network and the load are referred to at branch 371 of Kien
Giang province. The branch has a total of 15 bus including the loads of companies and
enterprises. The system is built and simulated in MATLAB/Simulink software. In case
of three-phase short circuit for 1-1. 2s at bus 01. The simulation results show that the
voltage at the buses is significantly improved when the system uses D-Statcom devices.
Specifically, the voltage at the buses at the beginning, middle and end of the line have an
amplitude of over 0.9 pa.

Keywords: D-Statcom, short-term voltage drop, three-phase short circuit, Matlab/
Simulink.

1. GIOI THIEU tri sO hiéu dung cia dién ap giam xudng
Sut giam dién 4p ngin han (SANH) dudi 0.9 pu trong thoi gian dudi 1 phut [1].
hay con goi 1a 16m dién 4p 1a hién twong Ngan mach trong ludi dién, khoi dong cac
chat lugng dién ning (CLDN) ma trong d6  ddng co cong suat 16n, dong dién khong tai
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may bién ap 1a cac nguyén nhan chinh dan
dén SANH, trong d6 ngan mach 1a nguyén
nhan dan dén trén 90% cac su kién SANH
trong hé thong dién [2]. Ngoai ra, SANH
con do cac nguyén nhan nhu dong cac phu
tai 1on vao ludi dién, m¢ may khong tai
may bién 4p cong suat 16n [1]. Tuy nhién,
dbi véi cac truong hop nay, SANH thuong
¢ bién d6 giam nho va it gy nguy hiém
cho luéi dién. Vé mat nang lugng, SANH
lam giam luong ning luong can thiét cung
cap cho cac thiét bi dung dién va do do s&
lam cho cac thiét bi nhay cam ngimg lam
viéc hay 1am viéc khong diing theo yéu cau
thiét ké. BO cap ngudn cho may tinh, cac
thiét bi dién tir, bo diéu tdc, contactor, ro
le dién co va dong co khong dong bo,...
thuong 14 nhitng thiét bi chiu nhiéu anh
hudéng béi SANH [2].

Ngay nay, c6 nhiéu giai phap khac
phuc hién tuong SANH trén ludi dién tuy
thudc hién tuong CLDN, loai phu tai nhay
cam. Vi¢e st dung céc thiét bi nhu FACTS
(Flexible AC Transmission System), CPD
(Custom Power Device) ngay cang duogc
phat trién voi nhitng vu diém vuot trdi so
v6i cac giai phap khéac, ndi bat nhat chinh
1a kha niang phan ung nhanh, rat phu hop
dé khic phuc cac hi¢én tuong CLDN dién
bién nhanh xuit hién ngdy cang nhiéu
trén hé thong dién. So di c6 wu diém nay
1a vi cac thiét bi FACTS hay CPD co su
hd trg ctia cac linh kién dién tir cong suat
doéng vai trd nhu cac cong tic ban dan.
Bén canh d6, cac tinh ning ning cao chat
luong van hanh cho hé thong dién ciing
dong thoi duoc dam bao nhu nang cao kha
nang tai, cai thi¢n do tin cady cua ludi dién
[3]. Cac thiét bj CPD c6 thé duoc ndi song
song v&i phu tai duoc bao vé nhu thiét bi
bu tinh D-Statcom (Distribution Static
Synchronous Compensator) hodc ndi tiép
v6i phu tai nhu thiét bi phuc hoi dién ap
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dong DVR (Dynamic Voltage Restorer)
hodc két hop ca hai hinh thic ndi tiép va
song song nhu thiét bi UPQC (Unified
Power Quality Conditioner) trong ludi
phan phdi dién [4]. Bai béo nay xét hién
tugng CLDN 1a SANH do ngan mach trén
lu6i phan phdi va thiét bi FACTS duoc
xem xét 1a D-Statcom. Ludi phan phdi
dugc lay thong s6 tai ludi dia phuong
thudc khu cong nghi€p Thanh Ldc, huyén
Chau Thanh, Kién Giang. Tac gia su dung
phan mém Matlab/Simulink mé phong qua
trinh SANH va khic phuc SANH sur dung
thiét bi D-Statcom.

Noi dung bai bao gdm 4 phan chinh:
Phan 1 trinh bay téng quan ndi dung; Phan
2 mo td mo hinh toén va phuong phap su
dung D-Statcom trén ludi phan phoi. Két
qua mo phong dugc trinh bay trong Phan
3. Phan 4 két ludn va hudng nghién ctu
tiép theo.

2.COSO LY THUYET
2.1. Thiét bi D-Statcom

CAu tric co ban cua D-Statcom duge
thé hién trong Hinh I, bao gém bd bién
d6i ngudn dién ap ba pha (VSC-Voltage
Source Converter) duoc két ndi vé phia thir
cap ctia may bién p ghép va ngudn dién ap
DC (Vdc) [5].

Hé¢ théng dién
Istatcom(ly)

May bién ap Vi Vi

\AANY X

YY Y Vs /Y Y\ L I

1 Vstatcom(V2
) Neuv:=v,I,=0
Néu ¥, < V4, I mang tinh cam

Néu ¥, > V1, I, mang tinh dung

ve | TR
L }[ Ngudn DC

Hinh 1. Nguyén ly hoat déng co bdn ctia D-Statcom

Cong sut hiéu dung va cong suét phan
khang trao doi gitra hai nguon V, (Iuéi) va
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V, (b6 bu) dugc tinh nhu sau [5]:

pllasind, Q-—(V V,cosd), 6=(0,-6,) (1)
XL L

Trong ché do hoat dong 6n dinh dién
ap phat ra boi D-Statcom thi 7, cung pha
voi V, (6 =0) do do chi co cong sudt phan
khang truyén tai. Bang cach diéu khién dién
ap V, tao ra boi by bién d6i VSC cung pha
véi dlen ap hé thong V, nhung c6 bién do
16n hon khién dong phan khang (Z) chay tur
D-Statcom vao hé thong, luc nay dong dlen
1 hoat dong nhu mét dién dung cung cip
cong sudt phan khang dén hé thong, qua do
s€ nang cao duoc dién ap trong ludi dién [5].

Nguoc lai, néu dién ap V, tao ra boi
VSC c¢6 bién do thap hon dlen ap V, cua
hé thong khién dong phan khang (1 ) chay
tir hé thong vao D-Statcom, lic nay dong
dién I hoat’ dong nhu méot dién oam ti€u
thu cong suat phan khang tir h¢ thong, qua
d6 han ché qué ap trén ludi dién. Néu dién
apV,vaV, bang nhau thi khong c6 trao doi
cong suit phan khang.

Hinh 2 thé hién so dd don tuyén cua
D-Statcom két ndi voi hé thong dién va so
d6 khdi hé thong diéu khién D-Statcom. Hé
thng diéu khién co ban bao gom [5]:

- Mot vong khoa pha (PLL) dong bo
trén cac thanh phﬁn thtr tw duong cua dién
ap ba pha so cap V,. Ngo ra ctua PLL (goc
0=owt) dugc su dung dé tinh toan cac
thanh phan doc truc, ngang truc cua dién
ap va dong dién ba pha AC.

- Céc h¢ thong do luong do cac thanh
phan dg cua dién 4p va dong dién tht tu
thuan AC duoc diéu khién ciing nhu dién
ap DC, V.

- Mot vong lap diéu chinh bén ngoai bao
gém mot bo diéu chinh dién ap AC va bod
diéu chinh dién 4p DC. Ngd ra bo diéu chinh
dién ap AC va DC bao gom L, val

dref
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- Mot vong lap diéu chinh dong dién dé
diéu khién d6 16n va pha cua dién ap duoc
tao ra boi bd chuyén doi PWM v, Ve‘l V)
tir nhitng dong dién quy chiéu / et
tao ra tuong ung bang cach diéu chlnh dién
ap DC va diéu chinh dién ap AC.

Vet

Iqx!fi

Do luon, L
— 0 g
oo

I

Hé théng diéu khién

Hinh 2. So d6 khéi hé théng diéu khién
ctia D-Statcom

So dd khdi md phong st dung phan
mém Matlab/Simulink cta vong khoa
(PLL) dugc minh hoa trong Hinh 3. Mach
PLL dugc sir dung dé tao ra mot song hinh
sine ddng pha véi dién ap nguon.

Hinh 3. So d6 khéi vong khéa PLL sit dung
phdan mém Matlab/Simulink

2.2. D-Statcom wng dung trén luwéi
phén phéi

Dé khic phuc SANH trén toan bo luéi
dién, bai bdo xem xét viéc dat mot thiét bi
D-Statcom. V& mat Iy thuyét, tng v6i mdi
vi tri dat D-Statcom, cong suét D-Statcom
dugc tinh theo phwong phéap xép chong [6].
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g Usaw I3
~
b)
Zng AU, Z
‘ 9 %T Istat

N~

Hinh 4. So dé luéi dién 1 nat phu tdi
co ddt D-Statcom

Trong trudng hop don gian, Hinh 4 thé
hién so dd mo ta ludi dién mot nguén va
c6 bu dién ap boi D-Statcom tai nat phu
tai. Nho ¢6 D-Statcom cung cap dong L,
vao ludi, dién 4p tai nat tai (cling la nat
két nbi D-Statcom) c6 thé dugc bu dén
gia tri U. Hinh 4b mo6 ta ludi dién chua
xét D-Statcom, khi do dién ap tai nut tai
1a U, Hinh 4c thé hién so d0 ludi dién
khong xét nguon ludi, khi dé chi xét mach
bu dién ap AU, (AU, =U,-U,,,,) nho
D-Statcom cung cip dong I, Dé tinh tri
s0 dong dién [, c6 thé xem mach Hinh 4a
la x€p chong cua mach Hinh 4b va mach
Hinh 4c [7]:

I = AU: _ Ut _USANH
stat Zth Zth
Trong do:

2

zZ,: Téng tré Thevenin cua ludi dién
nhin tir nut tai.

U: Dién 4p nut tai sau khi dat
D-Statcom.

an: Tong trd ngudn dién.

Z: Téng trd phu tai.

Thuc té, dbi véi ludi dién nhu luéi
phan phoi 15 nut dia phuong dugc md
phong trong bai béao thi vigc tinh [ cling
theo nguyén tic xép chong dua trén dinh ly
Thevenin d6i voi ma tran tong tré nit nhu
sau [7]:

100
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[Zbus]

AU —
AU1|6'

Hinh 5. Luéi dién mé td theo téng tré nut
va xét mét D-Statcom néi vao niit k
Gia su truong hgp ludi chua ngan
mach, chua xét D-Statcom thi phuong trinh
dién 4p nit nhu sau:

(U ]=[2,.]x[1°] 3)

Trong do:

[U 0} : Ma trn dién ap nGt & trang thai
ban dau;

[I 0] : Ma tran dong dién cung cp vao
cac nit ¢ trang thai ban dau;

[Z

bus

|: Ma trén tong tré nat cta luéi
dién. [Z,, ] duoc tinh tir ma tran téng din
, -1

nut: [Zbus] = [Ybus] ‘

Khi c6 xét D-Statcom, tuong tu nhu
khi cung cép dong Al, =1, vao nut k
thi phuong trinh dién ap nuat cua ludi
dién dugc tinh theo dinh ly Thevenin
nhu sau [7]:

[U]=[2,,]x([1°] +[ 1]

4)
=z, <[ I'|+]2,,]x[41]
=[U"]+[4U]

Trong do: [AU]=|Z,, |x[4I]
Tuong tu:
(AU, | o] [z, ]
0 L
AU, |=[2,,]x| 4I, |=| Z,, <1, )
0 L
_AUn_ L 0 a _an_
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Trong do:

AU, : B¢ tang dién ap nut 7, i=1, n khi
cung cap thém dong A/, vaonutk (1, ).

Vi chi xét mdt D- Statcom trén hé
thdng nén ma trin dong cung cap vao cac
nut [AI ] chi co phan tae Al, #0, con cac
phan tir khac déu bang 0.

Gia thiét dién ap tai nat k ndi voéi
D-Statcom sé ting tir U, =U.,,,, , 1én dén
U, =1. Dong dién D-Statcom tuong Gng
duoc tinh nhu sau [7]:

AU 1
L, =Al = ‘ =—x(1=Ugpy) (6)
’Zkk Zk
Cong suat cua D-Statcom [7]:
Sstat k = U x Istat (7)

bo tang dién ap tai cac nat i
(i=1-n; i # k) khiluéi c6 D-Statcom [7]:

Ui = AUi +Ui0 = Z x1 +USANH.1' (8)

stat

Tat ca cac tinh toan nhu mo ta ludi
Z, ., tinh toan cong suét S, cua D-Statcom
va klem tra do léch dlen ap khi c6 1ap dit
D-Statcom trén ludi dugc moé phong trén
phan mém Matlab/Simulink.

3. KHAC PHUC SUT AP NGAN
HAN LUOI PHAN PHOI 15 NUT PIA
PHUONG SU DUNG D-STATCOM

3.1. Lw6i phan phdi 15 niit dia phuong

ISSN 261 5-9945

Hinh 6 mb ta lu6i phan phdi 15 nut
dia phuwong, cu thé 1a nhanh 371 Chung
Su — Tac Cau thudc tinh Kién Giang.
Ludi gdm c6 15 nat véi mot nit ngudn
(nut 371) va 14 nut tai. bay 1a ludi 22kV
c6 dang hinh tia. Dan cu va cac cong ty,
xi nghiép cling tdp trung trén hai bén
tuyén dudng giao thong, nén cac phy tai
st dung di¢n cling dugc phan b6 theo truc
10 giao thong.

65
58 59 60 J69

371

22kv§
70 01 72 74 76
/
1 02 1 42
03 43

Hinh 6. So dé don tuyén luéi dia phuong 15 nuit

Thong s thu thap ddu nam 2021 do
cong ty dién luc Kién Giang cung cap, chiéu
dai tuyén khoang 8km, 1a day AC-120 kéo
hét truc chinh cta tuyén. Do phu tai phan
b theo truc duong nén cac tuyén ré& nhanh
cung cap cho phu tai co sir dung diy AC-
50, AC-75 nhung kéo mot doan day rat ngin
v6i dién ap 22kV xem nhu c6 thé bo qua
tong trd duong day cdp cho phu tai. Tuyén
chinh c6 7, =0,192832176(€2/ km), cong
suat tram khoang 25MVA. Bdng I cho biét
thong s6 cac phu tai cong nghiép ctia nhanh
371 thudc tinh Kién Giang.

Bdng 1. Théng sé phu tdi nhanh 371

STT | NUT | THONG TIN PHU TAI P(W) | Q(Var)
1 42 | Cong ty CP Bia Sai Gon 5000 5000
2 43 | Nha may Bia Sai Gon 55000 8000
3 76 | Cong ty Ton Mai 4000 1500
4 74 | Tu nhan Trinh Ngoc Pong 3000 1200
5 72 | Tu nhan Hong Nhung 3000 1000
6 01 | Tunhan Ha Yén 2000 1000
7 02 | Nha may Giay TBS 1-2 45000 | 4000
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STT | NUT | THONG TIN PHU TAI P(W) | Q (Var)
8 03 |Nha may Giay TBS3 30000 8000
9 70 | Tu nhan Minh Nhat Quang 3000 1500
10 | 69 |[ST VanHanh 22000 9000
11 | 65 |HKD Tu Kiét 21000 8000
12 | 60 |Tunhan DS Vin Triéu 5000 1500
13 | 59 |Tunhan Nguyén Piang Khoa 9000 2000
14 | 58 |Congty CP Thai Binh 77000 | 20000

* Ghi chii: Théng sé Bang 1 dwoc thu
thdp tir phan mém ciia Pon vi quan 1y, cdc
tén phu tai la Co so, Cong ty, Nha may,
Doanh nghiép dang ky hoat dong.

Mo hinh nhanh 371 toan b phat tuyén
duoc xdy dung trén phdn mém Matlab/
Simulink. Toan bd thong s tai dugc nhap
trén mo phdng, dé c6 thé thuc hién céc thao
tac van hanh thir nghiém hé thong.

3.2. Két qua mé phong

Két qua mdé phong duoc khao sat
trong truong hop hé théng co dat thiét
bi D-Statcom va khong c6 D-Statcom.
Khi mé ta hién twong SANH do sy cb
ngan mach trén ludi dién, bai bao gia
thiét ngdn mach 3 pha véi tong tro sy cd
Z, =0.257+0.000175, thoi gian ngan
mach 1a 0.2s.. Bang 2 trinh bay cac thong
s6 chinh cta cdu hinh D-Statcom khi ap

dung vao ludi dién.

Bang 2. Théng sé chinh cdu hinh

D-Statcom
A Ngudn dién ap khong doi
Nguon AC 11V, 50Hz
L=0.001x10"(H);
Mach loc

R=0.00001(Q);C =10"2(F)
200 (MVA); 22 (kV)

SANH dugc phat hién khi dién ap ludi
dién giam xudng dudi 90% dién ap dinh
muc va qua dién ap dugc phat hién khi
dién &p ludi tang trén 110% dién ap dinh
mirc. Cu thé, bai bao khao sat truong hop
lu6i dién ngan mach ba pha tai ntt 01 khi
khong c6 D-Statcom va khi c6 D-Statcom
dat ¢ nat 01. Cac két qua do duogc trich
xuat tir phan mém mo phong Hinh 6, Hinh
7 va Hinh 8.

May bién ap

=
°

Pign ép (pu)

=
3

Pha A

05 --Pha B

~=Pha C
I

2

?,,_
-

Pign ap (pu)
=

S

2

Pha A
---PhaB_|
===Pha C

=

'

02 04 06 08 1 2 14 16 18
et Thei gian (5)

a/

-~ Thoi gian (s)

b/

Hinh 6. Dién dp tai nut 01. a/ Chua cé D-Statcom; b/ Cé6 D-Statcom
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H 0.7 H
" Phad 04 :m‘;—
---PhaB foe]
" ~—PhaC HaC
04 - 02 |
0 0.2 04 0.6 08 1 12 14 16 18 2 0 02 04 0.6 08 1 12 14 16 18 2
- Thaigian () - Thiigian ()
a/ b/
Hinh 7. Dién dp tai nut 58. a/ Chua c6 D-Statcom; b/ Cé D-Statcom
T T T
11
1
1 ¥ ! .E.”L“m.;
509 ll 208 !
& &
&0.8 &
& 506
H 0.7 2
0.6 PhaA 04 PhaA
0s ---PhaB_| ---PhaB
- ~~Pha C —PhaC
04 ! L ! 02 -
0 02 04 06 08 L 12 14 16 18 2 0 02 04 06 08 L 12 14 16 18 2
e Thoi gian (s) e Thai gian (s)
a/ b/
Hinh 8. Dién dp tai nut 76. a/ Chua cé D-Statcom; b/ Cé D-Statcom
Nhdn xét: do dién ap trén cac nut déu tang trén 0.9pu.

Hinh 6a, Hinh 7a va Hinh 8a thé hién
1an luot dién 4p tai nut 01, 58 va 76 khi hé
thong khong c6 D-Statcom. C6 thé thay khi
xay ra ngin mach trong khoang thoi gian
1-1.2s dién ap tai niit ngan mach 01 giam
sau chi con 0.68pu (Hinh 6a), dién ap tai
nut dau dudng day 76 giam xudng 0.77pu
(Hinh 7a) va dién ap tai nut cudi duong day
58 1a 0.76pu (Hinh 7c). Nhin chung, bién
do dién 4p tai cac nut khi xay ra ngén mach
déu giam xubng dudi 0.9pu.

Két qua mo phong trudng hop hé thong
duoc lap thiét bj D-Statcom dé han ché
SANH duoc thé hién trong Hinh 6b, Hinh
7b va Hinh 8b. Khi c6 D-Statcom dién ap
tai nt 01 tang lén 0.93pu (Hinh 7a), nit 76
c6 gia tri 0.91pu (Hinh 7b) va nit 58 dién
ap duogc cai thién 1én 0.9pu (Hinh 7¢). Bién
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C6 thé thay khi D-Statcom dang hoat
dong, khong chi dién ap tai nit co két ndi
vo1 D-Statcom dugc bao vé ma con c6 dién
ap cta cac nat khac gan vi tri dit D-Statom
cling dugc cai thién. Do do6, nhin tir quan
diém hé thong, chi tiéu SARFI, co thé két
luan rang st dung D-Statcom c6 hiéu qua
cao trén toan b hé thong.

5. KET LUAN

Bai bao mo ta phuong phap st dung
thiét bi D-Statcom dé khéc phuc sut gidm
dién ap ngin han khi xay ra su c¢b ngin
mach ba pha, luéi phan phdi va phy tai
duoc 1ay thong s6 tir nhanh 371 thudc tinh
Kién Giang. Toan bo hé théng mé phong
duoc xdy dung dua trén phan mém hd tro
MATLAB/Simulink. Két qua mo phong
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cho thdy dap tng cua thiét bi D-Statcom tyuc phat trién cac thuét toan tdi wu dé tinh
khi c6 trong h¢ théng da cai thi¢n dugc su  toan thong s6 D-Statcom cling nhu vi tri
cb sut giam dién ap khi ngin mach. Huéng  dat D-Statcom sao cho ham chi phi dat
nghién ctru tiép theo, nhom tac gia sé tiép  duoc tot nhat.
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