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Tom tat:

Séng hai xdm nhap va lan truyén trong Iudi dién co thé tdng Ién khi c6 cdng hudng & nhitng tan s
hai nhat dinh. Bai bdo (ng dung k¥ thuét quét tan s& dé tim ra nhitng diém cdng hudng xuét hién
trén Iudi dién. Xay dung quan hé truyén song hai dong dién - dién ap riéng tai cac nat, hoac gilra
cac nut giup ta du bdo dudc kha ndng song hai tang cao hoac giam thap & nhirng tan s6 quan tam.
Ap dung phan tich vects phiic cac dai lugng, tién hanh tinh todn ché do xac 1ap clia hé théng theo ly
thuyé&t mach tuyén tinh trén mién tan s6 va x&p chdng két qua dé tim séng hai dong dién va dién ap
tai cac nat. K&t qua cho théy, cac ky thudt dugc st dung két hgp trén mién tan sb la phu hogp dé
khao sat su lan truyén séng hai. Do la budc dau tién thiét 1ap co sd cho viéc dé xuat giai phap loai
trir anh hudng clia séng hai, tinh toan thiét ké va quy hoach Iudi dién.

T khoéa:
Séng hai, mién tan so, quét tan so, lan truyén séng hai, mach tuyén tinh.
Abstract:

Harmonics penetrate and propagate deeply in electric power networks may be amplified at specific
resonance frequencies. This paper deals with the use of frequency scan to inspect those resonance
frequencies in an electric power network. The relations of harmonic voltage - current transfer at
each bus and between buses are established, giving predictions to the rising or lowering of
concerned harmonics. The complex phasor analysis and linear circuit analysis are applied in
frequency domain to analysis the steady state of the network, superimposition of all harmonics to
get node voltages and currents. The results show that, the proposed techniques are suitable for
investigating harmonic propagation. This is the first step to establish basic solutions to eliminate
effects of harmonics, to plan and design electric power networks.
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1. MO PAU nbi rat nhiéu loai phan tir phi tuyén va
Trén lu6i dién va hé théng dién c6 dau  phu tai phi tuyén phat sinh séng hai, co
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thé 1a song hai dién ap hodc dong dién.
Séng hai d6 c6 thé lan truyén khip ludi
dién va c6 thé 1am ting cao murc nhidu
song hai khi xuat hién cong hudng, trong
d6 céc thiét bi tu dién bu ngang cong suét
phan khang c6 anh hudéng rd rét trong
viéc tao nén cac diém cong huong [1].
Soéng hai ciia dong dién dugc sinh ra thay
ddi theo thoi gian va phu thudc vao dién
ap [2]. Pidu d6 thé hién rang murc d6 séng
hai xam nhdp va anh hudéng cta n6 phu
thudc vao ché dd van hanh cta luéi dién.

Theo quy dinh chung, mtc yéu ciu vé
song hai ngdy cang duoc kiém soat ngit
nghéo theo nhiing tiéu chuan cu thé. Va
dé mot phan kiém soat dap ung duoc
nhitng yéu cau d6 thi can tién hanh nghién
clru va sang loc ban dau nhiing nguyén
nhan c6 thé gay ra su ting cao d nhiéu
song hai trén ludi. Giai phap nghién clru
cong hudng trén mién tan s thuong dugce
nhic dén 1a giai phap dau tién [3, 4]. Dya
vao dic tinh tong trd tan sd co thé doan
biét duoc truéc nhimg diém cong huong
tai cdc nut trong ludi dién. MO phong
trong mién thoi gian ciing thuong duoc
két hop voi md phong trén mién tan sb sé
cho dang song dong dién va dién ap tai
nhitng vi tri can khao sat.

Dé c6 thé tién hanh khdo sat ludi dién
trong mién tan sd, cac phan tiép theo cia
bai bao s€ mo ta mo hinh hoa phu hop cta
timg phan tir. Dya trén co s 1y thuyét
phan tich vecto phuc cua cac dai luong,
va hé phuong trinh tuyén tinh dé tim duoc
mdi quan hé dién ap va dong dién hai
thong qua tong tré truyén song hai.
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2. MO HINH HOA PHAN TU’ TREN MIEN
TAN SO

Cac phén t thu dong, dién tré thuong
dugc mod ta 1a khong dbi theo tin sb.
Trong khi d6 cudn khang va tu dién co
thay ddi theo tan s6 nhu (1) va (2) [5].

X, = jhX, = jhao,L (1)
. . X .1

X —_jlc__

Ve =17 Jha)OC (2)

trong do6 h 1a bac song hai; X, va Xc la gia
tri cam khang va dung khang ¢ tan sb co
ban (@, =2 f,) ctia ludi dién, va c6 thé
dugc tinh qua dién ap va cong suit cua
phan t.

Pbi v6i duong day trén khong, md hinh
thong s6 tap trung chi xét cho cac dudng
day ngan. Vé&i duong day dai, xét dén
truong hop dao pha hoan toan, so db thay
thé hinh 7 voi tong tré ndi tiép va tong
dan song song duogc tinh nhu sau:

Z,=2,-sinh(y1) (3)
Yo _ 1 "
27 tanh{zJ (4)

trong d6 Z_vay 1a tong tré song va hé sd

truyén song cua dudng day.

Riéng dién tr6 may phat dién (R, ) hoac
may bién ap (R,; ) dugc xét co su thay
d6i theo tan s6 nhu (5) v6i R 1a gia tri
dién tro & tan s6 co ban. Con cam khang
XnL cia may phat dién 1a dién khang siéu
qua do.

Rh(g/T) = R\/ﬁ (5)
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Dé phuc vu bai toan phan tich séng hai,
mo hinh phu tai tuyén tinh cua CIGRE
duogc cho 1a phu hop nhét nhu hinh 1 [3].

Dé nghién ctru sy lan truyén séng hai trén
ludi dién, trong bai bao nay ngudn séng
hai 13 ngudn dong dién dugc sinh ra tir
cac thiét bi dién tir cong suit, bo bién doi
ngudn dong nhu SVC, 16 hd quang cam
ung... [6, 7].

X, = j0,073-h-R hR

X, =
% p 6,7[QJ—0,74
P

Hinh 1. M6 hinh phu tai
trong mién tan sé cua CIGRE

3. CO SO PHAN TICH LAN TRUYEN
SONG HAI

Céc dai lugng khong sin chu ky khong
dbi ¢ thé dugc biéu dién 1a tong cia cac
cap dai luong truc giao co cac tan s khac
nhau, tao thanh chudi Fourier. Mdi thanh
phan c6 tan sé fi, 1a boi bac h cua tan s6 co
ban fo, goi la song hai bac h. Dya vao khai
trién Euler dang ham mii d6i v6i mdi cap
hai thanh phan tryc giao ta dugc dang
biéu dién chudi Fourier phiic trong mién
tan s6 sau do6 st dung nguyén ly xép
chong dé tim dong va ap tong. Doi véi
dién ap ¢ tan sb f, ta c6 thé viét:

u, (t)=~2U,cos(hayt +6,,)
:ﬁuh.m{ejﬁuhejhwct} (6)

Néu dong dién ciing biéu dién nhu dang

(6), gian udc e"va R{e}ta co dugc
té)ng trd cua mach duge biéu diénq nhu
(7) [5] va cong suat phirc cling c6 thé tinh
tir cac dai lugng dong va ap nhu (8).

— UhejtgUh — ej(guh_glh)

" \/§|hej9ih h (7)
=Z,e" =R, + jX,

S, =V3U,.I; =BU,1,e/* % (g)

Trong cac cong thuc trén, U, val, 1a dién

Z

ap phuc va dong dién phtrc hai bac h vaoi
gbc pha tuong tng la 6, va 6,; 6, la
goc ctia tong trd hai bac h.

Khi phan tich ché d6 xac 1ap ctia mach
dién tuyén tinh trong diéu kién cac dai
luong khong sin, phan tich riéng véi ting
thanh phan song hai doc 1ap sau do xép
chong két qua. Mot cach tong quat cé thé
mo td qua quan h¢ sau Ung vdi tung bac
hai h:

L =Y.U, 9)

trong do 1, ,Y, ,U, la cic ma tran cac dai

L,
lugng vecto phuc cua dong dién va dién
ap cac nut, tong dan & timg bac hai h.

Ma tran Y, dugc thanh 1ap voi cac phﬁn
tr 1a Y, twong ung la tong dan twong
duong gitra ntt i va j ¢ bac hai h.

Yoo Y ey
Y, = th,l !hivi !hi’N (10)
_YhN,l YhN,j XhN,N_

Nghich dao ctia ma tran tong dan chinh la
ma tran téng tré Z, , ta co quan hé:
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U,=4,.1,

(11)
trong do, voi dong dién hai dugc bom vao
nat j 1a 1), dién 4p hai tai nat i la
U! =2 1) véi 2} vecto tong trd phiic,
dong vai tro 1a ham truyén soéng hai bac h
tir nat j t6i nat i. Ung voi moi tan s trong
dai tan sb khao sat ta dugc mot ma trn
tong dan va tir d6 tinh ma trén téng tro hai
trong d6 mdi phan tir cia ma tran 1a ti 1é
truyén gitra dién ap va dong dién hai
tuong Ung gitta cac nut trong ludi dién.
Ky thuat xay dung tong trd theo tan sb
nay goi 1a k¥ thuat quét tan, 1a giai phap
don gian va dugc thuc hién ¢ budc dau
tién trong cac bai toan phan tich song hai,
dic biét trong cac bai toan thiét ké tinh
toan bo loc song hai. Cac phan tir trén
dudng chéo chinh Z)71a tong trér vao niit
j, tirc 12 ham truyén song hai dong dién -
dién ap riéng nat j. Ngoai ra, tir cac tong
tré twong hd gilta cac nat co thé xac dinh
duoc song hai dién ap ¢ nat bat ky khi
biét dong dién hai bom vao ludi dién.

4. MO PHONG VA PANH GIA KET QUA

Phan mém Matlab duoc st dung lam cong
cu hd trg cho qua trinh mo phong. Mb
hinh luéi dién trong mo phong 1a mé hinh
chudn 5 nat cia IEEE nhu hinh 2. Nt
I va nat 2 la nit may phat c6 dién
khang tuong ung la X4:=j0,0001 p.u. va
X42=10,001 p.u, trong d6 nat 1 la nit can
bang. Nat 3 va nit 4 c6 bu cong suit phan
khang. Thong s cac nhanh dudng day va
cac nut trong bang 1 va 2.

Dé minh hoa va kiém chimg cho 1y thuyét
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da néu, ta xét 2 truong hop tuong ing vaéi
hai mirc cong sudt yéu cau tir phu tai :

e Truong hop 1 (THI1): Cac phu tai yéu
cdu 100%, mic phat song hai giam dan
theo tirng bac.

e Truong hop 2 (TH2): Cac phu tai yéu
cdu va song hai dwoc bom vao ¢ mirc
50% trong TH1.

—

Hinh 2. M6 hinh lwéi dién IEEE 5 nut

Ta tién hanh giai bai toan phan bd dong
cong suat sir dung thut toan lap Gause-
Seidel cho thanh phan co ban cia dong
dién va dién ap. Két qua dién ap cac nat
c6 dugc nhu trong bang 3. Toan bd qua
trinh mo phong tinh toan duoc thé hién
nhu trong hinh 3.

Bang 1. Thong sé dwdng day truyén tai

Nhanh z; (p.u) jbii/2 (p.u)
1-2 0,02+j0,06 j0,030
1-3 0,08+j0,24 j0,025
2-3 0,06+j0,18 j0,020
2-4 0,06+j0,18 j0,020
2-5 0,04+j0,12 j0,015
3-4 0,01+j0,03 j0,010
4-5 0,08+j0,24 j0,025
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Bang 2. Théng sé nut cua lwéi dién (p.u.)

Nat Pe Qe P Q Q.
2 0,3 - ; - ;
3 - - 0,45 0,2 -
4 - - 0,8 0,3 0,3
5 - - 0,5 0,25 0,4

Bang 3. Dién ap thanh cac nat & tan sé co ban

; U1 9u1 , U1 0u1
Nuat ) Nuat )
(p.u) (d6) (p.u) (d9)

1 1,05 0 4 0,979 | -6,675
2 1,0 -2,373 5 0,993 | -6,406
3 0,980 | -5,975

Bat dau

Nhap toan bd dit liu
lué6i dién

1ap G-S tinh dién ap
nat & fo

Nhép dai tan s6 quan
tam (hminyhmax)

v

h = hmin

| > v
h=nh+1 Tinh Yy, Zy, Up

f>

Két thic, xuét két qua

Hinh 3. So* dd khdi mé phéng

Tong tré vao ting nit dugc xdy dung voi
két qua thé hién trong hinh 4. Trong hinh
4, duong Z5.5(x0,1) 1a tdng tré vao cua
nat 5 (didu chinh giam 10 1an) c6 diém
cong hudng gan voi song hai bac 21; tir
Z1.5 té1 Z4.5 cho ta ham song hai dién ap
gifta nat 5 va cac nut 1, 2, 3, 4. C6 thé
nhan thiy, anh huéng caa nat 5 téi nat 3
va nit 4 chu yéu ¢ hai bac hai gan voi 7
va 21. Ngoai ra anh hudng cua song hai
dong dién bom vao nit 5 gan nhu khong
anh huong t6i dién ap tai nut 1 va 2.

0.7
06l |--—725
.......... 23.5
] p— 245
= —75.5(x0.1
204
C
5
O 0-3
D 77N,
02 J
01 A
/'.. /
0 2,
0 5 10

Bac song hai

Hinh 4. Téng tré truyén séng hai tir nit 5

1
—713
o /
08 —733
243 /
06| —153
oal /"

AN

N TN

0 5 10 15 20 25 30
Bac song hai

Do lon (p.u.)

0

Hinh 5. Tdng tré truyén séng hai tir nit 3
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Tir hinh 5 ciing c6 thé thay, néu ngudn hai
dong dién xuét hién tai nat 3 thi anh
hudng ctia né toi nat 1 va 2 ciing rat nho.
Anh huodng toi nat 4 va 5 chu yéu & song
hai bac 7, con song hai bac 21 thuong
khong xudt hién nén khong phai 13 van dé
dang ngai. Nhitng két qua twong tu ciing
thu dugc cho truong hop anh huodng tu
nut 4 t&i cac nut khac trén ludi dién.

V6i quan hé giita théng sb ctia cac phan
tr voi tan s6 da duoc thiét 1ap, r6 rang
rﬁng khi ché d6 lam viéc (muc do mang
tai) ctia cac phan tir thay doi thi tong tre
truyén song hai ciing thay doi theo. Hinh
6 mo ta tong tré truyén song hai tir nat 5
to1 cac nit khac trong trudng hop phu tai
giam 50% cong suét.

— 715 — 7.5 — B35 74.5 —— 75.5(x0,1)

o

T ANY

) N\
; e

0 5 1 5 20 25 30
Bac song hai

)
o
) [,
)

Do lon (p.u.
o
o

o
~

Hinh 6. Téng tré truyén séng hai tir nat 5 -TH2

Bang 4. D6 I&n dong dién hai bom vao nut 5

(ISSN: 1859 - 4557)

(a) Pho hai dien ap nut 2 (b) Pho hai dien ap nut 3

0.01 0.4
i
o)
X
0.005 0.2
0 I I I | | I 0 In sn &
0 10 20 0 10 20
(c) Pho hai dien ap nut 4 (d) Pho hai dien ap nut 5
0.4 1
i
2 02 0.5
) | |
0 I 1 sam . 0 I I
0 10 20 0 10 20
Bac song hai Bac song hai

Hinh 7. Phd séng hai dién ap cac nat TH1

(a) Pho haidienap nut2 (b) Pho hai dien ap nut 3

0,01 0.2
o)
D\O
0.005 0.1
0 1 I I Il 0 I I I I B om
0 10 20 0 10 20
(c) Pho haidienap nut4 (d) Pho hai dien ap nut5
0.2 1
201 0.5 |
Il bl
0 10 20 0 10 20
Bac song hai Bac song hai

Hinh 8. Phd séng hai dién ap cac nat TH2

C6 thé thdy, cac diém cong huong da dich
chuyén tir 7 va 21 chuyén t6i gan 9 va 19.

Tién hanh bom ngudn hai dong dién vao
nat 5 véi sb liéu trong bang 4. Giai mach
dién theo quan hé (11) dé tim duogc dién
ap hai tai cac ntit. C6 thé nhan thiy trong
THI1, song hai dién ap chu yéu ting cao &
bac 7 va xung quanh bac 21 (hinh 7).
Trong TH2, tuy phu tai, dong di¢n hai
bom vao da giam di 50%, tuy nhién muc
hai bac 17 va 19 & nat 5 va cac nut khac

Bac hai %l Bac hai %l
5 5,05 17 0,44
7 2,59 19 0,35
11 1,05 23 0,24
13 0,75 25 0,20
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van & muc cao so vdi THI do c6 cong
hudng xay ra (hinh 8).

Két qua trén rat hiru ich trong cac bai

toanphan tich thiét ké luéi dién, thiét ké

cac bd loc can thiét trang bi trong ludi

dién dé dam bao chat luong dién ning.

Bang 5. Téng dd méo séng hai dién ap cac nut
(THDv%) cac trwong hop

Nuat TH1 TH2
1 0,0002 0,0001
2 0,0138 0,0095
3 0,3674 0,2383
4 0,4586 0,2852
5 1,5036 1,0328
5. KET LUAN

K§ thuat quét tan sb 1a budce 1am dau tién

nghién ctru sy xam nhép va lan truyén cia
song hai trong mang ludi di¢n. Pay la
budc 1am don gian nhung can thiét. Bén
canh do, khi bo qua tuong tac hai gitra
ludi dién v6i ngudn phat sinh séng hai thi
ky thuat xép chong 1a phii hop cho nghién
clru van d& da néu trén.

Trén mién tan s6, dua vao dic tinh té)ng
trg truyén song hai cé thé quan sat dugc
cac diém cong huong. Tuy theo timg ché
dd van hanh cua mang dién, céac diém
cong hudng cé thé thay doi va co thé gay
nguy hiém. Viéc khao sat mang dién trong
cic ché do khac nhau s& gitip sang loc
nhiing nguy co giy hai dé dé xuét cac
bién phap khic phuc nhu thiét ké bo loc
hoic thiét ké lu6i nham dich chuyén diém
cong huéng toi cac séong hai gan nhu
khong xuét hién trén ludi dién.

(1]

(2]

(3]

(4]

(5]

(6]

TAI LIEU THAM KHAO

Reyes S. Herrera, Patricio Salmerdn, Harmonic disturbance identification in electrical
systems with capacitor banks, Electric Power Systems Research, Vol.82, No.1, 2012, 18-16.

Baghzouz Y., and others, Time-Varying Harmonics: Part II-Harmonic Summation and
Propagation, IEEE Transactions on Power Delivery, vol.17, no.1, January 2002.

IEEE Task Force on Harmonic Modeling and Simulation, Impact of Aggregate Linear Load
Modeling on Harmonic analysis: A comparison of Common Practice and Analytical Methods, IEEE
Transactions on Power Delivery, Vol 18, No. 2, April 2003.

Xiongfei Wang, and others, Modeling and Analysis of Harmonic Resonance in a Power Electronics
Based AC Power System, IEEE Energy Conversion Congress and Exposition (ECCE), Sept. 2013,
pp. 5229-5236.

Enrique Acha, Manuel Madrigal, Power Systems Harmonics: Computer Modelling and Analysis,
Wiley-IEEE Press, United State of America, 1st edition, 2001.

Fatma Rabea, and others, Implementation of a Simplified SVC Model into Newton-Raphson Load
Flow Algorithm, International conference on Innovative trend in computer engineering
(ITCE2018), Aswan University, Egypt, p. 374 - 379, 2018.

42

S0 16



TAP CHI KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG PAI HOC PIEN LUC
(ISSN: 1859 — 4557)

[71] R. Mohan Mathur, Rajiv K. Varma, Thyristor-based FACTS Controllers for Electrical Transmission
Systems, Wiley-IEEE Press, United State of America, 1st edition, 2002.

Gi¢i thiéu tac gia:

Téc gid Nguyén Phic Huy tSt nghiép dai hoc va nhan béng Thac si tai Trudng Dai
hoc Bach khoa Ha Noi vao cac ndm 2003 va 2010. Nam 2015 nhén bang Tién si
Hé thdng dién va Tu ddng hoa tai Trudng Pai hoc Dién luc Hoa Bic, Bac Kinh,
Trung Quoc.

Linh vyc nghién clfu: chat lugng dién nang, ing dung dién tr cong suat, do tin
cay cla hé thong dién.

Tac gia Dang Viét Hung t6t nghiép dai hoc va nhén bang Thac si nganh ky thuét
dién tai TruGng Dai hoc Bach khoa Ha Ndi vao cac nam 2002, 2004. Nhan bang Tién
si Ky thuat dién nam 2010 tai trudng Ecole Centrale de Lyon, Cong hoa Phap.

Linh vuc nghién cru: chat lugng dién nang, ky thuat vat liéu dién cao ap, tu dong
hoda Iugi dién.

S6 16 43



