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TOM TAT: Céc nhiéu loan trén dwong day truyén tdi - phan phéi dién ning, nhi xung
sét, gian doan dién dp, tang dién dp, giam dién dp, méo dang do song hai, dién thé chdp
chon, ...gdy anh huong nghiém trong dén dién nang cung cdp cho khdach hang. Ky thudt khai
trién wavelet roi rac (DWT) véi phén tich da phan gidi (Multi-Resolution Analysis (MRA)
dwoc thye hién trong bai bao de phan tich va nhdn dang cac hién twong qua dé dién ti trong
hé thong dién dwoc khao sat véi phan mém ATP-EMTP théng qua cdc gid tri ndng lwong ciia
cac mire. Cac két qud nhdn duoc trong bai bao cho thcfy viéc danh gida cdc hién tuong nhiéu
trong hé thong dién ding kjj thudt wavelet cho phép nhdn dwoc nhiéu thong tin dinh lwong va
la co s6 trong qud trinh danh gia chat leong dién nang.

1. GIOI THIEU

Céc hién tuong gay nhleu dién ap trén ludi dién rat da dang nhu: dong cat tram tu bu, sut
dién ap, tang dién ap, mat dién, chap chon dién ap, hoa tan song sét, su cb ngan mach, dong
xung kich may bién ap,.... Chat luong dién ning cung cap bi anh hudng rat 1on tir cac hién
tuong nhiéu loan, do d6 Viéc phan tich, nhan dang, c6 14p cac hién tugng trén mang y nghia
thoi sy trong qua trinh hudng dén cac phuong phap hoan thién hon ddé bao vé ludi dién khoi
cac anh huong nghiém trong. Trong cic bai bao [1]- [4] cac tac gia dung k¥ thuat wavelet két
hop v6i cac thuat toan neural network hay neuro-fuzzy dé rat ra cac thong tin dang quan tam,
tor d6 nhén dang, phan loai cac dang nhiéu khéac nhau. Cac dang song chuén nhu dong cit tu,
sut-tang dién ap, mat dién, hoa tan, chap chon c6 dugce bﬁng cach tao ham trong Matlab va sau
d6 duoc phén tich dung Wavelet Toolbox c6 duoc cac hé s wavelet & cac muc phan tich
khac nhau. Tu d6, cac gia tri nang lugng tai cac mirc khac nhau cua tin hi€u dugc coi la cac
ngd vao cua cac thuat toan nhan dang dung neural network hay neuro-fuzzy. Trong bai bao
nay, cic dang song nhidu da dang dwoc md phong thuc té trén phan mem gidi tich qua do
chuyén dung ATP-EMTP qua céc hién tugng trong ludi dién. Cac két qua nhan duoc s& dugc
chuyén qua Matlab dé tir 46 duoc phén tich ding Wavelet Toolbox, cac gia tri ning lugng tai
cac murc khac nhau cia cac dang nhiéu duoc tinh todn va 1a co s& dau vao cia céc thuat toan
nhéan dang, phan biét trong cac bai bao sau nay.

2. MO PHONG CAC HIEN TUQNG QUA PQ

Cac md phong duoc thyc hién trén ATP-EMTP cho cac hién twong nhiéu trén ludi dién nhu
sau:

2.1.P6ng cit tram tu bu

Viéc mo6 phong duoc thuc hién ¢ ludi dién 110 kV(1 p.u), tram tu bu cong sudt
2.1.1. Tram tu bu cach ly (Hinh 1)
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H1.Dang song dién ap

2.1.2. Khuéch dai dién 4p (Hinh 2)

Muc d6 qua ap va qua dong phu thude vao thoi
diém déng cét tram tu va gié tri dién ap ban dau
cua tu. Truong hop nguy hiém nhat xay ra khi tai
thoi diém dong ma dién ap ngudn dat cuc dai va
dién 4p trén tram tu cuc tiéu. Khi do, dién ap co
thé tang 1én dén 2,75 pu.

Méy bién 4p 3 pha 110/22kV, 10MVA va X’=10%, tu dién bén so cap c6 cong suét
S50MVAR, tu dién bén thur cap c6 cong suat 2MVAR.
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H2.Dang song dién ap

Su khuéch dai dong dién s¢& rat cao khi tan sb cong
huéng cia hai nhanh xdp xi bang nhau
(L1xC1=L2xC2) vi mach & cép dién ap thap duoc
bom vao mot ngudn dién ap tai tan s6 cong huong.
Khuéch dai dién 4p cang 16n (dat 1,84 pu) khi tu
dién dong vao 16n hon nhiéu so vdi tu dang hoat
d6ng 6 phia dién ap thap.

2.1.3. Dong tram tu bu lam viéc song song (Hinh 3)
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H3 Dang song dién ap

Gia tri dién ap dat 1.5pu khi dong tram tu &

dién ap cao vao ludi dién, hai tram tu déu xay

ra qua ap va qua dong. Tan sé dao dong 16n
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nhat duoc xac dinh:

2.1.4. Phéong dién trudce (Prestrike) (Hinh 4)
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H4.Dang song dién ap

Trong qua trinh déng cua cac tiép diém, dién
truong gitra 2 tiép diém s& ting rat manh va khi do
bén cach dién cua 16p dién moéi trong may cit
khong chiu ndi, din dén hién tuong phong dién
truge khi tiép diém thuc sy dong gian tu vao hé
thdng. Ap dit trén tu c6 thé dén 1.89p.u.

2.1.5 Phong dién tré lai (Restrike) (Hinh 5) Hién tugng phong dién tr¢ lai la qua trinh cit
clia cac tiép diém, do chénh 1éch dién ap giita ap trén tu (gilr gia tri ap trude khi cit) va ap trén
hé thdng co6 thé 1én dén 2 p.u. Dién trudng giita 2 tiép diém s& ting rat manh va khi do bén

cach dién cua lop dién modi trong
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ol 2,31
i may cit khong chiu dyng ndi, dan dén phéng
dién trd lai. Hién tuong c6 thé dan dén phongdién
bs ] lan 2, tham chi 14n 3... va ap trén tu sé tang dan.
001 Dién ap trén tu co thé 1én dén 3p.u trong lan dau
e phong dién tré lai va 1én dén 6.4p.u trong lan
:z phoéng dién thi hai.
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HS.Dang song dién ap

1564

2.2. Song sut dién thé (Voltage Sag) (Hinh 6)
0‘2 Sut dién ap 1a hién tuong gia tri dién ap hiéu

dung trong khoang 0.1 dén 0.9 p.u , tan sb qua
d6 bang tan sd hé thong xay ra trong khoang

0.34

1 thoi gian tir 0.5 chu ky dén 1 phat. Nguyén nhan
4 do ngan mach 1 pha, tang tai dot ngdt, khoi
41 dong dong co...
('0‘ gﬁsgg . ()0\/04 0.08 0.12 0.16 [s] 0.20

H6 Dang song dién ap

2.3. Song tiang dién thé (Voltage Swell) (Hinh 7)

;7[:] Do su ¢ mot pha cham dét cia tram chuyén tiép
050 hay tram trung gian c¢6 trung tinh cach ly véi dat,
025 sy giam tai dét ngdt (dién ap cuc dai bang
0001 1.73p.u). Gia tri dién ap hiéu dung tai trong
Z: khoang 1.1 dén 1.8 p.u, tan s6 qua do bang tan
075 s6 hé thdng xay ra trong khoang thoi gian tir 0.5
{'?‘;OEJWOEOLL s x,va,?) DVAU 0.08 0.12 0.16 [s] 0.20 Chu ky den 1 phut.
H7. Dang song di¢n ap

2.4. Gian doan dién ap (Interruptions) (Hinh 8)

g Interruption

Do sy ¢6 cua hé thong, hu hong thiét bi d?m dén
glan doan dién. Gia tri dién ap cia nguon cung
cap hay dong dién tai nho hon 0.1p.u, tan sd qua
d6 bang tan sd hé thong xay ra trong khoang thoi
gian tir 1 chu ky dén 1 phut.

H8. Dang song dién ap

2.5. Chap chon dién ap (Voltage Flicker) (Hinh 9)

Ché}p chon dién7 ap la sy thay giéi ¢6 tinh hé théng ctia dudng bao dién ap hay la tap hop cua
nhiéu sy thay doi ngau nhién vé dién ap (phu tai 10 ho quang, may han...). Theo ANSI C84.1
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thi gidi han bién do ciia chap chon dién 4p trong khoang 0.9 dén 1.1 p.u véi tan sd thap
(<25Hz).

VVVVVVVVVVVVVV

H9. Dang song di¢n ap
2.6. Hoa tan (Harmonics) (Hinh 10)

Hoa tan 1a sy méo dang cua song sin chuan, co
cac thanh phan tan so thuong 1a bdi so cua tan so
co ban.

H10. Dang séng dién ap

3. UNG DUNG KY THUAT WAVELET PE PHAN TiCH CAC NHIEU DIEN AP
3.1. Ham wavelet
Cho ¥ 1a mot ham wavelet, 1a mot ham co chuén L? va thoa mén diéu kién tuong thich:
v, (1) :%W(%j , a dugc goi 1a hé sb co gian, b 1a hé s6 dich chuyén, acR";beR.
Doi vbi bien doi wavelet lién tuc (CWT), cac hé so co giﬁnva va hé sc‘; dich chuyén b thay d6i
lién tyc trong R. Goi f la mdt ham theo thoi gian t. Bién d61 CWT d6i véi anh xa f* vao mot

ham voi ty 1€ a va thot gian b, dugc cho boi: cwr(f)(a,b) =< f,w,, >= If(t)w(t_l)jdt
a

3.2. Khai trién wavelet roi rac (DWT) va ky thuit phan tich da giai (MRA):

DWT la bién dbi tuyén tinh tac dong trén vector 2" chiéu vao mot vector trong khong gian
tuong tw. DWT la mdt bién doi tryc giao va dugc dich chuyén va mo rong boi nhiing gia tri
roi rac. Thong thuong st dung hé s theo Iy thira cia 2. Mdt dinh nghia tong quat cia

i _
wavelet roi rac: v (@O=2yQ27t-k), jkeZ

Bién d6i wavelet roi rac: DWT(f)(j, k) = j f(Ow,, (0t

Vi diéu kién truc giao chuan, c6 bién doi ngugce: 7(r) = 1 > DWT(f)(j, k), (1)

Jj.keZ
Phén tich da phan giai (Muti Resolution Analysis) c6 kha nang nhu hai b¢ loc (Hinh 11), tao
nén hai thanh phan xép xi va thanh phan chi tiét cia tin hiéu vao. Thanh phan xap xi co hé sb
ty 1& cao, tuong ung voi tan s6 thap trong khi thanh phan chi tiét c6 hé sb ty 1& thap, tuong

g vai tan sb cao. Véin =2, A2 la thanh phan x4p xi bac 2, D1 va D2 1a thanh phan chi tiét
bac 1 va bac 2 twong Ung.

Dinh ly Parseval dugc ap dung trong phan tich DWT:
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Hinh 11. B0 loc véi cac xap xi va chi ti€t

Déng thire trén c6 thé xem 1a sy bao toan nang luong cua tin hi€u vao. Gia tri déu tién cua vé
phai 13 nang luong trung binh cta tin hiéu xap xi bac J. Gia tri thir hai ctia vé phai 1a tong
ning luong trung binh cua tat ca thanh phan chi tiét. Biéu thirc tinh ning luong ciia mdi thanh
phan chi tiét :

A 0]
Ning luong duoc chuan hoa : A;

D
el
MGdi thanh phan chi tiét mhdR @\t mirc nang luong riéng, mirc nang ludng nay tuong duong
v6i bién d6 khac nhau cta song hai trong mét tin hiéu can phan tich .

3.3. Thoi gian qua trinh qua dg dién tur:
Nhin chung, khi hién tuong qua d xay ra, bién do tin hiéu thay d6i va thoi gian gian doan tai
diém bét dau va diém cudi trong qua trinh qua do. Thyc thi ky thuét khai trién wavelet roi rac
dé ‘phan tich tin hiéu méo dang tai muirc phén tach 3 s&€ cung cap hé sd ws tai diém bat dau va
diém két thuc cia tin hiéu. Vi Vay, dé dang tinh toan tai diém bat dau va diém két thuc cia
qua trinh qua do tir sy thay d6i hé s6 wavelet ws va tinh toan thoi gian qua do ti:

:‘tE_tS‘

3.4. Thue nghiém va két qua: sau day 1a cac két qua thi nghiém bang s6 ap dung k¥ thuat
DWT véi ham wavelet Daubanchie “db4”’ va tinh toéan gia tri phan bd ning luong theo cac
mirc cho cac dang nhidu khic nhau dugc md phong & trén va chuyén sang Wavelet Toolbox
trong Matlab (Hinh 12 dén Hinh 22).
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3.5.Nhan xét

C6 thé dua vao gian do phén bd muc ning luong, khoang thoi gian qua dg va bién d6 qua do
trong qua trinh qua do dé co thé nhan dang dugc mot hién tugng bat ky trong 7 hién tuong
vira néu trén (xem song sin chuan nhu mot hién twong va cac qua trinh phong dién trude,
phong dién trd lai 1a hai hién tuong dic biét ctia dong cit tu bu). Nhén xét réng hai
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luong cia song sut dién ap

TAP CHi PHAT TRIEN KH&CN, TAP 9, SO 1 -2006

Cienic Nap Lung

o ,
0 B0 00 B0 20 A0 A0 E0 40 &0 5
&
Lewl3
o 4
1
o \
ol
o
o)

H 17. Phén tich cac mirc chi tiét va phan bd ning
lugng cia song dién ap khi co6 hién tuwong phong dién
trd lai
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Vlagenel Ciemde NngLung

ERCEE I S

0

P 5 R [
00 ) A0 A0 A0 B0 A0 40 s L

H 20. Phén tich cac mirc chi tiét va phan bd ning
lugng cia song tang dién ap

Voliage Flicker Ciemic NingLigng

Vohg: Muapin (Cie mi Ning Lugng ctalNI7
T :
s} 05
05
o o
45
a5
04y
-
W 0 AN A ®0 I #0 @ &0 am o
03
i
s Thai gian E
béat dau sur cd K
om Théi gian
k&t thic | v
00| P
igss)
W m M QW S0 I W Gm & SO G ;5 45 o5 1 8 s omowoRo®

H 21. Phan tich cac mirc chi tjét va phan bd nang
luong cua song dién ap khi mat dién

AAAAAARAAAASAAANARAMRAAAMRAAALLAAAAL
0

L L L L L L L
50 1000 150 2000 2500 3000 300 400 4500 500

Level 3

sl

100 1500 2000 2500 3000 300 4000 4500 50

murc ning lugng 7 va 8 twong duong véi thanh phan tan sé co ban (50Hz), cac mic ning
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Thai gian
bt ddu su ¢

Trang 53

Thdi gian

.« W v}

T2 o3 4 5 6 7 B & 0 ofoRof

thich phdntin s
thAp vugt i



Science & Technology Development, Vol 9, No.1 - 2006

nang lugng 7 va 8 1 vuot troi, cac thanh phan tan sé cao va thanh phan tan sé thap khac déu
khong déng ké. Tir qua trinh phan tich mau, chi can dyua vao nhiéu bac 3 trong 13 bac cia
phan tich DWT cé thé nhan biét dugc thoi gian bat dau va két thuc qua trinh qua do. Cac phéan
tich dya vao cac mic nang lugng s€ dugc st dung nhu la chuén cho phép nhan dang, danh
gia mot cach dinh luong cac hién tugng nhiéu khac nhau xay ra trong ludi dién. Ngoai ra, cd
thém cac nhan xét sau:

- Cac hién tuong dong cat tu bl va song hoa tan, ngoai thanh phéan tan s co ban, s& c6 thanh
phan tan so cao twong duong vdi cac thanh phan nang lugng mic 1 dén 6 vuot trdi hon so
vo0i cua tin hiéu Sin chuan.

- Cac hién tuong chap chon dién ap va mit dién (bién d6 ap bang khong), ngoai thanh

phan tan s6 co ban, s€ co thanh phén tan s6 thap tuong duong vai cac thanh phan nang luong
murc 9 dén 13 vuot troi hon so véi cda tin hiéu Sin chuan.

- Cac hién tugng sut dién ap, tang dién ap va mat dién (bién d6 ap 16m hon 0.0 pu nhung nhé
hon 0.1 p.u) s€ c6 cac muc nang lugng tuong tu véi tin hi€u Sin chuan.

IV. KET LUAN

Bai bao da trinh bay viéc mo phong cac hién tuong nhiéu kha pho bién trén ludi dién
bang phan mém chuyén dung ATP-EMTP, va ding k¥ thuat wavelet roi rac DWT dé trich cac
thong tin can thiét. Cac thong tin c6 duge tir viéc phan tich cac két qua dua trén cac gia tri
nang luong ciia cac muc khac nhau ung véi nhiing tin hiéu khac nhau cho phép budc dau co
thé phan biét cac loai nhidu khac nhau, va sé& 1a cac dau vao dé tién hanh qué trinh nhan dang,
phan loai trong cac bai bao ké tiép dung cac thudt téan mang neuron hodc k¥ thuat logic mo,
hodc ky thuét neuro-fuzzy. Cac Kkét qua nhan duoc trong bai bao cho théy k¥ thuat wavelet
thuc sy 1a mdt phuong tién hitu hi¢u trong viéc ddnh gia cac qua trinh chat luong di€n nang
trén ludi dién.

DISCRETE WAVELET TRANSFORM TECHNIQUE APPLICATION IN
IDENTIFICATION OF POWER QUALITY DISTURBANCES

Nguyen Huu Phuc o, Truong Quoc Khanh o), Nguyen Nhan Bon @
(1) University of Technology — VNU- HCM, (2) HCM University of Technical Education

ABSTRACT: Poor power quality may cause many problems for affected loads, such as
malfunctions, instabilities, short equipment lifetime, and so on. Poor quality electric power is
normally caused by power-line disturbances, such as lightning impulses, interruption, voltage
swell, voltage sag, harmonic distortion, flicker, resulting in failures of end-user equipment. In
order to improve power quality, the sources and causes of such disturbances should be
identified and localized before appropriate mitigating actions can be taken. In the paper the
Discrete Wavelet Transform (DWT) Technique with Multiresolution Analysis (MRA) is used
to classify various power disturbance types simulated with the help of Alternative Transient
Program- ElectroMagnetic Transient Program (ATP-EMTP). The analysis conducted and
results obtained show the merit of method in use and prospective application of wavelet
technique to power disturbances assessment.
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