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_ CHAN POAN SU CO TRONG MAY BIEN AP 3 PHA
SU DUNG CAC TIN HIEU DONG, AP VA RUNG PONG CO KHi

Pao Duy Yén", Tran Xuin Minh, Truwong Tuin Anh
Truong Pai hoc Ky thudt Cong nghiép — DH Thai Nguyén

TOM TAT

H¢ thong dién 1a mot hé théng phirc tap trong ca cau tric va van hanh, khi xdy ra sy cd béat ky mot
phan tir nao trong hé théng déu anh huong dén do tin cay cung cép dién, chat lugng dién va gy
thiét hai 16n vé kinh té. Vi vy, viéc nhén dang trang thai may bién 4p trong qua trinh lam viée
giup chuan doan sém céc dang su ¢ trong may bién 4 ap 3 pha, qua d6 giam bot nhing thiét hai vé
kinh té va nang cao d tin cay, chét lwong dién cung cap cho cac hg tiéu thu 1a hét stc can thiét.
Bai bao nghién ctru chan doan sy cb tiém an trong may bién ap phan ph01 22/0,4kV bang céch
ding phan mém ANSYS dé phan tich cic miu sb liéu dién va chuyén vi co khi. Thut toan
Levenberg — Marquadrt Kkét hop mang no ron MLP dugc sir dung dé nhan dang céc trang thai cta
MBA. Két qua hoc cuia mang no ron da thanh cong va nhén dang dugc 05 trang thai sy cb cua
MBA, bao gdbm: Chap 2 vong day cudn cao ap pha B, chap 5%, 10% tong sé vong dy cudn cao ap
pha B, néi 1ong diy quin pha B va 1ong bu 16ng ga cic cuon ddy MBA vao xa d&. Két qua nhan
dang dat d6 chinh x4c 99,8%.
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ABSTRACT

The electrical system is a complex system in both structure and operation, where any fault occurs,
any element in the system affects power supply reliability, power quality and causes great
economic damage. Therefore, the identification of the transformer state in the working process can
help us to early diagnose fault patterns in 3-phase transformers, thereby reducing economic losses
and improving reliability. The quality of electricity supplied to consumers is essential. This paper
deals with identifying faults in 22/0.4kV distribution 3 phase transformers by using the ANSYS
software to simulate samples of electrical data and mechanical displacement. The Levenberg -
Marquadrt algorithm combined with the MLP neural network was used by the author to identify
the MBA states. Neural network learning results have been successful and identified 05 fault states
of the MBA, including the short 2 turns of phase B high voltage winding, short 5%, 10% of the
total number of phase B high voltage winding, relax phase B windings and loose bolts that attach
the MBA coils to the support beam). The identification results have an accuracy of 98.9%.
Keywords: Fault detection; transformer model; ansys software; mechanical vibration; neural
network
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1. Giéi thiéu

Hién nay co6 rat nhiéu giai phap nhan dang
trang thai ciia may bién ap (MBA) nhu:

- Sir dung tin hidu dién ddu vao va ra cia
MBA [1]-[3].

- Do phong dién cuc bo trong MBA (PD) [4], [5].

- Phan tich dép tmg tan s6 quét (FRA) [6], [7].
Phuong phap sir dung tin higu dién dau vao
va ra cua MBA gitip ta so sanh duoc su khac
nhau cua cac tin hiéu dién khi MBA lam viéc
binh thuong va khi ¢6 su ¢, day 1a mot kénh
tin hi¢u dé nhén dang chinh x4c trang thai cua
MBA. Viéc két hop lay cac tin hi¢u dién va
tin hiéu rung déng co khi sé cho ta mot bo
mau sb liéu hoan chinh va tin cay két hop vai
mang no-ron MLP [8] dé hoc va nhan dang
trang thai lam viéc cua MBA mot cach chinh
xac nhat. Bai bao s€ tdp trung nghién cuu
phuong phap st dung cac tin hiéu dién va co
khi dé nhan dang trang thai cia MBA.

2. X4y dung md hinh may bién 4p phan phoi
Bang 1. Cdc théng sé ciia MBA

va tin hiéu rung dong co khi ma cic phin
mém khéc nhu Matlab... chi cho ta mé phong
lay duogc tin hiéu dién. Céac thong sb cua may
bién 4p cho trong bang 1.

Eo o me
Hinh 1. M6 hinh mdy bién dp phén phéi c6 dung
lwong 400KkVA, dién ap 22/0,4kV
3. Co s6' Iy thuyét bai toan truong dién tir
va rung dong co khi
Céac phuong trinh cua Maxwell di tong quat
héa cic dinh luat thuc nghi€ém duogc nhiing
nguoi di truéc phat hién ra: chinh stra dinh
luat Ampe (ba phuong trinh cho ba chiéu (x,
y, z)), dinh luat Gauss cho dién tich (mot
phuong trinh), méi quan hé giita dong dién
tong va dong dién dich (ba phuong trinh (x, y,
7)), mdi quan hé giita tir truong va thé ning
vécto (ba phuong trinh (x, y, z)) [9].
Toan bd cac cong thire cia Maxwell duogc viét
gon lai dudi dang véctor va giai tich nhu bang
2 sau day:

Bang 2. Cdc cong thirc cua Maxwell

Dang vi

Cong suat dinh murc 400 kVA
T6 dau Y-Yo-12

Dién 4p so cap 22 kV

Dién ap thr cap 0,4 kV

Chiéu cao cira s0 530 mm
Chiéu rong ctra s6 302 mm
Chiéu rong chan 16p 1 140 mm
Chiéu rong chan 16p 2 120 mm
Chiéu day 16p 1 200 mm
Chiéu day 16p 2 40 mm
Chiéu rong gong 16p 1 140 mm
Chiéu rong gong 16p 2 120 mm
Pudng kinh trong cudn ha ap 150/250 mm
Puong kinh ngodi cuénhadp  189/289 mm
Chiéu cao cudn ha ap 450 mm
Sb vong cudn ha 4p 22

Puong kinh trong cupn cao ap ~ 209/309 mm
Puong kinh ngoai cuéncaodp ~ 282/382  mm
Chiéu cao cudn cao ap 430 mm

Trong ndi dung bai bao s€ di xdy dung mod
hinh may bién ap c6 cong sudt 400 kVA, to
dau day Y-Yo, cép dién ap 22/0,4 kV trong
phin mém ANSYS [9], [10]. Phin mém
ANSYS c6 kha nang xay dung dugc md hinh
MBA va mb phong lay dugc ca tin hiéu dién

Tén phan Dang tich phan

Pinh luat < _ 0B d

1 c _9° Edl =—|| BdA
Farada VE= CJCS dtJ‘!
Pinh luit - oD d

: ‘ =J+—= Hdl = || JdA+—|| DdA
Ampere VRIS ? -[I dt-[-[
Pinh luat dA = o\

: ¢ vD= P
Gauss P gb I ”
Pinh luat
Gauss B dA=0
(Chotr VB0 @B
trudng)

3.1. Phwong phdp phin tiv hitu han dp dung
cho bai toan dién tir sir dung trong phan
mém maxwell
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Phuong trinh dién tir khong gian 4p dung cho
bai toan dién tir trong Maxwell duoc viét nhu
cong thure (1) sau:

VH=J

V.B=0 @
B =ty (H+M)= sty H+ 11, M,

Trang thai tir truong bién thién theo dang sin
3D 4p dung cho 16p cac bai toan vé dién tir
truong sinh ra boi cac ngudn dién bién thién
diéu hoa.

Phuong trinh bién s6 khong gian tai cac nit
dugc xac dinh boi cong thire (2):

Vx( 1_ VxszjwﬂH 2
O+ Jpe

Do ngudn dién bién thién hodc sy chuyén
dong cua vat thé. Khi d6 hé phuong trinh
khong gian tai nut cua cac phan tu dugc xac
dinh boi cong thie (3):
V x lV xH + 8 =0
o ot
VB=0 ©)

—v( vaﬁ) V.(oVd) =0
ot

3.2. Phwong phdp tinh todn lyc dién tir
trong phan mém maxwell

Theo dinh luat luc dién tir Lorent [10], phan
mém dinh nghia mot dai lugng goi 1a tenso
1uc Maxwell boi cong thurc (4):

H, B, - Ll H, B, H, B
X z
\BHH\ )
o=| H,B, H, B~ H, B,
H, B H,B,  H,B,- Ll
1Pz 7 Py 2 |

3.3.‘ H¢ phwong trinh co hgc trong bai todn
phan tw hitu han

Luc, chuyén vi, bién dang va tng suat.

C6 thé chia lyc tac dung ra ba loai va ta biéu
dien chung dudi dang vécto cot:

- Lyc thé tich: f="f[f, f, f.]" (5)
-Lucdiéntich: T=T[ Ty Ty, T]" (6)

- Luc tap trung Pi: Pi=Pi[Px Py, P]"  (7)

Véi vat liéu dan hdi tuyén tinh va dang hudng,
ta cd quan hé gitra trng suat vdi bién dang:

o=De¢ (8)
Trong do:
1-v v v 0 0 0
v 1-v v 0 0 0
_ E v v 1-v 0 0 0 (9)
Q+vfa-2v)f 0 0 0 05-v O 0
0 0 O 0 05-v 0
0 0 0 0 0 05-v

3.4. Phan tich dao dpng co hoc va dj on

Khi nghlen ctru cac rung dong, ngoa1 su dich
chuyen trang thai x, con xét t6i téc do dich
chuyén [4]:

v :% =X, Cos(wt + @)

dt (10)

_x_ —w® Asin(wt + )

dt? v
Trong trudng hop tong quat, moi su chuyén dong
déu co the bieu thi dudi dang chudi Fuorie:

X(t) =[ X, cos(nast) + Yy, sin(nat) |

3.5. M6 hinh tinh toin dao dpng bing
phwong phap phén tir hitu han
Xét mo hinh phan tich bai todn rung dong
trong phuong phap phan ti hitu han. Ta co
phuong trinh tong quat nhu sau [6].:

[MJ{U}+[CU} +[K]{U} ={F?) (11)
Cé.’C thanh phan ngoai luc tuong tmg dugc
viét dudi dang cong thuc:
(F}= {Fmaxei"’}eiQt
{F}={Fax (cosy +isiny)}e
(F}=({R}+i{F,})e""

Khi @6 hé phuong trinh dong luc hoc dugc
viét cho bai toan dao dong nhu cong thirc sau:

ot (12)

QP M+QC]+ [KD(UL} +1{U, D™ = (R} +i (R pe (13)
4. Cic truong hop mo phong

Tac gia thyc hién moé phong lay s6 lidu trong
6 truong hop lam viéc cia MBA trong cac
ché do 50%; 80%; 100% tai. Cac truong hop
hoat dong: c6 1 truong hop MBA lam viéc
binh thuong va 5 truong hop su co la:

- Binh thuong;
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- Su ¢b ngin mach hai vong day cao ap;

- Su ¢b néi long vong day 2 cudn day cao ap;
- Su ¢b 16ng bu-16ng ga cudn day;

- Su ¢ ngdn mach chap 5% tong s vong diy
cao ap;

- Su ¢b chap 10% tong sb vong day cao ap.
Tong hop lai s& co 12 bo két qua, ky hiéu tir
A-1 (cac gié tri tirc thoi cta lyc hudng truc va
huéng kinh tic dung Ién cudn day va 10i
MBA trong trudng hop binh thuong) cho téi
F-3 (pho bién d6 rung dong ctia vo MBA theo
ba huéng x, y va z trong truong hop su cd
chap 10% tong so vong day cao ap.

5. Cac miu s litu md phéng bing phin
mém Ansys

Truong hgp MBA hoat dong binh thuong, tai
50% (truong hop A-1):

/ /XA“ ~ \._

. 75 100 135 1%

6401e5

Amplitude (mm)
- N
>
o

b
=
2
&

Frequency (H2) N

Hinh 2. Bé thi Chuyén Vi theo phurong x ciia vo
may bién dp
Bién do 16n nhat dat 6,401-10°mm ng voi
tan s6 115Hz.

1447364
8 u] =]
Ji SRR,
5. . 125,

2.2953e-7

Amplitude (mm
T

50. 75. 100. 150,

Frequency (Hz)

Hinh 3. Bé thi Chuyén vi theo phirong y ciia vo
may biéen dap
Bién d6 chuyén vi theo phuong y 16n nhét dat
4,4473-10*mm tng véi tan sé 50Hz.

T
614563
£
L] x
3 4e3
u) 0
Z2:3
o
£ g

5, 50, 75 100. 125, 150,

Frequency (Hz)

i

Hinh 4. Bé thi Chuyén Vi theo phurong 7 cua vo
may bién dp

6. Ung dung mang MLP trong phan loai
cac tin hi¢u dién - co ciia may bién ap

6.1. Mang Norén MLP

Tir cac noron McCulloch - Pitts c¢6 thé phat
trien thanh mang MLP  (MultiLayer
Perceptron) 1a mot mang truyén thang:

« Cac norén dugc sip xép thanh cac 16p
(layer), mang gom moét 16p cac kénh tin hi€u
dau vao (input layer), mot 16p cac kénh tin
hiéu dau ra (output layer), va c6 thé gdm mot
sO lop trung gian goi chung la cac 16p an
(hidden layers);

« Gitra hai 16p lién tiép c6 cac ghép ndi tir cac
nordn cua lop trudce tdi cac nordn cua 16p sau
hudng tir dau vao dén dau ra (mang truyén
thang) [7], [8] ;

* Cac noron trén cung mot 16p s€ cd cung
ham truyén dat.

[W“] [vij]
Hinh 5. M6 hinh mang MLP véi 1 Iép dn
6.2. Quad trinh hoc ciia mang Noron MLP

Mang MLP voi cAu trac nhu trén hinh 5 dugc
st dung rong rdi trong viéc tai tao cac anh xa
VA0 - ra duge xéac dinh tir cac bo sd liéu mau.
Mang MLP dugc xay dung va xac dinh theo
thuat toan hoc co6 giam sat. Vai bd sb liéu
mAu 1 mét tap hop gdm p cac cip mau dugc
cho & dang vécto dau vao - vécto diu ra
{x;,di} véi  i=1..p,

X eR' ;d; e’ ta cAn xac dinh mot mang

tuong  Ung

MLP (bao gém viéc xac dinh duoc cac thong
sO céu triic va cac trong sO ghép ndi tuong
g vé6i ciu tric di lwa chon) sao cho khi dua
vécto X; vao mang MLP, thi d4u ra ciia mang

Bién d6 chuyén vi theo phuong y 16n nhét dat se_ . xap  xi gia i dich dd - co:
6,1456.10°*mm tmg v6i tn s6 50Hz. Vi:MLP(x;)~d;.
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hodic sai s6 tong cong trén cac mau tién tdi
mot gia tri cyc ti€u nao dé hodc nho hon mot
ngudng chon trude & >0nao do:

E:%Zp:”MLP(xi)—di”Z —> min (14)
i=1

6.3. Ung dung mang MLP trong phdn logi
cdc tin hiéu dién - co ciia mdy bién dp

Trong bai bao ndy, dé xuét chi sir dung cac
dac tinh lién quan toi rung dong cua MBA dé
phan loai trang thai cia MBA dugc trich xuat
tir cac tin hiéu do & trén nhu sau:

« Tir phd tan sd cia dao dong chuyén dich
trén voO MBA theo 3 tryc: st dung gia tri 16n
nhat ctia pho trén moi truc, hay ta co:

%= wzzsrgg).(..,zoo( My (a))) /
2= a):zsrgg).(..,zoo(M y (a)));
%3 = wzzggg,).(..,zoo(Mz (a))) '

o Tur gia tri bién thién cua luc tac dung theo 3
truc: su dung gia tri 16n nhét cua luc trén moi
truc, lya chon bui day pha B, phia cao ap (la
pha dugc st dung trong mé phdng 1a pha xay
ra su ¢d), hay ta co:

X, = max
te[0,100ms]

(
' = i ()

te[0,100ms]

(
7 g ()
(

%8 = 0daoms] Y (1):
" = g (D)
X0 = te[mgé(ms]( Fec (1))
= te[(??lg())(ms]( Foy (1));
X = max (F,(t));

te[0,100ms]

te[0,100ms]

X4 = Max

(
x3=_ max (I (t));
te[O,lOOms](

Nhu véy, vécto dic tinh dau vao gom tdi da
14 thanh ph?m. Pau ra cia hé nhan dang la ma
trang thai cua may bién ap, bao gom 6 trang
thai co ban:

* MBA ¢ ché d¢ binh thudng;

« MBA bi long 6c bu 16ng ga cudn day;

* MBA ¢6 vong day bi néi long quanh try;

« MBA bi chép 2 vong day lién nhau (tai cuén
day pha B, phia cao &p);

* MBA bi chap 5% sb vong day lién nhau (tai
cudn day pha B, phia cao &p);

« MBA bi chap 10% sb vong day lién nhau
(tai cudn day pha B, phia cao ap).

SO no-rén 4n sé duoc lua chon b?mg thuc
nghiém dé c6 dugc s6 lugng no-ron it nhat
nhung van dam bao hoc thanh cong cic mau
s0 liéu. Thuc te cho thay so lugng nay khong
l6n (dao dong tir 3 dén 6 no-ron an) nén bai
bao lua chon 1a thir nghiém truc ti€p, tang dan
s0 lugng no-ron an st dung (bat dau tir 1) cho
dén khi dat duoc sai s6 nho.

Chuong trinh mé phoéng st dung thuat toan
hoc Levenberg - Marquadrt va thu vién ho trg
Neural Network Toolbox trong Matlab.

Két qua thir nghiém véi s6 no-ron 4n ting dan
nhu sau:

* V61 1 no-ron an:

250

Hinh 6. Két quda thir nghiém véi 1 no-rén dn
Két qua hoc cho thiy mang c6 ciu triic don
gian (14 dau vao, 1 no-ron 4n, 1 dau ra) nén
chua hoc thanh cong duoc cac mau, nén con
nhiéu truong hop 16i. Trong d6 toan bo cac
mAu thudc truong hop 5 va 6 déu hoc khong
thanh cong.

* V41 2 no-ron an:

100
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| W fed PO

A 1 —
150 200 250
Sample number

Hinh 7. Két qua thik nghiém véi 2 no-rén dan
Két qua hoc cho thdy mang vin c6 ciu tric
qua don gian (6 dau vao, 2 no-ron 4n, 1 dau
ra) nén van chua hoc thanh cong dugc cac
mAu, tuy nhién s lwong sai sét it hon so voi
truong hop 1 16p 4n. Con 1 trudng hop (mau
sO 4) bi nhdm tir dang 2 sang dang 3, 1 mau
(s6 17) bi nham tir dang 6 sang dang 5.

* Véi 3 no-rén an:

7
of —
4 m—————

2 e

1 fea s

sl PRSP, N
o 50 100 150 200 250
Sample number

Hinh 8. Két qua thit nghiém véi 3 no-rén dan
Két qua hoc cho thiy mang di hoc thanh cong
duogc tit ca cac mAu, tat ca cac truong hop
déu c6 sai s6 nho (nhoé hon ngudng 0,5).

7. Mt s6 két luan va huéng phat trién

Bai bao dd trinh bay vé cac trang thai cua
MBA dugc mé phong va danh gia gom: 1
trang thai lam viéc binh thuong va 5 trang
thai su ¢d. Véi mdi trang thai, MBA dugc mo
phong vé6i tai bién thién tir 50% dén 100%
dinh muc, cac tin hiéu thu thap vé gém dong
dién phia so cip va thi cap, luc tac dung lén
bui day (da phan tach theo cac truc x, y va z),
chuyén dich theo cac truc x, y va z tai diém
dau mat ciia canh tan nhiét. Trén co s¢ cée s

liéu mo6 phong nay, ddi véi mdi trang thai,
mot vécto 14 thanh phﬁn dac tinh dugc trich
xuit dé 1am co s¢ nhan dang trang thai, d6 la:
03 bién do cta thanh phan tan s6 ciia chuyén
dich 16n nhét theo cac truc; 09 bién do lon
nhét cua luc tac dung theo 3 truc; 02 bién do
16n nhat dong cac phia. M6 hinh phi tuyén dé
xu ly vécto ddc tinh 1la mang no-ron MLP.
V6i 1 16p 4n va 3 no-ron an, mang di hoc
thanh cong 100% cac mau hoc.

Hudng phat trién tiép theo ctia nghién ciru co
thé bao gdm 2 hudng chinh:

1. B6 sung thém cic miu hoc phong pht dé
nang cao do tin cdy cua cac thuat toan nhan
dang va xtr 1y tin hiu;

2. Khao sat kha ning trién khai thuc té thiét bi
cho céc giai phap 1y thuyét da dé xuét.
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