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XAY DUNG HE CHAN POAN LOI TIEM AN CUA MAY BIEN AP LUC

DUA TREN MANG NEURAL KET HQP

VOI PHUONG PHAP PHAN TiCH KHi HOA TAN

Nguyén Hiru Cong®’, Nguyén Tién Duy?, Tran Thi Thanh Thao?
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Trong bai bao nay, chung t6i d& xuit tng dung mang neural dé xay dung hé chan doan sy ¢ tiém
an caa may bién ap (MBA) luc. Cac dau vao mang neural 12 ti 1& cac thanh phan khi sinh ra trong
qua trinh MBA lam viéc. Pau ra 1a céc két luan vé tinh trang cuia MBA. Luat chan doan dua trén
phuong phap ti 18 theo chuan IEC-599 vai 5 thanh phan khi duoc sir dung la cac thanh phan dau
vao0. Céc két luan dau ra bao gém “binh thuong”, “quéa nhiét” hodc “phdng dién”. Str dung mang
truyén thang nhiéu 16p (MLP - Multi-layer Perceptron) véi cau tric mang duoc lya chon la 5-M-3.
Qua qué trinh huan luyén véi s6 neural 16p an khac nhau, ching t6i lwa chon dugc M=16 cho két
qua chan doan 1a chinh x4c nhét. Théng qua thir nghiém véi di lidu thyc té, két qua cho thiy hé

chan doan dua ra cac két luan 1a dang tin cay.

Tir kKhoa: Hé chan dodn, May bién dp, Loi tiém an, Mang no-ron nhan tao, céng nghé DGA

GIOI THIEU

Chan doan sy ¢6 tiém an cua MBA lyc trong
hé thong dién 1a mot van dé di duoc nhiéu
nha khoa hoc quan tam. Pé c6 thé dua ra
duoc thdng tin vé céc 13i tiém ancod thé xay ra
trong twong lai cuia MBA, trong mot sé cong
trinh di dua ra cic phuong phap chan doan
dua trén phan tich lugng khi hoa tan trong
dau (DGA - Dissolved Gas in oil Analysis).
Ngoai ra con ¢o cac phuong phap chan doan
dua trén dap ung phd tan MBA, chan doan
dia trén d6 rung cia MBA. Phuong phap sic
ky khi voi phan tich khi hoa tan trong dau 0
can thiét phai c6 nhitng thiét bi do chuyén
dung va doi hoi do chinh xac cao. Dua trén
nhitng k§ thuat nay, di c6 nhidu ky thuat hién
dai cho phép chan doan tt hon 0, tuy nhién
mot diém chung cta cac phuong phap nay la
phai dua trén cic ky thuat do dac chinh x&c.
Vi vay, két qua chan doan ciing phu thudc
nhiéu vao d¢ chinh xac két ciia cta cac phép
do. Mot phuong phap chan doan khac cé thé
ké thira dwoc tri thirc chuyén gia duéi dang
luat théng ké da duoc gidi thiéu 0, 0. Phuong
phap nay dugc phat trién dua trén sir dung
mang neural nhan tao. Bé c6 duoc két qua
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chan doan chinh xéc, theo phwong phap st
dung mang neural can phai c6 bo dit liéu thyuc
nghiém “du Ién” dé huan luyén mang va lua
chon dugc mét ciu tric mang hop Ii. Thyc té
cho thiy, theo tiép can nay cé rat nhiéu cu
triic mang c6 thé duoc lua chon véi nhiing két
qua chan doan khac nhau. Thoi gian huin
luyén mang 16n ciing 1a mot nhugc diém cua
phuong phéap nay. Ngoai ra, cdc phuong phap
sir dung fuzzy logic, mo-neural ciing duoc dé
xuit 0, 0, 0. Piém chung cia cic phuong
phap nay d6 1a ké thira duogc tri thac chuyén
gia.

O Viét Nam, cac hé hd tro quyét dinh dya
trén tri tué nhan tao duoc phat trién trén co so
sir dung tri thirc chuyén gia nhu hé chuyén
gia, mang neural, fuzzy logic, v.v. ciing dan
duoc phéat trién rong rdi. CO thé thdy mot sé
nghién ciru vé& xay dung hé chan doan 15i cho
MBA di duoc c¢ong bd nhu tng dung hé mo
0, mang neureal 0, hé chuyén gia 0, hay két
hop hé chuyén gia, mang neural va fuzzy
logic dé phét trién hé chan doan su cb tiém an
MBA 0 - 0. Tuy nhién, viéc nghién ctu tim
kiém cac phuwong phap méi hiéu qua hon ludn
la can thiét ciia qua trinh phét trién khoa hoc
va cdng nghé. Vi vay, viéc tim kiém mét ciu
trdc mang neural don gian, hiéu qua va dap
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mg dugc yéu cau thyc té trong cong tac thi
nghiém MBA 14 bai toan c6 tinh cip thiét va
thuc tién cao. V&i muc tiéu nhu vay, trong
nghién ciru ndy chang toi xay dung hé chan
doan su ¢b tiém an cua MBA luc bang mang
neural dya trén két qua phan tich theo DGA.
CHAN DOAN SU CO MBA BANG
PHUONG PHAP DGA

Phuong phap DGA va dic tinh sinh khi
Phan tich khi hoa tan trong dau cua may bién
&p 1a nham muc dich sém phét hién ra sy quéa
nhiét cuc bd, su phong dién & mic do thap
v.v. Dé phan tich khi hoa tan trong dau may
bién &p sir dung hé théng méy phan tich goi la
TOGAS (Transformer Oil Gas Analysis
System). Tur két qua phan tich khi hoa tan
trong dau may bién &p ta co thé chin doan
dugc cac dang hu hong ciia may bién ap. Viéc
phan tich DGA khi khdng can phai ngat
ngudn dién MBA hay con goi 1a phuong phap
“online” hay truc tuyén. Loai phan tich nay
bao gom DGA thong thuong, d6 1a dya trén
co s& viéc lay miu dau dinh ky va ky thuat
hién dai cua viéc giam sat khi truc tuyén.

Dudi tac dung cua dién va nhiét, phan tir
hydro—cacbon (H- €) caa khoang dau cé thé
bi phén huy thanh dang hydrogen va cac
manh H- €, cac manh nay c6 thé két hop voi
nhau dé tao ra céc khi 1a hydrohen (H,),
methane (CH,), ethane (C;H;), ethylene
(C,H,), acetylene (C,H,;), CO va CO,.
Luong khi cua mdi chét khi riéng biét phu
thudc vao nhiét @6 ¢ lan can diém chiu tac
dung. Nhiéu nha nghién ctru di dé xut céc
phuong phap khic nhau dé du doan 15i tiém
an trong MBA nhu ti s6 Dornenberg, ti sé
Roger, phuong phap khi chinh, tiéu chuin
IEC-599.

Cic 16i tiém 4n ciia MBA

Cac 13i tiém an cua MBA luc c6 thé duogc
phan loai thanh cac dang chinh sau: hd quang
dién, vang quang dién hay phong dién cuc bg,
qua nhiét cua xenlulo, qua nhiét cia dau. Muc
nang luong do cac sy ¢d nay gy ra xép theo
thi tu tir cao dén thap nhu sau: hd quang —
qua nhiét — vang quang. Nhiing 13i nay co
thé do mot hoic nhidu nguyén nhan khéc
nhau dugc chi ra trong Bang 1.

Bang 1. Cdc 16i MBA va nguyén nhén gdy ra

Cic 16i
Nguyén nhén Ho quang Vang Qua nhiét Qua nhiét
dién quang dién  cua xenlulo ciia diu
Ngan mach vong day X X
Ho mach vong day X X
Su hé mach cua LTC ¢6 sén X
Bién dang hodc x6 léch cudn day X X
Bién dang hoic x6 léch thanh cai X X
Xiét dng ndi ko chit, dau ren, bang dau X X X
cuoi
Nudc ty do hodc do 4m qué gi6i han x
trong dau
Manh kim loai nh6 ndi trong dau X X
Long két ndi voi tAm chin vang quang dién X
Long mat bich, miéng d§:m, 161 tiép dia, X
161 dinh vi gdc (thanh noi)
but gady mang X
Qua tai X X
Hong dai 6¢ cach ly X
Ri tryc hodc héng truc X
Hoéng nhanh song song cua thung chira X
Ket duong tuan hoan dau X
L4i h¢ thong lam mat X
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Phwong phap ti 1€ trong DGA

Céc phuong phap ti 16 theo chuan IEC-599 str dung ti I khi hoa tan 14 co s¢ chinh cua viéc chan
doan 15i. 5 hé s6 ti 1¢ mang tinh truyén théng dugc sir dung nhu Bang 2. Nong d6 gidi han cua
cac khi ¢ trang thai lam viéc binh thuong cia MBA dugc cho trong bang 3. Khi vuot qua gidi
han binh thuong, tuy vao mic do ma MBA & nhiing trang théi sy ¢6 voi mac do nghiém trong
khac nhau.

Bang 2. Pinh nghia ti ¢ cdc thanh phan phi

Tiso H, CLH, CH, C.H, C.H,
Ky hiéu R1 R2 R3 R4 R5
Bang 3. Gi6i han nong dé cdc khi hoa tan
Khi H, CH, co C.H, C,H, C,H,
Gi6i han (ppm) 100 120 350 35 50 65

Trong nhitng phuong phap ti 18 khac nhau thi sé cac hé sé duoc st dung la khac nhau. Phuong
phép ti 1¢ Dornemburg phan biét giira 15i nhiét va 15i dién bang cach st dung 4 hé sé ti 1¢ nhu
trong Bang 4.

Bang 4. Phirong phdp hé sé ti 1é Dornemburg

Lbi R1 R2 R3 R4
Phén huy do nhiét >0.1 <0.75 <03 >04
Vang quang dién (PD cuong do thap) <01 Khong xac dinh <03 >04
Hb quang (PD cuong do cao) >0.1va<1.0 >0.75 >0.3 <04

Phuong phap ti 1& Rogers gbc ciing dung 5 khi va 4 ti 1&é RI, R2, R3 nhu trén nhung
R4=C,H./CH,. Mot cai tién ciia phuong phap Rogers 1a chi ding 3 ti 18 R1, R2 va R3. Ngoai
ra, ciing co thé sir dung phuong phap ti 1¢ theo tiéu chuan 1EC-599 khi chi sir dung véi 3 ti s6
dugc cho nhu trén bang 5.

Bang 5. Ti [é cdc thanh phan khi va cdc 16i twong iing theo IEC-60599 (2015)

Loi R1(CH,/H,) R2 (C,H,/CH,)  R5(CHy/CyHy)

Binh thuong <0.1 <0.1 <0.1
Phong dién ting phin <0.1 NS® <0.2
Phéng dién ning luong thap 0.1-05 >0.1 >1
Phéng dién nang luong cao 01-1 0.6-25 >2

t<300°C >1, NS® NS®@ <1
Qua nhiét 300°C <t<700°C >1 <0.1 1-4

t> 700 °C >1 <0.2® >4

Ghi chu:
(8 NS: Non-Significant whatever the value — khéng quan trong du la gié tri nao
(b) Néu C3H; ting manh thi c6 thé qua nhiét t > 1000 °C.

CHAN DOAN SU CO MBA BANG MANG NEURAL KET HOP DGA

Luwa chon céu triic mang

Déi voi phuong phap ti 1é theo chuan IEC-599 thi m&i mot 15i tiém an cia MBA ¢ thé twong
g vai nhiéu bo gia tri khac nhau. Chang han, véi 16i “Phéng dién ning lugng cao” twong (ng
gia tri R2>0.6. C6 thé gia tri thyc té do duoc R2=0.8 hoic tham chi R2=2.5, v.v. Nhu vay cho
thiy vai m&i mot 16i cu thé, gia tri cac chat khi do dugc ¢ thé nam trong mot mién con gia tri.
Didu nay lam ting tinh phi tuyén d6i véi mdi quan hé vao — ra cia mang neural xay dung.
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Trong nghién cau nay, chang téi lwa chon
mang MLP & xay dung bo chan doan 15i
tiém an cho MBA.

Bai toan chan doan 16i MBA giéng nhu bai
toan &nh xa phi tuyén phic tap cao vi ca dau
vao va ra la dang da bién va khong c6 mébi
quan hé tuyén tinh nao da biét. Tuy nhién voi
mot mang MLP 3 1ép (1 16p 4n) da duogc
chang minh 1a c6 kha ning xap xi hod cac
ham phi tuyén thoa man mot sb diéu kién nhat
dinh. Hon nira, c&¢c mang MLP cé thuat toan
huan luyén lan truyén ngugc c6 giam sat sai
s6 da duoc (ing dung mot cach thanh cong dé
giai quyét cac bai toan kho khan va bién doi
khéc nhau. Diéu d6 cho thdy MLP c6 thé dap
{rng cac yéu cau dat ra.

H,,C,H,, CH,, C,H, C,H,

v

Dit lidu dau vao Pau ra mong mudn (d)
v
MLP

v

Két luan dau ra

Hinh 1. So d6 khoi ciia hé chan dodn sir dung
mang MLP

Hinh 1 chi ra so d khdi caa mang MLP cho
chan doan 13i tiém an cua MBA.Véi cau tric
MLP c6 5 dau vao twong (ng vé6i 5 thanh
phan khi Hy, CH,, C;Hg, CH,, va CoH,,
Trong nghién ciru nay, chung to6i chi gigi han
chan doan vai cac 16i duoc chi ra nhu trong
Bang 5. O 16p dau ra, cd thé c6 hai phuong 4n
la ding 1 dau ra hoic 3 dau ra. Ching toi
nhan thy st dung mang c6 3 dau ra thi viéc
chan doan 13i 1 thuan tién hon ca. Véi 3 nit
& 16p dau ra, ching s& dai dién cho cac didu
kién “binh thuo‘ng” “quéa nhi¢t” va “phong
dién”. S 16p 4n dugc chon 1a 1. Cau tric
mang s€ la 5-M-3, tuong tng 5 neural trong
Iép dau vao, M neural 16p 4n, 3 neural 16p ra.
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Huén luyén mang

Trong nghién ctu ndy, chdng tdi huan luyén
mang theo thuat toan lan truyén nguoc. Thuat
toan duoc thuc hién véi cac lua chon nhu sau:
- Téng neural don:

- 1)
5= e
i=1

- Ham kich hoat (activation functions)
sigmoid:
1 (2)
Vi = ———
o1+ e
- Quy tic delta:

&w_:l'i (kT] = ﬂ'ﬁ_;u'xi (3)
- Ham trong luong moi:
wi(kT) = Aw;;(k— DT + Aw, (kT)  (4)

- Lép dau ra:

yi(1=3)(d =)

M
1 ©)
- EZ[d -
- Clac 16p khéc:
+1

(®)
(5], = D1

Qua trinh tiép dién cho dén khi thoa man mot
diéu kién nao do.

Biéu dién thuat toan huan luyén theo lan
truyén nguoc dugc mo ta nhu trén so d6 khoi

Hinh 2.
/7 Huin luyén |e
X y Q) sai sb
=——! Mang Neural >
)

'

Hinh 2. So d6 thudt todn lan truyén nguoc

d (mong mudn)

MO ta chi tiét cua thuat toan lan truyén nguoc
nhu trén Hinh 3.
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Hinh 3. Thudt todn lan truyén ngwoc cho mang neural
KET QUA
Thuc hién huan luyén mang neural véi cac ciu tric 5-8-3, 5-10-3 va 5-16-3 thi thiy rang mang
c6 cAu tric 5-16-3 cho két qua tét nhat. Tap dit liéu dung cho qua trinh chin doan dwoc xay dung
dua trén viéc thu thap cac miu phiéu do dac va kiém dinh thuc nghiém va tinh trang 1i twong
{rng cia MBA trong nhiéu lan chan doan.

Bang 6. Mot 56 mau trong bo dir liéu dau vio dung cho luyén mgng

Cic thanh phan khi (ppm)

H, C.H, CH, C,H, C.H,
2 4 40 3 10
12 6 20 6 16
12 60 20 26 10
24 70 69 103 27
34 40 69 203 30
30 10 49 13 10

Tir tap dir liéu dau vao trong Bang 6, ta tinh duoc cac ti 1& R1, R2 va R5 theo Bang 5, 1a luat chan
doan theo tiéu chuan IEC-60599 (2015). Két qua nhu trong Bang 7. CAc ti 1& nay chinh 1 gia tri
dau ra mong muén (d, Hinh 1 va Hinh 2). Gia tri nay duoc st dung dé tinh toan sai sé lop ra
trong qué trinh luyén mang theo thuat toan lan truyén nguoc.
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Bang 7. Dit liéu hudn luyén va cdc 16i twong img

Thanh phin cac khi diu vao (ppm) Cic hé so ti 1¢

H, C,H, CH, CH, CH, ri=3" Re=7F Rs=gf Chén doin

2 4 40 3 10 2.00 0.75 0.40 Qua nhiét

12 6 20 6 16 0.50 1.00 0.38  Phong dién ning lugng thip
12 60 20 26 10 5.00 0.43 6.00 Phong dién nang lugng cao
24 70 69 103 27 2.92 1.47 2.59 Qua nhiét

34 40 69 203 30 1.18 5.08 1.33 Qua nhiét

30 10 49 13 10 0.33 1.30 1.00 Phong dién ning lugng thap

Trong nghién ciru nay, ching ti sir dung Neural Network Toolbox trong Matlab dé luyén mang.
Ther nghiém voi cac cau truc mang 5-8-3, 5-10-3 va 5-16-3. Chlng toi nhan thiy rang voi cu
tric 5-16-3 cho két qua chan doan 1a chinh x&c nhat. M@ hinh mang 5-16-3, qua trinh huan luyén
va két qua nhu trén Hinh 4.

Neural Network

ayer

xi1} viti

O

y{1}

Neural Network

Input : Q;_ ﬂl
e

Algorithms Thanh phan cac khi Ty le cac khi
Training: Levenberg-Marquardt Best Validation Performance is 9.8609e-007 at epoch B
Performance:  Mean Squared Error T T T T T

Data Dtvision:  Random

Train
“alidation ||
Test

Progress o r

Plots

LH

B Epochs

Mean Sguared Error (mse)

Plot Interval: )
v Performance goa met.

Hinh 4. M6 hinh mang, qud trinh luyén va két qua mang MLP ¢é cdu tric 5-16-3

Trong do:
W: trong s
b: d6 dich chuyén
Ham kich hoat ddu vao ‘tansig’, du ra ‘purelin’
Gia trj sai s6 mong muén £ = 107°

KET LUAN

Trong bai bao nay, ching téi da tng dung
mang neural trong chan doan su cb tién 4n
MBA két hop véi phuong phap DGA, két qua
nhan dugc la mét mé hinh mang neural MLP,
trong d6 sai 1éch sau qué trinh luyén mang
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cho két qua khé tét nam trong pham vi cho
phép. Tir d6 chung ta c6 thé ung dung mang
neural trong chan doan su c6 cia MBA hrc
VGi cac cong suat khac nhau.

Tir két qua chay thuc nghiém véi mang neural
MLP c6 s6 16p 4n khac nhau 5-8-3, 5-10-3 va 5-
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16-3, chdng ti nhan thdy mang 5-16-3 ¢6 sb
ky nguyén luyén mang va sai s6 la nho nhat.
Qua két qua chay thuc nghiém, mang neural
dd chan doan duoc nhitng su ¢b co ban trong
MBA luc nhu: trang thai “binh thudng”, “qué
nhiét” hoic “phong dién”, v.v. va cho két qua
t6t voi bat ky mot thong s6 dau vao nao cua 5
chat khi.
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SUMMARY

CONSTRUCT THE DIAGNOSIS SYSTEM POWER TRANSFORMER LATENT
FAULTS BASED ON ARTIFICIAL NEURAL NETWORK AND DISSOLVED
GAS IN OIL ANALYSIS METHOD

Nguyen Huu Cong"", Nguyen Tien Duy? Tran Thi Thanh Thao?

Thai Nguyen University,
2University of Technology - TNU

In this paper, the application of neural networks is proposed to construct the potential fault system
of the power transformer. The neural network inputs are the ratio of the gas components generated
during the transformer’s work. Moreover, the output is the conclusions about its status. The
diagnostic rule is based on Dornemburg's proportional method with 5 ratios as using input
components. Output conclusions include “normal”, “over temperature” or "discharge”. Multi-layer
Perceptron (MLP) network is used with 5-M-3 network structure. Through training with the
number of neutrals of different hidden layers, we selected M = 16. This number gives the most
accurate diagnostic results. Through experimentation with actual data, the results show that the
diagnostic system makes credible conclusions.
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