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Fault Diagnosis of Power Transformers Using GeNIe Modeler

Nguyén Thanh Son
Trieong Pai hoc Béich khoa Ha Noi — S6 1, Pai Co Viét, Hai Ba Trung, Ha Ngi, Viét Nam
Deén Toa sogn: 05-09-2019; chap nhdn dang: 25-09-2020

Tom tat

Chén doén 16i Ia mét khau quan trong déi véi cac ky thuét vién va ky sw trong viéc phat hién, céch ly va
nhan dang sw ¢ cla céc hé théng. Truéce kia, chdn doan va dw bao 16i chi yéu duwa trén céc mé hinh gidi
tich va kinh nghiém chuyén gia. Tuy nhién, trong thuc té, viéc xdy dung mét mé hinh gidi tich cho mét qua
trinh chén doén 16i la khé khan hay khéong thé thuc hién duoc. Hon thé nika, khi mot hé théng c6 mét mire
do ctia sw khéng chdc chan, thi cén thiét phai c6 mét céng cu toédn hoc dé kiém soat duoc vén dé nay. Céac
mang Bayes la cdc mé hinh db hoa xac suét dbi phé hiéu qué véi sw khéng chic chan va duoc st dung
rong réi trong chén doan 16i. Gan day, c6 mét sé céng cu mién phi va thuong mai duoc phét trién cho viéc
mé hinh héa va suy luén 16i cia céc hé théng dwa trén mang Bayes. Bai bao nay trinh bay viéc st dung
mang Bayes trong méi trvong GeNle Modeler va ky thudt phan tich khi hoa tan dé phat trién céc mé hinh
chén doan 16i ciia méy bién ap déu.

Tir khéa: Chan doan 16i, mang Bayes, GeNle Modeler, may bién ap, phan tich khi hoa tan.
Abstract

Fault diagnosis is an important task for technicians and engineers in detecting, isolating and identifying faults
in systems. Previously, fault diagnosis and forecasting are mainly performed based on analytical models and
expert’s experience. However, in practice, the derivation of an analytical model for a fault diagnosis process
is difficult or impossible. In addition, as a given system has some degrees of uncertainty, there is a need of
using a mathematical tool for handling this issue. Bayesian networks (BNs) are probabilistic graphical
models that effectively deal with uncertainty and are widely used in fault diagnosis. Recently, there have
been free and commercial tools for Bayesian network-based modeling and inference of system faults.
Dissolved gas analysis (DGA) is a technique widely used in fault diagnosis of oil-immersed power
transformers. This paper presents the use of Bayesian networks in GeNle Modeler environment with DGA

technique for conveniently deploying fault diagnosis models of oil-immersed power transformers.

Keywords: Fault diagnosis, Bayesian network, GeNle Modeler, power transformer, DGA.

1. Giéi thiéu

Muc dich chan doan 18i ctia mot hé thong 1a dé
phat hién, cach ly va nhan dang cac nguyén nhan gay
nén s van hanh bét thuong cua hé thong d6. Tinh
huong bAt thuong cé thé dugc dién dat bang mot tap
cac hién tuong khong rd rang gitta hanh vi quan sat
duoc va hanh vi binh thuong cua qué trinh. Céc
phuong phap chan doan 16i dugc phan chia thanh hai
nhom chinh: (1) nhom cac phuong phap st dung mo
hinh giai tich va (2) nhém cac phuong phap khong su
dung mo hinh giai tich. Nhém thir nhat (bao gém cac
phuong phép dua trén u6c luong thong sb, xdy dung
cac bo giam sat trang thai,...) [1] c6 thé dugc s dung
trong truong hop mot chan doan 18i dugc hiéu biét
day du va do d6 mé hinh c6 thé xay dung dugc dé
phan 4nh trung thuyc nhat hanh vi dong cua né. Mo
hinh thu duoc sau d6 dugc st dung dé tao ra céac chi
s6 16i. Viéc danh gia va phan tich truc tuyén cua cac
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chi s6 nay cho phép phat hién va cach ly cac s cb
anh huong dén qua trinh. Tuy nhién, trong thyc té cac
hé thong thuong 14 rit phic tap nén kho co thé xay
dung duoc cac mo hinh giai tich cho cac hé théng do.
Nhom thir hai 1a cic phuwong phap chan doén khong
dung mo hinh giai tich va dugc xdy dung tir cac ky
thuat tri tué nhan tao (bao gém céc phuong phap sir
dung mang no ron, h¢ chuyén gia,...) [2, 3]. Tuy
nhién, cac phuong phap nay doi hdi phai co6 mot co sé
dir liéu phong phu (dir liéu kinh nghiém hay dir liéu
thyc nghiém) dé dam bao thue hién tdt qua trinh hoc.
Hon thé nira, trong thuc té kién thirc vé hé thdng ¢
thé 1a khong day du hodc khong chic chin. Do do,
viéc st dung mot cong cu toan hoc vaéi cac khai niém
vé xé4c suat nhu mang Bayes dé kiém soat su khong
chic chan va/hodc khong ddy du cua cac hé thong la
mot giai phap toi wu khi phat trién cac hé théng chan
doan 13i [4, 5].

GeNIe Modeler 1a mét cong cu hitu ich co thé

duogc st dung dé xay dung cac mo hinh suy ludn dua
trén mang Bayes [6]. NOi dung cta bai bao nay la



Tap chi Khoa hoc va Céng nghé 145 (2020) 007-013

giéi thiéu dén cac ky su va ky thuat vién cong cu
GeNle Modeler dé xay dyng cic mang Bayes cho
chan doan 15i cua cac hé thong noi chung va 15i cua
may bién 4p dién luc néi riéng. Cau tric cta bai bao
nhu sau. Phan 2 trinh bay khéi niém cta mang Bayes
cho chin doan 15i kém theo vi du don gian minh hoa.
Trong phan 3, bai béo trinh bay vé cong cu GeNle
Modeler dugc st dung dé chin doan 13i cho cac hé
théng sir dung mang Bayes. Phan 4 trinh bay quy
trinh phat trién mot mang Bayes véi GeNle Modeler
cho chan doan 15i ciia may bién ap dau sir dung cong
nghé phan tich khi hoa tan. Cubi cing, phan 5 1a két
luan va cac hudng phat trién cta nghién ctru nay.

2. Mang Bayes
2.1 Dinh nghia

Mang Bayes dugc dé xudt boi Judea Pearl
(1988) 1a mot mé hinh do hoa xac suat va 1a mot kiéu
ciia mo hinh thng ké. Mang Bayes 1a phuong phéap
biéu dién d thi cua cac phu thudc c6 didu kién. Phan
bd xac suit két hop cua cac bién dugc xac dinh bai
cAu triic dd thi cua mang. Mot mang Bayes 1a mot dd
thi ¢6 hudng phi chu trinh ma trong do:

e Cac nut dai dién cho cac bién

e Cac canh dai dién cho cac quan hé phu thude
thdng ké gitta cac bién
Néu c6 mot canh tir nit 4 dén nat B thi c6
nghia 14 bién B phu thudc truc tiép vao bién 4 va
nit A dugc goi la cha me cua nit B . Néu v6i mdi
bién X[,ie{l,...,N} va tp cac bién cha me cua

chung ky hiéu 1a C(X,) thi phan b6 xéc sudt két hop

ciia cac bién P(V],V,,....V,) la tich cia cac phan bd

xéc suét dia phuong P(V,| C(V;)). Do d6 ta c6:
-TIr(xicx) o
i=1

Cac mang Bayes 1 1y tuong khi xem xét dén
mot sy kién nao do dang xdy ra va du doan bat ky
moét kha nang cua mét s6 cac nguyén nhén biét trude
lién quan dén su kién d6. M6 hinh héa st dung mang
Bayes bao gém hai budc: bude dinh tinh (xdy dung
cAu tric ciia mang) va bude dinh luong (tinh toan cac
bang phan bd xé4c suat).

2.2 M6 hinh héa

P(X,X,,..X

Budc dinh tinh: Budc nay cho phép xay dung
chu tric dd thi cia mang Bayes dai dién cho cac quan
h¢ nhén qua gitra cac bién khac nhau cua qua trinh
dang xem xét. Cau tric cia mang co thé dugc xac
dinh bang hai cach khac nhau: bang kham pha kién
thirc ctia chuyén gia vé qua trinh hodc bang mot co s&
dir liéu duoc ghi lai ddy du. Dé minh hoa budc nay

duoc thue hién nhu thé nao, chung ta xem xét mot vi
du don gian: chan doan 16i khong khoi dong dugce cia
mot laptop.

Sau khi an ntt ngudn, ngudi sir dung dé y thy
laptop cua minh khong khéi dong dugc. Do do, hai
nguyén nhan lam cho may khong khéi dong dugc sé
xudt hién trong ¥ nghia cua ngudi sit dung: van dé
khong khoi dong duge ¢ thé xuat phat tir pin hét
dién hodc tir bo mach me bi 18i. Bé don gian cho mod
hinh phan tich, chung ta gla thiét ngudn cung cip
xoay chiéu khong duoc xét dén trong vi du nay.

Budc dau tién (dinh tinh) trong viéc xdy dung
mang Bayes ciia tinh hudng bt thuong duoc mo ta &
trén bao gém mét dai dién dd hoa cua céc quan hé
nhan qua gitra ba bién (hay ba nut) két hop véi cac su
kién hodc phé‘m tr sau:

e Bién khong khoi dong dugce ky hiéu 1a S (khong
khéi dong duoc (does not start): True (dung), False
(sai)).

e Bién pin ky hiéu 1a B (Battery: loaded (duoc
nap), not loaded (khong dugc nap)).

* Bién bo mach me ky hiéu la M (Mother board:
ok (binh thuong), degraded (xudng cap)).

D6 thi hay céu tric cia mang Bayes tuong tng
véi phan tich truc quan ctia ngudi su dung c6 dang

nhu Hinh.1.

Hinh 1. Mang Bayes dung dé suy luan 15i khong khoi
dong dugce cua mot laptop.

Trong mang Bayes, thong tin chic chin (hay
con duge goi 1a bang chimg hay quan sat) nhu 1a thyc
té¢ laptop khong khoi dong dugc lan truyén trong
mang Bayes bang cach diéu chinh (hay cap nhat) cac
d96 tin tuong trude do.

Buéc dinh luong: Bude ndy xac dinh mot bang
xéc sudt cho mdi nat (dinh nghia tit ca cac xac suat
clia mot bién hodc mot nit). Dé giai thich khai niém
dinh luvong cua mang Bayes, ta van sir dung vi du vé
van dé khoi dong laptop bao gdm: nguyén nhan c6
thé bat ngudn tir 151 cua bo mach me (M ) hodc 15i
ctia pin ( B ). Chung ta gia thiét cac x4c sudt can bién
trudc cia M 1a P(M) vaciua B la P(B) dugc xac
dinh tir kinh nghiém vé hé thdng (thuc té cac xac suat
nay dugc xac dinh bdi mot chuyén gia trong linh vuc
mod hinh hda hoac dugc hoc tr mét co s& dir li€u
phong phu). Vi du, néu chung ta biét ty 1€ bo mach
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me bi hong chiém 5% cua tat cac trudong hop thi xac
suat bo mach me bi xudng cap la 0,05. Thém vao do,
néu chung ta bi€t rang ngudi sir dung quén khong nap
pin cho laptop ctia minh truée khi nang luogng cua pin
hoan toan can kiét chiem 10% cua cac trudong hop,
khi d6 xac suat cta pin can nang lugng 1a 0,1.

Péi voi x4c sudt c6 didu kién trude
P(S|B,M), ching ta quan tdm dén c4c gid trj cho &
trong bang sau:

Bing 1. Bang xic suit co diéu kién trudc cua
P(S|B,M).

M degraded ok
B loaded | not loaded | not
loaded loaded
P(S=True|M,B) | 09 1 0,05 1
P(S =False|M,B) | 0.1 0 0,95 0

Theo Bang 1, vi du ,né’u trong trudng hop bo
mach me bi hong hay xudng cap (M=degraded) va
pin duoc nap (B=loaded), xac suat laptop khong khoi
dong dugc bang 0,9.

Bay gio, chiing ta can xac dinh nguyén nhan nao
trong hai nguyén nhén co6 dicu kién (bo mach me bi
xuong cap hay do pin can ning lugng) gy nén hién
tuong khong khoi dong dugce cua laptop. Cau hoi nay
dugc tra 161 bang cach tinh cac xac suat bang cac
phuong trinh toan hoc sau day.

Tinh todn xdc sudt: Gia thiét ta can tinh cac xac
suat c6 diu kién P(B=loaded|S =True) va
P(M =degraded | S =True). Quan hé giita cac xac
sudt c6 diéu kién va xac suat lién két dugc xac dinh
theo phuong trinh sau:

P(a,b)=P(a|b)P(b)=P(b|a)P(a) ()

Phuong trinh (2) din dén cong thirc Bayes ndi
tiéng nhu sau:
P(bla)P(a)

P(a\b): P(b)

©)

Phuong trinh (2) co6 thé duoc biéu dién duéi
dang tong quat nhu sau:
P(bla,c)P(a|c)

P(b|c)

P(a\b,c)z )

Theo phuong trinh (1) ta co:
P(B =loaded | S = True)
P(B =loaded, S = True)
P(S =True)

ZME( k ,deg d’d)P(S = True,M,B = loaded)
— ok ,deg rade (5)
zMe(ok,degraded)Zse(tme,fau”)P(S = True,M, B)

Tir s6 cua phén s6 (5) 1a tong cua hai xac suét
két hop nhu sau:

ZME(ok’dewM)P(S =True,M,B = loaded) =
= P(S =True,M = ok, B = loaded ) +
+P(S =True,M =degraded,B = loaded)

Trong do6:
P(S =True,M = ok,B = loaded ) =
= P(S =True| M = ok, B = loaded )
xP(M = ok | B =loaded )
xP (B = loaded )
=0,05%0,95x0,9 =0,0428
P(S =True,M =degraded,B = loaded)
= P(S =True| M =degraded,B = loaded)
xP(M =degraded | B = loaded)
xP(B :loaded)
=0,9x%0,05x0,9 =0,0405

Mau s6 ctia phan s6 (5) 14 tong ciia bén xac suét
két hop nhu sau:

ZMe(ok,degmded)ZSe(tme, fault)P (S =True,M,B)

= P(S =True,M = ok,B = loaded)

+P(S =True,M =degraded,B = loaded)
+P(S =True,M = ok,B = not _loaded)

+P(S =True,M = degraded, B = not _loaded )

Trong d6:
P(S =True,M = ok,B = loaded) =0,0428

P(S =True,M = degraded, B = loaded ) = 0,0405

P(S =True,M =ok,B = not_loaded)
:P(S:True|M :ok,anot_loaded)
xP(M :ok\B:not_loaded)

xP(B = not_loaded)
=1x0,95x0,1=0,095
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P(S =True,M =degraded,B = not_loaded)
= P(S =True| M =degraded,B = not_loaded)
><P(M =degraded | B = not_loaded)
><P(B = not _loaded)
=1x0,05x0,1=0,005
Cubi ciing ta co:
P(B =loaded | S = True)
0,0428+0,0405
- 0,0428 40,0405+ 0,095+ 0,005
=0,4543
P(B =not _loaded | S = True) =1-0,4543 = 0,5457

Tuong tu, ta tinh dugc cac xac suat dieu kién
nhu sau:

P(M =0k |S =True)=0,7517
P(M =degraded | S = True) =0,2483

Tir cac xac suit dugc tinh toan & trén, ta c6 nhan
xét nhu sau: Khi quan sat thdy bang chimg 1a laptop
khong khoi dong duge (S = True ), Xac suat cta pin
dugc nap 1a 0,4543 va xac sudt cua pin khong duoc
nap la 0,5457. Do do6, nguyén nhan lam cho laptop
khong khoi dong duge co thé 1a do pin khong dugc
nap (do xéc suat cta pin khong dugc nap cao hon xac
suét pin dugc nap). Tuong tu, khi quan sat thdy bang
chiing 1a laptop khong khéi dong duoc (S =True),
x4c suit cia bo mach me binh thuong 1a 0,7517 va
x4c suét ciia bo mach me xuéng cép 1a 0,2483. Do do,
nhiéu kha ning bo mach me van binh thudng (do xéac
suét ciia bo mach me binh thuong cao hon xac suét bo
mach me bi xudng cip).

3. GeNle Modeler

GeNIe Modeler 1a mot phan mém phat trjén boi
cong ty BayesFusion, LLC (Hoa Ky). Phan mém nay
c6 thé tai vé mién phi tr dia chi sau:
https://www.bayesfusion.com/downloads/

V&i mot giao dién dd hoa, ngudi sir dung co thé
phat trién cac tng dung phirc tap ciia mang Bayes
trong GeNle Modeler vdi cac budc suy luan nhu da
dé cap trong phan 2 ma khong mat nhidu thoi gian
phai 1am quen véi cong cu nay. GiNIe Modeler ¢ thé
dugc xem nhu 1a mot cong cu ly tuong dé trién khai
cac md hinh chan doan 13i ctia cac hé thong sir dung
mang Bayes bao gdm chan doan 13i cua thiét bi dién
nhu méy bién ap dau s& dé cap chi tiét trong phan sau.
Tinh ning ciia GeNIe Modeler bao gom:

e Trinh soan thao d6 hoa dé tao / tim hiéu / tinh
chinh cadc mo6 hinh mang.

10

¢ Hoan thanh tich hop v6i MS Excel, cit va dan
dir liéu vao ché d6 xem bang tinh ndi by cia GeNle.

e M¢& nhi€u mang va cat va dan cac phan cia mo
hinh gira chung.

o X1 ly dir li€u linh hoat, bao g@)m nhép tir co s&
dir liéu bén ngoai.
e Bao gém céc thuat toan hoc cau trac va tham sd.

e H{ trg cac nut phuong trinh va phan phdi xac
suat lién tuc trong cac mo hinh lién tyc va lai.

e HG tro quan 1y trudng hop (luu va truy xudt
nhiéu bd bang chung).

* Tuong thich chéo v6i cac phan mém khéac. Hd
tro tat cd cac loai t€p mang Bayes chinh (vi du:
Hugin, Netica, Ergo).

Hinh 2 1a mang Bayes trong GeNle cho bai toan
khong khoi dong duoc cia mot laptop. Sau khi quan
sat dugc hién tuong laptop khong khdi dong dugce
(S =True), GeNle Modeler cho phép tinh dugc xac
sut c6 diéu kién nhu Hinh.2:

P(M =ok|S :True) =75%
P(M =degraded | S = True) =25%
P(B =loaded | § = True) =45%
P(B =not_loaded | S = True) =55%

2 B ] M
loaded  45% | ok 75% |
not_loaded 55% = degraded25% 7

X

True 100% I

False 0% =

Hinh 2. Mang Bayes trong GeNIe Modeler.

4. Ung dung ciia GeNIe Modeler trong chin doan
16i may bién ap diu

Méy bién ap 1a mot thiét bi dién quan trong
trong cac hé thong truyén tai va phan phdi dién. Dé
cai thién d¢ tin cdy ctia may bién ap va giam chi phi
cho cong tac bao tri, cac ky thuat chén doan va theo
ddi 1a rat can thiét. Day quan clia may bién ap bao
gdm céch dién bang gidy dugc ngam trong diu cach
dién, do d6 cac cach dién gidy va dau cach dién duoc
xem nhu 1 dbi tugng chinh dung cho viéc phat hién
cac su cb.

Phén tich khi hoa tan cta diu cach dién may
bién 4p dwoc xem nhu 1a mot ky thuat hién thi t6t
nhit vé diéu kién tong thé ciia mot may bién ap va
dugc st dung rong rdi nhit trong chan doan 18i cua
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méy bién 4p. Do cac ing xuat nhiét va dién, sy phan
ly cta gidy va dau dan t6i cac 16i nghiém trong. Mot
s6 khi thoat ra do qua trinh phan ly lam giam cudng
dd cach dién va kha ning giam nhiét ciia diu may
bién 4p. Ethane (C,Hs), methane (CHa), hydrogen
(H»), acetylene (C;H») va ethylene (CoHs4) 1a cac khi
tao ra do phan ly cua dau. Carbon dioxide (CO,) va
carbon monoxide (CO) dugc tao ra do phan ly cia
gidy.
Céc 151 bén trong ciia may bién ap co thé duoc

chia thanh hai nhém: (1) nhém céc 16i nhiét va (2)
nhém céc 161 dién.

e Nhom cac 16i nhiét: Loi dau (C2H4, C2H6),
gidy (CO, CO2).

ONhg')m cac 16i dién: Phong dién cuc bo (H2,
CH4), ho quang (C2H2).

Ngoai trir khi QO va COy, cac khi con 1;,1i sinh ra
do sy phén ly cua dau. Ty 1¢ CO/CO; c6 thé dugc sur
dung dé danh gia sy xuong cap cia cach dién giay.

Phuong phéap tam giac Duval 1a mdt cong cu
phan tich khi hoa tan dugc xdy dung bang kinh
nghiém tir ddu nhitmg nam 1970 va duogc st dung bai
IEC. Phuong phap nay da ching t6 duoc hi¢u qua va
do do6 duoc su dung rong rai.

Bang 2. Cac kiéu 1i va cac ma két hop

Phuong phép tam gidc Duval st dung céc gia tri
cua ba khi: CHy, C;H> va C,H4 va vi tri ciia chung
trong mét tam gidc nhu Hinh 3. Bén trong tam giac
¢6 bay ving 156i bao gdm 15i phong dién cuc bg, cac
161 nhiét v&i cac dai nhiét d6 khac nhau va hd quang
dién. Cac kiéu 156i va cac ma két hop dugc trinh bay
trong Bang 2.

Céc cong thirc sau day xac dinh ba toa do cua
tam giac Duval dya trén két qua phan tich khi:

a
C.H,(%)=100x —— 6
g 2( 0) a+b+c ©)

b
C,H,(%)=100x —— 7
: 4( 0) a+b+c ()

c
CH,(%)=100x — 8
4( 0) ><a-i—b+c ®

trong do:

a:Csz(ppm),b:C2H4(ppm),c:CH4(ppm)

Bang 3 la cac gi6i han cac ving trong tam giac
Duval. B¢ tim cac 101 dung tam giac Duval, trugce tién
chung ta tinh phan tram cta cac khi theo (6), (7) va
(8). Tiep do, vé duong thang cia dai luong %CH,
song song vo6i canh C,H,, v€ duong thing cia dai
luong %C,H, song song véi canh CH, va vé duong

thang %C,H, song song véi canh C,H,. Giao cua

Kiéu 16i Ma ba dudng s& xac dinh 16i cho cac két qua phan tich
Phong dién cuc bo PD khi hoa tan trong may bién ap.
Phoéng dién ning lugng thip D1 Bing 3. Gidi han cac ving 15i trong tam giac Duval
Phong djén nang luong cao D2 P | 98%CH, | 100%CH,
Cac 16i nhiét T<300°C T1 D
Céc 18i nhiét 300°C<T<700°C T2 D | 23%C,H,| 13%C,H, | 100%C,H,
Cac 15 nhiét T>700°C T3 1
Hén hop clia cac 16 dién va nhiét DT D | 23%C,H,| 40%C,H,| 13%C,H, | 29%C,H,
_PD 2
TL | 4%C,H, | 20%C,H,
T2 | 4%C,H, | 20%C,H,| 50%C,H,
T3 | 15%C,H,| 50%C,H,| 100%C,H,
D | 4%C,H, | 13%C,H,| 15%C,H, | 29%C,H,
T
40%C,H,| 50%C,H,

A LN A A A LY
80 60 X 40 20
-—— % CH;

Hinh 3. Tam giac Duval.

Theo céc gia tri tinh theo phan trim ctia giéi han
cua cac vung 1oi (tir Bang 3), ta c6 thé dinh nghia cac
trang thai cua ba khi nhu Bang 4.
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Céu trac cia mdt mang Bayes dung dé chin
doan 13i s& c6 dang nhu Hinh 4. Mang ¢6 3 bién dau
vao Uung v6i cac phin trim cia ba khi va c6 7 bién
dau ra tmg véi 7 loai sy ¢6 khac nhau. Cac trang thai
khac nhau cta 3 bién dau vao cé thé quan sat dugc
hay n6i cach khac cac bang ching cua cac dau vao co
thé thu dwoc qua tam gidc Duval. Di v6i cac bién
dau vao (cac bién cha me), cic xac sudt cin bién
true c6 thé thu duoc tir kinh nghiém hodc kién thirc
chuyén gia. Di v6i cac bién dau ra (cac bién con),
cac bang xac suit diéu kién trude duge xac dinh tir
Béng 3 va Béng 4.

Béng 4. Dinh nghia céc trang thai (TT) cta ba khi

TT (state) | 9%CH, %C,H, %C,H,
0 0-98 0-4 0-20
1 98-100 4-13 20-23
2 13-15 23-40
3 15-29 40-50
4 29-100 50-100

~ Tu Bang 4, ta co thé dinh nghia cac bang xac
sudt c6 dicu kién vi du cho bién PD (phong dién cuc
bd) nhu Bang 5. Do bién PD chi phu thudc vao hai
trang thai cua %CH, cho nén xac suat cua PD chi
phu thqéc ya‘lo trang thai 0 va trang thai 1. Nhu vy,
xac suat loi PD bang 0 ung voi trang thai 0 cua
%CH, va xac suat PD bang 1 tng véi trang thai 1
cua %CH, .

Tur Bang 3 ta thdy giéi han ving D1 trong tam

giac Duval bao gom:

e 23%C,H, s€ ung voi trang thai 0 va trang thai
1 cua %C,H, (theo Bang4).

e 13%C,H, va 100%C,H, s€ img v6i trang thai 1
hodc 2 hoac 3 hodc 4 (theo Bang 4).

Bang 5. Bang xac suat co dicu kién cua bién PD

%CH, TTO TT 1
%C,H, Tt ci Tt ci
cacTT cacTT
%C,H, Tt cd Tt cd
cacTT cacTT
PD | Pung 0 1
Sai 1

Bang 6. Bang xac suat c6 dieu kién cta bién D1

%CH, TT O TT 1
%C,H, | TT2hoac3hogc | Tatcacic TT
4
%C,H, TT 0 hoic 1 Tét ca cac TT
D1 bung 1 0
Sai 0 1
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Tu céc trang thai thu duogc cho bién DI, ta xay
dung dugc bang xac suat co dicu kién trude cia bién
D1 nhu Bang 6.

Béng cach 1ap luan tugng tu, ta thu dugc cac
Bang 7, 8,9, 10 va 11 1a cac bang xéac suét ¢ diéu
kién trude cua 5 bién con lai bao g6m D2, T1, T2, T3
va DT. Vi du néu %C,H, bao gom tit ca cac trang
thai (tir trang thai 0 dén trang thai 4), %C,H, bao gdm
tat ca cac trang thai (tir trang thai 0 dén trang thai 4)
va %CHy chi bao gdm trang thai 0 thi 16i khong phai
la PD (phong dién cuc bd).

Bing 7. Bang xac suit c6 diéu kién cta bién D2

%CH, TT 0 TT 1
%C,H, | TT 2 hodc3 TT 4 Tét ca cac
TT
%C,H, TT2 TT 2 hodc 3 | Tat ca céc
hodc 4 TT
D2 | Ding 1 1 0
Sai 0 0 1

Bang 8. Bang xéc suat c6 dieu kién cta bién T1

%CH, TT 0 TT 1

%C, H, TT 0 Tét ca cdc TT

%C,H, TT 0 Tét ca cic TT
T1 buing 1 0
Sai 0 1

Bang 9. Bang xac suat c6 diéu kién cta bién T2

%CH, TT 0 TT 1
%C,H, TTO Tét cd cac TT
%C, H, TT 1 hodc2 | TatcdcacTT
hoac 3
T2 buing 1 0
Sai 0 1

Bang 10. Bang x4c suat co6 dicu ki¢n cua bien T3

%CH, TT 0 TT 1
%C, H, TTOhodc1 | TatcdcacTT
hoac 2
%C,H, TT 4 Tét ca cac TT
T3 bung 1 0
Sai 0 1

Bang 11. Bang xac suét c6 diéu kién ciia bién DTf

%CH, TTO TT 1
%C,H,| TT1 | TT2 | TT3 | TitcicacTT
%C,H,| TT0 | TT3 | TT3 | TatcacicTT
hoac 1 hoac 4
hoac 2
hoac 3
DT | Diing 1 1 1 0
Sai 0 0 0 1
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Chung ta gia thiét cic xac suit can bién cia ba
bién dau vao cé dang nhu Bang 12 [5].

Hinh.5 12 mdt mang Bayes véi giao dién cdt xac
suét trong GeNIe Modeler ding dé chan doan 15i cua
may bién ap. Thong s6 x4c suét ciia 7 nit con tng véi
7 16i cuia may dugc xac dinh theo Bang 5, 6, 7, 8, 9,
10 va 11. X4c sudt trude cua 3 nat me duoce xac dinh
theo thuc nghiém [5]. Tir két qua suy luan cua mang
Bayes trong GeNle Modeler ta thdy x4c suit cua bién
T2 véi trang thai Ding (True) 1a cao nhat véi gia tri
bang 35%. Do do, nhiéu kha ning sy c¢b bat ngudn tir
cac 16i nhiét nam trong dai nhiét d6 tr 300 °C dén
700°C.

Bing 12. Cac xac suat trude clia ba khi

Khi Trang thai Xac suit (%)

%CH, Trang thai 0 85,71
Trang thai 1 14,28

%C, H, Trang thai 0 71,42
Trang thai 1 7,14
Trang thai 2 14,28
Trang thai 3 0
Trang thai 4 7,14

%C,H, Trang thai 0 35,17
Trang thai 1 21,42
Trang thai 2 35,71
Trang thai 3 0
Trang thai 4 7,14

%C2H4

Hinh 4. Mang Bayes cho tam giac Duval trong GeNIe Modeler.

[=] %C2H2
el S
ate
State0 36%
e} %CHA state2 14% ] Stated 21% o
State0 66% [ | State3 0% state2 36% (I
State1 14% = Stated 7% el State3 0%
Stated 7% (] =
h 4 &£
= P o D1 el 02 4o T o ™ O 73 e w
True 14%
Fru: %%F Troe 10 | rrue 22 ] True 25l True 6%l True e%‘l
alse Pl |Faises0m i |aie sa% G |Faseran o |Falseess W [Faisessx | |Falsed4% I

Hinh 5. Mang Bayes cho tam giac Duval véi giao dién cua cac cot xac suat trong GeNle Modeler.

5. Két luén

Tinh m&i vé& khoa hoc cua bai bao 1a tmg dung
thanh cong mot ly thuyét cta tri tué nhan tao (mang
Bayes) dé chin doan 16i ciia may bién ap dau véi ky
thuat phéan tich khi hoa tan. Mang Bayes co6 thé sur
dung dé dy bao kha nang cua cac 101 cua cac hé thong
& duéi dang cac xac suat cua mot céu trac mang nhan
qua. Huéng nghién ciru tiép theo ciia nghién ctru nay
la tng dung phin mém GeNle Modeler véi cac
phwong phép hoc cau triic va hoc tham sé dé tir d6 c6
thé ap dung cho chan doan 18i hiéu qua cho cac dbi
tugng nghién ctru khac. Thém vao do, két qua cua
phuong phap dé cap trong bai bao nay can duoc 80
sanh voi cac két qua ciia phuong phap khac bao gdom
ca thyc nghiém.

Loi cam on

Nghién ctru nay dugc tai trg boi Trgbng Pai h()g
Bach khoa Ha No¢i (HUST) trong dé tai ma so
T2018-PC-063.
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