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Abstract. DC electrical motor is one of the most popular motors used. However, like other devices,
during the working time the DC motors may experience different types of defects. Designing devices
for fast defect detection is necessary in order to support the safe working processes. In this article, the
authors will present a solution to detect the problems in DC electrical motors by applying neuro-fuzzy
networks and using only the instantaneous values of angle velocity of the motor. The TSK (Takaga
Sugeno Kang) with 8 inference rules to process the angle velocity signals will allow to detect the
failures and their parameters with the accuracy higher than 95%.

Tém tat. Pong co dién mot chiéu 1a mot trong nhirng thiét bi dién dwoc st dung rat pho bién.
Tuy nhién, cling nhir cdc thiét bi khéc, trong qué trinh lam viéc, dong co dién mot chiéu ¢ thé gap
mot s6 dang sur ¢6 khdc nhau. Viéc xay dung cdc thiét bi ¢6 kha ning phan tich va ph4t hién nhanh
céc sy 6 cla dong co 1d rat can thiét cho qua trinh van hanh an toan. Bai bdo dé xudt phuong
phép ttng dung moé hinh mang noron 16gic m¢ dé nhan dang sw ¢6 xdy ra déi véi dong co dién mot
chiéu trong qué trinh lam viéc chi dwa trén viéc phan tich gid tri do t8c do tirc thoi cia dong co.
Viéc tng dung mang TSK (Takaga Sugeno Kang) véi 8 ludt md phan tich cdc gid tri tire thoi cia
toc do dong co cho phép phéat hién nguyén nhan sir ¢8 va thong sd ciia su ¢8 véi do chinh xdc hon
95%.

1. PAT VAN PE

Bai toan phat hién su ¢6 14 mot trwdomg hop ddc biét cia bai todn nhan dang néi chung.
Bai todn nhan dang ddi tirong bao gom nhiéu cong doan, trong dé khé khan nhat 1a khau tao
didc tinh nhan dang cua doi twong va xay dung mo hinh xit 1y véc to ddc tinh do6.

Trong bai bdo nay sé chi st dung gid tri do van tdc géc cia dong co dé nhan dang nham
lam gidm bét do phite tap cia cdc thiét bi do. Céc dac tinh dé nhan dang sé dwoc trich chon
tir chuoi cdc gia tri tire thoi cia van téc gée. Néu nhur viée xac dinh céce dic tinh déi twong
14 tién dé quan trong thi viéc xay dung mo hinh xit i vecto ddc tinh sé quyét dinh dén chat
lwrong cia gidi phap. Trong thoi gian qua, da cé nhiéu cong trinh nghién citu, hang loat cac
gidi phdp nhan dang méi sit dung cong nghé mang noron va mang noron logic md da xuat
hién. Céac cong trinh nghién citu da chitng to6 rang cc gidi phdp mang noron cé nhitng wu
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diém vwot troi so véi cde gidi phap kinh dién.
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Mo6 hinh nhan dang dwgc st dung trong bai bdo nay 14 mo6 hinh mang noron logic md
TSK (Takaga Sugeno Kang) [3] d¢ xay dung mo6 hinh nhan dang, phat hién dang si 6 xay

ra trong dong co dién mot chiéu trong qud trinh lam viéc.

2. MO HINH MANG NORON TSK VA UNG DUNG
TRONG NHAN DANG PHAT HIEN SU CO

2.1. Cau tric mang TSK

Mang TSK 1 mot cdu tric gom 5 16p dung dé mo6 phdng cic quy tic suy luan logic mo
TSK [3]. M6 hinh mang TSK (giéi han cho 1 dau ra) dwgc thé hién trén Hinh 1. Lép thir
nhdt bao gom cdc khéi p5(x;) con duge goi 1a cde khéi m& hod cho thanh phan thi j cia
vecto dau vao . Moi khéi mo héa thwong sir dung ham Gauss mé rong (1), dwoc dic trung

bdi 3 vecto tham s6 14 ¢; trong tam, o; hé s6 A0 m& ciia ham va b; hé s6 hinh dang cia ham.

hiNE
).u

Hinh 1. M6 hinh mang TSK cho mot dau ra

1

1+ (Hrj—cin\)zbif'

i (x5) =
Lép thit hai 1a khoi nhan, diing dé tinh tich dau ra cia cdc khéi mo hod, cu thé

N
pi(w) = T i (). (2)
i=1

Lép thit ba 1a khdi tinh cdc gid tri ham f; dau ra cia TSK. Trong mang TSK ta str dung

ciac ham tuyén tinh
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N
fZ(JE) = Z Pij:Ej + PZ’(]. (3)

j=1
Lép thit tr 14 khoi tinh todn cdc thanh phan tir s6 Fy va mau s6 Fy. Lép thir nam 13 khai

tinh ddp 1mg cudi cling ciia mang TSK theo cong thirc
M

> pailx) x fi(x)
=l

M
> wilx)
i=1

Trong cau tric nay ta c¢6 16p 2, 4 va 5 14 cac 16p tinh toan va hoat dong c¢d dinh. Céc 16p

F
= F: (4)

1 va 3 1a céc 1ép cb cdc tham s6 c6 thé thay d6i thich nghi dé xay dung moé hinh téi wu. Cu
thé trong 16p 1 1a cdc tham s8 ¢;,b;, 0; cla cde khdi mo hod, trong 16p 3 1a céc hé 8 p;; cla
ham tuyén tinh [1,2]. Céc tham s6 nay c6 thé diroc diéu chinh thich nghi véi ham muc tiéu

1a sai s6 dau ra cia mang TSK trén mot tap so liéu mau cho trude [1,2].
2.2. M6 phdng cac ché do lam viéc cda dong co

Dai tirong nghién ciru chinh cia bai bdo 14 dong co dién mot chiéu kich tir doc lap. Nham
muc dich don gian héa céc khdi do lwong, bai bdo diat muc tiéu xay dung mo hinh phat hién
str ¢6 chi dua trén céc s6 lieu do van tc géc tite thoi cia dong co. DE c6 dwgce cac gid tri
van toc goc tirc thoi ndy, mot mo hinh cia dong co mot chiéu kich tir doc lap sé dwoc xay
dung stt dung cong cu Simulink (Matlab) dé mé phong. Pong thoi, ta xét cic trwomg hop
ma thoi diém xay ra sw ¢d dwoc xéc dinh trirde dé mo hinh chi tap trung cho nhiém vu phan

loai su c6.
2.2.1. Mé td todn hoc dong co dién mot chiéu kich ti doc lap

Tir céc phirong trinh co ban cia dong co dién mot chieu kich tir doc 1ap bién doi Laplace
ta c¢6 hé phuong trinh sau [5]
ua(s) =ea(s)+ Ra.ia(s) + La.s.ia(s),
ea(s) = kep.w(s),
mar(s) = karab.ia(s),
mpr(s) — myp(s) = 2nJ.s.w(s). (5)
Tir hé phwong trinh (5) ta xay dung dwroc so do khdi dong co dién mot chieu kich tir doc
lap khi tir thong kich tir khong d6i nhir Hinh 2. D& mo phong céc sir ¢ x4y ra khi dong co
dang 1am viéc ta st dung s6 liéu dong co mot chiéu kich tir doc 1ap nghién ciru ¢é cdc thong
s6 sau [5], dién 4p phan tng ua = 220V, dién ap kich tir ux = 24V, dién cdm phan timg
L = 0,038H, dién trd phan tmg R4 = 1, 5854, mémen quén tinh cia roto J = 0, 058kg/m?,
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hang s6 moémen kj; = 3. Trude thoi diém xdy ra sw ¢6 coi nhw dong co dang & trang théi
x4c 1ap (trong qud trinh mé phong, xudt phat tir cdc so kién bang 0, ta quan sét thiy & thoi
diém 2s cdc mo hinh dong co da dat trang théi xdc lap nén cdc mo phong sé 1dy thoi diem 2s

N N N
1a thoi diem xady ra sw ¢d).

— o

Ra 1+sTpy 2MJs

KeW

Hinh 2. So @6 khéi dong co dién mot chieu kich tir doc lap khi tir thong kich tir khong doi

DéE cé dwoce gia tri tite thoi cla van toc goc, ta st dung mé hinh mo6 phéng cia dong co
dién mot chiéu kich tir doc 1ap trén SIMULINK nhw Hinh 3 [4, 6], trong d6 su c¢6 sé duge
mo phéng bang cach diéu chinh gid tri dong i4 va ix nhan véi céc hé s6 tirong ting (tai thoi

diém x4y ra qua do), gid tri tai cia dong co dwrgce thay doi & tham s6 mr.

Seope i A
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Hinh 3. M6 hinh m6 phong dong co dién mot chieu kich tir doc lap
st dung SIMULINK (Matlab)
2.2.2. Mé phong cdc ché dé lam viéc
a. Dong co khi lam viéc binh thudng
T Hinh 4 ta thay dong co dién mot chiéu kich tir doc 1ap trén khi lam viée binh thuwomg,

tai dinh mitc c6 ddp ting dau ra la toe do tot. He dao dong it, thoi gian qué do ngan t,q = 0, 3s,



UNG DUNG MANG NORON LOGIC MO TRONG PHAT HIEN SU €O 367

do qué diéu chinh nho.

DC lam viec tai dinh muc Dong IA khi DC lam viec tai dinh muc
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a) b)
Hinh 4. D06 thi dap tng toc do(a), dong dién phan ng (b) dong co lam viéc binh thuong
khi tai dinh mitc
b. Pong co khi zdy ra sw co
+ Sur ¢6 cham tat cdc vong day phan tng
bong co dang lam viéc binh thwong, tai dinh mite, sau 2s xay ra s ¢6 R, L4 gidm, ddp
trng dau ra toc do c¢6 dang nhiwr trén Hinh 5. Nhin vao do6 thi ta thay, khi R4, L gidm cang

nhiéu thi toc do dong co cang tdng cao, s6 lan dao dong it, thoi gian qua do khi xdy ra su co
tya = 0, 155,

RA, LA giam 2 lan

RA, LA giam 3 lan
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Hinh 5. Do thi dép tng toc do khi x4y ra swr ¢6 cham tat vong day phan trng RA, LA
gidm 2 lan (a), gidm 3 lan (b)
+ H& mach phan ing

Dong 1A khi ho mach phan ung Ho mach phan ung 1A =0
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Hinh 6. Do thi dap tng dong dién (a), téc do (b) khi x4y ra si ¢6 hd mach phan tng
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Khi dong co dang lam viéc binh thuong tai dinh mite, gid sir sau 2s xay ra s ¢d hd mach
phan tng, dong dién phan trng 4 = 0, ddp g ra toc do c6 dang nhir sau Hinh 6. Nhin vao
do thi Hinh 6 ta thdy, khi xay ra suw ¢ hd mach phan trng dong dién phan ng i4 = 0 ngay,
toc do gidm ve 0 sau thoi gian qud do 0,15s.

+ Sur ¢6 cham tit cdc vong day phan ng va mat kich tir

Twong tir ta c6 cdc do thi két qua nhw trén Hinh 7.

Mat kich tu RA, LA giam va mat kich tu
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Hinh 7. Do thi dap ing toc do khi x4y ra sy c6 mat kich tir (a), khi xdy ra sy ¢d vira

cham tat day quan phan ng vira mat kich tir (b)

Tir cic do thi mo phong dong co dién mot chiéu kich tir doc lap khi lam viéc binh thwong,
khi dang lam viéc binh thuomg sau 2s xdy ra céc su ¢6 ta nhan thiy:
+ Véi mai loai sir ¢6 c¢6 do qué dieu chinh & do thi dap tng téc do khac nhau
+ Khi xdy ra s ¢6, thoi gian qua do déu nam trong khodng 2 dén 2,15s

Y tudng cla gidi phép nhan dang sé 1a tiw dong phéan tich s6 liéu d€ ¢6 dwoc mo hinh mo
ta sur khac nhau gitra cdc dwong qué do, tir trén co s& dé ta cé thé suy ngwoc lai dwoc s ¢6

da gay ra qua trinh qué do dang xét.

3. PHAN TICH sO LIEU BE NHAN DANG SU ¢O
3.1. Tao b0 sd liéu va xay dung mo hinh nhan dang su co

DPé c¢6 dwoc bo s6 litu mau, mé hinh mo6 phong trén Hinh 3 da dwoc stt dung véi nhiéu
thong s6 khdc nhau dai dién cho nhirng truwomg hop lam viéc va s ¢ khéc nhau cia dong
co. Cu thé:

+ Khi dong co dang lam viéc binh thwong nhung tai thay doi thi ciing dan téi toc do dong
co bién thién. Mang TSK phdi phan biét dwgc truedmg hop dong co c¢b su ¢6 va tredmg hop
bién thién cia tai. Vi vay ta xay dung bo so liéu véi thong s6 thir nhat bién thién 1a mp
(tai). Ta chon tai c6 khdi lrong dao dong trong khodng tir 0 dén 100kg véi bude thay doi
10kg. Vay ta c6 bo s6 liéu theo tai 1a 11 trwong hop [0; 10; 20; 30; 40; 50; 60; 70; 80; 90; 100].
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+ Khi hé mach day quan phan trng ta c6 dong dién phan 1ing i4 = 0, khi cham tat day quan
phan tng ta c6 dong dién phan ing ting lén ¢ thé 1,5; 2; 2,5; 3 lan so v6i dinh mite. Vay
ta c6 bo s liéu theo sur thay d6i ciia hé s6 dong phan ting 14 a4 ¢é 6 trwong hop [0; 1; 1,5;
2; 2,5; 3.

+ Khi dong co mat kich tir thi hé s6 cia dong ax = 0. Khi dong co lam viéc binh thwomg
ta xét trwong hop dong kich tir khong doi hay hé s6 dong ax = 1. Vay ta c6 thong s6 thit
hai cia bo s6 liéu 1a ax véi hai gid tri 0 hodc 1.

+ Tong hop ba triromg hop bién thién cla céc s lidu trén, ta xay dung dwgce bo s6 liéu tong
quat gom 11 x 6 x 2 = 132 mau. Tuan tur tirng bo 3 gid tri cla cdc tham s6 mr, aa, ax dwoc
dwa vao mo6 hinh mo phéng trén Hinh 3 dé tinh todn dira ra dwoc van téc gée dép ing cia

dong co trong trueong hop d6 nhw trén Hinh 8.

my € {0;10;...;100} m=?
—_—>

>
Oy €{0:1,15,2,25,3) Md hinh | @(T0.Tg*0,15) O(T(.Tg+0,15) Mb hinh 0,=?
—_— — ' A
4E @ md phéng nhan dang o=
——
\ ~ N N N \ ~ N A~ ’ N
Hinh 8. M6 hinh tao bo s6 liéu Hinh 9. Mo hinh tong quat nhan dang su c6

+ Theo nhw cdc khao sat da trinh bay trén cdc hinh tir Hinh 5 dén Hinh 7 ta thiy qud trinh
qua d6 cho mau dong co dang khao sit dién ra trong khodng 150ms sau thoi diém qué do
(xét dong nhat 1a tai Ty = 2s), do dé trong khi xay dung vecto dic tinh ta sé chi can 13y céc
gid tri tic thot trong khodng wr, £ wr,10,15s-

Muc dich cia mo6 hinh nhan dang la xay dung dwge mo hinh nguge, tir cde gid tri tire
thoi cia van toc gée can xdc dinh nguroc lai 3 gia tri trang thai cia dong co 1a my, a4, ak.
Qud trinh nay dwgc mo ta nhw trén Hinh 9.

Dé gidm bét kich thwée cia mo hinh nhan dang, ta da khao sat va lira chon bwée 1o rac
héa cia gid tri titc thoi cia van toc goc 1a 0,01s. Buwde roi rac héa nay cho phép thu dwoc
cac két qua c6 do chinh xdc chdp nhan dwge nhw trinh bay dwdi day. V&i bude roi rac nay
ta ¢6 16 gid tri tirc thoi cua toc Ao goc wry, WTy+0,015 -+» WTy+0,05 dé 1ap thanh vecto dac tinh
z clla mot mau gom 16 thanh phan x = |21, ..., 716]. Nhw vay 1 mau s6 liéu bao gom cap 2
véc to {z,d} trong d6 x € R0 - vecto dau vao chita 16 gi tri titc thoi cia van toc gée ciia

dong co, d € R? - vecto dau ra twong ting chira 3 gid tri tham s6 mp, aa, ak.
3.2. Ung dung mang TSK nhan dang s ¢ trong déng co' dién mét chiéu

Tt bo s6 licu 132 mau ta tdch thanh 2 tap so liu: 75% s6 mau (twong tmg véi 99 mau)
dwgce ding dé xay dung mo6 hinh nhan dang (bo s6 liéu hoc), 25% (twong ng véi 33 mau)
dwgce dung dé kiém tra mé hinh nhan dang (b9 s6 liéu kiém tra). Tap mau kiém tra ta chon
cac mau c6 chi s6 2, 6, 10, ..., 132 (cach 4); tap mau hoc 99 mau la cdc mau con lai.

Vi céc thir nghiém khdc nhau, ta da chon s6 luat suy luan cia mang TSK thich hop cho

tap so licu da tao la M = 8, tir d6 ta xay dung dwroc so dd cdu triic mang TSK nhan dang
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su ¢6 dong co theo Hinh 1 véi céc ddp ing dau ra (tinh theo cdc cong thite (1)-(4))
y(z) = TSK(z). ()

Vay bai todn dat ra 1a di xdc dinh tdm trong tam ey, ..., ¢s, cic do mé o7, ..., 05, cdc hé
s6 hinh dang by, ..., bs, va cdc ham TSK fi(x), ..., fs(x) sao cho ta c6 Vx : y = TSK(x) ~d
(ddp ttng dau ra ctiia mang xap xi véi gid tri dich can c6) véi tat cd cde mau trong bo s6
lidu hoc (99 mau) va bo s6 liéu kiém tra (33 mau). Viéc xédc dinh cdc thong s6 clia mang nay
sé dwroc thwe hién bang thuat todn bude giam cue dai dé t6i wu héa sai s§ gitra dau ra cia
mang va dau ra dich can cé. Chi tiét thuat todn hoc burde gidm cue dai tong quat diroc trinh
bay trong [1,2], thuat todn hoc bude gidm cwe dai cho mang T'SK dwoc trinh bay trong [3].

Dai véi bo s6 lidu da cd, qud trinh hoc theo thuat todn budce gidm cire dai dwoc thire hién
vGi 50 bude 1ap. Cdce két qua hoc (véi bo 99 mau) cia mang TSK ddi véi kénh 1 (nhan dang
gid tri mr) dwgce thé hién trén Hinh 10. Céc gid tri dich 14 0; 0,1; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7;
0,8; 0,9; 1 twong 1tng v4i 11 treong hop téi dao dong.

T trén Hinh 10a ta c6 dau ra cia mang T'SK da bam st vGi céc gid tri dich, cdc sai s6
déu nho hon gid tri ngwomng cia sai s6 nhan 1a 0,1 (sai s6 1ém nhat trén Hinh 10b khong vwrot
qua 6.1073.) Mang sau khi dwoc huan luyén da dwoc kiém tra véi tap 33 s6 liéu khéc véi céc

mau da hoc.

Tin higu dau ra ma-men i (%M,
53]
00
&
|
L
Sai 0 cla mo-men tai (%me)

W s e 76 Zo 35 o o o
Cac mau hoc Cac mau hoo

a) b)
Hinh 10. Két qud hoc trén 99 mau cho nhan dang trang thdi cia méomen tai (bién thién
ttr 0 dén 100% mo6 men max)(a), va sai s6 hoc gitra két qua dau ra TSK va gia tri dich (cho
momen tai) (b)

——— Tin hiéu géc
Tin hidu ra cla TS|

Tin higu Gau ra mo-men téi (%M, ,,)
Sai s6 Géu ra mo-men tai (%M, ,,)

L~

15 20
Cac mau kiém tra

15 26
Cac mau kidm tra

a) b)
Hinh 11. K&t qua kiém tra trén 33 mau nhan dang gid tri mémen tai bién thién tir 0 dén

100% momen max(ajva Sai s hoc gitra két qua dau ra T'S Kvagiatri dich cho momen tai (b).
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Hinh 11 mo t& dau ra mr (dau ra thit nhat) cia mang cing véi céc gid tri dich va sai s6
gitra hai tin hiéu nay.

Ciling twong tu nhw trong trirdmg hop két qua hoc, khi dwra vao mang T'SK céc so liéu tir
cdc mau ctia tap kiém tra, ta c6 thé dé dang nhan thdy déi cdc tin hiéu dau ra bam sit theo
gi4 tri dich. Tir do6 thi sai s6 & Hinh 11b, ta thay khong cé trwomg hop tin hiéu virot ngudng

0,1 (sai s6 1ém nhat khong virot qua 1072).

Véi cdc két qua nhir trén, ca trong trueomg hop xay dung ciing nhir kiém tra, mo hinh
TSK déu cho két qua nhan dang chinh xéc cao. Cu thé sai s6 hoc Epee = 0% sai s6 kiém tra
bang Ej; = 0%. Hoan toan twong twr, ta xét dau ra thit hai ciia mang TSK (nhan dang gia
tri a4). Céc két qua hoc va kiém tra cho kénh nay dwoc thé hién trén cdc hinh Hinh 12 va
Hinh 13.

Tin hiéu géc
4| L==———Tin niéu ra caa TsK

Tin higu rang théi phén tng
Sai s6 du ra trang théi phan ing

a0 50 3 70 80 %0 A 10 20 30 a0 50 3
Cac mau hoc Cac mau hoc

Hinh 12. Két qua hoc trén 99 mau cho nhan dang trang thai cia dong phan tng (a) va

sai 86 hoc trén 99 mau cho nhan dang trang théi cia dong phan timg (b)

Tin higu dau a phén tng
Sal o8 8 a b I phdin (g

Cac mau kiém tra

Hinh 13. K&t qua kiém tra trén 33 mau cho nhan dang trang thai ciia dong phan ing(a),

sai s6 trén 33 mau cho nhan dang trang thédi cia dong phan timg (b)

C6 thé nhan thay trén Hinh 12b c¢6 4 trwong hop sai s6 virot nguong 0,25, tng véi sai s6
hoc Epee = @.100% = 4,04%, con trén Hinh 13b sai s6 kiém tra vuot nguomg bang 0 ¢ng
Vé’l Ekt == 0%

Twong tw dau ra thit ba cia mang T'SK (nhan dang gia tri ak) ¢ cdc két qua hoc va

kiém tra dwoc thé hién twong tmg trén Hinh 14 va Hinh 15.
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Tin higu d&u ra kich tir (a,)
Sai s6 dau ra kich tir (o)

M

o 10 20 0 40 0 6 70 80 e 100 Y0 w0 % 40 s e s w0 10
Céc méu hoc Céc mau hoc

Tin hiéu géc
Tin hiéu ra ctia TSK

a) b)

Hinh 14. Két qua hoc trén 99 mau cho nhan dang trang théi cia dong kich tir (a), sai s6

hoc gitra dau ra cia mang va gid tri dich cho nhan dang trang théi cia dong kich tir (b).

Sl 86 ddu ra kich 1 (o)
B o B

Tin higu dAu ra kich tit
i

15 20 25 30 35 o
Céac mau kiém tra o 3 b

a) b)

Hinh 15. K&t qua kiém tra trén 33 mau cho nhan dang trang thai cia dong kich tir (a),

sai s6 kiém tra trén 33 mau cho nhan dang trang théi cia dong kich tir (b)

Trén Hinh 14b ta c6 thé quan sat dwoc 5 truomg hop sai s6 vieot ngudng 0,5, tng véi sai
s6 hoc Epee = @.100% = 5%; con trén Hinh 15b, tit cd cdc mau kiém tra déu cé sai s6 nhd
hon 0,5, tng véi sai s6 kiém tra bang Ei = 0%.

4. KET LUAN

M5 hinh mang noron logic m& T'SK c¢é kha nang ting dung trong nhiéu loai bai todn nhan
dang. Bai bdo da dé xuat nhan dang phat hién sw c6 xdy ra trong dong co dién mot chiéu
kich tir doc lap, cu thé qua két qua khao sat thdy ddi véi cac loai sw ¢d va s thay doi cia
tai, ta c6 do chinh xdc cao trén 95%, nhiéu truomg hop dat 100%. Dong thoi, sau khi ¢é dwoc
vecto dac tinh cho cdc toc do cia dong co thi qué trinh tinh todn mo6 hinh T'SK da dwoc

thire hién gan nhw hoan toan tuw dong.
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Céc hiréng c6 thé phét trién tiép theo nhwr tuw dong phét hién thoi diém s ¢d, trién khai
do dac va xir Iy v6i tin hiéu tir cidc dong co thuce té, khdo sat cdc dang su ¢ khac cia dong

CO.
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