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Trong hé théng cung cép dién cho céc xi nghiép, hiéu suét ctia méy bién &p trong céc tram
bién &p can duoc gidm sét lién tuc dé phat hién suy gidm hiéu suét, trén co s& dé cdnh bao sém
phuc vu bao tri, phong ngtra trirée khi sw c6 xay ra. Bai béo trinh bay phuong phép xdy dung mé
hinh hiéu suét méy bién &p st dung hdi quy tuyén tinh dé dw bao va tinh toan suy giam hiéu suéat

clia may bién ap.

T khéa: mé hinh hiéu suét ctia may bién &p, bdo tri phong ngtra

1. DAT VAN BE

Trong qua trinh van hanh, theo thdi gian tudi tho
clia cac thiét bi sé& bi suy gidm. Diéu kién van hanh
(dong dién, nhiét do, 4p suét, hiéu suét,...) cé anh
hwéng téi tudi tho va hiéu suét cta thiét bi. Cac
sw cb da xay ra c6 cac mébi lién hé, twong quan
nhét dinh d6i v&i cac chi sb hiéu suét cla thiét bi.

//rv*laximum Efficiency

i Copper foss

, Load at
L Max

% toad —

H.1. Dac tuyén hiéu suat MBA theo phu tai
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Biéu thirc tinh hiéu suét (Efficiency) cia MBA:

Trong cac tram bién ap (TBA), hiéu suat may bién
ap (MBA) can duoc giam sat lién tuc va phat hién
suy gidm hiéu suét trén co s& d6 canh bao sém dé
bao tri phong nglra trwdc khi sw cd xay ra, tranh
ton that.

2. NOI DUNG NGHIEN cUU

Hiéu suét cia MBA phu thudc chd yéu vao phu

tai, biéu dd phu thudc hiéu suét theo phu tai cé
dang nhw Hinh H.1. Hiéu suét ctia MBA dwoc dinh
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Output Power
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H.2.Téng dién tré quy vé phia thi cap

Efficiency =

(1

~

Output Power + Losses
MBA 13 thiét bi c6 hiéu suét cao va tdn that rat nhd. Cac tén hao khac nhau xay ra trong MBA gém:
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e Tbénhaoldi sét tiv (Pi - iron losses) gébm: tdn hao do tré tir va tdn hao do dong xody Fuco;
e Tdn hao ddng hay tén hao do dién tré cudn day quan bang ddng (P. - copper losses) ty
I& thuan v&i phu tai hay binh phwong cwdng do dong dién 13
e Tdn hao phu (ton that trong chat dién méi...) clia MBA twong dbi nhd va co thé bé qua.
Céc cong thire tinh hiéu suat MBA trién khai cu thé la:
V, I, .cosg

= 2
7 V,I,.cos¢ +P +P, @)

. V,.1,.cos g,
V,1,.cos¢, +P+1;.R,

Trong dé: Pi: Tén hao 16i sat. Trén thuc t&, do dién ap dAu vao hau nhw khong ddi nén P; co thé coi

3)

nhw khéng dbi; Pc: Ton hao trén cudn day déng, ty 1& thuan binh phuong dong dién (P, =]’ *R); V2 Dién
ap gitra hai dau cudn ther cap; 11: Dong dién cudn so cap; lo: Dong dién cudn thir cAp; Cos®,: Hé sb cong
suét clia tai; R1 va Ry : Dién tré cudn so cap va thi cap ; Ror: Téng dién tré quy vé phia so cap; Roz:
Téng dién tré quy vé phia thir cap (xem Hinh H.2);

Téng dién tr& quy vé phia so cip va thtr cip duoc tinh nhw sau:
2
. 1
R, =R +R, =R +R2'(Ej 4)

R,=R,+R =R,+R K’ (5)
Trong dé:
2
K :;—' (K 1a ty sb bién doi dién ap clia may bién ap);, R, =R2.[%j va R = R K’
2
Do dé, dién tré twong duong quy vé phia thir cp va so cép:
R: = bién tr& twong dwong quy vé phia thir cap; R. - Dién tré twong dwong quy vé phia so cép;
Ro1 = Dién tr& hiéu dung ctia MBA quy vé phia so' cap; Ro2- Dién tré hiéu dung ctiia MBA quy vé phia
thr cap.
Trong phwong trinh (3) ta c6 I; R, 1a tdng tn hao trén day dong (Pe)
Chia ca t&r s6 va mau sb clia phuong trinh (3) cho 12¢é:

- V,cosg, 6)

P
V, cos ¢, +I—’+ IR

27702
2

Vi dién ap thir cap V2 dwoc gitr gdn nhw khdng dbéi déi vai moi MBA, dé hiéu suét dat tbi da dbi voi

z X 2 X X e  Ke R " . N Z: A P
mot hé s cong suét cu thé thi mau s6 phai toi thiéu. Vi (v,.cos ¢,) coi nhu khong déi nén [1—'”2'1%2]
2

phai dat min:

Ham sb f(12)=§+ I,R,, =>min khivachikhi f (1,)=0 hay:

2
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— R, =0
(%)
© LR, LR (7)

Turc 1a hiéu suét dat max khi tbn hao day dong I;.R,hodc I}.R, bang tn hao I6i sat khong doi Py
(xem Hinh H.1). Tai diém hiéu suét max thi cong suét la:

P
Pr]max =‘/2 Rl 'COS¢2 (8)
02

Dé xay dwng mé hinh hiéu suit MBA, khéng mét tinh tdng quat, chon tinh toan theo phuong trinh
phia thtr cap, phwong trinh (3). Cac thdng sb Vz; |2; cos®, déu la nhitng gia tri do dwoc tir ddng hé do
dién nang. Hiéu suat N dwoc tinh toan dwa trén coéng thive (6) véi cdng suét vao ra do duoc tir ddng hd
do dién n&ng & phia so cp va thir cAp ciia MBA. Chi cé cac tham s (hang sb) Piva Ro2 chuwa biét. Ta
c6 thé st dung cac gia tri nay dwa trén tai liéu ciia hang cung cép (néu cdé). Tuy nhién, trong qua trinh
van hanh, sau mét thdi gian nhat dinh, cac gia tri P;va Roz2 c6 thé bi thay ddi, so v&i thiét ké ban dau. Do
do, sé dung phwong phap hdi quy dé xac dinh cac gia tri nay dwa trén div liéu thuc té thu thap duoc, &
trang thai hoat dong binh thwong ciia MBA.

Bién dbi phuwong trinh (3) nhw sau:

nV,I,.cosp,+ n.P.+nl;.R, =V,.I, cosp,

o Vol cosp (1—m) =n.F, + n.5 R,

V,1, cosd .(1-1)
o n

2
=I’.R, +P

P P.(1-1)
n

=L.R, +P 9)

Datv=%‘m va X =12

Co phuwong trinh (9) twong dwong voi:
Phuong trinh (9) & Y =R, *X+P  (10)
Phwong trinh (10) 1a mét phuwong trinh duwdng thdng véi hé sb Rez, Pi can tim. St dung phwong phap
binh phwong bé nhat dé tim cac hé soé trén:
Gia str c6 mau thu thap nhw bang dudi day:

X X1 X2 X3 Xn
Y Y+ Y2 Ys Yn
Ham gia (Cost Function) |a téng binh phwong sai sb:
J(Ry.P)=Y(¥, - (Ry X, + P))’ (11)
k=1
Diéu kién dé J dat min:
9 _y
o 12
o (12)
oR,,

il CONG NGHIEP MO, SO 1 - 2024



NGHIEN CU’'U VA TRAO BOI CO KHi, cCO BIEN MO {3}

n.p +R02'ZX1< = ZYk
<::> n - n - n (13)
QX X)B+R,D (X)) =2 (X,.X)
k=1 k=1 k=1
Giai hé phuong trinh (13) bang phwong phap dinh thive:
D= n.Z(ka —(Zxk )
D, ZY Z(x )? Z(Xk .Yk).ZXk (14)
=1 = =1

:nZ(Xk Y,)- ZY Zx

Néu D # 0 thi hé phwong trinh (13) c6 nghiém:

p_Dn
% (15)
R — RUZ
)

Trén thyc t& Roz va Piludn tén tai nén D # 0 va hé phwong trinh (13) ludn ¢ nghiém.
Dé tranh tran sb, ta chia ca t&r va mau sb ctia vé phai hé phwong trinh (13) cho 1072 thi gia tri phan
s6 khong doi:

D_nisz_l ixkz
102 10000 < 10000 10000 | &'10000

2
O s B S X ) gl X ¥ )y X
10”4 10000 = 10000 =1 {10000 10000 )= 10000

R n

02 __ n Xk Yk _ 1 N Yk N Xk
10" 10000 ';(10000' 10000] 10000 ; 10000 AZ' 10000

Bat Yie = (Y«/10000) = (P2/10000) *(1- N) N v&i P2 don vi do 1a W;

Xiz = (Xk/10000) twong dwong (12)2/10000 véi don vido |2 1a A. Bat D2=D/10"; D._Pi=D_Pi/10"%, D2
_Roz— D_R02/1012_ Taco:

D, 10000

710000 [mej
-3, i(xmz—i(x“ k2>Zxk2 (16)

k=1

n

VY 3 X
2R02 10000 Z( k2" kZ) 00 = k2; k2
Néu D2 # 0 thi hé PT (16) c6 nghiém:
P
D; (17)
R() _ 2’%2
S ))
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Dé danh gia mé hinh hdi quy c6 thé dung cac chi sé:
- Sai sb tuyét déi trung binh (Mean Absolute Error - MAE);
- Hé sb xac dinh R2 (Coefficient of Determination);

Coéng thire tinh R2:

Néu nhw v 1 gia tri trung binh clia d liéu quan sat duoc:

_ 1
y==> (18)
nicy
Tbng binh phuong ctia cac phan dw, con goi la tbng binh phuong con lai £, 1a gia tri twong (ng cia

md hinh dw doan), hay tbng binh phuong sai sé:

S8, =20, —f) =2e (19)
Tbng binh phwong (ty 1& v&i phuong sai cta dir liéu):
S, =2 (3-3) (20)
Dinh nghia chung nhét vé& hé sb xac dinh la:
R=1- e (1)
ss

tot

dwng mé hinh hiéu suat cho MBA cdng suét 5.000
KVA. Day la mrc cong suét phd bién ctia cac TBA
trong cac cong ty khai thac than ham 16. Tiép theo,

nghia la ty sb gitra dau ra tinh bang kW so v&i dau
vao tinh bang kW va dwoc biéu thi bang ‘1)’
S& dung dir liéeu m6 phéng 20 diém dé xay

Dé tai 4p dung phwong phép tinh toan néu trén dé xay dwng mé hinh hiéu suat MBA.
Bang 1. Dit liéu tinh toan mé hinh hiéu suat MBA

Load Hiéu suat

T PW) H %) 1, (A) Y, X, (X,,)? X,Y,,

1 | 95000 | 2 82.5 | 16.6667 | 2.015152 | 0.027778 | 0.000771605 | 0.055976431
2 | 190000 | 4 90.3 |33.3333 | 2.040975 | 0.111111 | 0.012345679 | 0.226774948
3 | 475000 | 10 95.5 |83.3333 | 223822 | 0.694444 | 0.482253086 | 1.554319372
4 | 760000 | 16 96.7 | 133.333 | 2.593588 | 1.777778 | 3.160493827 | 4.610823854
5 | 950000 | 20 97 166.667 | 2.938144 | 2777778 | 7.716049383 | 8.161512027
6 | 1140000 | 24 97.1 200 | 3.404737 4 16 13.61894954
7 | 1425000 | 30 97.2 250 | 4.104938 6.25 39.0625 25.6558642
8 |1710000 | 36 97 .1 300 | 5.107106 9 81 45.96395469
9 | 1900000 | 40 97 333.333 | 5.876289 | 11.11111 | 1234567901 | 65.29209622
10 | 2375000 | 50 96.7 | 416.667 | 8.104964 | 17.36111 | 301.408179 | 140.7111772
11 | 2565000 | 54 96.6 450 | 9.02795 20.25 410.0625 | 182.8159938
12 | 2850000 | 60 96.4 500 | 10.64315 25 625 266.0788382
13 | 3135000 | 66 96.2 550 | 12.38358 30.25 9150625 | 374.6031705

H
N
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Load Hiéu suat

T PW o H_ (%) I, (A)
34.02778
14 | 3325000 | 70 96 583.333 | 13.85417 | 471.4265046 | 1157.88966 | 471.4265046
1157.88966
15 | 3610000 | 76 95.8 |633.333| 15.82672 | 40.11111 | 1608.901235 | 634.8274182
16 | 3800000 | 80 95.6 | 666.667 | 17.48954 | 44.44444 | 1975308642 | 777.3128777
17 | 3990000 | 84 95.5 700 | 18.80105 49 2401 921.2513089
18 | 4275000 | 90 95.2 750 | 21.55462 56.25 3164.0625 | 1212.447479
19 | 4560000 | 96 95 800 24 64 4096 1536
20 | 4750000 | 100 94.8 |833.333| 26.05485 | 69.44444 | 4822530864 | 1809.364744

21748.11728

8491.979784

208.0597

485.8889

Két qua tinh toan md hinh nhw Bang 1
Ghi chu: D4u chdm “” Trong bang la déu thap phan
Tinh theo céng thirc (16) va (17) ta co:

D,= 19,88743333
D, P=  398749,0636
D, R,= 687456785
P= 20050,30297 W
R 0,345673961  Ohm

02=
Thay két qua trén vao phuong trinh (3) ta ¢4 md hinh thu dwoc nhw sau:

Thay céc gia tri twong (rng vao mé hinh (22 ho&c 23) va dbi sanh div liéu véi mau ban dau ta cé Bang
di¥ liéu sai s6 (Bang 2) va két qua tinh toan chi s6 danh gia hiéu nang mé hinh MAE va R?

Bang 2. Di liéu tinh toan sai s6 mé hinh hiéu sudt MBA

P o "o model(  ABSE)()
1 95000 2 82.5 82.50393757 0.003937573 1.55045E-05 | 161.5441
2 190000 4 90.3 90.28955861 0.010441386 0.000109023 | 24.1081
3 475000 10 95.5 95.48689031 0.013109694 0.000171864 0.0841
4 760000 16 96.7 96.66809935 0.031900648 0.001017651 2.2201
5 950000 20 97 96.97321639 0.026783605 0.000717362 3.2041
6 1140000 | 24 971 97.11410942 0.014109419 0.000199076 | 3.5721
7 | 1425000 | 30 97.2 97.15990518 0.040094825 0.001607595 | 3.9601
8 | 1710000 | 36 97.1 97.09507987 0.004920126 2.42076E-05 3.5721
9 | 1900000 | 40 97 97.01511166 0.015111664 0.000228362 3.2041
10 | 2375000 | 50 96.7 96.73889507 0.038895075 0.001512827 | 2.2201
11 | 2565000 | 54 96.6 96.60841653 0.008416531 7.0838E-05 1.9321
12 | 2850000 | 60 96.4 96.39882732 0.001172683 1.37519E-06 1.4161
13 | 3135000 | 66 96.2 96.17699734 0.023002665 0.000529123 | 0.9801
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Hiéu suat

Load Hiéu suat

P,(W) (%) H_(%)  model(%) ABSE) (%)
14 |3325000| 70 96 96.0240604 | 0.024060405 | 0.000578903 | 0.6241
15 |3610000 | 76 95.8 | 95.78894605 | 0.011053952 | 0.00012219 | 0.3481
16 | 3800000 | 80 956 | 95.62921366 | 0.029213662 |0.000853438 | 0.1521
17 | 3990000 | 84 955 | 9546760259 | 0.032397409 | 0.001049592 | 0.0841
18 |4275000| 90 952 | 9522241046 | 0.022410455 |0.000502228 | 1E-04
19 | 4560000 | 96 95 9497469716 | 0.025302842 | 0.000640234 | 0.0441
20 | 4750000 | 100 948 | 94.80851314 | 0.008513139 | 7.24735E-05| 0.1681
Téng 1904.2 0.384847758 | 0.010023866 | 213.438

Ghi cha: D&u chdm “” Trong béng la dau thép phan

Chi sb danh gia mé hinh hiéu suat MBA:

Sai sb tuyét dbi trung binh (Mean Absolute Error - MAE):

Hé sé xac dinh R? (Coefficient of Determination):

0,019
0,99

V6i di liéu mod phdng va két qua néu trén, cé thé ndi méd hinh dw doan cé twong quan manh.

D6 thj phu thudc hiéu suat theo
phu tai
100

95

80

75
2 33 61 92
a=@=D{} |liéu M6 phdng «=@==Di}liéu md hinh
% Tai
H.3a. D6 thi phu thuéc hiéu suat MBA theo tai dua trén dii liéu
mo phéng va mé hinh héi quy
Hinh H.3a cho thdy duwdng cong mau vang (mé
hinh dw doan) gan trung khit véi dudng cong mau
xanh (d liéu mé phéng), Hinh H.3b cho thy sai s6
rat nhé (dwdng mau xam nam sat truc hoanh). Khi
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Hiéu suat

Do thj phu thudc hiéu suét theo

120

phu tai
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=@ Dt liéu m6 phong
=@=D{t liéu md hinh

Sai s6
% Tai

92

H.3b. D6 thi phu thuéc hiéu suat MBA theo tai dua trén
dii liéu mé phéng va mé hinh hoi quy kém sai s6

trién khai thwc té, dudng cong mé hinh sé dwoc
xay dwng dwa trén di¥ liéu thu thap tir cac dé‘)ng
hd do dién nang phia so cip va thi cAp MBA. Sb
diém téi da lay div liéu la 5.000kVA/100kVA = 50



NGHIEN CU’U VA TRAO DOI

CO KHi, CO BIEN MO Q

diém, c6 nghia 1a dai céng suat MBA duoc chia
thanh 50 doan, mdi doan c6 do rébng 100kVA. Sé
diém thwe té str dung xay dwng mé hinh phu thudc
vao phu tai min, max trén thyc té cha trng MBA.
Cac diém dau mut (bién) ctia mién xac dinh céng
suat MBA quan trong cho hdi quy nén thdi diém
quyét dinh da di¥ liéu chay héi quy sé dwgc xem
xét trong qua trinh van hanh thyc té.

Sau khi c6 mé hinh dw doan hiéu suat MBA,
md hinh sé& chay online trén thiét bi diéu khién
hién trwong (PLC, vi didu khién...), ’ng v&i moi
t6 hop thong s6 dau vao MBA sé& c6 dau ra la hiéu
suat MBA theo mé hinh tinh toan dwoc, hiéu suat
nay goi la gia tri muc tiéu (target values) hay gia
tri mong cho (expected values). Hiéu suét thuc té
clia MBA sé dwoc so sanh véi gia tri muc tiéu, néu

TAI LIEU THAM KHAO

phat hién hiéu suat thuc té nhd hon hiéu suat muc
tiéu & mot mire d6 nhét dinh thi cadnh bao. Néu d6
suy gidm hiéu suat thuc té so véi hiéu suét tinh tw
mo hinh c6 xu hwéng tang thi cling bao déng khi
vuwot ngudng.

KET LUAN

Bai bao da trinh bay co s& ly thuyét xay dwng
mé hinh hiéu suat MBA, thwc hién cac phép bién
ddi tr md hinh phi tuyén thanh tuyén tinh dé
dé dang s dung hdi quy tuyén tinh. St dung
phuwong phap binh phwong bé nhat dé tim moé
hinh hiéu suét trén co s& di liéu mdé phdng.
Két qua tinh toan cho thdy mé hinh dw doan cé
twong quan manh, sai s6 thap, cé kha ndng ap
dung vao thyc té O
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METHOD FOR PREDICTING TRANSFORMER PERFORMANCE FOR EARLY
WARNING IN MINE POWER SUBSTATIONS
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ABSTRACT

In the power supply system, transformer efficiency at substations must be continuously monitored to
detect performance deterioration, thereby providing early warning for maintenance and prevention before
incidents occur. The article presents a method for establishing a transformer efficiency degradation model
using linear regression to predict and calculate transformer performance degradation.

Keywords: model, transformer efficiency degradation model, preventive maintenance
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