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DESIGN WIRE CONNECTION GROUP INSPECTION EQUIPMENT OF
THREE PHASE TRANSFORMERS BASED ON TWO VOLTMETER METHOD
AND DATA PROCESSING USING NEURAL NETWORK

Cao Xuan Tuyen
TNU University of Technology

ABSTRACT

The identification of the wire connection group of three-phase transformers (WCGTT) is an
important step in the entire process of inspection, testing transformers. This is particularly
important for the coupling transformers when they are working in parallel or we consider the phase
angle of the supply voltage for the control circuit. However, nowadays, mostly in the central
laboratory of the electricity corporations are conducting structure determined by the method of
wiring craft, inaccurate, time consuming and require the high care technician. To overcome this
drawback, this paper offers the design a wire connection group inspection equipment of three
phase transformers based on two voltmeter method and data processing using neural network is
designed. The results of testing this equipment show that, the equipment works reliably, exactly.
Keywords: the wire connection group; the two voltmeter method; Neural network, three-phase
transformers; Data Acquisition module.

Received: 23/5/2019; Revised: 05/6/2019; Published: 06/6/2019

_ XAY DUNG HE THONG KIEM TRA TO NOI DAY
CUA MAY BIEN AP BA PHA TREN CO SO PHUONG PHAP SU DUNG
HAI VON KE VA XU LY SO LIEU SU DUNG NEURAL NETWORK

Cao Xuin Tuyén
Truong Pai hoc Ky thudt Cong nghiép - DH Thai Nguyén

TOM TAT

Viée xéc dinh, (kiém tra) to ndi ddy ctia may bién 4p ba pha 13 mot khau quan trong trong toan bd
qui trinh kiém tra, thir nghiém may bién ap. Diéu ndy c6 ¥ nghia dac biét quan trong khi ghép cac
may bién ap (MBA) lam viéc song song hay khi can quan tam t&i goc pha dién ap cap cho cac
mach diéu khién. Tuy nhién, & Viét Nam hién nay, hau hét & cac trung tdm thi nghiém thudc cac
tong cong ty dién lyc déu tién hanh xac dinh t6 nbi day theo phwong thirc thu cong, khong chinh
xé4c, mat nhiéu thoi gian va yéu ciu sy can than cao cua ky thuat vién. Pé khic phuc nhuge diém
nay, bai bao dua ra viéc thiét ké thiét bi kiém tra t6 ndi day may bién ap ba pha trén co s phuong
phap st dung hai von ké va sir dung mang no ron dé sur 1y s6 liéu. Két qua kiém tra thiét bi cho
théy thiét bi lam viéc chinh x4c va tin cay.

Tir khéa: Thiét bi xdc dinh t6 néi diy may bién dp ba pha; Phuwong phdp hai vén ké; mang no
ron; mdy bién dp ba pha; khoi thu thdp dit liéu.
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1. Introductions

The power transformer is the important and
necessary equipment for the national electrical
power transmission and distribution system.

With the purpose of guaranteeing the
continuity in supplying electrical power and
decreasing the standby equipments, the
operating power losses, we let transformers
work in parallel. One of the conditions of
parallel operation of transformers is that, they
have the same wire connection group (vector
group), Therefore, inspection of wire
connection group of three phase transformers
is a necessary step. Nowadays, to inspect the
wire connection group of three phase
transformers, we use following methods:
Polarity,  Wattmeter.,  Phasormeter  or
vectormeter, Two voltmeter.

The way of inspecting the wire connection
group of three phase transformers based on
above methods now is non-automatical, and
spends a lot of time, sometimes, is not
completely accurate. To overcome above
problems, in this paper , a wire connection
group inspection equipment of three phase
transformers based on two voltmeter method
and data processing using neural network is
designed. With this equipment, the wire
connection group of three phase transformers
is identified automatically and exactly by
using computer, Data Acquisition module, the
software of Labvolt company and an
appropriate data processing method based on
neural network.

2. Prinscple of inspecting the wire connection
group of three phase transformers based on
two voltmeter method

In order to inspect the wire connection group
of three phase transformers based on two
voltmeter method, according to [1], [2], [3],
two voltmeter are used and connected to a
three phase transformer as shown in figure 1.

Also according to [1], [2], [3], a voltage of
100 V or 200 V is supplied to high voltage
windings or low voltage windings and is
measured by voltmer V; . Using voltmeter V,
to measure Uys , Upe, Uee, Ues, Iif the

measured values of Uyg , Upe, Uee, Ueg  are
equal to the their calculated values
corresponding with one of twelve wire
connection groups, the wire connection group
of three phase transformer is identified.

Figure 1. The diagram of using two voltmeters to
inspect the the wire connection group of three-
phase transformers(WCGTT)

The method to calculate values of Upg, Upc,
Uce, U corresponding with different  wire
connection groups is described as below:

e Three phase transformer has Y/Y-12

B C N
*

Figure 2. The wire connection and vetor diagram
of three phase transformers with Y/Y-12

To caculate Upg :

From triangulars ABC and abc, we have:

bB = AB —ab 1)
From (1), we have:

% E 1=K-1K AB
ab ab ab )
With U = ab , we have:

Upg =U (K -1). 3)
To caculate Upc and Ugg :
From the triangular AbC, we have:

4
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—2 —2 —2 —
bC =AC +ab —2abACcos60 =
— =2
—2 —2 —— =2 AB [ AB
=AB +ab -abAB=ab |1-—+| —
ab ab
4)

From (4), we have:
Upe =Ugg =UN1-K +K? (5)

e Three phase transformer has Y/Y-6

A B C
C

ES ES * b

M MAa

X v z

X y z
%k %k %

c B
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Figure 3. The wire connection and vetor diagram
of three phase transformers with Y/Y-6

To caculate Uyg :

From triangulars ABC and abc in figure 3,
we have:

Upg =ba+AB=U+KU =U(K+1) (6)
To caculate Upc and Ugg :

From figure 3, we consider triangular abC,
we have:

a

—2 —2 —2 —— 0
bC =AC +ab -2abACcos120" =

=AB +ab +abAB= @)
— 2
—2 AB [ AB
=ab |1+ —+| —
ab ab
From (7), we have:

Upe =Ugg =UNL+K +K? (8)

By the same way, we caculate values of Uy,
Upcr Ueer UeB corresponding with 12 wire
connection groups as shown in table 1.

Table 1. The values of Uyg, Ucc, Upc, Uep
corresponding with different wire connection
groups of three phase transformers

wWC Line votages
CTT Ui Uec Ubc Ue
12 U(K-1) UVI-K + K2 UVI-K +K?

11 U’(1-J§K+K2) uvi+ k2 u\ilﬂﬁmﬁ)
10 phk+k? uJ(1+K+K2) U (K-1)

9 uirk?  ufeEE) o)
8 vhk  U(K+1)  ulhkeK?
7 ufebcekd) U (K +1) UW
6 U(Kk+1)  UiikekZ Uik K2
S UJ(H@MK?) U1+K? U fle B+ K?)
4 UIrk+K? U fiokekE) U(K+1)
3 uIrKkZ U)o )
2 ufrkek?)  U(K-1) U JL+K+K?)
1 U\/(l—ﬁsz) UJ(l-ﬁK+K?) uJLek?)

3. Design a wire connection group inspection
equipment of three phase transformers
based on two voltmeter method and data
processing using neural network is designed.

3.1. Schematic circuits

Schematic circuits of the equipment is shown
in figure 4.

In the schematic circuits of the equipment,
TPT is the three phase transformer, that we
need identify the wire connection group. A
voltage of 200 V is supplied low voltage
windings of TPT. The leads of TPT windings
are connected with the inputs of the Data
Acquisition module. The Data Acquisition
module is connected with the computer PC.
The Data Acquisition software of LABVOLT
company is installed in the computer PC. This
software reads the line voltages of three phase
transformer , that we need for identification of
the wire connection group of TPT, and save
them in the memory of the PC for data
processing using neural network.
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Figure 4. The Schematic circuit of the equipment
3.2. Algorith for identifying wire connection group
The algorith for identifying the wire

connection group of three phase transformers
is shown in figure 5.

Read values of Uy, Upg, Ucc, Upe, Uce.

v
Data processing using neural network

v

Conclusion of wire connection groups

Figure 5. The algorith for identifying the wire
connection group of three phase transformers

3.3. Design and assemble the equipment.

The equipment is designed and assembled at
division of Electrical Equipment, Faculty of
Electrical ~ Engineering, Thai  Nguyen
University of Technology, Vietnam.

The picture of the equipment is shown in figure 6.

TPT

Figure 6. The picture of the equipment

3.4. Data processing using neural network

The wire connection group inspection
equipment of three phase transformers is used
to collect data of votages Upg, Ucc, Upe, Uee.
Each time we do the data acquisition, we get
different values of votages Upg, Ucc, Upc, Uee.
These different values of votages Ups, Ucc,
Upc, U close to their values that are
calculated by formulas in table 1. The reasons
of that differences maybe are mistakes of the
equipment, changes of the line votage. So we
must do the next step, that is data processing
using neural network. To do this, we arrange
data of votages Upg, Ucc, Upc, Ues in the way
as shown in table 2 for the wire connection
group of 1, table 3 for the wire connection
group of 2. table 4 for the wire connection
group of 3, table 5 for the wire connection
group of 4, table 6 for the wire connection
group of 5, table 7 for the wire connection
group of 6. The data of votages Upg, Ucc, Upc,
U, of other wire connection groups are
arranged similarly.
Table 2. The data of votages Upg, Ucc, Upc, U

corresponding with the wire connection group of 1.

Times 1 2 3 4 5
Ups 330 333 328 326 336
Ucc 330 333 328 326 336
Upc 330 333 328 326 336
Ucs 439 442 438 436 443

WCGTT 1 1 1 1 1
Table 3. The data of votages Uyg, Ucc, Upe, Ucs
corresponding with the wire connection group of 2.

Times 1 2 3 4 5
Ups 331 333 329 327 335

Ucc 331 333 329 327 335
(O1% 161 163 158 156 165
Ues 526 528 524 522 530

WCGTT 2 2 2 2 2
Table 4. The data of votages Uyg, Ucc, Upe, Ues
corresponding with the wire connection group of 3.

Times 1 2 3 4 5
Ups 440 442 438 436 443
Ucc 440 442 438 436 443
Upc 220 222 218 216 223
Ues 582 584 579 577 586

WCGTT 3 3 3 3 3
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Table 5. The data of votages Uyg, Ucc, Upc, Ues
corresponding with the wire connection group of 4.
Times 1 2 3 4 5

Ubs 526 528 524 522 530
Ucc 526 528 524 522 530
Unc 331 333 329 327 335
U 601 603 598 596 605
WCGTT 4 4 4 4 4

Table 6. The data of votages Uyg, Ucc, Upc, Ues
corresponding with the wire connection group of 5.

Times 1 2 3 4 5

Ups 582 584 579 577 586
Ucc 582 584 579 577 586
Upc 440 442 438 436 443
Ues 582 584 579 577 586
WCGTT 5 5 5 5 5

Table 7. The data of votages Uyg, Ucc, Upe, Ues
corresponding with the wire connection group of 6.
Times 1 2 3 4 5

Ubs 601 603 598 596 605
U 601 603 598 596 605
Unc 526 528 524 522 530
U 526 528 524 522 530
WCGTT 6 6 6 6 6

J Custom Meural Netwark {vizw)
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Figure 7. The neural network with two layers
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Figure 8. The error of training

We use the neural network tool in Matlab to
process data with two layers that is shown in
figure 7. The error of training is shown in figure
8. The results of data processing using neural
network tool in matlab is shown in table 8.

Table 8. The results of data processing using
neural network tool in matlab

Values of UbB' UbC' UcC’ UcB WCGTT
WCGTT ([330,330,330,439]) 1

WCGTT ([331,331,161,526]) 2
WCGTT ([440,440,220,582]') 3
WCGTT ([526,526,331,601]") 4
WCGTT ([582,582,440,582]") 5
WCGTT ([601,601,526,526]') 6
WCGTT ([582,582,601,440]) 7
WCGTT ([526,526,601,331]) 8
WCGTT ([440,440,582,220]) 9
WCGTT ([331,331,526,161]") 10
WCGTT ([220,220,440,220]) 11
WCGTT [161,161,331,331]") 12

The results show that, with the sample of data
of values of votages Upg, Ucc, Upe, U in
table 2, after data processing, we have the
wire connection group of three phase
transformers exactly. With other samples, we
also have similar results.

4. Conclusions

The design a wire connection group
inspection equipment of three phase
transformers based on two voltmeter method
and data processing using neural network is
designed and implemented successfully.
Experimental results show that, the equipment
works exactly, reliably.

REFERENCES

[1]. Nguyen Duc Sy, Technology of manufacturing
electrical  equipments, The educational
publisher, Hanoi, 2007.

[2]. Nguyen Duc Sy, Technology of
manufacturing  electrical machines and
transformers, The educational publisher,
Hanoi, 1995.

[3]. Tran Khanh Ha, Phan Tu Thu, Nguyen Van
Sau. Electrical machines 1,2. The Science
technic publisher, Hanoi, 2006.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/

Cao Xuan Tuyen TNU Journal of Science and Technology 203(10):3-7

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

