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ABSTRACT

Nowadays, the Ultraprobe is used routinely in the preventive maintenance program at
Provincial Electricity Authority (PEA). It is uses to detect the ultrasonic wave which emitted
from any equipment in switch — yard of substations. The hearing analysis of the Ultrasonic wave
generated by different electrical phenomena is not only difficult, but also the classification
requires good expertise from the specialists to specify these sound signals. Therefore in this
research, the application of computer programming to identify the corona phenomena that occurs
in PEA substations is presented. First, the sound signal detected by the Ultraprobe is recorded by
digital recorder then entered into PC for transferring to the digital files (.wav file) and synthesis
its spectrum of the sound by the Fourier Transform. The spectrum pattern is then compared with
the corona master signal that created from HV laboratory, which has distinct spectrum of twice
harmonic frequency to the applied system frequency and it is agree with the experimentation of
EPRI. So if any input sounds signal have the same pattern spectrum with the corona master signal
and have the spectrum characterize agree with EPRI, we can point that this input sounds signal is

a corona phenomena.
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msauaaanamaiudoya o aniil nihde

Soyaitrlvesannilldh foynvesdnyanaudvefituiin’ld 3
4 4 B = - —3 - = 7 AU-1781
n | e¥ea!u 3£V (kV) niiouas | 9wlvan | neds | 01y P FTULHMN | QUUQN | ANNYU 4 i
gunsal | A lumsinudoya
69/22 | 115/22 | 115/115 | (MVA) MW) | (we) | @D was) | (radua) (%)

1 | naoavIn v 2x50 65.7 2539 | 9 | TR-BSH 7.5 8 33 644 | 29W.A.47-11.30 W
DS 9 6 29 W.f1. 47 — 12.00 W.

2 | panalny v | sw.-Yard - 2535 | 14 | DS 6.5 7 33 644 | 29W.N.47-1325U.

3 | wwas 1 v 2x 40 54.0 2533 | 16 | DS 9 8 36 53.0 | 031.0.47-14.30 .
BUS-SPT 9 7 03 1.8, 47 — 14.45 W,
DS 9 8 03 1.4, 47 — 14.55 W.
DS 9 9 03 1.4, 47 — 15.05 W.
BUS-SPT 9 8 03 31.4. 47— 15.08 W.
DS 7 4 031.8.47 - 15.25 U.
TR-BSH 8.5 6 03 1.8, 47 — 15.35 U,

4 | S5 v 2x40 450 | 2530 | 19 | DS 8 7 33 653 | 107.0.47 - 13.45 .
DS 8 6 10 0.0 47 — 13.45 W.
BUS 9 6 10 21.91. 47 — 13.50 W,
DS 8 6 10 2., 47 — 13.55 U,
DS 8.5 6 10 91.91. 47 — 14.00 W.

¥110119): BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer

~1
v




msuaasmamaiudoya o aorillwihaeg

FoyarialvosanniiTiih foynvosdayanaudvaiiuinld 3
| swioanil 5T (kV) wfloulas | $1wlvan | reds 91y , SLOLTHN | QUYL ALY 'm-:m:
ginssl | awh Tumsiudoya
69/22 | 115/22 | 115/115 | (MVA) MW) | net) | QD (wa3) | (@aFea) | (%)

4 | S5 (#0) v 2x 40 45.0 2530 | 19 | BUS-SRT 8.5 7 33 653 | 10@.0.47-14.10 .
BUS-SRT 9 7 10 1.0, 47 — 14.15 W,

5 | Wauns 2 v 2x 50 55.3 2535 | 14 | BUS-SPT '10 5 36 650 |230.0.47-1430MU.
DS 10 5 23 0. 47 - 14.40 W,

6 | d1gnm v 2x50 44.0 2541 | 8 | DS 10 3 34 720 | 23n.0.47-16.10W.
DS 9 3 23 1.0.47-16.20 U.
DS 9 3 23 1.0, 47— 16.25 .
DS 9 3 23 N.4.47-16.25 Y.
DS 9 3 23 .0. 47 - 16.30 M.

7 | aansny v 2x 50 28.5 2540 | 9 | DS 8 6 35 578 | 139.9.47 - 14.40 W.
DS 8 6 13 A.0. 47— 14.45 W
DS 8.5 6 138.7.47 — 14.46 W.
CB-BUS 9 5 ' 13 A.9. 47 - 15.05 U.
CT-CLM 9 6 13 9.0, 47— 15.10 .
DS 9 5 13A.0.47-15.15 .

W110IKe: BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker, &

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer




msuaasmamsifiudoya o gorii i

-

Foya Tvosanitlwih Soyavosdyanaudoeiiuin .
i | swyeami 53UV (kV) wiloutlas | $1wlvan | ned GRL ., FTOLHN | QUNQi A m-:m:
gunssl | mh ) lumsinudeya
69/22 | 115/22 | 115/115 | (MVA) ~Mw) | (net) | @D (wns) | (waFua) (%)

7 | 0ansny (o) v 2x 50 246 | 2540 | 9 | DS 9 5 35 57.8 | 13A.0.47-15.15u.
TR-BSH 9 7 13 A.0. 47— 15.20 W.
8 | unaaing v 3x50 60.6 | 2535 | 14 | DS 9 5 30 510 | 25W.0.47-13.40 .
' DS 10 5 25 W.U. 47— 13.45 1.
DS 10 25 W.0. 47— 13.55 .
DS 10 8 25 W.U. 47 — 14.00 .
9 | vt v 2 x 40 36.3 2534 | 15 | TR-BSH 8 5 32 510 |25W.0.47-15.25u.
CB-BUS 10 4 25 W.0. 47— 15.35 \.
CB-BUS 10 4 25 W.4. 47— 15.40 .
CT-CLM 10 5 25W.40. 47— 15.45 1.
CT-CLM 8.5 5 25 W.0. 47— 15.50 U.
DS 8.5 6 25 W.0. 47 — 15.50 .
CT-CLM 9 5 25 W.8. 47— 15.55 1.
BUS 9 6 25 W.0. 47 — 16.00 W

HUWI1E): BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer

LL




msnnaasamanudoya u il Iniheieg

Foyam llveaaonii i

v o o = 9/
Yoynvesdyananduanitiuiinla

# | swe¥eamil 52UU (kV) wiowlaa | swlvan | fods 91 5 SYUZUN | QUMY - ':u-:'m:
gUnsal | anwlha Tumsinudoya
69/22 | 115/22 | 115/115 | (MVA) MW) | (we) | QD) ) (was) | (wadea) | (%) :

10 | 1y v 2x 40 59.8 2536 | 13 | BUS-SPT 10 8 34 59.8 | 175.0.47-14.50 .
BUS-SPT 10 8 17 5.0. 47— 14.55 W.
BUS-SPT 8 8 17 5.91. 47 - 15.00 W.
BUS-SPT 8 8 17 5.9. 47 - 15.05 W.
DS 8 10 17 5.9.47-15.10 .
DS 8 6 17 5.0. 47— 15.15 1.
DS 8 10 17 5.0. 47— 15.20 W.
DS 7 6 17 5.0. 47— 15.25 W.
DS 9 10 17 5.0. 47 - 15.27 W.

11 | ¥iad1se 4 50 18.6 2537 | 12 | BUS-SPT 8 6 35 664 | 14 N.N. 48 —14.20 W.
BUS-SPT 8 6 14 N.N. 48 — 14.25 W,
BUS-SPT 8 5 14 NN, 48 — 14.30 W.
DS 8 5 14 N.N. 48 — 14.45 W,

12 | Unusii v 2 x40 320 | 2528 | 21 | DS 7.5 8 37 57.6 | 01131.0.48 - 12.50 .
DS 7.5 8 01 130.. 48 — 12.50 W.

NUWIYH): BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer
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msnuaaanamsinudoya o aoiinfhdeeg

Foyam TvesaoiiTnih

Yoyaveadyaondoantiuiinld

i | swieaoil 52U (V) wilowtlas | Swinan | Aods 1Y , sTUzY | QuHQil -~ m-:’m:
gunsal | A Tumsinudoya
69/22 | 115/22 | 115/115 | (MVA) | MW) | (wa) | QD) (wn3) | (waisoa) | (%)

12 | Unusin v 2x40 320 | 2528 | 21 | DS 9 8 37 57.6 | 01 130.8.48—12.55 W.
(D) DS 8.5 10 01 130.8. 48 — 13.00 M.
DS 8.5 8 01 1.8, 48 — 13.05 U.
13 | pins v 2x 50 33.0 2537 | 12 | DS 8 10 35 57.6 | 01 1.0.48 — 14.55 U.
DS 8.5 10 01 130.8. 48 — 15.00 W.
CB-CLM 8 3 01 130.8. 48 — 15.05 U.
TR-BSH 8 4 01 1.8, 48 — 15.10 W.
14 | valena 3 v 50 9.7 2538 | 11 | BUS-SPT 8 6 34 59.4 | 2110.0.48-14.35U.
BUS-SPT 7.5 6 21 130.8. 48 — 14.40 U.
DS 8 6 21 14.8. 48 — 14.55 U.
DS 8 6 21 130.8. 48 — 15.00 U.
DS 8 4 21 100.0. 48 — 15.05 W.
CT-CLM 8 5 21 (1.0, 48 — 15.10 M.
DS 9 5 21 10.0. 48 — 15.15 W.

HUUHA: BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer
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FoyarialveaaoitInih Soyavesdayanandvaiituiiné 3
i | swieani 52U (kV) wilowlaa | $1wTvan | deds 1Y 5 seoeva | gl - 'Ju-:m:
gunsal | mwh : Tumsihudoya
69/22 | 115/22 | 115/115 | (MVA) MW) | (w) | @) (was) | (vaFea) (%)

15 | vons 2 v 2x50 | 543 | 2543 | 6 | Ds 7 g 31 613 | 1104814451,
DS 8.9 8 11 W.01. 48 — 14.50 V.
DS 8.7 8 11 W.0. 48 — 14.55 U,
TR-BSH 10 7 11 W.A. 48— 15.10 U,
TR-BSH 10 11 0.9, 48— 15.15 U,

16 | thulmi v | v 2x40 401 | 2526 | 23 | TR-BSH 8 7 33 s44 | 16%.0.48 1155,
TR-BSH 8 7 16 3.6, 48 — 12.10 W.
BUS-SPT 8.5 6 16 1.0, 48 — 12.15 W.
BUS-SPT 8.5 7 16 1.8, 48 — 12.15 W,
BUS-SPT 8.5 6 16 1.8, 48 — 12.15 U,
DS 9 6 16 1.4, 48 — 12.20 W.

17 | Unusi 2 v 2x 50 226 2537 | 12 | CT-CLM 9 6 32 629 | 161.6.48-14.10W.
DS 9 6 16 1.8, 48 — 14.15 1.
DS 9 5 16 1.6, 48 — 14.15 U,
DS 9 6 16 .0, 48 — 14.20 W,

MuIMe: BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer

ce
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mauaaaramaiudoya o aonilwihdeg

Foyaitr llvosaronii iih Soyavesdoyanandoaiituiin1d y
i | swdoanil 52UV (kV) wiouas | $1winan | foda 21y , STOLMN | QuNQll -y 114-:;';1:
gunsel | A ) Tumsinudoya
69/22 | 115/22 | 115/115 | (MVA) ovw) | e | @D (was) | (wedua) (%)

18 | v1angd 4 2 x 40 37.9 2533 | 16 | DS 8.5 6 32 643 | 16%.6.48 1530 u.
DS 8.5 6 16 4.9, 48 — 15.35 W.
DS 9 6 16 1.8, 48 — 15.40 W,
BUS 9 6 16 31.0. 48 — 15.45 U.

19 | wiaiaw v 2x 50 20.1 2539 | 10 | CT-CLM 7.5 7 34 61.0 | 05n.M.48—15.00 Y.
CT-CLM 7.5 7 05 f1.f. 48 — 15.05 U,
BUS-SPT 7 6 05 N.A. 48 — 15.10 U.
DS 7.5 5 05 .91 48 — 15.20 W.
DS 8 5 05 N.A. 48 — 1525 W.
DS 8 6 05 .A. 48 — 1530 Y.

20 | dadnuaa 1 v 2x50 17.1 2541 | 8 | DS 8 6 35 63.5 | 17 9.0 48— 14.00 u.
DS 8 6 17 9.9, 48 — 14.00 Y.
DS 8 6 17 &.9. 48 — 14.00 W,
DS 8 6 17 ?.0. 48 — 14.00 M.
CT-CLM 9 8 17 9.0, 48 — 14.05 U.

YU10I1e): BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer
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oy lveanoit W foyaveadyanaudeaiituiinld .
2 A = - . . & - = P U=
N | se¥eanril 5TV (kV) wioulas | 91wvan | neAs | o1y ) STOYHI | Qumgil | Anwudu X
gunsal | anw'h Tumsihudoya
69/22 | 11522 | 115/115 | (MVA) MwW) | (wet) | @) (wa3) | (wadoa) (%)
20 | Yanuae 1 v 2x 50 14.8 2541 | 8 | CT-CLM 9 8 35 63.5 | 17@.n.48-14.10 W.
(D) CT-CLM 9 8 17 9.0, 48 — 14.10 W.

CT-CLM 9 8 17 9.9, 48 — 14.15 W.
DS 8 6 17 2.0, 48 — 14.20 .
DS 8 6 17 2.9, 48 — 14.20 W.
DS 8 6 17 0.1, 48 — 14.20 U.

21 | Ueu 1 V' | sw-Yard - 2536 | 13 | DS 8.5 6 34 63.5 | 17@.n.48—15.00 U.
LA 8.5 7 17 0.0, 48— 15.15 U.

22 | Uou2 v 2 x40 22.0 2526 | 23 | DS 8 5 34 63.5 | 17@.0.48-15.40 W.
DS 8 5 17 9.9, 48 — 15.45 W.
DS 8 5 17 4.9, 48 — 15.50 1.
DS 8 5 17 9.9, 48 — 16.00 W.
BUS-SPT 8 6 17 2.9, 48 — 16.05 .
BUS-SPT 8 6 17 2., 48 — 16.15 U.
CT-CLM 8 6 17 2.9, 48 — 16.20 U.

HuUIMe): BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker, S

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer
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Foyarir lvesaniiTnih

Joyavesdgyanaudvanituinld

i | swdennil 52U (kV) wiomlaq | $winan | reds 21y . JTOZU | QuUQN AU ou-:'m:
gunsal | Al Tumsinudoya
69/22 | 115/22 | 115/115 | (MVA) Mw) | (w) | @D (wes) | (warFea) (%)

23 | Jarloy v 2x 50 69.0 2537 | 12 | CT-CLM 8 8 37 430 |229.n.48—11.50W.
TR-BSH 9 8 22 9.1 48— 12.00 W.
BUS 8.5 6 22 9.1, 48-12.05 .
DS 8 6 220.1.48—12.10 W,
DS 8 6 220.0.48—12.10 W.

24 | Tsoug v 2 x 50 56.5 2535 | 14 | DS 8 8 37 430 |22@.n.48-13.30W.
DS 8 8 220.0.48-1330 U,
DS 8 10 220.0.48-13351.
DS 8 10 22 a.0.48—13.40 U,
DS 8 10 2270, 48 —-13.45 Y.

25 | 14 4 40 36.5 2537 | 12 | BUS 8 7 32 473 |21 W.0.48-12.05W.
BUS-SPT 8 7 21 W.0. 48— 12.10 W,
BUS-SPT 8 7 21 W.0. 48— 12.15 W,
DS 8 5 21 M.0. 48 — 12.20 W,
DS 8 5 21 W.0. 48— 12.25 W,

Y1191Me: BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer
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" gl o " . — : ~ 7 MM
n F1UFOADIU F2UU (kV) 'Hl!ﬂllllﬂQ ﬂ'IUT'HfIﬂ NDAN 01y P ITUEHN MUY ANUYU o
gnsal | A : Tumsiudoua
69/22 | 115/22 [ 115/115 | (MVA) MwW) | (we) | Q) ) (wa3) | (wauFua) (%) )

25 | 14 (AD) v 40 25.0 2537 | 12 | DS 8 5 32 473 | 21 W.0.48-12.25 W,
CT-CLM 8 5 21 W.9. 48— 12.35 U.
CT-CLM 8 4 21 W.0. 48 — 12.40 W.
TR-BSH 8 7 21 W.0. 48 — 12.45 W

26 | uvaunta 1 4 2x50 462 2537 | 12 | TR-BSH 7.5 7 30 56.0 |21 M.0.48-14.00 .
CT-CLM 7.5 5 21 W.9. 48 — 14.05 W.
DS 7.5 5 21 W.0. 48 — 14,20 W.
DS 75 5 21 W.0. 48 - 1425 W.
DS 8 5 21 W.0. 48 — 14.30 U.

27 [ 912l 1 v 40, 50 8.9 2543 | 6 | DS 7.5 7 30 56.0 |21 M.0.48-1520u.
DS 6 7 21 .0, 48 - 15.25 W.
DS 6.5 7 21 0. 48 - 1530 W.
DS 6.5 7 21 W.0. 48 — 15.35 W.

11U BUS = Bus-Bar, BUS-SPT = Bus Support, CB-BUS = Bus bar to Circuit Breaker, CB-CLM = Clamp of Circuit Breaker,

CT-CLM = Clamp of Current Transformer, DS = Disconnecting Switch, LA = Lightning Arrester, TR-BSH = Bushing of Transformer
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function varargout = Compare(varargin)

$ COMPARE M-file for Compare.fig

% COMPARE, by itself, creates a new COMPARE or raises the existing
% singleton*.

%

% H = COMPARE returns the handle to a new COMPARE or the handle to
% the existing singleton*.

%

% COMPARE ( 'CALLBACK', hObject,eventData, handles,...) calls the
local

% function named CALLBACK in COMPARE.M with the given input
arguments.

%

% COMPARE (' Property', 'Value',...) creates a new COMPARE or raises
the

% existing singleton*. Starting from the left, property value
pairs are B

% applied to the GUI before Compare OpeningFunction gets called.
an :

% unrecognized property name or invalid value makes property
application

% stop. All inputs are passed to Compare OpeningFcn via varargin.
%

% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only
one

% instance to run (singleton)"”.

%

% See also:

GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help Compare

% Last Modified by GUIDE v2.5 21-Dec-2005 01:06:30

% Begin initialization code - DO NOT EDIT

gui_Singleton = 1;
gul_State = struct('gui Name',
'gui_Singleton',

'gui_OpeningFcn',

'gui_OutputFcn',

'gui_LayoutFcn',

'gui_Callback',
if nargin && ischar(varargin{l})

mfilename, ...
gui_Singleton, ...
@Compare OpeningFcn, ...

@Compare_OutputFcn, ...
(., ...
(1):

gui State.gui Callback = str2func(varargin{l}):;

end

if nargout

[varargout{l:nargout}] = gui_mainfcn(gui_State, varargin{:}):

else

gui mainfen(gui_ State, varargin{:}):

end

% End initialization code - DO NOT EDIT

% —-- Executes just before Compare is made visible.
function Compare OpeningFcn(hCbject, eventdata, handles, varargin)

% This function has no output args,

see QutputFcn.
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% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% varargin command line arguments to Compare (see VARARGIN)
warning off

% Choose default command line output for Compare

handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

% UIWAIT makes Compare wait for user response (see UIRESUME)
% uiwait (handles.figurel);

% —--- Outputs from this function are returned to the command line.
function varargout = Compare OutputFcn(hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT) ;
% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{l} = handles.output;

% —--- Executes on button press in pushbuttonl.

function pushbuttonl_Callback(hObject, eventdata, handles)

% hObject handle to pushbuttonl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
[fname, pname] = uigetfile({'*.wav'}, 'Open Project');

X = wavread([pname, fname]) ;

X = x(1:10*%48000+1) ;

axes (handles.axesl);

plot(0:1/48000:10, x)

title('Corona Master Signal Input')

xlabel ('t (second) ')

ylabel ('Amplitude’')

%$set (handles.edit3, 'String’',mean(x)):

$set (handles.edit4, 'String',median(x));

$set (handles.edit5, 'String',std(x))

handles.x = x;

guidata (hObject, handles)

% --- Executes on button press in pushbutton2.

function pushbutton2_ Callback(hObject, eventdata, handles)

% hObject handle to pushbutton2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
[fname, pname] = uigetfile({'*.wav'},'Open Project'):;

y = wavread ([pname, fname]) ;

y = y(1:10%48000+1);

axes (handles.axes2):;

plot(0:1/48000:10,vy)



title('Detected Field Signal Input')
xlabel ('t (second) ')

ylabel ('Amplitude')

$set (handles.edit6, 'String’,mean(y)):
$set (handles.edit7, 'String',median(y)):;
$set (handles.edit8, 'String',std(y)):
handles.y = y;

guidata (hObject, handles)

% —--- Executes on button press in pushbutton3.

function pushbutton3 Callback(hObject, eventdata, handles)

% hObject handle to pushbutton3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
X = handles.x;

Pxx = fft(x);

Pxx = abs(Pxx(l:length(Pxx)/2+1));

Pxx (1) = 0;

Pxx = Pxx/max(Pxx); %normalization%

freqg = [0:1length(Pxx)-1]*48000/length(Pxx)/2;
axes(handles.axesl);

stem(freq(1:5000),Pxx(1:5000));

title('Spectrum of Corona Master Signal')

xlabel ('Frequency (Hz)')

ylabel ('Normalize Amplitude')

[a,max_f] = max(PxX):

$text (freq(max_f),1,strcat('\leftarrow Maximum

at',num2str (freq(max_f))),...

% 'Color', 'red', 'BackgroundColor', [.7 .9
.71, '"HorizontalAlignment', 'left', ...

% 'Fontweight', 'bold"')

% ——-— Executes on button press in pushbuttond.

function pushbutton4_Callback (hObject, eventdata, handles)
% hObject handle to pushbutton4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
y = handles.y;

Pyy = fft(y);

Pyy = abs(Pyy(l:length(Pyy)/2+1)):

Pyy(l) = 0;

Pyy = Pyy/max(Pyy); %normalization%

freq = [0:length(Pyy)-1]*48000/length(Pyy)/2;

axes (handles.axes2);

stem(freq(1:5000),Pyy(1:5000));

title('Spectrum of Detected Field Signal')

xlabel ('Frequency (Hz)'")

ylabel ('Normalize Amplitude')

[a,max f] = max(Pyy);

$text (freq(max f),1,strcat('\leftarrow Maximum
at',numZstr (freq(max_f))),...

% 'Color', 'red', 'BackgroundColor',[.7 .9

.7], 'HorizontalAlignment', 'left', ...

% 'Fontweight', 'bold')

88



function Untitled 2 Callback(hObject, eventdata, handles)

% hObject handle to Untitled 2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

Zoom on

% ____________________________________________________________________

function Untitled 3 Callback(hObject, eventdata, handles)

% hObject handle to Untitled 3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

Zoom out

% ____________________________________________________________________
function Untitled 1 Callback(hObject, eventdata, handles)

% hObject handle to Untitled 1 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% —-—- Executes on button press in pushbutton5.

function pushbutton5 Callback(hObject, eventdata, handles)

%
%
%

X

hObject handle to pushbutton5 (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

= handles.x;

wavplay(x, 48000) ;

% —-—-— Executes on button press in pushbuttoné6.

function pushbuttoné Callback(hObject, eventdata, handles)

hObject handle to pushbuttoné (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

y = handles.y;
wavplay(y,48000);

%
%
%

function editl_Callback(hObject, eventdata, handles)

%
3
3

o0 oe

hObject handle to editl (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

Hints: get (hObject, 'String') returns contents of editl as text
str2double (get (hObject, 'String')) returns contents of editl as

double

--- Executes during object creation,

after setting all properties.

89
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function editl_CreateFcn(hObject, eventdata, handles)

% hObject handle to editl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor’'),
« get (0, 'defaultUicontrolBackgroundColor"'))
set (hObject, 'BackgroundColor’', "white');
end

function edit2 Callback (hObject, eventdata, handles)

% hObject handle to edit2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

Hints: get (hObject, 'String') returns contents of edit2 as text
str2double (get (hObject, 'String')) returns contents of edit2 as

oe of

a double

% —--—- Executes during object creation, after setting all properties.
function edit2 CreateFcn(hObject, eventdata, handles)

% hObject handle to edit2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

% —-—-— Executes on button press in pushbutton?.
function pushbutton7_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

X = handles.x;

y = handles.y;

Rxy = xcorr(x,y);
axes (handles.axes3);
plot(0:1/96000:10, Rxy)
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title('Wave File')
xlabel ('t (second)')
ylabel ('Amplitude')

$function edit3 Callback(hObject, eventdata, handles)

% hObject handle to edit3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

Hints: get (hObject, 'String') returns contents of edit3 as text

%
% str2double (get (hObject, 'String')) returns contents of edit3 as
a double

$ -—- Executes during object creation, after setting all properties.
$function edit3 CreateFcn(hObject, eventdata, handles)

% hObject handle to edit3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
$if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
$end

$function edit4 Callback(hObject, eventdata, handles)

% hObject handle to edit4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

Hints: get (hObject, 'String’') returns contents of edit4 as text

str2double(get (hObject, 'String')) returns contents of edit4 as
double

L o

% —--— Executes during object creation, after setting all properties.
$function edit4 CreateFcn(hObject, eventdata, handles)

% hObject handle to edit4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.

%if ispc && isequal (get (hObject, 'BackgroundColor'),

get (0, 'defaultUicontrolBackgroundColor'))
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set (hObject, 'BackgroundColor’', 'white');
$end

$function edit5 Callback(hObject, eventdata, handles)

% hObject handle to edit5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

oe

Hints: get (hObject, 'String') returns contents of edit5 as text
str2double (get (hObject, 'String')) returns contents of edit5 as

o

a double

% —-- Executes during object creation, after setting all properties.
$function edit5 CreateFcn(hObject, eventdata, handles)

% hObject handle to edit5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
$if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white') ;
%end

%function edit6é_Callback(hObject, eventdata, handles)

% hObject handle to edité (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get (hObject, 'String') returns contents of edité as text

% str2double (get (hObject, 'String')) returns contents of edit6 as
a double
$ —--- Executes during object creation, after setting all properties.

$function edit6 CreateFcn(hObject, eventdata, handles)
% hObject handle to edit6é (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
%if ispc && isequal (get (hObject, 'BackgroundColor’'),
get (0, '"defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor’', 'white') ;
%end
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$function edit7_Callback(hObject, eventdata, handles)

% hObject handle to edit7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

Hints: get(hObject, 'String') returns contents of edit7 as text
str2double (get (hObject, 'String')) returns contents of edit7 as

oP of

a double

% ——— Executes during object creation, after setting all properties.
$function edit7_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
$if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor"'))
set (hObject, 'BackgroundColor', 'white') ;
%$end

%function edit8_ Callback (hObject, eventdata, handles)

% hObject handle to edit8 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get (hObject, 'String') returns contents of edit8 as text

% str2double (get (hObject, 'String')) returns contents of edit8 as
a double
% —-—— Executes during object creation, after setting all properties.

$function edit8 CreateFcn(hObject, eventdata, handles)
% hObject handle to edit8 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
%if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', "white');
%end
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Abstract

Nowadays, the Ultraprobe is used routinely in the preventive
maintenance program at Provincial Electricity Authority (PEA). The
hearing analysis of the ultrasonic wave generated by different electrical
phenomena is not only difficult, but also the classification requires good
expertise from the specialists. Therefore in this paper, the application of
the MATLAB computer programming to detect and classify the corona
that occurs in PEA substations is presented. The acoustic spectrum
detected by the Ultraprobe is analyzed using the Fourier Transform.
The spectrum pattern is then compared with the corona master signal,
which has distinct spectrum of twice harmonic frequency to the applied

system frequency. (reference to EPRI).

Keywords: Corona, Ultrasonic wave, Ultraprobe
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Fault diagnosis expert system for power
substation based on RCM
Liu Shixinl, GaoWensheng2, Quan Yushengl
1. School of Electrical Engineering, North China
Electrical Engineering, China 10084
2. Electrical Engineering Department, Tsinghua
University, Beijing, China 100084

In this paper. an diagnostic expert system (ES) for
substation equipments is presented, in which the
automatic diagnostic mode and man-machine interactive
diagnostic mode are used to evaluate the state of
equipment based on the kndwledge—based system (KBS).
The hybrid reasoning strategy fused by the rule-based
reasoning and fault tree reasoning as well as case-based
reasoning (CBR) is used to meet the request of
equipment diagnosis. For the analysis of fault modes
about substation equipment, the fault tree analysis (FTA)
method was introduced toanalyzé and generalize all
kinds of fault types and causes about each subsystem of
substation equipment according to all kinds of accident
and fault analysis data year-to-year. Diagnostic fault
trees of each subsystem were obtained which could
supply with the theoretical base for the production

diagnostic rule-base.

Identification of Corona Phenomena in
Substations Detected by Ultraprobe using
Computer Programming
Ronnakorn Manosngiaml,2, Monthon
Leelajindakrairerk2 and Norasage Patthanadech?2
Maintenance Department, Provincial Electricity
Authority, Bangkok, Thailand.1,

Electrical Engineering Department, Faculty of
Engineering,

King Mongkut’s Institute of Technology Ladkrabung,
Bangkok, Thailand2

Nowadays, the Ultraprobe is used routinely in the

preventive maintenance program at Provincial Electricity

Authority (PEA). The hearing analysis of the1 Q&lrasonic
wave generated by different electrical phenomena is. not
only difficult, but also the classification requires good
expertise from the specialists. Therefore in this paper, the
application of the computer programming to detect and
classify the corona that occurs in PEA substations is
presented. The sound spectrum detected by the
Ultraprobe is synthesized and analyzed using the Fourier
Transform. The spectrum pattern is then compared with
the corona master signal, which has distinct spectrum of
twice harmonic frequency to the applied system

frequency.

Predictive Maintenance Tools for
Substations
Ernesto Perez-Moreno, Angel Guerra-LLamas' +.

Union Fenosa Distribucion, Substation Maintenance,

C/ Antonio Lopez, 193, 28026 Madrid, Spain

The distribution electricity concepts has changed in a
significant way from the last 10-15 years. New
requirements has come to the scene as regulatory,
product quality, social requirements, envoronmental,
economics, etc. A a result of those, asset mam‘igement
has turned out to be essential. Technplogical evolution
and human resources must be ada]:;ted to this new
scenario. The evolution registered by maintenance
policies along the time, from the obsolete corrective and
preventive activities based on low reliability and
frequency-based checking, have enpowered the
implementation of growing predictive maintenance tools,
depending on the state of the equipment, its reliability

and its criticality inside the system.

The Model of Propagation of the Own
Electromagnetic Radiation of the HY
Equipment on Substations
Nikolay V. Kinsht, Natalia N. Petrun'ko
Electrophysics and Power Laboratory, the Institute of

Automation and Control Processes Far East Branch of
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Identification of Corona Phenomena in Substations Detected
by Ultraprobe using Computer Programming

Ronnakorn Manosngiam'?, Monthon Leelaj indakrairerk® and Norasage Patthanadech’

Maintenance Department, Provincial Electricity Authority, Bangkok, Thailand.',
Electrical Engineering Department, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabung, Bangkok, Thailand®

Abstract - Nowadays, the Ultraprobe is used routinely
in the preventive maintenance program at Provincial
Electricity Authority (PEA). The hearing analysis of the
ultrasonic wave generated by different electrical
phenomena is not only difficult, but also the classification
requires good expertise from the specialists. Therefore in
this paper, the application of the computer programming
to detect and classify the corona that occurs in PEA
substations is presented. The sound spectrum detected by
the Ultraprobe is synthesized and analyzed using the
Fourier Transform. The spectrum pattern is then
compared with the corona master signal, which has
distinct spectrum of twice harmenic frequency to the
applied system frequency.

Keywords — Corona, Acoustics

I. INTRODUCTION

The preventive maintenance program for the whole
electrical system of Provincial Electricity Authority
(PEA) is carried out in several ways such as system
patrol by patrolman, hot spot detection of electrical
apparatus by Thermal Viewer Camera, tree trimming
for the aerial cable clearance, insulator cleaning by
water spraying etc. Among these programs, detection of
ultrasonic wave is interested by author. When electrical
phenomena like corona happens, it produces and emits
the ultrasonic wave that can be detected by the
Ultraprobe. The sound of any electrical phenomena can
be heard using Ultraprobe headphone set as audible
sound output. Although the Ultraprobe converts the
ultrasonic wave to the audible sound, but it is difficult
to analyze and identify these sounds because they are in
the same tone. So MATLAB computer programming is
utilized to solve this problem by using FFT function to
synthesize, analyze and classify spectrum of the
detected field signals, then compare with the corona
master signal created from the KMITL High-Voltage
Engineering Laboratory. The spectrum comparison of
the detected field signals and the corona master signal
are presented by the display scope in frequency domain
on the monitor, so we can determine what the detected
field signal input is.

II. CORONA PHENOMENA

By nature, air is composed of nitrogen and oxygen.
The air molecules are normally not polarized and not
affected by the electric field. But it also contains the
free electrons (negative ions) that move toward and
away from the conductor under influence of the electric
field. If the electric filed stress in the air increases above
30 kV/cm [1], free electrons will attain enough energy
to knock out other electrons in the stable molecule.
When stable molecules lose electrons, they appear as
positive ions. Because of the movement of free
electrons, they would collide with the air molecules and
thus ionize them. The process of ionization may be
cumulative in nature, and ultimately forms electron
avalanche. When the avalanche crosses the gap between
the conductors, a self-sustained discharge is resulted.

I1I. ULTRAPROBE

The Ultraprobe is a device that is used to detect
ultrasonic wave, which is emitted from corona
phenomena. This device transfers the band of
frequencies from ultrasonic range at 20 kHz — 100 kHz
downing to audible range between 100 Hz - 3 kHz 2,
3]. For the application of Ultraprobe for electrical
maintenance, it is employed to detect any electrical
phenomena such as corona arcing or tracking cause of
these phenomena that produces and emits ultrasonic
wave into the air. In the detection process, the
Ultraprobe is used with Ultrasonic Wave Concentrator
(UWC), which is a useful accessory that has high
sensitivity transducer for detection of the ultrasonic
wave at a long distance [4].
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A. Corona Master Signal Creation

The corona phenomena were simulated by applying
AC high voltage of 14 kV to the rod-plate electrode.
The corona signal was then detected by both the partial
discharge detector and the Ultraprobe. The test
environment was as follows:

- Distance between UWC and an electrode
is6m

- 70% relative humidity

— 33 degree(Celsius) temperature

Fig. 1. Ultraprobe with its accessories

Fig. 3. Corona master signal recoding in laboratory

Fig. 2. Ultrasonic Wave Concentrator

IV. PROCESS AND LABORATORY TEST

First, the corona master signal was created at KMITL
High-Voltage Engineering Laboratory and recorded by
the digital recorder in a wave file format. Then, the
MATLAB programming was used under the mode of
FFT function to synthesize and analyze the corona
master signal spectrums in attempt to create database
for comparison with any input of the detected field
signals.

Fig. 4. Control unit of partial discharge generator
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sound pressure wave of corona having a frequency as
twice of the power frequency in the system. In Thailand,
the applied frequency is 50 Hz, so the main harmonic of
corona sound wave is equal to 100 Hz. This mention is
in agreement with the theory in the EPRI reference
book [5]. In the other word, it can be concluded that if
the spectrum of any detected field signal from
substations have the main harmonic at 100 Hz, we can
specify that detected field signal represents the corona

""“‘"l_.“_J ‘ (Corona Generator) phenomena.

Ck  : Coupling Capacitor

o, 3 Spect of C Master signal
rum orona Ma n:

Cc  : Measuring Cable 1.8, . e

M i :

i
i
v H
sendinsendesnn
0 il

Fig.5. Corona master signal generating and recoding
diagram

Amplitude

B. Synthetic Analytical and Classification of the
Detected Field Signals

In this paper, we used MATLAB computer
programming to synthesize, analyze and classify before - -
comparing the spectrum of detected field signals from 60 70 B0 90 100 130 140 150
substations with the corona master signal from the e
laboratory. The block diagram of spectrum synthesis,
analysis, and classification model is shown in Fig. 6,
which synthesizes and analyzes the sound signal in
frequency domain, and displays on the PC monitor.

Fig.7. Spectrum of corona master signal in frequency
domain

V. EXPERIMENT

In the field test, the sound signals in PEA substations
BPF |— FFT were investigated and recorded as the database. There

Outpst/ are two main criteria selecting the substation for
collection of sound signal. Firstly, it must be the
outdoor substation because our target is to check corona
sound signal that is emitted from any apparatus in the
switch yard or switching station. Secondly, the selected
substation must not be near sea shore or the chemical
factories, which in effect greatly crate corona
phenomena. From more than 30 substations selected,
we collected almost 150 samples of sound signal.

Fig. 6. Block Diagram of spectrum analytical and  Figure 8 and 9 show some of the process to collect the
classification model sound sample at some substations.

Input Signal
from
Substation

Corona Master
Signal BPF

By considering spectrum of the corona master signal
in frequency domain as shown in Fig. 7, we found that
it contains the main harmonic at 100 Hz that we call the
pure tone component. The pure tone component is
caused by corona discharge that produces positive and
negative ions under the influence of alternating current
field around the conductors. They are attracted and
repelled from the conductors. This action established a
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Fig. 9. Aiming to target of sound source at critical
apparatus.
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Fig. 10.5

Fig. 10. Examples of the 5 detected field signals as shown in
frequency domain.

In Fig. 10, the 5 samples of spectrum in frequency
domain of detected field signals from sound recorded
database are shown. After comparing the spectrum with
the corona master signal and assessing the main
harmonic, we obtained the spectrum of Fig. 10 can be
classify in two categories. The detected field signal as
not of corona phenomena is shown in Fig. 10.1 and 10.2,
while the detected field signal as a result of corona
phenomena is shown in Fig. 10.3 to 10.5.

VI. CONCLUSION

By employing the spectrum synthesis and analysis
method by comparing the detected field signals of
nearly 150 samples collected at 30 different substations
with the master corona spectrum, it is possible to
identify corona without consulting with any expert or
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specialist. When the main harmonic of any detected
sound signal is present at 100 Hz, we know that it is
corona. In practice, it will be better if we can locate
where corona takes place in the substation so that we
can suppress it from reaching its critical point before
breaking down finally. This method is useful for
management of our preventive maintenance plan,
protection and improvement of the system stabilization
and customer safety.
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