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Abstract

As the development of high speed railway, it catltiigher reliability of traction power supply sgst anc
traction transformer. However compared with jer transformer, the running condition of tract
transformer, on which the impulse load caused Iolycsizuit is continually applied, is ever worsehig
bring 'Cumulative effect' which will give rise tdafférent kind of transformer faults including t faults and
discharged faults.. Hydro carbon gases and wagecreated in this course. By implementing cok
operational and maintenance strategies the insalatjing/degradation process can be et

traction transformer life can be exided effectively .A new approach has been predg

‘Paper base

on an index which could be computed online to nowrthe status of traction transforg®

%
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1. INTRODUCTION
As the develo;imf hﬁ@mt cal -ﬁl‘iﬁ&- and Cp Will appear along witl
for higher mllty acuowe)wer supp 1wsulat|on materials aging and decoration.

system andilitrat t rmer power.‘:j
transformeTl'lﬂl

compared Wlth ransfo gaill. e runr

system and ract

condition of traction tran on whiche

{ﬂ

impulse load causedjby Sert circuit is continu
applied, is ever worse. This brings 'Cumula
effect' which will give rise to different kind «
transformer faults including heat faults ¢
discharged faults. [1]. Hydro carbon gases
water are created in this coursEransformer:

inner part, gases including;HCHs, CoHg, CoHa,

these gases appearance are accompany wi
kinds of transformer faults, monitorinof gas
concentrations is very helpful to ident

transformers running state. -[5].

Transforms can be considered from the n
important equipments in the distribution systi
As any transform outage affect the system
whole. One method for preding the
transformers major faults and increasing life t
is the use of condition monitoring (C}
techniques. CM concerns the application
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development of special purpose equipments
have the function of acquiring the data and
development of ne techniques to analyse the
data to predict the trend of the monito
equipment and evaluate its current opera
status. [6].

CM is the technique served for condil-Basic
Maintenance (CBM). Traditionally, time bas
maintenance had been the main intenance
strategy for a long time. Time based mainten
may prevent many failures CBM will let operat:
know more about the traction transformer .
indicate clearly when and what maintenance

needed clearly when and what maintenanc

needed so thamoney and manpower
saved and shutdown can be reduciﬂ

Transformers generally feli

n dlfflcull

complicat
meter CM a iﬂglves V. lﬂe" data
diagnose the fadlt ar@Sugg [ocation CM
prevent transformerq ﬁ?I.ed outages
catastrophic failures se by faults. It allc
aging of the system to the monitored and there

controlled and pedicted and extended |

Accounting to old and recent research in the 1
of transformer condition monitoring, it can
divided into five main categories-

(2) Thermal Analysis

(2) Vibration Analysis

3) Dissolved gas Analysis (DG.

(4) PD Analysis

(5) Frequency response analysis (F

The insulting of power transformers is gener.
very reliable. Insulation aging is transformers
most commonly associated with long term ef
of the operating temperature, moistures and
Since a significant pportion of transformers ¢
the distribution network is old, it i ﬂﬁessary
assess the "Chemical" age fl- eir insulati
and, if possible, to pr lc{}helr rates of age
relative to their 'lLvErnt and future load
conditions. s-Ellved Gas Anals (DGA)
rese -l,s-u_sees that electrical measurer

1hfscharge dielectric loss, dc resista

ll.&lectrlc strength) have no clear and str

system. HO\' thepta a
dlagnosex hs ransformer dud 1 correlation between electrical properties and
ed din

tructures, but-I '-'

physical and chemical states of the-paper
insulaton [8], [9]. The thermal degradation of
results in the production of hydrogen meth¢
ethane, ethylene, acetylenCo, Ce and other
products on oil breakdown include alcoht

organic acids, aldehydes, peroxides

For any given oil sample, the wlute and relative
concentrations of fault gas can be used to ind
the type, intensity and location of the fault
variety of methods are available to achieves
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laboratories may rely upon defined critical lev
of gases, rates increase in gagelgon a year by
year basis), or one of the various methodolo
associated with Rogers, Davd or Domberg.
recommended practice for oil sampling extrac
of gases and methods of analyst's are detaile
IEC 567 [10] After analysing the g
concentations and using the gases with the de
Some atrtificial intelligent agents can be trainec
the DGA ratio codes to classify some incipi
faults with have some irregular gas ratios
can't be interpreted [11, 12]

However in the recent years corent method:

have been developed in DGA interpretation bz

on a large number of expert systems, m
failure history of transformerfGA Id
)
5
nosti

é‘E‘fJ or continu
power transwi!l-

used along Wlth fuzzy logi
[13] I-l-ﬁ

A

Frequency response!ﬁalys

expert syste

Monitorin
monitoring

technical con

'L'l"'

hod is one ¢
most frequently used |c tools for inves
transformer coil defo ion A new techniqtor
ondine transfer function monitoring through
bushing taps or capacitive sensors installed ol
surface is presented [16] via transfer functic
For condition assessment of power transforme

is recommendable to use a modern monito

el

system.With such a system, a more safe, reli¢
and cost optimized operation of the transforme
possible. State of the art monitoring syste
feature supervision of all main components
traction transformers. Condition Monitoring
involves monitoring of ceain parameters of
traction transformer. Based on the prescri
parameter values certain maintenance car

decided and carried out.

Normally, any equipment is maintained in th
ways Vviz.

%
(a) Routine Maintenance i k
ik

(b) Periodic Malntenance |-1.1,.1' )

(c) Conditionbased \/I-ﬂ.;!'ﬂanc

In Routine m nce, activities involved wh

are eagai_for day-tay working like checkin

colour of silica Gel in Breather e

In Periodic maintenance, activities involved

that type of maintenance acties which are not
necessary to be done so frequently and ensure
working of the transformer over a longer per

such as oil testing, measuring IR value

It is established that over maintenance of
equipment leads to more number of failul
Herce the present trend is to minimize
maintenance, which can be achieved thrc
condition based monitoring. Failure o
transformer leads to lot of inconvenience
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anxiety which can be avoided if proper meas
are taken before its failure takesace. A
transformer never fails all of a sudden except
to short circuit or lighting surges. Always a fa
is developed gradually and may lead to its fai
and consequently to be shut down for repai
not detected in its incipient stage. Such 's can

be of following nature.

(i) A local fault developing over days and wee

(ii) Deterioration of insulation comparatively o\
a longer period.

When such faults are detected and diagnost
the early stage, necessary steps can be tak

plan theshutdown of the transformer convenier

for its repairs and procurement of t:ﬂ.
spares.

>
I n Decom osition
% 'I.ll 3 P

2. Metho_dby i

The reliabil"the mlws tested ¢
o

standard am ent gage as

appendix 1.B di

adopted is give ing flgH_.lélLU-

L 2
&

‘
Bt
am of the rﬂpﬂ;&i log

Samples Programming for Result
of DGA » the Mat lab with >

ANN 7\

Train of

ANN

A

Result in Testing

term of error ) of ANN

Fig5.1 Block diagram of the methodol ogy,adopted
Transformer of gases takes e|:c'b1-|n oil fil

transformer due to the followh.(_!]-?éas-
e
E-ILI..'I"'

1. Oxidation

2. Vapori atlorﬁ

!bll Breakdown

5. Electrolytic Action

For DGA, generally Roger's method is us
which analyses proportion of one gas w.r.t.
other gas. The gases involved

1. Methane@H,) } at120

2. Ethane,H;) } at 120°

3. Ethylene(,H,) } at 150

4. Acetylene C,H,) } at very high tem
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The absolute condition of the fault gases gives
status of the transformer insulation whereas
relative concentration these gases provide an
of the type of the fault. The cosatrations of faul

gases are measured in pphormal gas level

considering the aging effect are as shown belc
Table 1.Based on statistical data; one indicatc
proposed for the insulation status of

transformer. The Insulation Deterioration lex

(IDI) is expressed as-

0.2(H, — 20)2 + 0.8(CH, — 10)2 + 0.7(C,Hg — 10)2 + 0.8(C,H, — 10)% + 0.8(C,H, — 10)2
+0.01(C0O, — 3000)2 + 0.1(CO — 200)?

Total Gas Concentration

Where H,,CH,, C,Hq, C,H,, CoH,,CO, & CO in
this formula indicates the concentration in ppn

respective gases dissolved in the transforme

IDI is based on the square root deviation
normal concentration of respedi in
o™
E_.! 3. -EWCH = 1, Overheating between Z-

sample of transformer oil,

H, =20 ppr'r-'

CH,=10p \

C,H; =10 pp 1-.__
C,H, =10 ppm ii..|1|-1
C,H, =10 ppm {-_.ﬂﬂ

€0, =3000 ppm
Co =200 ppm

Then the IDI will be zero, which indicates
absolute sound insulation condition.

As stated earlier, the relative concentra
provides a clue to type of fault.

1. If CH‘*/H2 = 1, transfoaner -ﬁs slig

overheating below 150°C r'||-.|l-1i' "

L
2. CH‘*/H2 %— 1, Overheating

between (150{030)

!Uboc

1
_1..-0_1 4 f CZH4/C2H6= 1, Conducter overheati

5.1 CHay, =€

2H4/CH4= 1, Circulating current
or overhead joints

CZHZ -
6. If /C2H4 1, Flashover vthout power
follow through

7.10f C2H4/CH = CZHZ/CZH4: 1, Persistent arcil
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Hence DGA is a very powerful tool for conditi
monitoring of traction transformers. In tt
dissertation; an algorithm is proposed for
comprehenive condition monitoring of tractic

transformer as given below:

3. Implementation and Results

The Insulation Deterioration Index (IDI)
proposed is calculated based on the data of |
for various samples. The condition of
transformer and assessmen the fault type is

done as per the algorithm propos

Sample Concentration in ppm TGC IDI Condition
No.
CH4 Csz C2H4 C2H2 COz CcO Hz
1 40 40 40 18 |4000| 210| 100 4448 0.026 | Sounc
, 2k
2 550 | 20 50 20 |3000| 300| 40 | 8428 0.0576 i I:-|I'|_i
.11 o
3 80 80 30 40 |3000| 400| 60 | 3690 0.0598 .
L
H |‘I..."'
4 50 |70 | 35 4460 ilgrb-i*) Gradual
{ Overheatin
5 50 0 0.4716 Gradual O/t
] (20C-300°C)
6 1 7 0.0471 Conductol
overheatin
7 110 | 97 0.0407 Circulating
Current or Join
Heatin¢
8 197 | 60 192 196 | 3212| 614| 52 | 4523 0.0705 Persisten
Arcing
9 82 97.2| 86 32.4|3220| 256| 55 | 3828.6 0.0325
http: // www.ijesmjournal.com (C) International journal of engineering sciences and management 11
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10 62 48.2| 40 19 |3000| 250| 35 | 3454.2 0.0189

11 87 80 44 25 | 3227| 270| 47 | 3780 0.0295

12 41 57 62 32 |3332| 215| 50 | 3789 0.0204

13 47 50 57 27 |4200| 218| 56 | 4485 0.268

14 52.4 | 63 42 19 |3100| 215| 25 | 3553.4 0.021¢

15 55.4 | 42 30 16 |3200| 250| 27 | 3620.4 0.016(

16 47.8 | 60 35 19 | 3710| 220| 20 | 4111.8 0.033!

17 42 48 52 25 14130| 210| 40 | 45.47 0.028( A

typical faults that are developuifrlﬁ.lld:Te te

Tablel: DGA data of oil samplesfor Traction Whereas some samples..lﬁke low values of

Transformer which reflect soqisg}ﬁndltlons of tracti
transformer. q I-;_I.

With these results, it is observed th

IDI could bea tter index Tran foil also deteriorates with agi

individual g obserdktions. It 'FI)HEWm observations are illustrated from 1

gives co he rmalioR about the ,est data’s available to check the behaviour of

of transform il pIe 4.5 6,7 8-1|q|. cn- proposed index. The effect of aging on a sar

of transformer is as shown in Table

Year of CH4 Hg CoH; CO» (6{0) H, TGC IDI
service {. ﬂ

Fresh 12 10 14 11 3000 210 20 3271 1.57*10°
1 14 13 17 12 3130 220 50 345¢ 6.14*10°
2 18 19 21 14 3424 260 80 383¢ 0.0145

http: // www.ijesmjournal.com (C) International journal of engineering sciences and management 12
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3 24 26 24 15 3700 280 120 | 418¢ 0.02142
4 30 28 27 16 4000 300 150 | 4551 0.02707
5 50 40 40 20 5000 370 200 | 572 0.0398
6 80 60 65 25 6000 410 240 ey 0.0445
7 98 75 82 30 7000 500 290 | 807t 0.05499
8 102 82 110 32 8000 582 340 | 924¢ 0.0653
9 119 99 130 38 9000 635 418 |1043¢ | 0.06338
10 130 110 150 |40 10000 | 700 500 | 1163( 0.0663‘
—f':'l"—
existing insulating properpe%!b-!"transformer oi
4. Graph of Year v/sIDI service with the h rtificial intelligencehd@
output of the d ANN model is IDI a
10 - 5  Year of - defin ﬂiously and the inputs are
L service Fresh
g s
0 %I%I%I r T rT |%| .IDI 157*10_3 !/l‘ ) . d f h h
123456789 6.14*10-3 ATLAB 7.0 is used for the purpose whi
_‘ ﬂ % provides platform for the proposed ANN Mot
The results c flect th thon

Insulation Deterlorat
typical values ove

transformer oilAs dIS

given set of inputs. Hence in this part, ft
forward neural atwork with seven input neuro
and one output neuron is selected. The idea be

this is to get clear cut information about

Ind?&ﬁh
y ar

sed in chapter 4, ANN
a powerful tool for predicting the output with t

aging and

of service

rn:p-!

T n@ETﬂ m@E‘“ .

As discussed earlier ANN is a powerful tool for

simulation of Nonlinear problems as the case

presented. Gas concentrations obtained in ppm are

selected as inputs. ANN model gives output IDI. Back

http: // www.ijesmjournal.com
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propagation algorithm is used to train the network.

Feed forward neural network has been selected with
seven input neurons, three hidden layer neurons and

one output neurons. The training data for the ANN

were selected as follows:

Sample o
Concentration in ppm DI
No.
CH4 C2H6 | C2H4 | C2H2 | CO2 CO H2
1 30 30 30 8 3000 110 50 0.0288
2 275 10 25 10 1500 150 20 0.0299
3 40 40 15 20 1500 200 30 0.01575
4 25 35 17.5 17.5 1860 250 25 O.2358_I_1
%
5 25 25 26 9.6 1836 276 25 ql- 5
[l
6 86 375 |375 19.35 | 2611.5| 186 .-ﬁ.@-r 10.02035
)i Ll
7 55 48.5 .9 2114 2¢.§f 55 0.03525
- ' o
, .EW%O? 26 0.6125
- 128 | 275 |0.00945
. 125 17.5 |0.01475
11 .}r 4}5 z%% 125 | 1663.5| 135 235 [ 0.0102
12 {S.ﬁ E28.5 31 16 1666 107.5 25 0.134
13 235 25 28.5 13.5 2100 109 28 0.0108
14 26.2 315 |21 9.5 1550 107.5 12.5 | 0.008
15 27.7 21 15 8 1600 125 13.5 |0.01665
16 23.9 30 17.5 9.5 1855 110 10 0.014
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17 21 24 26 12.5 2065 105 20 0.013
18 20 20 20 9 2000 105 50 0.0192
19 173.33 | 6.66 | 16.666| 6.66 1000 100 13.33% | 0.01993
20 26.66 26.66| 10 13.333 1000 133.333 20 0.0105
21 16.666 | 23.33| 11.666| 11.666| 1240 166.66 | 16.66¢ | 0.1572
22 16.666 | 16.66617.333| 6.4 1224 184 16.3:: | 0.0157
23 57.333 | 25 25 12.9 1741 124 24 0.01356
24 36.666 | 32.33836.67 | 12.6 1409.33140.333| 36.67 0.0235
o
25 65.666 | 20 64 65.333 1070.66| 204.666| 17.33: Q.- 1
il
26 17.333 | 32.4 | 28.666| 10.8 1073.33 85.33 :Ii -"-F0.0063
1000 Silﬁé. 1.666¢| 0.00983
10@ 15.66¢ | 0.0068
t;il_llo 67 71.666 | 16.66¢ | 0.0893
1400 72.666| 18.66¢ | 0.0072
1033.3371.666 | 8.333 | 0.0072
18- 1066.67Y71.666 | 8.333 | 0.0111
33 gS 20 11.666| 6.333 | 1236.66 73.333 | 6.666 | 0.00933
34 14 16 17.333| 8.333 | 1376.66 70 13.337 | 0.063
35 110 140 70 70 7440 1000 100 0.056
36 84 96 104 50 8260 420 80 0.0378
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37 124 96.4 |80 38 6000 | 500 70 |0.0814
38 220 194 [220 | 75.66 | 8456 | 842 220 |0.0814
39 275 10 |25 10 1500 | 150 20 | 0.0288
40 40 40 |15 20 1500 | 200 30 | 0.0299
41 25 35 |175 | 175 | 1860 | 250 25 | 0.01575
42 25 25 |26 9.6 | 1836 | 276 25 | 0.2358
43 86 375 | 375 | 19.35| 26115 186 36 |0.02355
44 55 485 |55 189 | 2114 | 2105| 55 |0.02035
- alk
45 985 | 30 |96 98 1606 | 307 26 |0
Ll
46 41 486 |43 16.2 | 1610 | 128 iy %0.6125
47 31 24.1 ﬂ% 1500 1g||s ﬁﬂ';s 0.00945
48 j 43;:@’}'1'2.5 16@1135 235 |0.01475
. Z@J 31 16 %1:%.6 1075 | 25 0.0102
25 W‘ig; 2100 | 109 28 [0.134
51 '}.. -252 31.%_“12!"' 9.5 | 1550 | 107.5 | 12.5 |0.0108
52 i:;ﬂﬁl 15 8 1600 | 125 135 |0.008
53 ) 30 |175 |95 | 1855 | 110 10 | 0.01665
54 21 24 | 26 125 | 2065 | 105 20 | 0.014
55 20 20 |20 9 2000 | 105 50 | 0.013
56 173.33| 6.66 | 16.666] 6.66 | 1000 | 100 |13.33: | 0.0192
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57 26.66 | 26.66| 10 13.333 1000 133.333 20 0.01993
58 16.666 | 23.33] 11.666| 11.666| 1240 166.66 | 16.66¢ | 0.0105
59 16.666 | 16.66617.333| 6.4 1224 184 16.33 | 0.1572
60 57.333| 25 25 12.9 | 1741 124 24 0.0157
61 36.666 | 32.33836.67 | 12.6 | 1409.33140.333| 36.67 |0.01356
62 65.666 | 20 |64 65.333 1070.66| 204.666| 17.33: | 0.0235
63 17.333 | 32.4 | 28.666| 10.8 | 1073.3385.33 | 18.33: | 0.01083
64 20.66 | 16.06613.333] 6.333 | 1000 83.333| 11.666¢| 0.0063
%
65 29 26.666 14.666| 8.333 | 1075.66 90 15.66¢ q._l._
L
66 13.66 | 19 20.666| 10.66 | 1110.67 71.666 15‘-564_"-’0.0068
"||||
ol
67 15.6666 16.66€ 1400 724666/ 18.66¢ | 0.0893
666 | 8.333 |0.0072

4 b -
68 17.466 7 W6.333 10@

69 18. 14__.! 10 5.3331 %1066.6771.666 | 8.333 | 0.0072

-
20 | 11,686 6-383 | 1236.66 73.333 | 6.666 |0.0111

71 '}.ﬂ 16 4| #7:333] 8.333 | 1376.66 70 13.337 | 0.00933

72 ;‘: ﬂﬁﬂo 70 70 7440 1000 100 | 0.063

73 96 104 50 8260 420 80 0.056
74 124 96.4 | 80 38 6000 500 70 0.0378
75 220 194 | 220 75.66 | 8456 842 220 |0.0814

http: // www.ijesmjournal.com (C) International journal of engineering sciences and management 17
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Back Propagation Algorithm has beeled to train the network. The network has been éxhin24 epoch.

S et o A

=== L [ |

Fig () and (b) output of ANN

After successful training, the network has beeretedor the following inputs. Te deviatjon (error)

obtained with the ANN output indicates that thenireg was successfi -‘I.n L
The test data’s are as follows: F !_ﬂ;'Ll
- Il_ﬂl:_."'
SNo.|CH4 |[C2H6 |[C2H4 | C2 C CcO H2 hrl:E_ ANN Error
F o L Output
H
1 550 #0 3000 1@{. 0.0576| 0.057: 0.0004
-

2 \ 35 3720 {500 | 50 0.0315 0.031¢ 0.0001
L wlln
| " u

3 172 W75 75 38511{;223 372 | 72 0.0471/ 0.047: | 0.0002

4 197 60

BL1t
1%::;15'6 3212 | 614 | 52 0.0707| 0.70z 0.0003

5 41 57 32 3332 | 215 50 0.020420.23¢ 0.003
6 42 48 52 25 4130 | 210 40 0.028060.281 0.252
7 18 19 21 14 3424 | 260 80 0.0145| 0.0142 0.0003
8 119 99 130 |38 9000 | 635 418 0.063380.62 0.001

http: // www.ijesmjournal.com (C) International journal of engineering sciences and management 18
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The graph of error v/s output as obtained from MABLis as shown in fi

17 ——AN
LAl
0 - Out
1357 put
5. Conclusion
Dissolved gas analysis is a very powerful tool 6. References
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