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ABSTRACT

power transformer is the major asset of any power

gystem.  Transformers  represent extensive
investment in any power delivery system, and
hecauze of the notable effect of a transformer
putage on system rchiability, careful management
of this type of asset is critical. In many cases,
unexpected transformer outages can be
catastrophic and causc both direct and indirect
costs {0 be incurred by industrial, commercial, and
residential sector. So it becomes mandatory to
assess the health and remaining lifetime of a
working power transformer. This information
plays a very important role in the planning
strategies of power delivery systems and in the
avoidance of the potentially appalling effects of
unexpected transformer Outages.

This paper presents different condition monitoring
methods and condition assessment techniques
which include various electrical tests and oil
anglysis of power transformer. Finally the
flowchart for health indexing and evaluation of
remaining life of a power transformer considering
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the year of its manufacturing is presented taking
into consideration the cumulative effect of the
tests performed.

It is a new approach o health indexing and
estimating its percent residual life I'raditionally
health indexing is done on the basis of results of
one or two tests which may give false resuits
Now it is proposed that transformer should be
monitored for two to three months aceording to
the flowchart before taking it out from the network

for maintenance.

INTRODUCTION: Heaith index is a practical
ool that combines the results  of  routine
inspections, and site and laboratory testing o
estimate the aging or health condition of power
transformers. It can be defined as number from 0 to
100 or in the form of zones as red, yellow and
green depending upon the aging condition of a
power transformer. Tests necessary for health
g and estimating percent residual power

[nsulation  resistance st
lest, dissolve gas analysis, furan

Indexin
transformer  are.
dissipation fictor
test and DP value estimation, SFRA.
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Insulation Resistanc,
Test

Capacitance and T,
delta test

Furan and pp
Value Estimation

Vector Group Test

Winding Resistance
Measurement Test

Sweep Frequency
Response Analysis

VARIOUS TESTS PERFORMED ON POWER TRANSF

Absorption indey (AD) = (IR valye after 60 seconds) / (IR valye after 15 secq

Polarization index (PI) = (IR value afier 600 §econds) / (IR value after 6() seconds)
LIMITATION OF LR, TEST:
When IR value is greqtey than 5 Giga ohmg then P| may not be the indicator of the insulation

condition apq is therefore not recommengeq as the life assessment tool for the transformer.,
Source: IEEE Standard no_ 43-2000
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HEALTH INDEx BY POLARISATION INDEX (PI) CRITERION Table 1.3

serial no.

PI limitsg

Health zone

YELLOW Accelerated aging. Conduct test

frequently

......................... | regular defined frequen

il i s AR i

S,
*allowance of 100% i

ormers (reference TPDDL testing
manual)
Table 2.2
erial no. Case

Remarks

Transformer is healthy. Continue testing at regular
. defined interval.
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1. After tegt if tan delta Value(s) excep firm:
be Performeq again after inducti eed I'nTltS Itis recommended that test should

2 oil can largely affect the tan delt;vja}:atmg R

. If the t .

conclu::: fhe::i::::z exceed "'r'nits even after inductive heating then we can

, o oeth e problem in ojl or paper insulation. ) an only be
mMade after ojl anq r?t On the health or residual life of insulation ¢

4, Ysls, Furan and DP valye estimation.

R t it is
No- doubt the correction factor table for dissipation factor is given but it |

recommended to perform the test at temperature around 20 degrees Celsius
only.
le3.5
-IiE—ALlH INDEXING ON THE BASIS OF ROGER’S RATIO TEST RESULTS Table
Remarks

Serial no. Roger’s ratio result Health zone

ACCEPTANCE LIMITS OF DISSOLVED GASES  Table 3.1

Sr.no P.TRANSFORMER AGE mEsm) 0-4 years 5-10years  More than 10

TYPE OF GAS o
N // 2 ] 150 300 500
B L cHe | 30 80 R
3 | C2H2 15 30 w0
e }L C2H4 30 50 10
5 C2Hs | 3 I -
O T T N N N
T S o o0
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DETECTION OF FAULT ON THE BASIS OF ROGER’s RATIO TEST RESULTS

(Table 3.3)
it VCh-a-racteristic TSR
case C2H2/C2H4 |  cHa/H2 | caH4a/CaHe |
| fault u
D Partial discharge NS o1 e m;zw——-J
. <0, i
p1 | Discharge of low energy >1 0105 4 ).1. o
D2 Discharge of high energy 0.6-2.5 0.1-1.0 52
n Thermal fault NS | o1 P
T< 300 |
T2 Thermal fault 300<T<700 | <0.1 ; >1 1.0-4.0 N
3 Thermal fault <0.2 31 v
T>700 ?
PERMISSIBLE LIMITS OF ROGZR’S GAS RATIOS (Table 3.4)
Roger’s ratio 0-4 yea:s 5-10 years More than 10
' years
C2H2/C2H4 <0.50 <0.60 <0.27
CH4/H2 >0.20 >0.27 >0.27

Sr. no. Gas Generation rate of gas limit

(ppm/month)
1 H2 10
2 CH4 8
3 — i
4 C2H4 8
5. N C2H6 8
o o 7
7~ o e
RATE OF GAS GENERATION LIMITS: table (3.6)
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HEALTH |
NDEXING 0
Table 4.1 ON_THE BASIS OF FURAN CONTENT AND_DF VALUE

Remarks

2F
£-FA L( PP b) - DPvalue Health zone

50-500

5002000 30600 | ueen | Normalaging: ConUC s

2000-4000 200?356 , v YELLOW ” E)kcessive aging. DO testing within 6
| months.

NTENT AND DP

REMAINING LIFE ESTIMATION ON THE BASIS OF FURAN CO

VALUE: Table 4.2

Interpretation

2-FAL(ppb) DP value Estimated %
remaining life

350-2000

500-350 Accelerated aging rate

*2-FAL is 2-Furaldehyde compound
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f START

)

| INSULATION RESISTANCE TEST g

I !

L tevAawe N
veuow (1.0-1.3) | wefeidl
PERFORM TAN DELTA TEST (DISSIPATION FACTOR) |
INSULATION IS OK. NO i

MAINTENANCE
REQUIRED.CONTINUE
TESTING WITH DEFINE CYCLE
YES P . NO
~ ARE THE RESULTS OF TEST
WITHIN SAFE LIMITS?
APPLY DISSOLVED GAS ‘:
ANALYSIS
VES WANT T0 ,
y, FIND o N
RESIDUAL S—
LIFE? ’
" WHETHER
YES S CONCENTRATION OF

EACH GAS WITHIN
UMlT? i<\, 401
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{ FURAN TEST AND DP ONE MONTH

-; VALUE ESTIMATION |
YES 1S RATE OF GAS
GENERATION
o PER MONTH
| ESTIMATE THE ‘

| REMAINING LIFE OF
| TRANSFORMER APPLY ROGER’S
RATIO METHOD

1 ngm 3.4 i

i END

I ,
i — ( RETESTING AFTER
|

il i
ESTIMATETHE | KEEP TRANSFORMER UNDER , Yeow
REMAINING LIFE OF | . ZONE
OBSERVATION.CONTINUE | (i
TRANSFORMER Table f i
42 TESTING BUT WITH CYCLE OF 2
J MONTHS.
r ] YES
| FURAN TESTAND DP |
| VALUE ESTIMATION 5
i
_ |
WANTTOFIND TRANSFORMER 1S UNHEALTHY.
RESIDUAL LIFE? - — IDENTIFY THE FAULT |
o e ACCORDING TO TABLE 3.3AND
o RECTIFY IT WHETHER ONSITEOR
OFFSITE ACCORDINGLY: ;
END)
page %t
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Table 3.1, 3.3, 3.4, and 3.6 according

to CPRI standards.
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