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Transformer Diagnostics

Electrical
Insulation resistance]
TTR
Exciting Current
Capacitance
Power Factor

p/

Thermal
Winding Resistance
Thermal Imaging

Mechanical
SFRA
Leakage Reactance
Capacitance
Exciting Current




Mechanical Tests
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FRA: What 1S 117

7 | - _—

Response AnalyzelEeiEsiuse

N
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wAcceptance, Commissioning, Relocation, Post Fault
as a Asset Management tool

Useful Tool

wFor the transformer manufacturer =
wlLarge amount of manual labor in building transformer

Quality Control To




FRA:Basics

network of the windings related to the physic

i % / : . | :
/ 1 \ FRA of a winding is a function of the RLC
/ geometry

Mechanical changes within the test specime
alter the RLC network, and in turn can alter t
frequency response

The major transformer resonances are in thg
range from a few kHz to a few MHz, dependi
on the voltage and type of the winding




What 1s FRA?

A simple measurement

Inject a voltage at one end of a winding &
See what comes out at the other end
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Repeat for different frequencies

\ Plot results for analysis, trending &
comparison (correlation IEEE C57 244 2)




FRA Test

Injects voltage of different frequenci

in to the winding of transformer : Vi

"

w of winding of the transformerVout
L T

Measures the voltage at the other erld
Lut =Measure
) Plots the Mag (dB)= 20*Lggv/out/Vin

V., =Signal + ref



Typical FERA Measurementso Hz to2 MHz




[ RA 'Tracelransformer:Diagnostics
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Transformer elements visible in different parts of
the sweep
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wWinding deformations Winding
Informatlon

Low frequencies e

High Frequencies
Core Informatlon

wConnections | ' il -
| « AN 12008

wTaps and other connection changes
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FRAEXxamining a Transformer




FRAMotivation

A Transformer in the service experiences more
through faults & some time internal faults

A Every time transformer during the through
fault, its mechanical strength reduces due to
forces of short circuit current

A Over a period of time, the mechanical holding
system weakens

A Subsequent faults can destroy the transformer



FRAPurpose

Changes in the frequency response
detected, we can diagnose the mechani
changes

” " Electrical fault on the transformer causek
winding movement, we can see the
changes in the frequency response

Comparing the FRA results prior to the f
and after the fault, we can see the
differences in the test results.



FRATestSihen and Wh

Acceptance and Commissioning
Establish a Baseline

Assess Condition after Electrical Disturbance

Assess Condition after a Relocation

Asset ManagementRanking and Prioritizing

Reduce Catastrophic Failures P

3
Available tools have changed a great deal !
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Rules for Acquiring Good:FRA-Measurements

Cables

Grounding

Connectors

Test Set UP

Other Leads

From : CIGRE WG A2.26

w Shielded higHrequency cables terminated in their matching
characteristic impedance

w Grounding leads to be as short as possible (without coiling the
leads) & use flat braid (20 mm width min.) instead of wire.

w Use good connectors for attaching the test leads to terminals}
\

w Should be the same for the reference & repeat tests

l

- %f—\

N\

w Disconnect all unused cables from the bushing terminal.




Tests: FRA

i IEEE/IEC Tests

:IIIHHHHHEHII[
Capacitive Inte
Winding

nductive Inte
Winding




FRA TeSICIGRE Working Group - WG A2.26

FRA test types defined by CIGRE WG
A2.26

(a) End-to-end (source on phase terminal)

(c) End-to-end short-circuit (source on (d) End-to-end short-circuit (source on
phasete - neutral terminal)




©pen Circuit Test

Ref erence —

wh LISY [/ ANDdzA 0 ¢ Y
| a

é é\; .’.
2F || gAYRAYy3 YR a
end with all other terminals floating.
w Open Circuit SeAdmittance tests : Primarril
Influenced by the core properties at or
Measure around the fundamental power frequency
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Open Circuit ' Test Connections




©pen Circuit Test (OQ1V Winding

4 = PFRA Version 1.9.0.0

¥EEcQdnAe 8 & G 8

EH e %

: Magnitude ~ Theme| DXStyle ~
Graph Data Report Open Close Run Export Save Explore UnZoom Compare Analysis Modify Save Sweep New Explore = Settings
Tests 1:1 Sweeps  Setup Plan Settings Plans
View Test Graph Y-Scale Page Test Plan Application |

1-0, 2-windings

Sweep Name

¥ Test: Sample Test 1

/I C-BOpenlV 03/22/17 20:14:23

] x1-Hoxo 03/22/17 20:14:56

T vi-y2 03/22/17 20:16:00 A
[ I H1-HOX0 Short [X1-HOX0] 03/22/17 20:16:41 -20d5

[ I H1-HOXO Short [Y1-Y2] 03/22/17 20:19:04

[] M C-8 Open LV round on Again 03/22/17 20:19:47

) M cCBShortLv 03/22/17 20:21:18

[/ M C-B Open2 03/22/17 20:22:08 I I 1 I
[ M cBOpen2 03/22/17 20:23:50 4008 /\V
[/ M C-BOpen? 03/22/17 20:24:40

[/ C-BOpenlLv 03/22/17 20:25:54

[ c-BOpenlv 03/22/17 20:26:39

i .gods

8048 ! ! ! /

-100dB
Run Quick Check Run Full Test
{ " Delete Sweep ] Add Test -12008
h 10 Hz 100 Hz 1KHz 10 KHz 100 KHz 1 MHz

5 ’ . pro
7l | | Fite: sample Test 1 | Device: Not Connected.




Transformer Fingerprint

PERA Version 1.9.00
@Fie | prrA |

M oA aHlE & K BER L oHUWOE %

Graph Data Report Open Close Run Export Save Explore UnZoom Compare Analysis Modify Save Sweep New Explore Settings
Tests 11 Sweeps  Setup Plan Settings Plans

| Theme| DXStyle ~

View Test Graph Page Test Plan Application

1-8, 2 windings

Sweep Name Date \
= Test: 2017-04-14 15.20.10 Shop transformer #2 -

[ H-H2 4/14/2017 15:20:18

e A End to End (OC) tests characterize
= e magnetizing impendence in the lo
= = frequency region

- ' A Each winding separately can be
examined

A Common test due to simplicity

-100aB
= I
| Run Quick Check Run Full Test
Delete Sweep Add Test -1200E
10Hz 100 Hz 1 KHz 10 KHz 100 KHz 1 MHz

File: 2017-04-14 15.20.10 Shop transformer #2 " Device: Not Connected.




Short Circuit Test(SC)

5 swomm—— wA Shprt ercui; Se){\d[nittance measurement:
EWSTSNBYOS Lyé I 0 gys-
h

IN )
gAYRAY3I (G2 aaSl adzNb
Shoit low voltage winding shorted.
Circut .
«w The Short Circuit Sefdmittance test isolates th
winding impedance from the core effects
Measure properties at or around the fundamental power

OUT
frequency.
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Short Circuit Test(SC) Connections




Short Circuit-Sweep Vs. Open Circuit Sweep

aaaaa yee LIEEN I ‘ _—
K\ N \ Blue Trace Open circuit test

Red Trace Short Circuit test

|

Higher freq. identical response¢

SC Test : Isolates effect of cor@
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Diagnaostics

W| N d | N g wPresence of an additional peak

: wLoss of resonance peak
d efO 'm at| on wShift in frequency for the existing resonance peak

wlncrease in magnitude compared to original trace
wSignificant Increase in phase angle trace

Winding looseness

(R \——

" wResidual magnetization lowers inductance hence shift of resonance to
Magnetlzed core right at lower freq

S

)\

Second core
wAbsence of resonance at lower frequency
ground







Winding Deformation : Hoop Buckling

Short circuit current in the transformer produces hoop stresses on the
windings.

Inner windings (LV) produces compressive forces while outer winding (
produces hoop stress

The force is proportional to (NI)

Short circuit current also produces axial forces trying to expand winding

These stresses deforms the windings and weakens the holding structur

RLC components changes once the windings are deformed

POWER DIAGNOSTIC INSTRUMENT COMPANY



Winding Deformations

A Through fault current some time 20 times the load current, creates axial and radial
forces which can deform the windings

A The typical results of these forces :
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Radial Buckling Conductor tilting

Axial Shifting
FRA : Tool to diagnose these conditions with repeatability of results and good sens

End winding support collag
Easy to analyze the results in frequency domain




Case study : 1998, 3 Ph. 33kV/.6.9 kV , 4.5 MVA

A Background

A Tfrwas in normal operation
A Routine test carried out indicated presence of hot spot_
A Sister unit has a failure history
A SFRA, C & PF and winding resistance test _
R
A All other test did not indicate any major problem

A SFRA test was performed

POWER DIAGNOSTIC INSTRUMENT COMPANY
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Winding Deformation €Case

HV Opeerttest
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Open Circuit Test shows winding shift left (Blue trace) Short Circuit Test shows increased impedance in one ph
Leakage reactance results showed a problem in the p




Winding Deformations

- '-ﬁ-*‘T » B

4‘)» S L? Al lc < . { ‘
v & T -
0 IV —

‘-f.rll‘“‘

sed LC components
|nd|cat|ng ninor winding
deformation and/or hoop
buckling

~ ARecommended that the
- transformer be mternally:‘
Inspected \



Winding Deformations

W

B g‘ﬁm | A Core clamping bolt and nut |

got welded to the core
created hot spot

A Indicated by DGA

/v‘>

Core Clamping Bolt &

= ) ) Nuts of Main Tank
¥ | lying on bottom
A | of the tank beneith the m-
- U Phase winding

| el
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Case Study : Core Magnetization

A Single phase GSU : 630 MVA 420 kV/21 kV

A Unit Tripped on flash over on C phase
A Differential protection operated and fault current
recorded was 36KA

A SFRA test performed
A 3 other sister transformers were also testedp3& | spare)



Flash Over

POWER DIAGNOSTIC INSTRUMENT COMPAN



[

: ell
o damage to the transformer
~onfirmed by SFRA
A Demagnetize the transformer to put it
back in service

B U002
U-AN_OC 2 S
I‘ILI-1N_OC_2_ o
RIS T oc 2

| I
10K 100K ™
Frequency, Hz

Magnitude, dB
1
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alve & Buchholz relay

-

R Over current relay

A Test Performed

-SFRA, Capamta F, Winding
— Reslstance,_t DGA, Excitation Current,

Ratlo



Perticular

Methane CH4
Ethylene C2H4
Ethane C2H6
AcetyleneC2H2
Hydrogen H2
Carbon Monoxide CO
Carbondi-oxide CO2
OxygenO2
NitrogenN2

Al

J i
N |
I B

PreSéhée of Aﬂylene & Hydrogen gas indicative of a problem



Turn to Turn Fault : Open Circuit Test

5 SFRA - HV to MV Response 'h\ 5 SFRA - MV to Neutral Response \ \
|




Comparison with sister unit

SFRA - MV to Neutral Response




Short Circuit Test : 400/220 kV Auttr

HV Short circuit Response




Win-ding Deformation & Turn;To Turn: Fault
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A 230/33 kVYNYNnol25
MVA

A Routine SFRA testing In
2017

A Blue Trace in HF region i
not matching with other
phases indicates

termination probleyN




