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acquiring a set of signals from the machine
over a period, said set of signals comprising
two or more magnetic flux signals, each flux
signal obtained from a respective flux
sensor positioned on the external surface of
the machine

102 . . o L
extracting an internal winding fault indicator
from the set of signals

bl

104 comparing the internal winding fault
indicator with a baseline indicator

bl

106 determining the internal winding fault when
the internal winding fault indicator deviates
from the baseline indicator by a threshold

ol
100 108
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( Energize transformer >\
+ 302

Acquire signals
—)»=/ Any one of the primary voltages of transformer (Vab or Vbc or Vea)

core-leakage/linkage fluxes (@, and @) 304
Compute
e Summation (@yry+@crq) and
e Fast Fourier Transform (FFT)/Discrete Fourier Transform (DFT) of \
Ou1ps Perpy (Purg +@7p) and (Vob or Vbe or Vea) 306
Extract angle and magnitude values of fundamental component
A 2Durp Z2D g, HAPura+@crp), (2Vab or 2Vbc or £Vea) and [@orp+Derpf
Extract magnitude values of second harmonic components \
|(Darﬂ| and |chTﬁ| 308
< | I
¥

Initial calibration (Baseline measurements from energization instant to steady state)

1. Trend of Baseline internal Fault Indicator (BIFI), {£Vab-2{@umn+ D)) or (£Vab-2(@arp
+Qcrp) and /(DaTﬂ"L(DCTﬂ/)

Select Internal Fault Threshold (IFT) under steady state, typically (110% to 140%)

2. Trend of Baseline Second Harmonic Component (BSHC) of | @,rq| and | @.ryl

Select Second Harmonic Restraint Threshold (SHRT) under steady state, typically
(140% to 150%)

).

+

A Yes

(SHRTxBSHC) < | ®@.75| and (SHRTXBSHC) < | @z

Compute fault indicators
e Online internal Fault Indicator (OIFI)

A (&Vab-L@yp+Dpl) or (LVab-£LDyr+@crp) and [Dorg +Derpl) \ v
® Online External Fault Indicator (OEFI) [( £V ab -£® grp)-( LV 0D 2P 15) | 316

Y

0° < OEFI<90°

Notification .
Notification

Inrush

External fault
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322

Notification

Generate trip signal
Actuate the circuit breaker

300

Internal winding fault
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( Energize transformer )‘\ 402
Y

Acquire signal

-

Any one of the primary voltages of transformer (Vab or Vbc or Vea) <
under steady state /

404
Y

Compute
Switching angle/time instant from zero crossing instant of Vab or Vbc or

/v Vca signals
T
Switch ON Solid State Relay (SSR)

408 7

—Switch 0FF55R4} SSRON?
NO
410 Yes

L/ Acquire signals
r/ Core-leakage/linkage fluxes (@, and @.rp) 412

406

Y
o
<

Compute
* Summation (@,7p+ @.rp) and <
* Fast Fourier Transform (FFT)/Discrete Fourier Transform (DFT) of
Gorp Oy (Qorpr+ Qi) and (Vab or Vbe or Viea) V\
Y 414
Extract angle and magnitude values of fundamental component
LDgr, £Ocrp L@ +@cp), (£Vab or 2Vbe or 2Vea) and | Qo+ Py
Extract magnitude values of second harmonic components y\
|(Darﬂf and \mrnﬂ 416
A A A
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Initial calibration (Baseline measurements from energization instant to steady state)
1. Trend of Basefine Internal Fault Indicator (BIFI), { Vab-A® g+ cp)) or (<Vab-H Dy 418
+@cp) and | @ory+Derpf)
Select Internal Fault Threshold (IFT) under steady state, typically {120% to 155%)
2. Trend of Baseline Second Harmonic Component (BSHC) of | @] and |Dcp|
Select Second Harmonic Restraint Threshold {SHRT) under steady state, typically
(140% to 150%)
> Y
Yes
< (SHRTXBSHC) < | ®15| and (SHRTXBSHC) < | Dy -«

AN 420

Compute fault indicators

* Online Internal Fauit Indicator (QIFI) V\ Y
(Vb 2Dz +Perg)) OF (LVaD - P oy + Do) anel | Do+ Peryf) 424
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0° < OFEFI<90°

Inrush External fault

L—{ Clear external fault

|(£IFTXBIFI)| < |OIFI| <

N~
426 428

432
T

No

422

™ 430

A

Yes

Notification

Generate trip signal

A

Internal winding fault

/ ~ 434 436

400

FIG. 4



5/10

500

512 /

502

510

508 <

504

FIG. 5A

FIG. 5B

FIG. 5C



6/10

(Energize motor/generator) y\
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Acquire signals

Any one of the phase/line-currents (/a or /b or ic)/{lab or lbc or ica)
End-shield leakage fluxes (@;, @;, ®; and @4) and 604
Summed signal (@;+@; +D:+D,)
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Extract magnitude values of fundamental component
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Initial calibration (Baseline measurements under steady state)
1. Baseline Load Indicator (BLI) from (| ®1]+] @2 +] D3/ +[®4]) or (}1a]or|iab}) for various loading
conditions
N v Select Load indicator Threshold (LIT), typically #{1.02% to 1.03%) of BLI and
External Fault Indicator Threshold (EFIT), typically {90% to 80%) of [BLI} of lowest loading
condition

2. Baseline Fault Indicator (BFI) from |@;+@; +@+Qy/
Select internal Fault Threshold (IFT), typically (>120% to 140%)

610

Identify loading condition

e Compare online value of ([@;{+]@:[+[@:]+[D,]) with (BLI x LIT) or [la/or[lab] with ({[lafor[labf) x
LIT) to identify the loading condition
* Select BFI for corresponding loading condition and compute (BFI x IFT)

haN 612
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