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acquiring a set of online signals from
the electrical machine over a period,
said set of online signals comprising
at least one vibration signal and a
summed signal of magnetic flux
signals, each magnetic flux signal
obtained from a respective flux
sensor positioned on an external
surface of the electrical machine

extracting an online anomaly
indicator value from the set of
online signals

comparing the online anomaly
indicator value with a baseline
anomaly indicator value of a
corresponding loading condition

determining presence of the broken
or cracked rotor when the online
anomaly indicator value deviates
from the baseline anomaly indicator
value by a threshold
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/vCEnergize motor/generator)

302 *

/ Acquire signals

w/ 1. Summed signal of end-shield leakage fluxes (@; +®@, +@3+@,)

7] 2. Motor vibration (acceleration, V) and

3. Any one of the phase or line-currents (I, or I, or 1) or (I O Iy OF Iog)

Number of poles, p
2. Full-load current and
3. Full-load slip, s

304 ¥ *

Compute 312
1. Fast Fourier Transform (FFT) or Discrete Fourier Transform (DFT) of (@ +®, +®3+®,), acceleration signal
A and one of the phase or line-currents (/;0r /g) F——y

2. RMSvalue of one of the phase or line-currents (/g 0r /as)

3. Slip value (s) from fundamental frequency (f;) of I, or /5, and fundamental rotational frequency (f;) of V.

306 Y :
i

Extract magnitude values
Broken/cracked rotor bar frequency components, faps = fi( 1£kps) of (@1 +@, +@3+Dy) B S

/V where, . FTTTom

308 pis the number of pole-pairs and

kis an integer
Initial calibration under steady state

A

1. Measure Baseline Load Value from V. (BLV,) or from I, or I, (BLV,,,,) for various loading
conditions
BLV,.is the slip value (s) computed from f; of I, or I, and f, of V. or shaft speed
computed from f, of Vg
BLV,,,,is the load value estimated from RMS value of I, or Iy,

Select Load Value Threshold (LVT), typically 100%%{2% to 3%) of BLV,. or BLV,,,,

2. Measure Baseline Anomaly Indicator Value, BAIV from (@;+@+®;+®,) under various
loading conditions
Using the values of s, f;and p, the components f;(1+ps) are extracted from (@; +@,
+P3+Dy)
BAIV is calculated which is [(%) X (mag(fy(1+sp))° + mag(fi(1-sp)))]*

Select Anomaly Indicator Threshold (AIT), typically >(101% to 102%) of BAIV

Identify loading condition

» 1. Compare online RMS value of /, or I, with (BLV,,,, x LVT) or slip value with (BLV,.. x LVT) or shaft speed
value with (BLVc X LVT)

2. Select BAIV for corresponding loading condition and compute (BAIV x AIT) '\

314

No §
< [(4) x (mag(f(1+sp))’ + mag(f,(1-sp))*)]"* > (BAIV x AIT)
316
Notification
Broken-/cracked-rotor bar fault
318
300

FIG. 3
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/VCEnergize motor/generator)

402 v

Acquire signals

1.  Fast Fourier Transform (FFT) or Discrete Fourier Transform (DFT) of (®;+®,+®3+®,4) and acceleration signal

T
1
1
1

4

A |3. Slipvalue (s) from fundamental frequency (f;) of (®; +®@; +®3+®,) and fundamental rotational frequency (f,) of
Voc

—> ¥

P

406 Extract magnitude values
Broken/cracked rotor bar frequency components, fgrs = fi(12kps) of (1 +D,+P3+P,) D ——
/V where, . [TTTTssmse- 1
is the number of pole-pairs
408 p pole-p
< Y
<

Initial calibration under steady state

|
k is an integer +
1
1
1
1
1
!
1.  Measure Baseline Load Value from V. (BLV,) for various loading conditions !
BLV . is the slip value (s) computed from f; of (@; +@,+@3+®@,) and f, of V. or shaft speed i

computed from Ve 1

1

1

Select Load Value Threshold (LVT), typically 100%#({2% to 3%) of BLV

_________________*______

AY 2. Measure Baseline Anomaly Indicator Value, BAIV from (®+®+®3+®,) under various loading
conditions
Using the values of s, f;and p, the components f,(1+ps) are extracted from (Q;+@,; +@s+Q,)
BAIV is calculated which is [(%) x (mag(f,{1+sp))? + mag(f,{1-sp))*)]*

2

Identify loading condition

1. Compare online slip value or shaft speed value with (BLV . x LVT)
2. Select BAIV for corresponding loading condition and compute (BAIV x AIT)

414

A

Notification

Broken-/cracked-rotor bar fault

418

400

FIG. 4

»/ 1. Summed signal of end-shield leakage fluxes (@;+®,+D3+®,) and . Number of poles, p and
/7/ 2. Motor vibration (acceleration, Vi) . Full-load slip, s
404 ¥ *
Compute 412

Select Anomaly Indicator Threshold (AIT), typically >(101% to 102%) of BAIV 410
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acquiring a set of online signals from
the electrical machine over a period,
said set of signals comprising at least
one vibration signal, at least one
magnetic flux signal and at least one
current signal

extracting an online anomaly
indicator value from the set of
online signals

comparing the online anomaly
indicator value with a baseline
anomaly indicator value of a
corresponding loading condition

determining presence of mechanical
anomaly when the online anomaly
indicator value deviates from the
baseline anomaly indicator value by
a threshold

computing the additional operating
expenditure over a time frame, said
time frame starting from an instance
when the mechanical anomaly is
determined until an instance when
an overall vibration velocity of the
electrical machine is projected to
reach a defined unacceptable range

FIG. 8
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Number of poles, p
Full-load current
Full-load slip, s
Electricity tariff, £7
Stator resistance, Rs and
Rotor resistance, Rz

916
902

Acquire signals

SV AWLNE

1. Any one of the phase or line-currents (/, or Iy or 1) or (I or lyc OF I4)
2. Motor vibration (acceleration, V)

Compute
Overall vibration velocity

906

Notification W =
Overall vibration velocity “unacceptable” ?

Carry out maintenance

910

908

Compute
1. Fast Fourier Transform (FFT) or Discrete Fourier Transform (DFT) of acceleration signal and one of the phase or
line-currents (/,0r fgp)

LW 2. RMS value of one of the phase or line-currents (/y or /o)
9 12 1 3. Slip value (s} from fundamental frequency (f;) of /, or I,, and fundamental rotational frequency (f,) of V.

Extract magnitude values

/V Mechanical anomaly frequency signatures, fua= fs# f-of the phase or line-currents (/;0r /) ==
914 -~ fua, frequency signatures due to misalignment or unbalance or mechanical looseness

Initial calibration under steady state

conditions
BLV,is the slip value (s) computed from f; of Iy or I and f; of Vycor shaft speed
computed from f, of V..
BLV,,.is the load value estimated from RMS value of f, or i,

918

Select Load Value Threshold (LVT), typically 100%+(2% to 3%) of BLVqe or BLVyrr

A A

1. Measure Baseline Load Value from V., (BLV,) or from I, or I, (BLV,,.} for various loading
2.

Measure Baseline Anomaly Indicator Vaiue, BAIV from Iy or Iy under various loading
conditions

Using the values of f;and f,, the components (f;+ f,) are extracted

BAW is calculated which is [(%) x (mag(fs+f)+ mag(f.f )"
Select Anomaly Indicator Threshold (AIT), typically (>101% ) of BAIV

Y

Identify loading condition

Y
) 1. Compare online RMS value of /, or Iy, with (BLV y x LVT) or slip value with (BLV,. x LVT) or shaft
speed value with (BLV X LVT)

Select BAIV for corresponding loading condition and compute (BAIV x AIT) \

N

™~ 920

Store values under online
operating condition

1. Overall vibration velocity
Current, lya
Copper loss, Pya.o;

Notification
Misalignment or unbalance or
mechanical looseness

926

Y
Compute additional power loss

924

1. Additional current due to mechanical anomaly, /ya= fpao— fuse
Where,
hasois the total RMS value of mechanical anomaly components under online operating condition and
Iuag is the total RMS value of mechanical anomaly components under baseline operating condition

2. Additional copper loss due to mechanical anomaly, Puacs- 3 X (Rs+Rz) x I \

928

Trend analysis and Operational Expenditure (OPEX)

1. Compute trend of overall vibration velocity based on historical data
Estimate the time frame at which overall vibration velocity reaches “unacceptable range” or
“not recommended range”

Y

2. Compute additional OPEX up to the time frame of “unacceptable” or “not recommended” overall
velocity using historical trend of Py o, or by value of Py, ., calculated under online operating condition
A-OPEXyy0= 24h0Urs X Pya.c, X Ex x number of days (estimated time frame) \
Where, 930

A-OPEXy,,4is the additional operating expenditure due to mechanical anomalies and

Notification
Estimated OPEX until conventional maintenance schedule based on vibration

900 932

FIG.9
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Number of poles, p
Full-load current
Full-load slip, s
Electricity tariff, E7
Stator resistance, R
Rotor resistance, Rg and

Nowuhswn e

under various loading conditions, /5

Mean of RMS value of mechanical anomaly signatures
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/V Energize motor

1002

Acquire signals
1. Summed signal of end-shield leakage fluxes (@; +@, +D5+®;)
2. Motor vibration (acceleration, Vo.)

C

1004

1016

10107

Carry out maintenance

Qverall vibration velocity

1006

Notification

QOverall vibration velocity “unacceptable” ?

1008

Compute
Fast Fourier Transform (FFT) or Discrete Fourier Transform (DFT) of (®; +@, +®3+@4) and acceleration signal

Slip value (s) from fundamental frequency (f;) of (@; +®, +@3+®,) and fundamental rotational frequency (f;) of

1012 7

/V
g

Voo
Y

Extract magnitude values

Mechanical anomaly frequency signatures, fua = f; 2 f,of (01 +0; +D3+D,)
fus, frequency signatures due to misalignment or unbalance or mechanical looseness

1014

>/ 2.

]
/ Initial calibration under steady state
1. Measure Baseline Load Value from V. (BLV,,) for various loading conditions

BLV, is the slip value (s) computed from f; of (®; +@, +@s+@,) and f, of V. or shaft

speed computed from f; of Vg
Select Load Value Threshold (LVT), typically £100%(2% to 3%) of BLV,
Measure Baseline Anomaly Indicator Value, BAIV from (@, +@, +@3+®,) under various loading|
conditions

Using the values of f;and f,, the components (f; + f;) are extracted

BAIV is calculated which is [(%) x (mag(fi+f.) + mag(f£ )"

Select Anomaly Indicator Threshold (AIT), typically (>101% } of BAIV

L >

1
2.

Identify loading condition
Compare online slip value with (BLV,. x LVT) or shaft speed value with (BLV,x LVT)

Select BAIV for corresponding loading condition and compute (BA/V x AIT)

1020 —— >

Y

operating condition

Copper loss, Puacy

1028

Store values under online

Qverall vibration velocity
Estimated current, fe.na

Notification

Yes AN
1022 ——»< Misalignment or unbalance or ‘
~ hanical looseness -
Y

Compute additional power loss

Estimated additional percent of current due to mechanical anomaly, Je-via= (fmao— faas)/friss

Where,

fwao is the total RMS value of mechanical anomaly components of (@; +@, +@3+@,) under online
operating condition and

fumasis the total RMS value of mechanical anomaly components of (@; +@; +@3+®;) under baseline
operating condition

1024

1000

Y

1030

2. Estimated additional copper loss due to mechanical anomaly, Peyacy - (3 X (Rs+Rg) x IEAMAZ) X lonid
Where,
loma’ is the actual current due to mechanical anomaly signatures in the phase or line-currents (/;or
Tan)
Trend analysis and Operational Expenditure (OPEX)
1. Compute trend of overall vibration velocity based on historical data
Estimate the time frame at which overall vibration velocity reaches “unacceptable range” or
“not recommended range”
2. Compute additional OPEX up to the time frame of “unacceptable” or “not recommended” overall

velocity using historical trend of Pe s, Or by value of Py, calculated under online operating condition
A-OPEX 5= 24hours X Pe pac, X Erx number of days (estimated time frame)
Where,
A-OPEXy,is the additional operating expenditure due to mechanical anomalies and

¥

Notification

~

1032
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