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Why do you use Electrical Signature Analysis with
Vibration method to induction motor?

 Various Electrical Signature Analysis (ESA) Methods

: Power Quality / EPVA (Extended Park’s Vector Approach)
IPSA (Instantons Power Sig Analysis) / Partial Discharge
MCSA (Motor Current Signature Analysis)

Problems in 3-Phase

ESA required for coverage of Induction Motors
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Case Study : Two Case of fault diagnosis by using
MCSA and Vibration at polymer plant

1. CASE I. Stator Looseness Trouble Analysis 2. CASE Il. Bearing Looseness Trouble Analysis
460V, 3phase, 100HP, 6 pole, 60Hz, TEFC Type 460V, 3phase, 125HP, 4 pole, 60Hz, TEFC Type
Maker : Reliance (Baldor) / Frame : 444T Maker : General Electric / Frame : 444T
1187 RPM at FLA (118A) 1785 RPM at FLA (142A)

e | . ~ .’?3‘ |
Data of rotor bar (60 or 68) & stator slot (72) Data of rotor bar (58) & stator slot (72)
(unknown & assumed) (Already Confirmed)
Reactor jacketing pump which located in N2 blower which located in polymer plant
polymer plant have no stand-by equipment. for supply N2 for polymer drying.
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Mechanical View

1-1. Case |. Chronology of events

Reactor Jacketing Pump (no stand-by equipment) vibration gradually increase
1.75g to 4g and maintain vibration about 4g for 2month.
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— By looking at 2FL side band(Acceleration Spectrum), RBPF was expected cause.
However this is uncertain, as number of Rotor bar is unknown.
=2 Electric Fault was expected by 2FL frequency in the envelope spectrum.
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1-2. Case I. Trouble Shooting lectrical View

Due to occurred RBPF & 2FL, testing to check rotor bar trouble at first.
But, Sideband frequency (f,,) of rotor bar didn’t occur at this motor.

10—

u -
(59.994. )
-0 -
61.69 dB
A0 — | |
ua] . s
= -&0 :, .
-0 —
-100 -
-120 T [ |
49001 &0 B2 523
Freguency [Hz]
Speed [RPM] 1155.0
Sideband Amplitude [db] Sideband Freq. [Hz] Fund Freq. [Hz]

-61.69

59.05 59.99

Measured side band frequency

PP-3205 4600[V]  1170[A]  1000[Hp]  1188[RPM]  Waveforms [LN]

% Calculated to find rotor bar frequency & side band by formula.

N,=120x f,+~ P =120 %X 59.99 =~ 6 = 1,199.8 RPM
s=(Ng—N,) =N, =(1,199.8 —1,188.3) - 1,199.8 = 0.009585

s frp = f1 X (1 +25) = 58.84Hz,61.14Hz

Although unknown rotor bar’s data,
it is possible to find the rotor bar frequency.

48653 —

Efficiency [%] 93.7
400 {-F
T am0- Torque [ft-Ib] 407.0
g 27 Load [%] 92.0
100 -
- Load [hp] 92.0
| | | |
1188 1150 11595 1200
Spesd [RPM Speed [RPM] 1188.3
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Electrical View

1-2. Case |. Trouble Shooting

And then, checked to V/I spectrum for find other reasons & troubleshoot step by step.
According to below spectrum stator had certain trouble such as looseness or short.

Case Of Unknown stator slots data | Average V Average X axis : Frequency (Hz), Y axis : Magnitude (dB)
0 T T T T T T T T T T T T T T T T ———————F—————————————————— 7 — T — T — T — T
20 Step 1. —i— Step. 2. -
V/I frequency pattern is different :«— Calculated Center Frequency (No measured) & Assumed Stator Slot
0 (especially peak value per frequency) i - Statorslots * RS = Center Frequency = 1,425.96Hz i
2FL | .
60 - <« Stator slots =72 {Assumed)— RS (Running Speed)= —
. 1,188.3 RPM/ 60sec/min =
a0 | l | . | A Q. PN 0O q) e Y 1 / /
50 0o : Y Y 19.805Hz
............... d i ; <
-100 i FL 1 S
-120 {480 ik
-140 | Ll | ; I
160 Slot: 53259 365@71(5) 72 ®) 77 @) 83 (® 89 (Left to right)
-180

(Continuous to next page)
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1-2. Case |. Trouble Shooting

Electrical View

This following V/I spectrum is representative of stator anomaly condition.
Stator has specific frequency called “Center Frequency” and sideband (2FL).
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1-3. Case |. Trouble Shooting & The Solutions

This motor is critical item in terms of environment when it is unexpected stop.
Also, this is no stand-by item so decided to replaced new motor. After replaced,
performed disassembly and detail inspection both stator and rotor of motor.
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v’ Stator - bad condition : Core lamination is loosen and short
v Rotor - Good condition : made by AL die casting method, very strongly)
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1-4. Case |. Lessons Learned

v For rotor bar fault analysis in mechanical view, rotor bar data
must be needed, but electrical analysis for rotor bar can be
performed without data. If data is not sufficient for mechanical
analysis, electrical analysis can be good alternative

v In stator trouble, twice line frequency side band can be shown in
the acceleration trend and it can be considered as rotor bar fault.
For accurate diagnosis, MCSA (Motor Current Spectrum Analysis)
must be performed.

v For rotor bar passing frequency analysis, detail rotor data should
be include at the purchasing stage.
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2-1. Case IIl. Summary of Mechanical Events M

The blower that supply N2 for polymer drying noise and vibration appeared. Blower
switch to spare equipment and carry out overhaul work.

Motor Fan Side PP-BL3 Motor Fan Side PP-BL
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— By looking at 1X frequency, mechanical fault was suspected, but electric
analysis carry-out before motor overhauling due to 2FL frequency.

TURBOMACHINERY & PUMP SYMPOSIA



2-2. Case Il. Trouble Shooting Flectrical View

Due to occurred 1X & 2FL, testing related to check stator or unbalance trouble at first.
According to below spectrum Stator didn’t has trouble such as looseness or short.

Case Of known stator slots data : 72 | Average V Average X axis : Frequency (Hz), Y axis : Magnitude (dB)
0 . . T T . . T T . . T T . . . T T . . T T . . T T . . T . . . . T T . . T T . . T T . T T . . T T . . . .
-20 E
Calculated Center Frequency & Stator Slot RS (Running Speed) =
0 Stator slots * RS = Center Frequency = 2,147.88Hz : 1,789.9 RPM/ 60sec/min =
quency =2, _
) 29.83Hz
60 - Stator slots = 72 _2FL
80 | I | | b i | | I 5 I
-100 L |I | i I |I
Bl | sl i This is not peak value
-140
-160
-180

A \‘I\
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Electrical View

2-2. Case |l. Trouble Shooting

And also, this motor has stand by with 100% same spec. blower.

The result of checked V/I spectrums between them, Couldn’t not find out anything.

X axis : Frequency (Hz), Y axis : Magnitude (dB)
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2-2. Case Il. Trouble Shooting Flectrical View

Finally, testing to check rotor bar trouble in the slightest sense.
knew it, Sideband frequency (f.,) of rotor bar didn’t occur at this motor.

10— PP-BL3502B 4600[V]  1420[A]  1250[Hp]  1785[RPM]  Waveforms [LI
L
T %% Calculated to find rotor bar frequency & side band by formula.
20+ N, =120X fo+~P =120x%x60.00+-4=1,800.0 RPM
61.76 dB s=(Ny,—N,)~N;,=(1800.0 —1,789.9) - 1,800.0 = 0.005611
40
o s+ 51.648, 45.66 dB o fop=fr X1 +2s)=59.32Hz,60.67Hz
AN 553221, T
58.95dB % Although unknown rotor bar’s data,
80~ it is possible to find the rotor bar frequency.
100 — 404.76 5 Efficiency [%] 95.1
110 - i
49,013 & 68,042 = m . Torque [ft-Ib] 286 3
Freguency [Hz] % 200 -
Specd (RPM] 17987 | |2 150 ] =
Sideband Ampltude [db]| | Sideband Freq. [Hz] Fund Freq. [Hz] o o o o Load [hp] 975
£176 5945 50.00 '  Speed [RPM] Speed [RPM] 1789.9

Measured side band frequency
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2-2. Case |l. Trouble Shooting

But, the remark is present. Other peak value (not rotor bar frequency) occurred.
The reason is presumed to operated by belt driven at this motor. (belt frequency)

10—
0 |
> (60.018,
_2|:|_
61.76 dB
'4D_ "0
- £"t 51.648, 45.66 dB
T e L 353221,
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104 |
45,013 50
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Freguency [Hz]

Sideband Freq. [Hz]

[
£E.042

Speed [RPM] 1738.7

Fund Freq. [Hz]

5945

60.00

Vibration Occurred Item

um]
=
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0

Electrical View

-2 -

40 -

51.77 dB

It 51.787,37.53dB | < 45.66 dB

=60 -

-0 -

-100 -
-110 -

43384

Sideband Ampltude [db]

5177

[ I
Bl £3.9559
Frequency [Hz]

Speed [RPM] 1733.8

Sideband Freq. [Hz] Fund Freq. [Hz]
59.74 60.01

Good condition Item
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2-2. Case Il. Trouble Shooting Mechanical Tiew

After return and focus on mechanical defects, found below things

Both bearing have poor clearance and shows the scratch (rotation mark) on the
shaft surface and bearing housing

Uneven Air Gap

iati — 2FL
Variation FL Frequency

Poor bearing & shaft clearance
Poor bearing & housing clearance

—> Bearing Looseness —> 1X Frequency

o » "! e
: “‘w‘—- )

Shaft Surface Scratch

Siﬁaft Surface Scratch
(Fan Side)

(Coupling Side)

= )
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2-3. Case Il. The Solutions Mechanical View

After overhaul performed (Shaft surface welding repair / mounting bushing in the
bearing housing ) 1X and 2FL dramatically decreased.

amp:- 0 001068, Fr Before O/H g Amp. 00005341, Fred After O/H PP-BL3!

15 yr———

1.5 4 ——

| : =
. 51X :1.28mm/s 11X :0.13mm/s
Fan Side N o
L) ! 1 I
Velocity = |, ! > F | :
Spectrum | ||| O
0.5 1
i HIk
120},
0 |
Amp- 0 002991, Fre Before O/H s R BEDERES After 0/H e
15 4 I ——— ] i 1 1
. ' 2FL:1.07gE 1 2FL: 0.46gE
Fan Side o 8 o g
Envelope L : L
= | I I 1 1
Spectrum . R 8, o
1
T | s
— " Ny M I " i T L .E. b 1 l .__I " L
/ 0 © 100 200 300 0 ¢ 100 200 300
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2-4. Case ll. Lessons Learned

v' We learned twice line frequency is symptom of electrical trouble.
But it can be caused by other mechanical causes. it is necessary
to cross-check by the vibration spectrum and current spectrum
for accurate diagnosis.

v' Analyzing the spare equipment current can be good example for
comparison. If there is no-standby equipment, recording the
current spectrum is good solution just in case.
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3. Conclusion

v'  The basic diagnosis tool is vibration spectrum analysis, but
relating motor, only vibration analysis is not sufficient and it can
make misdiagnosis. Vibration spectrum analysis with motor
current spectrum analysis can be powerful tool for accurate
equipment diagnosis.

v"  The mechanical trouble can be source of electrical vibration
spectrum (e.g Case 2). Sometimes it is hard to diagnosis only
have electrical vibration spectrums (e.g Case 1). MCSA can
support the vibration spectrum analysis for accurate diagnosis.
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Attachments.

1. Motor Current Signature Analysis Desk Reference — Rotor part

Condition dB Rotor Condition Action
Value
| >60 | Excellent None
2 54-60 | Good None
3 48-54 | Moderate Trend
4 42-48 | Rotor Fracture or High Resistance Joint Increase Test Intervals
and Trend
5 36-42 | Two or more bars cracked or broken Confirm with motor
circuit analysis
6 30-36 | Multiple cracked or broken bars and end | Overhaul
ring problems
7 <30 | Multiple broken rotor bars and other | Overhaul or Replace
severe rotor problems

*Note: Values measured through CT’s may show dampened results. Results might be
more severe 1n these cases.
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Attachments.

2. Motor Fault Signatures by current spectrum analysis

Type of Fault Pattern (CF = Center Frequency)
Stator Mechanical (1e: loose coils, stator CF = RS x Stator Slots
core movement, etc.) Line Frequency Sidebands
Stator Shorts (shorted windings) CF = RS x Stator Slots

Line Frequency sidebands with Running
Speed sidebands

Rotor Indicator CF = RS x Rotor Bars
Line Frequency sidebands
Static Eccentricity CF = RS x Rotor Bars
[Line Frequency and twice L.ine Frequency
sidebands.
Dynamic Eccentricity CF = RS x Rotor Bars

Line Frequency and twice Line Frequency
with Running Speed sidebands
Mechanical Unbalance (and Misalignment) CF = RS x Rotor Bars
Line Frequency Sidebands, Space of four
times L.ine Frequency then two Line
Frequency peaks
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Attachments.

3. Vibration Spectrum at Various Fault Formula

Part Fault Frequency
Outer Race (= f;,,,) %(1 — %COS 9) * S, Harmonics
N d .
Inner Race (= fii) ;(1 + 5 €OS 9) * S, Harmonics
N d .
Bearing Cage ) (1 — 4 Cos 9), Harmonics
. D d 2 .
Rolling Element —{1 — (— cos 0) } * S, Harmonics
2d D
Housing & Bearing Looseness / .
1
Shaft & Bearing Looseness X, Harmonics
2FL, Si i .
Air-Gap Variation FL, Sidebands(Slip Freg x No. Pole)
Electric | stator Short 2FL, Harmonics
Motor
Rotor Bar Breakage 1X, Sidebands(Slip Freq x No. Pole)
Rotor Bar Looseness RBPF, Sidebands(2FL)
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D = Pitch Diameter

WX
c JF -4

<> g
d = Ball Diameter

© = Contact Angle

N = Number of Rolling Element
S = Shaft Speed




Attachments.

4. Motor Current Spectrum at Various Fault Formula

Part Fault Frequency
Outer Race Iff £+ n* f,,],n=123,
Bearing
Inner Race Ifi n* f; |,n=1,23,-
N
Gear Box | Mechanical Fault foEtnx* ngear’i ,n=123,--
i
Air-Gap Eccentricity 1-—s
fL {1 + n * P },n =1,2,3,
Mechanical Fault 1—5
_ : Misalignment, Looseness, etc. or fitnxf. f.=f * P
Electric
Motor n
Stator Fault : Shorted Turns I {5 (I-s)+ k}’
n=123-,k=1,35,-
Rotor Bar Broken & Looseness fi(1+2+xnx*s),n=1,23,

TURBOMACHINERY & PUMP SYMPOSIA

2 Pole Motor Example

stator yoke
(iron)

stator
conductor

rotor
conductor

end ring

rptorcore
(iron)

f_ = Line frequency

fno = Bearing Outer Race freq.
f.. = Bearing Inner Race freq.
p = Motor Stator Pole

s = Motor Slip
= (Synchro. — Actual Speed) /
Synchro. Speed




