Sleeve Bearing Diagnostics Using
Proximity Probes

Charles Phelps
Field Engineer
GE Energy
312 Thompson Ave
Lehigh Acres, FL 33972




|

Basic Concepts of Rotor Dynamics




Relative Phase

Signal A |~ ONE CYCLE 1. Two Signals

(Y)
2. Same Frequency
3. Same Units

RELATIVE 4. Either Signal May
PHASE Be Reference

5. Relative Phase is

Signal B 0 to 180 degrees
(X) Leading or Lagging

Amplitude

ONE CYCLE

Time >




Once Per Turn Reference Pulse I
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Phase Angle Measurement
Application

Shaft Balancing

Shaft Crack Detection

Shaft / Structural Resonance Detection
Shaft M ode Shape

Direction of Precession

_ocation of Fluid-Induced I nstability
Source




Timebase Vibration
Characteristics
~| I 1A 1. Vibration Amplitude
\ \ i / \ y 2. Vibration Frequency
ol | // ’ /' ) 3. Phase
'g 4. rpm
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cE:. //\\ : / //' X 6. Signal Shape
/ . 7. Gap
<[/ \ T \\/ (from proximity probe)
Time
Amplitude Time

X to Y (counterclockwise)




Direction of Precession
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v N
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Given Xto Y Precession (ccw)
and (ccw) Rotation: Precession = Forward




Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)

. Absolute Phase (X & Y)

7 . Relative Phase

'vk/ 5 \,‘ . Relative Frequency (X & Y)
/

N\
T \ HH-H
a5

e vs Running Speed
e XVvsY
Direction of Precession

L : 6. Shape

Amplitude
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Amplitude
X=5.6mils pp Y =5.4 mils pp




Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)
. Absolute Phase (X & Y)
. Relative Phase
. Relative Frequency (X & Y)
e Vs Running Speed
e XVvsSY
Direction of Precession

' ) Given Xto Y (ccw)
Rotation:

Forward Precession
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Amplitude

o

Amplitude




Shaft Deflection Shape

Different Bearings, Same Speed with
Keyphasor® Marker.




TRAIN: 115 MW TG
Point ID: BRG #1 VERT
Point ID: BRG #1 HORIZ

Position
45 deg
315 deg

Var:

30 SEP 88 07:02:52 to 30 SEP 88 07:42:15
AVERAGE SHAFT CENTERLINE POSITION

UP

Average Shaft Centerline

Ref: -9.76 volts
Ref: -9.28 volts
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1/2X Vibration I

q 14

0.5X 1X 2X

Oscilloscope Spectrum Analyzer




Vibration Signal I

COMPLEX
WAVEFORM

AMPLITUDE




Full Spectrum
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AMPLITUDE: 10.0 mils/div
o

Full Spectrum

POINT: PT BRG 4 VERT «£0°
POINT: PT BRG 4 VERT £90°
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Full Waterfall Plot

POINT: NDE OB 45 Left /45" Left
POINT: NDE OB 45 Right /45" Right

MACHINE: Rotor Kit
From 14AMAR2000 10:39:33 To 14MARZ2000 10:45:20 Startup
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Relative Phase

Signal A |~ ONE CYCLE 1. Two Signals

(Y)
2. Same Frequency
3. Same Units

RELATIVE 4. Either Signal May
PHASE Be Reference

5. Relative Phase is

Signal B 0 to 180 degrees
(X) Leading or Lagging

Amplitude

ONE CYCLE

Time >




Deflection Shape I




Once Per Turn Reference Pulse I
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“Absolute” Phase M easur ements

Timing (in degrees) between two (2) points on a vibration signal,
the Keyphasor® pulse and positive peak in vibration.
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Vibration / /\ /
Signal
*\ ““Phase
La
Time—~ J
Keyphasor®
Signal
Degrees of ”
Rotation 0° 360°

NOTE: Frequency must be the same or harmonically related.







Timebase Vibration
Characteristics

VRN i VY 1. Vibration Amplitude
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Timebase Vibration
Characteristics
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cE:. //\\ : / //' X 6. Signal Shape
/ . 7. Gap
<[/ \ T \\/ (from proximity probe)
Time
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X to Y (counterclockwise)




Direction of Precession

AN T A
v N
1

Given Xto Y Precession (ccw)
and (ccw) Rotation: Precession = Forward




Timebase Vibration
Characteristics

VRN i VY 1. Vibration Amplitude
\ \ I / \ 2. Vibration Frequency

o // ;;/ 3. Phase
© 4. rpm
- I . . .
E :::::::::::::::::::::::::::::::::::::::: 5. Direction of Precession
o //\\ L/ Al 6. Signal Shape
<Et / \ ¥ / 7. Gap
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Time
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Relative Vibration Freguency

“A” “B”

1/2X 2X




Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)
. Absolute Phase (X & Y)
. Relative Phase
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Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)

. Absolute Phase (X & Y)

7 . Relative Phase

'vk/ 5 \,‘ . Relative Frequency (X & Y)
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e vs Running Speed
e XVvsY
Direction of Precession

L : 6. Shape

Amplitude
ol

Amplitude
X=5.6mils pp Y =5.4 mils pp




Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)
. Absolute Phase (X & Y)
. Relative Phase
. Relative Frequency (X & Y)
e Vs Running Speed
e XVvsSY
Direction of Precession
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Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)
. Absolute Phase (X & Y)
. Relative Phase
. Relative Frequency (X & Y)
e Vs Running Speed
e XVvsSY
Direction of Precession
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Amplitude
X leads Y by 90°




Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)
. Absolute Phase (X & Y)
. Relative Phase
. Relative Frequency (X & Y)
e VS Running Speed
e XVvsSY
Direction of Precession
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Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)
. Absolute Phase (X & Y)
. Relative Phase
. Relative Frequency (X & Y)
e Vs Running Speed
e XVvsSY
Direction of Precession

' ) Given Xto Y (ccw)
Rotation:

Forward Precession
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Orbit Vibration Characteristics

. Vibration Amplitude (X & Y)
. Absolute Phase (X & Y)
. Relative Phase
. Relative Frequency (X & Y)
e Vs Running Speed
e XVvsSY
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Shaft Deflection Shape

Different Bearings, Same Speed with
Keyphasor® Marker.




Relative Phase I

X Y by 10° - 15°




Relative Phase I

X Yby1/70°-175°




Vibration Frequency vs
Rotative Speed

X
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Frequency Ratio Using Orbits

180° OF ORBITING _180°ORB _ 1,
360° OF ROTATION ~ 360° ROT ~ 2

120° OF ORBITING _120°ORB _1,
360° OF ROTATION 360° ROT 3

240° OF ORBITING _240°ORB _ 2,
360° OF ROTATION 360° ROT 3




TRAIN: 115 MW TG
Point ID: BRG #1 VERT
Point ID: BRG #1 HORIZ

Position
45 deg
315 deg

Var:

30 SEP 88 07:02:52 to 30 SEP 88 07:42:15
AVERAGE SHAFT CENTERLINE POSITION

UP

Average Shaft Centerline

Ref: -9.76 volts
Ref: -9.28 volts
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Oscilloscope Spectrum Analyzer




Vibration Signal I

COMPLEX
WAVEFORM

AMPLITUDE




Full Spectrum
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Full Spectrum
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Full Waterfall Plot

POINT: NDE OB 45 Left /45" Left
POINT: NDE OB 45 Right /45" Right

MACHINE: Rotor Kit
From 14AMAR2000 10:39:33 To 14MARZ2000 10:45:20 Startup
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1X Bode Plot
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Uncompensated Polar Plot
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Phase Lag
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1X Bode Plot
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1X Compensated Polar Plot

Direction of Mass

Unbalance —— » 0° Amplitude and Direction

of Response at Balance
Resonance

270°

90°

Amplitude and Direction
of Response Above
Balance Resonance

180°
4.0 mil pp Full Scale Xto Y (CCW) Rotation




Vertical and Horizontal 1X

Bode Plot

Split “Critical” and Structural Resonances
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Polar Plot

Balancing Effect
M, Before N 0° M, After

Balancing Balancing

4.0 mil pp Full Scale 180° Xto Y (CCW) Rotation




Frequently Observed Polar Plot I
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Two Mass Rotor System I

Vertical Vertical
Probe Probe

N,
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Split Translational Resonance I
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Typical Flexible Rotor Mode
Shapes

Typical Rotor

—
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Cylindrical / Translational Mode
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Pivot / Conical Mode
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Node Locations are Affected by System Stiffness




Aver age Shaft Centerline

(Not Orbit or Polar Plot)
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Machine Speed (rpm)
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Full Cascade Plot

i Cascade 1 =1 E3
POINT: 9¥D /45" Left
POINT: 9HD /45° Right

MACHINE: EXCITER
From 18MAY1993 10:59:08 To 18MAY1993 23:57:59 Shutdown 660 rpm
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Orbit Plot Can Show Preloads I

(Misalignment)
(No Resonance Near Twice Rotative Speed)

Cp,
2y,

Rare Common Rare




Orbit Plot Can Show Preloads I

(Misalignment)
(Resonance Near Twice Rotative Speed)

.

Rare Common Rare




Orbit and Position Indicators
of Preload

BEARING

¢
Normal Orbit

Y =-6.8Vdc
(3/ and Position X =-7.2Vdc

Normal steady load downward, such as gravity.

AVERAGE
SHAFT ¢

BENTLY

NEVADA



Orbit and Position Indicators
of Preload

AVERAGE

Lg/SHAFT@
Abnormal Orbit

and Position

BEARING ¢ —+

= -6.2Vdc
= -5.8Vdc

BENTLY

NEVADA



Gap Voltage M easur ement I

PROVIDES:
e Shaft Centerline Position

e Shaft Attitude Angle

e Eccentricity

e Shaft Trend Plots

e Alignment Along Shaft




Radial Position Calculation

Vertical Transducer
200 mV/mil

PNANALNAAA

Diametral Horizontal
Clearance 10 mils Transducer
200 mV/mil

-+ Haes - F— X

Rotor (Not to Scale

Y =-10Vdc

Shaft Centerline o - 10 Vd




Radial Position Calculation

Vertical Transducer

200 mV/mil
Diametral
Clearance 10 mils =
/
Y pa
\
Rotor (Not to Scale) -

NN

Shaft Centerline

Horizontal
Transducer
200 mV/mil

X

Y =-9.6 Vdc
X =-10.2 vd







