Application Note

Shaft Eccentricity Measurements
with the VM600

By Marcel de Boer ® SKF

What is eccentricity monitoring? 4 A

Shaft eccentricity is a measurement of the mechanical, thermal or
gravity bow of a rotor assembly at slow roll speeds (- fig. 1). This Eddy current transducer
bow must be minimized prior to operation of a large machine train to
prevent vibration and possible machine damage caused by rotating
parts of the rotor assembly contacting stationary parts of the
machine case. This contact of rotating and stationary parts is
referred to as “radial rub occurrence”.

Eccentricity ring

Why measure eccentricity? (located in front standard)

Rotor bow \_ Y,

During normal machine operation, the rotor assembly is constantly
rotating at high speed. This high speed rotation equalizes the effects
of gravity and thermal forces acting on the rotor assembly. However,
as soon as the rotor assembly comes to rest, these forces no longer
apply equally to all sides of the assembly. With the rotor assembly in
a stationary position, gravity acts upon the rotor causing the center Gravity
to bow, similar to how a thin piece of wood bows when placed
between two mountings. As displayed in fig. 2, machine bearings
support the rotor assembly span between them. This condition is
normally a problem on a machine that has been stationary for some
time (for example, as a result of machine outage).

Figure 1. Shaft eccentricity.
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Figure 2. Bearings supporting the rotor assembly.



Thermal forces act on a rotor assembly when the rotor is shut down
from its operating condition. In a shutdown condition, heat is trapped
in the upper machine casing, creating a thermal differential across
the assembly (for example, the top of the rotor assembly becomes
hotter than the bottom). As displayed in fig. 3, this temperature dif-
ferential causes the rotor assembly to bow towards the greater heat
source (upwards in this case). This example is similar to placing a
torch or other heat source on one side of a piece of flat steel. The
steel will bow toward the torch, or heat source.

The degree of the bow is reflected as mechanical eccentricity at
the two shaft ends (— fig. 1). Akey Turbo Supervisory Instrumenta-
tion (TSI) measurement for monitoring shaft bow uses an eddy cur-
rent probe targeted on an “eccentricity ring” to measure eccentricity.

Eccentricity with the VM600

In the VM600 system, the MPC-4 protection module is the signal-
conditioning card used for monitoring eccentricity. The following sec-
tion provides information regarding the module’s configuration. For
typical eccentricity measurements, the following description should
be used in conjunction with the VM600 User Manuals for proper sys-
tem configuration.

The VM600's MPC-4 card accepts up to four dynamic input signals
and up to two speed inputs simultaneously through its terminal strip
connector. Each channel can be independently configured via hard-
ware solderless jumpers and programming for any kind of AC or DC
voltage or current based signal. For the purpose of this document,
only the eccentricity configuration is discussed.

Sensor input

Analog sensor inputs are conditioned and converted to signals based
on the full range display selected when programming with MPS-1
software. When measuring eccentricity, a standard eddy current
probe with a 2 mm (80 mils) range is typical. An example “sensor
input screen” is shown in fig. 4. The MPC-4 microprocessor per-
forms probe “OK” checks and compares the signals to programmed
alarm setpoints. The results of these comparisons display on the
module’s front panel LED.

Outputs

If input signal levels exceed the programmed setpoints, the module’s
microprocessor can activate individual channel or common rack
relays. Conditioned input signals are also converted to eithera 4 to
20mAor0to 10V DC proportional analog output, and are available
at the rear terminal strip connector for interface to an external
recorder or as a process variable input to another system.

In addition to being processed internally, the original unprocessed
analog sensor input signals are active buffered and available at the
rear terminal strip and on the internal VM600 raw bus.

If the VM600 is also equipped with Vibrometer’s Condition Moni-
toring Card (the CMC-16), it is recommended that the eccentricity
measurement be recorded by the CMC-16 by means of the DC pro-
cessed output of the MPC-4 card. This avoids differences in the mea-
sured results, as the CMC-16 card uses different filtering techniques
that will influence the result of the eccentricity measurement.
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Figure 3. Bowing due to temperature differential causes.
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Figure 4. Input configuration.
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Processing

The eccentricity measurement is only valu-

Function | Processed Output 1 | Processed Output 2 |

Mo Processing

(BBAB) Broad Band Absohute Bearing Vibration
(NE) Narrow Band (Tracking) Vibration

(RS) Relative Shaft Vibration

able as an indicator of possible rotor bow at [(EC) Eccentricity

slow speed (slow roll), and occurs at speeds

below 600 r/min (10 Hz). Above this speed,

either the rotor bow has been “rolled out” or fruot used

- (PS) Position
4— x| Functin (EC) Eccentricty
= > Egg Rd&m&t Ema:sbn with Pendulum
|sensor 3 (Eccentricity) @ x| Sgnall/P |Sensor i(EOl:u'h'icty) (QSP) Quask-Static Pressure
=] " Sensor (GST) Quask-Static Temperature
¥ Narrow Band Ficed

the machine has wrecked itself. As the speed Jiot use Z] onoPerRev:  Noo: Requred for phass formation
increases, the mechanical eccentnuty.aft the ettt P Gviot sl D o
shaft ends reduces to the level where it is flowpess IR

indistinguishable from shaft radial vibration T

Low Pass Cut-Off Frequancy

(as measured on the eccentricity ring).
Hence, when measuring eccentricity, a soft-
ware selectable low pass filter is applied that
is between 5 and 10 Hz. This results in an

Hertz - [Wiust be between 5 an 10 (D) |

| 5.0
MMin, slope
| 24

d8/0cl «— [Nustbe between 1 and 60 dB/ctave

operating area from 1 r/min (0,017 Hz) up to

any speed between 300 and 600 r/min
(5and 10 Hz).

Processing configuration

Set up the eccentricity processing as follows, choosing between:

e Processed Output 1, which is pk-pk per revolution, or
e Processed Output 2, which is true pk-pk

If eccentricity is determined by Processed Output 2 (true pk-pk with a
rectifier time of 30 seconds), the pk-pk value will be measured over
30 seconds, and will be more stable than a pk-pk per revolution
measurement (Processed Output 1).

As described in figs. 5 through 7, processing will produce the
results shown in fig. 8 in a live MPS display.
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Figure 5. Function configuration.

Function Processed Output 1 l Processed Output 2 l

General I Alarms I Adaptive Monitoring |

l Eccentr.1 Tag
IYes LI Output Used
lum j Engineering Unit

]Peak—To-Peak Per Rev ﬂ Rectifier Function

]Speed Channel 1 _:J Peak-To-Peak per Rev

l 400 Full Scale Deflection

Figure 6. Processed Output 1 configuration.

Function | Processed Output 1 Processed Output 2 |

General I Alarms I Adaptive Monitoring |

l Eccentr.2 Tag
IYes LI Output Used
lum j Engineering Unit

]True Peak-To-Peak ﬂ Rectifier Function

l 30.0 Rectifier Decay Time (secs)

l 400 Full Scale Deflection

Figure 7. Processed Output 2 configuration.



Installation
M M SPEED
considerations — -

Considerations during eccentricity measure-
ment installation are those of all TSI mea- OUTPUT 1

surements: Eccentricity 106.6um  p-pjr

. 3 EC D+ A+ A- D-
¢ |s the sensor system capable of measuring

the expected movement? Dk 10 pesk
e |s the full scale of sufficient amplitude, per revolution

10/20/2003 10:52:16 a.m.
Alarms (0) 4

Status
At A 1157 e 5ol |

OUTPUT 2 Saturation Trk
103.4 um pk-pk. CMR PGA Lost

T D+ A+ A- D- ET Input DSP Oal

| Gap Value Eccentricty Sensor |

true peak to peak with
rectifier decay time

even if a machine problem develops?

e What alarm values are to be used for the
protection system?

¢ Did you choose the proper location and
account for thermal expansion of the rotor?

¢ Mechanically, have you installed the sensor correctly for the
desired measurement?

o FElectronically, have you wired the system to the protection system
properly?

¢ Did you configure the protection system properly, including alarm
set points?

Figure 8. Displayed output.

Consult installation and service documentation for more detail.

Please contact:

SKF USA Inc.

Condition Monitoring Center — San Diego

5271 Viewridge Court - San Diego, California 92123 USA
Tel: +1 858-496-3400 - Fax: +1 858 496-3531

Web: www.skf.com/cm

® SKF is a registered trademark of the SKF Group.
All other trademarks are the property of their respective owners.

© SKF Group 2011
The contents of this publication are the copyright of the publisher and may not be reproduced (even extracts) unless prior written permission

is granted. Every care has been taken to ensure the accuracy of the information contained in this publication but no liability can be accepted for

any loss or damage whether direct, indirect or consequential arising out of the use of the information contained herein.

PUB CM3088 EN - May 2011




