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Project Background

* NCNR generates neutrons via a fission nuclear reactor
* D,0 moderated and cooled

* cooled via H,0 in a secondary loop
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Condition-based Monitoring (CBM)

The primary form of predictive maintenance for machinery

Monitors different conditions:
* Vibration, Temperature, etc..
* Via noise analysis

TOO MUCH VIBRATION!
Something must be wrong!

Evaluates health of machinery using:
* Time-history plots

* Frequency spectra

Vibration Sensor

Can provide financial savings through predictive measures




Monitored conditions in our CBM System

Temperature (simple one)

* If the temperature of the bearing exceeds a set-limit, then you should investigate.

Vibrations (complex one)
* Raw vibration history-plot reveals a severity measure of the vibrations

° FFT spectrum reveals specific faults including:
* Cavitation

* Mechanical Looseness
* Misalignment

* Turbulence

* Oil Whirl Instability

* Etc..



Vibrations Analysis Literature
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CBM System

I * Sensors installed on the following axes:
I _
* Tangential
Motor
e Radial
* Axial
Accelerometer ;
Transmitter
% (Tangential
Motor & Pump
Set-up
Courtesy of Katie Behnert Radial



Sensor Locations

Axial (Ch. 0) Radial (Ch. 1) Radial (Ch. 2) Tangential (Ch. 3)




CBM Connections Schematic
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CBM Connections Box




High-Level Architecture of Software
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High-Level Architecture of Software

burst.m

called

function is

MXT

NATIONAL
INSTRUMENTS

MXT MXT MXT| MXT

‘N3 Al2 'Au AlO

Create DAQ session, and
define initial parameters

[ Create GUI ]

[ Start DAQ ]

While g # 0

Run 5 rounds

(for loop)

* Collect Data
* Apply fft
« Save fft data

Average

F
Q.
=t
m

Compute power

|
I
Aduanbauy
|eusis @lndwo)

density of signal

Find peaks of

il S e

[ Stop DAQ ]

Stops the loop
from Start DAQ

Stop

DAQ
session

Ends DAQ from
the device
“Turns off” the
device

—[ Conditioner ]

Filtered
Vibrations Data

new signal
* Plot

Pause for 2
seconds

Monitor and
report Conditions

Raw Vibrations and

e e e e e e e e e e e e e

Temperature Data

—[ RawConditioner ]

[ Reset DAQ ]

Stops the loop
from Start DAQ

Stop
DAQ

session

Ends DAQ. from
the device
“Turns off” the
device




Vibrations Data Acquisition

e Utilized a NI USB-4432 DAQ device
* 5 BNC input channels (only 4 are used)

e 200 kS/s (10 kS/s used)
#_
——=7

* Sensitivities set in MATLAB

* Performed 5 batches of DAQ (5 seconds each)

* Average is utilized
Represents an average over every “30” seconds
Al0 All Al2 AI3

THE ABDULLAH GUARANTEE:

Data Acquisition Device (DAQ)

Program will always update in no more
than 30 seconds




Vibrations Data Processing

* Raw data — Fast-Fourier Transform (fft command in MATLAB) — Filtered data

* Computes the Discrete-Fourier transform using a built-in MATLAB FFT algorithm:

(=2Ti)

* Y(k) =X, X() Wn(j_l)(k_l) SW, =e n =oneof nroots of unity
Signal
* Creates a complex vector of data

FFT(raw data) - conj(FFT (raw data))
Length of the Signal

* AutoSpectrum =
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Vibrations Data Peaks’ Finder

* Based on a user-defined RPM (for each channel), the conditioner function:

1. looks for a frequency that matches the vane-pass frequency (VPF) within a certain accuracy

. VPF = % X Nyges

min

2. finds the corresponding amplitude (principle peak)
3. Eircledthe point

* Based on the principle peak, the same conditioner function:
1. finds peaks @ VPF multiples (0.5X, 1X, 1.5X, 2.5X, 3X, 4X .... 10X)

2. leaves x at each point



Vibrations Data Peaks’ Finder

Auto Spectrum of Vibration
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Vibrations Automatic Fault Detector oo

Mechanical Looseness

* “Possible Looseness”: There are too many ‘x” marks (> 3 ‘x” marks).

. ””: There are too many x” marks, and one of them has an amplitude
higher than the principle peak.

Misalignment

* “Possible Misalignment”: The =2X peak is between 50% and 150% of the principle peak’s
amplitude.

o “WIREHEGInE Rl : The ~2X peak is more than 150% of the principle peak’s amplitude.



Vibrations Automatic Fault Detector (con)

Oil Whirl Instability
* “Possible Oil Whirl Instability”: A peak at 0.2X to 0.8X is greater than the principle peak.

Flow Turbulence

* “Possible Flow Turbulence”: There are several random low-frequency peaks that have an
amplitude that of at least 4% of the principle peak’s amplitude.

Cavitation

* “Possible Cavitation”: There are several random high-frequency peaks that have an
amplitude of at least 8% of the principle peak’s amplitude.



4\ Filtered Signals from the Pumps
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Phase Analysis

* Used for further verification of faults such as misalignment, soft foot, etc....
* Utilizes phase angle difference

e Compares two channels (A & B):
* Cross-Spectrum:
» XS,p = FFT(A) - FFT(B)
* Displays phase angle of XS,p:
© O=tan" (1) 3 XS =R+iM
* angle() command in MATLAB

* Finds phase angle difference between signals from channels A and B.



4 Filtered Signals frem the Pumps H
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Vibrations Severity Detector rawcondioe

Average Raw Vibrations (every ~30 seconds): Vibration Frequency - CPM _ __
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Temperature Conditioner racondioner

* Using set temperature limits (T;,y, and Thigp):

¢ Tsensor = Thigh | Tsensor < Tlow -

¢ Thigh > Tsensor > Tlow - -

Temp Sensor
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Human-machine Interface seigs s

RPM Settings

Update RPM
Ch.0 1410
Ch.1 1410
Ch. 2 1410
Ch.3 1410

The plot updates only when you click the
respective update buttons

Temperature Settings

Update Temperature

Temperature Upper Limit (°F) 100

Temperature Lower Limit (°F) -50




Output File

* Generated every hour
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Sensitivity Analysis & Observations

* Performed to pick reasonable sensitivities (V/g) for the channels
* Average in/s at various sensitivities

* Referenced to transmitters’ values
* Best-fit functions & trial-error revealed appropriate sensitivities for channels

* Different Sensitivity for each channel
e Channels should have same sensitivity "k
e Calibration needed
* T Sampling rate =l in/s
” L L A e et SRS ] N
o 0.1 0.02 2:: 0.04 0.05 0.0
e cho e chl e ch2 ch3 oo Power (chO) Power (chl) Power [chZ) Power (ch3)



Conclusion

* A working CBM system was developed and implemented
successfully

* A corresponding custom software was developed and
implemented successfully

* Documentation (including a manual) were put together for the
software analysis



Future Work

e Calibrate accelerometers

* Improve GUI
* Installation of CBM system on primary pumps

* Additional Noise Analysis Applications:
* Crack detection (for fuel channels analysis)
* Power Noise
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