Multi-Sensor Data Acquisition
System for Process

Monitoring

J.D. Hix, J.T. Johnson, E.S. Cardenas, L.A.
Ocampo Giraldo

ANS Winter Conference. Phoenix, AZ November
13-17, 2022

- “ '_ Idaho National Laboratory




- DlitkSenediDhtadteatigition System for Process

Monitoring

- {diattotdletidrtekt. aboratory (INL) is building a research test
bedsaligdBeadooth to help advance research in nuclear

fuel cyoll%n%of&;&ssing.

- Beartooth-val, grire|s8e@archers the ability to study the
solvent extrac;tilgﬁuﬁ)rlgggiss and deploy several innovative
technologies.

» Beartooth will use centrifugal contactors designed for the
recovery and purification of special nuclear material.

* As a part of the initiative, this project will integrate non-
traditional sensors into the systems which have the potential
to enhance nuclear safeguarding efforts and other process
activities.
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- Sboketmedlitrditional sensors include, accelerometers,
acogalie AHqEaRones, colorimetric, pH, conductivity,
viscosity, dansity, and infrared

RGB Color pH, Conductivity, Accelerete-r

Acoustic Sensed Temperature, RGB
Microphone
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* Olhekdbthditteaitenges
behgs-daplpeg all the

sensqrsnjﬁ\rgwﬁv ed for a
e

fast and re ta
CoIIection'pl-FacS’éléfQ?sjleVeI
- Fifth level

* The data acquisition
system (DAQ) needs to be
capable of recording muilti-
sensors simultaneously at
rates up to 12.8kS/s/ch.
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- Chieknolbebetesdr system employs National Instruments (NI)

hardysacshtp|digitize the signals.
Compact DAQ CDAQ-9174 0-10Mhz
Chassis
C-Series NI-9230 12.8kS/s/ch
Acquisition

module
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Chekstuftaditdextchitecture was developed using Nls
Lab%Ez¥hd level

LabViEWIisdUegdlto control and record sensor data.

The TechnicalDate¥hnagement Solutions (TDMS) function
inside LabVIEWifttasewtlized to stream the data to disk,
without any loss or dropout of information.

TDMS is a binary file structure.
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- Chekbioayifitexdtructure
congstsatties levels of
architeopﬁq?d m@@rchy.

* File, Grouprapgti-leganel

* The file level caifttolabadh
an infinite number of
groups, with each group
being able to store an
unlimited number of
channels.

Data Set (File)

"N
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» Séasdosadidipieyed for DAQ test and evaluation
T R

Vibration PCB Piezotronics high 0.5 Hz-10 kHz
sensitivity accelerometer

Vibration PCB Piezotronics modal 0.5-3 kHz
array accelerometer

Acoustics GRAS Sound & Vibration 3.15-20 kHz @ 2dB
¥2” Rugged Free-Field
microphone

Acoustics GRAS Sound & Vibration 4-80 kHz @ 2dB
Ya” Free-Field microphone

Acoustics GEM Infrasound logger 0.05-25 Hz

Seismic-acoustic Raspberry Shake and Infrasound 1-44 Hz
Boom Seismic 0.7-44 Hz

Color Atlas Scientific EZO-RGB ~425- ~750 nm wavelength
Embedded Color Sensor

pH Atlas Scientific pH 101P 0-14

Conductivity Atlas Scientific Conductivity 10 uyS/cm-1 S/cm
K10
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 Dlicktpteditdetihg and evaluation, there were 12 inputs to
the geig@level
- 8 acpeilerasmeters
~ 4 micropBapgSievel

* The limits of théiftarthvale was pushed by setting the upper
bound to the max sampling rate of 12.8kS/s/ch.

— Tested data throughput
— Tested data dropout

* This sample rate also gives the highest possible
measurement fidelity.
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- Chickdochdédixe allowed the data to be buffered then saved
to-nesagRgvdiigiut any signal drops or loss of data.

* This wabhietdenahed by confirming the delta between saved
points whichyvag, {8yE25us or 12.8S/s/ch.

* This sampling fatéhrfeatehed the vendors max sampling rate
of the NI-9230 module.
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- Chickdoftvditréshbs also
beegawiitendode modular % bl e %
for aIIQ\Alqﬂfg gdition or o)
removal ge S ri? ( oestme |
depending ¥Rental O tomon )
needs. * Fifth level [_Eperiment Notes ]

* The sampling rates can
also be changed as [ coewons
needed. —

 The picture to the right

demonstrated how the
TDMS filer was configured
in this project.
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* The GUI was also built to be user friendly.

* The GUI includes multiple tabs that show controls and
iIndicators.

* This provides the operator with real time measurement
data.
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- BHgkatd edihéefdel reprocessing test bed, this project is
explodngnideyae of non-traditional sensors to monitor the

solveot%%l?g\ggl process.
A robust DAQ sislele|s necessary to allow for the collection

and storage of eTole é@éﬁ sets.
* The robust DAQ system is essential, not only due to the

multiple sensor types, but also for the high sampling rates of
each sensor.
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