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Abstract

The objective of this paper is to describe the use of the Ultra-Trak 750
sensor for ultrasonic fault detection in industrial machinery and facilities.
It presents the sensor’s operating characteristics, applications, and
limitations. Additionally, the methodology for manufacturing an
ultrasonic detector using the Ultra-Trak 750 sensor is also presented,
useful for predictive and corrective maintenance. The detector measures
the intensity of captured ultrasonic signals in decibels (dB) and converts
these signals into audible flow noise that can be heard through
headphones. The paper explains how faults in industrial components are
detected and identified by measuring the ultrasonic intensity generated
during operation. The highest dB readings occur at the fault location,
allowing for precise fault identification

Ultrasonic Detector, Ultrasonic Sensor, Ultrasound

Resumen

El objetivo del trabajo es describir como se utiliza el sensor Ultra Trak 750
para la deteccion ultrasénica de fallas en maquinarias e instalaciones
industriales. Se presentan las caracteristicas de operacién del sensor, asi como
sus alcances y limitaciones. Ademas, se muestra la metodologia para fabricar
un detector ultrasénico a partir del sensor Ultra-Trak 750, atil para el
mantenimiento predictivo y correctivo. El detector ofrece en sus mediciones
los decibeles (dB) de intensidad de las sefiales ultrasonicas captadas y
convierte las sefiales ultrasénicas en un ruido de caudal que es posible
escuchar en unos audifonos. Se explica como se encuentran e identifican
distintas fallas en los elementos industriales, midiendo con el detector
ultrasénico, los dB de intensidad ultrasénica que las fallas generan al estar en
operacion, pues en la posicion de la falla, los dB medidos son maximos.

Detector ultrasénico, Sensor ultrasonico, Ultrasonido
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Introduction

Ultrasound is a type of acoustic sound wave with
frequencies above 20 kHz, making it inaudible
to the human ear. Its wide range of applications
stems from several key characteristics: it can be
focused into a beam, follows the laws of
reflection and refraction, and can be reflected by
small objects. Additionally, ultrasound can
propagate through any medium—solid, liquid,
or gas and the amount of reflected acoustic
energy depends on the acoustic impedance
differences within the medium. Ultrasonic
waves are transmitted or reflected through
materials, a physical principle that enables the
detection of faults in mechanical components
(Martinez, Vitola, & Sandoval, 2007). In
medicine, ultrasound is primarily used to
generate two- or three-dimensional images of
internal organs in a non-invasive manner
(Qiaoliang, et al., 2013) (Yi, et al., 2020)
(YONGFENG, et al., 2020).

In engineering, a key application of
ultrasound is in non-destructive testing (NDT).
NDT encompasses any testing method that
evaluates a material without altering its physical
or chemical properties, enabling the assessment
of product quality (Pulido, 2021). Ultrasound is
commonly employed in NDT to inspect and
assess the integrity of welds, as well as to detect
defects within materials (Lopez, Trujillo, &
Parra, 2011). Another significant application of
ultrasound is in predictive maintenance, where it
is used to monitor equipment conditions and
identify potential failures before they occur.

Predictive maintenance is a branch of
industrial maintenance that employs specialized
techniques and equipment to detect faults in
machinery, equipment, and industrial facilities at
an early stage. This approach enables
maintenance activities to be scheduled within
time frames that minimize disruptions to
productivity. Common techniques used in
predictive maintenance include vibration
analysis, infrared thermography, oil analysis,
and ultrasonic inspection (Medrano, Gonzalez,
& Diaz de Ledn, 2018).

Ultrasonic analysis is a technique used in
predictive maintenance. Using ultrasound, it is
possible to detect faults that would otherwise go
unnoticed. Based on the principle that faults in
machinery and equipment generate ultrasound,
faults are detected using an ultrasonic detector.

ISSN: 2523-6806
RENIECYT-SECIHTI: 1702902
ECORFAN® All rights reserved.

Since the decibel (dB) reading of
ultrasonic intensity displayed by the detector is
at its highest at the location where the fault is
located, this method is effective.

Ultrasonic fault detection is very
efficient, as it locates the exact position of the
fault and allows the problem to be pinpointed
before it causes interruptions, which can lead to
significant economic losses (IMG, 2020). The
defects in machinery and equipment that
generate ultrasound and that can be located with
an ultrasonic detector are leaks of pressurized
and vacuum gases in pressurized systems,
bearings in poor condition or poorly lubricated,
friction  between  mechanical elements,
cavitation in hydraulic systems, and the presence
of electric arcs in motors, transformers, and
installations (Preditec, 2023).

In predictive maintenance, ultrasonic
detectors are employed to measure the intensity
of ultrasonic emissions in decibels (dB). Faults
are identified at locations where the measured
dB values peak, indicating the presence of
abnormal conditions (Preditécnico, 2012;
Medréno, Gonzélez, & Diaz de Ledn, 2018).

The ultrasonic detector displays the dB
reading on a meter and converts the ultrasound
into an audible frequency, which is heard
through headphones as a flow noise. Figure 1
illustrates a technician measuring the ultrasonic
intensity, in decibels (dB), emitted by an electric
motor using a generic industrial ultrasonic
detector.

The technician is also listening to the
ultrasound as flow noise through headphones
(IMG, 2020). An ultrasonic detector is a
valuable predictive maintenance tool that every
company should have. However, not every
company can afford this equipment due to its
high cost.

The purpose of this article is to describe
how to build a more affordable ultrasonic
detector for predictive maintenance, using the
Ultra Trak 750 sensor.
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Figure 1

A technician using an ultrasonic detector on an electric
motor
(IMG, 2020)

Methodology
A. Ultra Trak 750 ultrasonic sensor

The UE Ultra-Trak 750 is a contact ultrasonic
sensor manufactured by UE Systems Inc. It is
designed to detect structure-borne ultrasound
and is configured for continuous monitoring of
changes in ultrasonic intensity, measured in
decibels (dB), captured by the sensor’s probe.
The device operates within a frequency range of
20 kHz to 40 KkHz, detecting ultrasonic
intensities from O dB to 60 dB, with an overall
dynamic range of approximately 100 dB. It
offers a maximum measurement tolerance of
+2%

The sensor is powered by a direct voltage
supply ranging from 18 V to 30 V and consumes
between 0 and 30 mA, depending on the detected
dB level. Sensitivity can be set to maximum or
adjusted manually, or via a TTL signal operating
between 1 and 5 Hz. The Ultra-Trak 750 also
features an audio output that converts ultrasonic
signals into audible sound through heterodyning.
This output has a bandwidth of approximately 2
kHz, delivers a low-level signal of around 100
mV, and has an output impedance of
approximately 100 Q (USER_UT750, 2023).
Figure 2 shows the Ultra-Trak 750 ultrasonic
sensor (IMG, 2020).
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Figure 2

Ultra Trak 750 ultrasonic sensor
(IMG, 2020)

The sensor is operated through seven
distinct color-coded cables. Table 1 presents the
corresponding cable connections and their
functions (USER_UT750, 2023).

Table 1
Ultra Trak 750 wires connections

Color Funcidn

Black | Ground

Red Power supply, range between 18 and 30VDC

Yellow | Audio output

Blue | Maximum or adjustable sensitivity mode

Orange | Manual sensitivity adjustment

Green | TTL sensitivity adjustment, signal between 1 and 5
Hz

Brown | 0 to 30mA output. Maximum ground connection for
energized operation jump

(USER_UT750, 2023)

Figure 3 illustrates the recommended
sensor connection configuration for converting
the captured ultrasonic signal into a
corresponding voltage signal (USER_UT750,
2023).
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Power supply
18 to 30 volts

249 Q

volts proportional to the

§ Voltage signal from 0 to 5
decibels captured

Red wire

Ultrasonic sensor
ULTRA-TRAK 750

Blank, brown and blue wires

Figure 3
Conversion of the ultrasonic signal into a voltage signal
(USER_UT750, 2023)

The manufacturer provides the sensor
transfer function, which is represented by
equation 1. With this formula, the dB of
ultrasonic intensity detected is calculated from
the output current of the internal current source
of the ULTRA-TRAK 750  sensor
(USER_UT750, 2023).

dB = 2.4403 I, — 6.5144 1)

where:
dB = decibels of ultrasound detected
I;= current consumed by the sensor in mA

The current I, is converted to a voltage
V, by passing it through a 249 Q resistor
according to Ohm's law (Rela, 2010) and is
described by equation 2.

V, = 249 I, )

B. Ultrasonic detector based on the Ultra-
Trak 750 sensor

Figure 4 presents a block diagram of an
ultrasonic detector design based on the Ultra-
Trak 750 sensor. The probe, which is in direct
contact with the surface of the element being
measured, is threaded onto the Ultra-Trak 750
ultrasonic sensor. A regulated 24 VDC power
supply is used, providing at least 100 mA. The
positive terminal of the power supply energizes
the sensor’s blue wire to activate maximum
sensitivity mode and powers the red wire
through a 249 Q current-limiting resistor.
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The black and brown wires connect to the
negative terminal of the power supply. The
ultrasonic signal captured by the Ultra-Trak 750
is converted into a high-impedance audible
signal, accessible via the yellow wire. This audio
signal is then amplified and routed to
headphones, enabling the operator to hear the
ultrasonic emissions as a flow-like noise.

The voltage drop across the 249Q
resistor produces an analog signal with a
maximum amplitude of 5 V, proportional to
variations in the intensity of the captured
ultrasonic waves, measured in decibels (dB)
(USER_UT750, 2023). This signal is fed into a
differential analog input of the NI USB-6008
data acquisition (DAQ) card, where it is
digitized at a sampling rate of 10,000 samples
per second with 12-bit resolution (USER_USB-
6008, 2021). The digitized data are transmitted
via USB to a laptop for processing.

The laptop must have software installed
that allows data acquisition and processing, and
that presents, as results, a graph of the measured
dB and the average dB value for each
measurement taken. For example, it could be
LabVIEW, Matlab, or another software. An
algorithm written for this software is responsible
for controlling the correct operation of the
ultrasonic detector and is shown in Figure 5. As
indicated in Figure 5, a 2-second measurement is
taken at a point on the element. The algorithm
configures the USB-6008 to acquire 20,000 data
points at a rate of 10,000 samples/second. The
acquired data are stored in the data vector R(n),
as indicated by equation 3 (Proakys &
Manolakys, 2007).

R(n) = {R(0),...,R(19,999)} ©)

Equation 4 is derived from Equations 1,
2,and 3, and is used to calculate the vector dB(n),
which contains the decibel (dB) values
corresponding to each data point in R(n). The
variable offset represents the zero deviation of
the ultrasonic detector, which in this case is 5 dB.
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Box 5
24 VDC voltage
= source
T DAQ
» NI USB-6008

Ultrasonic Analog
249 Q L signal input

Ultrasound

=
robe
Red

wire

Software for acquiring
rand processing data

Ultrasonic
sensor UE Laptop
Ultra-Trak 750
v Algorithm
1 BI:::; Graph of
Blue wire brown measured dB and
- Yellow average dB value
wires wire
v

Amplifier |—y| Earphones

Figure 4
Ultrasonic detector with Ultra Trak 750 sensor

Measure at a point
on the element

!

Acquire a 2 second
measurementat 10,000
samples/second
(20,000 data points)

Calculate the dB for each
acquired data and calculate
the average dB value

Measure
at another 1
[FETEED Present a graph of the
the measured decibels and the
2 average decibel value.
No Is the decibel reading

maximum at the measured
point?

The defect is located at the
measured point

Figure 5
Ultrasonic detector algorithm

(2.4403)(1000)

dB(n) = 249

R(n) — 6.5144 — of fset 4

The variable dBy,.,n, is the average dB
value of the measurement and is calculated with
equation 5 (Proakys & Manolakys, 2007).

1 19,999
)

dB = —
prom 19,999 n=0

dB(n) (®)
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The algorithm displays the results as a
graph of the vector dB(n) along with the value of
the variable dBy,,, . If the average dB reading
reaches its maximum value, the defect is
considered to be located at the measured point.
Otherwise, a new measurement is taken at a
different location, and the process is repeated
until the condition is satisfied.

Results

Figure 6 illustrates an ultrasonic detector
developed using the proposed methodology. The
components shown include the Ultra-Trak 750
ultrasonic sensor with its probe mounted to the
sensor, the USB-6008 module for data
digitization, a regulated 24 VDC power supply,
and an audio amplifier. The detector also
features a headphone jack, which delivers an
audio signal proportional to the captured
ultrasonic emissions.

Laptop showing
the measured dB
Power supply

ELCEUT ()
amplifier

Headphone
connection

Figure 6
Ultrasonic detector with Ultra Trak 750 sensor

Figure 7 displays the results of a
measurement performed by the ultrasonic
detector during a bearing inspection. The graph
presents the recorded dB values over a two-
second interval, along with the calculated
average value of 32.7149 dB. The figure also
shows the ultrasonic sensor’s probe in contact
with the bearing surface during the measurement.
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Figure 7
Ultrasonic detector developed by measuring a bearing

Table 2 presents measurements taken at
different distances along a section of compressed
air-pressurized pipe with a leak point. The
average dB measured is highest at the leak point
(40 dB) and gradually and considerably
decreases before and after the leak point. The
leak point has the highest reading, allowing for
its detection.

Table 2
Average decibels measured in a compressed air pipe
that leaks

Position of the measurement Average decibels
taken measured
40 cm before the leak point 7dB
20 cm before the leak point 9dB
10 cm hefore the leak point 15dB
5 cm hefore the leak point 32dB
At the point of the leak 40 dB
5 cm after the leak point 29dB
10 cm after the leak point 13dB
20 cm after the leak point 7dB
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Conclusions

The introduction of the document outlines the
fundamental characteristics and properties of
ultrasound, emphasizing its relevance in
engineering applications and its role in
predictive maintenance. It indicates how various
faults in machinery and industrial equipment can
be located using an ultrasonic detector by
scanning the dB of ultrasonic intensity at
different points on the element under inspection.
It also indicates how the fault position is located
at the location where the average dB measured is
highest.

The methodology outlines the technical
specifications of the Ultra-Trak 750 ultrasonic
sensor, including its detection range, maximum
measurement tolerance, and transfer function. A
block diagram is provided to illustrate the
development of an ultrasonic detector for
predictive maintenance using this sensor.
Additionally, the methodology presents and
explains the algorithm used to create the
executable program that governs the operation of
the ultrasonic detector.

The results show an ultrasonic detector
manufactured using the proposed methodology,
its parts, and the graph and average dB values
shown as the results of the ultrasonic detector's
measurements. A reading taken from a bearing
under inspection is also illustrated, and an
explanation is given of how a leak point is in a
section of compressed air-pressurized pipe based
on several measurements taken with the
developed ultrasonic detector. The leak point is
located where the measured dB values are
highest.

The proposed ultrasonic detector is a
valuable tool for predictive maintenance,
allowing for early detection of defects. It is also
more affordable than a generic ultrasonic
detector.
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