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Highlights

* The application of vibration analysis in medical diagnosis offers a diverse range of benefits, from non-invasive
diagnostics to early detection and continuous monitoring of various health conditions.

* As technology continues to advance, the integration of vibration analysis into medical practices holds promise
for enhancing diagnostic accuracy and improving patient outcomes.

Abstract

The ability to interpret vibration signals in the biomedical field offers a promising path toward continuous improve-
ment of medical devices. By examining the revolutions per minute profile, analysts can identify any deviations or
anomalies in the vibration patterns at different speeds. This information can help identify potential faults or imbal-
ances within the rotating machinery. With a comprehensive understanding of the revolutions per minute profile,
analysts can make informed decisions regarding maintenance and repairs. Besides, the analysis of the order of
vibration signals represents an essential pillar of biomedical engineering, bringing an innovative and in-depth per-
spective to the development of medical devices, and contributing to the continued advancement of medical tech-
nology and healthcare. Integrating vibration analysis into preventive maintenance practices can help ensure the
reliability of medical equipment, reduce potential risks to patients, and contribute to the advancement of health-
care quality.
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Introduction

Vibration is a common phenomenon in various
mechanical systems and structures, ranging
from rotating machinery like motors, pumps,
and turbines to bridges, buildings, and vehicles
[1-3]. When a mechanical system operates, it
generates vibrations because of imbalances,
misalignments, wear, resonance, structural
weaknesses, or other mechanical faults [4-7].

Vibration analysis is a vital technique used
to assess the condition and performance of
machinery and structures [8-12]. It involves
measurement, analysis, and interpretation
of vibration signals to identify potential prob-
lems, such as faults, anomalies, or mechanical
problems [13-19]. Vibration analysis utilizes
specialized sensors, such as accelerometers,
to capture the vibrations induced by systems
or structures [20-22]. These sensors measure
the acceleration, velocity, or displacement of

the vibrating component and convert the me-
chanical vibrations into electrical signals [23-
25]. Once the vibration signals are obtained,
they are analyzed using various techniques and
tools, including time-domain analysis, frequen-
cy-domain analysis, statistical analysis, wavelet
analysis, and advanced signal processing algo-
rithms [26-28]. The goal of vibration analysis
is to extract meaningful information from the
vibration signals to understand the behavior,
diagnose any faults or anomalies, and make
informed decisions regarding maintenance and
repair [29-31].

The key objectives of vibration analysis include:

¢ Fault detection: Identifying faults or anoma-
lies in machinery or structures. This involves
detecting issues like unbalance, misalignment,
bearing wear, gear damage, resonance, and
mechanical looseness.
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e Fault diagnosis: Determining the specific
nature, location, and severity of faults. By ana-
lyzing the vibrational characteristics, frequency
components, and patterns, fault diagnosis aims
to pinpoint the source and identify the underly-
ing causes of the problems identified.

¢ Condition monitoring: Regularly monitor-
ing the vibration signals to track changes in
machinery performance over time. Condition
monitoring enables the identification of gradual
deterioration, allowing for predictive mainte-
nance and preventing unexpected failures or
breakdowns.

« Performance optimization: Assessing the per-
formance of machinery or structures to maxi-
mize efficiency, minimize energy consumption,
improve productivity, and extend equipment
lifespan. Vibration analysis can reveal oppor-
tunities for optimization and suggest improve-
ments to enhance performance.

¢ Structural health monitoring: Evaluating the
condition and performance of structures, such
as bridges, buildings, and wind turbines, to
ensure their integrity and safety. Vibration anal-
ysis can detect signs of degradation, fatigue, or
damage, enabling proactive maintenance and
preventing catastrophic failures.

Order analysis stands as a crucial technique
in the realm of vibration analysis, particularly
in examining the vibrational signals emitted by
rotating machinery. This methodology centers
around the analysis of the signals in terms of
rotational orders, which are harmonics corre-
sponding to the fundamental rotational fre-
quency of a rotating component, be it a gear or
a shaft [32-35].

In essence, rotational orders encapsulate the
multiples of the basic rotational frequency,
unveiling a comprehensive perspective on the
dynamic behavior of the machinery. By employ-
ing order analysis, engineers and maintenance
professionals can gain valuable insights into
the condition of the rotating components. This
technique is proven to be indispensable for
identifying specific fault frequencies, aiding in
the accurate diagnosis of potential issues, and
facilitating ongoing monitoring efforts [36].

In practical terms, order analysis involves pro-
cessing vibration data to discern the presence
and amplitude of rotational orders [37]. This
information is instrumental in pinpointing irreg-
ularities, such as misalignments, unbalances,
or bearing defects, that may affect the rotating
machinery. The ability to isolate and interpret
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these harmonics provides a powerful diagnos-
tic tool, contributing to proactive maintenance
practices and the optimization of machinery
reliability [38-40].

Ultimately, order analysis emerges as a vital
component of predictive maintenance strate-
gies, offering a nuanced understanding of the
vibrational characteristics inherent in rotating
machinery. Its applications extend across vari-
ous industries, playing a pivotal role in ensuring
operational efficiency, reducing downtime, and
enhancing the overall reliability of critical rotat-
ing components [41-43].

Medical diagnosis by vibration analysis

Vibration analysis can be a valuable tool in
medical diagnosis, providing insights into the
mechanical properties of tissues and aiding in
the detection and characterization of various
medical conditions. Here are some specific ap-
plications of vibration analysis in medical diag-
nosis:

« Elastography: Elastography techniques use
controlled vibrations to evaluate the stiffness
of tissues. The presence of abnormal stiffness
may indicate diseases such as liver fibrosis,
breast tumors, and prostate cancer.

« Ultrasound vibro-acoustography: Combining
ultrasound and vibration analysis, vibro-acous-
tography can provide detailed images of tissue
structures and aid in the diagnosis of breast le-
sions, thyroid nodules, and other abnormalities.

« Vibration analysis in orthopedics: Assessing
joint function and bone health by analyzing vi-
brations during movement can help diagnose
conditions such as osteoarthritis and osteopo-
rosis.

«Vocal cord vibrations: Analyzing vibrations in
the vocal cords can help diagnose voice disor-
ders and assess laryngeal health. This is partic-
ularly important in otolaryngology.

 Cardiovascular vibration analysis: Assessing
the vibrations associated with blood flow dy-
namics aids in understanding cardiovascular
conditions, such as detecting abnormal heart
valve function and studying arterial stiffness.

* Eye biomechanics: Vibration analysis can be
applied to study the biomechanics of the eye,
aiding in the diagnosis of glaucoma and evalu-
ating corneal health.

* Dental diagnostics: Analyzing vibrations in
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Figure 1. Motor speed as a function of time.
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Figure 2. Accelerometer vibration data as a function of time.

teeth and jaws can assist in diagnosing dental
conditions, including tooth fractures, bite forc-
es, and temporomandibular joint disorders.

« Vibration-based diagnostics in neurology: Vi-
bration analysis can be used to assess periph-
eral nerve function, helping diagnose carpal
tunnel syndrome, diabetic neuropathy, etc.

¢ Respiratory system analysis: Analyzing vibra-
tions associated with breathing patterns can
aid in diagnosing respiratory diseases, such as
asthma or chronic obstructive pulmonary dis-
ease.

* Detection of abnormalities in organs: Vibra-
tion analysis, when combined with imaging
modalities, can help detect abnormalities in or-
gans, such as tumors or cysts, by studying their
mechanical properties.

¢ Gastrointestinal system assessment: Vibra-
tion analysis can be applied to assess the
motility of the gastrointestinal tract, aiding in
the diagnosis of irritable bowel syndrome and
gastroparesis. etc.

In each of these applications, vibration analysis
provides additional diagnostic information that
complements traditional imaging techniques,
contributing to more accurate and comprehen-
sive medical assessments. The continuous
exploration in vibration analysis can contribute
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operational status, and
structural integrity. In
the biomedical context,
where the reliability and
safety of devices are par-
amount, vibration order analysis is emerging as
an essential tool to detect possible failures or
anomalies.

8 9 10

This methodology can be applied to various
medical devices, such as scanners, medical
imaging devices, and infusion pumps. By un-
derstanding the characteristics of vibrations
at specific frequencies, biomedical engineers
can assess how well devices are functioning,
anticipate potential problems, and implement
preventative measures.

Analysis of the order of vibration signals in bio-
medical engineering also contributes to the de-
velopment of safer and more effective medical
devices. By identifying characteristic frequen-
cies linked to specific phenomena, it is possible
to optimize the device design and minimize
unwanted vibrations.

A motor speed signal commonly consists of
a sequence of tachometer pulses. Tachorpm
function can be used to extract revolutions per
minute (RPM) from a tachometer pulse signal.
Tachorpm automatically identifies the pulse
locations of a bilevel tachometer waveform and
computes the interval between pulses to esti-
mate rotational speed. In this example, the mo-
tor speed signal contains the rotational speed
in rpm, and hence no conversion is needed.
See Figure 1 and Figure 2 for the motor speed
and vibration data as functions of time.
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Figure 1 illustrates the variation in motor
speed over time. The x-axis represents time,
measured in seconds, depending on the du-
ration of the data collection period. The y-axis
represents motor speed, typically measured
in RPM. The plot depicts how the motor speed
changes throughout the recorded period. The
trajectory of the curve provides insights into the
motor’s performance, behavior, and response
to different conditions or stimuli.

Figure 2 illustrates the vibration data captured
by an accelerometer over a specific duration of
time. The x-axis represents time, typically mea-
sured in seconds, depending on the duration
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By considering the engine
speed and its relationship
to vibration characteristics,
analysts can distinguish be-
tween normal operating condi-
tions and potential faults or irregularities. This
analysis approach aids in identifying specific
frequencies associated with faults, detecting
resonance effects, understanding gear, and
bearing behavior, and diagnosing potential is-
sues occurring at specific rotational speeds.

0.5 0.6

Visualizing data using an RPM-frequency map

The innovative approach to vibration analysis,
utilizing an RPM-frequency map, exemplifies the
intersection of data science and machinery di-
agnostics. By providing a visual narrative of the
vibrational landscape, this technique enhances
the precision and efficiency of maintenance
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practices, contributing to overall reliability and
performance optimization.

Visualizing the vibration data using an RPM-fre-
quency map facilitates the identification of
potential dysfunction areas and aids in the
diagnosis of rotating machinery. It provides a
comprehensive overview of the vibration behav-
ior of machinery across different RPM ranges,
facilitating effective decision-making for main-
tenance, optimization, and ensuring reliable
machinery operation (Figure 3).

Determining peak orders using an average or-
der spectrum

Vibration analysis is a pivotal tool in predictive
maintenance, allowing for the early detection
of potential issues in machinery. An advanced
technique in this domain involves the determi-
nation of peak orders using an average order
spectrum, providing a nuanced understanding
of the dynamic behavior of rotating equipment.

By determining peak orders using an average
order spectrum (Figure 4), analysts can identify
dominant frequency components associated
with specific rotation orders, such as gear
meshing frequencies or bearing fault frequen-
cies. This provides essential information for
diagnosing faults, assessing the condition of
rotating machinery and optimizing operational
parameters. Additionally, combining mid-order
spectrum with other diagnostic techniques,
such as envelope analysis or trend analysis,
can improve fault detection and health mon-
itoring capabilities. It involves calculating the
average power spectral density or amplitude
spectrum from multiple measurements. This
averaging helps reduce the impact of random
noise and highlights consistent frequency com-
ponents.

In vibration analysis, maps can be used to show
the relationship between different parameters,
such as frequency and amplitude, in a spatial
arrangement.

Conclusion

In conclusion, the analysis of the order of a
vibration signal is emerging as an invaluable
method in the field of biomedical engineering,
especially in medical devices assisted diagno-
sis. This approach explores and interpret vi-
bration characteristics in detail, thus providing
significant advantages for the maintenance,
reliability, and safety of medical devices.

Using order analysis, biomedical engineers can
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not only detect anomalies and potential failures
but also anticipate emerging issues before they
compromise device integrity or performance.
This methodology provides an in-depth under-
standing of the specific frequencies associated
with different phenomena, thereby facilitating
the optimal design of safer and more effective
medical devices.
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