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1. ABSTRACT:
The need for online Condition based Monitoring of Industrial Equipment is becoming increasingly
high today with most of the industries adopting it as a strategy to increase their machinery Uptime
or decrease Operational and Maintenance costs. Traditionally, Machine Health Monitoring
(MHM) or Condition Monitoring (CM) was done as part of Preventive Maintenance (PM) by
visually inspecting the machines periodically and assessing for any onset of degradation that could
result in poor performance or necessitate replacement of parts. As part of this scheduled inspection,
data about machines health condition like vibration amplitudes, temperatures, oil levels etc is
collected and generally ends up residing only in maintenance logbooks or maintenance task order
tickets. This data is typically not analyzed as maintenance activity is normally regarded as an
overhead or sunk cost. According to Electric Power Research Institute (EPRI), the cost of
maintaining a 100 HP pump motor using Preventive Maintenance Strategy is $2400 annually,
while a Run-To-Failure (Reactive) Strategy costs about $ 1700. Scaling this across the enterprise
or a factory with numerous and variety of machines, the maintenance costs are staggering. With
Industry 4.0 and Industrial IOT, Industries can do a paradigm shift from Preventive to Predictive
Maintenance Strategy, where maintenance is conducted based on the need determined by
analyzing the health condition of machinery using advanced algorithms. In the same study, EPRI
concludes that Predictive Maintenance is the most effective strategy costing only about $900
annually to maintain a 100HP pump motor. NEELUM™ wireless vibration sensors help
enterprises implement Preventive Maintenance approach in their organization. This sensor
conducts Online Condition Monitoring by capturing vibration signatures of industrial machinery
in real time wirelessly and publishes to an IOT Platform, https://airavat.ai for easy access
anywhere, anytime and on any device. The IOT Platform offers trending analytics of various
vibration-based time domain features. Equipment manufacturers and OEMs can integrate this
sensor as part of their machine and bring the machine performance data under various operating
profiles, back to their offices, while the machine is operated in remote locations or at their client
facilities. Alerts can be setup in the IOT Platform that can allow OEMs to provide better
maintenance service on their machinery, to their clients. In summary, NEELUM™ wireless
vibration sensors serve a dual purpose of allowing OEMs convert their machinery into Smart
machines, while at the same time enabling enterprises implement Predictive Maintenance
enterprise wide.

2. INTRODUCTION:
Condition Monitoring (CM) in simple terms can be defined as monitoring the health parameters
of the machinery in real time to understand its current state or working condition. These parameters
could be temperature, vibration, quality of oil, just to name few. Monitoring these parameters help
determine how well the machinery is functioning at a given time. There are numerous ways to
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perform CM, and the focus on NEELUM™ sensors is vibration monitoring. It’s proven that
vibration analysis is the most effective method to predict any incipient faults that may occur in
machinery in an early stage. The vibration signature plays a key role in determining if there is a
deviation from normal operating conditions. If we could monitor the vibrations continuously on
any machine over a period, the data collected by NEELUM™ sensor can be analyzed to indicate
if any faults have occurred or if there is any anomalous behavior. Knowledge of this anomalous
behavior early on is important, as this can drive all business decisions related to asset maintenance.
3. VIBRATION MONITORING AND ITS IMPORTANCE
Vibration monitoring involves capturing the vibration of an asset in either single or multiple axis
as a function of time. Vibration analysis can determine problems caused due to improper
installation, insufficient lubrication, improper shaft or sheave alignment, loose bolting, bent shafts,
and much more. It can, in most cases, detect these problems long before the damage can be seen
by Maintenance personnel, and long before the induced faults propagates to result in catastrophic
failures. If implemented properly, continuous vibration monitoring helps you optimize machinery
performance. Below are some of the pain points that can be alleviated by performing Vibration
analysis.
 Serious machine damage due to late problem detection
 High costs caused by unplanned maintenance requirements
 Unplanned downtime caused by an unexpected shutdown
 Quality problems in produced products due to a machine error or defect
 Increased energy consumption due to excessive vibrations
The overall goal of Vibration analysis is to identify faults with any rotating piece of equipment
and alert the maintenance team to take necessary actions before it leads to a full shutdown.
Vibration analysis can help detect failures before they occur, helping to reduce downtime and
increase reliability. Below is Point of Failure (PoF) graph that shows Vibration analysis method
taking less time to tell that the fault is inducted into the machinery when compared to other CBM
techniques.
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Fig 1: A typical Point of Failure Curve

3.2 NEELUM™ WIRELESS VIBRATION SENSOR
The NEELUM™ wireless vibration sensor is used to monitor the health condition of any rotating
machinery. NEELUMTM offers a plug-and-play system for anomaly detection based on the
condition of equipment, and this information can be used to proactively conduct maintenance.
Additionally, time domain features calculated by the sensor can be trended and this information
offers greater insights into how the equipment is degrading over time. NEELUM™ is a 3-axis
Micro-Electro-Mechanical-System (MEMS) vibration sensor that can capture acceleration in near
real time on the machine it is mounted on. There are two ways to mount the sensor. One is using
a magnetic base, and the other is to use a 1/4in stud to screw directly into the machine. Once the
sensor is mounted and powered, real time vibration data (acceleration) can be collected at 3500Hz
on each axis. From the raw vibration data acquired in a certain acquisition window, the sensor
calculates time domain features on each axis such as Peak2Peak, RMS, and these are immediately
made available in the IOT Platform, https://airavat.ai as shown in Fig 2. Near real time data that is
collected in Cloud can be analyzed to gain insights into the health of the equipment. Alerts such
as emails or SMS can be setup based on trending analytics of these features, and maintenance
activities and other business decisions can be made from this.
CBM_PAPER_V1.6

CONFIDENTIAL

Page 4

Fig 2: Online Condition Monitoring by NEELUMTM Vibration Sensor
Conducting online condition monitoring using NEELUM TM sensors allows the Maintainers with
Diagnostics and Prognostics Management. Diagnostics typically has three stages: Fault Detection,
Fault Isolation and Fault Identification. Fault or Anomaly detection includes detection that
something is wrong with the equipment while Fault Isolation is determining the location of fault
to a specific sub-system or component and Fault Identification is determining what is wrong or the
corresponding fault mode. By utilizing the vibration related health data collected by NEELUM TM,
additional data driven diagnostics and prognostics algorithms can be developed on specific
machinery. These algorithms also have the objective to provide the end user business driven
outcomes about the performance of machinery.

Fig 3. Overview of NEELUM™ working model
Some of the capabilities of NEELUMTM wireless vibration sensor are listed below:






Perform Online Machinery Health Monitoring
Instantly trend Vibration data and setup Alerts on airavat.ai IOT Platform
Take precautionary measures to proactively avoid equipment downtime
Low-Cost with zero maintenance for sensor itself
Access data from anywhere, anytime, any device
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4. PROMISE OF SMART MACHINES
Manufacturers of Industrial equipment like motors, gearboxes, pumps, compressors etc or other
specialized machinery often design their products around pre-defined operating parameters called
design profile. Typically, a 1.X safety factor is built into the product design, and due to this, the
machinery can often withstand operation outside of its design profile for a limited period of time.
Generally, when the product or equipment is sold by Manufacturer to End User, the Manufacturer
does not have any visibility into how this machinery is operated in the field or at End User’s
facility.
Smart Machines are defined as those, that have built in intelligence to alert not only the End User
but also the Manufacturer of its health condition, fault status and or remaining useful run life during
operation, so that a business decision can be taken in near real time, as shown in Fig 4.

Fig 4. NEELUM™ sensor benefitting Product Manufacturer and End User
By deploying the NEELUMTM wireless vibration sensor on critical and non-critical, rotating and
non-rotating equipment, constant vibration monitoring is occurring. The data collected can be sent
to both Product Manufacturer and or End User via IOT Platform https://airavat.ai, about the fault
or health status of individual machinery. With this, product manufacturers that are struggling to
compete for sales of their existing products in a competitive market, can enhance their product
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sales by the use of NEELUMTM wireless vibration sensor, which can essentially convert their
products ( pumps, gearboxes, motors) into Smart Machines.
5. FAULT DIAGNOSTICS ON INDUCTION MOTOR
Induction motors are widely used in industrial drives because they are rugged, reliable and
economical. They are the workhorses of today’s industry and play a vital role in converting
electrical energy to mechanical energy. An induction motor is said to be in Good or Healthy
Condition when it is operating within its design operating conditions specified by the Motor
Manufacturer. Over time, motors degrade due to various operating profiles, load variance, irregular
maintenance, or changing environmental conditions and this can lead to early inducement of faults
in internal components such as bearings etc. By continuously monitoring the vibration levels of
motors using NEELUM™ vibration sensor, one can detect any early onset of faults and hence
intervene when the motors health condition is transitioning from Healthy to Faulty Condition.
We conducted tests with NEELUM™ wireless vibration sensor on a 0.5 HP induction motor to
display how the Trending Analytics with Vibration Health data can be used to interpret Healthy or
Faulty Condition of an induction motor. Nameplate details of the motor on which vibration tests
were carried out are presented in Table 1.0.
MODEL
HP
VOLTS
AMP
RPM
FREQ
CAT REF
MAKE / BRAND

S4050
0.50
220V
4.0A
1425
50HZ
MHSABBS40X50
HAVELLS

Table No 1: Nameplate details of 0.5HP Induction motor
Vibration means the state of an object moving repetitively back/forward, right/ left or up/down
and is generally expressed by Frequency, Displacement, Velocity, and or Acceleration. The
Vibration data collected by NEELUM™ is measured as triaxial acceleration and expressed in units
of gravitational constant “g,” where 1 g = 9.81 m/𝑠 . The sensor is shown in Fig 5
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Fig 5. NEELUMTM sensor. 1) Housing 3) Cap 4) WiFi Antenna 5) Power Cable Input
Raw vibration data was first collected on a motor while it was in HEALTHY condition. Then a
known fault was induced in the motor, by replacing the bearing with a faulty one, as shown in
Fig 6. Vibration signatures of both the cases as described in Table No 2 were captured and
presented for analysis.

Case 1A
Case 1B

RPM of Motor
1425
1425

Load on Motor
No Load
No Load

Induced Fault
None
Less Lubricated
Bearing

Condition
HEALTHY
FAULTY

Table No 2: Test Matrix to capture vibration data on Induction Motor
There are various types of Bearing faults that can happen due to below factors







Excessive load
Overheating
False Brinelling
True Brinelling
Normal Fatigue Failure
Reverse Loading

 Contamination
 Lubricant Failure
 Corrosion
 Misalignment
 Loose Fits
 Tight Fits
We have induced Lubricant Failure (Less Lubricated Bearing) fault in to the motor and made it a
faulty motor so as to compare Vibration data with a healthy motor.
Once the raw vibration data was captured, the sensor calculated time domain vibration features
as below:
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A) ROOT MEAN SQUARE (RMS)
RMS is also known as the quadratic mean and is a particular case of the generalized mean with
exponent 2. RMS can also be defined for a continuously varying function in terms of
an integral of the squares of the instantaneous values during a cycle. For any discrete digital
signal, the RMS can be calculated as below
𝑆𝑟𝑚𝑠 =

𝑆𝑖

Where 𝑆𝑟𝑚𝑠
Si

is the root mean square value of dataset S,
is the i -member of dataset S,
is the number of points in datasets.

N

The RMS Value increases as the inducted fault progresses in the motor. Generally, the RMS
value of the vibration signal is a very good descriptor of the overall condition of any rotating
machinery. The main usage of this parameter is to monitor the overall vibration level.
B) PEAK TO PEAK
Peak to Peak is defined as the difference between the maximum positive and the maximum
negative amplitudes of a waveform.
𝑃𝑒𝑎𝑘 𝑡𝑜 𝑃𝑒𝑎𝑘 = max(𝑤𝑎𝑣𝑒𝑓𝑜𝑟𝑚(: )) − min(𝑤𝑎𝑣𝑒𝑓𝑜𝑟𝑚(: ))
Figure 6: NEELUM™ sensor mounted on an Induction Motor.
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The below graphs in Fig 7 indicate the raw vibration in acceleration units recorded by NEELUM TM
sensor on both GOOD and FAULTY motors. The vibration waveform of the HEALTHY motor in
this condition can be considered as its “BASELINE SIGNATURE” and can be used to benchmark
or can be used as a threshold upon which additional alerts or trending analytics can be built upon.

Fig 7: Comparison of Vibration Waveform
RAW vibration data collected by the sensor is additional processed onboard the sensor itself into
various time domain features. Fig 8 indicates the comparison of Peak to Peak feature as shown
on the IOT Platform.

Fig 8: Peak-to-Peak value of a Good vs Faulty Motor along Z axis
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The values in the table show how a motor vibrates when it deviates from normal operating
conditions. By continuously monitoring such data, we can take precautionary measures at right
time and thus save on maintenance and operational costs.
Good Motor
Peak2Peak (g)
0.79
0.76
0.64

Faulty Motor
Peak2Peak (g)
7.89
7.94
7.96

The below picture in Fig 9, shows the Root Mean Square values calculated by the sensor from the
raw vibration data. It can be seen that, the RMS values of FAULTY motor on both X and Y axis
are comparatively more than that of HEALTHY motor. The vibration levels on the FAULTY
motor can be considered to have exceeded the threshold limit of normal operating vibration limits.

Fig 9: RMS value of a Good vs Faulty Motor along X and Y axis
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From the analysis, it is clear that to properly determine the condition of a motor (if it is
“HEALTHY STATE” or “FAULTY STATE”), NEELUM™ sensor provides various time domain
features, which can be trended. A combination of these features can be considered to evaluate state
of a motor or any Industrial equipment. When these features deviate from a HEALTHY STATE,
IOT cloud platform triggers alarms and send notifications to necessary personnel to take
appropriate action.

7. APPLICATIONS
Condition based vibration monitoring acts as a pre-requisite to know and understand the health
condition of any rotating machinery. Implementing condition monitoring as a strategy enables
organizations to avail the benefits of Predictive Maintenance. These benefits will be in the form of
increased Uptime of Industrial machinery and or reduced Maintenance costs in Operations.
NEELUM™ wireless vibration sensor be used to continuously monitor the health condition of
equipment like Pumps, Motors, Gearboxes, Compressors etc. The trends in vibration can be
viewed in the IOT Platform, https://airavat.ai, and this data can also be used to setup real time
alerts and notifications. Using the data collected by the sensor and the insights driven by trending
analytics in IOT Platform, equipment manufacturers can convert their machinery into Smart
Machinery.
NEELUM™ wireless vibration sensor can be used in a variety of applications that utilize both
rotating and non-rotating equipment. Some of well suited ones are listed below:






Pitch & Yaw Gearboxes
Wind Turbine Subsystems
Cooling Towers
Oil & Gas Wells & Pipelines
Conveyors & Paper Mills







Motors
Compressors
Pumps & Submersible
Generators
Water Treatment

The plug and play vibration sensor technology can detect component degradation, deliver early
warnings, or alerts of developing problems before failures occur, track utilization, usage and
trends, increase reliability, and ultimately optimize asset performance. For example,
implementation of Online Condition Monitoring by the use of NEELUM TM for Aerator Gearbox
drive and Clarifier systems in Water treatment plant is made in three simple steps as below.
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