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Abstract- In automobile industries, shuttles are being
used for moving the heavy loads. There are two
different types of shuttles such as horizontal shuttle
and vertical shuttle. It must be horizontally
parallelized to move the loads flexibly. Because of
continuous usage or heavy load transportation, these
shuttles will miss the alignment of horizontal
parallelism. This paper proposes a method to detect
the misalignment of shuttle by using displacement
sensor and monitoring it. Also, implement a method
for monitoring the temperature of bearing in the
industrial environment. Presently, both of these
shuttle misalignments and bearing fault due to high
temperature is found manually. In future, this
method can be used to find out the fault areas
without the help of man power and helpful to
prevent bearing damages.
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I. INTRODUCTION
In many industries, shuttles like rails or conveyor are

used to move the loads. These shuttles are moving up and
down to lift the heavy load or materials such as engine, car
body, etc., and then it can be moved from one place to another.
There are a number of shuttles connected to a single
production line. The operation of shuttle is carried out
successfully when it is maintained in horizontally parallelized.
With the unparallel condition of the shuttle, the load is not
distributed equally. If it misses the alignment of horizontal
parallelism condition, it will make the issue of load
transportation. This will affect the total production line. So,
this misalignment or displacement of this shuttle is monitored
by using sensors in online.

Simultaneously, the bearing in the pneumatic system is
affected by high temperature due to the lubrication failure.
During the continuous usage with improper lubrication, the
bearing in the system becomes hotter and damaged. To
monitor the bearing temperature, heat temperature sensors are
used. The temperature in the bearing environment is raised
due to heavy load transportation or continuous usage without
proper lubrication. When the temperature overtakes the
bearing withstanding temperature capacity, the indication is
given by alarm. The sensor output is transmitted by using a
transceiver and it is displayed in PC. This will helpful to
prevent the bearing from damage as well as shuttle from the
displacement and also easy to find out the fault areas in the
shuttle system.

II. PROBLEM DEFINITION
This paper discusses the method to solve the

problem of vertical conveyor displacement in the
pneumatic systems and bearing damaged due to the heat.
The shuttle is similar to conveyor; it has valve which
allows fluid or air to flow through with the help of
shuttle valve connected on either side and moves
vertically. The conveyor system is a common piece of
mechanical handling equipment that moves material
from one place to another. It is especially used in the
transportation of heavy or bulky materials, very popular
in the material handling and package industries. Every
pneumatic system makes use of pipes or duets called
transportation lines that carry a mixture of materials.
Generally, there are two types of conveyor system used
such as horizontal conveyor system and vertical
conveyor system. In this a vertical type conveyor
system is employed which referred to as freight lifts and
material lifts. This system is used to raise or lower the
materials to different levels of a facility during the
handling process.

Several numbers of shuttles connected in single
line and they work in parallel the operation of upward
and downward movement to automatically or manually
load and control the loads. Almost all vertical
conveyors can be systematically integrated with
horizontal conveyors, since both of these conveyor
systems works in tandem to create a cohesive material
handling assembly line. These vertical conveyors are
adjacently moving; it must be horizontally parallelized
in its rest position. Otherwise, it does not make a
flexible move with loads. So, the measurement can be
done when the shuttle is in rest position since it gives
accurate displacement output in its rest position.

Fig.1. Shuttle movement
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Fig.2. Shuttle with displacement

With this, a bearing temperature can be monitored
in the pneumatic system. A bearing is a machine
element that constraints relative motion between
moving the parts in the desired motion. Its design
provides for free linear rotation around a fixed axis. It
may prevent a motion by controlling the vector of
normal forces. It provides a support to shaft for flexible
movement under the coupling process. Bearing are
classified broadly according to the type of operation,
the motion allowed or in the direction of loads applied
to the parts. The selection is on the basis of efficiency,
accuracy, service intervals, reliability and speed of
operation, size, weight and cost of purchasing,
operating machinery. There are different types of
bearing available such as, plain bearing, rolling element
bearing, jewel bearing, fluid bearing, pillow block
bearing etc. Here, we used pillow block bearing, also
known as Plummer block bearing, usually intended for
higher load ratings and corrosive industrial
environments. These bearings are getting damaged due
to the high temperature with the failure of lubrication
and coupling process. It must be needed a proper
lubrication in industrial environments. But in large
running industries, there is no possibility of proper
lubrication checking is not feasible depends
manufacturing rushes. The problem of bearing breaks,
so that the bearing temperature is also monitored by
using temperature sensors. The possibility of breakages
in bearing may occur. Hence, a solution is needed in
such applications.

III. METHODOLOGY
Remote sensors are used for monitoring purposes

in various applications. The mentioned problem of
shuttle displacement and bearing temperature is
monitored by using sensors.

A) Temperature Monitoring
In this approach, we use LM 35 as temperature

sensor to monitor the bearing temperature. First, the
temperature sensor LM 35 is fixed near the bearing or
on its environments. It senses the temperature in its
environment, the advantage of this sensor is that it has
more memory, processing, and communication
capabilities than other sensor. It possesses own
amplifier to change the temperature value (Celsius) into
output voltage; it is a precision integrated circuit
temperature sensor. It does not require any external
calibration to maintain the accuracy of +/-0.4°C at room

temperature and +/-0.8°C over a range of 0°C to 100°C.
For each degree Celsius change in temperature will
changes the sensor output by 10mV. Its temperature
measurement range is -55°C to +150°C and operates
over -55°C to +150°C. For our application, it is enough
to measure the temperature range of 0°C to 100°C, i.e.,
the output of the sensor changes from 0 to 1000mV. It
has a sensitivity of 10mV/°C and less self heating
capacity, so it works well in harsh environment. We can
use the voltmeter to measure the output voltage (Vout)
which is proportional to temperature Celsius. The
output voltage is then converted to temperature by using
simple conversion factor (equation 1).

If Vout=1V, then the temperature is 100°C.i.e., the
output voltage varies linearly with temperature.

Fig.3. LM 35 temperature sensor

B) Displacement Monitoring
Due to the continuous usage of shuttle, the

displacement will occur in shuttles. This will disturb the
working of the pneumatic system, not to make a flexible
transportation. To prevent the system from shuttle
displacement, the displacement sensor is employed
which includes accelerometer and an ultrasonic sensor.
An accelerometer is fixed to detect the position of
shuttle system. This accelerometer helps to measure the
position of shuttle system on the basis of axis X, Y and
Z. An accelerometer is an electromechanical device that
will measure acceleration forces. These forces may be
static or dynamic caused by moving or vibrating the
accelerometer. It measures the vibration or acceleration
of motion of a structure. The force caused by vibration
or a change in motion cause the mass to squeeze the
piezoelectric material which produces an electrical
charge that is proportional to the force exerted upon it.
Since, the charge is proportional to the force and the
mass is a constant, then the charge is also proportional
to the acceleration. For our application, low cost
capacitive micro machined accelerometer is used and its
operating voltage is 2.2V to 3.6V and it operates in the
temperature range of -40°C to +150°C. This type
accelerometer can also be used in typical applications
such as, motion sensing for pedometer, robotics,
gaming etc.
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The device is a surface micro machined integrated
circuit accelerometer; it consists of two surface micro
machined capacitive sensing cells (g cells). This works
on the basis of capacitive sensing technology. The g-
cell can be modeled as a set of beams attached to a
movable central mass that move between fixed beams.
The movable beams can be deflected from their rest
position by subjecting the system to accelerate. As the
beams attached on the moving mass and rest mass, the
change in distance is a measure of acceleration.

As the centre beam move with acceleration, the
distance between the beam change and each capacitors
value will change, then the equation is given by,

Where, A is the area of beam, € is the dielectric
constant and D is the distance between the beams.

C) Ultrasonic Sensor
An ultrasonic sensor is known as transceiver and

called as transducers. i.e., they do both send and receive.
A transducer which generate sound waves in the
ultrasonic range above normal range of human bearing,
by turning electrical energy into sound, then receiving
the echo it turns the sound waves into electrical energy
which can be measured and displayed. Its principle is
similar to radar and sonar. It generates high frequency
sound waves and evaluates the echo which is received
back by the sensor. It consists of piezoelectric crystals
have the property of changing size when voltage is
applied. By applying AC current across them, it
produces high frequency sound waves. Since
piezoelectric crystal generates a voltage when force is
applied to them, the same crystal can be used as an
ultrasonic detector. These sensors determine the
distance to an object by calculating the time interval
between sending and receiving signals. The application
of this sensor is such as measuring wind speed and
direction (anemometer), tank or channel level and speed
through air or water etc. It limits by shapes and density
of material.

There are two different types of ultrasonic sensor
namely proximity detection (used to detect the object
occurrence), and ranging measurement (used to
measure the distance of object). Here sensor used is
parallax ultrasonic distance sensor to measure the
distance. It provides precise, non-contact distance
measurements from about 2 cm to 3 meters. It is very
easy to connect with microcontrollers, requires only one
I/O pin.

The sensor detects an object by emitting a short
ultrasonic burst and then "listening" for the echo. The
sensor emits a short 40 kHz (ultrasonic) burst. This
burst travels through the air at about 1130 feet per
second, hits an object and then bounces back to the
sensor. The sensor works by transmitting an ultrasonic
(well above human hearing range) burst and providing
an output pulse that corresponds to the time required for

the burst echo to return to the sensor. By measuring the
echo pulse width the distance to target can easily be
calculated.

Fig.4. Pulse Width of Ultrasonic Sensor

D) MICROCONTROLLER
The sensed information is given to the wireless

module by interfacing with microcontroller. PIC 16f877
series microcontroller is used. It has inbuilt CPU,
memory, and peripherals make it as a mini computer.
PIC stands for Peripheral Interface Controllers; this is
the first RISC (Reduced Instruction Set Computer)
based that uses the separate bus for instruction and data
allowing access for program and data memory
simultaneously.

Fig.5. PIC 16f877A microcontroller

PIC 16f877A uses the flash memory, that data is
retained even when the power is switched off, easy
programming and erasing are other features of PIC
16f877A.
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Then the sensing data of analog output from
temperature and displacement sensor is given as analog
input to the port A of PIC microcontroller. It converts
the analog signal into digital signal using an inbuilt A/D
converter in microcontroller. The calibration of digital
output of A/D converter is done by using C
programming language. The alarm is connected with
the port B for indication, also port D is connected with
LCD display to show the calibration output values.

The serial data output from port C is fed as input to
the wireless modem for transmission. The connections
made using PIC microcontroller is shown in figure 7.
The sensing output of displacement and temperature
sensors are shown in PC by using wireless module.
There are several types of wireless module transceiver
used in various applications such as Bluetooth, RF
module, Zigbee, Wi-Fi etc. Zigbee module is employed
for transmission.

E) ZIGBEE MODEM
Zigbee is the IEEE 802.15.4 standard for data

communications with business and consumer devices. It
provides network, security and application support
services and it based wireless technology designed to
address the unique needs of low cost, low power
wireless sensor and control networks. Since, Zigbee can
be used almost anywhere, is easy to implement and
needs little power to operate compared to other wireless
technologies.

Fig.9. Zigbee modem

CC2500 RF Modem is used as zigbee modem; it is
a transceiver module which provides easy to use RF
communication at 2.4 GHz. It can be used to transmit
and receive data at multiple baud rates from any
standard CMOS/TTL source. This module is a direct
line in replacement for our serial communication. It
requires no extra hardware and no extra coding to turn
our wired communication into wireless one. It works in
Half Duplex mode i.e. it provides communication in
both directions, but only one direction at same time (not
simultaneously). This switching from receiver to
transmitter mode is done automatically. The Zigbee
receiver on the other side which is connected with PC
through RS 232 Ic, that receives the data and converted
to suitable supportive form for serial port that connected
to PC.

Fig.6. Block Diagram




